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The tea of fig (Ficus carica L.) has long been used as a medicine in China due to its excellent effects on
hemorrhoids, damp heat diarrhea and other diseases. The present study was designed to evaluate the
impacts of different extraction methods, including hot water extraction (HWE), microwave assisted
extraction (MAE), ultrasound assisted extraction (UAE), ultrasound assisted enzymatic extraction
(UAEE), ultrasound-microwave assisted extraction (UMAE), alkali extraction (AE) and high-speed shear-
ing homogeneous extraction (HSHE), on physicochemical characteristics and bioactivities of polysaccha-
ride from fig leaves (FLPs). Results indicated that there were great differences between the structure and
activity of FLPs prepared by seven methods. Among them, FLPs extracted by UAE (FLPs-UAE) showed the
strongest antioxidant and hypoglycemic activities due to its higher Mw, total polysaccharide content (60.
62 ± 3.06 %) and glucosamine (GlcN) content (7.68 %). In addition, FLPs extracted by HWE possessed more
total polysaccharide content (62.03 ± 0.70 %), total phenolic compounds content (13.55 ± 0.02 %) and
GlcN content (5.78 %) contributed to its strong antioxidant activity and the inhibition on a-amylase
and a-glucosidase, which was second to FLPs-UAE. These finding suggested that UAE and HWE, especially
UAE, were good ways to extract FLPs with high antioxidant and anti-diabetic activities, which provide
foundations for choosing the suitable extraction strategy to prepare FLPs with desired bioactivities and
promoting the application of FLPs in function food industries.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction rhoids, damp heat diarrhea and other diseases (Ercisli et al.,
Fig (Ficus carica L.), a common deciduous fruit tree distributed in
warm temperate zones, is classified as the Moraceae family
(Khadivi et al., 2018; Kislev et al., 2006; Ercisli et al., 2012). In
China, fig fruit and leaves are highly requested as a general tea
raw material and an important Chinese medicine to treat hemor-
2012). Modern medical research had proved that fig leaves contain
a large number of components that are beneficial to the human
body, including polysaccharides, flavonoids, polyphenols and
coumarin compounds (Sedaghat and Rahemi, 2018; Yang et al.,
2009; Li et al., 2021; Zou et al., 2020). The rich polysaccharides
in fig leaves, as the main functional factor, had antioxidant, anti-
inflammatory, anti-diabetics, anti-atheroscloresis, immune regula-
tion, and anti-tumor effects (Yang et al., 2009; Du et al., 2018; Li
et al., 2021; Zou et al., 2020). So, polysaccharides extracted from
fig leaves (FLPs) have a potential application value in the field of
medicine and functional food.

There are many extraction techniques for polysaccharides with
its own advantages and disadvantages. As the most commonly
used method, hot water extraction (HWE) has the characteristics
of simple operation and low instrument requirements (Yang
et al., 2017; Chen et al., 2016). However, its disadvantage is time
consuming, energy consuming, and low yield (He et al., 2016).
With the continuous promotion and application of modern
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technology, new extraction methods for polysaccharides have
emerged to improve extraction efficiency, including microwave
assisted extraction (MAE) (Chen et al., 2017), high-speed shearing
homogenization extraction (HSHE) (Dias et al., 2020), ultrasound
assisted extraction (UAE) (Lin et al., 2018), ultrasound assisted
enzymatic extraction (UAEE) (Wu et al., 2019; Li et al., 2016),
ultrasound-microwave assisted extraction (UMAE) (Chen et al.,
2010; Sun et al., 2019) and chemical solvent extraction (Jiang
et al., 2019). Among them, MAE, UAE, UMAE and UAEE are environ-
mentally friendly methods due to the savings in energy and solvent
by accelerating the mass transfer of target compounds, which had
high requirements on equipment. HSHE and chemical solvent
extraction are efficient extraction techniques with low extraction
temperature, low energy consumption, and short extraction time.
Studies have shown that extraction technology is crucial for the
utilization of natural polysaccharides to alter the yields, physico-
chemical properties and biological activities of polysaccharides
(Meng et al., 2022; Chen et al., 2018). Fu et al. found that selecting
appropriate extraction methods can obtain polysaccharides with
desired bioactivities for applications (Fu et al., 2020). For example,
loquat leaves polysaccharides (LLPs) extracted by UMAE possessed
a strong prebiotic effect. The strong antioxidant activities and inhi-
bitory effects on a-amylase and a-glucosidase were appeared in
LLPs extracted by MAE and UAE. However, so far, there was no
in-depth study available about the relationship between extraction
techniques and physicochemical property or bioactivity of FLPs.

