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HIGHLIGHTS

o Ultrasound-enzymolysis combination improved the extraction yield of hawthorn flavonoids.
o Procyanidin C; and rutin-rhamnoside were major composition of hawthorn flavonoid.
e Hawthorn flavonoids possessed the significant effects on antioxidation and anti-a-amylase, a-glucosidase.

e Hawthorn flavonoids reduced the digestion rate of wheat starch.
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Hawthorn flavonoids were extracted by enzymolysis associated ultrasonic procedure. Thirteen flavonoids were
identified by HPLC/ESI-QTOF/MS, and the major components were procyanidin C;, rutin-rhamnoside, vitexin-
rhamnoside, and catechin. Hawthorn flavonoids exhibited strong free radical scavenging activities against DPPH,
ABTS, and hydroxyl radicals. Total and intercellular antioxidant experiments revealed that the free hydro-PSC
value was 295.32 + 12.20 pmol of VCE/g DW, and the free cellular antioxidant activity (CAA) values were

168.60 =+ 4.87 pmol of QE/g DW in the no PBS wash protocol and 49.53 =+ 1.75 pmol of QE/g DW in the PBS wash
protocol. In addition, hawthorn flavonoids exhibited higher a-amylase and a-glucosidase inhibitory activities. The
wheat starch digestibility was also reduced by hawthorn flavonoids as well. The results indicated that enzymolysis
associated ultrasonic extraction was advisable for extracting flavonoids from hawthorn, and hawthorn flavonoids

might be recommended as a potential food supplement with hypoglycemic activities.

1. Introduction

Flavonoids, as the ubiquitous secondary metabolites in the plant, play an
important role in health improvement and chronic disease therapy (Yang
et al., 2017). Numerous studies have indicated that flavonoids possessed
many biological functions, such as antioxidant, anti-inflammation, anti--
aging, and immune modulation (Rokayya et al., 2014; Tang et al., 2017;
Pérez-Cano et al., 2013). So far, many extraction technologies, e.g. im-
mersion, reflux, ultrasound, microwave, and high hydrostatic pressure
extraction have been conducted to extract flavonoids from natural foods
(Bimakr et al., 2010; Grigonis et al., 2005; Dahmoune et al., 2014; Brio-
nes-Labarca et al., 2015). Among them, the ultrasound-assisted extraction
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was well confirmed to be the ideal and efficient strategy for the extraction of
natural compounds, since it not only be applied to improve the yield, pro-
ductivity, and safety of products but provides the potential value for
extracting bioactive compounds with unique functions from plants (Wen
et al., 2018). Besides, the enzymolysis-assisted extraction also has been
frequently used in the extraction of neutral components, because it is
environmentally compatible and more selective for extracting target com-
pounds from source materials to enhance the yield of phytochemicals
(Sowbhagya and Chitra, 2010). However, a single extraction method often
needs a long time or consumes a lot of energy but is inefficient (Maier et al.,
2008), thereby, the combination extraction methods were well attempted to
expect the effective extraction results.
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Excess-free radical production has been shown to be associated with
cancer, aging, or other diseases (Prochazkova et al., 2011). Therefore, the
antioxidant is listed as one of the main research and development di-
rections by health products and cosmetic companies. The antioxidant
efficacy of plant flavonoids was often reported, which exert antioxidant
effects by inhibiting the production of free radicals, scavenging them
directly, or inhibiting lipid peroxidation (Mollica et al., 2018, 2021).
Starch is a major energy donor in the daily diet. Rapid digestion of starch
can contribute to a rapid increase in postprandial blood glucose levels,
which will increase the risk of metabolic diseases such as insulin resis-
tance and diabetes (Ludwig, 2002). The rise in postprandial blood
glucose levels can be regulated by controlling the digestion rate of starch.
Numerous studies have shown that plant flavonoids have an inhibitory
effect on starch digestion, due to the inhibitions of a-amylase and
a-glucosidase, which will hinder the contact between starch and amylase
to reduce the digestive properties of starch to slow the release of glucose,
and in turn decrease the absorption of glucose into the blood (Xu et al.,
2020; Li et al., 2021).

Hawthorn (Crataegus pinnatifida) is mostly distributed in China,
Europe, and North America. In China, it is cultivated as an edible fruit and
approved as a “medicine food homology” fruit by China's National Health
Commission (Hou and Jiang, 2013). As a traditional food, it has long been
used in preventing and controlling a variety of chronic diseases (Fulton
et al.,, 2016). Hawthorn contains lots of bioactive substances, among
which, flavonoids are one of the most important bioactive-component
(Pan et al., 2012). However, as far as we know, there is still limited in-
formation on the efficient extraction, chemical composition, and biolog-
ical properties of hawthorn flavonoids.

