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ABSTRACT KEYWORDS

This study was carried out to evaluate fruit quality of five sweet cherry Sweet cherry; cultivars;
cultivars grown in Morocco, namely, Burlat, Van, Cerisette, Napoleon ~  antioxidant activities;
and Coeur de pigeon. Significant differences (p<0.05) were observed polyphenols; volatile
across the five cultivars in fruit weight (5.24-8.72 g), geometric mean ~ <ompounds
diameter (14.22-16.36 mm), pH (3.48-4.12), soluble solid content

(17.70-24.50 °Brix), total phenolics (426.44-48569 mg GAE/100 g

fresh weight (fw)), total proanthocyanidins (51.17-131.20 mg CE/

100 g fw) and total anthocyanins (194.53-267.67 mg cya-3-glu/

100 g fw). The antioxidant activity was evaluated by three assays.

The values were 11.96-21.04, 16.48-63.96 and 9.62-15.65 mmol TE/g

for DPPH scavenging test, FRAP and ABTS, respectively. Volatile com-

pounds were identified and semi-quantified in sweet cherry fruit

using solid-phase microextraction in combination with gas chromato-

graphy/mass spectrometry (SPME-GC/MS). Nine volatile compounds

(benzaldehyde, nonanal, ethyl hexanoate, ethyl octanoate, y-

terpinene, B-pinene, limonene, linalool and 2-ethyl-1-hexanol) were

detected in all sweet cherry cultivars. Aldehydes compounds were the

most abundant in sweet cherry aroma, followed by terpenes and

esters. Correlation between all parameters showed varying trends.

Introduction

Native to Europe and western Asia, sweet cherries are classified within the
genus Prunus, which belong to the Rosaceae family (Iezzoni, 2008). This
attractive fruit is highly favored by consumers for its excellent quality
(Aglar et al., 2017; Guler et al., 2019). Sweet cherry fruit quality is influ-
enced by morphological and nutritional properties. Fruit size, color and
sweetness are the important factors in consumer preferences and accep-
tance as bigger fruit and are generally considered to be more attractive to
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the eye. Sweet cherries contain high levels of nutrient and bioactive
compounds with significant health benefits. Sweet cherries are well
known for their rich nutritional content and a broad range of bioactive
compounds. They are rich in anthocyanins as the major phenolics (Diaz-
Mula et al., 2009; Oztiirk et al., 2019). Sweet cherries are reported to be
rich in cyanidin 3-glucoside, cyanidin 3-sophoroside, cyanidin 3-rutino-
side, pelargonidin 3-glucoside, pelargonidin 3-rutinoside, peonidin 3-ruti-
noside and peonidin 3-glucoside (Chaovanalikit and Wrolstad, 2004).
Neochlorogenic acid and p-coumaroylquinic acid were reported as the
predominant hydroxycinnamate compounds in sweet cherry fruit
(Gongalves et al., 2007b). Flavonols and flavan-3-ols were also found in
sweet cherries, which included catechin, epicatechin, quercetin 3-glucoside,
quercetin 3-rutinoside and kaempferol 3-rutinoside (Gongalves et al,
2007b; Orztiirk et al., 2019).

There have been a broad range of in vitro and in vivo reports which have linked sweet
cherries bioactive components to numerous health benefits. Thus, sweet cherries derived
extracts are crucial in free radical scavenging, cell oxidative injury protection (Yoo et al.,
2010), anti-inflammatory action (Jacob et al., 2003; Zhou et al,, 2012), anti-tumor
proliferation (Bobe et al., 2006; Kang et al., 2003) and alleviation of diabetic complica-
tions (Ataie-Jafari et al., 2008) among others. However, there is a well established
scientific data suggesting that the levels of these bioactive molecules depend on various
preharvest and postharvest factors such as cultivar, maturity stage, growing conditions,
pre- and postharvest treatments ( Aglar et al., 2017; Gongalves et al., 2007b; Usenik et al.,
2008). The average of bioactive content varied among different cultivars (Ferretti et al.,
2010; Gao and Mazza, 1995; Usenik et al., 2015).

In Morocco, sweet cherry cultivars are limited with both the “Burlat” and “Van” being
dominant cultivars. Therefore, the present investigation on the morphological, physico-
chemical and biochemical characteristics of Burlat, Van, Cerisette, Napoleon and Coeur
de pigeon sweet cherry cultivars was initiated to provide practical information and
guidance for optimal way to valorize them.

Materials and Methods
Material

The study was carried out in 2017 on five sweet cherry cultivars named Burlat,
Van, Cerisette, Napoleon and Coeur de pigeon. The cultivars were planted in
a complete randomized block in the research experimental station relevant to
the Institut National de Recherche Agronomique (INRA) in Meknes (elevation:
500 my; lat. 33:6 N; long. 5:1 W). The region is characterized by a climate ranging
from the Mediterranean to continental with cold winters and hot summers. The
total annual rainfall varies between 400 and 600 mm. The average annual
temperature is 10.8°C with an average maximum of 29°C and a minimum of
9.5°C.
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The soil is a sandy clay loam type with an average organic matter of 1%
[0-30 cm soil layer], the average soil pH is 7.2. Standard cultural practices such
as irrigation, fertilization, disease control were regularly applied during the
experimental period. Fruit were harvested during their maturity period of
May-]July and were considered fully ripened when the entire surface of cherry
fruit was light-red colored.

