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Abstract Antioxidant activity in water and ethanol extracts of dried Lycium chinense fruit, as a result of the total
phenolic and tannin content, was measured using a number of chemical and biochemical assays for radical scavenging and
inhibition of lipid peroxidation, with the analysis being extended by applying a bootstrapping statistical method. Previous
statistical analyses mostly provided linear correlation and regression analyses between antioxidant activity and increasing
concentrations of phenolics and tannins in a concentration-dependent mode. The present study showed that multiple
component or multivariate analysis by applying multiple regression analysis or regression planes proved more informative
than linear regression analysis of the relationship between the concentration of individual components and antioxidant
activity. In this paper, we represented the multivariate analysis of antioxidant activities of both phenolic and tannin contents
combined in the water and ethanol extracts, which revealed the hidden observations that were not evident from linear
statistical analysis.
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Introduction

There have been many studies of the relationship between health
problems and food preservatives, which has led to an increase in
demand for the use of plant extracts. The food industry begins to
replace synthetic antioxidants with natural products possessing
antioxidant activities. As a result of more findings on the role of
antioxidants, the reactive oxygen species (ROS), a free radical,
accumulation in human health and diseases led to many traditional
medicinal plants and related health-promoting products being seen
as valuable natural and nutritional antioxidant sources (Kim, 2012;
Le et al., 2007). Dietary intake of plant-based traditional medicinal
foods usually reduces oxidative stress involving ROS, which are
implicated as major causes of cellular damage in many clinical
conditions including cancer, diabetes, hepatitis, arthritis, degenerative
disease, and possibly acceleration of the aging process (Droge,
2002). Lycium chinense belongs to the Solanaceae family and has
been traditionally regarded as a medicinal herb with bioactive
properties for sustaining good health (Kim, 2012). Its dried fruits
have traditionally been regarded as a supplemental health food,
which is usually cooked and consumed as a broth or as a
medicinal elixir, tea, or alcoholic liquor; as goji berry, the fruits of

L. chinense have attained a reputation as a powerful antioxidant in
Western countries. It has also been established by this laboratory
that its dried fruits contain a number of bioactive compounds such
as phenolics, flavonoids, and tannins providing therapeutic effects
on several conditions, especially related to the cellular damage
resulting from ROS accumulation (Forino et al., 2016; Kim and
Chung, 2009; Potterat, 2010).

Nowadays, there is considerable interest in finding natural
antioxidants for the use in foods or the medicinal-based functional
ingredients that can replace synthetic antioxidants, the uses of
which are restricted due to their inherent side-effects (Gülçin et al.,
2003; Kim, 2012; Zheng and Wang, 2001). Natural antioxidants
can protect the human body from ROS and retard the progress of
many chronic diseases as well as reducing lipid oxidative rancidity
in foods. Therefore, the increasing attention has been paid to the
importance of studies into the antioxidant activity of naturally
occurring medicinal plant products. This is particularly true of
phenolic compounds, including phenolic acids, flavonoids and
tannins, which are readily found in traditional medicinal plant-
based sources and which play an important role in the nutritional,
organoleptic, and commercial properties of agricultural foodstuffs,
contributing to color, astringency, bitterness and flavor (Imeh and
Khokhar, 2002; Kim et al., 2010). Furthermore, phenolic compounds
have attracted the particular attention due to their strong antioxidant
capacity, with reducing power as well as free radical scavenging
and Fe2+-lipid peroxidation inhibition (Asif, 2015; Bouchet et al.,
1998).

There have been studies on investigating the relationship between
the wine grade assignments and the corresponding total phenolic
and tannin concentrations in commercial wineries (Hosu et al.,
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2014; Kassara and Kennedy, 2011; Li and Sun, 2017). Statistical
analyses reported by Mercurio et al. (2010) revealed a positive
trend toward higher wine grade allocation in wines that had higher
concentrations of both total phenolics and tannins. It suggested that
these compositional parameters of phenolic and tannin composition
should be considered in the development of future multi-parameter
decision-support systems for relevant commercial red wine grading
processes (Mercurio et al., 2010). Tannins are a kind of antioxidants
and a part of total phenolic compounds that causes bitter and
astringent sensory notes in foods. It seems that as the tannin
content increases in total phenolics, the food quality deteriorates
with more bitterness and astringency (Hosu et al., 2014; Robichaud
and Noble, 1990). Hence, it is more interesting in this work to
know whether there is a close relationship between the amount of
tannin content in total phenolics and the antioxidant activities in
dried goji berry (Lycium chinense) fruits.