The objectives of this study were to establish an efficient extraction
approach to hawthorn flavonoids and evaluate their biological properties
such as antioxidant, anti- a-amylase, and a-glucosidase activities, and
inhibition of starch digestibility. The chemical composition of hawthorn
flavonoids was also identified.

2. Materials and methods
2.1. Materials

The hawthorn fruit (variety of Mengyin dajinxing, the authentication
reference number was SZP096,/GPSZ0083) collected from the National
Germplasm Resources Garden of Hawthorn located in Shenyang Agri-
cultural University, was cut into pieces after removing the core, dried at
50 °C, then crushed and sieved through 40 mesh for use. Pectinase and
acarbose were purchased from Sigma-Aldrich (StLouis, USA). Other
chemical reagents used were of analytical grade. Table 1 was a list of
abbreviations.

2.2. Extraction of hawthorn flavonoids

Enzymolysis associated ultrasonic extraction was conducted for
extracting flavonoids from hawthorn. In the pre-experiments, six factors
which were pectinase catalytic time, pectinase dosage, ultrasonic time,
ultrasonic power, liquid to solid ratio, and ethanol concentration were
found to significantly affect the yield of hawthorn flavonoids (Figure 1).
The most significant factors affecting the flavonoid extraction were
selected by Plackett-Burman design (PBD) experiments with the Minitab
software (Ver.17.0, USA). Three factors of pectinase dosage, ultrasonic
power, and time were confirmed as the most effective variables (Table 2,
Figure 2). A Box-Behnken design (BBD) experiment (Design-Expert 8.0.6
Software, Stat-Ease, Inc, USA) was applied for further optimization ex-
periments (Table 3). Each factor was evaluated at three levels: high level
(+1), central level (0), and low level (—1). Analysis of variance (ANOVA)
was used to analyze the experimental data, the results were fitted by
response surface regression. Where predicted response was estimated by
Eq. (1) (Chen et al., 2017):
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Table 1. Abbreviations list.

Abbreviations Full Name

PBD Plackett-Burman design

BBD Box-Behnken design

ANOVA Analysis of variance

HPLC/ESI-QTOF/ High Performance Liquid Chromatography/Electro spray
MS ionization-Quadrupole-Time of Flight/mass spectrometry
DPPH 1,1-diphenyl-2-picrylhydrazyl

ABTS" 2,2/-Azinobis- (3-ethylbenzthiazoline-6-sulphonate)

PSC rapid peroxyl radical scavenging capacity

CAA Cellular antioxidant activity

DCFH 2',7'-Dichlorodihydrofluorescein diacetate

ABAP 2,2'-Azobis- (2-amidinopropane)

PNPG p-Nitrophenyl. a-D-glucopyranoside

RDS Rapidly Digestible Starch

SDS Slowly Digestible Starch

RS Resistant Starch

Y=Po+ > BXi+ Y BXP+ D XX M

where Y is the predicted response, X; and X;j are the different independent
variables, B is the offset term, f; is the ith linear coefficient, f;; is the ith
quadratic coefficient, and f; is the ijth interaction coefficient (i%j).

The yield was calculated as the weight (g) of flavonoids obtained from
hawthorn fruit (g, DW) and expressed as a percentage.

2.3. Determination of total flavonoids content

Flavonoid content was determined by Jia et al. (1999). Briefly, 1 mL
diluted sample solution was added to 0.4 mL of 10% NaNO; and mixed
for 6 min. 0.4 mL of 10% AICl3 and 1 mol/L NaOH were then successively
added and reacted for 6 min, respectively. The absorbance of the reaction
solution at 510 nm was measured, and the flavonoid content was
calculated by the standard curve using rutin as a standard. The extraction
yield was expressed as the ratio of flavonoid to hawthorn powder mass
(mg/g).

