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Abstract
In Morocco, dietary habits are associated with excessive consumption  
of red meat and fatty foods, as well as foods that are high in sugar 
such as bread and cakes, while vegetables and fruits are consumed in 
insufficient quantities. However, fruits and vegetables are of great nutritional 
importance, as they are rich in vitamins, minerals, fiber, antioxidants, and 
help prevent several diseases such as diabetes, cardiovascular diseases, 
and tumors. Strawberries, known for their sweet and tangy taste, are 
consumed with a variety of products from different origins in Morocco. This 
present work consists of the study of the organoleptic, physicochemical 
characteristics, total phenolic, total flavonoid, Magnesium, Calcium, Chloride, 
Fluoride, Glucose and sucrose of nine samples of strawberries cultivated  
in different regions of Gharb (East of Morocco). The contents of magnesium, 
calcium, chloride, and fluoride vary from 19.4 to 34 mg/100 g, from  
13.5 to 48.1 mg/100 g, from 82 to 1609 mg/100 g, and from 0.03 to 
0.04 mg/l, respectively. The amounts of sucrose, glucose ranged from 
0.6 to 1.3 g/100g and from 1.35 to 2.45 g/100 g, respectively. The total 
phenolic contents (TPC) and flavonoid contents (TFC) range from 61 to 
151 mg gallic acid equivalents (GAE)/100 g of fresh weight and from 56 
to 236 mg Quercetin equivalents (QE) /100 g of fresh weight, respectively.  
The strawberry sample grown in the Moulay Bousselham region has Ca, Cl, 
Mg, F, glucose, sucrose, and polyphenols superior to those of the samples 
cultivated in the regions of Larache and Benslimane. The results of the 
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different samples of strawberries reveal the characteristics of acid nature, 
rich in polyphenols, flavonoids, minerals, citric acid and low in sugars. 
The variation of the different physicochemical parameters in strawberries 
varieties allows to classify strawberry samples according to their nutritional 
qualities, dietary interest and bring selection criteria for the consumer. These 
works aim to improve dietary habits by introducing new foods into meals, 
with the aim of improving the nutritional quality of the population.

Introduction
The cultivation of strawberries in Morocco has grown 
remarkably over the last 20 years, with a cultivated 
area of 3,050 hectares and 180,378,742 plants  
of different varieties such as Sabrina, San Andreas, 
Fortuna, Festival, Camarosa, Splendor, among other 
things, during the 2016-2017 crop year. Between 
1990 and 2010, this crop recorded significant growth 
at an annual rate of 15.5%, stimulated mainly by 
the increase in global demand for strawberries and  
the climatic conditions conducive to the cultivation  
of this fruit in Morocco.1

Strawberry production has grown significantly since 
its introduction in the Loukkos basin.2 generating 
23% of agricultural employment in the Tangier-
Tetouan-Al Hoceima region. This sector has 
experienced impressive export growth, accounting 
for 65% of total strawberry production, 95% 
of blueberries and 90% of raspberries. Exports reach   
30 countries, including 16 EU countries, the Gulf 
States, Australia, North Africa and Latin America. 
The Loukkos basin currently holds nearly 80%  
of the national production, favored by the geographical 
proximity with Europe, the favorable soil climate,  
the availability of water resources, the skilled 
workforce, the mastery of production, packaging, 
conservation and processing techniques, as 
wel l  as the re locat ion of  the product ion 
of certain European companies to Morocco.3  

A nutritional point of view Strawberries are  
a widely consumed fruit due to their nutritional value, 
very rich in water (90%), low in carbohydrates, 
low in calories, rich in vitamins such as vitamin 
C, B vitamins (B8, B9), rich in trace elements and 
macronutrients).4,5

  
The most essential phenolic compound group in 
strawberries is anthocyanins, responsible for the 

fruit's bright red color. Therefore, the composition 
of anthocyanins is essential for the sensory quality 
of fruits and products. The hydrolyzable tannins,  
or ellagitannins, are found only in a few other 
berries.6,7 Strawberries also have high levels  
of condensed tannins. i.e. Proanthocyanidins.7–9 
Flavonols are phenolic compounds found in lower 
concentrations in strawberries.7,10

