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Plum has great economic importance due to the use 
of their fruits in the food industry. The plum tree is the 
most diverse of the stone fruits among a dozen different 
of Prunus species, which belonging the Rosacea fami-
ly. The plum tree is adapted to various climatic condi-
tions in all temperate fruit growing areas [Ertekin et al. 
2006]. The most economically important plum species 
are generally classified into two groups: the European 
plum (Prunus domestica L.) and the Japanese plum 
(Prunus salicina Lindl.) [Hummer and Janick 2009]. 
In the world, plums are produced about 12.6 million 

tons in 2018 [FAO 2018]. Plum is an excellent source 
of nutriments and contributes extensively to human 
nutrition, and is also an important source of com-
pounds influencing human health and preventing the 
occurrence of many diseases [Stacewicz-Sapuntzakis 
et al. 2001]. The fruit plum is made up of protein and 
some mineral element [Lombardi-Boccia et al. 2004, 
Ertekin et al. 2006]. Apart from these basic food con-
tents, plum fruits are an affluent source of phenolic 
compounds, characterized by relatively high antho-
cyanin and antioxidant activity which is higher than 
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ABSTRACT 

Biochemical composition and antioxidant activity were analyzed for 15 plum cultivars grown in different 
climatic regions of Morocco where is considered as an important tree crops. Fruits were analyzed by determining 
21 parameters. Total polyphenols, flavonoids, anthocyanin, antioxidant activity, total soluble solids, vitamin C, 
titratable acidity, ash, moisture, dry matter, juice pH, total sugars, crude fiber, crude proteins, respectively with 
an average of 6.8 mg GAE/g, 1.24 mg CE/g, 136.54 mg/100 g, 58.06%, 7.91%, 146.19 mg/kg, 1.37%, 1.93%, 
83.33%, 16.66%, 2.97, 62.67 mg/g, 0,44% and 0.66% have varied between cultivars.  For the mean values 
of chemical elements (mg/100 g) were 229.77 for potassium, 18.94 for magnesium, 1.31 for iron, 1.13 for 
zinc, 1.11 for copper, 1.09 for nickel and 0.50 for manganese. Besides, the results showed that plum cultivars 
are characterized by an important nutritional content. The cultivars Lmozari and Tabarkakacht exhibited 
respectively the highest total polyphenols (9.39 mg/g) and antioxidant activity (70.65%) comparing with 
others ones. In this study regarding the nutritional content of plum cultivars will help to improve plum 
knowledge and select the desired gene pool for multiplication, and which may provide towards enhancing 
health to the consumer.
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apples and strawberries [Leong and Shui 2002, Kim 
et al. 2003a, Rop et al. 2009]. Many studies have re-
ported on the biochemical characteristics of plum, 
among which Nergiz and Yildiz [1997], Gil et al. 
[2002], Lozano et al. [2009], Walkowiak-Tomczak et 
al. [2008] and Nisar et al. [2015]. Variation for phenol-
ic compounds, total flavonoids, total anthocyanins and 
antioxidant capacity of plum was investigated by Kim 
et al. [2003b]. In addition, plum have been found 
pharmacologically active as antioxidant, antican-
cer, anxiolytic and mild laxative [Jabeen and Aslam 
2011]. They are recognized by the USDA [2017] as 
the fruit with the highest ORAC content – radical 
oxygen absorption capacity (5770 and 949 ORAC 
units per 100 g for prunes and plums, respectively), 
followed raisins and blueberries. Moreover, plums can 
contain 2 to 15 times more phenolic compounds and 
up to 26 times the antioxidant activity of peaches or 
nectarines [Byrne et al. 2008].

In Morocco plums used fresh, dried or canned in 
the form of jam. The Moroccan plum cultivars are rep-
resented by international varieties of Japanese type, 
such as ‘Golden Japan’, ‘Santa Rosa’, ‘Angeleno’, and 
of European type such as ‘Stanley’, the most popular 
in the national market [Oukabli et al. 2005], and by 
local cultivars of unknown origin. However, there is 
little information on the biochemistry of plums culti-
vars. The aim of this study is to analyze biochemical 
content and antioxidant activity of plum fruit of 15 
representing cultivars growing the main cropping area 
of the species, as well as to help broaden knowledge of 
the plum tree, and also for use in future plum selection 
programs.