In this paper, in order to evaluate the effects of different extrac-
tion techniques on the physicochemical properties and biological
activities of FLPs, we firstly prepared FLPs from fig leaves by seven
extraction methods, including HWE, MAE, UAE, UAEE, UMAE,
HSHE, and alkali extraction (AE). After that, the physicochemical
properties, structure and bioactivities of FLPs obtained by seven
methods were determined, analyzed and compared. The results
will provide a scientific basis for selecting a suitable extraction
method to obtain FLPs with relatively high biological activity,
and also provide a reference for realizing the high-value utilization
of fig leaves and other agricultural wastes.
2. Experimental

2.1. Materials

Fig leaves were obtained from Jiujiang (Jiangxi, China).
Glucose (Glc), galactose (Gal), fucose (Fuc), rhamnose (Rha),
glucuronic acid (GlcA), glucosamine (GlcN), galactosamine (GalN),
phenyl-3-methyl-5-pyrazolone (PMP), a-amylase (1000 U/mg),
a-glucosidase (10 U/mg) were purchased from Sigma Aldrich
(Sigma, St Louis, MO, USA). Mannose (Man) and xylose (Xyl) were
purchased from Aladdin Bio-Chem Technology Co., Ltd. (Shanghai,
China). Galacturonic acid (GalA) was provided from Honeywell
FlukaTM (Seelze, Germany). Arabinose (Ara) was obtained from
VetecTM (Sigma-Aldrich, USA). The dextran standards (180, 2700,
5250, 9750, 13050, 36800, 64650, 135350, 2000000 Da) were
provided from the National Institute for Food and Drug Control
(Beijing, China). 1,1-diphenyl-2-picrylhydrazyl (DPPH) was
purchased from Solarbio Science & Technology Co., Ltd. (Beijing,
China). All of the other reagents used were of analytical grade.
2.2. Preparation of FLPs by different extraction methods

Fig leaves were dried, pulverized and passed through a 60-mesh
sieve. Then, the powders were degreased with petroleum ether for
12 h at a ratio of 1:2 (m/v). After filtration and drying, 10 g of
degreased FLPs was mixed with water at a ratio of 1:20 (m/v),
and extracted using seven techniques including HWE, MAE, UAE,
2

UAEE, UMAE, HSHE and AE, according to previous researches (Fu
et al., 2020; Meng et al., 2022). Each method was performed in
triplicate.

HWE was performed in a water-bath at 80 �C for 3 h. MAE was
performed in a microwave oven at 500W for 6.5 min. UAE was per-
formed in an ultrasonic homogenizer with 400 W for 60 min. For
UAEE, 100 mg of cellulase was added and reacted for 1 h, and then
performed in an ultrasonic homogenizer at 400 W for 60 min.
UMAE was performed in an ultrasound-microwave collaborative
extraction device at 100 W for 60 min. For AE, sodium carbonate
powder was slowly added to a concentration of 12 % and reacted
in a constant temperature water bath at 70 �C for 1.5 h. HSHE
was performed in a high-speed shearing homogenizer at a speed
of 7500 rpm for 60 min.

After centrifugation, the protein of crude extract in each super-
natant was removed with papain (pH 6.2, 0.07 mg/mL) at 55 �C for
1 h. Then, the enzyme was inactivated at 90 �C for 15 min, and
supernatant was condensed to 1/3 of its original volume. Three
volumes of ethanol were added to precipitate crude polysaccha-
rides. Furthermore, crude polysaccharides were redissolved and
dialyzed (Mw cut of: 1000 Da) against distilled water for 48 h.
Finally, FLPs extracted by seven methods were obtained, freeze-
dried and numbered as FLPs-HWE, FLPs-MAE, FLPs-UAE, FLPs-
UAEE, FLPs-UMAE, FLPs-HSHE, and FLPs-AE, respectively.

