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The main aim of this study is to analyze antioxidant properties of Polygonatum odoratum fermented with
bacteria, fungi and yeast. Antioxidant activities (1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scav-
enging, hydroxyl radical scavenging, and anti-lipid peroxidation abilities) were assessed in samples of fla-
vones isolated from fermented P. odoratum (Mill.) druce samples. Fermentations using Lactobacillus, yeast
and Aspergillus were investigated. Results showed that the antioxidant ability of Polygonatum odoratum
flavones was decreased by the fermentation of Lactobacillus and yeast. Aspergillus niger fermentation
improved the antioxidant ability of P. odoratum flavones. In this study, effective antioxidant activity
was achieved in flavones fermented with Aspergillus niger than yeast and Lactobacillus species.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The high intake of various plant based products is mainly asso-
ciated with a decreased risk of a number of diseases, such as, can-
cer and atherosclerosis (Arasu et al., 2014a, 2014b). In most cases,
these health benefits have been mainly attributed to secondary
metabolites that show significant antioxidant activity (Kim et al.,
2014a, 2014b; Lee et al., 2014a, 2014b). Highly harmful reactive
oxygen species and free radicals have been found to play signifi-
cant role in the causes of various chronic diseases, including, can-
cer, hypertension, and diabetes (Arasu et al., 2014a, 2014b; Lee
et al., 2014a, 2014b). Antioxidants such as vitamin E and C are very
much important for effective protection against various reactive
oxygen species (Seo et al., 2015; Arasu et al., 2014a, 2014b,
2015a, 2015b). Moreover, the majority of various antioxidant prop-
erties of medicinal plants may be from active compounds such as,
flavonoids and phenolic acids, than carotene and vitamins. Hence,
antioxidant secondary metabolites are widely discussed in recent
years (Al-Dhabi et al., 2014; Balachandran et al., 2014; Arasu
et al., 2014a, 2014b; Park et al., 2014a, 2014b, 2014c). Polygonatum
odoratum (Mill.) druce (POD) is a Liliaceae perennial herb and its
root serves a dual purpose as both a food source and a medicinal
constituent. It is sweet and mild, clear lung and warm stomach
(Choi and Park, 2002), nourishing Yin and moistening dryness,
and promoting fluid to quench thirst (Zhou et al., 2015). POD con-
tains a variety of active substances such as amino acids, polysac-
charides, glycosides and flavones (Quan et al., 2015). Flavones are
antioxidants with activities associated with anti-aging, anti-virus,
bacteriostasis and anti-cancer activities (Bai et al., 2014; Jiang
et al., 2013), and enhancement of the immune system (Guo et al.,
2012). Flavones have been listed as a functional factor in health
food (Lan et al., 2011). Some flavones have potent antioxidant
activity and the antioxidant activity of flavones in different mate-
rials varies because of their different chemical structures (Khan
et al., 2010; Goupy et al., 2003; Arasu et al., 2013). Flavones in
POD are mainly classified as high iso-flavones (Qian et al., 2010;
Arasu et al., 2014a, 2014b). These high iso-flavones possess high
antioxidant activity because they contain more phenolic hydroxyl
groups. In recent years, POD has been used as raw material for
the preparation of fermented foods, such as bread, cake, wine, bev-
erage, sauce, tea, candy, etc. (Baek et al., 2012). Yeast is often used
in the production of fermented food such as druce bread. Lactic
acid bacterial fermentation processing may be used in the produc-
tion of druce fermented beverages to simplify the complex starch
molecules and thereby improve product quality and flavor. Asper-
gillus niger fermentation may be used in the production of sauces
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Table 1
Elution of flavone using High Performance Liquid Chromatography.

Elution
program

Duration
(min)

Flow rate (mL/
min)

A methanol
(%)

B water
(%)

0.000 3.000 50.0 50.0
8.000 3.000 50.0 50.0
10.000 3.000 80.0 20.0
33.000 3.000 80.0 20.0
37.000 3.000 50.0 50.0
42.000 3.000 50.0 50.0
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to improve their acid content. The activity of proteases increases
the utilization rate of raw materials and the quality of products.
The effects of different fermentation methods on the antioxidant
activity of flavones from POD have seldom been studied. In this
paper, the effects of three different fermentation methods on the
antioxidant activity of POD flavones in vitro were studied in order
to analyze industrial applications for the development and utiliza-
tion of POD and the maintenance and augmentation of its biologi-
cal activity.

