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Abstract: The apple is an important part of the human diet
and is one of the most popular fruits in Morocco, with
varieties that are now suitable for human consumption.
This study aims to clarify several aspects of apples, such as
their physical and chemical compositions and nutrient pro-
files. Total polyphenols, flavonoids, tannins, and anthocya-
nins were determined using spectrophotometer and organic

acid compounds were identified by high-performance liquid
chromatography-ultraviolet. The results show a significant
difference between the several varieties under study in terms
of their physico-chemical and phyto-chemical characteristics.
In general, the studied apples are juiciness, with a percentage
ranging from 60 to 71%. The pH values demonstrate how
acidic the apples are. The Brix parameter denotes values
greater than 13°Brix. Total polyphenols and condensed tan-
nins (1154.65 ± 13.54 µg EAG/g and 514.09 ± 32.40 µg EAT/g,
respectively) are more present in the Ahjjani variety than
they are in other varieties. This demonstrates their good nutri-
tional quality while not being consumable. However, the Story
variety has a predominance of flavonoids (75.074 ± 2.309 µg
QE/g) and flavones (45.074 ± 2.09 µg QE/g). The detection of
organic acids has shown that the acid succinic is the most
abundant in all the varieties of studied apple fruits. These
results allow us to infer that non-consumable varieties are
also important dietary sources of bioactive molecules, notably
for polyphenols. The fact that these kinds can be used to
produce other byproducts is therefore highly intriguing.

Keywords: polyphenols, flavonoids, HPLC, phytochemical,
apple

1 Introduction

The apple (Malus domestica) is one of the most widely
grown and consumed fruits. A wide variety of apple vari-
eties thrive in different climatic regions. Morocco’s apple
varietal profile is a combination of multiple imported
types. The Golden Delicious dominates the spread of these
kinds, with Starking Delicious and Starkimson serving as
its pollinators. Red Chief, Golden Smoothie, and Gloster are
also cultivated there [1]. In areas with mild winters, the
phenological and physiological variety of 27 apple cultivars
was demonstrated in earlier research by Oukabli et al.
While some of them can tolerate the climatic and educa-
tional conditions of these places, others are not well suited
to them [2]. Certain cultivars can be grown in mountainous
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places where temperatures are moderate and elevations
range from 500 to 800 m: Black Stayman, Einschiemer, Vista-
bella, Ozark Gold, Gala Royal, Anna, and Dorset Golden [1,2].

Various pomological traits were investigated in the
work of [3] to investigate the pomological diversity of apple
germplasm growth in Morocco using the descriptors of the
International Board for Plant Genetic Resources (IBPGR,
1992) and the International Union for the Protection of
New Varieties of Plants [4]. This work has shown that the
varietal profile of apple in Morocco is diversified. In addi-
tion to the varieties introduced from outside of Morocco,
there are local cultivars with specific properties of adapta-
tion to each region of Morocco, such as Oumlile, Ahmri,
Mticha, Labiad, Amlale, Oumlile beldi, Azougar, Beldi,
Lahlou, Talhlout, Lahmar, and Zarbana [3]. Some of these
varieties are marketable, and the apple varieties are labeled
inMorocco as local products. Three varieties are mentioned,
the Midelt Apple, Imilchel Apple, and Haouz Apple. The
Midelt apple is a combination of Golden Delicious, Star-
kimson, and Starking Delicious varieties [5]. The “Imilchil
apple” encompasses the whole circle of Imilchil (Imilchil,
Bouznou, Outarbate, Amouguer, and Aït Ihya). The “Haouz
apple” variety, derived from Golden Delicious, Starking Deli-
cious, and Royal Gala varieties, is grown exclusively in the
geographical area of the rural commune of Asni in the pro-
vince of Al Haouz [6]. The number of new varieties con-
tinues to evolve while keeping their traceability by the
National Office of Sanitary Safety of Food Products.

