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Summary
Hawthorn (Crataegus spp., family: Rosaceae) extracts have been 
used as pharmaceutical preparations owing to positive effects on 
cardiovascular system. The AlCl3-based official method employed 
for the determination of pharmacologically active compounds was 
compared with other techniques such as Folin-Ciocalteau method 
and HPLC-DAD. Antioxidant activity was determined by ABTS 
radical cation assay. Methods were applied on extracts from buds 
and sprouts collected from common hawthorn (C. monogyna Jacq., 
C. laevigata (Poir.) DC.) located in Northeastern Italy. Phenolic con-
tent determined by AlCl3-based method, Folin-Ciocalteau method, 
and HPLC-DAD was in the range 23,534-27,728, 75,284-100,616 
and 57,317-58,639 mg kg-1 of dry matter (DM), respectively, in buds, 
and 17,280-19,330, 27,653-38,590, and 30,635-32,185 mg kg-1 DM, 
respectively, in sprouts. Antioxidant activity ranged from 119,864 to 
174,640 and 31,484 to 52,584 mg Trolox eq. kg-1 DM in buds and 
sprouts, respectively. Phenolic amount and profile were significantly 
affected by phenological stage and sampling location. Antioxidant 
activity was related to flavan-3-ol and hydroxycinnamic acid amount, 
and to non-phenolic substances. AlCl3-based method underestimat-
ed total phenolic content owing to lack of selectivity to important 
phenolic classes whereas Folin-Ciocalteau method was affected by 
non-phenolic interfering substances. HPLC-DAD proved to be more 
effective in determining hawthorn phenolics.
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Introduction
Hawthorn (Crataegus spp., family: Rosaceae) is the name of closely 
related plant species widely distributed in the northern hemisphere 
and used since a long time as herbal remedy (Liu, 2012). Genus 
Crataegus includes between 150 and 1200 species. Common haw-
thorn (C. monogyna Jacq.), wild hawthorn (C. laevigata (Poir.) DC.) 
and their hybrids are widespread in Middle Europe, including Italy; 
C. pentagyna Waldst. & Kit. ex Willd., C. nigra Waldst. & Kit., 
and C. azarolus L. are growing in South and Southeastern Europe, 
whereas C. pinnatifida Bunge and C. scabrifolia (Franch.) Rehder 
are common in China (Prinz et al., 2007). The first three species 
play an important role as raw materials for pharmaceutical prepara-
tions (Prinz et al., 2007; Liu et al., 2011a). Indeed, C. monogyna, C. 
laevigata, and their hybrids are allowed by European Pharmacopoeia 
for the preparation of phytomedicines (Council of Europe, 2004).
The biological effects of hawthorn phenolics have been mainly 
tested employing extracts obtained from leaves, flowers, and fruits 
by means of ethanol, methanol, water or mixtures of these solvents. 
Hawthorn-based herbal products are nowadays marketed as alter-
native treatments for a number of diseases such as hypertension, 