2. Materials and methods

2.1. Materials and reagents

POD was purchased from Songjianghe City, Baishan, Jilin Pro-
vince, China. Methanol (chromatographic grade), was purchased
from Tedia Company, Inc, USA. Yeast was obtained from Angel
Yeast Limited by Share Ltd. Lactobacillus was provided by Kunshan
Moshengyou Biotechnology Ltd. Aspergillus niger was purchased
from Shanghai Luwei Science and Technology Ltd. DPPH originated
from Sigma, USA. Lecithin was bought from Beijing Aobo Biotech-
nology Ltd. Reagents involved in this study were analytical grade,
and distilled water prepared on-site.

2.2. Methods

2.2.1. Powder preparation of POD
PODwas cleaned then placed in an air force oven to dry at 70 �C.

Dried material was ground using a 425 lm pore-size screen.

2.2.2. Fermentation treatments of POD
2.2.2.1. Yeast fermentation. The yeast was placed in water at
26 ± 1 �C along with 1% sugar for activation. After 15 min,
5000 g of POD powder was placed in a glass tank. The pH value
of the tank was adjusted to 6.0 and the yeast was inoculated at
1% concentration and small amount of distilled water was added
in. After mixing, the tank was placed in an incubator at 28 �C for
24 h then moved to 70 �C for complete drying of the sample
(Wang et al., 2018). The powder from this fermentation was
ground and used for further analysis.

2.2.2.2. Lactobacillus fermentation. 5000 g of POD powder was
placed in a glass tank. A small amount of distilled water was added
in to form homogenous slurry. The pH value was adjusted to 5.8
and Lactobacillus was inoculated at 1% concentration. The tank
was subsequently placed in an incubator at 28 �C for 24 h and
70 �C for complete drying (Wei et al., 2018). Again the powder
was grounded using a screener with a pore size of 425 lm after
cooling to the room temperature for further experiment.

2.2.2.3. Aspergillus niger fermentation. 5000 g of POD powder was
placed in a glass tank. 400 g of blood powder, 40 g of KH2PO4,
1 g of MgSO4 and water were added to the tank. Aspergillus niger
was inoculated at 0.25% concentration. The pH value was adjusted
to 6.0 and the tank was placed in an oven at 32 �C for 5 days
(Iyyappan et al., 2018), followed by drying at 70 �C. After cooling
to the room temperature, the fermentation product was ground
as described.

2.2.3. Extraction and purification of flavones
Each of the fermented POD powders was dissolved in ethyl alco-

hol (95%) at a ratio of 1:10 (weight to volume), mixed and ultrason-
ically extracted for 20 min. This procedure was repeated twice. The
supernatant was rotary evaporated and decolorized 5 times using
petroleum ether prior to filtration in treated macro-porous resin
5012
D101 columns at a flow rate of 1 mL/min. All samples were
pumped into their respective columns and remained on the resin
for 2 h. Columns were washed with different concentrations of
ethanol. After washing, an 80% ethanol solution was collected,
and most of the ethanol was removed from the samples by rotary
evaporation. Residual alcohol was poured out and samples were
brought to room temperature.

2.2.4. Isolation of flavones from extracted solution
The liquid sample obtained from resin purification contains

both flavone and non-flavone components. The purity of flavone
was improved by U3000 preparative high performance liquid chro-
matography (HPLC) (Semerfly Company, USA). After purification,
the samples were filtered through 0.22 lm Millipore filters. Equip-
ment conditions for HPLC enhancement of flavones were as fol-
lows: A single injection of 600 lL, at a column temperature of
25 �C was run. The detection wavelength was set at 296 nm and
the flow rate was 3 mL/min. The elution profile is listed in Table 1.
The flavonoid peaks of the effluent components were collected
after qualitative analysis, and then were decompressed, steam-
dried, suspended in a small amount of distilled water and trans-
ferred to a plate for lyophilization and subsequent storage (see
Table 2.).

