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Abstract: The study of local hawthorn fruits is of particular interest as they often contain high
amounts of bioactive compounds. The objective of this research was to determine the physico-
chemical characteristics of hawthorn ripened fruits, their color using CIELab system and their
antioxidant capacity by DPPH method, based on scavenging 2,2-Di (4-tert-octylphenil)-1-
picrylhydrazyl (DPPH) radicals. In addition, the content in mineral elements of hawthorn fruits was
determined by Inductively Coupled Plasma Mass Spectrometer (ICP-MS). The result showed that
hawthorn fruits have a pulp / kernel ratio of 1.44. The moisture, acidity, total soluble solids content,
PH, pectic substances, protein, fat, ash, carbohydrates and energy values of hawthorn fruits were
Sfound as 69.14%, 0.47%, 22.20%, 5.96, 1.01%, 3.5%, 0.80%, 1.75%, 24.81% and 123.48 kcal/100g,
respectively. Hawthorn fruits vipened (maturated) have a bright red color, an ICsy value of 53.47
ug/mL and contain high amounts of Ca (580.43 ppm), Mg (278.31 ppm) and Na (264.04 ppm). It is
very important to evaluate the physico-chemical characteristics for the storage and processing of
fresh fruits. This study revealed that hawthorn fruits from the local area should be considered a
healthy product due to their bioactive compounds and are more suitable products than marmalade,
jams, jelly, beverages and other food products.
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1. Introduction scarlet, red, yellow, blue, to black color.
The flesh is mealy and dry, like those of
Hawthorn is a wild plant species from rose hips [2]. Crataegus monogyna plant
the rose family which includes over 280 belongs to the Rosaceae family and is a
species [1-4]. Comparatively with North small tree with thorny branches, green
America that is the center of distribution leaves, white flowers and bright red
and diversity for the genus Crataegus spp., berries. The fruit has one woody kernel
in Europe and Asia there have been and is fully ripened in the early to mid-
recognized more than 60 species [5]. autumn [4; 6]. The color of ripe hawthorn
Crataegus monogyna and Crataegus fruits ranges from yellow, to green, red and
laegivata is the hawthorn species found in dark purple [6; 7]. This is due to the
Europe, and Romania, respectively. constituents ~ like  carotenoids  and
Hawthorn has edible fruits of rounded, anthocyanin and it is influenced by the
oblong or pear-shaped form, relatively maturity level [8].

small and range from orange-yellow,
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Hawthorn was used in the traditional
medicine of many cultures since antiquity,
especially for its cardiovascular effects [9;
10]. In addition, hawthorn berries have
been used as astringent, antispasmodic,
diuretic, and antiatherosclerotic agents
[10]. In traditional Chinese medicine,
hawthorn fruits are used as a peptic agent
for stimulating digestion and promoting
the function of the stomach, improving
blood circulation, and removing blood
stasis. Beneficial effects in the treatment of
indigestion with epigastric distension,
diarrhea, and abdominal pain, as well as
amenorrhea, hypertension, and
hyperlipidemia have been reported on the
fruits preparations [4]. Hawthorn extracts
have been shown to increase myocardial
contractility, reduce reperfusion
arrhythmias, dilate peripheral arteries, and
mildly decrease blood pressure [11-13].
These beneficial effects are attributed to
the active constituents of hawthorn such as
flavonoids and proanthocyanidins [4; 14-
16].

In actual herbal medicine, hawthorn is
used for its hypotensive, cardio-tonic,
coronary-dilative, and anti-arrhythmic
action due to the bioactive compound such
as flavonoids, organic acids, procyanidins
[17]. Hawthorn fruits or berries have
diuretic and antidiarrheal effect [18]. Also,
hawthorn fruits contain compounds with
antioxidant and antilipoperoxidant activity

such as epicatechin, hypersoide and
chlorogenic acid.
Various studies confirmed the

potential of hawthorn fruits as a good
source of compounds with free radical
scavenging activity [19; 20]. Some studies
revealed that hawthorn berries are
considered to be healthy and nutritious
[21] and are consumed by children as they
believe it is a good vitamin supplier [22;
23]. There are many studies that revealed
the multiple health-promoting effects of
hawthorn fruits on the human body.

