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ABSTRACT ARTICLE HISTORY
Japanese quince (Chaenomeles japonica (Thunb.)) is a very important orna- Received 23 January 2019
mental plant that is rich in many biochemical compounds such as antioxidants Revised 15 April 2019
and secondary metabolites that have positive effects on human health. The Accepted 16 April 2019
aim of the study was to evaluate the biochemical compounds in the leaves of KEYWORDS

three Japanese quince (Chaenomeles japonica (Thunb.)) Lindl. ex Spach culti- Quince leaves; antioxidant
vars (Rasa’, ‘Darius’ and ‘Rondo’). The results showed that the leaves of  ;ctivity; polyphenol;
Japanese quince have strong antiradical activity (1091 + 22-1135 £+ 15 umol chlorogenic acid; ursolic acid
TE/g) in the CUPRAC reaction system. The analysis by the HPLC method

revealed that the major polyphenol group in Japanese quince cultivars leaves

was phenolic acids and the most common polyphenol compound is chloro-

genic acid (11.2- 52.4 mg/g DW). The most common triterpene is ursolic acid

(3.7- 6.8 mg/g DW). Japanese quince leaf powder can be used as a food or

beverage additive and enriches our diet with compounds with strong antiox-

idant activity.

Introduction

Japanese quince Chaenomeles japonica (Thunb.) is grown in most part of the world as an ornamental
plant and it belongs to the family Rosaceae. However, this species is widely grown in Nordic European
countries. ! Other plants from the same family (Cydonia oblonga Miller) are known for their medicinal
properties and have shown to constitute a promising array of bioactive phytochemicals, suitable for
application in foods and pharmaceutical fields.”~>! Many studies have reported the nutritional and
medicinal values of other Chaenomeles species and interestingly, most of the plant parts are good sources
of biologically active compounds.'®®!

One of the most important and most promising Japanese quince secondary metabolites are phenolic
compounds with very strong antioxidant properties, manifested by different mechanisms in the human
body. Phenolic compounds are capable of binding free radicals to form less reactive compounds.!”’
Also suppresses free radical formation processes by joining transition metal ions and inactivating free
radical-catalyzing enzymes.!"”! Phenols protect other antioxidants from oxidative effects and promote
the release of antioxidant enzymes.!""!

Phenolic compounds — natural antioxidants acting with various mechanisms are necessary for human
health because they have anticancer'"?), anti-inflammatory'** neuroprotective!**), blood cholesterol and
triglyceride lowering!"), antiviral!"®, for improving cardiovascular activity'”), an antidiabetic!"®! and
many other body-enhancing effects. Another significant group of biologically active compounds found
in quince organs is triterpenic compounds. Triterpenes are secondary plant metabolites generally found
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in the fruit peel, leaves and stem bark. Studies have found that the biological activity of triterpenoids
exhibiting different pharmacological effects, including antitumor!'*?°), anti-inflammatory'*'), inhibits
human immunodeficiency virus (HIV)!**?*! antiviral and antimicrobial activity.?*) Proanthocyanidins
are a group of phenolic compounds with antioxidant and radical scavenging activities, which could
enrich food products with antioxidants.'**!

Studies have also shown that different plant organs of Chaenomeles genus accumulate valuable
biochemical in different proportions, for example,*® reported that the leaves accumulate significantly
higher polyphenol compounds than the fruits and are a valuable source of these bioactive substances with
strong antioxidant activity. In order to maximize the potential of plants, it is necessary to investigate its
biochemical composition. However, there are limited numbers of publications about the biochemical
composition and potential use of Japanese quince leaves. This study aimed to determine the biochemical
composition in three cultivars of quince (Chaenomeles japonica (Thunb.)) leaves.

Methods and materials
Leaves material

Quince Chaenomeles japonica leaves were collected in August 2017, at the same time, ie. then quince
fruit was ripe, in the Latvia State Institute of Horticulture, Latvia University of Agriculture, GPS
location: N56°36’39“ E:23°17°50”. Quince leaves were lyophilized with a ZIRBUS sublimator 3 x 4 x
5/20 (ZIRBUS technology, Bad Grund, Germany) at the pressure of 0.02 mbar (condenser temperature
—85°C). The quince leaves using the ZM200 (Retsch GmbH & Co. KG Haan, Germany) ultracentrifugal
mill was ground up to 0.2-0.5 mm fraction.

