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Purpose: Organic apricots are perceived to be healthier than 
conventional ones. In Tunisia, comparative studies on the 
phytochemical properties of these fruits are scarce. This work aimed 
to identify organically grown apricot cultivar(s) with high nutritional 
value for human health. Phytochemical compounds of organically 
apricots in local (‘Oud Rhayem’, ‘Oud Hmida’ and ‘Oud Aouicha’) 
and introduced (‘Ninfa’ and ‘Mogador’) cultivars were investigated. 
Research Method: Polyphenols, flavonoids, anthocyanins and 
carotenoids analysis were performed for 3 lots of 10mixed fruits 
each. Findings: Significant variability in phytochemical properties 
was obtained between the studied cultivars. ‘Mogador’ was found 
to be superior for most phytochemical compounds: β-carotene 
(0.05mg/100g fresh mass), total phenolics (≥154 mg GAE/100 g of 
fresh mass) and total flavonoids (27mg catechin/100 g fresh mass). 
Furthermore, highest phenolics content was found in ‘Oud Aouicha’ 
and ‘Oud Hmida’ (≥160 mg GAE/100 g fresh mass). The highest 
anthocyanins content was obtained in ‘Oud Aouicha’ and ‘Ninfa’ (71 
and 62.5 mg cyaniding-3-glucoside /100g fresh mass, respectively). 
In conclusion, ‘Mogador’ could be selected as the performing 
apricot genotype including the most phytochemicals components. 
Nevertheless, ‘Ninfa’, ‘Oud Aouicha’ and ‘Oud Hmida’ showed good 
accumulation of many antioxidant components. Research 
limitations: Further researches on other genotypes are required. 
Originality/Value: This study is original related to the phytochemical 
properties of local and introduced organic apricots. The results can 
be considered as a preliminary database of the nutritional facts of 
organic apricots and they could help breeders to select genotypes 
with large antioxidant capacity of fruit related to the health 
benefits. 
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INTRODUCTION 

 

Considerable attention has been recently directed towards the identification of plants with 

high antioxidant ability (Seal, 2011). Since, a positive relation has been demonstrated 

between intake of antioxidant rich diets and lower incidence of degenerative diseases 

including cancer, heart disease, inflammation, arthritis, immune system decline, brain 

dysfunction and cataracts (Dauchet & Dallongeville, 2008). Within the last decade many 

studies have been carried out in order to define the nutraceutical properties of fruit with health 

related benefits (Kaur & Kapoor, 2001; Yao et al., 2004).  

Along with other antioxidant components, phenolic compounds and their consumption 

has been correlated to the prevention of destructive processes (alleviate chronic diseases) 

caused by oxidative stress (Gardner et al., 2000; Kaur & Kapoor, 2001; Vinson et al., 2001). 

So, phenolics are thought to act as antioxidant, anti-carcinogenic, anti-microbial, anti-allergic, 

anti-mutagenic and anti-inflammatory, as well as reduce cardiovascular diseases (Kim et al., 

2003). Furthermore, phenolic compounds have a determinant role in fruit taste and aroma 

contributing to the astringency and bitterness of horticultural crops (Hamauzu, 2006; Veberic 

et al., 2009; Milivojevic et al., 2012). They are also responsible for color formation of fruits 

and vegetables (case of anthocyanins) (Hamauzu, 2006; Pfeiffer & Hegedus, 2011). Certain 

phenolic compounds are characteristic of some species or varieties (Perez-Ilzabre et al., 

1991). Quantitative differences of phenolic compounds depend on fruit variety, stages of 

maturity, storage conditions (Spanos & Wrolstad, 1992) and the presence of the peel in fruit-

based products (Garcia-Viguera et al., 1997). 

Carotenoids are notable for their wide distribution, structural diversity, and of various 

functions (Rodriguez-Amaya & Kimura, 2004). They have been recognized with several 

beneficial effects on human health ranging from provitamin A activity to the enhancement of 

the immune response and reduction of the risk of degenerative diseases such as cancer, 

cardiovascular diseases, cataract, and macular degeneration (Van den Berg et al., 2000; 

Landrum & Bone, 2001). They are potent antioxidants and free radical scavengers (Bohm et 

al., 2002; Grassmann et al., 2002). Several studies have correlated the color with the pigment 

content of different fruits and vegetables (Arias et al., 2000). The color value could be used to 

express the content of β-carotene in white-fleshed sweet potatoes, and thus color 

measurements have been considered to be appropriate for the rapid estimation of carotenoid 

content (Ameny & Wilson, 1997). The daily intake of provitamin A can only be achieved by 

consuming 100-200 g per day of fruits and vegetables with particularly high carotenoids 

content (de Rigal et al., 2000).  