MATERIAL AND METHODS

Plant material. The plant material used in this 
study included 15 Moroccan plum cultivars collec-
ted from different regions of prunus cropping area  
(Tab. 1, Fig. 1). Fresh ripe plums were collected at ran-
dom from 3 trees per cultivar. Sampling was carried 
out taking into account the geographical distances and 
the altitude between the cultivars.

Chemical analyses. For dry matter (DM) 5 g of 
fruit fresh samples were dried in an oven at 105°C for 
24 h and the moisture (M) was calculated on a dry 
weight and fresh weight basis [Mikdat 2010]. The 

total ash was placed in a crucible with known we-
ight. The samples were ignited in a muffle furnace at 
550°C for 4 hours, the results are expressed as a per-
centage (%) [Ough and Amerine 1988]. Crude fiber 
(fiber) was determined as described by Aryapak and 
Ziarati [2014], 5 g of the fresh plum were digested in 
100 mL of 1.25% H2SO4. The solutions were boiled for  
45 minutes and then were filtered and washed with hot 
distilled water. The filtrates were digested in 100 mL 
of 1.25% sodium hydroxide solutions. These solutions 
were heated for 60 minutes, filtered and washed with 
hot deionized water and over dried and measured. The 
final oven-dried residues were ignited in a furnace at 
550°C and the results are expressed as a percentage. 
The pH of the juice samples was measured by using 
a digital pH meter type G. Boyer [Ruck 1963]. The 
titratable acidity (TA) was measured by titration plum 
juice; the result was expressed as percentage of malic 
acid equivalent [Ruck 1963]. The vitamin C (vit. C) 
(mg/kg) content in the fruit was determined by iodo-
metry method [Peller 1998] with some modifications. 
A preliminary titration of iodine with sodium thiosul-
phate solution is necessary to determine the concentra-
tion of iodine (C2). In a beaker, 5 mL of a juice is in-
troduced, then a few drops of starch indicator solution 
are added, and a 5 mL of iodine (C2). The solution is 
then black, because of the excess iodine. A graduated 
burette is filled with sodium thiosulfate solution at  
C1 = 5 × 10–3 mol/l and the remaining iodine solu-
tion is titrated until the complete disappearance of the 
black color, and then the volume of sodium thiosulfate 
poured in at equivalence (VEQ) is noted. The number 
of moles of vitamin C can be expressed as follows:

The mass of vitamin C (m) that exists in a liter of 
juice can be established according to the following re-
lationship:

The mass (m) of vitamin C in milligram (mg) obta-
ined per liter of plum juice is converted into milligram 
per kilogram (mg/kg) after multiplying the quotient of 
liter per kilogram (L/kg) of fresh matter (FM).

𝑛𝑛(𝐶𝐶6𝐻𝐻8𝑂𝑂6)𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑛𝑛(𝐼𝐼2)𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 1
2 × 𝐶𝐶1 × 𝑉𝑉𝐸𝐸𝐸𝐸  

𝑚𝑚(𝑣𝑣𝑣𝑣𝑣𝑣. 𝐶𝐶) = 𝑛𝑛(𝐶𝐶6𝐻𝐻8𝑂𝑂6)𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 × 𝑀𝑀(𝐶𝐶6𝐻𝐻8𝑂𝑂6) × 1000/5 
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Fig. 1. Map of Morocco showing the locations of the plum cultivars analyzed

The total soluble solid (TSS) (%) was measured 
by using a hand refractometer (Brix hand refractome-
ter, Dutscher), the result obtained in the degree Brix 
(°B) was described by Ruck [1963]. The crude protein 
(Prot) (%) was analyzed by Kjeldahl method [AOAC 
1995]. The total anthocyanin (Ant) composition was 
measured by the pH differential method using two buf-
fers: potassium chloride buffer (pH 1.0) and sodium 
acetate buffer (pH 4.5) [Wrolstad 1993]. The sample is 
mixed separately with each buffer and the absorbance 
of each dilution was measured at 510 nm and 700 nm. 
Results were expressed as milligrams of cyaniding- 
-3-glucoside per 100 g of fresh weight.