Dry matter content

Reduction of mass through dehydration before the examination was controlled by European
Pharmacopoeia (2010).

Total phenolic content

Spectrophotometric measurements were done using the Genesys-10 UV/VIS spectrophotometer
(Thermo Spectronic, Rochester, USA). The total phenolic content (mg GAE/100 g DW) in the
methanol (99.0%, v/v) of quince leaves was determined by the Folin-Ciocalteu method and expressed
as gallic acid equivalents (GAE).

Quantitative evaluation of phenolic compounds

Extraction. An amount of 0.25 g of lyophilized quince leaves powder (exact weight) was weighed,
added to 10 mL of alcohol (70%, v/v), and extracted in a Sonorex Digital 10 P ultrasonic bath
(Bandelin Electronic GmbH & Co. KG, Berlin, Germany) at 60°C for 40 min. Quantitative evaluation
of phenolic compounds was determined by applying the technique described by.”*”’

Antioxidant activity of quince leaves

The DPPH free radical scavenging activity was determined using the method proposed by.**! 2 mL
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution in 99.0% v/v ethanol was mixed with 20 uL of the
methanol extract of quince leaves. A decrease in absorbance was determined at a wavelength of 515
nm after storage the samples in the dark for 30 min. An ABTS radical cation decolorization assay was
applied according to the methodology described by.?*’ A volume of 2 mL of ABTS (2,2"-azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid)) solution (absorbance 0.800 + 0.02) was mixed with 20 pL of
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the methanol extract of quince leaves. A decrease in absorbance was measured at a wavelength of 734 nm
after storage the samples in the dark for 30 min.

A TFPH'" radical cation decolorization assay was evaluated following the method of.**! A volume of
3 mL of TFPH'" solution (absorbance 0.700 + 0.02) was mixed with 10 uL of quince leaf extracts.
A decrease in absorbance was measured at the wavelength of 502 nm with a double beam UV/VIS
spectrophotometer M550 (Spectronic Camspec, Garforth, England, United Kingdom).

The ferric reducing antioxidant power (FRAP) assay was carried out as described by.*") The
FRAP solution included TPTZ (0.01 M dissolved in 0.04 M HCI), FeCl;x 6H,0O (0.02 M in water),
and acetate buffer (0.3 M, pH 3.6) at the ratio of 1:1:10. A volume of 3 mL of a freshly prepared
FRAP reagent was mixed with 10 yL of quince leaf extracts. An increase in absorbance was recorded
after 30 min at the wavelength of 593 nm using the UV/VIS spectrophotometer M550 (Spectronic
Camspec, Garforth, England, United Kingdom).

The Cupric Reducing Antioxidant Capacity (CUPRAC) assay was performed using the method of."**!
The working CUPRAC solution included copper (II) chloride (0.01 M in water), ammonium acetate
buffer solution (0.001 M, pH = 7), and neocuproine (0.0075 M in ethanol) at a ratio 1:1:1. A volume of
3 mL of a freshly prepared CUPRAC reagent was mixed with 10 4L of quince leaf extracts. An increase in
absorbance was recorded after 30 min at a wavelength of 450 nm.

Determination of total proanthocyanidins content

Spectrophotometric measurements were done using a Genesys-10 UV/Vis spectrophotometer (Thermo
Spectronic, Rochester, USA). Total proanthocyanidins were determined by applying the technique
described by.”*! 3 mL DMCA solution (0.1% 4-Dimethylamino cinnamaldehyde in methanol - HCI
9:1 v/v) was mixed with 20 yL of the methanol extract of quince leaves. A decrease in absorbance was
determined at a wave length of 640 nm after 5 min. The concentration of condensed tannins in the
extract was calculated based on a calibration curve established with catechin as a standard (calibration
curve: catechin (mg/100 g) = (y - 0.0066)/3.1312), r* = 0.995.