It is well known that different extraction methods can be used
to extract the phenolic compounds from plant materials. The most
common extraction methods that have been described in literature
use the solvents such as ethanol, acetone, and methanol, or their
solutions mixed with water (Alothman et al., 2009; Waszkowiak
and Gliszczyńska-Świgło, 2016). Some other variables such as
temperature, extraction time, and solvent concentration vary among
the published procedures, and it is essential to optimize any
process in order to maximize the extraction. There have been
studies where analysis used multiple linear regression and multiple
parameters with their interactions to achieve optimization of
extraction processes, and where mathematical or statistical models
are used to determine the relationships between the extraction
response and the independent active factors (Baş and Boyaci,
2007; Said and Amin, 2015).

This study was designed to investigate whether there are strong
and positive outcomes when both total phenolics and tannins,
obtained after the various ethanol or water extractions of dried L.

chinense fruit, are tested together for radical scavenging activity,
hemolysis, or lipid peroxidation inhibitory activity than when the
phenolics or tannins are tested separately.

Materials and Methods

Materials and chemicals

Dried L. chinense fruit (Chungchungnam, Korea) was obtained
from a Chinese medicinal herb market in 2009, and ground to a
coarse powder using a blender (Model MX-T2GN, National,
Taipei, Taiwan). The samples were stored in a freezer at −20oC
prior to analysis. All chemicals were of analytical grade and were
purchased from Sigma-Aldrich Co. (St. Louis, MO, USA).

Preparation of water and ethanol extracts

The dried sample (about 20 g) was extracted under reflux for 1 h
with 200 mL of distilled water according to the method described
by Tang et al. (2006). The extract obtained was cooled, filtered,
concentrated under vacuum at 40oC, and then lyophilized to obtain
a water extract (A). An aliquot of the water extract was diluted
and prepared with distilled water at different concentrations for

analysis. For the ethanol extract (B), 20 g of the dried sample was
extracted with 200 mL of ethanol (95%, v/v) by the same method
used to obtain the water extract. The yields of the water and
ethanol extracts obtained from 20 g of dried sample correspond to
47.2% (9.4±0.2 g) and 38.6% (7.7±0.2 g) respectively.

Determination of total phenolic and tannin concentrations

Phenolic concentrations in the water and ethanol extracts of
dried L. chinense fruit were spectrophotometrically determined,
following treatment with Folin-Ciocalteu reagent (Lim et al.,
2002), and the data of total phenolic concentrations shown in
Table 1 was selected from the previous study performed by Kim
(2012). Tannin concentrations in extracts each were determined
using the method of Marksimović et al. (2005), with a slight
modification after removal of tannins by absorption on an insoluble,
cross-linked polyvinylpolypyrrolidone (PVPP, Kollidon CL, BASF,
Germany). PVPP (100 mg) was weighed into each test tube, and
the aliquots (1 mL) of the extract solution prepared at different
concentrations of 50, 200, 800, 1,600, and 3,200 µg/mL were
added. After incubating for 15 min at 4oC, the tubes were vortexed
and centrifuged for 10 min at 4,300×g. Aliquots of the supernatant
(0.1 mL) were transferred into test tubes, and non-absorbed phenolics
were determined, based on a standard curve of tannic acid, by the
method described above to determine total phenolic concentration.
The tannin concentration (µg tannic acid equivalent/mL of extract)
was determined by subtracting the non-absorbed phenolic concentration
from the total phenolic concentration.

Determination of 1,1-diphenyl-2-picryl hydrazyl (DPPH)

radical- and H
2
O

2
-scavenging activity, and reducing power

The DPPH radical scavenging activity of the water and ethanol
extracts of dried L. chinense fruit was determined at different
concentrations of 50, 200, 800, 1,600, and 3,200 µg/mL according
to the method outlined by Kim (2005). The DPPH-scavenging
activity values shown in Table 1were selected from the previous
study by Kim (2012). The hydrogen peroxide (H

2
O

2
)-scavenging

capacity of the extracts was determined at different concentrations
(50, 200, 800, 1,600, and 3,200 µg/mL) by the method of Kim
(2018). An aliquot (2 mL) of extract was mixed with 1.2 mL of
H

2
O

2 
(20 mM) in a phosphate buffer (pH 7.4). After the incubation

for 10 min, the absorbance was measured at 230 nm. The reducing
power in the water and ethanol extracts was determined at different
concentrations of 50, 200, 800, 1,600, and 3,200 µg/mL using the
method of Kim (2005), based on the method described by Oyaizu
(1986). The reducing power values presented in Table 1 were
selected from the previous study by Kim (2012).