Several studies have been put forward to explain 
the protective effect that the high consumption  
of strawberries would have in the prevention 
of certain diseases. The presence of phenolic 
compounds would be able to prevent certain 
diseases thanks to their antioxidant power.11

In Morocco, strawberries are not fully utilized due to 
limited knowledge of their potential and nutritional 
value, and few studies have been conducted to 
examine the nutritional characteristics of Moroccan 
strawberries. To the author’s knowledge, this is the 
first documented report on the fluoride content and 
electrical conductivity of strawberries in Morocco. 
The purpose of this study was to characterize 
the physicochemical and phenolic properties  
of strawberry samples. The specific objectives of the 
study were: i) to assess the quality of strawberries 
(water content, pH, titratable acidity, electrical 
conductivity, glucose, sucrose), ii) to evaluate 
the minerals in strawberries (Mg, Ca, Cl, and F)  
iii) quantifying phenolic and flavonoid compounds, 
and iv) determining correlations for each parameter  
in the samples.

Materials and Methods
Materials
Nine samples of strawberries grown in the Gharb 
region (eastern Morocco) were collected from 
street vendors in different markets. The origin and 
organoleptic qualities are presented in Table 1.



341SADIK et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 339-350 (2023)

Methods
Preparation of Strawberry Juice
After washing, 10 grams of strawberries were 
weighed and added with a volume x 10 ml of distilled 
water. After grinding in a blender and filtration,  
the extracts obtained were stored at - 20°C.

Determination of Moisture Content
The moisture content was determined according to 
the protocol described by Doymaz.13 After cutting 
into fragments, 5 grams of strawberries were 
weighed into glass capsules. After incubation in the 
oven at 105°C ± 2 for 3 hours, the capsules were 
weighed until the constant weight was obtained after 
cooling. The moisture content was calculated using 
a standard formula.

Where 
• wf = mass of the sample before drying (gram),
• wd = mass of the sample after drying (gram).

Determination of the Acidity Level
The titratable acidity was determined on strawberry 
juice preparations according to the method described 

by AFNOR.14 The acidity level is determined by the 
addition of  0,1 N NaOH solution  until a pH of  8.1 
is obtained. This pH value was chosen because  
it is high enough to neutralize the citric acid present 
in the strawberry juice. The percentage of citric acid 
was calculated using a standard formula.

Where
• Volume of NaOH: the volume of sodium hydroxide
  (NaOH) used for titration, in milliliters (ml)
• Normality of NaOH: the normality of NaOH solution 
  used for titration in (mol/l)
• m: the weight of the sample, in grams (g)

Determination of the Sucrose Content
Sucrose was measured using the portable 
refractometer HI 96801 (Brix), which is a durable, 
portable digital food refractometer designed  
to measure the sugar concentration of aqueous 
solutions in % Brix. The device provides results with 
a precision of ±0.2% Brix and is easy to operate 
with just two buttons, one for calibration with 
distilled or deionized water, and the other for taking 
measurements.15

Table 1: Organoleptic parameters of the different strawberry samples studied

Samples Place of Aspect Color Taste Size (cm) Form
 purchase

1 Larache juicy bright red acidulous 5.2 medium, 
      fine, elongated
2 Ben Slimane juicy light red sweet and 2.3 elongated, 
    acidulous  ovoid
3 Moulay soft dark red sweet 5.1 round
 Bousselham  very bright
4 Rabat soft dark red sweet 2.5 oblongues
5 Casablanca juicy dark red sweet 4.6 elongated, 
      oval
6 Souk El Arbaa juicy light red sweet and 3 round
 du Gharb   acidulous
7 Rabat juicy dark red sweet 4 round
8 Agdal juicy light red sweet and 4 ovoid
    acidulous
9 Rabat soft dark red sweet 3.7 round
   very bright
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Determination of the Magnesium Level
Magnesium content was measured according 
to the Calmagite method used by Gindler et al.  
and Khayam et al.16,17 After incubation of the 
reaction medium for 5 minutes at room temperature, 
calmagite forms a complex with magnesium  
in alkaline media, which absorbs at a wavelength  
of 510–550 nm. The magnesium concentration in the 
samples is determined with reference to magnesium 
standards the concentration (20 mg/l).