The FLPs yield of seven extraction techniques was calculated
using the following equation:

FLPs yield ð%Þ ¼ mFLPs

msample
� 100%

Where, mFLPs and msample were the quality in grams of FLPs and
fig leaves powder, respectively.
2.3. Chemical components analysis of FLPs

The protein content in FLPs was measured by the Bradford’s
method (Bradford, 1976; Blumenkrantz and Asboe-Hansen, 1973)
with bovine serum albumin (BSA) as the standard. The content of
uronic acids in FLPs was determined by the sulfuric acid-
carbazole method (Blumenkrantz and Asboe-Hansen, 1973) with
GalA as the standard. Total polysaccharides content was tested
by the sulfuric acid-phenol method (Dubois et al., 1956) using
Glc as the standard. Total phenolics content was detected by the
Folin-Ciocalteu method (Chen et al., 2015) using gallic acid as the
standard.
2.4. Structural characterization of FLPs

2.4.1. Monosaccharide composition analysis
Monosaccharide composition of FLPs was detected by pre-

derivatization high performance liquid chromatography (HPLC)
as previously described (Meng et al., 2022; Chai and Zhao, 2016).
Briefly, 20 mg of FLPs was degraded in a sealed glass ampoule with
1 mL trifluoroacetic acid (2 M) at 115 ℃ for 4 h. 200 lL of hydro-
lysate solution was dried with a nitrogen blower, redissolved in
equal amounts of water, and then mixed with 200 lL NaOH solu-
tion (0.3 mol/L) and 244 lL PMP solution (0.5 mol/L). After incu-
bating at 70 ℃ for 1 h, the mixture was neutralized with 220 lL
HCl solution (0.3 mol/L), and removed excess PMP with 1 mL chlo-
roform for three times. Mixed monosaccharide standard, including
Man, GlcN, Rha, GlcA, GalA, GalN, Glc, Gal, Xyl, Ara and Fuc, was
derivatized following the above method without degradation.

The aqueous layer was filtered through a 0.22 lm membrane
and analyzed by a Agilent 1260 system equipped with an UV
detector (245 nm). A Thermo C18 column (4.6 � 250 mm, 5 lm,
USA) was used for separation. The mobile phase consisted
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0.1 mol/L phosphate buffer (pH 7.0) and acetonitrile in a ratio of
83:17 (v/v, %) was used to elute at 0.8 mL/min.
2.4.2. Mw analysis
The relative Mw of FLPs was detected by high performance gel

permeation chromatography (HPGPC) as previously described (Xue
et al., 2016). 5 mg of FLPs or dextran standards were dissolved with
1.0 mL Na2SO4 (0.1 mol/L), filtered through a 0.22 lm membrane,
and then analyzed by a Agilent 1260 system equipped with a
refractive index detector (RID). A Shodex OHpak SB-803 HQ col-
umn (300 � 8.0 mm i.d.) was used to separated, and 0.1 mol/L Na2-
SO4 solution was used to elute with at a flow rate of 0.5 mL/min.
2.4.3. Fourier transform infrared spectroscopy (FT-IR) analysis
The FT-IR of FLPs was tested by a Nicolet Nexus 470 infrared

spectrometer in the range of 400 to 4000 cm�1 with a KBr pellet
as previously described (Xin et al., 2018). The data were processed
by OMMIC software.
2.5. Antioxidant activity assay in vitro

The scavenging activities of FLPs-HWE, FLPs-MAE, FLPs-UAE,
FLPs-UAEE, FLPs-UMAE, FLPs-AE and FLPs-HSHE on DPPH radical,
hydroxyl radical and superoxide radical were measured as previ-
ously described (Meng et al., 2022; Xue et al., 2021). Ascorbic acid
(Vc) was used as a positive control.
2.5.1. DPPH radical scavenging activity
FLPs solution with different concentrations (0, 0.01, 0.05, 0.1,

