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ABSTRACT

The present study was conducted to assess the physico-biochemical variability in 35 genotypes of loguat using
multivariate analyses, in order to provide efficient criteria and promising genotypes for the loquat genetic breeding
program. Mature fruits were collected from 35 loquat genotypes, belonging to the Zegzel valley, were subjected
to physico-biochemical analyses. The results revealed a juice yield ranging from 0.21 to 0.65 g/g FW, and a
polyphenols content fluctuating from 322.8 to 366.89 ug GAE. g-1 DM. Regarding DPPH test, with a range
of 3.35 and 7.6 umol TE. g** DM, showed a positive correlation with total polyphenol content (r?= 0.76) and
flavonoid content (r= 0.72). Moreover, a negative correlation was recorded between the total soluble solids
content and juice yield (r?=- 0.47), which was moderately correlated with vitamin C (r?= 0.59). In addition, the
components analysis results revealed a significant and independent contribution of bio-physicochemical
characteristics in the loquat variation. Indeed, biochemical characteristics contribute to PC1, while,
physicochemical parameters contribute to PC2 and PC3. Furthermore, the hierarchical clustering analysis
classified the 35 genotypes into four homogeneous groups independently of their geographic origin. According
to these findings, the genotypes T9, T12, Z16, Z17 and TA9 exhibited high total sugar content, while, genotypes
T9 and T11 provide high carotenoids, flavonoids, total polyphenols and antioxidant activity level. As results,
these genotypes can be directly recommended for the vegetative propagation as well as applied along with the
efficient characters in future loquat breeding programs.
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INTRODUCTION Zegzel valley which produces more than 10,000 tons
in 2021. In this year, fruit production is increased with
a significant improvement in the size and taste quality
of this local product. These positive results are due
to an accompanying program that was initiated during
2016 and concerned the development and valorization
of loquat fruits through the purchase of technical
materials (ORMVAM, 2021). These programs can be
added to the application of various statistical tools
which is considered as efficient strategy for analysis
of genetic association among breeding materials and
germplasm classification (Mohammadi & Prasanna,
2003). Indeed, the multivariate data analysis (MVDA)
is used to better understand the structure of germplasm
collections to reveal the most pertinent variables and
to identify relationships between accessions. As a
result, these analyses will help to elaborate a “core
collection”, which is very important in terms of
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Loguat (Eriobotrya japonica Lindl.) is an evergreen
tree belonging to the Rosaceae family. The plant is
native to China and was extensively cultivated for
commercial purposes since the 19" century (Gariglio
et al., 2002). The most prominent loquat producers are
China and Japan. Regarding the Mediterranean region,
Spain and Turkey are the countries where this crop
has progressed spectacularly over the last 20 years
(Virginia et al., 2011). The loquat fruit is consumed
as fresh fruit due to its excellent flavor, abundant
nutritional values and medical applications (Sun et al.,
2020). In Morocco, this plant is cultivated as a
commercial fruit crop as well as an ornamental crop
for its yellow fruits (Hussain, 2011). This crop
occupies very specific locations throughout the
country, such as the region of Berkane, especially the



H Kabiri et al.

Table 1 : Plant material studied and corresponding codes

Geographical Distance from Loquat Genotypes Number
origin Berkane area codes of
(km) (H) samples
Takerboust 8 150 T1, T2, T3, T4, T5, T6, T7,
T8, T9, T10, T11, T12, 12
Taghsrout 12 50 TAL, TA2, TA5, TAG, TA7,
TA8, TA9, TAl13, TAl4 9
Tazaghin 16 35 TZN1, TZN2, TZN3, TZN4 4
Zegzel 20 150 Z1, 72, 73, Z4, 75, 76, Z17,
Z8, 716, Z17 10
Total 35
germplasm conservation (Leguizamén & Badenes, X e

2003). In Morocco, the limited research on this plant
requires further investigations to provide efficient
information and recommendations to obtain a deeper
comprehension of the loquat chemical variation and
improve the genotype identification. In this regard, the
objective of this study was the application of
multivariate analysis to effectually explore the loguat
physicochemical and biochemical variation and
relationships between these two important aspects as
well as to identify promising traits and genotypes
which could be manipulated in future loquat breeding
programs.