Morphological Parameters

For each cultivar, 150 fruits from three trees (50 fruits per tree) were hand-
harvested at full maturity. Morphological parameters such as fruit, stone and stem
weight, as well as fruit dimensions (length, width and thickness) were measured.

The geometric mean diameter (D) and sphericity () were calculated using
the equations below (Aydin, 2003; Saracoglu et al., 2017):

D, = (LWT)** (1)
T 0.333
0 :zﬁgyzzl___ (2)

where L is the length; W is the width and T is the thickness.
The surface area (S) in cm2 of the fruit can be written as follows (Baryeh,
2001):

S= 7TD§ (3)

The volume (V) in cm’ was calculated from the following relationship
(Ozarslan, 2002):

V:émﬁWith r:7L+W+T (4)

3 6

Flesh/stone ratio was calculated using the formula: (fruit weight — stone
weight/stone weight) (Demir and Kalyoncu, 2003). Peel color measurements
were obtained from two spots located on opposite sides of the equatorial
region of the fruit using an NH310 colorimeter calibrated to a white calibra-
tion plate (Shenzhen 3NH Technology, China). The mean of the two measure-
ments was considered as one replicate. Chromatic analysis was carried out
following the CIE (Commission International de I’Eclairage) system of 1976.

Physicochemical Parameters

Initial moisture content of the fruit was determined by drying the fruits in
a hot air oven at 105°C for 24 h (AOAGC, 2007). Initial moisture content was
determined for 15 fruits in each replication. For titratable acidity (TA), pH
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and soluble solid content (SSC) measurements, 60 fruits were selected from
each replicate, and fruits were divided into 3 groups each with 20 fruits. Fruit
juice was extracted with an electrical fruit juice extractor (Moulinex, type NE
401, France). For the determination of titratable acidity (TA), the juice
(10 mL) was diluted in 50 mL distilled water and then titrated with 0.1 N
NaOH to an end point of pH 8.1 using an automatic pH titration system (Ph
211, Microprocessor pH meter). The pH was measured with the same pH
meter. Titratable acidity was expressed as a percentage of the malic acid
because this is the predominant organic acid in cherry. The soluble solid
content (SSC) was determined with a refractometer (DR6000, A. Krus
Optronic GmbH, Humburg, Germany) and expressed as °Brix. On the
basis of the measured data, the SSC/TA ratio was calculated and used as an
indicator of taste quality. Ash was determined by igniting a weighed sample
in a muffle furnace at 550°C for 3 h. The physicochemical parameters were
performed in triplicate.

Biochemical Parameters

Extraction Preparation

For total phenolics, total proanthocyanidins, total anthocyanin and anti-
oxidant activity, 60 pitted fruits were selected from each replicate and
homogenized with a food blender. Fruit extracts were prepared by mixing
2 g of cherry pulp with methanol solvent (20 mL) and auto-stirred for
30 min. The mixture was centrifuged at 6000 rpm for 15 min at 4°C, and
the resulting slurry was filtered through No.l whatman paper. Three
replicate extractions for each cultivar were performed.

Total Phenolics (TP)

Total phenolic content of the cherry was determined using the Folin-
Ciocalteu reagent (Singleton and Rossi, 1965). Briefly, a volume of
0.25 mL of methanolic extract was mixed with 0.25 mL Folin-Ciocalteu
reagent (2 N) and 2 mL of distilled water and allowed to stir by vortex for
3 min; then, 0.25 mL of sodium carbonate (20% w/v) was added, and after
30 min of incubation in the dark, the absorbance was measured at 750 nm
using a spectrophotometer. The results are expressed as mg gallic acid
equivalent in 100 g fresh weight (mg GAE/100 g fw), and the TP were
determined in triplicate.

Total Proanthocyanidins (TPAC)

TPAC was determined based on acid hydrolysis and color formation (Porter
etal., 1985). To 2 mL of the extract, 20 mL of ferrous sulfate solution (77 mg of
FeSO, 7H,0 in 500 mL of HCI: n-butanol 2:3) was added. The mixture was
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incubated for a maximum of 15 min at 95°C. For a control sample, 2 mL of
distilled water was used. After incubation, the sample was cooled and analyzed
by measuring absorbance at 540 nm. TPAC was calculated according to the
following equation:

TPAC (mg/100g) = (A x MW x DF)/(e x I) (5)

where A: absorbance of the extract, MW: molar weight of cyanidin (287 g/mol), DF:
dilution factor, &: molar extinction coeflicient of cyanidin (34700 L.mol *.cm™) and
I: pathlength (cm). Total proanthocyanidins were expressed as mg of cyanidin
equivalent/100 g fresh weight (mg CE/100 g fw) and were measured in triplicate.

Total Anthocyanins (TAC)

Anthocyanins in cherry extracts were identified by the differential pH method
(Ozgen et al, 2008) using two buffers: potassium chloride buffer pH 1.0
(25 mM) and sodium acetate buffer pH 4.5 (0.4 M). Briefly, 0.4 mL of methanol
extract was taken, and one of them was adjusted to 3.6 mL with potassium
chloride KCI (25 mM) buffer, pH = 1.0, and the other with sodium acetate C,H;
NaO, (0.4 M) bufter, pH = 4.5. The TAC was calculated as follows:

TAC = (A x MW x 100) x 1/¢ (6)

where A: absorbance = [(As19 nm-A700 nm)] pH1.0'[(A510 nm~A700 nm)] pH4.55
MW: molecular weight of cyanidin-3-glucoside (449.2 g¢ moL™"); & molar
extinction coefficient of cyanidin-3-glucoside (26.900 L.mol '.cm™).