The physico-chemical study of different apple cultivars
grown in Morocco is essential to understand the inherent
properties and chemical compositions of these fruits. Physical
attributes, such as size, shape, color, and texture, directly influ-
ence the marketability and acceptance of apples in the fresh
produce sector. These parameters are vital in selecting apples
that meet the demands of consumers while optimizing storage
and transportation logistics. Additionally, texture attributes, such
as crispiness and juiciness, are crucial in defining the sensory
experience of consuming apples and are highly regarded in the
food industry for apple-based product development [7].

The physicochemical properties of apples play a
pivotal role in shaping consumer preferences and deter-
mining the suitability of specific cultivars for various
applications. From a chemical standpoint, apples are a
rich source of various bioactive compounds that contri-
bute to their nutritional value and potential health benefits.
Organic acids, sugars, and soluble solids content determine
the taste and sweetness of apples, whereas antioxidants,
vitamins, and minerals confer health-promoting properties
[8]. Apples are particularly rich in several types of polyphe-
nols, including resveratrol, flavonoids, and phenolic acids
such as quercetin, catechins, epicatechins, anthocyanins,

procyanidin, hydroxycinnamates, dihydrochalcones, and
chlorogenic acids [9–11]. These compounds are highly corre-
lated with the antioxidant activity. According to several stu-
dies, despite their low market value, the old apple varieties
are considered to be a principal source of bioactive com-
pounds compared to the commercial varieties [11,12].

Understanding the chemical composition of different
apple varieties is integral to assessing their overall nutri-
tional quality and their contributions to a balanced diet
[7,13]. The chemical properties of apples vary according
to several factors such as variety, stage of ripening, and
geological origin [7]. In Morocco, to our knowledge, there
are a few studies that were carried out on the chemical
composition of some apple varieties.

This research aims to determine the physicochemical
properties of different varieties of apples in Morocco and high-
lights the many facets of apples, including their physical char-
acteristics, chemical constituents, and nutritional profiles.

The physico-chemical study of the different varieties of
apples grown in Morocco will provide a better understanding
of the diversity of these emblematic fruits. Through the meti-
culous analysis of their physical and chemical attributes, we
strive to unlock the full potential of apples as a valuable and
versatile agricultural commodity, contributing to sustainable
food systems and promoting human health and well-being.

2 Materials and methods

2.1 Plant material

Fresh, mature, and ripe cashew apples were picked from a
local plantation in Imouzzer Kandar, Morocco (at 33°44′ North,
5°01′ West) during the maturity season. The fruits were trans-
ported straight from the site of collection to the Laboratory.

Nine varieties were selected for this study. Two vari-
eties, known as the Lbeldi (P1) and Ahjjani (P2) apples, are
unmarketable fruits, due to their small size and wild char-
acter, while the seven varieties (P3–P9) are among the des-
sert apples most widely grown and marketable in Morocco.
The description of the different varieties is shown in Table 1
(Supplementary S1).

2.2 Physicochemical characterization of apples

To characterize the physicochemical quality of apples, the
following parameters are studied: juiciness, pH, soluble
solid content, and dry matter (DM). These parameters are
measured using apple juice.
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Determining DM involves heating a quantity of the
apple sample at 105°C until a constant mass is obtained.
It is expressed as a percentage. Determining the juiciness
of apples is based on compressing the fruit to extract juice
from a defined quantity of apple. The results are calculated
as the fraction of the volume of juice extracted (in mL) over
the quantity of apple (g) put under pressure. The values
obtained are expressed as a percentage (%, v/p). The pH is
measured using a 210 pH microprocessor electro-meter.
The total soluble solids (TSS) content of the juice is mea-
sured by Brix degree using a pocket refractometer (0–40%
Brix) (Model ATAGO Pocket Refractometer).

2.3 Phytochemical characterization

To characterize the phytochemical quality of apples, the
following parameters are studied: total polyphenols, total fla-
vonoids, flavonols, flavones, anthocyanins, and condensed
tannins (CT). The levels of these various components are
determined using apple extracts.