MATERIALS AND METHODS
Plant material

In April-May 2015, a survey performed on loquat
plantations of the Zegzel valley belonging to the
Berkane region. This valley is characterized by a warm
and sunny microclimate, an average annual rainfall of
466 mm and well-drained fertile soils. The density of
the plantation in the large hydraulic perimeters varied
from 260 to 280 trees per hectare (ORMVAM, 2015).
This prospection led to identify 35 loguat genotypes
from Zegzel, Takerboust, Taghsrout and Tazaghin
region. (Table 1, Fig. 1). The choice of these genotypes
based on number of agronomic and economic criteria,
such as tardiness and earliness, shape, size and fruit
color, leaves shape as well as the good physical
condition of the tree. From each genotype, a healthy
fruit were randomly collected and placed in a cooler
and transported immediately to the laboratory for
physicochemical and biochemical analysis.
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Fig. 1 : Sampling sites of loquat genotypes studied

Determination of juice yield

The loquat fruits were washed, cut into pieces and
pulped. Subsequently, the pulp was maintained at
20+£1 °C for 3 h and then centrifuged at 12000x g/10
min at 4 &@%C. The supernatant was collected as
loquat juice. The juice yield was calculated using the
following formula:

Mjuice
Juice yield = Broip
Mijuice:  the weight of loquat juice
Mpulp:  the weight of loquat pulp
Where,

The juice yield is expressed as g of juice per g of fresh
weight (FW).
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Determination of physicochemical parameters
Soluble solid content

Total soluble solids were determined by a
refractometer (ATAGO C.O Ltd; Model PR-1)
graduated by 0.2 °Brix. Briefly, two drops of loquat
fruit juice were placed on the prism of the equipment
surface (Viera et al., 2022). The total soluble solids
were expressed in term of °Brix.

Titratable acidity

The titratable acidity was measured by potentiometric
titration using a standardized alkaline solution
(Serrano et al., 2003). An amount of 10 ml of fruit
juice was diluted in 50 ml of distilled water and then
titrated with a 0.1 NaOH solution until pH=8.2 was
reached. Titratable acidity was expressed per g of
malic acid L.

pH value

The pH values of the fruit juice were recorded using
an electronic pH meter (PH211R, HANNA®).

Determination of biochemical parameters
Extraction procedure

The extraction was performed according to the method
described by Xu & Chen (2011). An amount of 10 g
of lyophilized fruit was homogenized in 25 ml of
absolute methanol using vortex apparatus. The
homogenates were kept at 4 °C for 12 hours and then
centrifuged at 6000 rpm for 20 min. The supernatants
were collected and the extraction of the residue was
repeated three times under the same conditions. The
collected supernatants were combined and stored at -
20 &%C until further analysis.

Total polyphenols

Total polyphenols were determined using the Folin-
Ciocalteu method (Singleton & Rossi, 1965). A 0.1
ml of the loquat extract was mixed with 5 ml of Folin-
Ciocalteu (0.2 mol/l). After a 5 min, 4 ml of sodium
carbonate (150 g/l) were added. The incubation was
performed for 90 min in the dark and followed by the
absorbance measurement at 765 nm. The results
expressed as g gallic acid equivalent per g of DW.

Total flavonoids

The determination of flavonoids was determined using
the Xu & Chen (2011) protocol. Indeed, 2 ml of the
methanolic extract were mixed with 3 ml of distilled

water as well as 0.3 ml of sodium nitrate (0.72 mol/
L). After 5 min, 0.6 ml of aluminum trichloride at 0.41
mol/L was added. After another 6 min, 2 ml of sodium
hydroxide (1M) and 2.1 ml of distilled water were
added to the mixture. The absorbance was measured
at 510 nm and the results were reported as pg Rutin
equivalent per g of DW.