The TAC was determined in triplicate and the results were expressed as mg
of cyanidin-3-glucoside equivalent per 100 g fresh weight (mg cya-3-gluc/
100 g fw).

Determination of Antioxidant Activities

The antioxidant activity was evaluated using three different assays: (i) the free
radical scavenging activity was tested using DPPH and ABTS assays and (ii)
the ferric reducing ability (FRAP assay). The antioxidant activity was deter-
mined in triplicate and the results were reported as the mean + standard
deviation.

DPPH Assay

Antioxidant radical scavenging activity was performed according to the
method of Brand-Williams et al. (1995). The stock solution was prepared by
dissolving 0.01 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) with 100 mL
methanol. The methanol extract 0.1 mL was added to 3.9 mL of DPPH
solution. The decrease in absorbance of the resulting solution was monitored
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at 515 nm after 1 h of incubation in the dark. The results were expressed as
mmol Trolox equivalents per g fresh weight (mmol TE/g fw).

ABTS Assay

ABTS radical scavenging assay was carried out as described by Pellegrini et al.
(1999). The ABTS solution was prepared through the reaction of 7 mM of
ABTS™" (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) and 2.45 mM
potassium persulfate K,S,0s. After incubation at 23°C in the dark for 12-16 h,
the ABTS solution was then diluted with 100 mM phosphate buffer (pH 7.6) to
obtain an absorbance of (0.700 + 0.005) at 734 nm. ABTS solution 3.9 mL was
added to 0.1 mL of the extract sample and mixed vigorously. The reaction
mixture was allowed to stand at 23°C for 10 min and the absorbance at 734 nm
was immediately recorded. The results were expressed as mmol Trolox equiva-
lents per g fresh weight (mmol TE/gfw).

FRAP Assay

Ferric Reducing Antioxidant Power (FRAP) assay was performed following
the method described by Benzie and Strain (1996). In brief, 40 uL of methanol
extract was mixed thoroughly with 0.2 mL of distilled water and 1.8 mL of
FRAP reagent. The FRAP reagent was prepared by mixing acetate buffer
(300 uM, pH 3.6), a solution of 10 uM TPTZ (2,4,6-Tri (2-pyridyl)-s-triazine)
in 40 uM hydrochloric acid HCI and 20 pM Iron (III) chloride FeCl; at 10:1:1
(v/v/v). After incubation at 37°C for 10 min, the absorbance of the mixture was
measured at 593 nm. The results were expressed as mmol Trolox equivalents
per g fresh weight (mmol TE/g fw).

Identification and Quantification of Volatile Compounds by GC-MS

Volatile compounds were extracted from cherry using headspace solid-
phase microextraction (HS-SPME) (Cano-Lamadrid et al., 2018; Melgarejo
et al., 2014). Samples of 5 g of lyophilized cherry and 10 mL ultrapure
water were placed into 50 mL vials with polypropylene caps and PTFE/
silicone septa. A magnetic stirring bar was added, together with sodium
chloride NaCl (15%), and the vial was placed in a water bath with
controlled temperature and automatic stirring. The vials were equilibrated
during 15 min at 40°C in a water bath to simulate the mouth temperature
during the chewing process, and after this equilibration time, a 50/30 um
DVB/CAR/PDMS fiber was exposed to the sample headspace for 50 min
at 40°C. This type of fiber was chosen for its high capacity of trapping
fruit volatile compounds (Calin-Sanchez et al., 2011). After sampling,
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desorption of the volatile compounds from the fiber coating was carried
out in the injection port of the GC-MS for 3 min.

The identification of the volatile compounds was performed on a gas
chromatography (GC-MS), Shimadzu GC-17A (Shimadzu Corporation,
Kyoto, Japan), coupled with a Shimadzu mass spectrometer detector GC-
MS QP-5050A. The GC-MS system was equipped with an SLB-5 ms
capillary column, 95% dimethylpolysiloxane and 5% diphenylpolysiloxane
(Sigma-Aldrich, Spain; 30 m x 0.25 mm id., 0.25 pm film thickness).
Analyses were carried out using helium as carrier gas at a flow rate of
7 mL min~" in a split ratio of 10 and a program: (a) initial temperature
80°C; (b) rate of 3.0°C min™" to 170°C and hold for 1 min; (c) rate of 25°C
min~' from 170°C to 300°C and hold for 3 min. Injector and detector
temperatures were held at 170°C and 300°C, respectively.

Compounds were identified by three simultaneous methods: (1) reten-
tion indices, (2) GC-MS retention times (authentic chemicals), and (3)
mass spectra (authentic chemicals and Wiley spectral library collection).
No tentatively identified compounds have been included in this study. The
samples were analyzed in triplicate and results were expressed as
a percentage of the total area represented by each one of the volatile
compounds.