Apricot fruit has great nutritional value because of fiber, minerals and low energy value 

(50 Kcal 100 g-1 fresh weight) that combined with the nutraceutical plus-value (vitamins, 

carotenoids and polyphenols) make it ‘healthy and easy to eat’ (Leccese et al., 2011). Various 

phytochemicals (vitamins, carotenoids and polyphenols) contribute significantly to the taste, 

color and nutritive values of its fruits (Dragovic-Uzelac et al., 2007). For this species, the 

antioxidant profile has been analyzed with particular focus on the total antioxidant capacity, 

polyphenols and /or carotenoids (Ruiz et al., 2005a; Leccese et al., 2011; Schmitzer et al., 

2011). Numerous factors have been shown to influence the fruit antioxidant capacity or 

quantity of individual antioxidant compounds in stone fruit species, including genotype 

(Drogoudi et al., 2008; Hegedus et al., 2010), geographic region of cultivation (Munzuroglu et 

al., 2003; Dragovic-Uzelac et al., 2007), harvest year (Hegedus et al., 2010) and the length of 

the fruit development period (Leccese et al., 2008). In recent years, an increased demand is 

being recorded for fruit with high amount of phytochemicals and large antioxidant capacity 

(Milivojevic et al., 2012) to benefit consumer’s health (Cantin et al., 2009).  
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Apricot is a rich source of carotenoids and vitamin C (Ruiz et al., 2005a; Akin et al., 

2008; Hegedus et al., 2010). For carotenoids, β-carotene represents more than 50% of total 

carotenoids present in apricots (Radi et al., 2004; Sass-Kiss et al., 2005; Ali et al., 2011). 

Besides β-carotene, apricot fruit and its products contain smaller amounts of α-carotene, γ-

carotene, zeaxantin and lutein (Fraser & Bramley, 2004). Lichou et al. (1998) signaled that 

depending on the carotenoid content in apricot, these compounds induce more or less intense 

skin and flesh colors.  

Recently, it has been shown that apricot fruits provide protection against radiation and 

have in vivo cardio-protective activity that are associated with its antioxidant phenolic 

contents (Parlakpinar et al., 2009; Ugras et al., 2010). The major phenolic compounds 

described in apricot fruit are chlorogenic and neochlorogenic acids, (+)-catechin, (-)-

epicatechin, and rutin (or quercetin-3-rutinoside), which have a positive and highly singficant 

relationship with the antioxidant capacity of apricots (Dragovic-Uzelac et al., 2007). For this 

species, no relationship was found between color and the phenolic content (Lichou et al., 

1998). Likewise, Ruiz et al. (2005b) reported that no correlation between flesh color of 

apricot varieties and phenolic content was obtained. Similar results were observed for peaches 

and nectarines (Radi et al., 2004).  

The present study aims to define nutritional attributes of organically grown apricots of 

local and introduced cultivars. Phytochemical levels will be defined for each type and quality 

performance between cultivars will be discussed. 

 

MATERIALS AND METHODS 

 

Plant material 

Three local apricot cultivars ‘Oud Rhayem’, ‘Oud Hmida’ and ‘Oud Aouicha’ and two 

introduced ones ‘Mogador’ and ‘Ninfa’ are considered in this study. They were grown in 

Testour region (Northwest of Tunisia: 36° 33’ N and 09° 26’ E) which was characterized by 

annual temperature of 20°C, rainfall of 390 mm and humidity of 58%. Testour ranked the 4th 

region with 6% of annual fruit production and area, respectively. The annual production of 

apricot was estimated to 30 500 Tons spread over 9200 ha (GDAP, 2017).  

Organic cultivation system of apricot trees is managed as the following: treated during 

April with organically insecticides against aphids and fertilized with compost as organic 

fertilizers. They are characterized by early flowering time (end of February-beginning of 

March) and medium-early ripening time (mid- to the end of May). The trees were 15 years 

old, grafted on mech-mech seedling rootstock (good vigor; relatively tolerant to chlorosis; 

improves productivity and size), spaced at 5 x 5 m and drip irrigated from April to October.  

 

Fruit sampling  

Thirty ripe fruits per cultivar were the subject of the different analysis. These fruits harvested 

during mid-end of May 2017 (22/05/2017) at the commercial stage of maturity (less than 10% 

green color mainly around the suture) as defined by Lichou et al. (1998). Fruits were picked 

from the periphery in the average height of the observer. According to Lichou et al. (1998), 

for the fruits developed on the tree periphery, the light and the sun exposure increase their 

metabolic activity and advance their maturity with important color and over color. After a 

first evaluation (morphological and physico-chemical evaluation), fruit samples were divided 

in 3 lots of 10 fruits each. Apricots were then mixed using a centrifuge-mixer (Moulinex 

JU350B39) and obtained juice was analyzed for phytochemical properties (carotenoids, 

flavonoids and anthocyanins). For these analyses, we referred to fruit quality investigations as 

Nagata and Ayamashita (1992), Arnous et al. (2001), Yang et al. (2009) and Lee et al. (2005).  
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 Fruit biochemical analysis  

Total carotenoids 
Total carotenoids were measured by using Acetone-hexane (4:6, v/v) as described by Nagata 

and Ayamashita (1992). Yet, the protocol was little modified to improve carotenoids 

extraction from fruit samples. For each cultivar, 5g of juice/lot of 10 fruits was homogenized 

separately with 10 ml of solvent. After vortex shaking, the mixture was stand for few minutes 

until separation of the two phases. The superior phase is composed by the solvent and the 

extract. For apricot, if phase separation does not occur, 5ml of solvent could be added. The 

total carotenoids content (expressed as β-carotene) in each extract was measured by using a 

spectrophotometer (BioBase; BK-W 1000, China) at 4 wave lengths: 453 nm, 505 nm, 645 

nm and 663 nm, successively. For apricot, the mean carotenoids content was divided by 5 (in 

the beginning, 5g of juice was used) and was expressed as β-carotene equivalent (mg/100g of 

fresh mass) which was identified as the main pigment in apricot varieties according to Ruiz et 

al. (2005a). 