Investigations on chemical composition of
hawthorn fruits highlight that they are rich
source of protein, fat, carbohydrates and
mineral elements [6; 21; 24]. In addition,
hawthorn fruits contain vitamins B1l, B2,
B6 and C, aminoacids, sugars, 3-carotene,
organic acids, antioxidants, and phenolic
compounds such as phenolic acids,
flavones, flavonols and proanthocyanidins
[1; 6; 21; 25-27]. Hawthorn fruits are an
excellent food source of dietary fiber and
have higher pectin content than other
available fruits [28]. Pectin is a widely
used food additive that functions as
thickener, gelling agent, and food fiber
human  health  supplement. Dietary
supplementation with pectin may reduce
serum total cholesterol levels, decreases
low density lipoprotein cholesterol, and
moderates the glucose response [28].

Recent studies have demonstrated that
hawthorn fruits are increasingly widely
used as medicine and as foodstuff due to
their important role in human health and
nutrition. Hawthorn fruits are particularly
used in herbal tea and juices production [4;
21] or to produce canned fruits, jams,
jellies, alcoholic beverages and other
drinks [7; 29; 30]. Accordingly, hawthorn
species used in this study are abundantly
grown in Romania and the fruits are
becoming more popular.

The study aims to investigate some
physical and chemical characteristics of
hawthorn fruits. The antioxidant activity
and mineral elements of hawthorn fruits
were also analyzed. This study wants to
underline the importance and the potential
of these hawthorn berries in order to be
valorized in products such as marmalade,
jams or jelly.

2. Materials and methods
2.1. Materials

Wild hawthorn fruits were collected
after ripening, during the harvest season in
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2015 from Gura Humorului area, Suceava
County, Romania. The pulp was separated
from the kernel manually after the fruits
were selected and washed in running
water.

2.2. Methods
2.2.1. Physico-chemical analysis

The hawthorn fruits samples were

analyzed to determine the physico-
chemical  properties according to
Romanian or international standards
methods: moisture content and volatile

matter (SR ISO 1026:2008), total acidity
(SR ISO 750:2008), soluble solids content
(SR ISO 2173:2008), pH (SR ISO
1842:2008), fat content (SR EN ISO
659:2009), protein content (SR EN ISO
20483:2007), total ash content (SR ISO
763:2008). The pulp / kernel ratio was
determined by gravimetric methods after
pulp separation. The pectic substances
content of berries was achieved by the
gravimetric determination of calcium
pectate according to the method described
in the literature [31]. Total carbohydrates
from hawthorn fruits were calculated by
difference: Carbohydrates content (%) =
100 — (amount in percentage of protein,
fat, moisture and ash). The total energy
was calculated wusing the following
equation: Energy (kcal/100g) = 4.1 x (g
protein + g carbohydrates) + 9.3 x (g fat).

2.2.2. Colour analysis

The colour of hawthorn fruits was
measured by reflectance spectroscopy
using an Ocean Optics spectrometer
(USA). The samples were placed in 20-
mm thick holders and measured against a
black and white background. Translucency
was determined by applying the Kubelka—
Munk theory for multiple scattering to the
reflection spectra [32]. Colour coordinates
were determined using the CIELab colour

system where the L* value is a measure of
lightness ranging from 0 (black) to 100
(white), the a* value ranges from -100
(greenness) to +100 (redness), and the b*
value ranges from -100 (blueness) to +100
(yellowness). The coordinates L*, a* and
b* were obtained from Roo between 400
and 700 nm for D65 illuminant and from
2° observer [33].

2.2.3. DPPH radical-scavening activity

The antioxidant capacity of hawthorn
fruits was achieved by DPPH method,

based on scavenging 2,2-Di (4-tert-
octylphenil)-1-picrylhydrazyl (DPPH)
radicals using a T70  UV-VIS

Spectrophotometer (PG Instruments Ltd.).
Free radical scavenging activity was
determined according to the method
described by Ercisli et al. (2015) with
some modifications. Various concentrations
of hawthorn fruit extract (from 10 to 240
uL) were added to freshly prepared DPPH
solution (500 puL of 0.004% DPPH) in
methanol, and then the mixture was left to
stand for 30 min in the dark. Inhibition of
the free radicals, DPPH as a percentage,
was determined by measuring the
absorption at 517 nm against a blank assay.
Lower absorbance of the reaction mixture
indicated higher free radicals scavenging
activity in hawthorn fruits. The inhibition,
as percentage, is calculated as the
absorbance of the sample divided by that
of DPPH control at the same time
multiplied by 100 (Eq.1).