Extract preparation: 5 g of the fresh plum was homo-
genized in 12.5 mL of methanol using a mixer (Waring). 
The homogenates were kept at 4°C for 12 h, then cen-
trifuged at 9950 × g for 30 min. The supernatants were 
collected and the extraction of the residue was repe-
ated under the same conditions. The two methanolic 
supernatants were combined (Xu and Chen 2011). The 
total sugars (TS) (mg/g) were measured as described 
by Dubois et al. [1956]. 500 μl of methanolic extract 
were added to 0.5 mL of phenol and 1.5 mL of sul-
furic acid solution (H2SO4). The mixture was heated 
in a water bath at 100°C for 5 minutes. After cooling 
in crushed ice, the optical density of the mixture was 
measured at 485 nm (UV-Vis Spectrophotometer, 
JASCO V-630). The total flavonoid content (FLV) of 

the extracts was quantified using a method of Jia et 
al. [1999], a standard curve was produced with cate-
chin (Sigma-Aldrich) under the same conditions as the 
sample. Briefly, 2 mL of the extracts were mixed with 
3 mL of distilled water and 0.3 mL of sodium nitrite 
(0.72 mol/L). After 5 minutes, 0.6 mL of aluminum 
chloride (0.41 mol/L) was added and allowed to react 
further for 6 minutes before addition of 1 molar sodium 
hydroxide (2 mL). Finally, 2.1 mL of distilled water 
was added for all samples to make up to 10 mL. The 
absorbance of the mixture was immediately measured 
at 510 nm by the UV-Vis spectrophotometer (JASCO 
V-630). The result is expressed in milligram (mg) ca-
techin equivalent per gram of fresh weight (mg CE/g). 
Phenolic content concentration (PC) in the obtained 
extracts was determined by a colorimetric assay ba-
sed on procedures described by Singleton et al. [1999] 
with some modifications. The sample extract (0.5 mL) 
was mixed with 2.5 mL of 10% Folin-Ciocâlteu’s re-
agent and 2 mL of 7.5% sodium carbonate solution. 
The reaction was kept in the dark for 40 minutes at 
45°C and in the absorbance was read at 765 nm (UV-
-Vis Spectrophotometer, JASCO V-630). Gallic acid 
was used for constructing the standard curve. The re-
sults are expressed as mg of gallic acid equivalents per 
g of extract (mg GAE/g). The capacity to scavenge 
was monitored using the DPPH free radical accor-
ding to a method reported by Hatano et al. [1988]. The 
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𝑅𝑅𝑅𝑅𝑅𝑅(%) =  [
(𝑅𝑅0−𝑅𝑅𝑆𝑆 )

𝑅𝑅0
] × 100 

sample extracts (0.3 mL) were mixed with 2.7 mL of 
methanolic solution containing DPPH radicals (6 × 
10–5 mol/L). The mixture was shaken vigorously and 
left to stand in the dark until stable absorption values 
were obtained. The reduction of the DPPH radical was 
measured by monitoring continuously the decrease of 
absorption at 517 nm. The percentage of DPPH radi-
cal scavenging activity (RSA) was calculated using 
the equation: 

where A0 is the absorbance of control and AS is the 
absorbance of the sample.

The minerals composition was determined accor-
ding to Ranganna [1995] method with some modifi-
cations. The mineral solution was used to estimate po-
tassium (K), magnesium (Mg), copper (Cu), zinc (Zn), 
manganese (Mn), iron (Fe), nickel (Ni) concentrations 
by using atomic absorption Spectrophotometer ICP- 
-AES (Inductively Coupled Plasma-Atomic Emission 
Spectrometry; Optima 8000 ICP-AES Spectrometer).

Statistical analyses. The data obtained were sub-
jected to several statistical analyses including analysis 
of variance (ANOVA) and correlation analysis ba-
sed on the Pearson correlation coefficient (α = 0.01) 
(SPSS, 2011). The principal components (PCA) and 
cluster analyses were also performed basing on the 
means of trait for each cultivar using respectively, 
the XLSTAT software (XLSTAT 2018) and Statistica 
StatSoft (1997).

RESULTS

The results of means values for all parameters 
are presented in Table 2. Except for protein and po-
tassium, the analysis of variance exhibited significant 
differences between cultivars for the analyzed traits.