2.3.1 Preparation of the extracts

Apple extracts were prepared using the method described
by [14]. Fresh apples were washed with tap water and air-
dried. Using a slicer, the apples were cut lengthways into 12
pieces, with the seeds removed. The pieces are crushed at a
relatively low temperature using a blender for 10 s to obtain a
grind. A volume of 50mL of 80% aqueousmethanol was added
to 10 g of thematerial obtained, and thewholewas reground at
maximum speed for 1 min and then filtered through filter
paper. For optimum extraction, the crushed material was
washed twice with 30mL of methanol. The whole mixture
was evaporated under vacuum at a temperature of 40°C. The

product obtained is the apple extract, which will be stored at
4°C for later use. The extraction yield (R) is determined using
the formula proposed in the literature.

2.3.2 Total polyphenolic content

The total polyphenol content of the various samples was
determined using the method described by Kara et al. [15].
This involves mixing 0.1 mL of Folin–Ciocalteu reagent
(25%) with 0.1 mL of apple extract diluted in methanol
(10 mg extract/mL MetOH). The mixture was then vortexed
vigorously and 2 mL of sodium carbonate solution (2%)
was added. After 30 min incubation at room temperature,
the optical density was measured spectrophotometrically
at 760 nm.

2.3.3 Total flavonoids content

Yang et al. [16] described the procedure for flavonoid deter-
mination. One milliliter of each methanolic extract (10 mg/
mL) is added to 1 mL of 2% aluminum chloride methanolic
solution. After 15 min incubation at room temperature, the
absorbance of the samples was measured in an ultraviolet
(UV)–visible spectrophotometer at 430 nm [16].

2.3.4 Flavones et flavonols

Flavones and flavonols were determined by mixing 0.5 mL
of the methanolic extract in a test tube with 1.5 mL of
ethanol, 0.1 mL of the methanolic solution of AlCl3 (10%;
v/v), 0.1 mL of CH3COONa, and 2.8mL of distilled water. The
solution was incubated at room temperature for 30min. A
UV–visible spectrophotometer was used to measure absor-
bance at 415 nm [15].

Table 1: Studied apple varieties

Varieties ID Description Date of harvest

Ahjjani P1 Small size, red skin, flesh not very melting, acidic, astringent and sour. September
Lbeldi P2 Size of cherry, melting flesh, acidic, astringent and sour. September
Starking Delicious P3 Shiny dark red skin, elongated shape, delicately sweet, juicy. September
Red Delicious P4 Red skin, elongated shape, melting and floury flesh, delicately sweet, juicy. September
Story P5 Intense and very attractive red skin, very dense and firm, very sweet with very low acidity. October
Gala P6 Hard but smooth skin, with pink-orange stripes on a yellow background. Sweet, slightly acidic with a

hint of bitterness, firm, juicy, very crisp and tonic.
September

Golden Limosin P7 Yellow, sweet, slightly acidic, firm and juicy, very crisp and invigorating. October
Golden Delicious P8 Yellow, delicately sweet, juicy, sweet taste, crunchy texture, attractive, uniform shape. October
Granny Smith P9 Tart, very firm, crunchy, juicy, cookable or chewable, fairly thick-skinned. September
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2.3.5 Total anthocyanins

Total anthocyanins are determined using the pH difference
method described by Lee et al. [17], which is used to calcu-
late total anthocyanin content. The samples were dissolved
in buffers of pH 1.0 and 4.5. The absorbance of the solutions
was measured at 510 and 700 nm.

The following equation is used to calculate the final
absorbance and total anthocyanin content:

( ) =
× × ×

×
A

ε l
Total anthocyanins μg/g

MV FD 103

where A = (A510–A700)pH 1,0 − (A510–A700)pH 4,5, MW: tmo-
lecular weight of 3-glucose cyanidin (449.2 g/mol), DF: dilution
factor, ε: molecular extinction coefficient, L mol−1 cm−1, and l:
pathlength (1 cm).

2.3.6 CT

The calorimetric test, as described by [18], is used to deter-
mine the tannin content of the samples. Briefly, 100 µL of
the apple extract sample (10mg/mL) is mixed with 500 µL of
Folin–Ciocalteu and 1mL of sodium carbonate (7.5%). Absor-
bance was measured at 760 nm after 30min incubation. The
values for CTs in vinegar are expressed in equivalent micro-
grams of tannic acid per gram of extract (µg EAT/g).

