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Article
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Abstract: The citrus industry in the Triffa irrigated perimeter has focused on the production,
processing and export of clementines with a view to their valorization. The phytosanitary state of
orchards in relation to varietal distribution showed an influence on these parameters. A quality label
based on physico-chemical quality label based on physico-chemical characteristics could be the
Berkane clementine.

Keywords: citrus grove; Triffa plain; Berkane clementine; development

1. Introduction

The citrus industry is of paramount importance in the Oriental region. Nowadays, with the
globalization of trade and biotic and abiotic constraints, Morocco needs to be a safe bet in the
agricultural sector.

Citrus fruits have a specialized berry form (Hesperdium) resulting from a single ovary. In
addition to the Citrus genus, there are five other genera of this fruit type: Poncirus (trifoliate orange),
Fortunella (the kumquat which is eaten as is with its skin), Microcitrus, Eremocitrus, and Clymenia
subfamily Aurentioidae and all belonging to the Rutaceae family. Citrus fruits are almost all native to
China and India, where they were known 4200 years ago and cultivated 3000 years ago [1].

Citrus production provides Morocco's exports with substantial added value, and consequently
a source of foreign currency earnings and a reputation for quality. Improving cultivation and
infrastructure is a priority for preserving this heritage.

Considerable efforts are being made to counter phytosanitary and environmental problems in order
to enhance the long-term value of the sector.

The aim of this study is to provide information on the varieties of clementine grown in the Lower
Moulouya perimeter, in order to enhance the value of the Berkane clementine compared with other
varieties. The study of citrus-growing phytosanitary problems in the Lower Moulouya irrigated
perimeter represents an approach to citrus development, especially at varietal level.

The current total area under citrus is 118,000 ha, of which 92,000 ha is productive. The average
annual increase is 5285 Ha/year. Thus, the productive area of small fruits has increased by 31%, while
that of oranges has risen by 24% (Ministry of Agriculture and Maritime Fisheries [2]. Morocco is the
8th largest exporter of citrus fruits, with the aim of doubling its exports by 2020 following a
restructuring of the sector.

Citrus trees in Morocco, as in all other producing countries, are subject to various diseases and
disorders, the severity of which varies in proportion to the infection concerned. In order to combat
these, systematic research into all citrus disorders has been carried out for several years, resulting in
a global assessment. This may seem a dauntingtask, particularly where viral diseases are concerned.
However, it would be wrong to conclude that the health situation is worse in Morocco than in other
Mediterranean countries.

After viral diseases, fungal diseases are the most serious plant pests affecting citrus
trees in Morocco. Phytophthora gum disease accounts for most of this danger, with the rest of the
fungal diseases not reaching the same level of severity. The Mediterranean fruit fly or ceratitis
(Ceratitis capitata) is also often a source of direct damage to many citrus species and varieties [3].
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2. Results

2.1. Characterization of Berkane Clementines

Organoleptic characteristics are shown in Table 1. In fact, 2 to 4 samples of each clementine
variety were studied. The four varieties showed weights and sizes that differed from one variety to
another. Fruit size is determined by measuring the diameter of the equatorial section of the fruit.
Fruits are classified into three size categories: (Sizes: C1 >78 mm; 68 mm < C2 <78 mm; C3 < 68 mm)

[4].

Table 1. Physicochemical and phenotypic characteristics of clementine and mandarin varieties (2 to 4 samples

per variety taken at random).

Volume de

Variétés Poids total Calibre (cm) pH du jus jus Nomb-re de Ecorce (mm)
(g . cartiers
(ml/fruits)
Echantillons 90,75 6,3 3,4 37 9 2
Var.NOVA 164,25 8,00 3,4 35 10 4
Echantill 101,8 52 2,9 36 11 4
chantillons
Var.CLEMENTINE z:’gg z 80 g'é iz 5131 ;
DE BERANE 4 4 ’
84,54 4,90 3,4 31 10 5
112,49 6,6 3,5 37 9 3
Echantillons
Var.NOUR 95,58 6,1 3,5 40 10 3
108,11 6,00 3,5 43 9 4
189,97 7,9 2,7 52 11 4
Echantillons
Var.ORTANIQUE 168,52 7,6 2,6 66 11 2
172,84 7,8 2,7 55 10 3

2.2. Figures, Tables and Schemes

2.2.1. Sugar in Juice

Our results for the nova variety are mainly for C2. The same applies to the Berkane clementine
and the Nour variety. Class C2 would be for the ortanique variety. The latter has the highest weight.

