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Mulberry fruit (Morus alba L.) contains phytochemicals, including 1-deoxynojirimycin, quercetin-
glucoside, kaempferol-glucoside, and anthocyanins, which have antioxidant effects. In this 
study, mulberry fruit extract was prepared at various temperatures (25–100oC) and water/
ethanol solvent concentrations (0%–100% ethanol). Fourier-transform infrared spectroscopy 
(FT-IR) and circular dichroism (CD) data indicated that the content of bioactive compounds 
such as polyphenols and flavonoids was lower in 100% ethanolic extracts than in 30%–50% 
ethanolic extracts. Radical scavenging activity determined using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and 2,2'-azino-di-3-ethylbenzthiazoline sulfonic acid (ABTS) assays was highly 
correlated with polyphenol and flavonoid content. In conclusion, 30%–50% ethanolic extracts 
contained the highest contents of bioactive compounds and exhibited high levels of radical 
scavenging activity. These findings may inform the use of mulberry fruit extract as a functional 
food.
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Introduction

Mulberry (Morus alba L.) exists in several varieties, such as 
black, red, and white, and has a strong, sweet taste. In Korea, 
mulberry fruit is harvested from May to June. It is either 
consumed raw or processed as juice, jam, and wine to improve 
storage capacity (Kim et al., 2013). Mulberry fruit contains 
1-deoxynojirimycin, an anti-diabetic substance. In addition, large 
amounts of flavonoids and anthocyanins, including quercetin 
glucoside, kaempferol glucoside, and cyanidin, which have anti-
diabetic, antioxidant, anti-inflammatory, and anti-hyperlipidaemic 
effects (Wang et al., 2013; Lim et al., 2013), have been found 

in mulberry fruit (D’urso et al., 2020). However, to overcome 
the short shelf life of mulberry fruit and maximise the levels of 
mulberry-specific phytochemicals, optimisation of the extraction 
conditions is necessary.

With the economic growth of modern society, problems such 
as lack of exercise, overnutrition, and aging of the population 
have emerged (McHill & Wright Jr., 2017). Accordingly, the 
proportion of people with metabolic diseases has continuously 
increased. In response, the functional food market has grown 
every year, geared towards disease prevention rather than 
treatment (Vergari et al., 2010). Extracts, a form of functional 
food, are substances obtained from animals, plants, and 
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chemicals. Therefore, FT-IR (S100, Perkin Elmer, USA) analysis 
was performed to recognize the chemical structure of each 
extracts (Lee et al., 2020). The lyophilized samples were mixed 
with the potassium bromide, transferred to hydraulic press 
(Specac, UK), and left at a pressure of 10 ton for 10 minutes to 
prepare test pellets. Then, the samples were mounted on the FT-
IR device and the value was measured at a wavelength between 
1000-4000 cm

-1
. The data were expressed as average values by 

scanning 23 times per sample.

Circular Dichroism (CD) spectrometer analysis
CD spectra (Jasco, Easton, MD, USA) analysis was performed 

as a structural analysis method of the extract (Lee et al., 2020). 
The sample extract (0.01%) was put into a cuvette (10 mm path-
length quartz high precision cell, Jasco), and was scanned three 
times at a wavelength of 190-300 nm and recorded as an average 
value. Before measurement, the background value was removed 
using distilled water. The X-axis value of the measured value 

microorganisms using a solvent or physical extraction method 
(Fernandes et al., 2019). Currently, the Ministry of Food and 
Drug Safety (MFDS, Korea) has approved a diverse range of 
extracts, including green tea, plum, and milk thistle, as functional 
food materials (Lee et al., 2016). Extracts are advantageous 
because they enable consumption of bioactive compounds at 
high concentrations, which is more efficient than consumption of 
the raw material.

In this study, various water/ethanol solvent concentrations (0, 
30, 50, 70, and 100% ethanol) and extraction temperatures (25, 
50, 70, and 100

o
C) were compared to determine the optimal 

conditions for producing mulberry fruit extract with high 
bioactivity. The results may provide fundamental data informing 
the development of mulberry fruit extract as a functional food.