Ascorbic acid content

The ascorbic acid content of the fruit extracts was
measured by titration with the 2,6-
dichlorophenolindophenol (DPIP) (AOAC, 2000).
Following this protocol, 1 g of lyophilized fruit was
mixed with 40 ml of buffer consisting of 1 g/l oxalic
acid as well as 4 g/l anhydrous sodium acetate. Then,
the mixture was titrated with a solution comprising
295 mg/l DPIP and 100 mg/l sodium bicarbonate. The
standard L-ascorbic acid AnalaR (BDH, Buffalo, NY
USA) was used to prepare a standard curve. The
results expressed as g ascorbic acid equivalent (AAE)
per g of DW.

Carotenoids

Carotenoids amounts were analyzed with the method
provided by Xu & Chen (2011). Briefly, 2 g of
Iyophilized fruit was mixed with 25 ml of acetone /
ethanol mixture (1: 1 v / v) including 200 mg / |
butylated hydroxytoluene. The homogenate was
filtered under vacuum, then the residue was washed
with extraction solvent and was completed to 100 ml
with the same solvent. The extracts were transferred
to decanting ampoule with 50 ml of hexane. The
container was shaken and kept to stand for 15 min.
Then, 25 ml of distilled water were introduced and the
mixture was agitated again and allowed to separate
in order to recover the organic phase after 30 minutes.
The spectrophotometer was calibrated with hexane and
the absorbance of the samples was measured at 470
nm. The carotenoids results were presented as ug
carotene equivalent per g.

Antioxidant activity

The antioxidant activity of the extracts evaluated
according to the protocol of Xu & Chen (2011) using
DPPH assay. In fact, 3 ml of DPPH solution
(0.1mmol/l) was added to 0.1 ml of the methanolic
extract. After 30 min of incubation in the dark and at
room temperature the absorbance was measured at 517
nm. The anti-radical activity estimated as percentage
of inhibition by the following formula:



Abe; 7 pample M — Abg; -, nm
v paeac SioGLT gample V5] Teontrole
Percentage Inhibition (%) = - % 100
Abg sample 1M

Results were expressed as umol Trolox equivalent
(TE) per g of DW.

Statistical analysis

The obtained data were submitted to several statistical
analyses, such as descriptive analysis as well a
correlation test using Pearson’s correlation coefficient
(a = 0.05). Furthermore, Principal Components
Analysis (PCA) and the hierarchical cluster analysis,
were applied. These analyses were carried out using
SAS \ersion 10.0 software (SAS Institute Inc., 1988).
All experiments were evaluated in triplicate.

RESULTS AND DISCUSSION
Physicochemical and biochemical variation

The results of physico-biochemical parameters
analyzed, are presented in Table 2. The juice yield,
which is the most important index for juice production,
ranged from 0.21 to 0.65 g/ g FW with an average of
0.44. The titratable acidity showed a level of 2.18-4.91
g/L of malic acid with an average of 5.69. As for the
total soluble solids, the recorded values were between
6.55 and 15.7 °Brix, with an average of 7.17. For pH,
the highest registered value is 4.15 while the lowest
is 2.69 with an average of 3.18. The titratable acidity
obtained in this work coincide slightly with the results
of Martinez-Calvo et al. (2000), with values varied
from 2.5 to 17g/L of malic acid. Amoros et al. (2003)
indicated that the difference of acidity values among
loguat genotypes is mainly due to the maturity stage
and earliness production. For pH parameter, the