angina, arrhythmia, and the early stages of congestive heart fail-
ure (Edwards et al., 2012). Several studies have demonstrated that 
extracts from different plant parts show protective effects on the 
heart and cardiovascular system, improving coronary circulation 
and endothelium-dependent vasorelaxation and reducing inflam-
mation (Kim et al., 2000; Schwinger et al., 2000; Pittler et al., 
2003; Quettier-Deleu et al., 2003), and possess hypolipidemic  
effects too (Rajendran et al., 1996; Zhang et al., 2002; Kuo et al., 
2009). Hypotensive and radical scavenging properties of Crataegus 
spp. have been also investigated (Walker et al., 2002; Walker et al.,  
2006; Tadić et al., 2008; Froehlicher et al., 2009; Qiao et al., 
2015). The inhibitory effects on human tumor cell growth and a fur-
ther characterisation of phenolic extracts of hawthorn buds and fruits 
have been recently carried out (Rodrigues et al., 2012).
Furthermore, the safety of hawthorn fruit and leaf extracts and their 
suitability for human consumption have been reviewed (Daniele  
et al., 2006).
Flavone and flavonol glycosides, hydroxycinnamic acids, and B-type 
procyanidins have been reported as the phenolic compounds exert-
ing the major biological activity (Liu et al., 2011a; Rodrigues et al., 
2012). Recent compositional studies of C. monogyna, C. laevigata, C. 
pentagyna, and C. pinnatifida leaves, flowers, and fruits highlighted 
relevant differences of the phenolic content and profile among spe-
cies and plant parts (Svedström et al., 2002, 2006; Urbonavičiūtė 
et al., 2006; Prinz et al., 2007; Liu et al., 2010, 2011a, 2011b).
Among the methods for the determination of hawthorn phenolic 
compounds, the most widely used are high performance liquid chro-
matography (HPLC), coupled with diode array detection (DAD) and 
mass spectrometry (MS) and enabling the determination of indi-
vidual phenolics, and two spectrophotometric procedures: the Folin-
Ciocalteau (FC) and the aluminum chloride (AlCl3)-based methods. 
FC method is based on an electron-transfer giving rise to the forma-
tion of chromogen complexes between specific redox reagents and 
phenolics with a maximum absorbance at 750 nm (Singleton and 
Rossi, 1965). AlCl3-based method is adopted by the Official Italian 
Pharmacopoeia and depends on the capability of AlCl3 of forming, 
in an acid environment, stable chromogen compounds by binding to 
flavonoids at the carbonyl located at C-4 and hydroxyl groups sited at 
C-3 or C-5 of the aglycone moiety (Smirnova and Pervykh, 1998).
A research targeted at comparing the effectiveness of these three 
analytical methods to detect and quantify hawthorn phenolics is 
still lacking. The present study was aimed at comparing the method  
adopted by the Official Italian Pharmacopoeia, FC method and 
HPLC-DAD in the evaluation of the phenolic content and profile 
of two common herbal preparations, a glycerinated macerate and a 
mother tincture, obtained respectively from buds and sprouts of com-
mon hawthorn plants. A second objective of this investigation was to 
verify the effect of the collecting site on the phenolic profile and con-
tent of hawthorn buds and sprouts sampled from different locations 
in the hilly Romagna district, Northeastern Italy. The antioxidant ac-
tivity of the extracts and its relation to the content of total phenolics 
and individual phenolic classes were also assessed.
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Materials and methods
Plant collection and extract preparation
The species herein considered belonged to the group of common 
hawthorn: C. monogyna Jacq. and C. laevigata (Poir.) DC., with a 
prevalence of the first one, and many intermediate forms. Species 
identification was carried out on the basis of Pignatti (1982), where 
C. laevigata is reported as C. oxyaxantha L., and confirmed by com-
parison to vouchers published on Flora Italica Exsiccata.
Hawthorn plants located in Forlì-Cesena and Ravenna provinces 
were sampled in March-April at two phenological stages: closed buds 
(0.5-1 cm length) and sprouts (flowers and leaves, 1.5-2 cm length). 
Buds were collected at Rio dei Cozzi (province: Forlì-Cesena; har-
vest date: 23 March; 44°18´N 11°92´E, 130 m a.s.l.) and Brisighella 
(province: Ravenna; harvest date: 24 March; 44°22´N 11°77´E, 107 m 
a.s.l.). Sprouts were collected at Magliano (province: Forlì-Cesena; 
harvest date: 24 April; 44°17´N 12°10´E, 35 m a.s.l.), Rio dei Cozzi 
(harvest date: 24 April), and Santa Sofia (province: Forlì-Cesena; 
harvest date: 30 April; 43°95´N 11°91´E, 257 m a.s.l.).
Buds and sprouts were harvested during their balsamic period, im-
mediately ground, and then extracted by means of the different mace-
ration processes, commonly adopted in herbal preparation, accord-
ing to the plant part. In each location buds and sprouts were collected 
at different sites to allow replication within location. Maceration and 
extraction were carried out in the laboratories of Cento Fiori s.r.l. 
(Forlì, Italy).
Buds. Five hundred grams of fresh buds were soaked in the dark 
for 30 days at room temperature in 1.10 kg of ethanol and 1.10 kg 
of glycerol, corresponding to 1.39 and 0.88 L of the two solvents, 
respectively. The amounts of ethanol and glycerol added to the fresh 
material were chosen in order to have a final 1/20 (w/w) dry matter-
to-extracting mixture ratio. Food grade ethanol 96.4% was employed.
Sprouts. Five hundred grams of fresh sprouts were soaked in the 
dark for 30 days at room temperature in 0.70 kg of ethanol and  
0.15 kg of water, corresponding to 0.89 and 0.15 L of the two sol-
vents, respectively. The amounts of ethanol and water added to the 
fresh material were chosen in order to have a final 1/10 (w/w) dry 
matter-to-extracting mixture ratio and a 60% (v/v) hydroalcoholic 
mixture as extracting mean. The amount of water to be added was 
determined taking into account the moisture content of the fresh  
material. Food grade ethanol 96.4% was employed.
Dry matter was determined gravimetrically as the mass loss of 10 g 
of fresh material kept at 105 °C until constant weight. It correspond-
ed to 0.22 and 0.25 g g-1 for buds and sprouts, respectively. Extracts 
were daily shaken for 1 min during the soaking period, pressed, fil-
tered in amber glass bottles and kept at 4 °C until analyses.
Extracts were prepared in duplicate for each sample. Each extract 
was then analysed separately, performing analytical determinations 
twice for each replication (n = 4).

Reagents and chemicals
All chemicals and solvents were, unless specified, of analytical grade 
and purchased from Sigma-Aldrich (St. Louis, MO, USA). Deionised 
water was obtained by an Elix 10 water purification system from 
Millipore (Bedford, MA, USA). Chlorogenic acid, (-)-epicatechin, 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium  
salt (ABTS), and (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2- 
carboxylic acid (Trolox) standards were from Sigma-Aldrich. 
Vitexin (apigenin-8-C-glucoside), vitexin-2´´-O-rhamnoside, and 
hyperoside (quercetin-3-O-galactoside) standards were bought from 
Extrasynthese (Genay, France).