2.2.5. Identification and purity analysis of flavones
2.2.5.1. Qualitative analysis of flavones. The flavones in the samples
were identified by hydrochloric acid-magnesium powder col-
oration testing, aluminum chloride coloration testing and ultravio-
let absorption band analysis (Arasu et al., 2015a, 2015b; Lee et al.,
2016).

2.2.5.2. Purity analyses. Purity analyses were carried out according
to the method of Socha et al. (2009) and Dorman et al. (2003).
Rutin was used as the standard and the curve was drawn by the
method of aluminum nitrate coloration (Fig. 1). The regression
equation is y = 1.0526x � 0.0051 (R2 = 0.9989). POD flavones were
determined by their OD value using the method of aluminum
nitrate coloration. Purity was calculated using the equation
obtained.

2.2.6. Antioxidant activity of POD flavones
Five different concentrations (0.1 mg/mL, 0.2 mg/mL, 0.3 mg/

mL, 0.4 mg/mL and 0.5 mg/mL) were prepared from extracted fer-
mentation samples by adding 95% ethanol solution.

2.2.6.1. DPPH activity. DPPH solution (2 mL) was added along with
1 mL of flavone preparation, and 1 mL 95% ethanol. The tubes were
vortexed and kept in dark for 30 min. The OD value (A1) was read at
517 nm using a UV-visible spectrophotometer (Sharma et al., 2008;
Chang et al., 2002; Qiao et al., 2009). Ethanol (95%) was used as the
control, and its OD value is defined as A0. The DPPH scavenging rate
is calculated according to the following equation (Zhao et al., 2015;
Choi et al., 2015).



Table 2
Qualitative methods for flavones in POD.

No. Test methods Qualitative features

1 Ultraviolet
absorption diagram

Weak spectral Ⅰ between 300 and 400 nm;
strong spectral Ⅱ between 260 and 300 nm;
spectral Ⅰ is acromion of spectral Ⅱ.

2 AlCl3 reaction/
AlCl3 + HCl reaction

When heated or placed for a long time, the
solution is green, the ultraviolet fluorescence is
enhanced and the absorption band is red-
shifted. When hydrochloric acid is added, the
absorption band is blue-shifted.

3 FeCl3 reaction Solution turns green with black precipitation.
4 HCl-Mg reaction Produce brown foam or solution turns light

brown.
5 Strong alkali

reaction
Solution yellow deepened or turned brown.

Fig. 2. Total flavones prepared from HPLC.
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Scavenging rate %ð Þ ¼ A0 � A1

A0
� 100

where A0 is OD value of control sample, A1 is OD value of samples to
be measured.

2.2.6.2. Anti lipid peroxidase assay. Briefly, 1 mL of 0.4 mmol/L fer-
rous sulfate, 1 mL of flavonoid sample and 1 mL of lecithin were
combined. The reaction was performed at 37 �C and incubated in
dark for 60 min. A mixture of 2 mL trichloroacetic acid (TCA) - thio-
barbituric acid (TBA) – hydrochloric acid (HCl) was added and
incubated in water bath at 90–100 �C for 5 min. The supernatant
was quickly cooled. After centrifugation (5000 rpm/5 min), the
OD value was determined at 535 nm using the Uv–visible spec-
trophotometer (each respective preparation is read as A1)
(Srigopalram et al., 2017). The blank (95% ethanol) was recorded
as A0. The activity is calculated as according to the equation
described in Section 2.2.6.1.

2.2.6.3. Hydroxyl free radical scavenging activity. Flavonoids were
tested for their hydroxyl free radical scavenging ability. 2 mL of fla-
vonoids, 2 mL 6 mmol/L FeSO4 and 2 mL 0.3% H2O2 were combined
and stirred for 10 min. Then, 2 mL 6 mmol/L salicylic acid was
added, and incubated at 30 �C for 30 min (Qiao et al., 2009; Kim
et al., 2014a, 2014b). The OD value of flavonoids samples was read
at 510 nm using UV–visible spectrophotometer and recorded as A1

values. The OD value of 95% ethanol (control sample) was recorded
as A0. Calculations were carried out as defined.