 

Total phenolics 

According to Arnous et al. (2001), the total phenolics were estimated by using Folin-

Ciocalteu method. For each apricot cultivar, 50 µl of Folin-Ciocalteu reagent and 790 µl of 

distilled water were added to10 µl of juice (After vortex shaking for 1 min, 150 µl of sodium 

carbonate (20%) was added. The mixture was shaked again and kept in the dark for 2 hours at 

ambient temperature. Absorbance of the extracts was measured at 750 nm. The same analysis 

was repeated 3 times for each cultivar. The mean phenolics content was expressed as gallic 

acid equivalents (GAE) (mg/100 g of fresh mass) and estimated by calibration curve obtained 

from measuring the absorbance of a known concentration of gallic acid standard.  

 

Total flavonoids 

Total flavonoids were extracted by using spectrophotometric method according to Yang et al. 

(2009). 250 µl of juice sample has been diluted with 1.25 ml distilled water. 75 µl of sodium 

nitrite (5%), 150 µl of aluminum chloride (2%), 500 µl of NaOH (1 M) and finally 3 ml of 

distilled water were added to the juice. The total flavonoids content in each extract of juice 

was measured by using a spectrophotometer at 510 nm. The results were expressed as 

catechin equivalent (mg/100 g of fresh mass) and estimated by calibration curve obtained 

from measuring the absorbance of a known concentration of catechin standard.  

 

Total anthocyanins 

Total anthocyanins were determined according to Lee et al. (2005). Three samples of 

juice/cultivar were analyzed. Potassium chloride (0.025 M; pH=1) and sodium acetate (0.4 M; 

pH=4.5) solutions were used. 3.6 ml of each solution were added to 0.4 ml of juice. The 

absorbance was measured at 510 nm and 700 nm by spectrophotometer. The total 

anthocyanins content was expressed as cyaniding-3-glucoside (mg/l of fresh mass).  

 

Statistical analysis 

For each apricot cultivar, means values and respective standard error of means were 

determined for each phytochemical property. General Linear Model (GLM) was performed 

for the analysis of variance and to establish the effect of cultivar on these cited fruit 

characteristics. The means values were compared by the Duncan test at 5% in order to define 

groups from homogenous subsets. Principal component analysis (PCA) was used to establish 

relationships between cultivars and to highlight cultivars with high fruit quality performance. 

All these analyses were performed using the SPSS 17.0 and Excel Stat softwares. 
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RESULTS AND DISCUSSION 

 

Analysis of variance of phytochemical properties 

Total carotenoids  

The results showed a highly significant difference in β-carotene content between local and 

introduced apricot cultivars (Fig. 1). In fact, β-carotene levels were higher in introduced 

cultivars than in local ones. ‘Mogador’ showed the highest β-carotene level (0.050 mg/100g 

of fresh mass) followed by ‘Ninfa’ (0.042mg/100g of fresh mass) (Fig. 1). Whereas, low 

levels of β-carotene were obtained in local cultivars. They varied between 0.020 mg/100g of 

fresh mass (‘Oud Rhayem’ and ‘Oud Hmida’) and 0.034 mg/100g of fresh mass (‘Oud 

Aouicha’) (Fig. 1). Similar variation of β-carotene content among apricot varieties was 

obtained by many researchers (Ruiz et al., 2005a; Dragovic-Uzelac et al., 2007; Akin et al., 

2008; Drogoudi et al., 2008; Ali et al., 2011). Yet, the β-carotene level was determined to be 

significantly different among apricot varieties and among different regions with the same 

variety (Munzuroglu et al., 2003; Dragovic-Uzelac et al., 2007; Erdogan & Erdemoglu, 2011). 

Our values of β-carotene content were close to those obtained by Kan et al. (2014) which 

ranged between 0.05 and 0.327 mg/100 g fresh mass in Turkish apricot cultivars grown under 

different farming conditions (irrigated and dry). Radi et al. (1997) found a variation of β-

carotene between 0.05 and 1.16 mg/100 g fresh mass in several apricot cultivars (originated 

from France and Spain) grown in France. Also, similar carotenoid content expressed of β-

carotene equivalents (1.01 to 1.81 mg/100 g fresh mass) were obtained in Pakistan apricot 

cultivars (Ali et al., 2011). While, higher levels of β-carotene (0.57 to 4.87 mg/100 g fresh 

mass) were observed in some Turkish apricot varieties (Akin et al., 2008). Drogoudi et al. 

(2008) observed the similar variation of total carotene content (0.95 to 3.78 β-carotene 

equivalent mg/100g fresh mass) between group of apricot cultivars (local, American and 

hybrids) grown in Greece. Also, Wassem et al. (2021) reported an average of 0.47-10.09 β-

carotene equivalent mg/100 g fresh mass in Pakistan apricots varieties. Apricots have been 

described as one of the most important dietary sources of provitamin A carotenoids, which 

include β-carotene, β-cryptoxanthin and α-carotene (Ruiz et al., 2005a). These latter authors 

reported that β-carotene was the main pigment in apricot varieties and it ranged from 48% in a 

white flesh variety to 88% in an orange flesh apricot. Similarly, Alajil et al. (2021) reported 

that β-carotene was the main pigment in apricot varieties grown in India which counted 33 to 

84% of the total carotenoids. However, according to Kafkaletou et al. (2019), β-carotene 

represented 87 to 97% of total carotenoids in apricots grown in Greece. Moreover, Ruiz et al. 