Spectrophotometric determination of total flavonoid content (FLAV)
FLAV was evaluated according to the Official Italian Pharmacopoeia 
(Official Pharmacopoeia of the Italian Republic, 1998) and 

Smirnova and Pervykh (1998). 
A volume corresponding to 0.600 and 0.800 mL of bud and sprout 
extracts, respectively, was transferred to a 2-mL polypropylene (PP) 
microtube and adjusted to a 1/1 (v/v) water-to-organic solvent ratio 
by the addition of 0.425 and 0.190 mL of water, respectively. Extracts 
were then centrifuged at 21,500 g for 5 min at 10 °C. 0.4 mL of the 
supernatant fraction were further diluted in a second PP microtube 
adding 1.6 mL of ethanol/water 1/1 (v/v) before spectrophotometric  
determination. 0.5 mL of diluted extract, to which were added  
5.0 mL of 5% (v/v) acetic acid in methanol and 0.25 mL of 2% 
(w/v) aluminum chloride hexahydrate (AlCl3·6H2O) in methanol, 
were manually shaken in a 10-mL Teflon screw cap glass tube for  
10 sec and kept in the dark for 30 min. The absorbance of the solution 
was then read at 425 nm (25 °C) against methanol in a double beam 
spectrophotometer (mod. UV-1601) from Shimadzu (Kyoto, Japan). 
FLAV was quantified by constructing a calibration curve employing 
hyperoside as a reference compound. From a stock solution (c = 1.872 
mg mL-1) in ethanol/dimethyl sulfoxide 9/1 (v/v), diluted solutions 
were prepared in ethanol/water 1/1 (v/v) in a concentration range of 
0.005-0.494 mg mL-1 (seven calibration points, r > 0.99). Each di-
luted standard solution was analysed in three replications. Observed 
absorbance values were corrected subtracting the absorbance of a 
blank sample prepared employing 0.5 mL of ethanol/water 1/1 (v/v) 
in place of hawthorn extract.

Spectrophotometric determination of total phenolic content 
(TPC)
TPC was determined according to the Folin-Ciocalteau spectropho-
tometric method (Singleton and Rossi, 1965). Before analyses bud 
and sprout extracts underwent the same dilution procedure formerly 
described for FLAV determination. 7.5 mL of water, 0.1 mL of the 
diluted extract and 0.5 mL of Folin-Ciocalteau reagent were then 
transferred to a 10-mL Teflon screw cap glass tube, manually shaken 
for 10 sec, added with 2.0 mL of 15% (w/v) sodium carbonate, and 
finally shaken for further 10 sec. After 2 h in the dark, the absor-
bance of the solution was read at 750 nm (25 °C) against water in 
the same double beam spectrophotometer previously described. TPC 
was assessed by constructing a gallic acid calibration curve. From 
a stock solution (c = 2.020 mg mL-1) in ethanol, diluted solutions 
were prepared in ethanol/water 1/1 (v/v) in a concentration range of 
0.005-1.010 mg mL-1 (eight calibration points, r > 0.99). Each solu-
tion was analysed in three replications. Observed absorbance values 
were corrected subtracting the absorbance of a blank sample pre-
pared employing 0.1 mL of ethanol/water 1/1 (v/v) in place of haw-
thorn extract.