The pH is very acidic, between 2.7 and 3.5. Juice volume gives a general idea of juice yield, which
also differs from variety to variety and even within the same variety. Peel is an essential parameter
for citrus fruit. It is generally between 2 and 5 mm.

Measurement of sucrose content by refractometry shows that ortanique has the lowest content
(Figures 1 and 2) compared with the other varieties. The other varieties (Nova and Nour) have
intermediate values. The evolution of alcohol (alcoholic degrees) (data by refractometer catalog) and
sucrose show the same trend as above.
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Figure 1. Total sugar content by refractometer of clementine and mandarin samples.
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Figure 2. Sugar content of juice by refractometer.
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Figure 3. Concentration of sugars by titration.

2.2.2. Vitamin C in Juice

Comparison of samples from Berkane citrus varieties shows a high vitamin C content for the
ortanic variety. The Berkane clementine has the lowest value (figure 4). Vitamin C content is an
essential parameter for the quality of citrus fruit, especially for export and secondary processing.
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Figure 4. Vitamin C content.

Sugar content is 0.65-0.95 mg/ml (DNS) and 80-100 g/l (IR) in all varieties (Figures 1-4). This
parameter is also an indicator of citrus fruit quality for fresh consumption, secondary processing and
post-harvest preservation.

2.2.3. Mineral Ion Content in Juice

The mineral elements are: sulfates (504 ), phosphates (P04 ), nitrates (N2 ) and nitrites (NOs" ).
Figure 5 shows the most representative mineral elements in fertilizers enriching orchard soil.
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Figure 5. Mineral ion content in juice.

In fact, this richness is a very important organoleptic parameter, since on the one hand it can
distinguish quality, but on the other it can also show unpleasant internal pollution due mainly to
irrigation water and/or the use of undesirable products leaving harmful internal residues such as
insecticides, herbicides and fungicides.

The ionic distribution of citrus fruit content in juices shows considerable varietal diversity, and
is also likely to reflect the geographical location of the orchard of origin.

In fact, this could be a highly-developed area of research for adding value to citrus
products in direct relation to the immediate orchard environment. We note that sulfates
and phosphates are the most representative. Nitrate and nitrite levels are recorded in the

juice of the ortanique variety, which may give a qualitative overview of the production area. E:
random samples
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2.2.4. Comparison of Vitamin C Content in Fresh and Marketed Juices

The results in Figure 6 show a slightly higher vitamin C content in the fresh juice sample,
followed by the VALENCIA orange juice sample. There is also a very slight decrease over time, to
around 10% after 24 hours.
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Figure 6. Evolution of vitamin C content in fresh juice (pressed) and marketed juice (after opening) as a function
of time.

2.2.5. Comparison of Citric Acid Content in Fresh and Marketed Juices

Citric acid levels show (Figure 7) an increase in MARRAKECH orange juice. The VALENCIA
orange juice sample maintains the same level regardless of the period after opening, while the fresh
juice shows an increase after 24 hours of pressing.
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Figure 7. Changes in citric acid content of fresh juice (pressed) and marketed juice (after opening) as a function
of time.
2.2.6. Comparison of pH Levels of Fresh and Marketed Juices

Sample pH values (Figure 8) ranged from 4.2 to 4.8, with a slightly acidic pH in the
ELBOUSTANE.
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Figure 8. The pH of fresh (pressing) and marketed (after opening) juices as a function of time.

2.2.7. Comparison of Protein Content in Fresh and Marketed Juices

Protein content is slightly higher in fresh juice (Figure 9). Protein levels fall progressively within
the same variety. Protein levels fall sharply in other orange juices marketed after 24 hours of opening,
exceeding 50% and even 75% in the MARRAKECH orange juice sample.
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Figure 9. Protein content of fresh (pressing) and marketed (after opening) juices as a function of time.