The values of dry matter content in the flesh plum 
studied changed between 10% for ‘Safra’ to 20.33% 
for ‘Stanley’, with a general average of 16.67%. 
Therefore, the moisture content value ranged between 
79.67% for ‘Stanley’ and 90% for ‘Safra’ with an ave-
rage of 83.33%. The total ash content was varied be-
tween values 0.93% for ‘Dlahi’ and 3.67% for ‘Black 
Amber’ with a medium value of 1.93%. Regarding the 
crude fiber varied from 0.29% for ‘Lbide’ to 0.71 for 

‘Stanley’ with a mean of 0.45%. By averaging 2.98, 
the juice pH of plum spanned from 2.64 for ‘Safra 
Rkika’ to 3.33 for ‘Stanley’. Accordingly, the titra-
table acidity varied between 0.78% (‘Stanley’) and 
1.78% (‘Safra Rkika’) with an average of 1.37%. The 
highest vitamin C content was recorded for ‘Lmozari’ 
(249.33 mg/kg) and the lowest content was observed 
for ‘Lbyade 1’ (105.60 mg/kg) with a medium value 
of 146.19 mg/kg. The total soluble solid was between 
5.72% for ‘Frigo’ and 10.14% for ‘Safra Rkika’ with 
a general mean of 7.91%. Furthermore, the total su-
gar content varied between 34.63 mg/g (‘Frigo’) and 
93.04 mg/g (‘Safra’) with an average of 62.97 mg/g. 
In addition, the crude protein was between 0.51% for 
‘Safra’ and 0.88% for ‘Lmozari’ with a mean value of 
0.66%.

Average phenolic content (PC) was 6.8 mg GAE/g 
of FM with values ranging from 3.15 mg GAE/g FM 
for ‘Lbyade 2’ to 9.39 mg GAE/g FM for ‘Lmozari’. 
The total flavonoid content changed from 0.21 mg 
CE/g FM for ‘Safra Rkika’ to 2.87 mg CE/g FM for 
‘Lmozari’ with a mean of 1.24 mg CE/g FM. The 
scavenging activity on DPPH radical (RSA) was higher 
in Tabarkakacht cultivar (70.65%) and lower in ‘Safra’ 
(42.19%) with an average of 58.06%. Anthocyanin con-
tent (Ant) ranged from 97.26 mg/100 g FM for ‘Safra 
Rkika’ to 200.60 mg/100 g FM for ‘Tabarkakacht’ with 
an average of 136.54 mg/100 g.

Studied plum cultivars contain high level of 
K with values ranging from 178.36 mg/100 g for 
‘Fortune’ to 283.58 mg/100 g for ‘Safra Rkika’ 
with a mean of 229.77 mg/100 g FM, and Mg with 
an average of 18.94 mg/100 g FM varied between 
13.56 mg/100 g FM (‘Dlahi’) and 22.3 mg/100 g FM 
(‘Black Amber’). The average of Mn content was de-
termined as 0.507 mg/100 g and established between 
0.181 mg/100 g (‘Frigo’) and 0.901 mg/100 g (‘Safra 
Rkika’), and as for Cu amount was found between 
1.07 mg/100 g (‘Frigo’, ‘Safra’ and ‘Tabarkakacht’) 
and 1.22 mg/100 g (‘Lmozari’) with a mean of  
1.11 mg/100 g, which was 1.31 mg/100 g for Fe con-
tent with a variation from 1.12 mg/100 g in 5 cul-
tivars (‘Black Amber’, ‘Frigo’, ‘Safra’, ‘Stanley’ 
and ‘Tabarkakacht’) to 1.78 mg/100 g in ‘Lmozari’. 
Regarding the Zn content that spanned from  
0.84 mg/100 g for ‘Black Amber’ to 2.02 mg/100 g 
for ‘Lbayda’, the recorded mean was 1.13 mg/100 g. 
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Fig. 2. Plot on the first two principal components of 15 plum cultivars: BLA – ‘Black Amber’, DLH – ‘Dlahi’, FOR – ‘Fortune’, 
FRI – ‘Frigo’, HAM – ‘Hamra’, LBA – ‘Lbayda’, LBI – ‘Lbide’, LBY1 – ‘Lbyade 1’, LBY2 – ‘Lbyade 2’, LMO – ‘Lmozari’, 
SAF – ‘Safra’, SAR – ‘Santa Rosa’, SARK – ‘Safra Rkika’, STA – ‘Stanley’, TAB – ‘Tabarkakacht’

 

Fig. 3. Dendrogram of 15 plum cultivars based on biochemical parameters
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The average amount of Ni was of 1.09 mg/100 g, va-
lue that is found in most cultivars.

