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1 Introduction
Cedrela sinensis (A. Juss) Roem. was a tall, woody plant of 

Meliacea family that is native to Eastern and Southeastern Asia. 
It has been cultivated for more than 2,000 years in China and is 
commonly known as Chinese mahogany cedar or Chinese Toona 
(Yang et al., 2011). Traditional Chinese medicine makes extensive 
use of the numerous tissues and components of Cedrela sinensis. 
As the leaves of the Cedrela sinensis are crispy, juicy, aromatic 
and have a unique taste and high consumption value, fresh 
young leaves and shoots have long been used in Korea as part of 
a nutritious diet (Mu et al., 2007; Kakumu et al., 2014). Cedrela 
sinensis contains therapeutic properties in almost every part of 
the plant, including the seeds, root bark, peptioles, and leaves 
(Lee et al., 2006). The leaves and stems of Cedrela sinensis have 
been used to treat itch, enteritis, and dysentery (Dong et al., 2013). 
Cedrela sinensis leaf extracts have a variety of effects, including 
anti-cancer (Chang et al., 2002b; Chang et al., 2006; Chen et al., 
2009; Wang et al., 2010), anti-angiogenesis (Hseu et al., 2011), 
anti-inflammation (Bak et al., 2009), anti-diabetes (Hsu et al., 
2003; Yang et al., 2003), and antioxidant effects (Cho et al., 2003), 
as well as inhibiting leydig cell steroidogenesis and improving 
the dynamic activity of human sperm quality (Poon  et  al., 
2005). The bark has been used as an astringent and depurative, 
the powdered roots as a corrective, and the fruits were as an 
astringent and to treat eye infections (Dong et al., 2013).

Previous phytochemical investigations carried out on this 
plant have resulted in the isolation of flavonoids, phenolics, 
alkaloids, terpenes, anthraquinones, and limonoids (Lee et al., 
2010; Dong et al., 2013). Gallic acid is a major phenolic compound 
in Cedrela sinensis leaf that has a wide spectrum of biological 

and pharmacological effects (Huang et al., 2012). Several animal 
models and human investigations have shown that Gallic acid is 
extremely safe, even at large doses. Gallic acid’s pharmacological 
safety and efficacy make it a promising treatment or preventative 
option for a wide range of human ailments (Huang et al., 2012).

Solvent extraction is a method of extracting functional substances 
from plants via a solvent which is absorbed by osmotic pressure 
and capillary phenomenon. Plant tissue is damaged by solvent 
concentration, and insoluble substances are leached and dissolved 
(Kim & Hong, 2012). In general, an extraction solvent that is easily 
dissolved and concentrated is used, and organic solvents used for 
extraction include ethanol, methanol, and hexane. The extraction 
content of polyphenols in plants varies depending on the solvent, 
and the polyphenol content of extracts with 70% ethanol as a 
solvent was twice as high as that of water extracts (Kim et al., 2006). 
Previous studies have used distilled water or ethanol extractive 
methods to extract Cedrela sinensis leaf. To our knowledge, Cedrella 
sinensis leaves exhibit good antioxidant activity, but a few reports 
have tested with different concentrations of ethanol. Therefore, this 
study was performed to analyze the antioxidant, α-glucosidase and 
α-amylase inhibitory activities of water or different concentrations 
of ethanol from the Cedrela sinensis leaf, for possible development 
of nutritional foods and functional materials.

2 Materials and methods
2.1 Sample preparation and extraction

Cedrela sinensis cultivated in Muan, South Korea was used as 
samples in this experiment. Cedrela sinensis leaf was ground and 
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stored, Cedrela sinensis leaf powder (CLP) was stored in -40 °C 
freezer to be used as the sample. Refer to Maulana et al. (2019) 
method and improve after, the freeze-dried material (10 g) was 
extracted with distilled water (WE), 25% ethanol (25 EE), 50% 
ethanol (50 EE), 75% ethanol (75 EE) and 95 ethanol (95 EE) 
of 200 mL for three times for 20 min at 25 °C using ultrasonic 
extraction. The extracts were filtered and evaporated under 
vacuum (NVC-2100, EYELA, Tokyo, Japan) and freeze-dried 
for 72 h at -40 °C.