AAPH-induced rat red blood cells (RBC) inhibition of

hemolysis

The inhibitory effects of L. chinense extracts against ROS-
induced oxidative hemolysis using rat RBC was determined
according to the method described by Ng et al. (2000) at different
extract concentrations of 0, 50, 200, 800, 1,600, and 3,200 µg/mL.
The RBC obtained from the posterior vena cava of male Sprague–
Dawley (SD) rats (average weight 200 g, AEEC 04/041/MIC) was
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collected into a heparinized tube and centrifuged at 1,000×g for 5
min. After washing three times with 10 mL of 10 mM phosphate-
buffered saline (PBS, pH 7.4), the RBCs were centrifuged at
1,000×g for 10 min to obtain an evenly packed cell pellet, followed
by the final re-suspension in PBS to obtain a 20% RBC suspension.
An aliquot (0.1 mL) of the RBC suspension was added to 0.2 mL
of 200 mM 2,2'-azo-bis (2-amidino-propane) dihydrochloride
(AAPH, a peroxyl radical initiator) solution in PBS and 0.1 mL of
the extract solution. After incubation at 37oC for 3 h, the reaction
mixture was diluted with 8 mL of PBS and centrifuged at 1,000×g

for 10 min. The absorbance of the supernatant was then measured
at 540 nm (A

abs
). The control reaction mixture treated with 8 mL

of distilled water to achieve complete hemolysis was prepared and
the absorbance of its supernatant obtained after centrifugation was
measured at 540 nm (B

abs
). The percentage inhibition of hemolysis

was calculated as following:

Inhibition (%) of hemolysis=(1−A
abs

/B
abs

)×100

Fe2+-induced lipid peroxidation inhibition

The inhibitory effects of both extracts of the dried L. chinense

fruit at different concentrations toward lipid peroxidation of rat
brain tissue induced by Fe2+/ascorbate were assayed using the
formation of malondialdehyde (MDA) as an indicator by the method
of Lim et al. (2002). The brains of SD rats (average weight 200
g, AEEC 04/041/MIS) were dissected and washed using ice-cold
20 mM Tris-HCl buffer (pH 7.4). The brain were homogenized in
two volumes of ice-cold 20 mM Tris-HCl buffer with a Polytron
(Model PT 3000, Brinkmann Instruments, Westbury, NY, USA)
and the extract was centrifuged at 3,000×g for 10 min, with the
supernatant being used for the study of lipid peroxidation. Aliquots
of the supernatant (0.1 mL) were incubated at 37oC for 1 h with

0.2 mL of the extract solution in the presence of 0.1 mL of 10
mM FeSO

4 
and 0.1 mL of 0.1 mM ascorbic acid. Further, 0.5 mL

of trichloroacetic acid (28%, w/v) and 0.38 mL of thiobarbituric
acid (TBA, 2%, w/v) were added to the reaction mixture, and then
heated at 80oC for 20 min. After cooling, centrifugation was carried
out at 3,000×g for 10 min to remove the precipitated protein. The
color intensity of the MDA-TBA complex in the supernatant was
measured at 532 nm. The percentage inhibition of lipid peroxidation
was calculated as following:

% inhibition of lipid peroxidation=(1−A
1
/A

0
)×100

where A
0
 is the absorbance of the control, and A

1
 is the

absorbance of the test sample.

Data extension using a bootstrapping technique and

statistical analysis using MATLAB

All determinations of the antioxidant activities of the fruit
extracts described above were performed in three biological
replicates (n=3), from which the mean and standard deviation
values were computed. All experimental data were analyzed by
ANOVA using the General Linear Model, and significant differences
(p<0.05) among means at each treatment were determined by the
Tukey’s HSD multiple range test at p=0.05 using Minitab
computing system (Minitab Inc., State College, PA, USA). As
mentioned above, the sample size of this study is pretty small so
that it could prevent detection of true effects as to whether ethanol
or water extraction resulted in different responses in terms of
radical scavenging activity or inhibition of hemolysis and lipid
peroxidation activity using the various concentrations of each
extracts obtained from the dried L. chinense fruit. In order to
overcome the low sample size problem, a bootstrap statistical