0.2, and 0.4 mg/mL) was mixed with three volumes of DPPH-
ethanol solution (0.1 mmol/L). After incubation at room tempera-
ture and away from light for 15 min, the absorbance was detected
at 517 nm.
2.5.2. Hydroxyl radical scavenging activity
4 mL of FLPs solution with different concentrations (0, 0.01,

0.05, 0.1, 0.2, and 0.4 mg/mL) was mixed with 2.0 mL FeSO4 solu-
tion (6 mmol/L), 2.0 mL of salicylic acid–ethanol solution (6 mmol/
L) and 2.0 mL of H2O2 solution (7 mmol/L). After incubation at 35℃
for 25 min, the absorbance was detected at 536 nm.
2.5.3. Superoxide radical scavenging activity
2.4 mL of FLPs solution with different concentrations (0, 0.01,

0.05, 0.1, 0.2, and 0.4 mg/mL) was mixed with 0.9 mL of Tris-HCl
buffer (50 mmol/L, pH 8.2), 0.08 mL of gallic acid solution
(25 mmol/L). After incubation at 25℃ for 5 min, 0.2 mL of HCl solu-
tion (8 mmol/L) was added to terminate the reaction. Then, the
absorbance was detected at 325 nm.

The scavenging activities of FLPs against three radicals were cal-
culated using the following equation:

The scavenging activ ity ð%Þ ¼ 1� ðA1 � A2Þ
A0

� 100%

Where, A0, A1 and A2 were the absorbance values of blank con-
trol (distilled water), FLPs samples, sample background (the mix-
ture without FLPs samples, DPPH or FeSO4 or gallic acid).
2.6. Hypoglycemic activity assay in vitro

a-amylase and a-glucosidase inhibitory effects of FLPs-HWE,
FLPs-MAE, FLPs-UAE, FLPs-UAEE, FLPs-UMAE, FLPs-AE and FLPs-
HSHE were measured as previously described (Meng et al., 2022;
Fu et al., 2020). Acarbose was used as the positive control.
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2.6.1. Determination of a-amylase activity
0.5 mL of FLPs solution with different concentrations (0, 0.01,

0.05, 0.1, 0.2, and 0.4 mg/mL) was mixed with 900 lL of a-
amylase solution (10 U/mL) and incubated at 37 ℃ for 30 min.
Next, 1.0 mL of soluble starch (0.5 %) was added and continue to
incubate at the same temperature for 10 min. Subsequently, the
reaction was terminated with 0.6 mL of HCl solution (0.1 mol/L).
In addition, 2.0 mL of DNS regent was added for coloration at
100 ℃ for 5 min. The absorbance value was detected at 540 nm.

2.6.2. Determination of a-glucosidase activity
100 lL of FLPs solution with different concentrations (0, 0.01,

0.05, 0.1, 0.2, and 0.4 mg/mL) were mixed with 600 lL of PBS solu-
tion (0.1 mol/L, pH 6.8) and 300 lL of a-glucosidase solution
(2 mg/mL). After incubation at 37 ℃ for 15 min, 100 lL of PNPG
regent (2.74 mg/mL) was added and continue to incubate at the
same temperature for 20 min. Then, 3.9 mL of Na2CO3 solution
(0.5 mol/L) was added to terminate the reaction. And the absor-
bance value was detected at 405 nm.

The inhibitory activities of FLPs on a-amylase and a-
glucosidase were calculated using the following equation:

The inhibitory activ ity ð%Þ ¼ 1� ðA2 � A1Þ
A0 � A1

� 100%

Where, A0, A1 and A2 were the absorbance values of blank con-
trol (PBS), FLPs samples, sample background (the mixture without
FLPs samples, a-amylase or a-glucosidase).