2.2 Analysis of phenolic acid in UPLC

A 0.1 g of the CLP was extracted with 6 mL of 2.6 M NaOH 
followed by sonication (Power sonic 410, Hwashin Technology 
Co., Korea) for 15 min. In order to cause the decomposition 
of plant cell wall components containing phenolic acids, the 
reaction was carried out at 200 rpm, 20 h, 25 °C in a shaking 
incubator. Extracts were centrifuged using a centrifuge at 25 °C, 
3000 rpm, for 20 min. After putting 2 mL of the supernatant in a 
15 mL tube, 0.5 mL of 35% HCl was added and refrigerated for 
30 min. The extract was filtered through a syringe filter (PTFE, 
13 mm, 0.2 μm; Advantec, Tokyo, Japan) prior to UPLC analysis. 
The identification of phenolic compounds was performed using 
UPLC (ultra performance liquid chromatography, Ultimate 
3000. Dionex, Idstein, Germany), coupled with a quaternary 
solvent manager and a PDA detector. The column (XTerra MS 
C18 Column, 5 µm, 3.9 mm*150 mm, Waters, MA, USA) was 
used at 30 °C. Mobile phase was a mixture of A: water + 0.1% 
formic acid, and B: methanol + 0.1% formic acid. The gradient 
conditions were as follows: solvent B, 12.5 min, 15%; 17.5 min, 
25%; 20 min, 33%; 21 min, 50%; 22.5 min, 70%; 25 min, 15%. 
The flow rate was 0.8 mL/min, and the injection volume was 
1.0 μL. Simultaneous monitoring was performed at 220 nm 
(gallic acid) and 330 nm (caffeic acid, coumaric acid, ferulic 
acid, sinapic acid).

2.3 Determination of Total Polyphenol Content (TPC)

The total polyphenol content was determined as Folin-
Ciocalte method (Lee et al., 2022). To measure TPC, 150 μL of 
sample solution, 2,400 μL of distilled water and 50 μL of 2 N 
Folin-Ciocalteu reagen were mixed and then incubated for 
3 min. After the incubation, 300 μL of 5% Na2CO3 was mixed 
with reaction mixture and incubated for 2 h in the dark. After 
the incubation, the absorbance was measured at 725 nm using a 
UV/VIS spectrophotometer (T60UV, PG Instruments, Wibtoft, 
England). The results of the TPC were calculated as mg gallic 
acid equivalents (GAE)/g dry weight.

2.4 Determination of Total Flavonoid Content (TFC)

The total flavonoid content was determined as Davis method 
(Chang  et  al., 2002a). To measure TFC, 100 μL of sample 
solution, 1000 μL of 90% diethylene glycol and 100 μL of 4% 
NaOH were mixed and then incubated for 1 h in water bath at 
37 °C. The absorbance was measured at 420 nm using a UV/
VIS spectrophotometer. The TFC values were calculated as mg 
quercetin equivalents (QE) per gram of dry weight.

2.5 Determination of Oxygen Radical Absorbance Capacity 
(ORAC)

The oxygen radical absorbing capacity value was followed 
Ou  et  al. (2001). 25 μL of sample solution and 150 μL of 
fluorescein were added to a 96-well plate, and incubated at 37 °C 
for 30 min. After the incubation, 25 μL of AAPH was added and 
the fluorescence reduction rate was measured every minute for 
120 min in a fluorescent microplate reader (SpectraMax i3x 
Multi-Mode Microplate Reader, Molecular Devices, CA, USA). 
The results were expressed as AUC (area under curve) values 
and as a standard, the trolox (6.25-100 μM) was employed. 
The ORAC value of the dry flour samples was given as μM 
TE/g (Equation 1).

  1  1 / 0  2 / 0  3 / 0  ····  80 /AUC f f f f f f f f= + + + + +  (1)

2.6 Determination of DPPH radical scavenging activity

The radical scavenging activity of DPPH in CLP extracts 
was determined as Shafay et al. (2022). The sample solution and 
DPPH solution were stirred at a ratio of 3:1, left in a dark place 
blocked from light for 30 min, and then absorbance was measured 
at 517 nm using a UV/VIS spectrophotometer (Equation 2).