The relative abundance of the volatile compounds (%) was performed on
a gas chromatography, Shimadzu 2010, with a flame ionization detector
(FID). The column and chromatographic conditions were those previously
reported for the GC-MS analysis. The injector temperature was 300°C and
nitrogen was used as carrier gas (1 mL min~"). The relative abundance was
obtained from electronic integration measurements using flame ionization
detection (FID). Benzyl acetate was used as an internal standard and the
areas from all compounds were normalized using its area; this compound
was chosen after checking that it was not present in the volatile profiles of the
samples under study.

Statistical Analyses

Raw data were standardized (n = 0 and a o = 1). Data analysis was performed
using SPSS 22 software. Analysis of variance was performed to test significant
differences among the samples collected. The differences in morphological
traits and content levels of biochemical and volatile compounds were estimated
with Duncan's new multiple range (DMRT) test. Correlation coeflicients and
their levels of significance were calculated using Pearson correlation. Principal
component analysis was carried out using a correlation matrix.



8 (&) R.OUAABOU ETAL.

Results and Discussions
Morphological Parameters

Morphological trait assessment results of the five cultivars are summarized in
Table 1. The fruit weight was significantly different among cultivars (p < .05).
The mean weight varied from 5.24 g “Van” to 8.72 g “Coeur de pigeon.” The
stone and stem weight ranged from 0.24 to 0.47 g and 0.04 to 0.09 g, respec-
tively. The stem length of cherry fruit varied from 24.34 to 33.25 mm. The
geometric mean diameter of each sweet cherry cultivar varied from 14.22 to
16.36 mm and the sphericity value ranged between 68.99% and 74.26%. Fruit
surface area and volume varied from 6.36 to 8.43 cm® and from 2.17 to
3.39 cm® respectively. Average flesh/stone ratio varied from 11.08 to 21.59.

Color measurement data are reported in Table 1. Data showed that L* values
ranged from 8.64 “Burlat” to 19.29 “Napoleon.” All cherry cultivars expect
“Napoleon” cultivar were darker (lower L* values) tended to be less red (lower
a* values) and less yellow (lower b* values). “Napoleon” cultivar was lighter and
yellower than the others (higher L* and b*). Furthermore, this cultivar showed
lower values of chroma (C*) and hue angle (h°), which are indicators of a lighter
and less intense red color, while “Burlat,” “Van,” “Cerisette” and “Coeur de
pigeon” had higher values of C* and h° corresponding to a darker color.

The cultivars grown in Morocco studied had average fruit weights signifi-
cantly higher than the majority of the cultivars grown in Spain, which

Table 1. Morphological parameters of sweet cherry cultivars.

Parameters Burlat Van Napoleon Cerisette Ceeur de pigeon
Fruit weight (g) 6.403° +£0.608 5.241 +0.75 5.944°°+0.833 5.434 €+ 1.161 8.721% +1.332
Weight of stone 0.407% +0.060  0.237° +0.031 0.464° +0.073 0.4737 £0.071 0.4087 +0.074

(9

Weight of stem
(9

Length of stem
(mm)

Flesh/stone ratio

Length of fruit
(mm)

Width of fruit
(mm)

Thickness of fruit
(mm)

Geometric mean
diameter (mm)

Sphericity %

Surface area (cm?)

Volume (cm?)

Color properties

L*

a*

b*

Chroma

Hue

0.081° +0.004
27.843%+1.724

15.025° +2.864
21.349° +0.682

23.015° +£0.693
7.444°+0.321
15.363° +0.364

71.9827 +£1.633
7.413% £0.353
2.701% £0.212

8.639 € + 3.568
2.811 €+ 0.796
—0.534°+0.280
2.867°+0.811
349.494°+4.966

0.071 © + 0.008
33.250%+0.550

21.5887 +5.263
19.546 © + 0.943

21673 € + 1.151
6.861¢ +0.684
14216 € + 0.725

72.4905 +3.781
6.361 < + 0.651
2.167 € + 0.304

11.781°°+0.134
2207 €+ 1.419
—0.903°+0.524
2.390P+1.501
335.708%+5.752

0.042¢ +0.002
24344 + 2,081

12.167°¢ +3.024
20.289  + 0.954

21.277 <+ 1.834
7.052 < +0.662
14.421 € + 0.546

70.954 <4 +3.15
6.538 < + 0.502
2242 €+ 0311

19.298%+2.741
13.431%+1.281
10.042°+2.369
16.790°+2.437
36.433°+3.794

0.046 +0.001
27.343°+0.577

11.083 < +3.613
19.721 “+1.224

20.973 < + 1.866
7.756° +0.821
14721 € + 0.926

74.255° +3.268
6.791 < + 0.845
2.226 €+ 0.424

15.954%°+4.893
5.143%+1.008

—0.040°+0.264
5.152°+1.005

357.29%+1.311

0.093% +0.001
24.663°+2.516

21.322° +7.304
23,6717 £1.256

24.445% +1.690
7.6705 +0.893
16358 +0.963

68.989% +3.114
8.429° +0.987
3.391° +0.544

15.403%°+1.866
2.344 € + 0.485
—0.943°+0.603
2.263°+1.084
339.344°+12.209

Different letters (a—d) in same line represent statistically significant differences among cultivars according to
Duncan’s Multiple Range test at p < .05.
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recorded average weight between 4.24 and 8.05 g (Pérez-Sanchez et al., 2008).
Differences in fruit weight depend on crop load (Goncalves et al., 2006) and
fruit maturity stage (Serrano et al., 2009). Sweet cherries with large fruit size
and fruit weight are well prized by consumers (Hjalmarsson and Ortiz, 2000).