2.7. Statistical analysis

The experimental data were displayed as the means ± standard
deviation or percentage. Data and significant differences were ana-
lyzed and evaluated with ANOVA and Tukey’s test, with p < 0.05
defined significant. The graphs were drawn using Graph Pad prism
8.0 software or OriginPro software.
3. Results and discussions

3.1. Yield and chemical composition analysis of FLPs extracted by
different methods

Seven extraction methods (HWE, MAE, UAE, UAEE, UMAE, AE,
HSHE) were used to prepare FLPs. The yields and chemical compo-
sitions of seven FLPs were shown in Table 1. The yields of FLPs
extracted by seven methods ranged from 2.59 % to 9.13 %, and
the yields of FLPs-UAE (9.13 %) and FLPs-UAEE (8.30 %) were signif-
icantly higher than other methods (p < 0.05), suggesting that the
behavior of cavitation bubbles during ultrasonic mass transfer
maybe enhance the rate of solvent diffusion and the solubility of
target components, thereby improve the extraction rate (Li et al.,
2016; Wu et al., 2019). This result was close to the study of
polysaccharides from loquat (Eriobotrya japonica) leaves (Fu
et al., 2020). The total polysaccharide contents of FLPs extracted
by seven methods were different following the order of FLPs-AE
(52.19 %) < FLPs-HSHE (54.06 %) < FLPs-MAE (54.53 %) < FLPs-UM
AE (55.11 %) < FLPs-UAEE (58.04 %) < FLPs-UAE (60.62 %) < FLPs-
HWE (62.03 %). The contents of uronic acid and total phenolic com-
pounds in FLPs obtained by HWE, MAE, UAE, UAEE, UMAE, HSHE
were 9.63 %�10.85 % and 10.19 %�13.55 %, respectively. This phe-
nomenon was also observed in some previous studies (Fu et al.,
2020; Meng et al., 2022). However, both contents in FLPs-AE were
21.46 % and 5.26 %, because alkali solution was easier to extract
acid related substances. In addition, the protein contents in FLPs-
HWE, FLPs-MAE, FLPs-UAE, FLPs-UAEE, FLPs-UMAE, FLPs-AE and
FLPs-HSHE was determined to be 14.64 %, 11.44 %, 18.64 %,



Table 1
The yields and chemical composition of FLPs.

Extraction yield (%) Total polysaccharides (%) Total uronic acids (%) Total proteins (%) Total phenolics (%)

FLPs-HWE 7.77 ± 0.80b 62.03 ± 0.70 a 10.45 ± 0.68b 14.64 ± 0.20b 13.55 ± 0.02 a

FLPs-MAE 7.87 ± 0.49b 54.53 ± 0.20 cd 10.85 ± 0.09b 11.44 ± 0.35 d 12.16 ± 0.19c

FLPs-UAE 9.13 ± 0.73 a 60.62 ± 3.06 a 10.09 ± 0.05c 18.64 ± 0.20 a 10.91 ± 0.02 e

FLPs-UAEE 8.30 ± 1.49 a 58.04 ± 0.54b 10.57 ± 0.00b 10.77 ± 0.31 e 11.64 ± 0.02 d

FLPs-UMAE 6.96 ± 1.25b 55.11 ± 0.20c 9.63 ± 0.05 d 9.64 ± 0.20f 10.19 ± 0.02f

FLPs-AE 2.59 ± 0.67 d 52.19 ± 0.35 d 21.46 ± 0.42 a 15.11 ± 0.12b 5.26 ± 0.05 g

FLPs-HSHE 5.41 ± 1.81c 54.06 ± 0.20 cd 10.30 ± 0.00b 12.84 ± 0.20c 12.86 ± 0.00b

Fig. 1. HPLC chromatograms of FLPs obtained by different extraction methods.

Table 2
Monosaccharide composition of FLPs obtained by different extraction methods.

Man GlcN Rha GalA Glc Gal Ara

FLPs-HWE 8.79 5.78 11.05 4.70 38.63 19.98 11.24
FLPs-MAE 8.10 4.49 12.96 3.96 37.25 20.49 12.75
FLPs-UAE 9.29 7.68 17.83 6.18 37.40 14.62 6.99
FLPs-UAEE 6.93 7.25 16.46 – 35.33 22.59 11.44
FLPs-UMAE 10.94 – 14.31 – 39.05 18.38 11.58
FLPs-AE 37.12 3.70 4.26 – 49.49 5.44 –
FLPs-HSHE 10.10 4.83 17.64 – 37.41 19.68 10.34
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10.77 %, 9.64 %, 15.11 % and 12.84 %, respectively. The results
indicated that polysaccharides were the main bioactive
compounds in fig leaves, and the content of uronic acid in FLPs
was relatively high, which proved that pectin-like acidic
polysaccharides existed (Han et al., 2019). Moreover, FLPs might
contain natural phenolic-polysaccharide conjugates due to the
presence of phenolic compounds (Nie et al., 2019). Among seven
extraction methods, UAE obtained polysaccharides exhibiting the
highest extraction yield, total proteins and total polysaccharides
(there was no obvious difference with 62.03 % in HWE).