3. Results

3.1. Qualitative analysis of flavones

After purification by macro-porous resin, there were 17 major
peaks in the HPLC preparations of POD flavonoids. The chro-
matogram (Fig. 2) clearly indicates the qualitative peaks of fla-
vones. The components of peaks 1–7 did not conform to the
qualitative phenomena of flavonoids, while the compounds of
Rutin concentration mg/mL
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Fig. 1. Rutin standard curve.
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peaks 8–17 (the components with retention time between
33 min and 42 min) confirmed the presence of flavonoids (Table 3).

This phenomenon is associated with the solution of hydrochlo-
ric acid-magnesium powder in sample tubes appearing as a light
red color. The ultraviolet absorption band shifted to the right
(Fig. 3) in these solutions, and the ultraviolet absorption intensity
was higher than that of solutions without aluminum chloride, indi-
cating that the effluent contained flavonoids.

Flavonoids in POD was determined by aluminum nitrate spec-
trophotometry method. The absorbance was incorporated into
the Rutin standard curve equation in order to calculate the total
flavonoids content. The experimental results were described in
Table 4.

Following separation of non-flavone components using prepar-
ative liquid chromatography, the total flavones content of fer-
mented POD powder samples was assessed. Total flavones
content fermented with yeast and Lactobacillus significantly
decreased compared with the control sample. While, the total fla-
vones content fermented with A. niger significantly increased.

3.2. Antioxidant activity

3.2.1. DPPH free radical scavenging ability
POD powder was fermented using yeast, Lactobacillus and A.

niger respectively. The DPPH free radical scavenging ability of
POD flavone was determined and results are shown in Fig. 4.

All flavonoids tested have an ability to scavenge DPPH free rad-
icals (Fig. 4). An increase in flavonoid concentration is associated
with an increase in DPPH free radical scavenging rates. Compared
with untreated control, the DPPH free radical scavenging ability of
POD flavonoids after yeast and Lactobacillus fermentations
decreased, while the activity increased after A. niger fermentation.
The DPPH free radical scavenging ability effectively reflects the
antioxidant capacity of flavonoids, and is related to their molecular
structure. The number and position of phenolic hydroxyl groups in
flavonoids are the key factors affecting their antioxidant activity.
Lactobacillus fermentation and yeast fermentations could signifi-
cantly decrease the DPPH free radical scavenging capacity of POD
flavonoids, possibly due to changes in the molecular structure of
the affected flavonoids. Alternatively, reaction of phenolic hydroxyl
groups in POD with other components of POD may also be respon-
sible for observed changes in activity. Tsangalis et al. (2004) found



Table 3
Qualitative test results of flavones in POD.

Peak No. UV spectrum AlCl3 AlCL3 + HCl FeCl3 HCl-Mg Alkali

1 Abnormal – – – – –
2 Abnormal – – – – –
3 Abnormal – – – – –
4 Abnormal – – – – –
5 Abnormal – – – – –
6 Abnormal – – – – –
7 Abnormal – – – – –
8 Normal + + + + +
9 Normal + + + + +
10 Normal + + + + +
11 Normal + + + + +
12 Normal + + + + +
13 Normal + + + – –
14 Normal + + + + +
15 Normal + + + + +
16 Normal + + + + +
17 Normal + + + + –

Fig. 3. Comparison of ultraviolet absorption before and after AlCl3 was added to
prepared solutions.

Table 4
Flavone concentrations in POD powder samples.

No. Sample name OD
(A)

Flavones concentration (mg/
mL)

Purity
(%)

1 Control 0.542 0.520 74.16
2 Yeast fermented 0.632 0.605 72.38
3 Lactobacillus

fermented
0.625 0.599 70.76

4 A. niger fermented 0.871 0.832 86.65
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that Aspergillus niger secreted beta-glucosidase by which iso-
flavones are transformed into aglycones, thereby improving the
overall yield of flavones. DPPH free radical scavenging ability of
POD flavonoids fermented by A. niger increased, which was also
5014
related to the increase of total flavonoids content. Because of the
high content of polysaccharides in POD, a certain proportion of fla-
vonoids in the total flavonoids of POD exist in the form of glyco-
sides. The content of flavonoid aglycones therefore is expected to
increase significantly after fermentation by Aspergillus niger. The
increased antioxidant activity of POD flavones indicated positive
correlation to aglycone levels in the samples.