I(%)=1[1-(Ai/Ao)] x 100 (D
where A, is the absorbance of the control
reaction and A; is the absorbance in the
presence of all of the extract samples and
standard.

The ICsp value was determined by
linear regression analysis using a
calibration curve with different amounts of
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DPPH. Antioxidant activity, expressed as
the ICso is the scavenging concentration
(ugmL™") of the extract which quenched
50% of the initial DPPH radicals under the
experimental conditions given.

2.2.4. Minerals content analysis

The mineral elements from hawthorn
fruits were determined by ICP-MS
technique. The method is based on ash
digestion with concentrated nitric acid
(65% HNOs, Sigma Aldrich, Germany)
and hydrogen peroxide (30% H,O, pure
p.a, Sigma Aldrich, Germany), sample
dilution and ions quantitative
determination using ICP-MS equipment.
The element standard solutions were
prepared by diluting a stock solution of
1000 mg/L of Ag, Al, As, Ba, Be, Ca, Cd,
Co, Cr, Cs, Cu, Fe, Ga, K, Li, Mg, Mn, Na,
Ni, Pb, Rb, Se, Sr, Tl, U, V and Zn. All
reagents were of analytical grade.

An Agilent Technologies 7500 Series
system coupled plasma-mass spectrometer
with a detection limit of 10" was used for
efficiently detecting, identifying and
reliably quantifying heavy metals and trace
elements from hawthorn fruits.

The ICP-MS parameters used for
analysis have been: nebulizers 0.9 mL/min,
RF power 1500 W, carrier gas 0.92 L/min,
mass range 7-205 uma, integration time 0.1
s, acquisition 22.7 s. Detector parameters
have been: discriminator 8§ mV, analogue
HV 1770 V and pulse HV 1070 V.

2.2.5. Statistical analysis

All the analytical determinations were
performed at least three times and the
value  reported for  characteristics
determined is the average + the standard
deviation (S.D.) value. Statistical analyses
were performed on statistical software
Microsoft Excel version 2003.

3. Results and discussion

3.1. Physico-chemical characteristics of
hawthorn berries

The mean, maximum and minimum
values, as well as standard deviations are
showed in Table 1.

The average pulp / kernel ratio of
hawthorn fruits varied between 1.32 and
1.55. The pulp / kernel ratio of our study
was lower than those of the study carried
out in some regions from Turkey [35; 36].

The moisture and volatile content of
hawthorn  fruits, a very important
parameter when determining the physical
properties of fruits, indicates a mean value
of 69.14g/100g fresh weight. The moisture
content found can help to suggest the
stability in storage of fruits, as higher the
moisture content is, more the risk of
spoilage of berries. The value obtained for
moisture content is close to those obtained
by Ozcan et al. (2005) from hawthorn
fruits grown in Turkey (64.26 g/100g) or
by Erfani-Moghadam et al. (2016) from

hawthorn fruits grown in different
geographical sites from Iran (56.88
g/100g).

The result for titratable acidity of the
hawthorn fruits, calculated as 0.46% mean
value is in agreement with the results
reported by Tirkoglu et al. (2005) and
Erfani-Moghadam et al. (2016).

The total soluble solid value was at
mean value of 22.19%, while the pH
values of hawthorn fruits (from 5.89 to
5.99) indicating are relatively less acidic
than peach, apples and pears. In similar
research on hawthorn fruits from different
regions of Turkey, Balta et al. (2006),
Ozcan et al. (2005) and Tiirkoglu et al.
(2005) reported that total soluble solid and
pH values ranged from 11.66 to 24.00%
and 3.12 to 4.09, respectively. The values
obtained for pH are higher than those
reported by previous mentioned studies.
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The pectic substances estimated as
calcium pectate revealed that hawthorn
fruits are a good source of pectic
substances, with content varying in the
ranges of 1.00 - 1.03 %. A study about this
complex polysaccharide revealed that the
pectin pentaoligosaccharide from hawthorn
was able to up-regulate the gene and
protein  expressions of  peroxisome
proliferator-activated receptor [39].