( )
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DPPH free radical scavenging activity

A A A
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 × − − 
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2.7 Determination of ABTS radical scavenging activity

ABTS radical scavenging activity assay was performed as 
previously described Re et al. (1999). Prior to the assay, 900 µL 
of ABTS+ solution was mixed with 100 µL extracts to measure 
the absorbance at 734 nm using a UV/VIS spectrophotometer 
(Equation 3).

( )
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ABTSradical scavenging activity

1 - A - A / A 
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=
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2.8 Determination of reducing power

The reducing power was measured according to the method 
of Silva et al. (2022). 1 mL of the sample solution in distilled 
water, and add 1 mL of 0.2 M sodium phosphate buffer (pH 6.6) 
and 1 mL of 1% potassium ferricyanide (K3Fe(CN)6) to a water 
bath (WBT-10, Chung Biotech, Incheon, Korea) for 20 min. 
Add 1 mL of 10% trichloroacetic acid (TCA: CCl3COOH, 
w/v), centrifuge at 3,000 rpm for 10 min (COMBI-514R, Hanil 
Science Industry, Gimpo, Korea), and take 1 mL supernatant. 
After mixing with 5 mL of distilled water, 0.2 mL of 0.1% ferric 
chloride was added, and absorbance was measured at 700 nm.

2.9 α-Amylase inhibitory activity assay

The α-amylase inhibitory activity was measured according 
to the method of Bhandari et al. (2008). Samples and standard 
were diluted in distilled water, but reagents were diluted in 0.5 M 
Tris-HCl buffer (pH 6.9). 200 μL of sample and 200 μL of 0.5 M 
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α-amylase solution (1 U/mL) were mixed, and 300 µL of starch 
azure solution was added to the mixture. And then the prepared 
solution was incubated at 37 °C for 10 min, and 100 µL of 50% 
acetic acid was added. The reacted mixture was centrifuged 
10 min at 3000 rpm and 4 °C. And as a standard, the acarbose 
(50-500 mg/mL) was employed. The absorbance was measured 
at 595 nm using a UV/VIS spectrophotometer (Equation 4).

( ) ( )
( )

595 595  

595 595  

1 /
   %    100sample sample blank

control control blank

A A
Amylase inhibitory

A A
a

 
 
  

− −
− = ×

−
 (4)

2.10 α- Glucosidase inhibitory activity assay

The α-glucosidase inhibitory activity was measured according 
to the method of Xu et al. (2018). Samples and standard were 
diluted in distilled water, but reagents were diluted in 0.05 M 
phosphate buffer (pH 6.8). 200 μL of samples which was mixed 
with 10 μL of 1 U/mL α-glucosidase solution. Then the mixture 
was incubated at 37 °C for 5 min. 200 μL of 1 mM PNPG solution 
was added to the mixture and incubated at 37 °C for 20 min. 
Finally, the process was stopped by adding 500 μL of 4% NaOH 
solution, and then 590 μL of 0.05 M phosphate buffer was added 
to the mixture. And as a standard, the acarbose (50-500 mg/mL) 
was employed. The absorbance was measured at 405 nm using 
a UV/VIS spectrophotometer (Equation 5).
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2.11 Statistical analysis

All experiments in this study were performed in triplicate 
replicates and results were presented as the mean ± SD of three 
independent experiments. SPSS program (Statistical Analysis 
Program, version 25, IBM Co., Amonk, NY, USA) was used, 
one-way ANOVA was used to verify the significance of the 
experiment, and Duncan’s multiple range test was performed for 
post hoc testing. p < 0.05 was used as the threshold for statistical 
significance. Each sample was examined three times.