2.3.7 Identification of organic acids using high-
performance liquid chromatography (HPLC)-UV

Organic acids were carried out using HPLC according to
the method described by Bozan et al. [19].

To extract the organic acids, 50 mg of the sample and
1 mL of ultra-distilled water were mixed. The mixture was
placed in an ultrasonic water bath at 80°C for 15 min and
then sonicated and centrifuged at 5,500 rpm for 15 min. The
mixturewas thenfiltered (Whatmannylon syringefilters, 0.45µm,
13mm/diameter) prior to analysis byHPLC (Shimadzu LC 20A VP)
equippedwith aUVdetector (Shimadzu SPD 20AVP), and an 87H
column (5µm, 300mm × 7.8mm [I.D.], Transgenomic). The injec-
tion volume is 20µL, and the detection wavelength is 210 and
242nm.

The identification of organic acids and the determina-
tion of peaks are based on the retention time of the peaks
and the comparison of spectral data according to five stan-
dards used, malic, citric, succinic, fumaric, and L-ascorbic
acids. The acids identified were evaluated according to the
calibration curves of the corresponding standards. Results
are expressed in mg per 100 g.

2.4 Statistical analysis

The graphs used in this study were created using GraphPad
Prism 8.0.1. A one-factor analysis of variance (ANOVA) and
Tukey’s post hoc test were used for statistical analysis.
Differences were considered significant at p < 0.05.
Principal components analysis (PCA) was performed
using Minitab 19.1 statistical software.

3 Results and discussion

3.1 Physico-chemical characterization of
fruit

The pH values recorded in our study appear to be similar
for most of the varieties studied. They ranged from 3.40 ±

0.148 to 4.66 ± 0.30 (Table 2). According to the statistical
ANOVA, the pH values for Ahjjani (P1) and Lbeldi (P2) and
Golden Delicious (P8) are lower than those recorded for the
other varieties. These values indicate the acidic nature of
apples. The high acidity of the two unmarketable varieties
Ahjjani (P1) and Lbeldi (P2) can be explained by their rich-
ness in organic acids, as shown in Table 3. Generally, our
results are in line with several studies which also note that
the variation in pH values is between 3 and 5 [7].

The °Brix values vary according to the studied vari-
eties, ranging from 13.00 ± 0.00 to 21.050 ± 0.212 °Brix
(Table 2). The average is 17.77 °Brix and the standard devia-
tion is 2.85 °Brix. This index is proportional to the level of
soluble sugars. These values also show that these samples
are a better indicator of taste quality. These results are
higher than those found by Coseteng and Lee for apples
at the end of ripening before storage [20].

Total DM represents the soluble and insoluble DM con-
tained in the apple varieties studied. The results of this
analysis show that DM varies according to the variety
studied. The Red Delicious (P4) and Gala (P6) varieties con-
tained very high quantities compared with the other vari-
eties, respectively, 35.030 ± 0.424 and 35.24 ± 0.424% (Table
2). The Ahjjani variety (P1) represents an intermediate
value (26.55%), while the Lbeldi (P2), Story (P5), Golden
Limosin (P7), Red Delicious (P8), and Granny Smith (P9)
varieties have almost similar quantities, not exceeding
22.4%. In comparison with the results of [21], our samples
show high DM values, particularly for Golden Delicious
and Granny Smith. These authors found quantities of less
than 16.92% in these two varieties, of which 67.60 and
56.61% represent the percentage of soluble DM in the two
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varieties, respectively. In fact, apples are characterized by
their high content of polysaccharides, polyphenols, and
water-soluble vitamins such as vitamin C and B vitamins
B1–B12 [7,21]. Our study shows that DM content depends on
the variety, and the difference in soluble DM content
between the different varieties studied can be explained
by the texture and biochemical composition of the fruit.