Table 1. The 1,1-diphenyl-2-picryl hydrazyl radical-scavenging, reducing power, H
2
O

2
-scavenging, hemolysis inhibition and lipid

peroxidation inhibition activities in water and ethanol extracts of dried Lycium chinense fruit at different concentrations

Extract
Concentration 

(µg/mL)

Activity

Phenolics1* Tannins2
DPPH 

scavenging3*
H

2
O

2
 

scavenging4

Reducing 
power5*

Hemolysis inhi-
bition

Lipid peroxida-
tion inhibition

Water
(A)

50  1.686±0.344a  1.167±0.998a  5.111±0.190a  0.686±0.786a 0.144±0.004a 15.646±2.230a  0.981±0.592a

200  4.453±0.493b  2.916±1.293b 20.503±3.788b  2.001±0.262b 0.316±0.017b 32.712±1.563b  1.229±0.241b

800 19.784±0.799c  5.670±1.633c 55.256±1.651c  4.860±0.714c 0.911±0.018c 62.751±1.254c 13.584±1.056c

1600 45.614±0.977d  9.949±0.958d 80.503±1.889d  7.947±1.264d 0.976±0.018d 82.999±1.292d 50.016±1.441d

3200 86.718±0.677e 13.318±2.137e 97.368±0.452e 15.723±0.773e 1.369±0.017e 86.866±0.896d 87.876±0.905e

Ethanol
(B)

50  0.916±0.094a  0.258±0.064a 10.102±2.800a  0.162±0.094a 0.167±0.002a 14.861±2.167a 10.018±0.866a

200  9.192±0.908b  2.437±0.789b 24.386±5.940b  1.514±0.655b 0.320±0.006b 25.753±2.254b 14.594±1.719b

800 15.224±1.122c  5.138±1.667c 52.376±5.980c 22.973±0.986c 0.983±0.025c 35.996±1.682c 77.623±4.686c

1600 35.614±1.102d  5.402±1.781c 86.806±1.470d 83.838±0.766d 1.315±0.024d  4.724±2.395d 87.311±0.522d

3200 86.013±1.063e 10.287±2.717d 96.924±0.580d 85.676±0.893d 1.466±0.012e  4.368±1.053d 87.668±0.338d

*Data from previously performed and published study (Kim, 2012). 
1µg gallic acid equivalent/mL of extract at different concentrations. 
2µg tannic acid equivalent/mL of extract at different concentrations: [total phenolics–non-tannins]=tannins.
3DPPH radical scavenging activity (%)=[(absorbance of control at 517 nm–absorbance of sample at 517 nm)/(absorbance of control at 517 nm)]
×100. 
4H

2
O

2
 scavenging activity (%)=[(absorbance of control at 230 nm–absorbance of sample at 230nm)/(absorbance of control at 230 nm)]×100.

5Absorbance at 700 nm. Values with different letters in each column are significantly different (p<0.05).
Each data point is the mean±standard deviation; n=3.
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method was applied for resampling by estimating the properties of
an estimator such as mean and variance in this work. The data
from this research were bootstrapped up to 100 data elements for
each bioactive component. In order to develop a model that
measures and compares the antioxidant activities of water and
ethanol extracts based upon total phenolics and tannins, the response
surface methodology coupled with multiple linear regression was
used. Plane regression function of MATLAB 7.6.0 (MathWorks
Inc., Natick, MA, USA) was used to fit the data generated above.
The generalized MATLAB model was used as shown below:

YFIT=b(1)+b(2)*X1+b(3)*X2+b(4)*X1*X2

where YFIT is the predicted response of the antioxidant activity
tests, b(1), b(2), b(3), and b(4) are the regression coefficients for
the linear, quadratic, and interaction terms, and X1 and X2 are the
independent variables. Multiple regression is generated as a vector
of 4 rows of coefficients: b(1), b(2), b(3), b(4), where b(4) is used
as a coefficient for direct relationship of X1 and X2 together to
show in a plane. In this statistical analysis, X1 was used for total
phenolics and X2 for tannins, and Y (Y can be replaced with
YFIT) was used for DPPH-scavenging activity, H

2
O

2
-scavenging

activity, reducing power, hemolysis inhibition, or lipid peroxidation
inhibition activity.