(2005a) signaled that in contrast with other fruits, the peel of apricot was consumed as an 

edible portion and is the richest portion in carotenoids (2-3 times higher than in the flesh). 

Variations in carotenoids are attributed to climate, variety, geographical origin, harvest and 

the methods of cultivation (Akinci et al., 2004).  

Many investigations signaled a relationship between the carotenoids content and the color 

of fruit (Arias et al., 2000; Ruiz et al., 2005a; Carbone et al., 2018). For our studied apricot 

cultivars, the ground color of skin and the color of flesh of the fruit have been characterized 

previously (Lachkar et al., 2021). In fact, the two introduced cultivars ‘Mogador’ and ‘Ninfa’ 

were characterized by medium orange as the ground color of skin and light orange as the 

color of flesh (Fig. 2) as reported by Lachkar et al. (2021). The local cultivar ‘Oud Aouicha, 

was identified by light orange as the color of flesh (like the introduced cultivars) and also as 

the ground color of skin. This latter was respectively, yellowish and medium orange for ‘Oud 

Hmida’ and ‘Oud Rhayem’. These cultivars were characterized by cream and medium orange 

color of flesh (Fig. 2), respectively as signaled by Lachkar et al. (2021). Ruiz et al. (2005a) 

reported that the color parameters [a*, b*, hue angle: H°= arctangent (b*/a*) and chroma: 
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(a*2+ b*2)1/2] showed good correlations with individual and total carotenoids in both flesh and 

peel of apricot. The hue angle has been described as a suitable color index and quality 

criterion to select new varieties with higher carotenoid contents. It decreased from the yellow 

to the orange stage due to carotenoid accumulation (Ruiz et al., 2005a). Indeed, Ayour et al. 

(2016) signaled that apricot genotypes with the lowest h values may be defined as a 

carotenoids-rich source.  

 

Total phenolics 

A wide variability of total phenolics was obtained among organic apricot cultivars. The values 

varied between 93 (‘Ninfa’: introduced cultivar) and 163 mg GAE/100g fresh mass (‘Oud 

Hmida’: local cultivar) (Table 1). Similarly, Kafkaletou et al. (2019) signaled that total 

phenolics in various apricot genotypes cultivated in Greece ranged from 33.5 to 113.4 mg 

GAE/100 g fresh mass. However, Alajil et al. (2021) and Wassem et al. (2021) reported a 

spectrum of total phenolics contents ranging from 25.31 to 89.95 mg GAE/100 g fresh mass 

in apricot genotypes cultivated in India and from 209.64 to 641.15 mg GAE/100 g fresh mass 

in Pakistan apricot varieties. In our study, the phenolics levels of fruit of ‘Oud Hmida’, ‘Oud 

Aouicha’ and ‘Mogador’ were statistically similar and they were the highest ones (154,33; 

159,79 and 162,62 mg GAE/100g fresh mass, respectively) (Table 1). While, ‘Ninfa’ showed 

the lowest level of phenolics (93.48 mg GAE/100g fresh mass). These results were similar to 

those obtained by Ruiz et al. (2005b) (32.6 to 160 mg/100g fresh mass of edible portion) and 

by Miloševic et al. (2012) (100 to 130 mg/100 g fresh mass). High total phenolic compounds 

were obtained in Turkish apricot varieties (423.37 to 818.05 mg GAE /100 g fresh mass) 

(Akin et al., 2008) and in Pakistan ones (459.1 to 731.0 mg GAE /100 g fresh mass) (Ali et al. 

2011). Similarly, in Greece, a remarkable variation was observed in the total phenol content 

(30 to 740 mg GAE/100 g fresh mass) between Greece, American and hybrids apricot 

cultivars (Drogoudi et al., 2008). Whereas, in Italy, small amounts of phenolics (20.78 to 

75.76 mg GAE/100 g fresh mass) were obtained by Leccese et al., (2007). The different 

findings of total phenolics content may be related to the origin of cultivars (Kalyoncu et al., 

2009), environmental conditions, length of fruit development period, maturity levels of fruits 

(Dragovic-Uzelac et al., 2007; Hegedűs et al., 2010) and fruit location on the tree (Dragovic-

Uzelac et al., 2007). Moreover, their types and their concentrations changed according to the 

different cultivars (Kan & Bostan, 2010). Otherwise, analytical methods can make up 

differences and amounts on phenolic compounds (Hegedűs et al., 2010; Leccese et al., 2011). 

Considering their ripening calendar, the highest phenol content has been recorded in later 

ripening cultivars (Leccese et al., 2007) and the polyphenol quantities in apricot decreased 

with ripening (Dragovic-Uzelac et al., 2007).  