3 Results and discussion
3.1 Analysis of phenolic acid in CLP

The phenolic acid of CLP (Cedrela sinensis leaf powder) with 
five extracts is shown in Table 1 and Figure 1. The retention time 
of the CLP extracts were 2.68, 10.44, 15.7, 17.73, and 18.68 min 

for gallic acid, caffeic acid, coumaric acid, trans-ferulic acid, and 
sinapic acid, respectively. The phenolic acid analysis demonstrated 
that gallic acid was 7.66 mg/g, caffeic acid 0.09 mg/g, coumaric 
acid 0.29 mg/g, and trans-ferulic acid 0.12 mg/g. The gallic acid 
content of CLP was the highest. Cheng et al. (2009) found that 
the CLP extracts showed high antioxidant capacity. According 
to a study by Chen et al. (2012) and Hseu et al. (2008), gallic 
acid and CLP extracts both have potent antioxidant properties 
in vitro that are effective against a variety of oxidative systems, 
and gallic acid and CLP extracts’ capacity for reductive reactions, 
ability to chelate metals, and effectiveness at scavenging free 
radicals contribute to their numerous antioxidant qualities.

3.2 Total Phenolic Content (TPC) and Total Flavonoid 
Contents (TFC) in CLP

The TPC of CLP for the five extracts wear shown in Table 2. 
TPC in the WE, 25 EE, 50 EE, 75 EE, and 95 EE were 35.85, 76.50, 
105.81, 122.10, and 36.08 mg GAE/g, respectively. The results 
showed the TPC of the five extracts increased from WE to 
75 EE (p < 0.05). However, the results for the 95 EE dropped 
significantly. As the results showed, 75 EE of CLP had the highest 
TPC. Several studies have reported that the highest TPC and 
TFC were both observed in 75% ethanol extract, followed by 
50% ethanol extract. This is similar to the results of our study 
(Sun et al., 2015; Zhang et al., 2015). In our study, TPC varied from 
35.85 to 122.10 mg GAE/g. These results showed a large range of 
TPC, while other studies in China found the CLP extract reached 
262.09 mg GAE/g, which indicates better antioxidant activity 
(Jiang et al., 2009). According to a study, the TPC of bacaba in 
powder was 290.93 mg GAE 100g (Santos et al., 2022). The major 
antioxidant components of these common foods are the phenolic 
compounds. Diet rich in fruits, vegetables, cereals, and olive oil 
can prevent cardiovascular diseases and certain forms of cancer 
(Bendary et al., 2013). According to a study by Shin & Lee (2011), 
regardless of the extraction method, the extraction efficiency of 
phenolic substances was best when extracted with 80% ethanol. 
These results are similar to this study, which improves the solvent 
affinity of various compounds in the sample.

Table 1. Phenolic compounds detected in Cedrela sinensis leaf powder.

No Compound Retention time 
(min)

Cedrela sinensis 
leaf powder (mg/g)

1 Gallic acid 2.68 7.66 ± 0.40a

2 Caffeic acid 10.44 0.09 ± 0.02c

3 Coumaric acid 15.7 0.29 ± 0.08b

4 Trans-ferulic 
acid 17.73 0.12 ± 0.04b

5 Sinapic acid 18.68 ND
All values were expressed as mean ± SD (n = 3). Values with different letter within a row 
differ significantly by Duncan’s multiple range test (p < 0.05). ND: Not detect.

Figure 1. UPLC-PDA chromatogram of extracts from freeze-dried 
Cedrela sinensis leaf powder. Peaks: 1. Gallic acid; 2. Caffeic acid; 3. 
Coumaric acid; 4. Ferulic acid.
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In nature, flavonoids are the largest group of phenolic compounds. 
Flavonoid compounds belong to the class of phenolic or polyphenol 
compounds (Perez-Vizcaino & Fraga, 2018). The TFC of CLP for the 
five extracts were shown in Table 2. TFC in the WE, 25 EE, 50 EE, 
75 EE, and 95 EE were 1.07, 11.98, 19.23, 23.23, and 4.73 mg QE/g, 
respectively. The results showed the TFC of five extracts increased 
from WE to 75 EE (p < 0.05). In one study, the extract of CLP was 
324.61 mg QE/g, while in another study it was 108.57 mg RE/g 
(rutin equivalents). Pietta (2000) said that quercetin has more active 
hydroxyl groups than rutin, the glycosylated form of quercetin. These 
results indicated that the TFC in the extract was related to ethanol 
concentration. According to the study, 75% ethanol contains more 
flavonoids than other solvents.