Table 1.
Chemical characteristics of hawthorn fruits

Parameter Max. Mean Min. S(B

Pulp/kernel

ratio (%) 1.55 1.44 1.32 0.12

Moisture

content (%) 70.13  69.14 68.00 1.07

Acidity (%,

malic acid) 0.48 0.47 0.46 0.01

Total soluble

solids (%) 2290 22.20 21.23 0.86

pH 6.00 5.96 5.90 0.06

Pectic

substances 1.03 1.01 1.00 0.02

content (%)

Fat content

(%) 0.98 0.80 0.61 0.19

Protein

content (%) 3.65 3.50 3.35 0.15

Ash (%) 1.92 1.75 1.58  0.17

Total

carbohydrates 2560 24.81 24.03  0.78

(%)

Energy

(keal/100g) 122.87 123.48 119.16 4.67
Fat was the less  abundant

macronutrient being at mean vale of
0.80g/100g dry weight (dw) for hawthorn
fruits, while the protein content was found
at a mean value of 3.50g/100, in agreement
with the result obtained by Baros et al.
(2010). The protein content was found
similar to those reported by other
researchers [6; 24].

Ash dried hawthorn fruits falls
between proteins and fat contents, with a
mean vale of 1.75g/100g. Similar values
were found for hawthorn fruits from
Turkey: fat 0.87%, protein 2.48% and ash
2.28% [18].

Regarding the carbohydrates content
(24.81%), obtained by difference, were the
most abundant macronutrient, these wild
fruits can have a significant contribution to
daily diets, especially during autumn and
early winter.

In  addition, hawthorn  berries
presented a high energetic value (123.48
kcal/100g) but it is higher than the value
reported by Ozcan et al. (2005) from
Turkey hawthorn fruits (34.02 kcal/100g).

The chemical composition of
hawthorn fruits is influenced by genetic
factors, state of ripening, soil structure,
climatic factors and other environmental
factors [1].

3.2.2. The colour

The colour and appearance represent
essential attributes considered by the
consumer to decide the acceptability and
overall quality of food [40; 41].
Anthocyanins are the phytochemicals
substances which can influence the red
colour of hawthorn fruits [42]. Also, the
chemical composition and variety are some
factors that can influence the colour of
fruits.

The CIE L*a*b* wvalues for fresh
hawthorn fruits showed that the samples
had a mean value of 62.12 for L*, while a*
and b* were 3.30 and 3.86, respectively.
The hawthorn fruits were red in colour
with a slight dark red tinge, which is
indicated by the positive b* value. The
positive a* value with lower lightness
values in hawthorn fruits shows that these
fruits have darker red colour. The hue
angle (Eq. 2) and chrome (Eq. 3) were
calculated using the values of a* and b*.
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The results showed a chrome value of
5.08, while the hue angle value is 0,86,
indicating the presence of different
pigments in fruits, such as oligomeric
procyanidins, according to result reported
by Liu et al. (2011).

Hawthorn fruits have a red brighter
colour that may be related to their richness
in anthocyanins. High clearness of fruits
(lightness values) can be explained by low
intensity of the phenomenon of non-
enzymatic  browning  (reactions  of
Maillard) due to the high content of water
and the short period of storage of these
samples.

The duration and the temperature of
storage are some factors that influence the
degradation of colour and pigment.

3.2.3. DPPH radical-scavening activity

In DPPH assay, the hawthorn fruits
had the highest 1,1-diphenyl-2-
picrylhydrazyl radical scavenging capacity
53.47 (ug-mL™). This result revealed that
the hawthorn fruits have considerable
antioxidant potential that can be due to
their polyphenolic compounds [25; 43].
The studied hawthorn fruits highlight a
similar DPPH scavenging activity with the
hawthorn berries from Serbia (52.04
(ug-mL™) studied by Tadié et al. (2008).