The sphericity ratio of the cultivars studied varied from 68.99% to 72.49%.
These results are inferior to those reported in Turkish cultivars by Vursavus
et al. (2006) that presented average sphericity between 85.27% and 90.66%.
Naderiboldaji et al. (2008) reported a maximum sphericity of 94% and
a minimum of 91% in sweet cherry cultivars grown in Iran.

One of the most important characteristics of sweet cherry fresh fruit is flesh/
stone ratio. The average flesh/stone ratio determined in this study varied
between 11.08 and 21.59. The flesh/stone ratio for Turkish cultivars varied
from 17.70 to 20.73 (Vursavus et al., 2006).

Girard and Kopp., (1998) reported a lower L*, a* and b* values in eight
sweet cherry cultivars, of which four cultivars exhibited lighter, redder and
yellower colors. This result is in agreement with our findings. These differ-
ences in the fruit color can be attributed to the concentration and distribution
of the different anthocyanins and colorless phenolics as well as pH (Gao and
Mazza, 1995).

Morphological traits were statistically different at p < .01 among cultivars.
These properties could be beneficial to classify cultivars from a botanical point
of view and understand the behavior of the product during the post harvest
operations.

Physicochemical Parameters

The results for moisture content, pH, ash, titratable acidity and soluble solid
content (SSC) for all cultivars are presented in Table 2. Analysis of the
physicochemical data pertaining to the five cultivars showed significant varia-
tions in all parameters at (p < .05) (Table 2).

The moisture content varied from 77.8% “Napoleon” to 86.11% “Van.” The
pH values ranged between 3.46 “Van” and 4.12 “Coeur de pigeon.” The highest
total soluble solid content was recorded in “Van” (24.50 °Brix) and the lowest
value was observed in “Napoleon” (17.70 °Brix). The titratable acidity content,
expressed as % malic acid, varied from 0.31 “Coeur de pigeon” to 1.08
“Napoleon.” The ratio SSC/titratable acidity oscillated between 21.38
“Napoleon” and 72.06 “Van.” The ash values were between 0.24 “Van” and
1.12% “Burlat.” Similar results were reported for other cherry cultivars from
Iran (Siddiq et al., 2011) and Turkey (Vursavus et al, 2006). However,
Ballistreri et al. (2013) reported higher pH and titratable acidity values in
sweet cherry fruit grown in Italy than those reported in this study. They
recorded a range of 3.72-4.81, 0.57-1.35% malic acid for pH and titratable
acidity, respectively. These results are higher than the data reported in this
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Table 2. Physicochemical parameters of sweet cherry fruit samples.
Parameters Burlat Van Napoleon Cerisette Ceeur de pigeon

Moisture (% dry ~ 84.020° +0.651 86.111°£0.282  77.801° £0.211  84.555° +0.111  82.611% +1.841
basis)

pH 3.770° £0.000  3.460°+0.000  3.615°+0010  3.480°+0.000  4.120% +0.005
Ash (%) 1.015° £0.005  0241°£0028  1.115°20.121 06719 £0028  0.245° £0.063
Soluble solid 24.000° £0.000  24.500° £0.000  23.102“+0.140 17.701°+0.282  19.801¢ £0.000

content (°Brix)

Titratable acidity 0.365 ©+0.005  0.3359 +0.051 1.085% £0.010 0.311° +0.000 0.308° +£0.000
(% malic acid)

SSC/titratable 64.863°+0.100  72.061° +0.111  21.381°+0.011  57.100° +£0.060  63.873 € + 0.000
acidity ratio

Different letters (a—e) in same line represent statistically significant differences among cultivars according to
Duncan’s Multiple Range test at p < .05.

study. The reasons for these differences in TA could be due to differences in
the geographical growing areas. Also, the effect of genotype for TA in sour
cherry fruit was observed in another study (Damar and Eksi, 2012). The
possible reasons for this variation can be attributed to cultivar, growing area
differences, tree age and the climatic conditions in a specific year (Papp et al,,
2010). For instance, Bolin and Stafford., (1974) reported that rainfall and
percentage of sunshine during the growing season, which can induce an
increase in sugars and a decrease in acidity content.

Biochemical Parameters

The content of phenolics, proanthocyanidins and anthocyanins determined in
sweet cherry fruit are summarized in Table 3. The total phenolics (TP) content
in five different cultivars of sweet cherry ranged from 426.44 to 485.69 mg
GAE/100 g fw. The highest TP content was observed for the “Burlat” cultivar
(485.69 + 2.28 mg/100 g fw) followed by the “Napoleon” cultivar
(478.42 £ 6.71 mg/100 g fw). The phenolic content for Burlat and Van cherries
grown in Morocco was higher than those found in the study of Faniadis et al.
(2010); Kelebek and Selli., (2011) and Vursavus et al. (2006).
Proanthocyanidin content (TPAC) varied from 51.17 “Napoleon” to 131.20
“Coeur de pigeon” mg cyanidin equivalent/100 g fw. The highest value of the