Table 2 : Physico-biochemical parameters analyzed
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achieved values are weak revealing an acidic fruit of
the genotypes studied. Similarly, Abozeid & Nadir
(2012) reported that the loquat pH is about 4.32.
Regarding the biochemical parameters, the
polyphenols varied from 322.8 to 366.89 pg GAE. g
1 DM, as well as the flavonoids ranged from of 71.39
to 76.81 pg RE. g! DM with an average of 343.67
and 73.34, respectively. The ascorbic acid content
showed an amount of 42.04 -153.99 ug AAE. g* DM,
with an average of 96.43. As for the carotenoids, the
maximum content registered is 13.76 ug of B-carotene.
g?, while, the minimum is 2.3 pg p-carotene g, with
an average of 7.17. In addition, the result of
antioxidant activity evaluation, using the DPPH test,
oscillated between 3.35 and 7.6 umol TE g-1 DM.
These findings are in agreement with the results of
Hong-Xia et al. (2014), who previously showed that
total phenolic, total flavonoids and total antioxidant
activity (DPPH) ranged from 0.66 to 0.96 mg g* GAE,
0.09 to 0.21 mg g* and 2.91 to 4.93 umol TE g?,
respectively in six loquat cultivars.

Correlation between the physico-biochemical
parameters

Correlation analyses are commonly used in breeding
programs to determine traits that are difficult or
expensive to measure. The knowledge of the
relationships between variables allows a breeder to
identify a primary variable with low heritability and/
or difficult to measure based on another variable(s),
thus allowing for faster progress than direct selection
(Matias et al., 2016). The correlations matrix of fruit
physicochemical and biochemical characteristics
(Table 3) recorded pertinent associations.

Parameter Min. Max. Mean SD

Juice yield (g/g FW) 0.206 0.645 0.444 0.089
Titratable acidity (g / L malic acid) 2.18 14.91 5.69 2.90
The total soluble solids (°Brix) 6.55 15.7 7.17 2.25
pH 2.69 4.15 3.18 0.34
Polyphenol (ug GAE. g** DM) 322.8 366.89 343.67 11.01
Flavonoids (ug RE. g* DM) 71.39 76.81 73.34 1.18
Ascorbic acid (ug AAE. g DM) 42.04 153.99 96.43 24.24
Carotenoids (ug B carotene. g*) 2.3 13.76 7.17 2.73
DPPH (umol TE. g** DM) 3.35 7.6 5.35 1.04
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Table 3 : Correlation matrix between physico-biochemical parameters of loguat genotypes

Variable Juice yield TSS TA pH DPPH  Carotenoids Flavonoids Polyphenols
Juice yield 1

TSS -0.34* 1

TA 0.03 -0.14 1

pH 0.08 0.003 -0.63*** 1

DPPH 0.03 0.001 0.27 0.005 1

Carotenoids -0.04 0.20 -0.36* 0.08 0.21 1

Flavonoids -0.11 -0.05 0.24 -0.06 0.72%** 0.26 1

Polyphenols 0.1 -0.06 0.35* -0.08 0.75*** 0.18 0.69*** 1
Ascorbic acid 0.49** -0.21 0.001 0.18 0.13 0.05 0.04 0.09

TSS: total soluble solids, TA: titratable acidity; Significance level *: p < 0.05; **: p < 0.01 ***: p < 0.001

The antioxidant activity is positively correlated with
the total polyphenol content (r?= 0.76) and the
flavonoid content (r?= 0.72). Similarly, flavonoids
were positively correlated with total polyphenols
(r>= 0.69). Numerous studies, reported a high
correlation of antioxidant activity with polyphenol and
flavonoid content (Becerril-Sainchez et al., 2021).
Indeed, these findings are in accordance with the
results of loquat study conducted by Xu & Chen
(2011), which recorded on the hand a positive and
significant correlations of polyphenols with flavonoids
(r =0.92, P < 0.01) and DPPH (r = 0.70, P < 0.05)
and on the other hand a positive and significant
correlations of flavonoids with DPPH (r = 0.75,
P < 0.01). The antioxidant activity is due to the
presence of different antioxidant components in plant
tissues. In fact, previous studies have reported that the
antioxidant activity of bioactive components such as
TPC, tannin, anthocyanin, TFC, phenols, alkaloids,
and pro-anthocyanins is mainly promoted by their
unusual redox properties (Muflihah et al., 2021). In
addition, a negative correlation was registered between
titratable acidity and pH as well as carotenoids
(r’= -0.63; r?= -0.36 respectively). Moreover, a
negative correlation was revealed between the total
soluble solids content and juice yield (r?=- 0.34) which
was strongly and positively correlated to ascorbic acid

(r>= 0.49), which mean that the sweeter fruits provide
a lower juice yield.