3.3 Oxygen Radical Absorbance Capacity (ORAC) in CLP

The ORAC of CLP for the five extracts were shown in Table 2. 
WE, 25 EE, 50 EE, 75 EE, and 95 EE were 106.39, 170.93, 218.25, 
223.65, and 135.18 µM TE/mg, respectively. The results showed 
that the 75 EE of CLP had the highest ORAC. Su et al. (2020) 
showed that the extract of CLP was 384 µM TE/mg. The ORAC 
assay is a reliable technique that combines the inhibition percentage 
of several varieties of reactive oxygen species of biologically 
relevant sources over time (Prior & Cao, 1999). Therefore, ORAC 
is largely utilized to assess the total antioxidant capacity, and 
it could also account for the ORAC values being much higher 
than the DPPH/ABTS+ values (Chai et al., 2020).

3.4 DPPH and ABTS radical scavenging activity in CLP

Several studies have shown that certain fruit and vegetable 
extracts have antioxidant properties (Ediriweera et  al., 2017; 
Kevers et al., 2007). It shows that the DPPH scavenging abilities of 
all four broccoli extracts increased in a concentration-dependent 
manner, similar to in our study (Figure 2) (Kim et al., 2021). 
The results are expressed as IC50, and the lower IC50 value indicates 
stronger antioxidant activity. The 75 EE has higher DPPH radical 
scavenging activity than other extracts (> 80% at 25 𝜇g/mL). 
Also shown in Table 3, the IC50 values obtained from the DPPH 
radical scavenging activity of WE to 95 EE were 60.57, 30.08, 
26.42, 17.64, and 67.26 𝜇g/mL, respectively. Sun et al. (2015) 
also reported that 75% ethanol extract especially exhibited the 
strongest DPPH radical scavenging activity (IC50 633 𝜇g/mL).

All five extracts showed increasing ABTS radical scavenging 
activity in a concentration-dependent manner (Figure 2). The 75 EE 
demonstrated the strongest ABTS radical scavenging activity 
compared with the other extracts. The IC50 values obtained from 
ABTS radical scavenging activity of WE, 25 EE, 50 EE, 75 EE, 
and 95 EE were 233.69, 101.05, 78.90, 69.91, and 270.79 𝜇g/mL, 
respectively. The IC50 values of different propolis extracts showed 
that 75% extract had the lowest IC50 value, indicating the highest 
ABTS radical scavenging activity (Sun et al., 2015). In our study, 
the antioxidant ability of L-ascorbic acid and trolox on DPPH 
and ABTS+ scavenging was better than the ethanol extract of CLP.

3.5 Reducing power of CLP

The yellow color of the sample solution changed to various 
green and blue colors depending on the reducing capacity 

Table 2. Total polyphenol and flavonoid content and oxygen radical 
absorbance capacity (ORAC) of Cedrela sinensis leaf powder ethanol 
extract with different concentration.

Solvents

Total 
polyphenol 

contents 
(mg GAE/g)

Total flavonoid 
contents 

(mg QE/g)

ORAC 
(µM TE/mg)

Water extract 35.85 ± 0.48d 1.07 ± 0.71e 106.39 ± 7.51d

25% ethanol extract 76.50 ± 0.57c 11.98 ± 1.77c 170.93 ± 2.52b

50% ethanol extract 105.81 ± 1.37b 19.23 ± 0.71b 218.25 ± 7.09a

75% ethanol extract 122.10 ± 1.27a 23.23 ± 0.71a 223.65 ± 4.33a

95% ethanol extract 36.08 ± 2.10d 4.73 ± 0.24d 135.18 ± 12.01c

All values were expressed as mean ± SD (n = 3). Means followed by different 
letters (a-e) within the same column are significantly different (p < 0.05). 
GAE: gallic acid equivalent; QE: quercetin equivalent; TE: trolox equivalent.