Determination of phenolics by high performance liquid chroma-
tography coupled with diode array detection (HPLC-DAD)
Phenolic extracts were analysed in gradient mode on a HPLC system 
from Jasco (Tokyo, Japan) equipped with two binary pumps (mod. 
PU-1580), a diode array UV/Vis detector (mod. MD-1510, quartz 
flow cell, optical path: 10 mm), and an autosampler (mod. AS-2055 
Plus). The following solvent system was employed: mobile phase A: 
0.5% (v/v) formic acid in water/acetonitrile/methanol 95/4/1 (v/v/v); 
mobile phase B: 0.5% (v/v) formic acid in acetonitrile/methanol 4/1 
(v/v). Ethanol/water 1/1 (v/v) was used as a cleaning solution for au-
tosampler syringe. Solvents were of chromatographic grade. Mobile 
phases and cleaning solution were preliminary filtered through a ny-
lon membrane filter (diameter: 47 mm; pore dimension: 0.45 μm) 
from GVS Filter Technology (Indianapolis, IN, USA), and degassed 
in an ultrasonic bath for 32 min at room temperature. The gradient  
program was as follows: 0-35 min, 100 to 74% A; 35-37 min, 74 to 
20% A; 37-45 min, 20% A; 45-47 min, 20 to 100% A; 47-57 min, 
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100% A. The flow rate was 1.0 ml min-1 and the injection volume 
was 5 μL. HPLC-DAD traces were acquired at 280, 330, 350, and 
520 nm, whereas absorption spectra were recorded from 200 to  
600 nm. A Kinetex 2.6μ C18 100A (75 × 4.6 mm i.d., 2.6 μm par-
ticle size) column from Phenomenex (Torrance, CA, USA) was used 
for compound separation and maintained at 35 °C during analyses. 
Before injection, 0.600 and 0.800 mL of crude bud and sprout ex-
tracts were diluted with 0.425 and 0.190 mL of water, respectively, 
in a 2-mL PP microtube to reach a 1/1 (v/v) water-to-organic solvent  
ratio, and centrifuged at 21,500 g for 5 min at 10 °C. One mL of the 
supernatant fraction was then filtered in a HPLC glass vial through 
a regenerated cellulose (RC) syringe filter (diameter: 13 mm, pore 
dimension: 0.45 μm) from GVS. Hydroxycinnamic and benzoic  
acids, flavan-3-ols, and flavonols were quantified by external standard 
mode at 330, 280, and 350 nm, respectively, using as reference com-
pounds chlorogenic acid, (-)-epicatechin, and hyperoside. Flavones 
were quantified at 330 or 350 nm in accordance to the absorption 
spectrum of each compound. Monoglycosyl and unidentified fla-
vones were quantified using vitexin as reference compounds, where-
as diglycosyl flavones were quantified by vitexin-2´´-O-rhamnoside. 
Stock solutions were prepared at the following concentrations: chlo-
rogenic acid: 2.056 mg mL-1 in ethanol; (-)-epicatechin: 2.030 mg 
mL-1 in ethanol; hyperoside: 1.872 mg mL-1 in ethanol/dimethyl 
sulfoxide 9/1 (v/v); vitexin: 1.140 mg mL-1 in ethanol/dimethyl sulf-
oxide 8/2 (v/v); vitexin-2´´-O-rhamnoside: 2.560 mg mL-1 in ethanol. 
Diluted solutions for calibration curves were prepared in ethanol/ 
water 1/1 and analysed in duplicate each. Concentration ranges of cali- 
bration curves were 0.005-1.028 (eight calibration points, r > 0.99), 
0.005-0.499 (seven calibration points, r > 0.99), 0.005-0.494 (seven 
calibration points, r > 0.99), 0.002-0.100 (six calibration points, r > 
0.99), and 0.005-0.998 mg mL-1 (eight calibration point, r > 0.99) for 
chlorogenic acid, (-)-epicatechin, hyperoside, vitexin and vitexin-2´´-
O-rhamnoside, respectively. The limits of detection (LODs) and the 
limits of quantification (LOQs) of standard compounds were set at 
3 × S/N and 7 × S/N, respectively, where S/N is the signal-to-noise 
ratio. With regard to phenolic determination in hawthorn buds, LODs 
were at levels of 14, 75, 19, 26, 53, and 27 mg kg-1 DM for chlorogenic 
acid, (-)-epicatechin, vitexin at 330 nm, vitexin at 350 nm, vitexin-2´´-
O-rhamnoside (330 nm), and hyperoside, respectively, whereas for 
the same compounds LOQs were at level of 33, 175, 44, 60, 123, and 
63 mg kg-1 DM. With regard to phenolic determination in hawthorn 
sprouts, LODs were at levels of 5, 26, 6, 9, 18, and 9 mg kg-1 DM for 
chlorogenic acid, (-)-epicatechin, vitexin at 330 nm, vitexin at 350 nm,  
vitexin-2´´-O-rhamnoside (330 nm), and hyperoside, whereas for 
the same compounds LOQs were at levels of 11, 60, 15, 20, 42, and  
22 mg kg-1 DM.

Phenolic identification
Phenolic identification was carried out comparing peak retention 
times and UV/Vis absorption spectra with those of standard com-
pounds employed in the construction of calibration curves, and by 
means of a liquid chromatography system HP 1100 Series equipped 
with a diode array detector and coupled with a single quadrupole 
mass spectrometer (1100 MSD Series, mod. G1946A) from Agilent 
Technologies (Santa Clara, CA, USA). Mass spectra of different 
peaks were compared to fragmentation patterns and structural infor-
mation reported in previous works (Liu et al., 2011a, b; Liu, 2012). 
Other investigations focusing on phenolic determination in green 
vegetables were useful for a better compound identification and to 
clarify the order of elution of hydroxycinnamic acids (Clifford  
et al., 2006; Lin and Harnly, 2009; Rodrigues et al., 2012; Bonta 
et al., 2017). Compounds reported as unidentified were assigned to 
the corresponding chemical class on the basis of their UV/Vis spec-
tra. The mass spectrometer operated both in positive and negative 

atmospheric pressure ionisation-electrospray source (API-ES) under 
the following conditions: drying gas (nitrogen) temperature: 350 °C; 
nebuliser pressure: 35 psig; capillary voltage: 3,000 V; fragmentor 
voltage: 100 V; mass ranges: 100-700 and 700-1,200 m/z. Mobile 
phases were prepared in 0.1 in place of 0.5% (v/v) formic acid to 
improve the mass detector response.

Spectrophotometric evaluation of the antioxidant activity
Antioxidant activity was evaluated by the disappearance of radical 
chromogen 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 
diammonium salt (ABTS), according to the method proposed by 
Eberhardt et al. (2005), with some modification hereafter reported. 
Briefly, ABTS radical cation (ABTS·+) was produced by reacting a  
7 mM ABTS stock solution with 70 mM potassium persulphate over-
night at 4 °C, as described by Re et al. (1999). ABTS·+ ethanolic so- 
lution was prepared daily. Bud and sprout extracts underwent the 
same dilution procedure formerly described for FLAV and TPC de-
termination. Before performing ABTS assay, 0.5 mL of each extracts 
were transferred to a 2-mL PP microtube and further diluted by add-
ing 1.5 mL of ethanol/water 1/1 (v/v). After the last dilution, 30 μL 
of solution were added to 3.0 mL of ethanolic ABTS·+ and shaken in 
a plastic cuvette. The absorbance was then read at 734 nm (25 °C) in 
a double beam spectrophotometer over 6 min. Absorbance correc-
tion was performed by a blank sample prepared employing 30 μL  
of ethanol/water 1/1 (v/v) in place of hawthorn extract. The anti- 
oxidant activity was referred to as Trolox equivalent antioxidant ca- 
pacity (TEAC) by constructing a Trolox calibration curve in a con-
centration range of 0.005-0.499 mg mL-1 (six calibration points,  
r > 0.99). Trolox diluted solutions were prepared in ethanol/water  
1/1 (v/v) from a stock ethanolic solution (c = 1.980 mg mL-1). Each 
solution was analysed in triplicate.