The results were displayed as the mean ± sd (n = 3), and signif-
icant difference was denoted by superscripts a-g.

3.2. Structural characterization of FLPs by different extraction methods

The bioactivity of polysaccharide is closely related to its struc-
ture, including monosaccharide composition, Mw and substituent
group (Xue et al., 2016; Xin et al., 2016). In this paper, we firstly
used the pre-column derivatization HPLC method to determine
4

the monosaccharide composition of FLPs extracted by seven meth-
ods, shown in Fig. 1. Results (Table 2) showed that FLPs was a
heteropolysaccharide. FLPs extracted by HWE, MAE and UAE had
the most complex and diverse structure with seven monosaccha-
rides, including Man, GlcN, Rha, GalA, Glc, Gal, and Ara. In contrast,
six monosaccharides were measured in FLPs-UAEE and FLPs-HSHE,
except for GalA. Five monosaccharides were measured in FLPs-
UMAE, except for GlcN and GalA. For AE, FLPs was composed of
Man, GlcN, Rha, Glc, and Gal, the percentages were 37.12 %,
3.70 %, 4.26 %, 49.49 %, 5.44 %. Among them, Glc possessed the
highest proportion, accounting for 38.63 %, 37.25 %, 37.40 %,
35.33 %, 39.05 %, 49.49 %, and 37.41 %, respectively. Interestingly,
compared with other six techniques, AE could extract more Man
and Glc, but no GlcA and GalA, which might contain some other
uronic acid. In addition, highest GalA content (6.18 %) and GlcN
content (7.68 %) were found in FLPs-UAE. Literatures reported that
high Xyl and GlcN contents were beneficial to the play of antioxi-
dant activity (Shen et al., 2019; Sheng et al., 2014). In addition, the
structure characteristics with unsaturated cyclohexene ring and



Fig. 2. HPGPC chromatograms of FLPs-HWE (A), FLPs-MAE (B), FLPs-UAE (C), FLPs-UAEE (D), FLPs-UMAE (E), FLPs-AE (F) and FLPs-HSHE (G) prepared by different extraction
methods.
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Table 3
Mws of FLPs prepared by different extraction methods.

Fraction1 (Da) Fraction 2 (Da) Fraction 3 (Da) Fraction 4 (Da)

FLPs-HWE - 83794 7028 512
FLPs-MAE - 91668 8691 507
FLPs-UAE 2254416 59975 6790 519
FLPs-UAEE - 92853 3117 703
FLPs-UMAE - 91743 3559 674
FLPs-AE - 38025 3025 697
FLPs-HSHE 945282 39422 2818 652

Fig. 3. FT-IR spectra of FLPs-HWE (A), FLPs-MAE (B), FLPs-UAE (C), FLPs-UAEE (D),
FLPs-UMAE (E), FLPs-AE (F) and FLPs-HSHE (G) prepared by different extraction
methods.
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glycosidic nitrogen linkage are necessary to hypoglycemic activity
(Kim et al., 1999). We do not know whether the difference in
polysaccharide content caused by different extraction processes
will lead to changes in activities.