 
Table 1. Some phytochemical properties of local and introduced apricot cultivars grown under organic 

cultivation system   

Cultivars TP  

(mg GAE/100g fresh 

mass) 

TA  

(mg cyaniding-3-glucoside 

/100g fresh mass) 

TF 

(mg catechin/100g fresh 

mass) 

‘Mogador’ 154.33 ± 8.30 a 39.41 ± 15.34 bc 27.15 ± 1.08 a 

‘Ninfa’ 93.48 ± 9.69 c 62.56 ± 12.45 ab 3.70 ± 1.77 c 

‘Oud Aouicha’ 159.79 ± 5.43 a 71.36 ± 20.26 a 14.41 ± 2.50 b 

‘Oud Hmida’ 162.62 ± 6.96 a 13.92 ± 3.21 d 13.31 ± 2.20 b 

‘Oud Rhayem’ 116.03 ± 2.52 b 18.70 ± 6.90 cd 13.41 ± 2.12 b 
TP: Total phenolics; TA: Total anthocyanins; TF: Total flavonoids.  

For each phytochemical property: all the values are means of three replications ± standard deviation and means with the same 

letter are not statistically different by Duncan test at p ≤ 0.05. 
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All the values are means of three replications ± standard deviation. Means with the different letter are statistically different by 

Duncan test at p ≤ 0.05.  

 

 

  

 

  

 

 

    

Fig. 2.  The ground color of skin and the color of flesh of apricots for the introduced and local studied cultivars. 
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In our study, the apricot cultivars were grown in same location under similar cultural 

practices like to the study of Miloševic et al. (2012). The variability of phenolics levels 

obtained was in accordance with that showed by many researchers for several groups of 

apricot cultivars (Dragovic-Uzelac et al., 2007; Leccese et al., 2007; Akin et al., 2008; 

Drogoudi et al., 2008; Pedryc et al., 2009; Schmitzer et al., 2011; Ali et al., 2011; Miloševic 

et al., 2012). 

 

Total flavonoids 

Total flavonoids were significantly different between studied apricot cultivars (Table 1). 

Introduced cultivar ‘Mogador’ showed the highest concentrations of total flavonoids (27.15 

mg/100 g fresh mass). While, the second one ‘Ninfa’ had the lowest amount (3.70 mg/100 g 

fresh mass). The content of these compounds was statistically similar between three local 

cultivars (Table 1). Our values of total flavonoids were close to those obtained by many 

researchers (Ruiz et al., 2005b; Carbone et al., 2018; Alajil et al., 2021). Ruiz et al. (2005b) 

reported that flavonoids content ranged significantly from 5.7 mg/100 g fresh mass (Yellow 

flesh apricot varieties) to 9.2 mg/100 g fresh mass (White flesh apricot varieties) showing that 

white flesh varieties had higher levels than yellow, light orange, and orange varieties. In 

contrast, other researchers found higher flavonoids values in fruit apricot (Miloševic et al., 

2012; Wani et al., 2017; Kafkaletou et al., 2019). Previous works have revealed the 

importance of genotype for the production of flavonoids (Ruiz et al., 2005b; Miloševic et al., 

2012). Furthermore, the apricot cultivar is the crucial factor in determining the fruit total 

phenolic content, total flavonoid content and also antioxidant capacity (Dragovic-Uzelac et 

al., 2007; Drogoudi et al., 2008; Hegedűs et al., 2010; Schmitzer et al., 2011; Miloševic et al., 

2012;2013). Likewise, the cultivation conditions of the plant (environmental and cultivation 

techniques) can affect these concentrations (Hegedűs et al., 2010).  

 

Total anthocyanins 
The results showed a great variability of total anthocyanins content among apricot cultivars. 

These contents varied from 13.92 to 71.36 mg/100 g fresh mass (Table 1). In fact, the local 

apricot cultivar ‘Oud Aouicha’ showed the highest total anthocyanins content (71.36 mg/100 

g fresh mass) (Table 1). Statistically, the introduced cultivar ‘Ninfa’ had close total 

anthocyanins content (62.56 mg/100 g fresh mass) as ‘Oud Aouicha’. Total anthocyanin 

content was the lowest in the local apricot cultivar ‘Oud Hmida’ (13.92 mg/100 g fresh mass) 

(Table 1). Moreover, ‘Oud Rhayem’ was characterized by similar total anthocyanins content 

(18.70 mg/100 g fresh mass). However, Ruiz et al. (2005b) did not find a significant 

difference of total anthocyanins content between some apricot varieties with different flesh 

colors (white, yellow, light orange and orange). These pigments were detected in small 

amounts (0.4 to 6.2 mg/100 g fresh weight of peel) but they had a clear impact on apricot skin 

color, providing a red blush. In our previous study, according to apricot descriptors (UPOV, 

2007), the hue of over color (blush) was purple with dark intensity for all organic apricots of 

local and introduced studied cultivars (Lachkar et al., 2021).  

Unlike to the findings of Ruiz et al. (2005b), Toma’s-Barberan et al. (2001) reported that 

anthocyanins content was higher in peaches and nectarines (3 to 31 mg/100 g fresh weight of 

peel). Variation exists from crops to crops as well within different varieties of same species. 