Correlation among all parameters studied is sum-
marized in Table 3. The significant and positive cor-
relations were indicted by total soluble solids with 
dry matter content (r = 0.81***), the flavonoids con-
tent with radical scavenging activity (r = 0.70**) and 
polyphenols content (r = 0.68**), Fe element with Cu  
(r = 0.92***). In addition, the Ni element was positi-
vely and significantly correlated with Cu (r = 0.85***), 
Fe (r = 0.82***) and the crude protein (r = 0.77***).

On the other hand, the significant and negative 
correlations were recorded by the pH with the titrata-
ble acidity (r = –0.86***), the moisture content with 
total soluble solids (r = –0.81***) and crude protein 
(r = –0.59*), the radical scavenging activity with K 
element (r = –0.58*), and the Mg element with Mn  
(r = –0.65**).

The results obtained from the PCA showed that 
53.49% of the total variation among cultivars was ac-
counted by the two first components, with each com-
ponent explaining respectively 29.07% and 24.42% 
(Fig. 2). The highest contributions to PC1 correspond 
positively to crude protein, Ni element, Cu element, 
total soluble solids and dry matter. The PC2 indica-
ted that ash, polyphenols, radical scavenging activity, 
anthocyanin and flavonoids had the greatest positive 
contribution, while a total sugar had the highest nega-
tive contribution to this component. Figure 2 represent 
cultivars on the plot of the first two axis space. Three 
groups of cultivars were segregated. The first group 
(G.1) composed of 6 cultivars (‘Lmozari’, ‘Hamra’, 
‘Lbayda’, ‘Dlahi’, ‘Safra Rkika’ and ‘Lbyade 2’), 
characterized by a high values of total soluble solids, 
titratable acidity, crude protein, Mn and Zn element. 
The second group (G.2) is formed by 5 cultivars 
(‘Stanley’, ‘Fortune’, ‘Black Amber’, ‘Tabarkakacht’ 
and ‘Frigo’). This group is distinguished with high 
values of ash, fiber, radical scavenging activity and 
anthocyanin. The third group (G.3) consisted of 4 cul-
tivars (‘Santa Rosa’, ‘Lbyade 1’, ‘Lbide’ and ‘Safra’) 
characterized by a low amount of crude protein.

Further, the cluster analysis led to identify two 
major groups (Fig. 3). The first group bifurcates in 
two subgroups, one (I.1) contained cultivars Black 
Amber, Hamra, Lbayda, Safra,  Lbyade 1 and Dlahi, 
and the other (I.2) consisted of Fortune, Frigo and 
Tabarkakacht cultivars. The second group was also 

subdivided in two subgroups. The first subgroup (II.1) 
is formed of cultivars Lbide, Lbayde 2, Lmozari, and 
the second subgroup (II.2) is composed of Santa Rosa, 
Stanley and Safra Rkika cultivars.

DISCUSSION

In this study, 21 biochemical parameters were con-
sidered to characterize Moroccan plum. The analysis 
of biochemical parameters showed significant dif-
ferences between plum cultivars.  These results are 
strengthened by previous studies on the same cultivars 
by using morphological and pomological traits [Ait 
Bella et al. 2018].

The Moroccan fresh plum had dry matter content 
(10% to 20.33%) similar to that found in Poland cul-
tivars by Walkowiak-Tomczak et al. [2008] (12.70–
19.90%), in Pakistan cultivars by Nisar et al. [2015] 
(10.83–29.60%), in Spanish by Lozano et al. [2009] 
(10.60–19.35%), in Turkish cultivar by Nergiz and 
Yildiz [1997] (10.15–25.48%) and in Romanian cul-
tivars by Ionica et al. [2013] (15.71–25.20%). In addi-
tion, the dry matter was highly variable parameter, de-
pending on variation in climatic condition and variable 
growing conditions [Walkowiak-Tomczak et al. 2008].