Materials and methods

Preparation of mulberry extracts according various 
conditions

The mulberry was harvested in 2020 and powdered by 
lyophilize and grind process. The extracts were prepared by 
stirring for 2 hr by varying solvent density and extraction 
temperature. Distilled water, 30, 50, 70, and 100% ethanol were 
used as the extraction solvent and the extraction temperature 
was set to 25, 50, 75, and 100

o
C. Each extract was filtered, 

lyophilized, and used in each experiment. The extraction yield 
according to each extraction condition is summarized in Table 1. 
The result of re-dissolving DMSO (100 mg extract/mL DMSO) 
for further experiment is shown in Figure 1.

Fourier transforms infrared spectroscopy (FT-IR) 
analysis

The irradiating the infrared rays to the extracts reveals unique 
fingerprints according to transmission and reflection of each 

Table 1. Extraction yield (%) of mulberry fruit according to 
extraction temperature and solvent density

Extraction 
condition

DW
30% 
EtOH

50% 
EtOH

70% 
EtOH

100% 
EtOH

25
o
C 65.46 55.76 52.16 48.84 18.14

50
o
C 73.64 73.92 68.26 74.04 28.2

70
o
C 76.04 76.04 80.48 75.90 35.4

100
o
C 78.32 79.44 82.28 77.48 39.18

Fig. 1. Mulberry fruit extract under various extraction conditions 
The extracts were prepared according to 4 different temperatures (25, 
50, 70, and 100%). The ethanol was used for extract solvent, with 5 
different densities (0, 30, 50, 70, and 100%).
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allowed to stand for 10 minutes, and then the absorbance value 
at 510 nm were measured using a spectrophotometer (Thermo, 
USA). The data were expressed in equivalent value to 0.1% 
(+)-catechin as the standard chemical (Lee et al., 2018).

Anti-oxidant assay using 2,2-diphenyl-1-
picrylhydrazyl(DPPH) radical 

The DPPH reagent was dissolved in ethanol at a concentration 
of 0.2 mM and used. Each mulberry extract was dispensed into 
96 well-plates by 10 μL, 200 μL of DPPH solution was added 
and reacted at room temperature for 10 minutes. The radical 
scavenging activity was measured for absorbance at 520 nm 
using a spectrophotometer (Thermo, USA). The data were 
converted into Trolox standard curve values and expressed 
(Dudonne et al., 2009).

Anti-oxidant assay using 2,2 -azino-di-(3-
ethylbenzthiazoline sulfonic acid)(ABTS) radical

The ABTS reagent was prepared by dissolving 7.4 mM ABTS 
and 2.6 mM potassium persulfate in distilled water and reacting 
for 24 hours. This solution was diluted that the absorbance 

is expressed as an ellipticity signal (mdeg). The spectrum was 
plotted by Savitzky-Golay filter of Spectra Analysis software.

Quantification of total polyphenolic contents 
The total polyphenolic content contained in the mulberry 

extract was measured by the following method. The samples (10 
μL) were mixed with 200 μL of 2% Na2CO3 and left for 3 minutes. 
Next, 10 μL of 50% Folin-Ciocalteu's reagent was added to the 
reaction mixture, and after 3 minutes, the absorbance value was 
calculated using a spectrophotometer (Multiskan GO, Thermo, 
MA, USA) at 750 nm. The measured data were converted to 
equivalent value to 0.1% gallic acid as the standard material (Lee 
et al., 2018).