This variation in anthocyanin concentrations may be due to genetic distinctions (Wassem et 

al., 2021). 
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Table 2. PCA analysis performed on phytochemical properties of fruit among local and introduced apricot 

cultivars as explained by the 3 first principal components (Proportion of cumulative variability; Component 

loading for phytochemical properties of fruit) 

  Component loading 

Percent of variance PC1, λ=44.07 PC2, λ=40.23 PC3, λ=13.55 

Phytochemical properties of fruit 44.07 84.30 97.84 

β-carotene -0.14 0.93 -0.29 

Total phenolics 0.86 0.18 0.47 

Total flavonoids 0.84 0.44 -0.26 

Total anthocyanins -0.55 0.72 0.41 

 

Principal component analysis (PCA) 

The three first components (PC1, PC2 and PC3) of PCA analysis performed on 

phytochemical properties of organic apricot among five cultivars (local and introduced) 

explained 97.84% of the total variability. PC1, PC2 and PC3 marked 44.07%, 40.23% and 

13.55% of the variability, respectively (Table 2). Previously, PCA analysis has been used to 

establish the relationships among genotypes, i.e. cultivars, and to study the correlations 

between fruit physical and chemical traits and other characteristics within sets of apricot 

genotypes (Ruiz & Egea 2008b; Mratinić et al., 2011). In our study, high positive correlation 

was found between PC1 component and total phenolics and also total flavonoids (Table 2). 

Accordingly, positive values of PC1 correspond to the two cultivars: introduced one 

‘Mogador’ and local one ‘Oud Hmida’ with higher phenolics and flavonoids contents (Table 

1) (Fig. 3). Previously, Lachkar et al. (2021) reported that ‘Mogador’ was characterized by 

lower ratios of ripening index (Total soluble solids/ Titratable acidity) and sweetness index 

(Total sugars/Titratable acidity) unlike to ‘Oud Hmida’ with opposite characters. While, these 

2 cultivars exhibited lower values of pH and juice percentage (Lachkar et al., 2021). PCA 

analysis showed that the highest negative value of PC1 corresponds to the introduced cultivar 

‘Ninfa’ and the local one ‘Oud Aouicha’ with higher total anthocyanins content (Table 1) 

(Fig. 3). These latter figures showed a high positive correlation between PC2 component and 

β-carotene and also total anthocyanins contents. According to this component, ‘Mogador’, 

‘Ninfa’ and ‘Oud Aouicha’ were characterized by higher values of total carotenoids expressed 

as β-carotene equivalent and total anthocyanins (Table 1) (Fig. 3). Unlike to ‘Ninfa’, ‘Oud 

Aouicha’ is distinguished by the highest values of: physical characteristics of fruit, juice 

percentage and titratable acidity. It showed also higher total sugars and lower value of pH 

(Lachkar et al., 2021).  

As shown by many researchers, PCA study may help to select a set of apricot genotypes 

with better fruit quality performances (Azodanlou et al., 2003). In this investigation, the 

introduced cultivar ‘Mogador’ might be the best cultivar with highest phenolics, flavonoids 

and β-carotene contents. In the other hand, ‘Ninfa’ and ‘Oud Aouicha’ might be selected as 

performing apricot cultivars due to high contents of total carotenoids and anthocyanins. 

Likewise, the local cultivar ‘Oud Hmida’ was characterized by high phenolics and flavonoids 

contents. While, regarding the morphological and physico-chemical attributes of organic 

apricots, the 3 local cultivars (‘Oud Aouicha’, ‘Oud Hmida’ and ‘Oud Rhayem’) are 

distinguished by their fruit quality performances compared to the introduced commercial 

cultivars (Lachkar et al., 2021).  
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CONCLUSION 

 

The results of this comparative study between local and introduced apricot cultivars grown 

under organic cultivation system, showed a wide variability in phytochemical composition 

and properties. The introduced cultivar ‘Mogador’ was found to be superior compared to 

other cultivars, for most phytochemical compounds (β-carotene, phenolics and flavonoids). It 

exhibited a good antioxidant activity for human health. Even though, the introduced cultivar 

‘Ninfa’ was characterized by high contents of β-carotene and anthocyanins. Regarding the 

nutritional values of the local apricot cultivars, PCA analysis permitted to identify 2 cultivars: 

‘Oud Hmida’ with higher phenolics and flavonoids contents and ‘Oud Aouicha’ with higher 

anthocyanins and carotenoids (expressed as β-carotene equivalent) contents.  

Finally, we can conclude that ‘Mogador’, was the performing apricot cultivar for most 

phytochemical compounds. Except ‘Oud Rhayem’, the other studied cultivars (‘Ninfa’, ‘Oud 

Aouicha’ and ‘Oud Hmida’) exhibited important accumulation of many phytochemical 

properties and in addition large antioxidant capacity. These local and introduced cultivars are 

principally intended for fresh market but they might be oriented towards other sectors (drying 

or processing) and might be used in breeding program as genitors with high amount of 

phytochemicals and moreover with a large antioxidant ability.  

 
Acknowledgements 

The authors thank the farmer Mohamed Bel Harcha in Testour-Region for his collaboration in 

supplying organic apricots of local and introduced cultivars. Likewise, we are grateful to 

colleagues Dr. Mehdi Trad, and Dr. Chokri Bayoudh, for critical reviewing of this 

manuscript. 

 

Conflict of interest 

The authors have no conflict of interest to report. 