Regarding the ash content, the studied plum cul-
tivars varied between 0.93% and 3.67%. This result 
is comparable with the one found in Pakistan plum 
(1.24–5.46%) by Nisar et al. [2015], and higher than 
the one found in Spanish plum (0.19–0.53%) by 
Lozano et al. [2009] and in Turkish plum (0.37–0.9%) 
by Nergiz and Yildiz [1997]. These differences could 
be attributed to the cultivar, harvesting year and ac-
companying conditions such as climate, geographical 
origin and the methods of cultivation. Indeed, differ-
ent values of temperature, rainfall and light can influ-
ence the chemical composition of fruits [Walkowiak-
-Tomczak et al. 2008, Głowacka and Rozpara 2017].

The dietary fiber is essential for the proper func-
tioning of intestinal transit and the overall health of 
humans, as it is metabolized by our gut microbiota 
into products that influence all of our metabolisms. In 
this work, the soluble fiber content (0.29–0.71%) is in 
agreement with that obtained by Lombardi-Boccia et 
al. [2004] (0.56%) for Italian cultivar.

The pH value of plum presented a high negative 
correlation with titratable acidity (r = 0.86***). The pH 
values ranging within 2.64% to 3.33%, which are sim-
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ilar to that found by Nisar et al. [2015] (2.27–3.20%) 
for 16 genotypes of plum (Prunus domestica L.) in 
Pakistan, Lozano et al. [2009] (3.14–3.42%) for 6 
cultivars of Japanese plum (Prunus salicina Lindl.) in 
Spain, and lower than that reported by Gil et al. [2002] 
(3.84–4.35%), Nergiz and Yildiz [1997] (3.20–4.00%) 
and Bozhkova [2014] (3.15–3.73%), respectively in 
USA for cultivars of  Prunus salicina, in Turkish for 
European plum varieties (Prunus domestica L.) and in 
Bulgaria for plum cultivars of Prunus domestica.

The titratable acidity values (0.78 to 1.78%) re-
corded in this study were similar to that reported  by 
Lozano et al. [2009] (0.85–1.85%) in Spain, Bozhkova 
[2014] (0.55–1.28%) in Bulgaria, but they are higher 
than that found in American plum cultivars (0.31–
0.48%) by Gil et al. [2002], in Romanian cultivars 
(0.34–0.77%) by Ionica et al. [2013], and lower than 
that obtained in Pakistan cultivars (1.49–2.34%) by 
Nisar et al. [2015], in Turkish cultivars (0.92–2.34%) 
by Nergiz and Yildiz [1997].

The vitamin C of plum showed a wide varia-
tion depending on cultivars ranging from 105.60  
to 249.33 mg/kg, these values are within the range 
of consulted literature concerning Turkish cultivars 
(58.2–284.2 mg/kg) by Nergiz and Yildiz [1997], 
and higher than that obtained by Nisar et al. [2015] 
(52.51–137.6 mg/kg) in Pakistan, Gil et al. [2002] 
(20.5–102 mg/kg) in Spain and Bozhkova [2014] 
(33.6–119.2 mg/kg) in Bulgaria. Then plum is a good 
source of vitamin C, which plays multiple role, as 
antioxidant compound, and required for the creation 
of neurotransmitters and collagen, the main protein 
in our skin [Li and Schellhorn 2007]. The daily in-
take for adults of vitamin C is of about 75–90 mg, so 
consumption plum can fulfill this daily need.

The total soluble solids content recorded (5.72–
10.14%) is low compared to that found in Pakistan 
cultivars (8.17–16.23%) by Nisar et al. [2015], in 
Bulgarian cultivars (15.6–22.19%) by Bozhkova 
[2014], in Romanian cultivars (12.40–20.43%) by 
Ionica et al. [2013] and in Poland cultivars (15.1–
21,4%) by Głowacka and Rozpara [2017].

The fresh plum had low protein content (0.51–
0.88%) which is similar to that obtained by Lozano 
et al. [2009] (0.38–0.96%) in Spain, Rop et al. [2009] 
(0.63–0.79%) in Czech Republic and Nergiz and 
Yildiz [1997] (0.59–1.09%) in Turkish, but is low to 

that presented by Ertekin et al. [2006] (2.81–3.88%) 
for 2 plum cultivars of Prunus domestica in Turkish. 