Results and Discussion

Multivariate statistical analysis

As shown in Table 1, the dried L. chinense fruit extracts
following water or ethanol extraction at various concentrations
from 50 to 3,200 µg/mL were used to measure their antioxidant
activities such as DPPH-scavenging, H

2
O

2
-scavenging, reducing

power, hemolysis inhibition and lipid peroxidation inhibition. Total
phenolic or tannin concentrations were used to measure the
antioxidant activities of the dried L. chinense fruit extracts. Table
1 shows that as the total phenolic and tannin concentration
increased, the activities of radical scavenging and peroxidation
inhibition also increased. Both water and ethanol extracts exhibited
strong antioxidant activities in a concentration-dependent mode
(Table 1), which was linearly and positively correlated with
increasing total phenolic and tannin concentration. However, the
identification of the individual bioactive components responsible
for the antioxidant activity in both extracts has not yet been
elucidated. The statistical analysis data shown in Table 1 shows
only the antioxidant activities in either water or ethanol extracts
and their relationships with total phenolic and tannin concentrations.
By using multiple regression analysis or regression planes, the
multivariate analysis of antioxidant activities from either water or
ethanol extracts could be performed, focusing on the 50 µg/mL
concentration, since the antioxidant activities linearly increased as
total phenolic and tannin concentration increased (Table 1). Hence,
there would not be much difference in using multivariate analysis
at lower or higher concentrations. Some studies have shown that a
small sample size undermines the chance of detecting true
statistical analysis and can increase the false discovery rate and
result in poor reproducibility (Button et al., 2013; Colquhoun,

2014). The basic idea of bootstrapping is that inference about a
population from sample data can be modeled by resampling the
sample data and performing inference about a sample from
resampled data (Efron and Tibshirani, 1993; Hesterberg et al.,
2005; Moore et al., 2017). In the bootstrapping method, the quality
of inference of the true sample from resampled data is measurable.

Figure 1 shows the two-dimensional scatter plots for pairs of the
compound values represented as 2×2 arrays. The data in Fig. 1
represent the measurements on the variables of total phenolic and
tannin concentrations of the water and ethanol extracts. For
example, the picture in the top right-side corner of the water
extract figure is a scatter plot of the pairs of data (total phenolics
and tannins), where tannin values are plotted along the horizontal
line and total phenolic values are along the vertical line. The
picture of total phenolics and tannins from water and ethanol
extracts showed a similar distribution of the scattered values, and
the relationship between tannins and total phenolics were connected.
The multivariate analysis took into account total phenolic and
tannin concentrations together to identify the multivariate effects
upon the antioxidant activities such as DPPH radical and H

2
O

2
-

scavenging effects, reducing power, hemolysis and Fe2+-induced
lipid peroxidation inhibition effects in the water and ethanol
extracts.

Multivariate statistical analysis for DPPH radical scav-

enging activity

DPPH is a stable organic free radical compound with the
greatest absorbance at 517 nm, which has been widely used to
determine the ROS-scavenging activity of plant-based extracts
(Yamaguchi et al., 1988). The reduction of DPPH radicals was
monitored by the decrease in the absorbance at 517 nm, resulting
from antioxidants (Kim, 2005). Both extracts showed a similar
trend for scavenging DPPH radical in a concentration-dependent
manner (Table 1), but their scavenging activities were significantly
different (p<0.05). As shown in Table 1, the scavenging activity of
the water extracts increased significantly (p<0.05) as the concentration
increased from 50 to 3,200 µg/mL, whereas the activity of the
ethanol extracts was not significantly different (p>0.05) among
concentrations of 1,600 and 3,200 µg/mL. However, at 3,200 µg/
mL, both water and ethanol extracts reached the maximum scavenging
activity against DPPH radicals of 97.4 and 96.9%, respectively.

As seen in Fig. 2, when two bioactive components (phenolics
and tannins) are used together to determine DPPH-scavenging
activity, two regression planes reveal more about the differences in
the DPPH-scavenging activity between the two different extracts
than a linear regression mode alone, as mentioned above. As seen
in the regression plane of the profile of DPPH-scavenging activity
in the water extracts, the response of DPPH-scavenging activity
was around the values from 2 to 5.5, but with the DPPH-scavenging
activity in ethanol extracts, the response values ranged from 8 to
13. The effect of tannins on the DPPH-scavenging activity in the
water extracts ranged from 1.4 to 2.2, but the corresponding values
in ethanol extracts ranged from 0 to 4. Therefore, the tannins in
the water extracts were distributed more evenly than those in the
ethanol extracts. The effect of phenolics on the DPPH-scavenging
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activity in water extracts varied between 0 and 3, but that in
ethanol extracts ranged from 0.5 to 1.5, indicating that phenolics in
the ethanol extracts condensed more than those in the water
extracts. However, when both phenolics and tannins were considered
with respect to DPPH-scavenging activity, comparison of the

regression plane profiles of the water and ethanol extracts clearly
showed that DPPH-scavenging activity worked better with ethanol
extracts in which their responses ranging from 8 to 13, than with
water extracts in which their responses ranged from 2 to 2.55 (Fig. 2).