Statistics
Data were preliminary processed by analysis of variance (ANOVA), 
according to a nested design, including the effects: a) plant part 
(buds, sprouts), and b) location within the same part, since locations 
were not exactly coincident for the two harvested plant parts. Fisher’s 
least significance difference test (LSD) was used for multiple com-
parison. ANOVA and LSD tests were also employed to compare the 
results obtained by the different analytical methods used to deter-
mine total phenolic content. Correlation analysis was used to inves-
tigate the relationships between a) the antioxidant activity, phenolics, 
and individual phenolic classes and b) phenolic amounts obtained 
by means of different analytical procedures. The SYSYAT© 10.0 
Package (Systat Software, Chicago, IL, USA) was used throughout.

Results and discussion
Total flavonoid content (FLAV)
FLAV was significantly affected by phenological stage (Tab. 1). Buds 
showed a flavonoid content 38% higher than sprouts. Within plant 
part, the highest flavonoid content was determined in buds from Rio 
dei Cozzi and sprouts from Magliano. Total flavonoid amounts were 
higher than values amounting to 6,232 and 10,266 mg kg-1 DM and 
reported by Froehlicher et al. (2009) in commercial C. monogyna 
flowering tops and flowers, respectively.

Total phenolic content (TPC)
On average, TPC was almost three-times higher in buds than in 
sprouts (+180%), with a different distribution among collection sites, 
in comparison to total flavonoids (Tab. 1). In fact, TPC was higher in 
buds from Brisighella than in sample from Rio dei Cozzi, whereas 
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Santa Sofia sample showed the highest TPC content within sprouts. 
Buds and sprouts showed higher and lower TPC values, respec- 
tively, in comparison to commercial C. monogyna flowering tops  
(56,292 mg gallic acid eq. kg-1 DM) and flowers (49,310 mg gallic 
acid eq. kg-1 DM) analysed by Froehlicher et al. (2009).

Phenolic composition determined by HPLC
Thirty phenolic compounds were identified by HPLC-DAD-MS 
(Tab. 2) and quantified by HPLC-DAD (Tab. 3); five hydroxycinnam-
ic acids, two flavones, and two flavonols were not clearly identified 
but assigned to the corresponding chemical class by the evaluation of 
their absorption spectra.
The total phenolic amount determined by HPLC-DAD was sig-
nificantly affected by phenological stage and location (Tab. 1). 
Consistently with FLAV and TPC results, buds showed a phenolic 
content almost twice higher (+86%) than sprouts. Small but signifi-
cant differences were also noticed between locations, with the high-
est amounts determined in buds from Rio dei Cozzi and sprouts from 
Santa Sofia.
The composition of the phenolic fraction was also affected by plant 
part and location.
(-)-Epicatechin was the only identified flavan-3-ol, representing the 
fourth most relatively abundant compound in buds (Tab. 4), whereas 
in sprouts it amounted on average to less than 0.02 mg mg-1. Buds 
from Brisighella showed the highest (-)-epicatechin fraction. No pro-
cyanidins were identified in HPLC-DAD-MS traces, even previously 
determined in fruits and leaves of Crataegus spp. (Liu, 2012). In fact, 
the absolute and individual amount of these compounds has been 
reported to vary significantly according to plant part and species 
(Svedström et al., 2002; Liu et al., 2010).
Hydroxycinnamic acids accounted for about 0.30 mg mg-1 of pheno-
lics (Tab. 4); a significantly higher fraction was observed in buds than 

in sprouts. Within plant part, the relative amount of acids exceeded 
0.30 mg mg-1 of phenolics in buds from Brisighella and sprouts from 
Santa Sofia. Chlorogenic acid (AC-6) was prevalent, representing on 
average the second and the fourth most relatively abundant phenolic 
compound in buds and sprouts, respectively.
Flavones were the most abundant phenolic compounds in buds 
and sprouts, accounting for about half of total phenolics (Tab. 5). 
Significant but not relevant differences were determined within 
sprouts, whereas higher differences were noticed within buds. 
Vitexin-2´´-O-rhamnoside (ON-4) and its acylated form vitexin-2´´-
O-(4´ ´´-O-acetyl)-rhamnoside (ON-8) where the dominating com-
pounds, exceeding together 0.40 mg mg-1 of total phenolics. Both 
phenological stage and location affected the relative content of the 
two main flavones. ON-4 was the most abundant phenolic compound, 
with a relative content range of 0.23-0.28 mg mg-1 of total phenolics. 
Differences among locations were particularly remarkable for ON-8.
The relative total flavonol amount was highly different between buds 
and sprouts (Tab. 6). Five out of eight flavonols were either not detect-
ed or determined in traces in buds. Location significantly affected 
flavonol within sprouts. Hyperoside (quercetin-3-O-galactoside, OL-
2) was the dominant flavonol in sprouts, representing the third most 
relatively abundant phenolic compound. Another important flavonol 
was isoquercitrin (quercetin-3-O-glucoside, OL-4), accounting for 
over 0.03 mg mg-1 of phenolics in all sprout samples.
HPLC determination of hawthorn phenolics have been carried out on 
leaves, flowers and fruits of several Crataegus species, as reviewed 
by Edwards et al. (2012). On the whole, buds and sprouts here ana-
lysed showed on average a higher total phenolic content in compari-
son to C. monogyna and C. laevigata samples surveyed by HPLC-
DAD in previous investigations and coming from different plant 
parts (Prinz et al., 2007; Ringl et al., 2007). In agreement with our 
results, (-)-epicatechin, chlorogenic acid, vitexin-2´´-O-rhamnoside, 
vitexin acetyl rhamnoside, and hyperoside were reported as the five 