The plum cultivars in this study were revealed 
very high in natural sugars varying from 34.63 to 
93.04 mg/g, which are approximate to that found by 
Nisar et al. [2015] (67.17–105.07 mg/g), Bozhkova 
[2014] (69.6–123.1 mg/g), and low than that report-
ed by Nergiz and Yildiz [1997] (64–147.4 mg/g). 
Therefore, dry matter was the predominant compo-
nent in all plum cultivars, followed by total solid sol-
uble, sugar, ash, protein and fiber and this decreasing 
order of proximate composition is in line with that 
released by USDA [2018] except for the ash which 
are classified after proteins.

The total polyphenols for Moroccan plum culti-
vars presented a strong association with antioxidant 
activity (r = 0.68**). This result is congruent with 
that found by Gil et al. [2002] (r = 0.94) in American 
plum. The phenolic content ranged between 3.15 
and 9.39 mg GAE/g. These findings are similar to 
that found by Nisar et al. [2015] (2.63–9.92 mg/g) for 
Pakistan plum and Rop et al. [2009] (2.27–4.95 mg/g) 
for Czech Republic plum, but are higher than those 
found by Gil et al. [2002] (0.42–1.092 mg/g),  Kim et 
al. [2003a, 2003b] (1.74–3.75 mg/g; 1.25–3.726 mg/g) 
for USA plum and Lozano et al. [2009]  (0.945–2.024 
mg/g) for Spanish plum. The different levels of phe-
nolic content may be result from cultivars, geographic 
origin, growing seasons, other agricultural practic-
es, and differences in analytical methods [Kim et al. 
2003b]. One of the main potential health benefits of 
phenolic compounds in vegetables and fruits is their 
antioxidant activity, which protects low-density lipo-
proteins (LDL) from oxidation which is an important 
factor in the prevention of cardiovascular disease 
[Byrne et al. 2008].

The antioxidant activity of plum was assessed by 
scavenging activity on DPPH radicals which varied 
between 42.19% and 70.65%. The present result ac-
cording with the one published by Nisar et al. [2015] 
(60–73%) for the plum cultivars from Pakistan. It is 
worth mentioning that the antioxidant activity of plum 
is higher than that of nectarine and peaches [Gil et al. 
2002]. Antioxidants in fruits have the ability to pro-
duce resistance in the tissues against diseases and 
stress conditions [Nisar et al. 2015].  

The flavonoids are generally responsible of the pre-
vention of fat oxidation, and the protection of vitamins 



https://czasopisma.up.lublin.pl/index.php/asphc 95

Ait Bella, Y., Bouda, S., Khachtib, Y., Haddioui, A. (2023). Biochemical composition and antioxidant activity of Moroccan plum cultivars. 
Acta Sci. Pol. Hortorum Cultus, 22(2), 85–97. https://doi.org/10.24326/asphc.2023.2214

and enzymes, thereby contribute to the disease pro-
tection. The flavonoids have extensive biological prop-
erties that promote human health and reduce the risk 
of diseases [Tiwari and Husain 2017]. The flavonoids 
content in this work reached 0.21–2.78 mg CE/g, result 
that is similar to that obtained by Kim et al. [2003b, 
2003a] (0.648–2.575 mg/g; 1.18–2.37 mg/g) for USA 
plum cultivars.

Anthocyanin plays a beneficial role in human health 
and has been found to be essential compounds endow-
ing with antioxidants activity [Cevallos-Casals et al. 
2006]. The anthocyanin range values (97.26–200.60 
mg/100 g), were higher than these reported by Nisar et 
al. [2015] (14.23–212.38 mg/100 g) and by Cevallos-
-Casals et al. [2006] (33–173 mg/100 g), respectively 
in Pakistan for 16 cultivars of Prunus domestica and in 
USA for 14 red plum of Prunus salicina.

High level for the major minerals potassium and 
magnesium were found in Moroccan plum cultivars. 
The Moroccan plum was revealed very rich in potassi-
um (178.36–283.58 mg/100 g) in comparison with sev-
eral plum (Rop et al. [2009]; 159.63–397.63 mg/100 g 
in Czech Republic, Nergiz and Yildiz [1997]; 160.17–
313.52 mg/100 g in Turkish, Lombardi-Boccia et al. 
[2004]; 174 mg/100 g in Italy). The high potassium 
content in plums was shown to have a positive effect 
on human health, mainly in the field of prevention of 
cardiovascular disease [Stacewicz-Sapuntzakis et al. 
2001].