Next, HPGPC method was used to determine the effects of dif-
ferent extraction processes on the Mws of FLPs. As shown in
Fig. 2, different extraction methods had significant effects on the
HPGPC-RID chromatograms of FLPs. Three polysaccharide fractions
(fraction 2–4) were measured in seven FLPs. While only fraction 1
was detected in FLPs-UAE and FLPs-HSHE, and their Mws were
2.25 � 106 Da and 0.95 � 106 Da, respectively. Mws of fractions
2, 3 and 4 in FLPs prepared by seven methods ranged from
3.80 � 104 to 9.29 � 104 Da, 2.82 � 103 to 8.69 � 103 Da, 500 to
700 Da, respectively (Table 3). In general, the average Mw order
of seven tested samples was FLPs-UAE > FLPs-HSHE > FLPs-MAE�
FLPs-UAEE�FLPs-UMAE > FLPs-HWE > FLPs-AE. In all tested sam-
ples, the Mw of FLPs-UAE was significantly larger than other FLPs.
Studies have shown that a certain ultrasonic power during the
extraction process can increase the Mw of natural polysaccharides
(Pu et al., 2015), while high temperature and organic solvents can
damage the polysaccharide glycosidic bonds to result in a decrease
in Mw (Constant et al., 2016), which was consistent with our
experimental results. In addition, we also found that microwave
would damage long chain structure of polysaccharides, and the
Mws of FLPs extracted by MAE and UMAE were lower than FLPs-
UAE. The results showed that MAE can be used as an effective tech-
nique for the preparation of more homogeneous polysaccharides.

Furthermore, FT-IR spectra of FLPs-HWE, FLPs-MAE, FLPs-UAE,
FLPs-UAE, FLPs-UMAE, FLPs-AE and FLPs-HSHE were detected to
identify the functional groups in polysaccharides. As shown in
Fig. 3, the FT-IR spectra of seven tested samples were similar.
The strong absorption peak at 3418.12 cm�1 was the characteristic
6

stretching vibration of O–H from hydroxyl and carboxyl groups,
and the signal at 2918.64 cm�1 could be attributed to the stretch-
ing vibration peak of C–H (Qiu et al., 2016). The band at
1631.99 cm�1 corresponded to esterified carboxyl groups, which
proved that FLPs contain uronic acid (Yuan et al., 2019; Wu et al.,
2019). In addition, the absorption band at 1096.48 cm�1 was the
C-O-C stretching vibration peak (Fu et al., 2020). The absorption
peaks in the 800 � 1200 cm�1 named fingerprint region were very
similar, which indicated that the structures of seven tasted FLPs
had no obvious difference (Gao et al., 2018). Moreover, there was
no signals at 1651 cm�1 and 1555 cm�1, which were called typical
protein bands. It was demonstrated that only a small amount of
protein was present in FLPs, which was consistent with the results
of protein content in Table 3.
3.3. Antioxidant activities in vitro

There is substantial evidence that persistent production of reac-
tive oxygen species (ROS) can account for a variety of diseases,
including cancer, diabetes, hyperlipidemia, cirrhosis, and cardio-
vascular disease (Valko et al., 2007; Yang et al., 2013). It is believed
that the use of antioxidants can help to reduce oxidative damage to
the body. Water extract and crude polysaccharide from fig fruit
have been proved to possess excellent antioxidant activities
(Yang et al., 2009). We need to consider how to obtain the most
active FLPs as an antioxidant against oxidative damage. In this
paper, impacts of different extraction techniques on the antioxi-
dant activities of FLPs were evaluated and compared. As displayed
in Fig. 4, seven FLPs exerted the reducing powers on DPPH radical,
hydroxyl radical and superoxide radical with a concentration-
dependent manner in the concentration from 0.01 to 0.4 mg/mL.
For DPPH radical, FLPs-HWE had a strongest scavenging ability,
the second was FLPs-UAE, and FLPs-AE was the weakest (Fig. 4A).
It should be related to the total polysaccharides content of FLPs
obtained by different extraction method. Total polysaccharides
contents of FLPs-HWE (62.03 ± 0.70 %) and FLPs-UAE (60.62 ± 3.0
6 %) were significantly higher than other methods. For hydroxyl
radical, FLPs-UAE with largest Mw showed an optimal reducing
power (Fig. 4B), because macromolecules reduced the number of
Fe2+ exposed to weaken their binding to the hydroxyl radical.
Besides, the best scavenging capacity on superoxide radical
appeared in FLPs-UAE and FLPs-MAE. And FLPs-HWE and FLPs-
HSHE were slightly less effective than FLPs-UAE and FLPs-MAE
(Fig. 4B). We speculate that higher total phenolic compounds of
FLPs-MAE (12.16 ± 0.19 %), FLPs-HWE (13.55 ± 0.02 %) and FLPs-
HSHE (12.86 ± 0.00 %) maybe contribute to their stronger reducing
effects on superoxide radical, because phenolic compounds were
reported to be used as efficient antioxidants (Shahidi and
Wanasundara, 1992). The highest GlcN content (7.68 %) among
seven tested samples was beneficial to the ability of FLPs-UAE on
scavenging superoxide radical, since GlcN was found to have an
antioxidant activity in animal models of arthritis by inhibiting
the production of superoxide radicals (Gottardi et al., 2014; Liu
et al., 2022). On the whole, FLPs extracted by UAE showed the best