Quantitative evaluation of triterpenes

Quantitative evaluation of triterpenes was determined by applying the technique described by.**

During the analysis, 1 g of lyophilized powder of quince leaves (exact weight) was weighed, added to
10 mL of acetone (100%, v/v), and extracted in a Sonorex Digital ultrasonic bath 10 P (Bandelin
Electronic GmbH & Co. KG, Berlin, Germany) for 10 min at 60°C. The ultrasound strength was
1100 W, and frequency - 80 kHz. The extract obtained was filtered through a paper filter, and the
residue on the filter was washed with acetone (100%, v/v) in a 10 mL flask until the exact volume was
reached. The quince leaves extract was filtered through a membrane filter with a pore size of 0.22 um
(Carl Roth GmbH, Karlsruhe, Germany).

Instrumentation and chromatographic conditions

For HPLC analysis a Waters 2695 chromatograph equipped with a Waters 2998 PDA detector (Waters,
Milford, USA) was used. The chromatographic separation was controlled, chromatograms were recorded,
and data were processed with the Empower® v. 3.0 software (Waters, Milford, USA). Chromatographic
separations were carried out by using an ACE (5 pm, C18, 250 x 4.6 mm i.d.) column. The column was
operated at a fixed temperature of 25°C. The volume of the investigated extract was 10 pL. The flow rate
was 1 mL/min. The mobile phase consisted of 100% (v/v) acetonitrile (solvent A) and water (solvent). We
applied isocratic elution, the eluents ratio being 88% (solvent A) and 12% (solvent). For quantitative
analysis, the calibration curve was obtained by injection of known concentrations of different standard
compounds. The concentrations of triterpene compounds identified in the quince leave extracts were
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within the limits of the calibration curves. All the identified triterpene compounds were quantified at
205 nm.

Statistical analysis

For statistical analysis, a single factor analysis of variance (ANOVA) along with the post hoc Tukey
test was employed. Differences at P < .05 were considered significant.

Results and discussion
Antioxidant activity of quince chaenomeles japonica cultivars leaves

The highest antioxidant activity was determined by the CUPRAC and ABTS methods in cultivar ‘Darius’
1134.9 + 14.7 and 1062.38 £ 90.1 pmol TE/g, respectively (Table 1). This may be due to the fact that
CUPRAC and ABTS methods different from others because ABTS radical cation is soluble in water and
organic solvents, which allows determining the antiradical activity of the hydrophilic and lipophilic
compounds.”®” The CUPRAC method evaluates not only the hydrophilic and lipophilic phenolic
compounds but also vitamins C and E.*” DPPH radicals are only soluble in organic solvents. The
FRAP and TFPH methods evaluated antioxidative activity in the low pH medium.

Determination of antioxidant activity (ABTS system) showed that quince leaves of cultivars ‘Rasa’
and ‘Darius’ grew in Latvia, had significantly higher antioxidant activity values than in cultivar ‘Rondo’
and more than Chaenomeles japonica other cultivars, reported before.”*® This difference may be due to
the influence of genotype or different extracts preparation methods.

Total phenolic content and total proanthocyanidins content

The total amount of phenolic compounds in the methanol extracts of quince leaves varied from 5934 + 70
(cv. Rondo) to 7866 + 178 (cv. Darius) mg GAE/100 g (Table 2). Quince Cydonia oblonga Miller total
phenolic contents of dry leaves was 5252.0 mg GAE/100 g and these values show the material is well
suited for medicinal use.*®’ Our research results show that quince Chaenomeles japonica leaves accu-
mulates more phenolic compounds and are the potentially good source of bioactive constituents.

Table 1. Antioxidant activity in the methanol extracts of quince Chaenomeles japonica cultivars leaves.