2.4. HPLC/ESI-QTOF/MS analysis

Hawthorn flavonoids were identified by HPLC/ESI-QTOF/MS (1260
HPLC-6530QTOF, Agilent, USA). A Thermo AQUASIL C18 column (4.6 x
250 mm, 5 pm particle size, USA) was used for the separation at 30 °C.
Phase A was 0.1% formic acid in the water, and phase B was 0.1% formic
acid in acetonitrile. The gradient programmed was 0-55 min of 95%-0%
phase A, and 55-60 min of 100% phase B. The flow rate was 0.4 mL/min,
and the injection volume was 2uL. The MS parameters were ESI (—)
100-1500 m/z in full scan mode, gas flow 12 L/min, 300 °C, nebulizer
pressure 30 psi, Vcap 3500 V, and fragment voltage 150 V. HPLC/ESI-
QTOF/MS data were gathered and processed with Agilent MassHunter
software (versions B.06.00).

2.5. Antioxidant activity assay

2.5.1. Measurement of DPPH, ABTS™ and hydroxyl free radical scavenging
activities

DPPH and hydroxyl free radical scavenging activities were measured
on the basis of our previous methods (Li et al., 2014).

The ABTS™" radical scavenging activity was determined based on
the method of Scioli et al. (2022) and slightly modified. A 0.8 mL
sample was mixed with 0.2 mL ABTS radical working solution in the
dark and absorbance was measured at 734 nm after 6 min reactions.
The scavenging activity was calculated as Eq. (2) (Scioli et al.,
2022):
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Figure 1. Effects of main factors on the extraction yields of hawthorn flavonoids. A, pectinase dosage; B, enzymatic time; C, ultrasonic time; D, ultrasonic power; E,
ethanol concentration; F, liquid-solid ratio. The different lowercase letters (a-e) indicated significant differences (p < 0.05) among the different samples.

(Ao — A1) /Aq x 100 % )
where A is the Abs of the control, A; is the Abs of the sample solution.

2.5.2. Determination of the total antioxidant activity by rapid peroxyl
radical scavenging capacity (PSC) assay

The PSC assay was conducted as described by Adom and Liu (2005).
Briefly, 100 pL of DCFH dye (13.26 pM) was mixed into 100 pL sample
solutions. After adding 50 pL. ABAP (40 mM), the reaction time was 40
min at 37 °C. Fluorescent was recorded at 485 nm excitation and 538
nm emission. Gallic acid and ascorbic acid were used as standards. The
results were calculated as 1 mol ascorbic acid equivalents per gram of
hawthorn fruit on a dry weight basis (1 mol VCE/g DW).

2.5.3. Cellular antioxidant activity (CAA) assay

The CAA assay was conducted following the protocol described by Wolfe
and Liu (2008). Briefly, after 24 h incubation of HepG2 cells at 37 °C, the
growth medium was taken away, and the cells were washed with 100 pL
PBS, then treated with 100 pL treatment medium containing hawthorn
flavonoids (with 50 pM DCFH-DA) for 1 h. Cells were then treated with or
without PBS wash, respectively. 100 pL of oxidant treatment medium (600

uM ABAP) was added to the cells and cultured at 37 °C. At 538 nm emission
and 485 nm excitation, the fluorescence was monitored every 5 min for 1 h.
CAA was calculated as Eq. (3) (Wolfe and Liu, 2008):

CAA(units) =1 — (/ SA/ /CA> 3)

where [ SA is the sample fluorescence versus time curve, and [ CA is the
control in the fluorescence curve.

2.6. Engyme inhibitory activity assays

2.6.1. o-Glucosidase inhibition assay

a-glucosidase inhibitory activity was evaluated by the method of
Zaidi et al. (2019). 50 pL sample solution was mixed with 50 pL enzyme
solution at 37 °C for 10 min, then 50 pL PNPG (7.5 mM) was added and
incubated at 37 °C for 30 min. Finally, added 100 pL of sodium carbonate
(0.1 mol/L), and the absorbance was determined at 405 nm. Acarbose
was used as a positive control, and PBS instead of the a-glucosidase so-
lution was used as a blank. The inhibition percentage was calculated as
Eq. (4) (Zaidi et al., 2019):
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Table 2. Plackett-Burman desing (PBD) and analysis of variance (ANOVA) for
experimental results.