Fig. 4. The scavenging activities of FLPs obtained by seven extraction methods against DPPH radical (A), hydroxyl radical (B), superoxide radical (C). The results were
displayed as the mean ± sd (n = 3), and significant difference was denoted by superscripts a-f.
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Fig. 5. Inhibitory effects of FLPs obtained by seven extraction methods on a-amylase (A) and a-glucosidase (B). The results were displayed as the mean ± sd (n = 3), and
significant difference was denoted by superscripts a-d.
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antioxidant activity, which attributed to its higher Mw, total
polysaccharide content, GlcN content. From this, it can be inferred
that UAE was a potential extraction method to preparing FLPs with
a high antioxidant activity.
3.4. Hypoglycemic activity in vitro

For the people with type II diabetes mellitus, the rapid rise of
postprandial blood glucose is closely related to the hydrolysis of
glucose by starch (Chen et al., 2018). a-amylase and a-
glucosidase inhibitors became the major strategy to treat meta-
bolic alterations related with type II diabetes mellitus (Gao et al.,
2018). It has been confirmed that plant polysaccharides exhibit
excellently inhibitory effects on a-amylase and a-glucosidase (Fu
et al., 2020). As presented in Fig. 5, effects of seven FLPs were
tested and compared on a-amylase and a-glucosidase, due to the
difference of FLPs structure extracted by different extraction
techniques. The inhibitory impacts of seven FLPs on a-amylase
and a-glucosidase showed a concentration-dependent pattern in
the concentration from 0.01 to 0.4 mg/mL. Among them, the inhi-
bitory activity of FLPs-UAE was the strongest on a-amylase. And
8

FLPs-UAE and FLPs-HWE possessed the greatest reduction effects
on a-glucosidase. It was reported that the unsaturated cyclohex-
ene ring and glycosidic nitrogen linkage are necessary structure
characteristics to exert anti-amylase activity (Kim et al., 1999).
Hypoglycemic activity of FLPs-UAE may be benefited from its high-
est GlcN content (7.68 %), and GlcN content of FLPs-HWE was
slightly lower (5.78 %). In addition, prominently anti-diabetic
activities of FLPs-UAE and FLPs-HWE were related with their total
polysaccharide content (62.03 ± 0.70 % and 60.62 ± 3.06 %), larger
Mw of FLPs-UAE, total phenolic compounds of FLPs-HWE (13.55 ±
0.02 %). Overall, it was confirmed that UAE and HWE, especially
UAE, could be potential extraction methods to preparing FLPs with
a high hypoglycemic activity.
4. Conclusion

In this paper, seven extraction methods possessed noticeably
influence on bioactivities and physicochemical characteristics of
FLPs, including proteins, uronic acids, total polysaccharides, total
phenolics, Mw and monosaccharide composition. The strongest
antioxidant activity and anti-diabetic activity were observed in
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FLPs-UAE with highest GlcN content and Mw. The second was
found in FLP-HWE with highest total polysaccharide content and
total phenolic compounds content. While FLPs-AE was the weak-
est. These findings indicated that UAE and HWE, especially UAE,
may be potential extraction methods to obtain FLPs with good
bioactivities, which provided a scientific basis for selecting an
appropriate extraction technique to obtain FLPs with relatively
high biological activity.
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