Quantification of flavonoid contents 
The content of flavonoids in the mulberry extract was 

measured by the following method. To 20 μL of the samples, 
100 μL of distilled water and 6 μL of 5% NaNO2 were added. 
After reacting at room temperature for 6 minutes, 12 μL of 10% 
AlCl3∙6H2O solution was added, followed by further reaction 
for 5 minutes. Thereafter, 40 μL of 1 M NaOH was added and 

Fig. 2. Structural analysis of bioactive compounds in mulberry fruit extracts using FT-IR (A-D) The full spectra of mulberry fruit extracts 
depending on extraction temperature. (E-H) The zoomed spectra (1800-800 cm

-1
, wavenumber).
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extract
Solvent polarity determines the extraction yield of phytochemicals 

in mulberry fruit. Extracts were prepared using five different water/
ethanol solvent concentrations, and their chemical compositions 
and structural features were examined using Fourier-transform 
infrared (FT-IR) spectroscopy and circular dichroism (CD). An 
FT-IR peak was observed at 3330, indicating the presence of 
hydroxyl groups characteristic of phenolic compounds, which 
contribute to antioxidant activity (Fig. 2A–D). Peaks at 2924 
and 2854 were observed in the spectra of the 100% ethanolic 
extracts prepared at 50 and 70

o
C, respectively. These indicate 

the presence of methyl (CH3) and methylene (CH2) groups, 
respectively, which have a high affinity for ethanol. Moreover, 
a peak at 1710 appeared in the spectra of the 100% ethanolic 
extracts, indicating the presence of the ester bond (C=O) found 
in lipid compounds (Fig. 2E–H). The spectra of the 30%–70% 
ethanolic extracts exhibited a peak at 1595, indicating that the 
content of aromatic groups, such as those found in phenolic 
compounds, was reduced at this concentration. In the CD 
spectra, the main peak was observed at 210 nm, which is 
associated with the carboxyl group mostly found in phenolic acid 
(Fig. 3). Extraction at high temperatures (70–100

o
C) produced 

value was 1.0 at 734 nm. Each mulberry extract was dispensed 
into a 96-well plate by 10 μL, and 200 μL of the ABTS diluted 
solution was added to react at room temperature for 10 minutes. 
The radical scavenging activity was determined by using a 
spectrophotometer (Thermo, USA) absorbance at 734 nm. The 
data were converted into Trolox standard curve values and 
expressed (Dudonne et al., 2009).

Statistical analysis
The significance test for each result was performed using a 

statistical program (SAS enterprise guide 7.1, SAS Institute, 
NC, USA). Duncan's Oneway-ANOVA analysis was adapted 
and the significance at the p<0.05 level was shown in different 
alphabet letters. Correlation coefficiency analysis was performed 
by SAS program and using Pearson’s model. The data were 
compared each experimental factors including extraction solvent, 
temperature, bioactive compounds, and radical scavenging 
activity.

Results and discussion

Chemical structural analysis of mulberry fruit 

Fig. 3. Composition of bioactive compounds in mulberry fruit extracts using CD-spectra The spectra were displayed by extraction 
temperature. (A) 25

o
C, (B) 50

o
C, (C) 70

o
C, and (D) 100

o
C.
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that include hydrophilic molecules. Therefore, the concentration of 
these compounds was reduced in the 100% ethanolic extracts.

Content of polyphenols and flavonoids in 
mulberry fruit extract

The total polyphenol content in various mulberry fruit extracts 
was quantified (Fig. 4A). Polyphenol content was highest in the 
50% ethanolic extracts (over 14 mg GAE/g of sample), followed 
by that in the 30% and 70% ethanolic extracts. Temperature was 
not a decisive factor in polyphenol extraction. Flavonoid content 
was highest in the 50% ethanolic extract at 100

o
C (4.02 mg CE/

g of sample, Fig. 4B). Interestingly, 100% ethanol showed poor 
extraction properties for polyphenols and flavonoids. 

Polyphenols, a major component of plant secondary metabolites, 
comprise sub-classes such as catechins, flavonols, flavanols, 
flavones, anthocyanins, proanthocyanidins, and phenolic acids. 
Based on the average intake of fruits and vegetables, more than 
1 g of polyphenols is consumed per day (Perron & Brumaghim, 
2009). Due to the high intake frequency of polyphenols, which 

strong ellipticity, indicating an increased amount of phenolic 
compounds. However, high temperatures destroyed unspecified 
phenolic acids in 100% ethanolic extracts. 