3.2.4. Minerals content

The composition of major and trace
mineral elements of the hawthorn fruits is
given in Table 2. Hawthorn fruits are rich
in both macro- and micronutrients,

providing a nutritionally
content of minerals.

Calcium (Ca), magnesium (Mg) and
sodium (Na) were the predominant
elements in the hawthorn berries pulp,
followed by aluminum (Al), barium (Ba),
manganese (Mn), chromium (Cr) and
selenium (Se). Ca, Mg and Na were found
also in rose fruits samples as the major
clements [24]. Ca has an essential role in
the organism; containing substances which
are required by children, pregnant and
lactating women for bones and teeth
development [44; 45]. Mg plays an
essential role in muscle relaxing along the
airway to the lungs thus, allowing asthma
patients to breathe easier [46]. Mn is
believed to support the immune system,
regulates blood sugar levels and is
involved in energy production and cell
reproduction [47].

significant

Table 2.
Mineral contents of hawthorn fruits

Minerals Values Minerals Values
(ppm) (ppm)
Al 47.02 Li 1.08
As 0.30 Mg 278.31
Ba 11.30 Mn 8.82
Be 5.85 Na 264.04
Ca 580.43 Ni 3.29
Cr 7.08 Se 4.94
Cu 3.20 Tl 0.02
Fe 0.77 \% 0.76
Ga 0.03 Zn 0.87

Also, essential elements for human
body like cupper (Cu) iron (Fe) and zinc
(Zn) were found in hawthorn fruits.
Deficiency of Cu can cause cardiovascular
disorders as well as anemia and bone and
nervous systems disorders [48]. Fe is an
important mineral element in the diet of
pregnant women, nursing mothers, infants
convulsing patients and elderly to prevent
anemia and other related diseases [49]. Zn,
an essential trace element for protein and
nucleic acid synthesis and normal body
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development, is said to be vital during
periods of rapid growth and during
recovery from illness [50].

Other elements with beneficial
pharmacological properties that were
found in hawthorn fruits are barium (Ba),
nickel (Ni) and lithium (Li), which have
not been established as essential. For
example, Li was used in the treatment of
manic depressive disorders [51].

Hawthorn fruits are a good source of
macro and micronutrients which are
expected to speed up metabolic processes,
improve growth and development. The
content of mineral elements from hawthorn
fruits is influenced by various factors such
as variety, growing condition, geographical
origin, soil type, storage condition,
climatic conditions e.g.

The analytical values of hawthorn
fruits revealed the nutritional properties
and mineral contents of hawthorn fruits.
These results may be useful for the food
industry, for many foodstuffs preparation,
such as jam, jelly, etc. and for development
of new products based on hawthorn fruits.

4. Conclusion

Regarding the chemical composition,
the results showed that hawthorn fruits
could be considered as a potential source
of Dbioactive compounds with high
antioxidant activity, having many health
benefits.

Hawthorn fruits are an energetic food
that may be consumed such as or could be
used in the manufacture of value-added
products such as jelly, marmalade, jams,
wine and other drink with commercial
value.

The knowledge of the chemical
composition of this fruits will encourage
the manufacturers to develop the
production of hawthorn jelly on an
industrial scale. The use of hawthorn fruits
may also be attractive to consumers as a

positive alternative to conventional fruits
in jelly production.

5. References

[1] GUNDOGDU M., OZRENK K., ERCISLI S.,
KAN T., KODAD O., HEGEDUS A., Organic
acids, sugars, vitamin C content and some
pomological characteristics of eleven hawthorn
species (Crataegus spp) from Turkey, Biological
Research, 47: 21, (2014)

[2] CSEKE JL., KIRAKOSYAN A., KAUFMAN
PB., WARBER SL., DUKE JA., BRIELMANN
HL., Natural Products from Plants, In 2nd edition,
CRC Press Taylor and Francis Group, (2006)

[3] HOBBS C, FOSTER S., Hawthorn: a literature
review, Herbal Gram, 22:19-33, (1990)

[4] CHANG Q., ZUO Z., HARRISON, F., CHOW
M.S.S., Hawthorns: An overview of chemical,
pharmacological and clinical studies, Journal of
Clinical Pharmacology, 42: 605-612, (2002)