The results obtained for the juiciness parameter are
shown in Table 2. The values recorded range from 60.65 ±
1.202 to 71.00 ± 0.42%. The Ahjjani (P1), Lbeldi (P2), and Red
Delicious (P4) varieties had significantly lower values than
the other varieties. These results can be explained by the
ripeness, texture, and/or firmness of the fruit. As shown by
Mehinagicen et al., juiciness is more strongly expressed in
fresh, crunchy fruits (Starking Delicious, Story, Gala, Golden
Limosin, Golden Delicious, Fuji, and Granny Smith) than in
the generally less appreciated mealy fruits (Red delicious,
etc.). Moreover, this property is strongly influenced by the

choice of variety and the length of storage. Juiciness decreases
significantly between the harvest date and after 5 months’
storage, whatever the stage of ripeness at harvest [22].

3.2 Phytochemical characterization

3.2.1 Extraction yield

The results shown in Figure 1 show the rate of extraction of
metabolites from apple fruit. It can be clearly seen that the
rate varies according to variety. Statistical analysis shows
that the difference is significant at p < 0.05.

However, extraction yields were very high for the
Ahjjani (P1) and Golden Delicious (P8) varieties, with yields
18.7 ± 0.141 and 17.1 ± 0.99%, respectively. These varieties
contain high content of polar and soluble solid compounds,

Table 2: Physicochemical parameters of different varieties studied

Varieties ID pH Brix °B Dry matter (%) Juiciness (%, p/v)

Ahjjani P1 3.50 ± 0.14b 21.10 ± 0.14a 26.55 ± 1.34b 61.06 ± 1.50b

Lbeldi P2 3.50 ± 0.00b 21.05 ± 0.21a 20.79 ± 0.28c 60.65 ± 1.20b

Starking Delicious P3 4.50 ± 0.14a 16.09 ± 0.16d 21.17 ± 0.11c 69.22 ± 0.73a

Red Delicious P4 4.30 ± 0.28a 17.00 ± 0.42 cd 35.03 ± 0.42a 68.66 ± 0.13a

Story P5 4.66 ± 0.28a 19.00 ± 0.57b 21.55 ± 0.30c 69.58 ± 0.97a

Gala P6 4.46 ± 0.08a 18.50 ± 0.71bc 35.24 ± 0.42a 68.70 ± 0.57a

Golden Limosin P7 4.00 ± 0.14a 20.00 ± 0.57ab 22.39 ± 0.26c 68.25 ± 0.49a

Golden Delicius P8 3.40 ± 0.15b 14.50 ± 0.00e 15.37 ± 0.52d 68.74 ± 0.23a

Grany Smith P9 4.00 ± 0.00a 13.00 ± 0.00e 14.97 ± 0.17d 71.00 ± 0.42a

Total 36.32 ± 1.2 160.24 ± 2.78 213.06 ± 3.82 605.86 ± 6.24
Max 4.66 ± 0.28 21.1 ± 0.71 35.24 ± 1.34 71 ± 1.5
Min 3.4 ± 0.14 13 ± 0.00 14.97 ± 0.11 60.65 ± 0.13
Average 4.04 ± 0.13 17.80 ± 0.31 23.67 ± 0.42 67.32 ± 0.70
SD 0.48 ± 0.10 2.87 ± 0.26 7.39 ± 0.37 3.75 ± 0.45

The letters (a–e) mean the significant difference between the means in the same column.

Table 3: Organic acids quantified in different apple varieties (mg/100 g)

Varieties ID L-Ascorbic acid Citric acid Succinic acid Fumaric acid

Ahjjani P1 107.96 ND 1807.84 ND
Lbeldi P2 462.86 104 267.2 61911.46 ND
Starking delicious P3 ND ND 11345.28 43.98
Red delicious P4 ND ND 3683.54 5.96
Story P5 ND ND 7247.88 32.14
Gala P6 ND ND 17525.5 134.36
Golden limosin P7 ND ND 2749.86 4.42
Golden delicious P8 ND 214.62 235.88 5.62
Granny smith P9 ND ND ND ND

ND: not detected.
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such as polysaccharide, organic acids, and polyphenols.
The other varieties had yields of no more than 12.9 ±

0.07%. Granny Smith (P9) had the lowest yield (8.4 ± 0.424%).