Fig. 1. Scatter plots and frequency distribution histograms for total phenolics and tannins from water and ethanol extracts of Lycium

chinense fruits.

Fig. 2. Comparison of 1,1-diphenyl-2-picryl hydrazyl radical scavenging activity between water and ethanol extracts. The unit of each
axis is represented as µg/mL. (A) DPPH scavenging activity values upon water extract; (B) DPPH scavenging activity values upon ethanol
extract.
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Multivariate statistical analysis for H
2
O

2
-scavenging activity

Hydrogen peroxide is a non-radical reactive agent as well as one
of the ROS generated in biological and food systems. In fact,
H

2
O

2
 is an important index for determination of antioxidant

activity, because it is not very reactive by itself, but may form the
hydroxyl radical which is known to be a strong ROS participating
in free radical reactions (Kim, 2018). Therefore, removing H

2
O

2

from biological and food systems is very important for antioxidant
defense. As seen in Table 1, the H

2
O

2
-scavenging activity in both

extracts exhibited a similar concentration-dependent mode, as revealed
by the DPPH-scavenging activity, but the scavenging activity of
the ethanol extract was greater than that of the water extract.
When the two bioactive components (phenolics and tannins) were
applied together in H

2
O

2
-scavenging activity, the two regression

planes revealed more about the differences in the response of
H

2
O

2
-scavenging activity between the two different extracts. As

observed in the regression plane on the profile of H
2
O

2
-scavenging

activity in water extracts, the H
2
O

2
-scavenging activity response

ranged in value from −1 to 2.5 and was distributed rather evenly
within the range from 0 to 1.15. However, with respect to the
H

2
O

2
-scavenging activity in ethanol extracts, the response values

were largely in the range from 0 to 0.24. The contribution of
tannins toward the H

2
O

2
-scavenging activity in the water extract

ranged from 1.8 to 2, but the corresponding values in the ethanol
extracts ranged from 2 to 4, so that tannins in the water extract
condensed more than in the ethanol extract. The contribution of
phenolics to the H

2
O

2
-scavenging activity in the water extract

ranged from 2 to 4, whereas, in the ethanol extract, they ranged
from 0 to 1.5, so that phenolics in the ethanol extract condensed
more than in the water extract. However, when the contribution of
both phenolics and tannins to the H

2
O

2 
-scavenging activity were

monitored, the comparison of regression plane profiles in the water

and ethanol extracts clearly showed that H
2
O

2
-scavenging activity

was greater in the water extract, with their response ranging from
0 to 1.5, than in the ethanol extract, ranging from 0 to 0.25.
However, the regression plane with respect to the H

2
O

2
-scavenging

activity for the water extract was straighter than that for the
ethanol extract, showing less curvature (Fig. 3). This means that
the responses of H

2
O

2
-scavenging activity in the water extract are

distributed more linearly and evenly than those in the ethanol
extract.

Multivariate statistical analysis for reducing power

Reducing power has been also widely used as a significant
marker of antioxidant activity. The presence of a reducer generally
provides the antioxidant action by breaking the free radical chains
via the donation of a hydrogen atom, which causes the transformation
of Fe3+/ferricyanide complex to the ferrous form (Fe2+) (Rathee et
al., 2007; Kim, 2018). As seen in Table 1, the reducing power of
both extracts increased with increasing the concentration of
extracts in a concentration-dependent mode, and a statistically
significant difference in the reducing power was found among the
different concentrations of extracts (p<0.05). When the joint contribution
of the two bioactive components (phenolics and tannins) to
reducing power was studied, the two regression planes revealed
more about the difference in reducing power responses between
the two different extracts. As seen on the regression plane on the
profile of reducing power in water extracts, the reducing power
response values were distributed quite evenly from 0.05 to 0.105.
However, in the ethanol extracts, the response values were more
tightly clustered, ranging from 0.101 to 0.112. The contributions of
tannins to reducing power in the water extract ranged from 2.0 to
2.5, but, in the ethanol extract, ranged from 2 to 4. Thus, tannins
in the water extract condensed more than in the ethanol extract.