The extraction yield of phytochemicals was determined according 
to time, temperature, solvent type, and concentration. Because 
phytochemical compositions differ depending on the type of 
plant, different solvents and extraction methods are appropriate 
for different plants (Nawaz et al., 2020). The extract composition 
varied with solvent polarity. Water and ethanol have polarity 
indices of 9.0 and 5.2, respectively (Snyder, 1974). In the 100% 
ethanolic extracts, the concentration of compounds with methyl 
groups and ester bonds was increased, but that of phenolic 
compounds was decreased. Methyl groups and ester bonds are 
predicted constituents of lipids (Rabelo et al., 2015). In general, 
lipid components are non-polar; therefore, lipid-containing 
substances are more soluble in ethanol than in water (Kartika et 
al., 2018). This explains why the concentration of compounds 
containing lipid components increased in the 100% ethanolic 
extracts. Conversely, phenolic compounds have various constituents 

Fig. 4. Contents of phenolic compounds in mulberry fruit extracts (A) Total polyphenol contents and (B) Flavonoids contents, were measured 
in various types of mulberry fruits extracts. The abbreviations are gallic acid equivalent (GAE), and catechin equivalent (CE). The data 
indicated means ± SD. The different superscripts among extraction temperatures are significantly different at P<0.05 by a Duncan’s multiple 
range tests. 



30       31

Sora Lee et al. 
Antioxidant activity of mulberry fruit extract

compounds in mulberry fruit were more efficiently extracted 
when using 30%–50% ethanolic solvents than when using 100% 
ethanol.

Antioxidant activity of mulberry fruit extract
Two types of radical scavenging analyses were performed 

using the various extracts of mulberry fruit. In the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging assay, the 50% 
ethanolic extract exhibited strong antioxidant activity, except 
at 100

o
C (Fig. 5A). In the 2,2'-azino-di-(3-ethylbenzthiazoline 

sulfonic acid) (ABTS) radical scavenging assay, the 50% 
ethanolic extract indicated stronger antioxidant activity (Fig. 
5B). The 30%–70% ethanolic extracts exhibited significant 
antioxidant activity at all temperatures, while the 100% ethanolic 
extracts exhibited poor antioxidant activity at all temperatures.

Free radicals have one or more unbound electrons and exhibit 
high reactivity, which enables them to combat pathogenic 
microorganisms and control cell signalling. However, free radicals 
are also involved in cell damage and DNA mutations. Oxidation 

are known to be major active substances in fruits and vegetables, 
extensive research on their health benefits has been conducted. 
According to a recent systematic analysis, polyphenol intake is 
inversely related to the risk of cardiovascular disease and mortality. 
In addition, polyphenols positively affect bone mineral density, 
chronic kidney disease, pulmonary function, and Alzheimer’s 
disease (Del Bo et al., 2019). The solubility of polyphenols 
depends on their structure and functional groups, which are 
related to their bioavailability and extraction yield (Kaur & Kaur, 
2014). For example, cyanidin in mulberry fruit exists in glucose-
bound forms, such as cyanidin-glucoside and cyanidin-rutinoside 
(Olivas-Aguirre, 2016; Veberic et al., 2015). The solubility of 
cyanidin is 0.049 mg/mL, while those of the more hydrophilic 
polyphenols cyanidin-glucoside and cyanidin-rutinoside are 
0.6 and 0.9 mg/mL, respectively. In our study, the polar surface 
areas of cyanidin, cyanidin-glucoside, and cyanidin-rutinoside 
were 114, 193, and 252 Å2, respectively. As water solubility 
increases with the number of glucose bonds (Olivas-Aguirre, 
2016), the polar surface areas align with our finding that phenolic 