Table 3. Biochemical parameters of sweet cherry cultivars.
Parameters Burlat Van Napoleon Cerisette Ceeur de pigeon

TP (mg GAE/100 g  485.694°+2.282 426.444 < + 20.901 478.419° +6.710 476.183%+5.924  459.054° +6.354
fw)
TPAC (mg CE/ 52740 € +2.851 86363°+10.182 51.167 + 2.554 52.584 ©+2.840 131.200°+2.870
100 g fw)
TAC (mg cya- 266.333% £0.640  253.932° +1.271 267.667° +6.640 194.5329 +6.401 212.611 © + 9.700
3-glu/100 g fw)
Different letters (a—d) in same line represent statistically significant differences among cultivars according to

Duncan’s Multiple Range test at p < .05. Total Phenolics (TP), total proanthocyanidins (TPCA) and total anthocya-
nins (TAC).
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total proanthocyanidin was observed in “Coeur de pigeon,” followed by “Van,”
“Burlat,” “Cerisette” and “Napoleon” (Table 3). The proanthocyanidin content
of sweet cherry samples is higher when compared to other related species such
as strawberry (15.92 to 23.55 mg/100 g fw) (Oszmianski and Wojdyto, 2009),
fig (0.072 to 3.40 mg/100 g fw) (Hssaini et al., 2020) and lower when compared
to blueberry (118 mg/100 g fw) (Hwang et al., 2014).

A strong variation in terms of total anthocyanins (TAC) was observed
among the cherry cultivars and it ranged from 194.53 “Cerisette” to 267.67
“Napoleon” mg cya-3-gluc/100 g fw. The cultivars can be classified from the
highest to the lowest content of anthocyanin as “Napoleon,” “Burlat,” “Van,”
“Coeur de pigeon” and “Cerisette” (Table 3). Our values of total anthocyanin
are higher than those found by Joaquin et al. (2011) and Acero et al. (2019)
who found 39.44 + 2.37 mg cya-3-O-rut/100 g in ‘Ambrunés’ sweet cherry
cultivar, and 52.75 mg cya-3- gluc/100 g in two cultivars grown in Spain.

The TP, TPAC and TAC contents in the studied cultivars were higher
compared to previous reports. Numerous studies have demonstrated that the
levels of biochemical composition are influenced substantially by the cultivar,
ripening, climatic conditions and agricultural practices (Cinquanta et al., 2002;
Saafi et al., 2009). Variations in these factors could explain significant varia-
tions in the levels of these secondary metabolites.

Antioxidant Activities

To evaluate the potential antioxidant activity of cherry fruit, three in vitro
assays, based on the scavenging activity (DPPH), radical scavenging capacity
(ABTS) and ferric reducing antioxidant potential (FRAP) were used and the
results are reported in Figure 1.

The differences in antioxidant activities among the sweet cherry cultivars
were statistically significant. The average antioxidant activity values were
13.68, 16.46 and 36.56 mmol/g as determined by DPPH, ABTS and FRAP
assays, respectively. The methanolic extract of cherry samples had a strong
antioxidant activity for the FRAP assay. Thus, FRAP assay could be used as
a good indicator of antioxidant activity in sweet cherry fruit. In addition, this
technique has an advantage in terms of cost and time (Thaipong et al., 2006).

The antioxidant activity was determined by FRAP assay ranged from 16.48
to 63.96 mmol/g Fe**. The ferric reducing power of the cultivars was in the
following order: “Cerisette,” “Napoleon,” “Burlat,” “Van” and “Coeur de
pigeon.” In nine sweet cherry cultivars, antioxidative capacity (FRAP) ranged
from 0.44 to 2.67 mmol/100 g fw (Vangdal and Slimestad, 2006), and from
0.62 to 1.42 mmol/100 g fw for six sweet cherry cultivars (Halvorsen et al.,
2002).

According to the data shown in Figure 1, the values of ABTS assay ranged
from 9.62 to 15.65 mmol/g ABTS™ The order of the fruit in the ABTS capacity

»  « » o«
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Figure 1. Histogram of antioxidant activity. Average values + standard deviation are presented
statistically significant differences (p < .05) among cultivars are presented over error bars (a-d).

assay was “Burlat,” “Cerisette,” “Napoleon,” “Coeur de pigeon” and “Van.” De
Souza et al. (2014) investigated the antioxidant activity of different sweet
cherry cultivars grown in Turkey and reported similar results.

The DPPH radical scavenging ability values ranged from 11.96 to
21.04 mmol TE/g, the cultivars can be arranged in the following order on
the basis of DPPH from high to lower: “Van,” “Coeur de pigeon,” “Napoleon,”
“Cerisette” and “Burlat.” DPPH scavenging activity of cherry fruit juice was
investigated by Hayaloglu and Demir., (2015), they reported moderate values
of scavenging activity similar to our results. This difference was most probably
due to the differences in the method of the extraction and the solvent used.

The different antioxidant levels observed in this study may reflect a relative
difference in the ability of antioxidant compounds in the extracts to quench
aqueous peroxyl radicals and to reduce ABTS, the DPPH-free radical and
ferric iron in in vitro systems.