Determination of the Calcium Level
Calcium levels in strawberry juice solutions were 
measured using the CPC method.18 Complexation 
of the reagent o- cresolphtalein in alkaline medium 
(1 ml) with calcium from the strawberry juice 
solutions results in the formation of a complex 
that absorbs at 570 nm. The absorbance of the 
strawberry juice samples is deduced from the control 
value. The calcium concentration in the samples is 
determined with reference to a calcium standard the 
concentration (100 mg/l).

Determination of the Chloride Level
Chloride levels were measured according to  
colorimetric approach defined by Florence et al. 
and Tietz.19,20 This method is based on the reaction 
of undissociated mercuric thiocyanate with chloride 
ions to form undissociated mercuric chloride and free 
thiocyanate ions. The thiocyanate ions react with 
ferric iron to form a red complex, whose absorbance 
is determined at 400–500 nm. The chloride 
concentration in the samples is determined with 
reference to a chloride standard the concentration 
(100 mEq/l).

Determination of Fluoride Levels
Fluoride levels in the samples were determined by 
the potentiometric technique, which is based on 
the use of a fluoride-specific electrode (HI-4110).  
The HI-4110 electrode allows the accurate detection 
of fluoride ions at room temperature in water, 
beverages, plants, and food products.21

Determination of Conductivity
Conductivity is a parameter that indicates the 
capacity of an aqueous solution to conduct 
electricity and is directly linked to the existence 
of soluble salts in the solution.22 To determine  
the conductivity of the sample of strawberries under 
investigation, a conductivity meter is used, and  

the result is expressed in units of microsiemens  
per centimeter (µS/cm).23

Determination of Glucose Level
Glucose levels were measured using the enzymatic 
method24,25 which is based on the oxidation  
of glucose by glucose oxidase (GOD) to produce 
gluconic acid and hydrogen peroxide (H2O2).  
In the presence of peroxidase (POD), H2O2 
oxidizes 4-chlorophenol and paraphenylenediamine  
(PAP) acid phosphate to form a complex that  
is measured at a wavelength of 500 nm after 
a 10 minute incubation at room temperature.  
The amount of glucose in the samples is 
calculated relative to a glucose GOD-PAP standard  
the concentration 1g/l.

Polyphenol Dosages
The method used to determine polyphenol levels in 
strawberry samples was described by Siddhuraju 
et al.26 200 μl of strawberry extract is added  
to 1.5 ml of 10-fold diluted Folin-Cioccalteu reagent 
and incubated for 5 min at room temperature.  
The addition of 1.5 ml of sodium carbonate (60 g/l) 
and incubation for 90 min in the dark results in the 
formation of the blue coloration, whose absorbance 
measured at 725 nm. The calibration curve (between 
0 and 100 µg/ml of gallic acid) is used to the amount 
of polyphenols present in the strawberry juice.

Flavonoids Content
The method of flavonoid determination is based 
on that described by Zhishen et al. and Kim  
et al.27,28 400 µl of extract were mixed with 120 µl 
of NaNO2 (5%). After incubation for 5 minutes,  
120 µl of AlCl3 (10%) was added to the mixture. 
After incubation for 6 minutes, 800 µl of 1M NaOH 
was added. The absorbance of the reaction medium 
obtained is determined at 510 nm. The calibration 
curve (between 0 and 100 µg/ml of quercetin)  
is used to determine the flavonoid levels in the 
strawberry juices.

Statistical Analysis
The measurements were conducted in three 
replicates. And the data presented reflects the 
average of those three replicates. The results were 
expressed as mean ± standard error. Statistical 
analysis using One-way analysis of variance 
(ANOVA) was performed, and GraphPad Prism 
version 8.0.2 software was used to make statistical 



343SADIK et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 339-350 (2023)

comparisons between strawberry sample. Tukey's 
test was used to compare the means obtained, and 
any differences with a p-value less than 0.05 were 
considered statistically significant

Results and Discussion
Variat ion of  Organoleptic Qual i t ies of 
Strawberries
In the present study, the strawberry samples  
of Moroccan origin varied in color from light to 

dark, bright red. The dark red and bright strawberry 
samples were soft and very sweet and the light 
red samples were low in sweetness and medium  
in tartness (Table 1)

Physicochemical Parameters
Data on physicochemical parameters of three 
strawberry samples (1, 2, and 3) are presented  
in Table 2.