Fig. 3. Comparison of H
2
O

2
-scavenging activity between water and ethanol extracts. The unit of each axis is represented as µg/mL. (A)

H
2
O

2
-scavenging activity values upon water extract; (B) H

2
O

2
-scavenging activity values upon ethanol extract.
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The contribution of phenolics to the reducing power in the water
extract ranged from 0 to 1 and, in the ethanol extracts, also ranged
from 0 to 1. However, the phenolics in the ethanol extracts were
distributed more evenly than those in the water extract, although
one phenolic value was outside the upper limit of 1. When both
phenolics and tannins were considered with respect to reducing
power, the comparison of the regression plane profiles of the water
and ethanol extracts clearly showed that the reducing power was
greater in the ethanol extract with their response ranging from
0.101 to 0.112 than in the water extract ranging from 0.05 to 0.11.
Furthermore, the regression plane of the reducing power in the
ethanol extracts was flatter than that in the water extract (Fig. 4).
That means that the reducing power response in the ethanol extract
was distributed more evenly than that in water extracts.

Multivariate statistical analysis for inhibition of RBC hemolysis

Thermal decomposition of AAPH in a reaction solution
generates an initiating radical, which can attack the polyunsaturated
lipids in RBC membranes to induce lipid peroxidation. As a result,
RBC membranes are easily damaged and eventually lead to
hemolysis, because the lipid peroxidation is a free radical chain
reaction (Dai et al., 2006). The inhibitory effects of the water and
ethanol extracts against the oxidative hemolysis of rat RBC
induced by AAPH were investigated and compared at different
concentrations (Table 1). The inhibition activity of the water
extracts increased in a concentration-dependent manner, but no
statistically significant difference between 1,600 and 3,200 µg/mL
was found (p>0.05). On the other hand, the inhibitory activity of
ethanol extracts was concentration dependent. These data indicated
that the inhibition of the radical-induced hemolysis in a biological
system is not dependent on the concentration of phenolic
compounds, and might be not related to their composition. When

two bioactive compounds (phenolics and tannins) are applied
together to inhibit hemolysis activity, the two regression planes
revealed more about the difference in hemolysis inhibition
responses between the two different extracts (Fig. 5).

As seen on the regression plane of the hemolysis inhibition by
the water extract, the response of hemolysis inhibition values was
distributed evenly between 10 and 20, but particularly within the
range between 12 and 18. However, with respect to hemolysis
inhibition in the ethanol extract, the response values were
particularly in the range from 12 to 18. The contribution of tannins
to the hemolysis inhibition in the water extract ranged from 2 to
2.5, but in the ethanol extract from 2 to 4. Thus, tannins in the
water extract condensed more than in the ethanol extract. The
contribution of phenolics to the hemolysis inhibition in water
extracts ranged from 2 to 3, compared to those in ethanol extract.
Thus, phenolics in the ethanol extracts condensed more than in the
water extract. When the contribution of phenolics and tannins to
the hemolysis inhibition activity was compared, the regression
plane profiles of water and ethanol extracts showed that the
hemolysis inhibition was greater for water extracts with responses
ranging from 12 to 18 than that for ethanol extracts ranging from
10 to 18. However, the regression plane of the hemolysis
inhibition in the water extract was flatter than that in the ethanol
extract (Fig. 5). That means that the response of the hemolysis
inhibition in the ethanol extract was distributed more evenly than
that in the water extract.

Multivariate statistical analysis for inhibition of Fe2+-induced

lipid peroxidation

In general, membrane phospholipids of tissue cells are a major
target of oxidative damage in biological systems and the Fe2+-
induced lipid peroxidation has long been recognized as a potential