The antioxidant activity of plant extracts is closely linked to their phenolic
composition, whose anti-radical properties are known (Jakobek et al., 2009). In
general, the antioxidant activity of the fruit is proportional to their phenolic
content: samples richer in phenolic content (particularly anthocyanins, flavonols
and phenolic acids) show bigger antioxidant activity (Kelebek and Selli, 2011).

Volatile Compounds

For the first time, the volatile compounds of the five sweet cherry cultivars
grown in Morocco are investigated. Nine volatile compounds belonging to
four groups were detected (Table 4): aldehydes (benzaldehyde and nonanal),
esters (ethyl hexanoate and ethyl octanoate), terpenes (p-pinene, y-terpinene,
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limonene and linalool) and alcohol (2-ethyl-1-hexanol). Aldehydes com-
pounds were the most abundant in sweet cherry aroma, ranging from 3.51%
in the “Cerisette” cultivar to 40.65% in the “Van” cultivar. The most abundant
aldehyde compounds were benzaldehyde followed by nonanal. Benzaldehyde
ranged from 2.87% for the “Cerisette” cultivar to 37.16% for the “Van”
cultivar. Nonanal ranged from 0.64% for the “Cerisette” cultivar to 3.49% for
the “Van” cultivar.

Aldehydes compounds are the most primary aromas of sweet cherry fruit
(Zhang et al., 2007). Benzaldehyde is a primary contributor to characteristic
cherry flavor and originates from enzymatic hydrolysis of the amygdalin in
fruit. Legua et al. (2017) reported that benzaldehyde and nonanal presented
the highest contents in the cultivars of Spanish sweet cherry cultivars.

Terpenes were the second most abundant groups, ranging from 7.66% for
the “Coeur de pigeon” cultivar to 12.01% for the “Cerisette” cultivar. The most
abundant terpene was y-terpinene with 4.32% in the “Van” cultivar and 8.47%
in the “Cerisette” cultivar. p-pinene was also identified and varied from 3.12%
in the “Napoleon” cultivar to 4.10% in the “Van” cultivar (Table 4). Finally,
limonene and linalool were found in very small amounts and ranged from
0.03% to 0.05% and from 0.01% to 1.08%, respectively. According to the
results of Sun et al. (2010), terpene compounds were high in five cherry fruit
from China, and both limonene and linalool were the important aroma
components.

Additionally, ester groups were only identified in “Coeur de pigeon” and
“Napoleon” cultivars. Ethyl hexanoate and ethyl octanoate were the main ester
compounds, and represented 13.51% and 3.71%, respectively. The study on the
aroma of Hongdeng sweet cherry indicated that ester compounds were the
important aromas and ethyl acetate and hexanoic acid ethyl ester were the
characteristic aroma of sweet cherry (Zhanget al., 2007).

Other minor compounds such as alcohol were also identified and the
content was not more than 1%.

Table 4. Volatile compounds of five sweet cherry cultivars.

Compounds (%) Burlat Van Napoleon Cerisette Ceeur de pigeon
Aldehydes

Benzaldehyde 3.154°+0.100 37.1579+0.200 15.674 < +0.200  2.871°+0.010 26.672°+0.100
Nonanal 1.022%+0.100 3.493%+0.400 1.333 ©+0.100 0.644°+0.020 1.870°+0.200
Esters

Ethyl hexanoate n.d. n.d. 4.181°+0.030 n.d. 9.333%+0.100
Ethyl octanoate n.d. n.d. 1.553°+0.100 n.d. 2.164°+0.100
Terpenes

B-pinene 3.534°+0.040 4.100°+0.400 3.122 €+ 0.030 3.491°+0.100 n.d.
y-terpinene 7.482°+0.140 4.322°+0.100 5.239%+0.201 8.467°+0.005 6.554 < +0.311
Limonene 0.039 “+0.010  0.041°+0.010 0.052°+0.010  0.040°+0.010  0.033%+0.000
Linalool n.d. 0.009 € + 0.000 0.641°+0.007 n.d. 1.080°+0.040
Alcohol

2-ethyl-1-hexanol 0.563%+0.100 n.d. 0.03°+0.010 n.d. n.d.

Differentletters (a—e) in same line represent statistically significant differencesamong cultivars according to Duncan’s
Multiple Range test at p< 0.05.
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Principal Component Analysis (PCA)

Principal component analysis (PCA) was performed using a correlation matrix
to identify patterns of variability among the cultivars studied and to discrimi-
nate between variables in the data set (Table 5). Prior to this analysis, data were
standardized to a comparable scale (1 = 0 and o = 1). The aim was to define the
main factors contributing to a better classification of the cherry cultivars based
on their morphological biochemical and volatile attributes. In our study, only
a principal component loading of more than 0.6 was considered significant for
each factor. It is noteworthy that for each variable only eigenvector presenting
significantly higher score was considered as being most correlated. Total
variance was explained by four components of which the first three accounted
for 88.29% (Table 5).