3.2.2 Total polyphenolic content

The results obtained are shown in Figure 2 and show a
significant difference between the different varieties studied.
The maximum content was observed in Ahjjani apples (P1)
with a concentration of 1154.65 ± 13.54 µg EAG/g of extract.
The minimum value was recorded in the Golden Limosin
variety (P7) with a concentration of 82.63 ± 16.52 µg EAG/g
of extract. Our results remain significantly lower than those
found by [23]. These authors showed that the average total
polyphenol content varied from 66.2 to 211.9mg/100 g of fresh
fruit.

From these results, we can see that the quantity of poly-
phenols depends on the geographical origin, genotype, and

varietal profile. The two unmarketable varieties Ahjjani (P1)
and Lbeldi (P2) are very rich in polyphenols compared with
the marketable varieties tested in this study. These results
can be explained by the fact that, in the region studied, these
varieties are not treated or maintained by farmers. As a
result, and to resist the various biological and abiotic attacks,
they favor the synthesis of polyphenols. Thus, determining
the polyphenol content of unmarketable apple varieties was
therefore a crucial element of this research. It showed that
the compounds contained in the apples tested could consti-
tute a healthy alternative and, consequently, easily compete
with commercial varieties used to make by-products such as
vinegar, jam, and other products.

Similarly, these results are in line with those of Kahle
et al. [23] and Soler et al. who noted that total polyphenol
content varies from 154 to 178 mg/L in marketable apples.
For older varieties of cider apples, however, levels vary
between 261 and 970 mg/L [24].

Hydroxycinnamic acid (HCA) derivatives, flavan-3-ols
(monomeric and oligomeric), flavonols and their conju-
gates, dihydrochalcones, and procyanidins are among the
phenolics found in different apple cultivars [25]. In addi-
tion, studies have shown that several factors can influence
the polyphenol content in fruit, namely the extraction
method used, the varietal profile, the genotype, the growth
stage, the storage method, and the storage time [20,26–29].
Among the polyphenols contained in apple varieties,
chlorogenic acid and (−)-epicatechin are the most domi-
nant components, while the (+)-catechin is the weakest
component.

Indeed, Kahle et al. have shown that the main HCA
present in apple fruit is chlorogenic acid, accounting for
87% of total polyphenols. Furthermore, with regard to
dihydrochalcones, which are mainly found in apple fruit,
phlorizidine (phloretin 2′-β-D-glucoside) and phloretin 2′-β-
D-xylosyl-(1→6)-β-D-glucoside are the main components [23].
Other polyphenol molecules are identified by [13], such as
hyperoside, isoquercitrin, avicularin, rutin, and quercitrin.
Hyperoside is the main quercetin glycoside present in
apple fruit.

3.2.3 Total flavonoid content

The results for flavonoids and flavones are highly variable
and depend on the apple variety (Figures 3 and 4). By
performing an ANOVA on the results obtained, we can
clearly see a significant difference between the different
varieties. The maximum levels of flavonoids (75.074 ±

2.309 µg EQ/g) and flavones (45.074 ± 2.309 µg EQ/g)
were obtained for the Story variety (P5).
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Figure 1: Metabolite extraction yield from apple fruit.
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Figure 2: Total polyphenol content in the different varieties studied (µg
EAG/g extract).
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In fact, flavonoids are synthesized in particular sites of
the plant and are responsible for the color and aroma of
the fruit [30], which is the case for the red varieties studied
in our study, such as Lbeldi (P2), Starking Delicious (P3),
Red Delicious (P4), Story (P5). and Gala (P6). In addition,
flavonoids play a role in frost resistance and drought resis-
tance and may play a functional role in plant heat accli-
matization and frost tolerance [31]. The high flavonoid
content of these varieties makes them an important source
of antioxidants, anti-cancer, and anti-microbial agents.

Compared with other phenolic compounds, flavanols
are often abundant in fruit. In apples, two sub-classes of
flavanols have been identified: catechin and oligomeric
procyanidins are the main class of apple polyphenols,
accounting for more than 80%, followed by HCA (1–31%),
flavonols (2–10%), dihydrochalcones (0.5–5%), and, in red
apples, anthocyanins (1%) [11].