[S] STICHER O., B. MEIER., Hawthorn
(Crataegus): biological activity and new strategies
for quality control, In Phytomedicines of Europe,
Chemistry and Biological Activity (ACS
Symposium Series 691), L.D. Lawson and R. Bauer
(Eds.). American Chemical Society, Washington,
D.C., pp. 241262, (1998)

[6] OZCAN M., Mineral Contents of some Plants
used as condiments in Turkey, Food Chemistry, 84:
437-440, (2004)

[77 UNAL H. G. SACILIK K., Drying
characteristics of hawthorn fruits in a convective
hot-air dryer, Journal of Food Processing and
Preservation, 35(2): 272-279, (2011)

[8] XTU-JUAN Q., SHAN-KUN X., ZUO-XUAN
L., ZHANG L., Dynamic chances of mineral
elements and skin pigments of hawthorn fruits
during its development process and their
correlation, Journal of Fruit Science, 02, (2006)

[9] JORIKOVA T., SOCHOR J., ROP O., MLCEK
J., BALLA S., SZEKERES L., ADAM V., KIZEK
R, Polyphenolic Profile and Biological activity of
Chinese Hawthorn (Crataegus pinnatifida Bunge)
Fruits, Molecules, 17: 14490-14509, (2012)

[10] TADIC VM., DOBRIC S., MARKOVIC GM.,
DORDEVIC SM., ARSIC IA., MENKOVIC NR.,
STEVIC T., Anti-inflammatory, gastroprotective,
free-radicalscavenging, and antimicrobial activities
of hawthorn berries ethanol extract, Journal of
Agricultural and Food Chemistry, 56: 7700-7709,
(2008)

[11] VON EIFF M., BRUNNER H., HAEGELI A.,
KREUTER U., MARTINA B., MEIER B,
SCHAFFNER W., Hawthorn/Passionflower extract

Silvia MIRONEASA, Elena SANDULEAC TODOSI, Midilina IUGA, Physico-chemical characteristics, antioxidant
activity and minerals content of hawthorn fruits from Suceava County, Volume XV, Issue 2 — 2016, pag. 108 — 116

114



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XV, Issue 2 - 2016

and improvement in physical capacity of patients
with dyspnoea Class II of the NYHM functional
classification, Acta Scientiarum  Polonorum.
Hortorum Cultus, 20: 47-66, (1994)

[12] ZHANG Z., CHANG Q., ZHU M., HUANG
Y., HO W. K. K., CHEN Z. Y., Characterization of
antioxidants present in hawthorn fruits, Journal of
Nutritional and Biochemistry, 12: 144-152, (2001)
[13] WEIHMAYR T., EMST E., Therapeutic
effectiveness of Crataegus, Fortschritte der
Medizin, 114: 27-29, (1996)

[14] EDWARDS J. E, P. N, BROWN N.
TALENT, T. A. DICKINSON, P. R. SHIPLEY., A
review of the chemistry of the genus Crataegus,
Phytochemistry, 79: 5-26, (2012)

[15] LIU P., H. KALLIO, B. YANG., Phenolic
compounds in hawthorn (Crataegus grayana) fruits
and leaves and changes during fruits ripening,
Journal of Agriculture and Food Chemistry, 59:
11141-11149, (2011)

[16] CUI N.,, K. NAKAMURA, S. TIAN, H.
KAYAHARA, Y. TIAN., Polyphenolic content and
physiological activities of Chinese Hawthorn
extracts, Bioscience, Biotechnology and
Biochemistry, 70: 2948-2956, (2006)

[17] KHISHOVA O. M., BUZUK G. N,
Quantitative determination of procyanidins in
Hawthorn  fruits, Pharmaceutical ~ Chemistry
Journal, 40: 20-21, (2006)

[18] OZCAN M., HACISEFEROGULLARI H.,,
MARAKOGLU T., ARSLAN D., Hawthorn
(Crataegus spp.) fruit: Some physical and chemical
properties, Journal of Food Engineering, 69: 409-
413, (2005)

[19] BAHORUN T., GREISER B., Oxygen species
scavenging activity of phenolic extracts from
hawthorn fresh plant organs and pharmaceutical
preparations, Arzneimittel-Forschung/Drug
Research, 46: 1086—1089, (1996)