Chaenomeles japonica cultivars

Antioxidant activity,

umol TE/g Rasa Darius Rondo
TFPH 2074 + 3.6° 2923 + 74.2° 1739 + 5.4°
FRAP 1249 + 55° 163.8 + 4.4° 189.7 + 8.9°
CUPRAC 1090.9 + 21.6° 11349 + 14.7° 1094.6 + 154.5°
DPPH 462.4 + 14.2° 300.4 + 2.8° 498.8 + 8.7°
ABTS 8734 + 31.2° 1062.4 + 90.1° 646.4 + 22.5°

%Values are means + standard deviations (n = 3). Means with same letter are not significantly different between the values (P < 0.05).
Tukey's range (HSD) test.

Table 2. The total amount of dry matter, phenolic compounds and proanthocyanidins of Chaenomeles japonica leaves.

Total Phenolic, Proanthocyanidins, DM of dry leaves,
Chaenomeles japonica cultivars mg/100g mg/100g %
Rasa 7614.4 + 89.57 1325.1 + 31.4° 95.64 + 0.62
Darius 7865.8 + 177.7° 910.4 + 20.1? 95.02 + 1.31
Rondo 5933.8 + 69.5" 662.4 + 15.6° 90.12 + 1.54

“Values are means + standard deviations (n = 3). Means with same letter are not significantly different between the values (P < 0.05).
Tukey's range (HSD) test.
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The total amount of proanthocyanidins in the methanol extracts of quince leaves varied from 662 + 16
(cv. Rondo) to 1325 + 31 (cv. Rasa) mg/100 g (Table 2). Determination of proanthocyanidins mg/100
g showed that quince leaves of cultivars Rasa 1325.1 + 31.4 and Darius 9104 + 20.1 grown in Latvia
contained significantly more proanthocyanidins than cultivar Rondo 662 + 16. A correlation was found
between the radical-scavenging capacity (ABTS) of methanol extract of quince leaves and the total
contents of phenolic compounds and total proanthocyanidins (r = 0.93 and r = 0.47, respectively).
Similar results were reported before.'*! Proanthocyanidins have a strong antioxidant activity and can
protect against various diseases. The proanthocyanidins, extracted from the grape seed, inhibited
osteoclast formation and might be useful for the treatment of osteoporosis.””! The proanthocyanidins,
extracted from cranberry, significantly reduced E. coli adhesion to fresh buccal epithelial cells and can be
used to reduce oropharyngeal colonization and prevent lung infection.'*®! The oligomeric proanthocya-
nidins extracted from grape seed with chemotherapeutic drugs significantly inhibited the growth of the
chemoresistant cells and may serve as additional treatments in patients with refractory colorectal
cancer.”®”! Our results show that the Japanese quince leaf extracts can also be used as a great source of
proanthocyanidins.

Quantitative evaluation of phenolic compounds

Determination of quantitative evaluation of phenolic compounds mg/g (Table 3) showed that quince
leaves of cv. Rasa (38.84 mg/g) and cv. Darius (64.79 mg/g) grown in Latvia, contained significantly
more phenolic compounds than cv. Rondo (12.94 mg/g). Compared to the results of previous
Japanese quince studies, it showed similar results, but other species of quince Cydonia oblonga
Miller leaves content more phenolic compounds (117.97 mg/g).!**!

The major phenolic group in quince Chaenomeles japonica leaves was phenolic acids, identified and
quantified by the HPLC method (Figure 1.), same results was reported before.*®! (+) — Catechin was
identified only in cv. Darius, in the other two cultivars it was not detected. The most common phenolic
compound in all three cultivars is chlorogenic acid, which accounts for about 80% of total phenolic
compound quantified by the HPLC method. Accumulating evidence has demonstrated that chlorogenic
acid has many biological properties, including antibacterial, antioxidant, and anticarcinogenic activities,
especially hypoglycemic and hypolipidemic effects.'****! These results show that supplementing the diet
with quiche leaf powders may have application as a preventive or therapeutic agent in many diseases.

Table 3. Quantitative evaluation of phenolic compounds mg/g (expressed for absolute dry weight) in alcohol extracts obtained
from the quince leaves of cultivars grown in Latvia.