Apart from the varietal profile, other factors can influ-
ence total flavonoid levels. Several studies have shown that

ripening and storage period can modify flavonoid levels.
According to the same authors, cold storage can lead to a
drop in flavonoid content. This is due to the cessation of
synthesis and conversion of ortho-diphenols (ODPs) into
other compounds. In the literature, it is also noted that
flavonols increase except for catechins, which decrease
during storage.

3.2.4 CTs

CTs are among the phenolic compounds that represent
significant quantities in apple fruit. In our study, we found
that the CT content was very high in the Ahejjani variety
(P1) compared with the other varieties, with a content of
514.09 ± 32.40 µg EAT/g (Figure 5). However, the other vari-
eties (P2 to P9) had similar values, ranging from 17.128 ±

0.239 to 62.015 ± 8.054 µg EAT/g of extract.
The maximum content obtained for P1is explained by the

fact that this variety has a bitter and astringent taste. Indeed,
flavan-3-ols and tannins have long been considered to be
responsible for this taste aspect in fruit [32–34]. In addition,
According to the study of Bravo et al., CT and soluble polyphe-
nols cross-link with proteins and inhibit digestive enzymes,
thereby impacting protein digestibility and possibly increasing
endogenous nitrogen excretion [35]. Therefore, the use of the
Ahjjani variety (P1) must take into account its high CT content,
which must either be eliminated or extracted and valorized in
the industrial sector.

3.2.5 Anthocyanins

Anthocyanins belong to the group of pigments responsible
for coloring, particularly fruit. In contrast to the other
parameters, the anthocyanin levels obtained in the
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Figure 3: Total flavonoid content in the different varieties studied (µg
EQ/g extract).
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Figure 4: Flavone/Flavonol content in the different varieties studied (µg
EQ/g extract).
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Figure 5: CT content in the different varieties studied (µg EAT/g extract).
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different varieties studied were slightly variable. Values
ranged from 3.160 ± 0.386 µg EAT/g for the variety (P9) to
17.900 ± 2.057 µg EAT/g for the variety (P5). The high con-
tent of anthocyanins is observed in the red varieties (P1 to
P6) in comparison with the yellow and green ones (P7, P8,
and P9) (Figure 6). This result can be explained by the
nature of the pigments contained in apple fruit, and espe-
cially in the peel of red-colored apples [10]. As reported by
Harborne, the main classes are red to violet monomeric

anthocyanins [36]. In plants, these molecules are also
involved in adaptation to the climate change, UV light
exposure, mechanical damage, pathogen attacks, flooding,
low-oxygen conditions, and other types of stress [31,37,38].
The presence of anthocyanins in the fruit can contribute to
human health as anti-inflammatory, antioxidant, anti-obe-
sity, and anti-diabetic agents [39].

3.2.6 Identification of organic acids by HPLC

The organic acids in our samples were determined by
HPLC-UV using four reference molecules (Table 3 and Sup-
plementary S2).

The results obtained are expressed in mg/100 g of
extract. L-Ascorbic acid was observed in the Ahejjani (P1)
and Lbeldi (P2) varieties with concentrations of 107.96 and
462.86 mg/100 g of extract, respectively. Citric acid was only
found in the Lbeldi (P2) variety with a maximum concen-
tration of 104,267.2 mg/100 g and Golden Delicious (P8) with
a content of 214.62 mg/100 g, respectively.

Except for the Granny Smith variety (P9), succinic acid
was identified in almost all the varieties studied. As for
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Figure 6: Anthocyanin content in the different varieties studied (µg/g).

Figure 7: Pearson correlation between different studied parameters.
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fumaric acid, its concentration was found to vary from
4.42 mg/100 g in the Gala variety (P6) to 134.36 mg/100 g in
the Golden Limosin variety (P7), while it was not identified
in the Ahjjani (P1), Pomme Lbeldi (P2), and Granny Smith
(P9) varieties. In general, apples are known to contain little
ascorbic acid [40].