Tab. 1: 	Effect of plant part, location and analytical method on flavonoid and phenolic content and antioxidant activity.

Effects1	 FLAV2	 TPC3	 PHENTOT4	 TEAC5

	 (mg hyperoside eq. kg-1 DM) 	 (mg gallic acid eq. kg-1 DM)	 (mg kg-1 DM)	 (mg Trolox eq. kg-1 DM)

Plant part	 			 
Buds	 25,631c	 87,950a	 57,978b	 147,252
Sprouts	 18,607b	 31,439a	 31,240a	 38,961
Significance6	 **	 **	 **	 **
LSD7	 420	 1,356	 338	 4,399
				  
Location (within plant part)	 			 
Buds	 			 
Rio dei Cozzi	 27,728c	 75,284a	 58,639b	 119,864
Brisighella	 23,534c	 100,616a	 57,317b	 174,640
Significance	 **	 **	 **	 **
LSD	 760	 2,453	 612	 7,958
				  
Sprouts	 			 
Magliano	 19,330b	 27,653a	 30,901a	 31,484
Rio dei Cozzi	 19,213b	 28,075a	 30,635a	 32,814
Santa Sofia	 17,280c	 38,590a	 32,185b	 52,584
Significance	 **	 *	 **	 **
LSD	 439	 1,416	 353	 4,595

1 Different letters within the same row denote significant difference (p ≤ 0.05) among FLAV, TPC and PHENTOT values.
2 FLAV: flavonoid content determined by spectrophotometric AlCl3-based method.
3 TPC: total phenolic content determined by Folin-Ciocalteau spectrophotometric method.
4 PHENTOT: total phenolic content determined by HPLC.
5 TEAC: Trolox equivalent antioxidant capacity.
6 NS: not significant; *: p ≤ 0.05; **: p ≤ 0.01.
7 LSD: least significant difference (p = 0.05), referred to column values.
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major phenolic compounds in C. monogyna and C. laevigata extracts 
(Svedström et al., 2006; Orhan et al., 2007; Prinz et al., 2007; 
Ringl et al., 2007; Martino et al., 2008; Froehlicher et al., 2009). 
As here observed, total phenolic content and, particularly, phenolic 
profile were significantly affected by plant part and plant location, 
with fruits showing the lowest amounts, (Orhan et al., 2007; Prinz 
et al., 2007; Ringl et al., 2007; Froehlicher et al., 2009).

Comparison of analytical methods for phenolic determination
The detected amount of phenolics was significantly affected by the 
analytical method employed (Tab. 1). TPC content of buds, deter-
mined by the Folin-Ciocalteau method, was about three (+243%) and 
two (+52%) times higher than values obtained by the AlCl3-based 

method (FLAV) and HPLC-DAD (PHENTOT), respectively. TPC 
gave the highest values also for sprouts, without any significant dif-
ference with respect to PHENTOT.
The lower values obtained by AlCl3-based method in comparison to 
TPC and PHENTOT were expected, owing to the selectivity of this 
method towards flavonols and flavones (Smirnova and Pervykh, 
1998), and the high relative amounts of other phenolic classes such 
as flavan-3-ols and hydroxycinnamic acids is hawthorn extracts. In 
particular, the differences with respect to other methods were higher 
in buds, where the relative flavonol content was much lower than in 
sprouts.
On the other side, the higher TPC values determined in buds in 
comparison to PHENTOT and trends observed within bud extracts, 
could be related to the presence of non-phenolic substances such as 
ascorbic acid, aromatic amines and sugars that may interfere with 
the results of this assay, leading to an overestimation of total pheno-
lic content (Escarpa and González, 2001; Tsao and Yang, 2003). 
The lack of accuracy of Folin-Ciacalteau method, especially with 
regard to buds, was confirmed by the negative and significant cor-
relation (r = -0.87, p < 0.01) between TPC and FLAVTOT, whereas 
in sprouts a positive and significant correlation was verified between 
the two sets of data (r = 0.86, p < 0.01). The main drawbacks of the 
Folin-Ciocalteau procedure and the AlCl3-based method seemed to 
be their sensitivity to the presence of interfering compounds (pro-
teins, sugars) and to the relative amount of different phenolic classes, 
respectively. In conclusion, HPLC-DAD proved to be a more reliable 
and accurate method for total phenolic determination.