Chaenomeles japonica cultivars

Phenolic compounds Rasa Darius Rondo
Hyperoside 1.97 2.17 0.25
Isoquercitrin 1.70 213 0.42
Rutin 0.48 0.96 0.06
Quercitrin 0.35 131 0.25
(+)-Catechin ND 0.57 ND

Procyanidin B2 0.82 1.13 0.21
(-)-Epicatechin 2.04 3.96 0.31
Procyanidin C1 0.79 1.33 0.18
p-coumaric acid 0.10 0.16 0.06
Chlorogenic acid 30.59 52.38 11.20
Total, mg/g 38.84 64.79 12.94

ND-not detected
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Figure 1. Chromatogram of alcohol extract of quince Chaenomeles japonica leaf sample investigate (A = 280 nm).

Numbers indicate the peaks of analytes: 2: Chlorogenic acid. 3: Procyanidin B2. 4: (-)-Epicatechin. 5: Procyanidin C1. 6: p-Coumaric
acid. 7: Rutin. 8: Hyperoside. 9: Isoquercitrin. 10: Quercitrin.

Triterpenes of quince chaenomeles japonica cultivars leaves

The most common triterpene in all three cultivars is ursolic acid (UA): 3689 + 178 (cv.Rasa), 5231 + 209
(cv. Darius) and 6750 + 154 (cv. Rondo) pg/g DW (Table 4). Studies have found that ursolic acid has
potential use as a cardioprotective compound'** and strong immunomodulatory compounds to mod-
ulate the innate immune.'*! The ursolic acid has been shown to suppress nuclear factor-«kB (NF-kB),
which regulates the expression of a number of genes whose products are involved in tumorigenesis'*"
and may be used as a valuable antimetastatic agent for the treatment of cancer metastasis.*”! The ursolic
acid may effectively inhibit the development of benign prostatic hyperplasia (BPH) and it may be a useful
agent in BPH treatment.**!

Second most common triterpene in all three cultivars is oleanolic acid (OA): 1062.4 + 43.9 (cv. Rasa),
1265 + 74 (cv.Darius) and 2142 + 194 (cv.Rondo) pg/g DW (Table 4). The supplement of OA or UA
might be helpful for the prevention or alleviation of glycation associated renal diseases.!*”! In fresh
quince, Chaenomeles japonica fruit was found 88 + 17 pg/g oleanolic acid and 224 + 52.0 ug/g ursolic
acid.!! In quince, Chaenomeles japonica leaves also has been identified betulinic and corosolic acids
(Figure 2). The abundance of triterpenes proves that Chaenomeles japonica leaves are great material to be
used for functional food and medical purposes.

Table 4. Triterpenes of quince Chaenomeles japonica cultivars leaves.

Chaenomeles japonica Corosolic acid. pg/g Betulinic acid. ug/g Oleonolic acid. pg/g Ursolic acid. pg/g
cultivars DW DW DW DW

Rasa 46 + 2° 85 + 5° 1062 + 44° 3689 + 178°
Darius 12+1° 118 + 4° 1265 + 74° 5231 + 209°
Rondo 54 + 0.6 237 + 16° 2142 + 194° 6750 + 154°

%Values are means + standard deviations (n = 3). Means with same letter are not significantly different between the values (P < 0.05).
Tukey's range (HSD) test.
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Figure 2. Chromatogram of acetone (100%. v/v) extract of quince Chaenomeles japonica leaf sample investigate (A = 205 nm).
Numbers indicate the peaks of analytes:1: Corosolic acid. 2: Betulinic acid. 3: Oleonolic acid. 4: Ursolic acid.
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Conclusion

The results of this study showed, that two of three varieties ‘Rasa’ and ‘Darius’ of quince Chaenomeles
japonica leaves are more suitable as additives in food and beverages because of the strong antioxidant
activities, high phenols, and proanthocyanidins. These cultivars leaf powder can be a great raw material
for creating functional food products. The cultivar ‘Rondo’ had a higher significant amount of triter-
penes and can be potentially used for pharmaceutical research. However, further studies are needed to
validate the clinical significance of Rondo leaves extracts for human health. Finally, Quince (Chaenomeles
japonica) shows a promising beneficial impact on human health and can serve an important component
in the food industry.
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