Physico-biochemical characteristics contributing to
genotypes variation

The PCA was applied to identify the parameters that
constitute the main source of variation in Moroccan
loquat tree. The first three principal components
explain 73.45% of the total variance with 30.83%,
25.74% and 16.88%, respectively (Table 4). The
flavonoid, carotenoids, polyphenols and DPPH test
contribute positively to the PC1, conferring to this
latter, an axis of biochemical traits. Moreover, the
highest contribution to PC2 corresponded negatively
to the total soluble solids content and pH, while it
corresponded positively to juice yield, titratable acidity,
ascorbic acid and polyphenols. This axis mainly
reflects physicochemical parameters. Regarding the
PC3, the values indicated that ascorbic acid, pH, and
juice yield had the greatest positive contribution, while
titratable acidity had the strong negative contribution
to this component (Table 5). Based on the results
obtained, the physico-biochemical parameters analyzed
are potentially useful as discriminant criteria. These
results are in agreement with those reported by
Arantino et al. (2022), which found that chemical
parameters namely juice yield, pH, total soluble solids,

Table 4 : Eigen values and proportion of total variability explained by the first three principal components

Components Eigen value Variance (%) Cumulative variance (%)
PC1 2.77 30.83 30.83
PC2 2.31 25.74 56.57
PC3 151 16.88 73.45
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Table 5 : Contribution of physico-biochemical parameters to the formation of the three components

Variables PC1 PC2 PC 3
Juice yield -0.27 0.33 0.44
Total soluble solids 0.25 -0.36 -0.23
Titratable acidity -0.05 0.52 -0.41
pH 0.14 -0.35 0.51
DPPH 0.51 0.21 0.1

Carotenoids 0.36 -0.23 0.21
Flavonoids 0.47 0.27 0.04
Total polyphenols 0.45 0.34 0.07
Ascorbic acid -0.18 0.3 0.52

titratable acidity and antioxidant activity allowed for
a significant differentiation among the pomegranate
cultivars studied.

Genotypes characterization and identification of
potential groups

The PCA plot constructed on the three first
components, allowed to reveal a distinct and extended
distribution of the 35 genotypes studied (Fig. 2). In
addition, the hierarchical cluster analysis led to classify
these individuals, according to their physicochemical
and biochemical content (Table 6), into four main
homogeneous groups independently of their geographic
origin (Fig. 3). The first group, formed by T9 and Z17
genotypes, revealed with coordinate that are positive
on PC1 and negative on PC 2 and PC3. On the hand,
the genotype T9 is located on the positive side of PC1
with high values of antioxidant activity (7.60 pumol
TE/q), carotenoids (13.76 ug B carotene/g), flavonoids
(74.32 ug RE/g), and total polyphenols (355.66 ug
EAG/ g). The genotype Z17, positioned in the positive
median part of PC1, exhibiting low to medium values
of biochemical traits (DPPH, carotenoids, flavonoids
and polyphenols). On the other hand, both are
characterized by very high values of the total soluble
solids content (15.7 and 15.2 °Brix, respectively), low
juice yield (0.20 and 0.28 g/g FW, respectively), very
low ascorbic acid content (42.04 and 57.6 pug AAE/
100g, respectively), high pH value and low titratable
acidity. These results are consistent with the
correlation matrix showing that juice yield correlated
negatively with the total soluble solids content and
positively with ascorbic acid, meaning that the sweet
fruit produce a low juice yield. Regarding the second
group, it included genotypes T4, T1, T5, T11, T3, Z5,
T8 and T2. On PC1, these genotypes are located in

the positive side distinguished by high values of
polyphenols and flavonoids (344.7 to 366.8 pg EAG/
g; 74.02 to 76.81 ug ER/g respectively) as well as a
medium values of carotenoids, providing a great level
of antioxidant activity.