Antioxidant activity (TEAC)
TEAC was about four times higher in bud than in sprout extracts 
(Tab. 1). Within buds, TEAC was 46% higher in sample from 
Brisighella than in Rio dei Cozzi. Among sprouts, the highest TEAC 
value was assessed in the sample from Santa Sofia. Froehlicher 
et al. (2009) assessed lower antioxidant activities in commercial  
C. monogyna flowering tops (26,030 mg Trolox eq. kg-1 DM) and 
flowers (36,042 mg Trolox eq. kg-1 DM). The antioxidant capacity of 
hawthorn extracts needs an in-depth investigation, even if it has not 
been considered until now as the main biological activity associated 
with these preparations. Indeed, TEAC observed in bud extracts are 
comparable to values detected in green tea, a popular antioxidant-
rich and healthy perceived herbal preparation (Rusak et al., 2008; 
Komes et al., 2010).

Correlation of antioxidant activity to total phenolic and phenolic 
class content
Antioxidant activity showed the highest correlation to TPC for both 
buds and sprouts (Tab. 7). This result could depend on the effect of 
the non-phenolic substances, determined by the Folin-Ciocalteau 
spectrophotometric method, that can also contribute to antioxi-
dant activity (Chun et al., 2003; Kim et al., 2003). A significant but 
lower correlation was observed in sprouts between TEAC and total 
phenolics determined by HPLC-DAD, whereas in buds TEAC and 
PHENTOT were negatively related.
With regard to single phenolic classes, TEAC was positively related 
to the absolute amount of (-)-epicatechin and hydroxicinnamic acid 
both in buds and sprouts. A low but still significant positive corre-
lation was determined between sprout TEAC and flavone content, 
whereas flavone content was negatively related to TEAC in buds. 
Flavonol content showed no correlation to TEAC both in buds and 
sprouts.
These findings could partly explain differences in antioxidant ac-
tivity between locations. Buds from Brisighella and sprouts from 
Santa Sofia showed the highest TEAC values and also the highest 

Tab. 3: 	Content ranges of phenolic compounds determined by HPLC.

Compound tag1	 Content range (mg kg-1 DM)2

	 Buds	 Sprouts

Hydroxycinnamic acids	 	
AC-1	 2,107-3,160	 1,106-1,830
AC-2	 ND-18	 111-156
AC-3	 87-105	 229-307
AC-4	 78-234	 284-525
AC-5	 ND-TR	 TR-34
AC-6	 10,248-13,090	 3,129-6,198
AC-7	 523-760	 121-211
AC-8	 120-311	 151-193
AC-9	 202-307	 262-702
AC-10	 67-138	 222-398
AC-11	 1,310-1,362	 537-911
AC-12	 925-1,606	 123-173
AC-13	 TR	 52-383
Subtotal (AC-TOT)	 17,279-19,479	 7,626-11,144
		
Flavan-3-ols	 	
EPI	 4,378-11,562	 61-878
		
Flavones	 	
ON-1	 254-290	 242-254
ON-2	 86-122	 72-85
ON-3	 1,286-1,930	 228-373
ON-4	 13,303-15,349	 6,658-8,501
ON-5	 813-1,824	 327-355
ON-6	 605-1,129	 120-141
ON-7	 75-98	 48-68
ON-8	 6,288-16,813	 4,138-6,076
Subtotal (ON-TOT)	 24,778-35,486	 13,674-14,609
		
Flavonols	 	
OL-1	 ND	 518-921
OL-2	 644-736	 4,107-5,913
OL-3	 TR	 138-215
OL-4	 333-381	 1,097-1,397
OL-5	 ND	 109-240
OL-6	 ND	 132-321
OL-7	 427-470	 223-469
OL-8	 ND	 5-165
Subtotal (OL-TOT)	 1,495-1,497	 6,488-9,451
Total phenolic compounds	 57,317-58,639	 30,635-32,185
(PHEN-TOT)

1 For compound names see Tab. 2.
2 ND: not detectable; TR: traces.
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Tab. 4: 	Effect of plant part and location on  (-)-epicatechin, total and individual hydroxycinnamic acid fractions.

Effects						      Relative amount (mg mg-1 total phenolics)1

	 EPI	 AC-TOT	 AC-1	 AC-2	 AC-3	 AC-4	 AC-5	 AC-6	 AC-7	 AC-8	 AC-9	 AC-10	 AC-11	 AC-12	 AC-13

Plant part	 														            
Buds	 0.138	 0.317	 0.045	 < 0.001	 0.002	 0.003	 TR	 0.202	 0.011	 0.004	 0.004	 0.002	 0.023	 0.022	 TR
Sprouts	 0.011	 0.273	 0.046	 0.004	 0.008	 0.013	 < 0.001	 0.135	 0.005	 0.006	 0.014	 0.010	 0.024	 0.005	 0.005
Significance2	 **	 **	 **	 **	 **	 **	 *	 **	 **	 **	 **	 **	 **	 **	 **
LSD3	 0.002	 0.001	 < 0.001	 < 0.001	 < 0.001	 < 0.001	 < 0.001	 0.001	 < 0.001	 0.001	 0.001	 < 0.001	 < 0.001	 < 0.001	 < 0.001
															             