Table 5. Eigenvectors of principal component axes from PCA analysis.
Principal Components (PC)

1 2 3 4
F. Weight .550 —.243 797 .062
F. Length .597 -139 781 120
F. Width 791 —.047 .585 172
F. Thickness 281 .898 130 312
F. diameter 440 784 317 302
Sphericity 191 947 —-.031 257
Surface area 424 .800 .288 313
S. Weight -.571 275 725 =271
Flesh/stone 834 —A471 —-.166 235
Stem Length 339 .059 -.938 -.039
Stem Width 964 .023 209 160
Volume .528 678 402 315
L* -.673 —.621 370 -.154
a* -.899 -.197 212 329
b* -.816 —.243 .206 482
Chroma -.875 -218 197 384
hue 924 252 =175 -.227
pH .560 -.120 .804 156
Moisture .623 256 -.573 —.467
Ash -.679 570 237 .396
SSC 127 101 —.452 877
TA -.868 —-.204 .180 415
Mat. Index 946 101 —.306 .034
P =271 .804 .501 -.168
TAC -.023 219 —.346 912
TPAC .746 —.609 252 -.097
DPPH .086 -.991 —.095 -.023
ABTS -.299 .899 239 =213
FRAP -.859 337 21 —-.366
Benzaldehyde 438 —-.790 —-.356 239
B-pinene —.354 .365 -.854 110
Ethyl hexanoate 237 —.602 .755 .107
2-ethyl-1-hexanol 232 878 .094 408
y-terpinene —-.051 631 451 —-.629
Linalool 150 —.623 750 163
Nonanal 461 -.561 -.629 278
Ethyl octanoate 034 —.625 747 225
Limonene -.903 —.243 —.286 .208
% of Variance 35.375 29.664 23.249 11.712
Cumulative % 35.375 65.039 88.288 100.000

Scores loading more than |0.5] with one of each PC are marked in bold.
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The first component consisted of 11 variables which are fruit width,
flesh/stone ratio, stem width, chromatic coordinates, moisture, ashes,
titratable acidity, maturity index, TPAC, ferric reducing ability and
amounts of limonene of which the scores were 0.791, 0.843, 0.964,
L* = -0.673, a* = -0.899, b* = -0.816, C* = -0.875, h® = 0.92, 0.623,-
0.679, —0.868, 0.946, 0.746, —0.859 and 0.903, respectively. It explained
about 35.37% of the total variance observed, which means that these
variables had the highest variation between the cultivars and had the
highest impact on discrimination between them (Table 5). The second
component accounted about 29.66% of total variance, which is defined by
morphological traits which are fruit thickness, diameter, sphericity, sur-
face area and volume (0.898, 0.784, 0.947, 0.800 and 0.678, respectively)
and biochemical attributes that are TP, antioxidant activity (DPPH and
ABTS) and the amounts of 2-ethyl-1-hexanol and y-terpinene (0.804,
-0.991, 0.899, 0.878 and 0.631, respectively). This means that the second
component referred mainly to the fruit shape and its antioxidant activity.
The third component accounted for 23.15% of total inertia and is mainly
explained by the volatile compounds, B-pinene, ethyl hexanoate, linalool,
nonanal and ethyl octanoate. It is also correlated to fruit weight and
width, stone weight, stem length and pH (Table 5).

Scatter plot of the principal components was generated, PC1 and PC2, that
discriminate between the cultivars according to their morphological and
biochemical characteristics (Figure 2). The scatter plot distribution showed
that all cultivars were different except “Van” and “Coeur de pigeon” that had
similar peel chromatic coordinates (Darkest peel), fruit and stem width and
flesh to stone ratio (highest values). Starting from negative to positive values of
PC1, the distribution of cultivars indicated an increase in the most volatile
compounds, fruit weight and geometric characteristics with the exception
stone weight. However, it showed a decrease in peel lightness, ash, titratable
acidity and antioxidant activity (ABTS and ferric reducing ability), whereas
starting from negative to positive values of PC2, fruit tend to be darker with an
increase in fruit shape, TP, TPAC, ABTS and FRAP.

Conclusion

In this study, morphological, physicochemical, bioactive and volatile com-
pounds of sweet cherry cultivars (Burlat, Van, Cerisette, Napoleon and Coeur
de pigeon) were examined. The aldehydes and terpenes were the dominant
volatile compounds. The “Burlat” cultivar recorded the highest level of total
phenolic content while the cultivar “Van” exhibited the lowest amount. The
content of proanthocyanidin and anthocyanin was reported in Coeur de
pigeon (131.20 mg cyanidin equivalent/100 g fw) and Napoleon (267.67 mg
cya-3-gluc/100 g fw) respectively, while the lowest concentrations were



16 R. OUAABOU ET AL.

2
Burlat
[ ]

2

1
—_—
=
-
«
8 1 Cerisette
- ®
o™
Q
o

0

Napoleon
07 b an
]
Ceeur de peigon
2
KE
T T T T T T
2 1 0 1] 1 1 2

PC1 (33.28%)

Figure 2. Scatter plot for the first two principal components (65.04% of total variance) for the
studied cherry varieties based on all variables.

observed in Napoleon (51.17 mg cyanidin equivalent/100 g fw) and in
Cerisette (194.53 mg cya-3-gluc/100 g fw) respectively. PCA analysis showed
that morphological parameters, chromatic coordinates, biochemical attributes
and antioxidant activity were the most discriminative variables in cultivar
assessment. These descriptors had a high level of a total variance within
cultivars. Sweet cherry cultivars grown in Morocco showed good nutritional
characteristics, mainly bioactive compounds and antioxidant activity, which
can be of great interest in the pharmaceutical and food industries, as well as for
breeding programs targeting the improvement of the domestic sweet cherry
germplasm.
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