Table 3. DPPH and ABTS radical scavenging activity of Cedrela sinensis 
leaf powder ethanol extract with different concentration.

Solvents
DPPH radical 

scavenging activity IC50 
(𝜇g/mL)

ABTS radical 
scavenging activity IC50 

(𝜇g/mL)
Water extract 60.57 ± 3.60b 233.69 ± 6.64b

25% ethanol extract 30.08 ± 0.37c 101.05 ± 4.73c

50% ethanol extract 26.42 ± 1.78c 78.90 ± 1.38d

75% ethanol extract 17.64 ± 0.21d 69.91 ± 3.31d

95% ethanol extract 67.26 ± 4.56a 270.79 ± 10.68a

L-ascorbic acid 1.80 ± 0.20e 28.61 ± 5.86e

Trolox 2.16 ± 0.12e 29.93 ± 1.81e

All values were expressed as mean ± SD (n = 3). Means followed by different 
letters (a-e) within the same column are significantly different (p < 0.05).

Figure 2. DPPH and ABTS+ scavenging activity of Cedrela sinensis 
leaf powder ethanol extract with different concentration, water extract 
(WE), 25% ethanol extract (25 EE), 50% ethanol extract (50 EE), 75% 
ethanol extract (75 EE), and 95% ethanol extract (95 EE).
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(Chen et al., 2012). The reducing power of CLP with the five 
extracts are shown in Figure 3, and the WE, 25 EE, 50 EE, 75 EE, 
and 95 EE were 0.10, 0.49, 0.64, 0.78, and 0.24, respectively, at 
500 𝜇g/mL. The reducing power value increased from WE to 
75 EE, but 95 EE of CLP decreased significantly. The use of 
L-ascorbic acid and Trolox as reference standards demonstrated 
that the concentrations of extracts had a dependent effect. 75 EE 
of CLP is very close to the value of L-ascorbic acid and Trolox 
compared to other concentrations. The greater reducing power 
of the Cedrela sinensis leaf extracts and gallic acid correlates well 
with their marked antioxidant abilities, indicating the possible 
contribution of reducing power to this activity (Hseu et al., 2008).

3.6 α-Amylase and α-glucosidase inhibitory activity in CLP

α-Amylase and α-glucosidase inhibitory effects increased with 
increasing ethanol concentrations from 25% to 75%, but not by the 
95 EE (p < 0.05). As seen in Table 4, the IC50 values of 75 EE exhibited 
the highest inhibitory effect against α-amylase and α-glucosidase 
among the five extracts, with IC50 values of 158.34 and 1.86 𝜇g/mL, 
respectively. Compared with acarbose with IC50 values at 214.37, 
332.36, with 75 EE exhibited strong inhibitory activity against 
α-amylase and α-glucosidase, which is comparable with positive 
control of acarbose. These results confirm that CLP have α-glucosidase 
and α-amylase inhibitory properties. Srinuanchai et al. (2021) also 
reported that the 75% ethanol extract with Gymnema inodorum 
(Lour.) Decne leaf had a similarly high increase of α-amylase and 
α-glucosidase inhibitory activity.

4 Conclusion
This study evaluated the total phenolic and total flavonoid 

content, antioxidant activity, and enzyme inhibition activity 
of CLP extracts with distilled water and ethanol of different 
concentrations (WE, 25 EE, 50 EE, 75 EE, and 95 EE). According 
to our experimental results, 75 EE may be an excellent solvent 
for extracting the chemical constituents of CLP. Additionally, 
75 EE acts as an antioxidant and had excellent phenolic and 
flavonoid content. The 75EE also had better potential to inhibit 
α-amylase and α-glucosidase. Moreover, analysis of phenolic 
compounds in CLP by LC-ESI-MS indicated the presence of 
gallic acid, caffeic acid, coumaric acid, and ferrulic acid. Based 
on these results, we speculate that the CLP extracts and gallic 
acid have powerful antioxidant activity against various oxidative 
systems in vitro. This study guides the development of natural 
antioxidants and supports the use of Cedrela sinensis leaf as a 
nutritious food.
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