 

 

 

'Mogador'

'Ninfa' 
'Oud Aouicha'

'Oud Hmida'
'Oud Rhayem'

-2

-1

0

1

2

-2 -1 0 1 2

-a
x
is

 P
C

2
 (

4
4

.2
3

%
)-

>

-axis PC1 (44.07%)->

Fig. 3. PCA analysis among local and introduced apricot cultivars grown under the

same organic cultivation system as explained by the 2 first principal components



 
Lachkar et al./J. HORTIC. POSTHARVEST RES., 5(4), DECEMBER 2022                                  

 

359 
 

REFERENCES 

Akin, E. B., Karabulut, I., & Topcu, A. (2008). Some compositional properties of main Malatya 

apricot (Prunus armeniaca L.) varieties. Food Chemistry, 107, 939-948.  

      https://doi.org/10.1016/j.foodchem.2007.08.052 

Akinci, I., Ozdemir, F., Topuz, A., Kabas, O., & Anakci, C. (2004). Some physical and nutritional 

properties of Juniperus drupacea fruits. Journal of Food Engineering, 65, 325-331. 

      https://doi.org/10.1016/j.jfoodeng.2004.01.029 

Alajil, O., Sagar, V. R., Kaur, C., Rudra, S. G., Sharma, R. R., Kaushik, R., Verma, M. K., Tomar, M., 

Kumar, M., & Mekhemar, M. (2021). Nutritional and Phytochemical Traits of Apricots (Prunus 

Armeniaca L.) for Application in Nutraceutical and Health Industry. Foods, 10(6), 1344.  

      https://doi.org/10.3390/foods10061344 

Ali, S., Mesud, T., & Abbasi, K. S. (2011). Physico-chemical characteristics of apricot (Prunus 

armeniaca L.) grown in northern areas of Pakistan. Scientia Horticulturae, 130, 386-392.  

      https://doi.org/10.1016/j.scienta.2011.05.040 

Ameny, M. A, & Wilson, P. W. (1997). Relationship between hunter color values and β-carotene 

contents in white-fleshed African sweet-potatoes (Ipomoea batatas Lam). Journal of the Science 

of Food and Agriculture, 73, 301-306. 

      https://doi.org/10.1002/(SICI)1097-0010(199703)73:3%3C301::AID JSFA726%3E3.0.CO;2-Z 

Arias, R., Lee, T. C., Logendra, L., & Janes, H. (2000). Correlation of lycopene measured by HPLC 

with the L*, a*, b* color readings of a hydroponic tomato and the relationship of maturity with 

color and lycopene content. Journal of Agricultural and Food Chemistry, 48, 1697-1702.  

      https://doi.org/10.1021/jf990974e  

Arnous, A., Makris, D. P., & Kefalas, P. (2001). Effect of principal polyphenolic components in 

relation to antioxidant characteristics of aged red wines. Journal of Agricultural and Food 

Chemistry, 49, 5736-5742.  https://doi.org/10.1021/jf010827s 

Ayour, J., Sagar, M., Alfeddy, M. N., Taourirte, M., & Benichou, M. (2016). Evolution of pigments 

and their relationship with skin colour based on ripening in fruits of different Moroccan cultivars 

of apricots (Prunus armeniaca L.). Scientia Horticulturae, 207, 168-175.  

      https://doi.org/10.1016/j.scienta.2016.05.027 

Azodanlou, R., Darbellay, C., Luisier, J. L., Villettaz, J. C., & Amado, R. (2003). Development of a 

model for quality assessment of tomatoes and apricots. Food Science and Technology, 36, 223-

233. https://doi.org/10.1016/s0023-6438(02)00204-9 

Bohm, V., Putpitasari-Nienaber, N. L., Ferruzzi, M. G., & Schwartz, S. J. (2002). Trolox equivalent 

antioxidant capacity of different geometrical isomers of α-carotene, β-carotene, lycopene and 

zeaxanthin. Journal of Agricultural and Food Chemistry, 50, 221-226.  

      https://doi.org/10.1021/jf010888q 

Cantin, C. M., Gogorcena, Y., & Moreno, M. Á. (2009). Analysis of phenotypic variation of sugar 

profile in different peach and nectarine [Prunus persica (L.) Batsch] breeding progenies. Journal 

of the Science of Food and Agriculture, 89, 1909-1917. https://doi.org/10.1002/jsfa.3672 

Carbone, K., Ciccoritti, R., Paliotta, M., Rosato, T., Terlizzi, M., & Cipriani, G. (2018). Chemometric 

classification of early-ripening apricot (Prunus armeniaca L.) germplasm based on quality traits, 

biochemical profiling and in vitro biological activity. Scientia Horticulturae, 227, 187-195. 

      https://doi.org/10.1016/j.scienta.2017.09.020  

Dauchet, L., & Dallongeville, J. (2008). Fruit and vegetables and cardiovascular disease: 

epidemiological evidence from the non-western world. British Journal of Nutrition, 99, 219-220. 

https://doi.org/10.1017/S0007114507815820  

de Rigal, D., Gauillard, F., & Richard-Forget, F. (2000). Changes in the carotenoid content of apricot 

(Prunus armeniaca, var Bergeron) during enzymatic browning: β-carotene inhibition of 

chlorogenic acid degradation. Journal of the Science of Food and Agriculture, 80, 763-768. 