RunOrder A B C D E F Y(mg/g)
1 -1 -1 -1 1 1 1 12.53
2 1 1 1 -1 1 1 18.15
3 -1 1 1 1 -1 1 19.23
4 -1 1 1 -1 1 -1 11.30
5 1 1 -1 1 -1 -1 18.67
6 1 -1 1 -1 -1 -1 15.67
7 -1 -1 1 1 1 -1 18.84
8 -1 1 -1 -1 -1 1 7.24
9 -1 -1 -1 -1 -1 -1 6.94
10 1 -1 -1 -1 1 1 12.17
11 1 1 -1 1 1 -1 15.11
12 1 -1 1 1 -1 1 22.36
ANOVA

Source DF Adj SS Adj MS F-Value P-Value Inference
Model 6 269.936 44.989 24.22 0.002 il
Linear 6 269.936 44.989 24.22 0.002 i

A 1 60.509 60.509 32.57 0.002 el

B 1 0.006 0.006 0 0.956

C 1 95.139 95.139 51.21 0.001 ke

D 1 110.304 110.304 59.38 0.001 il

E 1 0.704 0.704 0.38 0.565

F 1 3.273 3.273 176 0.242

Error 5 9.288 1.858

Total 11 279.224

R%= 0.9667 AdjR?= 0.9268 Pred R2= 0.8084.

A, pectinase dosage (mg/g); B, enzymatic time (min); C, ultrasonic time (min); D,
ultrasonic power (W); E, ethanol concentration (%); F, solid-liquid ratio (w/v). Y,
the extraction yield of hawthorn flavonoid (mg/g); DF, Degrees of Freedom; Adj
SS, Adjusted Sum of Square; Adj MS, Adjusted Mean Square; R?, The coefficient
of determination; “*” and “**”, significant in P < 0.05 and P < 0.01, respectively.

Inhibition (%) = (1 _w) x 100 0)
control

2.6.2. a-Amylase inhibition assay
a-Amylase inhibitory was performed according to the method
described by Kwon et al. (2008). Briefly, 0.5 mL sample and 0.5 mL 0.02

Pareto Chart of the Standardized Effects
(response is Y, a = 0.05)

Term

0 1 2 3 2 5 6 7 8
Standardized Effect

Figure 2. Pareto chart showed the standardized effect of each variable on the
extraction yield of hawthorn flavonoid. A, pectinase dosage; B, enzymatic time;
C, ultrasonic time; D, ultrasonic power; E, ethanol concentration; F, liquid-solid
ratio. The line in the chart represents a reference line, any factor that extends
past this line is of significant effect at P < 0.05.
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mol/L sodium phosphate buffer (pH 6.9 with 6 mM NaCl) containing 0.5
mg/mL a-amylase were incubated at 37 °C for 10 min. Thereafter, 1mL of
1% starch solution was added and incubated at 37 °C for 15 min 1 mL
DNS reagent was added to stop the reaction. The reaction mixture was
further incubated in a boiling water bath for 5 min, diluted with 10 ml
distilled water after cooling. The absorbance was measured at 540 nm,
and the inhibition percentage was calculated as Eq. (5) (Kwon et al.,
2008):

(Acontrol _Asample) / Acuntrol x 100 (5)
2.7. Invitro digestibility of wheat starch

Wheat starch (100 mg, dry weight) was dispersed in 4 mL of 0.1 M in
sodium acetate buffer (pH 5.2 with 6.67 mmol/L CaCly) containing 0,
0.024, 0.048, 0.12, 0.24 mg hawthorn flavonoids extracts and 1 ml of
a-amylase and glycosylase mixture (40:1). The mixture was incubated at
37 °C and 260 r/min. 0.05 mL reaction solution was withdrawn at 20 min
intervals and added to 0.95 mL ethanol to stop the hydrolysis reaction.
The glucose content of the supernatant was measured after centrifugation

Table 3. Box-Behnken desing (BBD) and analysis of variance (ANOVA) for
experimental results.

Run order X, Xo X3 Y (mg/g)
1 1 1 18.28
2 0 0 21.11
3 0 1 1 19.84
4 -1 1 0 16.85
5 1 0 -1 19.15
6 -1 -1 0 14.01
7 -1 0 19.20
8 0 1 -1 19.18
9 0 0 0 21.35
10 -1 0 -1 16.12
11 0 0 21.51
12 1 -1 0 15.01
15} 0 -1 1 18.42
14 0 0 0 21.01
15 0 -1 -1 14.23
16 0 0 0 20.56
17 1 0 1 19.51
ANOVA

Source SS df MS F-Value Prob > F Inference
Model 96.80 9 10.76 84.19 <0.0001 ok

Xy 4.17 1 4.17 32.64 0.0007 o

Xy 19.52 1 19.52 152.77 < 0.0001 o

X3 8.57 1 8.57 67.08 < 0.0001 K3
X1Xa 0.047 1 0.047 0.37 0.5645

X1X3 1.85 1 1.85 14.50 0.0066 ok
XoX3 3.11 1 3.11 24.31 0.0017 **

X3 21.25 1 21.25 166.36 < 0.0001 e

X3 33.54 1 33.54 262.49 < 0.0001 K3

X3 0.56 1 0.56 4.42 0.0736

Residual 0.89 7 0.13

Lack of Fit 0.36 3 0.12 0.91 0.5127

Pure Error 0.53 4 0.13

Cor Total 97.70 16

R2=0.9908 Adj R?= 0.9791 Pred R2= 0.9322.