Fig. 5. Compare of anti-oxidant efficiency of mulberry fruit extracts according to extract conditions (A) DPPH radical scavenging activity 
and (B) ABTS radical scavenging activity was performed. The abbreviation is trolox equivalent (TE). The data indicated means ± SD. The 
different superscripts among extraction temperatures are significantly different at P<0.05 by a Duncan’s multiple range tests. 
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not highly correlated with flavonoid content, while antioxidant 
activity and content of polyphenols and flavonoids have 
been highly correlated in most studies (Floegel et al., 2011). 
Correlations between flavonoid content and radical scavenging 
activity may decrease because the radical scavenging activity of 
flavonoids differs according to the glycoside position, number of 
hydroxyl groups, or presence of other functional groups (Montoro 
et al., 2005). In addition to flavonoid-containing polyphenols, 
phytochemicals are also involved in antioxidant activity. For 
example, pectin, a polysaccharide found in plants, is involved 
in the removal of DPPH radicals (Rha et al., 2011). In this 
study, the total flavonoid content was quantified, but qualitative 
analysis was not performed. Therefore, the identification of the 
compounds in each extract is required in future studies.

Conclusion

Mulberry extracts were prepared using 0%–100% ethanol 
solutions at different temperatures (25–100

o
C) to compare their 

bioactive properties. The amount of lipophilic components 
tended to increase in the 100% ethanolic extract. However, the 
total content of polyphenols and flavonoids decreased, which 
affected the antioxidant activity. The polyphenol and flavonoid 
content was high in the 30%–50% ethanolic extracts at all 
tested temperatures, and the radical scavenging ability was also 
increased, indicating that this range of solvent concentrations 
produced maximised antioxidant activity. The results of this 
study may serve as resource for the further development of 
mulberry fruit extract as a functional food. 
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by radicals causes age-related diseases and neurological disorders; 
therefore, the intake of antioxidants is important to inhibit free 
radical activity (Kong & Lin, 2010). The phenol group accepts 
electrons from free radicals and converts them into relatively 
stable phenoxyl radicals, thereby inhibiting further chain 
oxidation reactions. The intake of polyphenols reduces the 
risk of degenerative disease by protecting cells and DNA from 
radical-induced oxidative damage (Pandey & Rizvi, 2009). 
Here, mulberry fruit exhibited a high level of radical scavenging 
activity in the 30%–70% ethanolic extracts, indicating its ability 
to promote health by counteracting free radical oxidation.

Correlation efficiency of extraction solvent, 
temperature, bioactive compounds, and antioxidant 
activity

The correlation efficiencies of the experimental factors are shown 
in Table 2. Ethanol concentration was negatively correlated with 
flavonoid content and ABTS radical scavenging activity (P < 
0.01). Temperature was not significantly related to the other 
factors. The total polyphenol content was positively correlated 
with flavonoid content as well as DPPH and ABTS radical 
scavenging activity (P < 0.01). Flavonoids were positively correlated 
with ABTS radical scavenging activity (P < 0.001). The DPPH 
radical scavenging activity was positively correlated with the 
ABTS radical scavenging activity (P < 0.05).

DPPH and ABTS were dissolved in ethanol and water, 
respectively. As the flavonoid yield was low in the 100% ethanolic 
extracts (Fig. 4), the radical scavenging activity observed in 
the ABTS assay exhibited a higher correlation with flavonoid 
content than that observed in the DPPH assay. The two radical 
scavenging assay methods may produce different results 
depending on the solubility of the sample, types of pigment, and 
other factors. In addition, DPPH radical scavenging activity was 

Table 2. Correlation coefficients analysis among extract condition, bioactive compounds, and antioxidant ability

EtOH density Tempera-ture Poly-phenol Flavonoid DPPH ABTS

EtOH density 1.00 0.00 -0.42  -0.62**   0.02    -0.63**

Tempera-ture 1.00  0.06 0.22  -0.26 -0.03

Poly-phenol  1.00    0.90**    0.53*      0.83**

Flavonoid 1.00   0.35      0.92**

DPPH   1.00    0.50*

ABTS   1.00

Significantly difference were analyzed by student’s t-test, and marked as *P< 0.05, **P<0.01.
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