Location (within plant part)	 												          
Buds	 														            
Rio dei Cozzi	 0.075	 0.295	 0.054	 < 0.001	 0.002	 0.004	 ND	 0.175	 0.009	 0.005	 0.005	 0.002	 0.022	 0.016	 TR
Brisighella	 0.202	 0.340	 0.037	 TR	 0.002	 0.001	 TR	 0.228	 0.013	 0.002	 0.004	 0.001	 0.024	 0.028	 TR
Significance	 **	 **	 **	 **	 NS	 **	 NS	 **	 **	 **	 **	 **	 **	 **	 NS
LSD	 0.003	 0.003	 < 0.001	 < 0.001	 -	 < 0.001	 -	 0.001	 0.001	 0.001	 0.001	 < 0.001	 0.001	 < 0.001	 -
															             
Sprouts	 														            
Magliano	 0.002	 0.246	 0.036	 0.004	 0.007	 0.009	 TR	 0.123	 0.005	 0.006	 0.013	 0.009	 0.029	 0.005	 0.002
Rio dei Cozzi	 0.004	 0.241	 0.057	 0.004	 0.007	 0.017	 TR	 0.098	 0.004	 0.006	 0.008	 0.007	 0.026	 0.004	 0.003
Santa Sofia	 0.025	 0.333	 0.046	 0.005	 0.009	 0.012	 0.001	 0.182	 0.007	 0.005	 0.021	 0.014	 0.017	 0.006	 0.010
Significance	 **	 **	 **	 NS	 **	 **	 **	 **	 **	 **	 **	 **	 **	 **	 **
LSD	 0.002	 0.002	 < 0.001	 -	 < 0.001	 < 0.001	 < 0.001	 0.001	 < 0.001	 0.001	 0.001	 < 0.001	 < 0.001	 < 0.001	 < 0.001

1 For compound names see Table 2; ND: not detectable; TR: traces.
2 NS: not significant; *: p ≤ 0.05; **: p ≤ 0.01.
3 LSD: least significant difference (p = 0.05).

Tab. 5: 	Effect of plant part and location on total and individual flavone fractions.

Effects				    Relative amount (mg mg-1 total phenolics)1

	 ON-TOT	 ON-1	 ON-2	 ON-3	 ON-4	 ON-5	 ON-6	 ON-7	 ON-8

Plant part									       
Buds	 0.519	 0.005	 0.002	 0.028	 0.247	 0.023	 0.015	 0.001	 0.198
Sprouts	 0.456	 0.008	 0.002	 0.009	 0.253	 0.011	 0.004	 0.002	 0.167
Significance2	 **	 **	 **	 **	 **	 **	 **	 **	 **
LSD3	 0.001	 < 0.001	 < 0.001	 < 0.001	 0.001	 < 0.001	 < 0.001	 < 0.001	 0.001
									       
Location (within plant part)									       
Buds	 								      
Rio dei Cozzi	 0.605	 0.005	 0.002	 0.033	 0.227	 0.031	 0.019	 0.001	 0.287
Brisighella	 0.432	 0.004	 0.002	 0.022	 0.268	 0.014	 0.011	 0.002	 0.110
Significance	 **	 **	 **	 **	 **	 **	 **	 **	 **
LSD	 0.002	 < 0.001	 < 0.001	 < 0.001	 0.001	 < 0.001	 0.001	 < 0.001	 0.001
									       
Sprouts	 								      
Magliano	 0.447	 0.008	 0.003	 0.007	 0.277	 0.011	 0.005	 0.002	 0.135
Rio dei Cozzi	 0.484	 0.008	 0.002	 0.012	 0.257	 0.011	 0.004	 0.002	 0.188
Santa Sofia	 0.438	 0.008	 0.002	 0.009	 0.225	 0.011	 0.004	 0.001	 0.178
Significance	 **	 **	 **	 **	 **	 **	 **	 **	 **
LSD	 0.001	 < 0.001	 < 0.001	 < 0.001	 0.001	 < 0.001	 < 0.001	 < 0.001	 0.001

1 For compound names see Tab. 2; ND: not detectable; TR: traces.
2 NS: not significant; *: p ≤ 0.05; **: p ≤ 0.01.
3 LSD: least significant difference (p = 0.05).

fractions of phenolics such as (-)-epicatechin and hydroxycinnamic 
acids. Furthermore, TPC data may indicate a higher content of non-
phenolic substances in these samples, also contributing to antioxi-
dant activity.
This result partly agreed with Froehlicher et al. (2009) that high-

lighted a higher free radical scavenging property of (-)-epicatechin 
in comparison to quercetin glycosides such as rutin and hyperoside. 
Nevertheless, the present investigation pointed out that even hydroxy-
cinnamic acids may positively contribute to the antioxidant capacity 
of hawthorn preparations.
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Conclusion
This study focused on the comparison of the official AlCl3-based 
method with other widespread analytical procedures (Folin-
Ciocalteu method and HPLC-DAD) used for the determination 
of phenolics in extracts obtained from Italian hawthorn buds and 
sprouts. HPLC-DAD was a more reliable and accurate method for 
total phenolic determination, in comparison to Folin-Ciocalteau and 
AlCl3-based spectrophotometric methods, which are known to suf-
fer from the presence of interfering non-phenolic substances and a 
lack of sensitivity to flavan-3-ols and hydroxycinnamic acids, respec-
tively. Phenological stage and geographical origin significantly in-
fluenced total phenolic content and the phenolic profile. Antioxidant 

activity was positively related to the amount of (-)-epicatechin and 
hydroxycinnamic acids whereas no positive correlation was assessed 
with the content of flavones and flavonols.
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