X;: pectinase dosage (mg/g), X»: ultrasonic power (W), X3: ultrasonic time (min),
Y: the extraction yield of hawthorn flavonoid (mg/g); DF: Degrees of Freedom,
SS: Sum of Square, MS: Mean Square. R?: The coefficient of determination; “*”
and “**”, significant in P < 0.05 and P < 0.01, respectively.




X. Huang et al.

y: Extraction yield of hawthorn flavonoids

Y: Extraction yield of hawthorn Navonoids

Y: Extraction yield of hawthorn flavonoids

* Ultyy,
Sonj,. 930!
i timg 1‘1'-“\“

Heliyon 8 (2022) e11058

'Y: Extraction yield of hawthorn flavonoids

X2: Ultrasonic power

X1: Pectinase dosage

'Y: Extraction yield of hawthorn flavonoids

X3: Ultrasonic time

X1: Pectinase dosage

'Y: Extraction yield of hawthorn flavonoids

X3: Ultrasonic time

X2: Ultrasonic power

Figure 3. Response surface plots and contour plots showing the effect of pectinase dosage (X;) ultrasonic power (Xz) and ultrasonic time (X3) on yield.

(10,000 rpm, 5 min). The first-order rate equation was fitted by plotting
the percentage of hydrolyzed starch Eq. (6) (Li et al., 2021):
C=C.(1-¢€™) (6)
where C; is the amount of starch digested at time t (min), C,, is the
digested starch amount at the end of the reaction, and k(min™?) is the

first-order rate coefficient. The calculation formula of content of each
starch is as Egs. (7), (8), and (9) (Patindol et al., 2010):

RDS% = (G20 — FG) x 0.9/W

@
SDS% = (G120 — G20) x 0.9/W (8)
RS% =1 — (RDS + SDS) 9)

where, RDS, rapidly digestible starch; SDS, slowly digesting starch; RS,
resistant starch; FG (mg), free glucose content before enzymatic hydro-

mAUx10*
N oA o

3 4 5 6 7 8 9 10 b

Rentention time (min)

Figure 4. Chromatographic profile of HPLC/ESI-QTOF/MS for flavonoids
from hawthorn.

lysis. Gop and Gj9 (mmg) were the converted amount of glucose produced
by enzymatic hydrolysis of starch within 20 and 120 min, respectively.

2.8. Statistical analysis

Data were expressed as mean + standard deviation (SD) of three
parallel measurements. SPSS 18.0 software (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. In all statistical analyses, p < 0.05 were
regarded as statistically significant and p < 0.01 as very significant.

3. Results
3.1. Extraction of hawthorn flavonoids

Enzymolysis associated ultrasonic extraction of hawthorn flavonoids
was optimized by response surface methodology. As shown in Table 3,
the linear term (X;, Xo, X3), the quadratic term (X%, X%), and the inter-
action term (X;Xs, X5X3) were significant for the yield of flavonoids.
Through multiple regression analysis of experimental data, the equation
of extraction rate of hawthorn flavonoid (Y) was obtained as follow: Y =
21.11 4+ 0.72X; +1.56X5 + 1.04X3 + 0.11 x X; x X2 — 0.68 x X5 x X3 —
0.88 x X2 x X3 — 2.25X7 — 2.82X3 — 0.37X3.

In addition, the predicted R was 0.9322, which was in good agree-
ment with the adjusted R? of 0.9791, indicating that the predicted value
was consistent with the observed value. According to the regression
equation, the response surface curve of X;, X and X3 factors to the yields
of hawthorn flavonoids was shown in Figure 3. The response surface of X
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Table 4. Retention time and HPLC/ESI-QTOF/MS parameters of the component.

Table 5. The ECso, PSC and CAA values.