Table 2: Variation of physicochemical parameters of the strawberry 
samples studied

Strawberry Humidity (%) pH Titratable  Conductivity
Sample   acidity (%) (mS/cm)

1 58.00±0.10a 3.60±0.02c 0.32 ±0.00a 1.07±0.01a

2 61.00±0.30b 3.06±0.05b 0.34 ±0.00a 0.98±0.01b

3 67.00±0.20c 3.01±0.00a 0.67±0.01c 0.86±0.00c

Data shown are means ± standard error (n = 3); values with different letters  
are significantly (p < 0.05) different according to the Tukey test.

Moisture content  is  58%, 61% and 67% 
respectively in sample strawberries (1), (2) and (3).  
The moisture content in strawberry sample (3)  
of Moulay Bousselham is higher than those  
of the region (1) and (2) of Larache and Benslimane 
origin .These moisture contents are lower than those 
reported by Raj et al29 [87% to 94%] and comparable 
to the banana fruit [68.5% to 73.8%].30 Factors 
that influence the water content of plants include 
their age, the period of their vegetative cycle.31 
genetic factors.32 as well as different environmental 
conditions, including exposure to various soil and 
climatic conditions and geographical distribution.33

According to Bretaudeau and Fauré, water plays an 
important role in the dissolution of minerals, sugars, 
enzymes, and other compounds in the fruit.

The pH values are respectively 3.01, 3.06 and 3.60 
in samples (3), (2) and (1). sample (3) is more acidic 
compared to the original Benslimane and Larache. 
These values are comparable to those of Rahman 
et al (pH 3.7).34

Strawberries have a natural acidity due to the 
presence of organic acids such as citric acid, malic 
acid, and ascorbic acid.35 These organic acids 

are responsible for the characteristic acidic taste  
of strawberries and may have health benefits.

According to Rodas et al, physical and chemical 
properties of strawberry, such as external color, 
pH, sugar and citric acid content, are influenced  
by combined doses of nitrogen and potassium 
applied in fertilization.36

The measurement of titratable acidity allows the 
quantification of organic acids present in strawberry 
samples.37 These organic acids are metabolic 
intermediates that influence microbial growth and 
shelf life. They also play a role in the growth, ripening 
and senescence of the fruit .38 and can affect  
its sensory properties.39,40

The titratable acidity contents are respectively 
0.32%, 0.34%, 0.67% in the samples (1), (2) 
and (3). Samples (1) and (2) have lower acidity 
levels compared to sample (3). The acidity levels 
found are lower than those obtained by Lal et al.41  
These results demonstrate that the relationship 
between strawberry pH and titratable acidity is linear 
(Table 2). This variation may be due to climatic 
conditions and the ripening process of the fruit.42
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The conductivities are 1.07 mS/cm, 0.98 mS/cm 
and 0.86 mS/cm in strawberries (1) (2) and (3), 
respectively. Sample (1) has a high conductivity 
compared to the other samples (2) and (3).  
These values are low compared to that characterized 
by Sarang et al.43 The electrical conductivity  
of strawberry is influenced by a variety of factors, 

including its water content, pH and the presence  
of certain acids and sugars.44

Variation in Mineral Content
The results of mineral content variations for  
3 strawberry samples (1), (2) and (3) are given  
in Table 3.

Table 3: Variation in mineral content

Strawberry Mg Ca Cl F
Samples (mg/100g) (mg/100g) (mg/100g) (mg/l)

1 19.40±0.04a 13.50±0.20a 82.00±0.90a 0.045±0.00c

2 29.00±0.40b 43.20±0.05b 1442.00±0.20b 0.03±0.00a

3 34.000±0.30c 48.10±0.30c 1609.00±0.50c 0.03±0.00b

Data shown are means ± standard error (n = 3); values with different letters are significantly  
(p < 0.05) different according to the Tukey test.