3.2.2. Determination of anti-lipid peroxidation activity
Following fermentations with yeast, Lactobacillus or A. niger, fla-

vones of POD samples were tested for anti-lipid peroxidation abil-
ities. Lactobacillus fermented sample showed less scavenging
activity than yeast fermented sample. A. niger fermented sample
showed better scavenging activity and the results were shown in
Fig. 5.

3.2.3. Hydroxyl free radical scavenging rate
Fermentation samples were tested for hydroxyl free radical

scavenging rates. With the increase of flavone contents in prepared
samples, the hydroxyl free radical scavenging rate increased
(Fig. 6). Maximum hydroxyl free radical scavenging rate were mea-
sured in A. niger-fermented samples. Compared with control POD,
the hydroxyl free radical scavenging rate of POD fermented by
yeast or lactobacillus decreased, and yeast fermentated sample
decreased significantly. Hydroxyl free radical scavenging rates of
POD fermented by A. niger increased significantly.

4. Discussion

Plant phenolic compounds, including flavonoids showed potent
antioxidant properties (Kim et al., 2013; Park et al., 2013). Glucosi-
nolates, free amino acids, vitamin C and anthocyanins were were
characterized from Brassica oleracea L. showed antioxidant proper-
ties (Park et al., 2014a, 2014b, 2014c). In this study antioxidant
activity was analyzed from flavones sample. All POD flavone sam-
ples resulting from different fermentation methods have the ability
to scavenge anti-lipid peroxidase free radicals. A significant trend
was observed in the increase of flavones concentration and an
associated increase in the scavenging rate of free radicals. Com-
pared with untreated POD, yeast and Lactobacillus fermentation
decreased the anti-lipid peroxidation free radical scavenging abil-
ity of the samples. However, A. niger fermentation increased the
observed anti-lipid peroxidation free radical scavenging ability.
POD flavones not only scavenge the free radicals in the initiation
phase of oil chain, but also directly capture the free radicals in
the free radical reaction chain (Cao et al., 2015), thus effectively
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blocking the chain auto-oxidation of oil free radicals and playing an
anti-oxidation role. This blocking effect of flavones on free radicals
in oils is closely related to the position of phenolic hydroxyl groups
in the flavone molecules. The phenolic hydroxyl groups at 3 and 5
positions have strong antioxidant effect and are more likely to
block the free chain reaction of oils. Lactobacillus fermentation
and yeast fermentation may cause the structural changes of pheno-
lic hydroxyl groups of POD flavones, which may lead to a signifi-
cant decline in the anti-lipid peroxidation ability of POD flavones.
Bučková et al. (2002) studied the antioxidant properties of total fla-
vones of Glycyrrhiza uralensis. The results showed that the antiox-
idant capacity of flavones was significantly related to the dosage.
Flavones could be used in combination with VC, citric acid and so
on, playing a synergistic role. It can be seen that in the process of
lactic acid bacterial fermentation and yeast fermentation of POD-
derived foods, flavones can be used effectively in combinations
with other additives to enhance the anti-lipid peroxidation ability.
The hydroxyl free radical is an active oxygen species with a strong
ability to capture electrons. The free radicals are comprehensive
5015
widely distributed in foods and the human body, and are capable
of destroying red blood cells as well as degrading DNA, cell mem-
branes and polysaccharides (Li et al., 2014). The treated POD fla-
vones possess significant abilities to scavenge hydroxyl free
radicals and useful for developing as a beneficial food supplement.

5. Conclusions

Antioxidant activities were assessed in fermented POD samples
by three different methods. Flavones isolated from the fermenta-
tion samples were assessed for 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical scavenging ability, hydroxyl radical scavenging
ability and anti-lipid peroxidation abilities. Results showed
improved antioxidant activity in A. niger fermented sample. The
practical recommendation could be the use of A. niger and avoid
the use of lactobacillus and yeast.
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