Peak Name Formula Mw Fragment (m/z) Yield (mg/
g, DW)
1 Catechin C15H1406 290 289 (M-H), 245, 179, 1.723
137
2 Procyanidin B, C30H26012 578  577(M-H), 289, 865 0.644
B8 Epicatechin C15H1406 290  325(M + CI)’, 289(M- 0.284
H);, 245, 179
Procyanidin C; Cy4s5H3g018 866 865(M-H), 577, 289 5.232
5 Rutin- C33H40020 756  755(M-H), 591, 300, 5.067
rhamnoside 271
6 vitexin- Ca7H30015 594  611(M-H)+H0, 0.269
glucoside 593, 431, 269
7 vitexin- Co7H30014 578  577(M-H), 413, 353 2.904
rhamnoside
Rutin Ca7H30016 610  609(M-H), 301 1.198
Vitexin Cy1H0010 432 431(M-H), 415, 313 0.420
10 Hyperoside C1H0012 464  463(M-H), 301 0.943
11 Isoquercitrin Co1H0012 464  463(M-H), 301 0.435
12 Quercetin C15H1007 302 301(M-H), 273, 179, 0.284
151
13 Kaempferol C15H1006 286 258(M-H)’, 257, 185, 0.269
151

and X3 were steep, indicating that the interaction has a significant impact
on the yield of flavonoids The optimal extraction conditions for hawthorn
flavonoids were calculated as pectinase dosage (X;) 40.11 mg/g, ultra-
sonic power (X3) 249.6 W, and ultrasonic time (X3) 30 min. In order to
facilitate operation, the optimal process parameters were adjusted to a
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pectinase dosage of 40 mg/g, ultrasonic power of 250 W, and ultrasonic
time of 30 min. Under these conditions, the yield was confirmed as 21.2
=+ 0.2 mg/g, which was close to the theoretical prediction value of 21.82
mg/g. The results showed that the model was practical and reliable for
the optimization of the extraction process of hawthorn flavonoids.

3.2. HPLC/ESI-QTOF/MS analysis

Identification of hawthorn flavonoids was carried out on the basis of
HPLC, and molecular and fragment ions in the MS spectrum. 15 main
peaks were separated in the HPLC chromatogram (Figure 4) and their
structures were identified and listed in Table 4. Among them, 13 com-
ponents were flavonoids, and the major flavonoids were procyanidin Cy,
rutin-rhamnoside, vitexin-rhamnoside, and catechin, with the relative
amounts of 24.68%, 23.90%, 13.70%, and 8.13%, respectively.

3.3. Antioxidant activities of hawthorn flavonoids

3.3.1. DPPH, ABTS" and hydroxyl radical scavenging activities of hawthorn
flavonoids

As shown in Figure 5, hawthorn flavonoids exhibited obvious scav-
enging activities against DPPH, ABTS', and hydroxyl radicals in a
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Figure 5. Antioxidant activities of hawthorn flavonoids. Data represent means + SD of three independent experiments. A, DPPH scavenging; B, ABTs ™ scavenging; C,
hydroxyl radical scavenging. The difference significance was examined with t-test and expressed as: *: p < 0.05; **: p < 0.01; ns: p > 0.05.
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Figure 6. Peroxyl radical-induced oxidation of DCFH to DCF in HepG2, and the
inhibition of oxidation by hawthorn flavonoids over time, using the protocol
involving no PBS wash and the protocol with a PBS wash. The curves shown in
each graph are from a single experiment (mean + SD, n = 3).

concentration-dependent manner. The scavenging activity against hy-
droxyl radical in high concentration (0.1 mg/mL) was much higher than
that of lower concentrations (0.005-0.05 mg/mL). Moreover, the scav-
enging activity against DPPH radicals was much higher than that of
corresponding concentrations against ABTS" and hydroxyl radicals,
indicating that the hawthorn flavonoid was more sensitive to DPPH
radicals. The antioxidant activities against three radicals at higher con-
centrations (0.05-0.1 mg/mL) were also well comparable to that of
Vitamin C.