Magnesium is a vital mineral for plants with 
various functions in their growth and development.  
Its primary role is as a component of chlorophyll, 
which is necessary for the process of photosynthesis 
in plants. Insufficient magnesium can lead to a lack 
of chlorophyll production, negatively impacting plant 
growth and health. Moreover, magnesium plays a 
crucial role in regulating the uptake of other essential 
nutrients, such as nitrogen and phosphorus. 
Additionally, magnesium helps enhance the color 
and brightness of fruits by regulating the production 
of other pigments in plants, including carotenoids 
and anthocyanins. It is, therefore, crucial to ensure 
that plants have sufficient magnesium to support 
their overall health and produce high-quality fruits.38

Magnesium contents ranged from 19.4 to 34 mg 
per 100 g fresh weight in the different s strawberry 
samples studied. sample (3) has higher magnesium 
content 34 mg/100g compared to samples (1) and 
(2) (Table 3). The magnesium content of strawberries 
is higher compared to that revealed by Prichko  
et al.45 citing values between (6.3 mg to 10.3mg) per 
100 g , these results are comparable to other fruits 
such as banana by those reported Gutiérrez et al.46

 
Calcium is used to build up the cell walls and form the 
skeleton of the strawberry plant.38 Calcium contents 
ranged from 13.5 mg to 48.10 mg per 100 g fresh 
weight in the strawberry samples studied. Sample 
(3) has a high value 48 mg/100 g compared to the 

other samples (1) and (2) (table 3). These levels are 
comparable to those characterized by Prichko et al.45

Chloride levels ranged from 82 mg to 1609 mg 
per 100 g fresh weight in the strawberry samples 
studied. Sample (3) has a high value compared 
to the other Samples (1) and (2). Chloride is the 
most abundant mineral element in these studied 
strawberry samples. This mineral is the most widely 
used sanitizer in the food industry for post-harvest 
washing of fresh fruits and vegetables.47 Chloride 
fertilization can improve fruit yield and quality.48

The fluoride level is between 0.03 mg to 0.04 mg 
per liter in the studied samples. Sample (1) has a 
high fluoride value compared to samples (2) and 
(3). These results are consistent with the criteria 
established by the USDA National Fluoride Database 
(0.04 ppm equivalent to 0.04 mg/l).49

The results obtained in this study are similar to 
those reported in a previous study by Passos Farias  
et al.50 regarding the fluoride content of mango, 
which is estimated at 0.04 mg/l. Our concentrations 
are low as date and tea leaves.15,51 Strawberries 
absorb little fluoride compared to other fruits due to 
their antioxidant properties.52

The results of the mineral composition analysis 
showed the high content of mineral elements 
such as calcium, magnesium and chloride in the 
various strawberry samples studied. However, 
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the variation in mineral composition between 
samples can be attributed to storage conditions 
that influence the minerals in the strawberries.  
There are several reasons for this variation.  
First, the prolonged storage time of strawberries can 
lead to a loss of minerals due to exposure to oxygen 
and light, which can affect the mineral composition. 
In addition, storage conditions such as temperature, 
humidity and ventilation also play a key role in the 
variation of mineral composition. For example, high 
temperatures can lead to the loss of minerals such as 
calcium and magnesium, while excessive moisture 
can promote the growth of molds and bacteria that 

alter the mineral composition of strawberries.53 

Finally, the mineral composition of strawberries 
can also be influenced by the nature of the soil and 
climatic conditions, as the minerals present in the 
soil are absorbed by the plants and can thus impact 
their mineral composition.54

Variation of Glucose, Sucrose and Polyphenol 
Contents
The results of the variations in glucose, sucrose 
and polyphenol contents for the three strawberry 
samples (1), (2) and (3) are given in Table 4.

Table 4: Variation of glucose, sucrose and polyphenol contents

Strawberry Glucose Sucrose Polyphenol
Sample (g/100g)  (g/100g) (mg (GAE)/100g)

1 1.35±0.01b 0.60±0.10a 61.00±0.10a

2 1.20±0.10a 0.70±0.10a 86.60±0.30b

3 2.45±0.04c 1.30±0.10c 151.00±0.90c

Data shown are means ± standard error (n = 3); values with different letters  
(a-e) are significantly (p < 0.05) different according to the Tukey test.