3. Discussion

Fruit juices are obtained from fruit by mechanical action (pressing), although a wide variety of
other processes are available to extract the juice. The nature of the fruit is an important factor in the
choice of process and the different techniques that can be applied to citrus or small-seeded fruits
(lemons, apples, pears, raspberries, etc..).

Fruits used to make juice contain a wide variety of constituents, although sugars and acids
generally predominate [5]. After a conversion of our calibers we can conclude that the average
diameter of the fruits studied varies between different citrus varieties which range from 27.34 mm of
the Thaamrount variety, to 81.59 mm (orange variety Thomson) and 71.59 mm (orange variety
Hamlin), [6]. The overall average of our results is 57.88 mm. The thaamrount variety is lower than all
our varieties and the hamlin variety is between the nour and ortanique varieties.

The average is about the same as for the nova variety. The specific quality of Berkane clementines
on the average size with an equatorial diameter between 46 and 65 mm which places our results in
this equatorial diameter [7].

According to Séminaire International Antalya 10-14 Octobre 2012 berkane clementines have a
sugar content: 7.5 — 14 degrees Brix, which are well below our studied levels. According to our results,
the four varieties studied showed that the weight of the nova ranges from 77.73g to 174.93g; the
Berkane clementine is from 55.79 to 101.8g; the nour is from 95.58g to 112.49g and finally the
ortanique is between 168.84g to 189.97g which has the important weights. They are higher than the
average fruit weight of the Thaghanimth variety which is 27.24g and lower than the Thomson variety
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orange which is 249.44g [6].  According to the legal definition, a fruit juice is the natural product
obtained by mechanical process from healthy, ripe fresh fruit, which has not undergone fermentation.

Orange juice consists largely of water (80- 90%), simple carbohydrates (total sugars such as
glucose, fructose and sucrose) and polysaccharides (mainly pectic sustances, cellulose and
hemicellulose).

Pectic substances are responsible for the juice's colloidal nature. The organic acids present in
orange juice are mainly citric, isocitric and malic acids. Citric acid is responsible for the acidity of
orange juice. The color of the juice is due to a complex mixture of carotenoids (mainly lutein, with
zeaxanthin, cryptoxanthin and (3-carotene in the minority) [8,9].

The ideal pH is between 5.5 and 7.5, while our results are all lower [10,11]. The average epidermis
thickness of the different fruit varieties oscillates around an overall average of 2.44 mm, 0.34 mm
(apricot variety Bulida) to 4.45 mm (orange variety Double fine and lemon variety Quatre saisons)
and our results for bark thickness are similar to these data, which lies between 2 and 5 mm [6]

The aromatic profile of orange juice varies according to variety and juice extraction
method. Indeed, during extraction, a greater or lesser quantity of essential oils from the flavored fruit
may be incorporated into the juice. The delicate, fresh flavor of orange juice is easily modified by heat
during processing and storage.

The juice undergoes compositional changes that invariably cause an alteration in the original
flavor and aroma of the fresh juice. The shape of the fruit tends to be round to flattened. [12,13] have
shown that fruit appearance varies with soil or cultural factors [14], and with rootstock [15].

Ascorbic acid in the body aids iron absorption from the intestines. It is required for connective
metabolism, in particular scar tissue, bones and teeth [16,17]. It is needed as an anti-stress and
protector against cold, chills and humidity [18].

It prevents muscle fatigue and scurvy, which is characterized by skin hemorrhaging, bleeding
gums, brittle bones, anemia, joint pain and skeletal calcification defects [18].

It contributes to the promotion and restoration of skin and the improvement of fine wrinkles
[19,20]. Vitamin C masses did not exceed 1g in all samples. Values ranged from 0.19g to 0.67g. Nova
0.33 and 0.67g; berkane clementine 0.19 and 0.34g; nour 0.3 and 0.4g; ortanique 0.4 to 0.6g, our
varieties are below the vitamin C limit of 41-50 mg/100g. Since 2007, Corsican clementines have
benefited from an IGP (Protected Geographical Indication) with an acidity of between 0.65 and 1.4,
lower than our results.