3.3.2. Total antioxidant and cellular antioxidant activities of hawthorn
flavonoids

PSC assay for hawthorn flavonoids was displayed in Table 5. The data
showed that hawthorn flavonoids were responsible for the great peroxyl
radical scavenging activity. CAA test (Table 5 and Figure 6) showed that
hawthorn flavonoids also possessed strong intercellular antioxidant ac-
tivity. There was a negative correlation between ECso and CAA values,
indicating a lower ECs( value was consistent with a higher CAA value. The
CAA value in the no PBS wash protocol was significantly higher than that
in PBS wash, and the cellular uptake values of hawthorn flavonoid was
29.4% expressed as the percentage of CAA values with or without PBS
wash.
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3.4. Inhibition of a-glucosidase, a-amylase, and wheat starch digestion of
hawthorn flavonoids

As represented in Figure 7A, hawthorn flavonoids displayed a
concentration-dependent a-glucosidase inhibitory activity. The ICsy of
hawthorn flavonoids was about 0.112 mg/mL, which was more effective
than that of positive control acarbose (ICsy = 0.159 mg/mL). Moreover,
hawthorn flavonoids reached their inhibitory activity against a-glucosi-
dase up to 80.97 + 0.56% at 0.6 mg/mL.

Similar to the inhibitory tendencies mentioned above, the inhibitory
activity of hawthorn flavonoids against o-amylase represented the
concentration-dependent manner and increased its activity up to 75.9 +
0.49% at the concentration of 0.6 mg/mL (Figure 7B). The inhibitory ICsq
was 0.207 mg/mL. The inhibitory behavior of hawthorn flavonoids was
also similar to a positive control of acarbose.

Based on the results mentioned above, the effect of hawthorn flavo-
noids on starch digestion was further investigated. As shown in
Figure 7C, hawthorn flavonoids significantly reduced the digestion rate
of wheat starch. Correspondently, the content of RDS was significantly
decreased, and RS was significantly increased with the increase of
hawthorn flavonoids (Table 6). Moreover, the C,, and k decreased from
74.42% and 0.05473 min ! to 53.77% and 0.04497 min~!, respectively,
with the increase of hawthorn flavonoids, indicating that hawthorn fla-
vonoids were able to effectively inhibit the starch hydrolysis (Table 7).

4. Discussion

Flavonoids are conventionally extracted from plants with ethanol so-
lution (Biesaga, 2011). However, the dense tissue structure and the cell
wall will block its dissolving (Valachovic et al., 2001), thus affecting the
extraction efficiency. Ultrasound-assisted extraction has been widely used
in the extraction of biologically active substances, because of its capillary
and enhanced effects on mass transfer and cell disruption (Shirsath et al.,
2012). It is said that ultrasonic extraction is capable to reduce the
extraction time and prevent the destruction of the thermolabile flavo-
noids, thus retaining the desirable properties of flavonoids (Ahmad-Qa-
sem et al., 2013). The use of pectinase to hydrolyze pectin in the cell wall
also disrupted the cell wall structure and released intracellular compo-
nents (Sheldon and Pelt, 2013), which also can enhance the extraction
yield of flavonoids from plants (Nadar et al., 2018). In this study, we found
that the yield of flavonoids extracted from hawthorn fruit was significantly
improved by the combination of enzymolysis-assisted ultrasonic extrac-
tion. This synergy effect might be due to the combined action of random
destruction of the cell wall by ultrasound and selective destruction of
pectinase (Lei et al., 2019).

Generally, the content and composition of hawthorn flavonoids are
dependent on the variety and origin (Liu et al., 2010). B-type procyanidins
have been reported in hawthorn (Yang and Liu., 2012). Quercetin and
kaempferol also have been reported as the flavonol aglycons in hawthorn
(Cui et al., 2006). In this study, we have found and identified B, and C;
type proanthocyanidins, which are mainly polymerized by epicatechin as a
flavan-3-ol unit. Meanwhile, monomer epicatechin and catechin as flavo-
nols also existed in hawthorn. In addition, researchers have reported that
the distribution of c-glycosyl flavonoids in hawthorn may be an important
chemical taxonomic marker for the identification of hawthorn species
(Yang and Liu., 2012). Our present study also identified two c-glycosyl
flavonoids of vitexin-rhamnoside and vitexin in hawthorn, in agreement
with the above suggestion. Beyond that, in the total of 13 hawthorn fla-
vonoids in the present study, procyanidin C;, rutin-rhamnoside, vitex-
in-thamnoside, and catechin were quantitatively main components, and it
was worth noting that rutin-rhamnoside as the main component in haw-
thorn had rarely been reported in the past.

On the other hand, oxidative stress caused by free radicals was closely
related to a variety of human diseases, such as cardiovascular diseases,
autoimmune diseases, and age-related functional decline (Chen et al.,
2019). Flavonoids are well known to possess the free radicals scavenging
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Figure 7. o-Glucosidase inhibition activity (A); a-amylase inhibition activity (B), and in vitro digestion plots of wheat starch (C) with different concentrations of

hawthorn flavonoids.