[20] BAHORUN T., TROTIN F., Antioxidant
activities of Crataegus monogyna extracts, Planta
Medica, 60: 323-326, (1994)

[21] BARROS L., CARVALHO A.M., FERREIRA
L.C.F.R, Comparing the composition and
bioactivity of Crataegus monogyna flowers and
fruits used in folk medicine, Phytochemical
Analysis, 22: 181-188, (2010)

[22] CARVALHO AM., Etnobotanica del Parque
Natural de Montesinho. Plantas, tradicion y saber
popular en un territorio del nordeste de Portugal,
Universidad Autonoma, Madrid, (2005)

[23] NEVES IM., MATOSA C., MOUTINHO C.,
QUEIROZ G, GOMES LR.,
Ethnopharmacological notes about ancient uses of
medicinal plants in Tras-osMontes (northern of

Portugal), Journal of Ethnopharmacol, 124: 270—
283, (2009)

[24] DEMIR F., OZCAN M., Chemical and
technological properties of rose (Rosa canina L)
fruits grown wild in Turkey, Journal of Food
Engineering, 47: 333-336, (2001)

[25] LJUBUNCIC P., PORTNAYA I, COGAN U.
AZAIZEH H., and BOMZON, A. Antioxidant
activity of Crataegus aronia aqueous extract used in
traditional Arab medicine in Israel, Journal of
Ethnopharmacology, 101(1-3): 153-161, (2005)
[26] CAO G.Y., FENG Y.X. and QIN, X.Q.,
Analysis of the chemical constituents of hawthorn
fruits and their quality evaluation, Yaoxue Xuebao,
30: 138-143, (1995)

[27] GUO TJ., JJAO PJ., Hawthorn (Crataegus)
resources in China, HortScience, 30: 1132-1134,
(1995)

[28] BAKER R.A., Reassessment of Some Fruit
and Vegetable Pectin Levels, Journal of Food
Science, 62(2): 229, (1997)

[29] PARDO DE SANTAYANA M., TARDIO J.,
BLANCO E., CARVALHO AM., LASTRA 1],
SAN MIGUEL E., MORALES R., Traditional
knowledge of wild edible plants used in the
northwest of the Iberian Peninsula (Spain and
Portugal): A comparative study, Journal of
Ethnobiol Ethnomed, 3: 27-37, (2007)

[30] SIGNORINI MA., PIREDDA M., BRUSCHI
P., Plants and traditional knowledge: An
ethnobotanical investigation on Monte Ortobene
(Nuoro, Sardinia), Journal of Ethnobiol Ethnomed,
5: 6-20, (2009)

[31] CARRE M.H., HAYNES D., The estimation
of pectin as calcium pectate and the application of
this method to the determination of the soluble
pectin in apples, Biochemical Journal, 16 (1): 60—
69, (1922)

[32] HUTCHINGS J.B,
Appearance, 2nd edition,
Gaithersburg, (1999)

[33] TALENS P., MARTINEZ-NAVARRETE N.,
FITO P.AND CHIRALT A., Changes in optical
and mechanical properties during
osmodehydrofreezing of kiwi fruit, Imnovative
Food and Science Emerging Technologies, 3: 191—
199, (2001)

[34] ERCISLI S., YANAR M., SENGUL M.,
YILDIZ H. , TOPDAS E. F. , TASKIN T,
ZENGIN Y.,YILMAZ K.U., Physico-chemical and
biological activity of hawthorn (Crataegus spp. L.)
fruits in Turkey, Acta Scientiarum Polonorum.
Hortorum Cultus, 14(1): 83-93, (2015)

[35] YANAR M., ERCISLI S., YILMAZ KU.,
SAHINER H., TASKIN T., ZENGIN Y., AKGUL
I, CELIK F., Morphological and chemical diversity

Food Color and
Aspen Publishers,

Silvia MIRONEASA, Elena SANDULEAC TODOSI, Midilina IUGA, Physico-chemical characteristics, antioxidant
activity and minerals content of hawthorn fruits from Suceava County, Volume XV, Issue 2 — 2016, pag. 108 — 116