GAE Mean Gallic Acid Equivalent
Carbohydrates in strawberries are the major taste 
compounds and are considered one of the main 
quality parameters of the fruit preferred by growers 
and consumers.55

The glucose content is between 1.35 g/100g to 2.45 
g/100g. Sample (3) has a higher glucose content 
compared to samples (1) and (2). These values are 
higher than those characterized by Lester et al 56 and 
comparable to the value highlighted by Sturm et al.57

The sucrose content varied from 0.8 g/100g to 1.3 
g/100g in the different samples studied. Sample (3) 
has a higher sucrose content compared to samples 
(2) and (1). These results are comparable to those 
determined by Urün et al 55 and Sturm et al.57

Depending on the genotype and ripening stage  
of the strawberry, changes in sucrose and glucose 
content were closely related. Harvesting at the 
optimal fruiting time is crucial to obtain high quality 
strawberries, as individual sugar and acid content 

can change significantly during the later stages  
of ripening.57 The leaf to fruit ratio has been shown to 
be a good indicator to explain the difference in sugar 
content of strawberries between different varieties. 
The higher the available leaf area per fruit crop, the 
higher the sugar concentration.58

The results on glucose and sucrose content show 
that strawberries are less sweet than other fruits 
such as dates,45 grapes,59 and figs.60

The polyphenol dosages are 61 mg, 86.6 mg and 
151 mg per 100 g for strawberry (1) (2) and (3) 
respectively (Table 4). The total polyphenol content 
of sample (3) is higher compared to samples (1) and 
(2). The polyphenol levels are comparable to those 
characterized by Urün et al.55

The results obtained show that the strawberry 
samples studied are rich in polyphenols, which are 
beneficial to human health due to their nutritional 
properties. Phenolic compounds are essential for 
health due to their antimicrobial, antiallergic and 
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antihypertensive properties. These substances have 
been shown to detoxify free radicals by blocking 
their production and are factors in the prevention 
of cardiovascular disease, cancer, type 2 diabetes, 
and obesity. These results therefore underline the 
importance of regular consumption of strawberries 
to maintain good health.61

A study conducted by Paquette Martine et al 
determined the effect of a supplement enriched with 

strawberry and cranberry polyphenol extracts on the 
insulin sensitivity of overweight and obese men and 
women with insulin resistance. Regular consumption 
of polyphenols improves insulin sensitivity.62

Variation in Flavonoid and Sucrose Content
Flavonoid and sucrose analyses were performed on 
strawberry samples harvested in different    seasons, 
marketed and consumed in Morocco (Table 5).

Table 5: Sucrose and flavonoid content of the studied 
strawberry samples

Strawberry Sucrose content Flavonoid content
Sample (g/100g) (mg (QE) /100g)

4 0.7±0.10a 151.00±0.20e

5 0.30±0.10b 55.00±0.30a

6 0.60±0.10a    111.00±0.60b

7 0.40±0.10a  132.00±0.100c

8 0.70±0.10a 149.00±0.50d

9 0.70±0.10a 236.00±0.85f

Data shown are means ± standard error (n = 3); values with different letters 
are significantly (p < 0.05) different according to the Tukey test.

QE Mean Quercetin Equivalent.
Flavonoid contents ranged from (55 mg-236 mg) per 
100g. Sample (9) is richer in flavonoids and sucrose 
than the other samples studied. The sample (5) has 
a lower flavonoid and sucrose content. Flavonoid 
levels are comparable to those characterized by 
Seleshe et al.63

According to Adrian Franke, flavonoids vary 
depending on the species and variety, the 
place of cultivation, the time of harvest, storage 
and processing.64 Flavonoids in strawberries  
have a potential antioxidant power and contribute  
in reducing cardiovascular and cancer risk.65

Conclusion
The study demonstrated that strawberries are 
abundant in essential minerals like calcium, 
magnesium, and chloride, as well as sugars, 
polyphenols, and flavonoids that offer significant 
health benefits. As a result, strawberries are an ideal 

food choice for people aiming to maintain a healthy 
and balanced diet. Additionally, the results enabled 
the classification of various strawberry samples 
based on their nutritional qualities, providing 
selection criteria for consumers according to their 
taste and nutritional preferences.

Furthermore, these studies emphasized the value 
of consuming red fruits and understanding their 
nutritional qualities and technological applications. 
Lastly, the study findings could help farmers optimize 
their strawberry cultivation practices to maximize 
nutrient and bioactive content.
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