According to literature sources, ready-todrink orange juice contains around 16 g/L
of total citric acid, while real orange juice contains less than around 9 g/L [21]; so, our concentrations
on fresh juice are well within the norms of the commercial juices analyzed in these literature sources.

Orange juices are not only sufficiently rich in calories, but also contain adequate amounts of
other essential nutrients, such as proteins, vitamins and minerals [18,22].

Citrus fruits generally have low levels of fatty acids as well, presenting it as an ideal fruit for
people suffering from colon cancer, coronary heart disease or thrombosis [22].

Citrus fruits exposed to southeast or northeast sunlight have a darker color and higher soluble
sugar content, while shaded fruits tend to have a higher juice content. Fruits facing south-east are
generally of good quality, particularly Berkane clementines. Fruit position affects juice pH, rind
thickness and number of seeds [23].

4. Materials and Methods

For each clementine variety resulting from the field trips, the total weight of each sample, the
caliper size, the pH, the volume of pressed juice, the number of cores, the peel and the various
physicochemical analyses were determined. At the same time, a comparative study was carried out
with marketed orange juices.
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Photo 1. Sample of clementines.

4.1. Determination of Sugars by Hand Refractometer

The refractometer uses the principle of the refractive index of light. One or two drops of the
sample, e.g. juice, are placed on the surface of the prism. The liquid deposited on the prism plate
must be free from bubbles or floating particles of pulp or other matter. Close the prism cover
carefully, the sample is crushed between the prism and the plate.

Point the instrument towards the light, and look through the eyepiece. For an accurate reading,
we observe the reading through the eyepiece until a sharp image is obtained (by focusing), while
light passing through the sample continues its trajectory and is reflected inside. Content is indicated
by the position, on a vertical scale, of the dividing line separating an illuminated (light) zone from a
dark zone. Where this line falls on the scale indicates the sugar content. From this refractive index,
and following the catalog, we deduce the sucrose content of the juice.

4.2. Determination of Vitamin C Content in Juice

Vitamin C (C H Osss ) is the name commonly given to ascorbic acid. It is easily oxidized by many
oxidizing agents, particularly oxygen in the air. After squeezing and filtering the orange juice through
gauze, take a volume of 1 ml and place it in the Erlenmeyer flask. Next, add 10 ml of 5.10° M di-
iodine solution. Add a pinch of starch starch. The solution is now black, due to the excess diiodine.

Fill the graduated burette with sodium thiosulfate solution C3 (concentration 3) =
5.0 10® mol.l"" and titrate the remaining excess diiodine solution with thiosulfate until the black
coloration disappears or the solution becomes discolored.

Note the volume of sodium thiosulfate poured at equivalence. Calculate the mass m of vitamin
C in the entire fruit juice. The indirect titration method for vitamin C. Calculation of the mass m of
vitamin C in all the fruit juice.

no=Cx (V1/V2) (mol)
The mass of vitamin C in g and mg in total orange juice is:
m=noxM

no: Number of moles

m: Sample mass (g)

M: Molecular mass of ascorbic acid (g.mol™)
V1: total volume of juice;

V2: volume of juice to be dosed
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4.3. Determination of Total Sugars in Juice by Titration

Sugars are made up mainly of starch, and secondarily of sucrose and reducing monosaccharides.
In an alkaline environment and in the presence of a reducing carbohydrate, 3,5-Dinitrosalicylic acid
(DNS) is reduced to 3-amino-5- nitrosalicylic acid.

The standard range consists of glucose solutions. The tubes are then placed in a water bath at
100°C for 5 min. After cooling for 5 min, 8 ml distilled water is added. Absorbance is read at 540 nm.
Calculations are based on the calibration curve.

4.4. Determination of Citric Acid Content in Juice

After squeezing and filtering an orange juice, a volume of 2 ml is taken and poured into an
Erlenmeyer flask, followed by 20 ml distilled water and two drops of phenolphthalein. Fill the burette
with 0.1 mol/l sodium hydroxide, and titrate until the pink color appears and persists.