115



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XV, Issue 2 - 2016

among hawthorn (Crataegus spp.) genotypes from
Turkey, Scientific Research and Essays, 6(1): 35-
38, (2011)

[36] TURKOGLU N. KAZANKAYA A.,
SENSOY RI, Pomological characteristics of
hawthorn species found in Van Region, Journal of
Agricultural Sciences, 15: 17-21, (2005)

[37] ERFANI-MOGHADAM J., MOZAFARI M.,
FAZELI A., Genetic variation of some hawthorn
species based on phenotypic characteristics and
RAPD marker, Biotechnology & Biotechnological
Equipment, 30(2): 247-253, (2016)

[38] BALTA MF., CELIK F., TURKOGLU N.,
OZRENK K., OZGOKCE F., Some fruit traits of
hawthorn (Crataegus spp.) genetic resources from
Malatya, Turkey., Research Journal of Agriculture
and Biological Sciences, 2(6): 531-536, (2006)

[39] ZHU R, LI T., DONG Y., LIU Y., LT S,,

CHEN G.,, ZHAO Z, JIA Y. Pectin
pentasaccharide  from  hawthorn  (Crataegus
pinnatifida Bunge. Var. major) ameliorates

disorders of cholesterol metabolism in high-fat diet
fed mice, Food Research International, 54: 262—
268, (2013)

[40] CLYDESDALE F.M., Colour measurement,
in: Gruenwedel D.W., Whitake, J.R. (Eds.), Food
analysis principles and technology, Marcel Dekker,
New York., USA, (1984)

[41] AL-HOOTT S., SIDHU J.S., Objective color
measurement of fresh date fruit and processed date
products, Journal of Food Quality, 20: 257-266,
(1997)

[42] HEBER D. BOWERMAN S., Applying
Science to Changing Dietary Patterns, American
Institute for Cancer Research 11th Annual
Research Conference on Diet, Nutrition and
Cancer, (2001)

[43] KOSTIC D.A., VELICKOVIC J.M., MITIC
S.S., MITIC M.N., RANDELOVIC S.S., Phenolic
content, and antioxidant and antimicrobial activities
of Crataegus oxyacantha L. (Rosaceae) fruit extract
from Southeast Serbia, Tropical Journal of
Pharmaceutical Research, 11: 117-124, (2012)
[44] MARGARET L., B. VICKERY, Plant
Products of Tropical Africa, Macmillan in College
Edition, London, (1997)

[45] BRODY T., Nutritional Biochemistry, San
Diego, CA: Academic Press (1994)

[46] APPEL L.J. Nonpharmacologic therapies that
reduce blood pressure. A fresh perspective, Clinical
Cardiology, 1111-1115, (1999)

[47] JORGENSEN S.E., FATH B.D., Global
Ecology: a derivative of encyclopedia of ecology,
Elsevier Academic Press, Amsterdam, (2010)

[48] MIELCARZ GW., HOWARD AN., WILLIAMS
NR., KINSMAN GD., MORIGUCHI E.,
MORIGUCHI Y., MIZUSHIMA S., YAMORI Y.,
Copper and zinc status as a risk factor for ischemic
heart disease: A comparison between Japanese in
Brazil and Okinawa, Journal of Trace Elements in
Experimental Medicine, 10: 29-35, (1997)

[49] OLUYEMI EA., AKINLUA AA., ADENUGA
AA., ADEBAYO MB., Mineral content of some
commonly consumed Nigerian foods, Journal of
Science Focus., 11(1):153-57, (2006)

[50] MELAKU U., CLIVE EW., HABTAMON F.,
Content of zinc, iron, calcium and their absorption
inhibitors in foods commonly consumed in
Ethiopia, Journal of Food Composition Analysis,
18:803-817, (2005)

[51] MACRAE R., ROBINSO, R. K., SADLER M.
J., Encyclopaedia of food science, food technology
and nutrition, vol. 5, San Diego, CA: Academic
Press INC, (1993)

Silvia MIRONEASA, Elena SANDULEAC TODOSI, Midilina IUGA, Physico-chemical characteristics, antioxidant
activity and minerals content of hawthorn fruits from Suceava County, Volume XV, Issue 2 — 2016, pag. 108 — 116

116