Table 6. Effects of hawthorn flavonoids on the digestion of wheat starch.

Hawthorn flavonoids (mg/ml) RDS (%) SDS (%) RS (%)

0 44.55 + 0.12c 23.22 + 0.08b 32.23 £ 0.04e
0.024 37.80 + 0.23b 26.47 + 0.12¢ 35.73 £ 0.11d
0.048 36.27 + 0.21b 24.01 + 0.09b 39.72 + 0.13c
0.12 32.58 + 0.48ab 18.52 + 0.23a 48.89 + 0.26b
0.24 30.15 + 0.31a 18.72 + 0.14a 51.13 + 0.17a

All values are expressed as means + standard deviation. Values with different
letters in the same row indicated a significant difference (p < 0.05).

Table 7. Kinetic Constant (k) and C,, of wheat starch in the presence of different
concentrations of hawthorn flavonoids extract.

Hawthorn flavonoids Concentration Co (%) k (min™") R?

(mg/mL)

0 74.42 £ 0.05473 + R? =
0.61c 0.0019¢ 0.99902

0.024 72.02 £ 0.04959 + R*=0.9999
0.21bc 0.0002b

0.048 67.34 + 0.04693 + R%=0.9991
0.56b 0.0014b

0.12 55.81 + 0.04548 + R%=0.9975
0.76ab 0.0027b

0.24 53.77 +£1.1a  0.04497 + R?=0.9956

0.0033a

Values are means + SD. Mean values with different letters in the column are
significantly different (P < 0.05).

activities against ABTS, DPPH, and hydroxyl radicals as found in this
study. The present study further found that hawthorn flavonoids also
exhibited strong intercellular antioxidant activities evidenced by the
CAA assay, which had a simulation advantage of cellular biochemical

processes of the antioxidants (Guo et al., 2017). Such findings were also
similar to the flavonoids from other fruits like blueberry, cranberry,
apple, and grape (Wolfe and Liu, 2007). These in vitro and intercellular
antioxidant capacities revealed the good applicable approaches for
hawthorn flavonoids and hawthorn fruit.

Additionally, the inhibition of enzymes is supposed to be the key
curative tactic for current health issues. The natural enzyme inhibitors
against a-amylase and a-glucosidase are well used to restrain the diges-
tion of starch and to retard the absorption of glucose in the intestine,
thereby preventing or therapy obesity and diabetes-related diseases
(Cardullo et al., 2020). Lotter et al. (2019) have found that the flavonoids
from R. melanophloeos leave represented a strong a-amylase inhibitory
activity. Our present study observed that hawthorn flavonoids exhibited
dose-dependent inhibitory effects on a-amylase and o-glucosidase.
Especially, the inhibitory activities against a-glucosidase at higher con-
ventions (>0.6 pg/ml) were even superior to some extent to positive
controls. Furthermore, the addition of hawthorn flavonoids also inhibi-
ted the digestion of wheat starch, represented by decreased the content of
RDS and increased the content of RS. The reason might be that hawthorn
flavonoids could inhibit the amylase, and also the complex structure was
formed between hawthorn flavonoids and wheat starch, which further
reduced the digestibility of starch (Flanagan et al., 2015). These results
indicated that hawthorn flavonoids had an inhibitory effect on the
digestive properties of dextrinized wheat starch, which further suggested
that flavonoids have a positive effect on reducing the postprandial
glucose index, providing an idea for the prevention of diabetes. Such
results also extended the application area of hawthorn flavonoids in the
areas of health foods and drugs.

5. Conclusion

The results of this work indicated that enzymolysis associated ultra-
sonic extraction was an effective and feasible strategy for extracting
flavonoids from hawthorn with an extraction yield of 20.2 mg/g.
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Thirteen flavonoid compounds were identified from hawthorn. In which,
four compounds including procyanidin C;, rutin-rhamnoside, vitexin-
rhamnoside, and catechin were found as major components. The haw-
thorn flavonoids possessed significant effects on in vitro and cellular
antioxidants, and exhibited dose-dependent inhibitory effects on
a-amylase and a-glucosidase. It also was able to inhibit starch hydrolysis
and reduce starch digestibility to glycosidase. These findings provide the
theory and technical foundations for the comprehensive application of
hawthorn in the food and drug industries.
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