The magnesium helps to maintain normal nerve 
and muscle function, supports a healthy immune 
system, keeps the heartbeat steady, and helps bones 
remain strong. The magnesium values found (13.56–
22.30 mg/100 g) in Moroccan plums are higher than 
those reported by Rop et al. [2009] (6.44–11.62 mg/ 
100 g) for Czech Republic plum, Lombardi-Boccia et 
al. [2004] (4.9 mg/100 g) for Italian plum and USDA 
National Nutrient Database for Standard Reference 
(5–9 mg/100 g) in 2018, but lower to those reported 
by Ertekin et al. [2006] (23–26 mg/100 g) in Turkish 
plum.

The manganese element is one of the most micro-
element found (0.18–0.90 mg/100 g), with values ac-
cording with those reported by Ertekin et al. [2006] 
(0.26–0.37 mg/100 g), and higher to that reported 
by USDA (0.018–0.094 mg/100 g). The manganese 
assists in carbohydrate, amino acid and cholesterol 

metabolism. The recommended daily allowance for 
adults of manganese spread from 1.8 mg to 2.3 mg, 
and the consumption of plum can fulfill these daily 
values. As regards the others micronutrient contents, 
the copper (1.07–1.22 mg/100 g) was higher than that 
established by USDA Food Composition Database 
[2018] (0.015–0.151 mg/100 g), and lower than that re-
ported by Ertekin et al. [2006] (1.38–4.64 mg/100 g). 
The copper presented a high correlation with iron  
(r = 0.92***). It is required for connective tissue for-
mation, as well as normal brain and nervous system 
function. The daily intake recommendation for a hu-
man adult is about 900 µg, and the consumption of 
plum covers this recommended daily.

The iron element needed for synthesis of hemoglo-
bin, assists antioxidant enzymes and in the creation 
of certain hormones [Aggett 2012]. The iron values 
in Moroccan plum cultivars (1.12–1.78 mg/100 g) 
were generally higher to that reported by USDA  
(0.07–0.59 mg/100 g) and by Nergiz and Yildiz [1997] 
(0.115–0.943 mg/100 g), and lower to that obtained by 
Ertekin et al. [2006] (2–2.1 mg/100 g).

Zinc content (2.02–0.849 mg/100 g) was simi-
lar to that presented by Ertekin et al. [2006] (1.12– 
1.47 mg/100 g), and higher to that reported by USDA 
[2018] (0.04–0.3 mg/100 g). It is necessary for normal 
growth, immune function and wound healing.

Appreciable level of nickel was determined in 
studied cultivars with an average of 1.09 mg/100 g.  
In human body, nickel is used for increasing iron ab-
sorption, preventing anemia, and treating weak bones. 
This element showed a high association with copper 
(r = 0.85***) and iron (r = 0.82***). The descend-
ing order of mineral elements contents (mg/100 g) in 
Moroccan plum was K > Mg > Fe > Zn > Cu > Ni > 
Mn, while it was K > P > Mg > Ca > Fe > Zn > Cu > 
Mn released by USDA [2018], K > Mg > Fe > Cu > 
Zn > Mn for Turkish plum [Ertekin et al. 2006] and  
K > P > Mg > Ca > Na for Czech Republic plum [Rop 
et al. 2009]. 

The hierarchical cluster and PCA plot show that the 
plum cultivars were grouped independently of their 
geographical origin. This result is in accord once with 
that obtained by Ait Bella et al. [2018] by analyzing 30 
plum cultivars using pomological and morphological 
parameters, and among them 15 have been concerned 
in this study
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CONCLUSIONS

It may be concluded that Moroccan plum cultivars is 
rich by nutritional and chemical constituents. This re-
sults show the importance of choosing the best and the 
most useful cultivars for the consumption. Moreover, 
they can be considered as a good source of the naturals 
compounds with antioxidant activity. High variability 
was found between studied cultivars for the most bio-
chemical and mineral traits. This variability could be 
attributed chiefly to genetic factors in conjunction with 
harvesting year, environmental conditions, soil elemen-
tal composition, maturity level and the method of culti-
vation. In addition, Lmozari cultivar has presented high 
values of vitamin C, protein, phenolic content, flavono-
id, copper and iron. Then it should be considered as the 
best cultivars to be useful. The plum cultivars revealed 
a significant richness of mineral elements, essentially 
potassium, copper, manganese.  The plum consumption 
can cover a part of recommended daily intake.
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