Other organic acids identified by Kunicka-Styczyńska
and Pogorzelski in apples include (S)-(−)-malic acid, which
accounts for over 90% of the acids, pyruvic acid, tartaric
acid, citric acid, lactic acid, and succinic acid [41]. Indeed,
according to the study carried out by Ma et al. [42], apples
of the genus Malus accumulate mainly malic acid and citric
acid, while wild (unmarketable) fruit has significantly
higher levels of organic acid content than marketable fruit.
The organic acid content of fruits and juices influences
their flavor, stability, nutrition, acceptability, and keeping
quality. In addition, they are important in the processing of
gelling products, as they affect the gelling property of
pectin. The sugar/acid ratio determines the taste and flavor
of apples [7,43]. Therefore, the processing of these varieties
must consider the content of these organic acids.

3.3 Principal component analysis and
correlation between different
parameters

In the dataset shown in Figure 7, polyphenols and tannins
exhibit a positive correlation with Yeld (r = 0.662 and r =

0685, respectively) indicating that hydro-methanolic extrac-
tion was optimized. Tannins were correlated positively with
polyphenols (r = 0.968), which is logical since tannins are
classified among the polyphenols. Polyphenols, tannins, and
brix have a negative correlation with juiciness (r = −0.680, r
= −0.735, and r = −0.736, respectively). In addition, Juiciness

reveals a strong negative correlation with Tannins (r = −0.680),
polyphenols (r = −0.735), and Brix (r = −0.736). The large quan-
tity of juice in the fruit reflects a high-water content, which has
a negative influence on the quantity of soluble solids and there-
fore on the Brix value. These results also show that during the
extraction process, a large quantity of insoluble polyphenols
and tannins remain attached to the apple residue (pomace).
These correlations offer insights into the relationships among
the various variables in the dataset.

Figure 8 shows the score plot (A) and the loading plot
(B) of different parameters used in this study. The first
principal component (PC1) explains the highest amount
of variance in the data (46.2%). PC1 is mainly influenced
positively by Polyphenols, Yield, Tannins, and Brix °B,
while negatively influenced by Flavonoids, pH, and Juici-
ness. This axis is mainly associated with the two unmarke-
table apple varieties, particularly Ahjjani Variety. This
explains by the fact that these varieties are rich in poly-
phenols, tannins, and soluble solids.

The second principal component (PC2) explains the second-
highest amount of variance (24.2%). PC2 is positively influenced
by pH, Brix °B, and DWand negatively influenced by Flavonoïds.
The third principal component (PC3) explains 13.3% of the total
variance. PC3 is positively influenced by Flavonoïds and Brix °B
and negatively influenced by Polyphenols and Juiciness. These
results clearly show that unmarketable varieties are very impor-
tant thanks to their richness in bioactive compounds and can be
used in processing.

4 Conclusion

The aim objective of this study was to determine the phy-
tochemical properties of different varieties of apples in

Figure 8: Principal component analysis of different studied parameters.
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Morocco. Physicochemical and phytochemical including
polyphenols, flavonoids, CTs, anthocyanins, and organic
acid compounds were determined. The apples studied were
generally juicy with an acid pH. The Brix parameter repre-
sents values above 13°Brix. Total polyphenols and CTs were
higher in the Ahjjani variety than in the other varieties. This
shows their good nutritional quality even though they are not
marketable. Flavonoids, on the other hand, are dominant in
the Story variety. The identification of organic acids showed
that succinic acid was the most abundant in all the apple
varieties studied. These results lead us to conclude that the
unmarketable varieties are also considered an important
source of bioactive compounds with high nutritional value,
particularly polyphenols. As a result, the production of these
cultivars should increase and be used to produce dietary
supplements, vinegar, and other products. It is therefore
worth pointing out that these varieties can be used to produce
other by-products such as compote, jam, and vinegar. A more
detailed understanding of the variability in phytochemical
characteristics and fruit quality of these apple varieties will
be useful for the future selection of a new apple genotypes
with improved dietary quality and processing characteristics
suitable for the manufacture of apple-based products.
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