C (citric acid) = C (soda) x V (soda) / 3 x Vof juice (g/1)

M (citric acid) = C (citric acid) x initial Vof juice (mg/g)
M: mass;

V: volume;

C: concentration.

4.5. Determination of Total Protein in Juice

The proteins contained in the supernatant (pressed juice) are assayed using the method of [24].
The 0.2 ml protein extract with 1 ml Coomassie brilliant blue is shaken for 5 minutes. Absorbance is
read at 595 nm. The amount of protein is determined using a standard range with increasing
concentrations of bovine serum albumin.

4.6. Mineral Ion Assays

Nitrite (NOz ), nitrate (NOs -), sulfate (5042-) and phosphate (POs* ) ions are extracted and
measured spectrophotometrically. Ions are measured in irrigation water and pressed juice.

4.6.1. Nitrate Determination

The NOs method based on hydrazine sulfate reduction. Nitrates are reduced to nitrites by the
addition of copper sulfate, hydrazine sulfate and sodium hydroxide.

Nitrites are then determined colorimetrically by diazotization with sulfanilamide and coupling
with Nnaphthyl-diethylene diammonium dichloride (NNED). 1ml of sample added to 0.6 ml of
copper sulfate (CuSOs; 25mg/1) after stirring, 0.4 ml hydrazine sulfate (0.69g/1) are added followed by
stirring at 37°C for 5 minutes.

Finally, 0.6 ml NaOH (0.3N) is added with stirring at 37°C for 10 minutes. 1.5 ml of the mixture
(sulfanilamide 40g/l and NNED 2g/I in 4.5N phosphoric acid) is added with stirring at 37°C for 10
minutes. Absorbance is read at 546 nm. NOs concentrations are determined using a KNO standard
range3- (0 to 0.2 mM).

4.6.2. Nitrite Determination

The NO2 method is based on reduction by N-azide3- in acid medium or by sulfamic
acid [25,26]. The oldest method involves forming a red azo dye with sulfanilic acid and a-
naphthylamine (Griess reagent). The formation of an azo dye from sulfanilamide and N-(naphthyll)
ethylene diamine. To 25 ml of solution containing 5 to 50 pug of NO2, add 1 ml of sulfanilamide and
wait 5 minutes. 1 ml naphthyl-ethylenediamine is added, topped up with 50 ml distilled water.
Absorbance is read at 550 nm.
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4.6.3. Inorganic Phosphate Assays

Inorganic phosphate in the samples was determined by the [27]. The reaction medium consisted
of 0.9 ml plant extraction medium and other extracts, 2.1 ml reagent (ascorbic acid 10%, ammonium
heptamolybdate 0.42% in H2 SO4 1N, (1/6) (V/V), prepared at the time of use and stored at 4°C. After
incubation for 20 minutes at 45°C (water bath), samples are cooled under a stream of water. The
standard range is 0 to 0.1 mM. Absorbance is read at 820 nm.

4.6.4. Sulfate Dosage

To 25 ml of solution containing from 250 pg to 2 mg SO4?, add 0.25 g barium chloride. Shake for
30 seconds and wait 30 minutes, then shake by inverting the bottle several times before measuring at
480 nm. The standard range is prepared with a solution of K2 SOa. [28,29].

5. Conclusions

Excessive humidity, young tree age and low temperatures can negatively influence sugar
content, while the presence of grass in orchards has a positive effect on increasing sugar levels [30].
Fruit appearance varies according to soil or cultural factors [12,13].

In general, variation in fruit size depends on the number of seeds per fruit. Berkane Clementine
shows a positive correlation between the number of seeds per fruit and fruit size [31]. Variation in
fruit size also depends on growth conditions and inflorescence type [32] number of seeds per fruit
[33]. growth regulators [34]. and rootstock [35].

Harvest date and fruit position on the tree affect fruit weight, diameter, bark color, pulp color
and number of seeds [36]. During harvesting, acidity decreases and ripeness index increases.

According to [37]. acidity normalization ranges from 0.9 to 1.5%. However, the Carte noire,
Berkane and Oroval varieties have an acidity of less than 0.9, which excludes them from the
normalization range.
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