For PC2, these genotypes are located on the positive
side and revealed medium to high values for titratable
acidity and the total soluble solids content. In PC3,
they are distributed along the axis with positive and
negative coordinates and characterized by medium to
high values for juice yield, ascorbic acid content and
medium to low values for pH. The large third group
containing Z2, T7, TA5, TA2, Z3, Z4, Z16, TA13,
T12, TA7, Z1, Z6, Z7, Z8, TZN2, TA6, T6, TAL,
TA8, TA9, TAl4, T10 and TZN1 genotypes, can be
divided into four subgroups. The first subgroup
composed by genotypes Z2, T7, TA5 and TA2 which
were located on the negative part of PC1, exhibiting
a medium to high values of flavonoids, carotenoids,
total polyphenols and DPPH. On PC2, these genotypes
are located on its positive median part, with lower
values of the total soluble solids and titratable acidity.
As for PC3, these individuals are located at its positive
side with a high juice yield rich in ascorbic acid.
Concerning the second subgroup formed by genotypes
Z3, 74,716, TA13, T12 and TA7, presenting positive
coordinates on PC1 and negative coordinates on PC2,
showed medium amounts of flavonoids, carotenoids,
total polyphenols and antioxidants (DPPH). In general,
the fruits of these genotypes are rich in total soluble
solids (9.95 to 13.20 °Brix). The third subgroup,
including Z1, Z6, Z7, Z8, TZN2, TA6 and T6,
recorded negative coordinates on PC1 as well as
positive coordinates on PC2. These individuals, rich
in flavonoids, total polyphenols and ascorbic acid,
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Fig. 3: Dendrogram of the 35 loquat genotypes based on physico-biochemical parameters
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Assessment of physico-biochemical parameters of Moroccan loquat genotypes

provide fruit with high juice contents and a slight
acidity compared with the other genotypes. Indeed, the
genotypes TA6, Z6, Z7, Z8 achieved total soluble
solids content values higher than 10 °Brix (11.05;
10.55; 11.35; 11.10 °Brix), while T6, T1 and TZN2
had values lower than 10 °Brix (Table 6). The last
subgroup constituted by 7 genotypes namely TAL,
TAS8, TA9, TA14, T10 and TZN1. These individuals
are positioned on the negative part of axes 1 and 2,
and on the positive part of PC3. This position reflects
a high ascorbic acid content, ranging from 88.5 and
145.25 mg EAA/100g. Finally, the fourth group,
included TZN3 and TZN4 genotypes, are located on
the negative side of PC1 and PC3 with low values of
the parameters contributing to the explanation of PC1.
In PC2, the TZN3 located on the positive side,
whereas the TZN4 located on the negative side with
acidic fruits and a high juice level as well as very low
total soluble solids content (TZN3= 6.95 °Brix and
TZN4= 6.55 °Brix). The variation within the
genotypes can be probably due to the stage of maturity
and the earliness of production (Amoros et al., 2003).
In addition, environmental factors including sail,
moisture, temperature, light intensity, humidity,
precipitation, photoperiod and cultural practices can
influence gene regulation which, in turn, affects the
expression of genes controlling the trait of interest
leading to different phenotypic expression from one
location to another (Garen et al., 2016).

CONCLUSION

The results showed large variability of physico-
biochemical parameters analyzed which were efficient
to classify the genotypes studied into four homogenous
group independently of their geographic origin. In
general, Zegzel Valley trees are characterized by acidic
fruit with medium to low sugar levels, but they can
considered a very important source of antioxidant. The
T9, T12, Z16, Z17 and TA9 genotypes produce fruit
with great total sugars level, while, genotypes T9 and
T11 produce fruit rich of carotenoids, flavonoids, total
polyphenols with high antioxidant activity. These
results provide very useful information for loquat
breeding programs to improve the Moroccan loguat
crop.
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