Fig. 4. Comparison of reducing power between water and ethanol extracts. The unit of each axis is represented as µg/mL. (A) Reducing
power activity values upon water extract; (B) Reducing power activity values upon ethanol extract.
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mechanism of cell injury, leading to the formation of malondialdehyde
(MDA) (Manna et al., 2002). MDA serves as a convenient index
for determining the intensity of lipid peroxidation (Kim, 2012).
The inhibition of Fe2+-induced lipid peroxidation by both fruit
extracts showed a concentration-dependent trend and a statistically
significant difference was also found among the different concentrations
(p<0.05, Table 1). When the two bioactive components (phenolics
and tannins) were used together to inhibit Fe2+-induced lipid
peroxidation activity, the two regression planes revealed more
about the difference in lipid peroxidation inhibition between two
different extracts. As seen on the regression plane of the profile of
the lipid peroxidation inhibition in the water extract, they were
distributed mostly evenly in the range of 0 to 2, particularly within
the range of −0.5 to 2.5. In the ethanol extract, however, the
values were between 8.5 and 11. The effects of tannins on the
inhibition of the lipid peroxidation by the water extract ranged
from 1.8 to 2, compared to 2 to 4 in ethanol extract. Thus, tannins
in the water extract condensed more than those in the ethanol
extract. The effects of phenolics on the lipid peroxidation
inhibition by the water extract ranged from 0 to 2, compared with
those in the ethanol extract, indicating that phenolics in the water
extract were distributed more densely than those in the ethanol
extract. When the effects of both phenolics and tannins on the
lipid peroxidation inhibition were considered, the comparison of
regression plane profiles in the water and ethanol extracts showed
that the lipid peroxidation inhibition was greater in the ethanol
extracts ranging from 8.5 to 11 than in the water extract ranging
from −0.5 to 2. However, the regression plane on the inhibition of
the lipid peroxidation by the water extract was flatter than the
corresponding plane in the ethanol extract (Fig. 6), indicating that

the effect of inhibition of the lipid inhibition in the water extract
was distributed more evenly than that in the ethanol extract.

Conclusions

It is evident that both water and ethanol extracts of the dried L.

chinense fruit resulted in antioxidant activities which were
positively correlated with increasing phenolic and tannin contents
(Table 1). These data were not strong enough to identify which
bioactive components made the larger contribution to the antioxidant
effects of the water and ethanol extracts. As shown in Fig. 2-6, the
multivariate statistical analysis using MATLAB revealed more
about the antioxidant activity of the two extracts, using different
chemical and biochemical assays (DPPH-scavenging, H

2
O

2
 scavenging,

reducing power, hemolysis inhibition and lipid peroxidation
inhibition) than did linear statistical analysis. As seen in Fig. 2,
when both phenolics and tannins were used together to assay
DPPH radical scavenging activity, the comparison of the regression
plane profiles of the water and ethanol extracts clearly showed that
DPPH radical scavenging activity was greater with the ethanol
extract (response ranging from 8 to 13) than with the water
extracts (response ranging from 2 to 2.55). The two regression
planes of DPPH-scavenging activities in the ethanol and water
extracts showed almost identical shapes, indicating that DPPH-
scavenging activity responses in the two extracts were very similar.
With regard to H

2
O

2
-scavenging activity, when both phenolics and

tannins were assayed, the comparison of the regression planes in
the water and ethanol extracts clearly showed that H

2
O

2
-scavenging

activity was greater in the ethanol extract than in the water
extracts, The regression plane of the H

2
O

2
-scavenging activity in

Fig. 5. Comparison of RBC hemolysis inhibition between water and ethanol extracts. The unit of each axis is represented as µg/mL. (A)
AAPH-induced RBC hemolysis inhibition activity values upon water extract; (B) AAPH-induced RBC hemolysis inhibition activity values
upon ethanol extract.
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water extracts was flatter than in ethanol extracts (Fig. 3) meant
that the response of H

2
O

2
 scavenging activity in the water extracts

was distributed more evenly than that in the ethanol extracts.
Conversely, when the inhibition of the reducing power by both
phenolics and tannins was studied, the regression plane in the
ethanol extract was flatter than that in the water extract (Fig. 4),
indicating that the inhibition of the reducing power in ethanol
extracts was distributed more evenly than in the water extracts.
When both phenolics and tannins were assayed for the inhibition
of the hemolysis, the regression plane in the ethanol extract was
flatter than that in the water extract (Fig. 5), whereas the regression
plane of the inhibition of the lipid peroxidation in the water extract
was flatter than that in the ethanol extract (Fig. 6). Hence, this
multivariate statistical analysis revealed more about the hidden
observations or the informative views of inhibition of scavenging
and peroxidation activities using both phenolics and tannins, which
were not seen in the previous linear statistical analysis. These
results demonstrated that the use of multivariate statistical analysis
provides more information on the antioxidant assays than did
previous linear regression analysis.
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