      https://doi.org/10.1002/(SICI)1097-0010(20000501)80:6<763::AID-JSFA623>3.0.CO;2-U 

Dragovic-Uzelac, V., Levaj, B., Mrkic, V., Bursac, D., & Boras, M. (2007). The content of 

polyphenols and carotenoids in three apricot cultivars depending on stage of maturity and 

geographical region. Food Chemistry, 102, 966-975.  

https://doi.org/10.1016/j.foodchem.2007.08.052
https://doi.org/10.1016/j.jfoodeng.2004.01.029
https://doi.org/10.3390/foods10061344
https://doi.org/10.1016/j.scienta.2011.05.040
https://doi.org/10.1021/jf990974e
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1021%2Fjf010827s
https://doi.org/10.1021/jf010888q
https://doi:10.1002/jsfa.3672
https://doi.org/10.1016/j.scienta.2017.09.020
https://doi.org/10.1017/s0007114507815820
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F(SICI)1097-0010(20000501)80%3A6%3C763%3A%3AAID-JSFA623%3E3.0.CO%3B2-U


 
Lachkar et al./J. HORTIC. POSTHARVEST RES., 5(4), DECEMBER 2022                                  

 

360 
 

      https://doi.org/10.1016/j.foodchem.2006.04.001 

Drogoudi, P. D., Vemmos, S., Pantelidis, G., Petri, E., Tzoutzoukou, C., & Karayannis, I. (2008).  

Physical characters and antioxidant, sugar, and mineral nutrient contents in fruit from 29 apricot 

(Prunus armeniaca L.) cultivars and hybrids. Journal of Agricultural and Food Chemistry, 56, 

10754-10760. https://doi.org/10.1021/jf801995x 

Erdogan, S., & Erdemoglu, S. (2011). Evaluation of polyphenol contents in differently processed 

apricots using accelerated solvent extraction followed by high-performance liquid 

chromatography–diode array detector. International Journal of Food Sciences and Nutrition, 62, 

729-739. https://doi.org/10.3109/09637486.2011.573469 

Fraser, P. D. & Bramley, P. M. (2004). The biosynthesis and nutritional uses of carotenoids. Progress 

in Lipid Research, 43(3), 228-265. https://doi.org/10.1016/j.plipres.2003.10.002. 

Garcia-Viguera, C., Zafrilla, P., & Tomas- Barberan, F. A. (1997). Determination of authenticity of 

fruit jams by HPLC analysis of anthocyanins. Journal of the Science of Food and Agriculture, 

207-213.  

      https://doi.org/10.1002/(SICI)1097-0010(199702)73:2<207::AID JSFA703>3E3.0.CO;2-8 

Gardner, T. A., White, D. B., McPhail, G., & Duthie, G. (2000). The relative contributions ofvitamin 

C, carotenoids and phenolics to the antioxidant potential of fruit juices. Food Chemistry, 68(4), 

471-474. https://doi.org/10.1016/S0308-8146(99)00225-3 

GDAP (General Direction of Agricultural Production). (2017). Area and production of stone fruit 

species: apricot. Report of Ministry of Agriculture, Water Resources and Fisheries. Tunisia.  

Grassmann, J., Hippeli, S., & Elstre, E. F. (2002). Plant’s defence mechanism and its benefits for 

animals and medicine: role of phenolics and terpenoids in avoiding oxygen stress. Plant 

Physiology and Biochemistry, 40(6-8), 471-478. https://doi.org/10.1016/S0981-9428(02)01395-5 

Hamauzu, Y., 2006. Role and evolution of fruit phenolic compounds during ripening and storage. 

Stewart Postharvest Review, 2(2), 1-7. https://doi.org/10.2212/spr.2006.2.5 

Hegedűs, A., Engel, R., Abrankó, L., Balogh, E., Blázkovics, A., Hermán, R., Halász, J., Ercisli, S., 

Pedryc, A, & Stefanovits-Bányai, E. (2010). Antioxidant and antiradical capacities in apricot 

(Prunus armeniaca L.) fruits: variations from genotypes, years, and analytical methods. Journal of 

Food Science, 75, 722-730. https://doi.org/10.1111/j.1750-3841.2010.01826.x 

Kafkaletou, M., Kalantzis, I., Karantzi, A., Christopoulos, M. V., & Tsantili, E. (2019). Phytochemical 

characterization in traditional and modern apricot (Prunus armeniaca L.) cultivars–Nutritional 

value and its relation to origin. Scientia Horticulturae, 253, 195-202.  

      https://doi.org/10.1016/j.scienta.2019.04.032  

Kalyoncu, I. H., Akbulat, M., & Çoklar, H. (2009). Antioxidant capacity, total phenolics and some 

chemical properties of semi-matured apricot cultivars grown in Malatya, Turkey. World Applied 

Sciences Journal, 6(4), 519-523.  

Kan, T., & Bostan, S. Z. (2010). Changes of Contents of Polyphenols and Vitamin a of Organic and 

Conventional Fresh and Dried Apricot Cultivars (Prunus armeniaca L.). World Journal of 

Agricultural Sciences, 6(2), 120-126. 

Kan, T., Gundogdu, M., Ercisli, S., Muradoglu, F., Celik, F., Gecer, M. K., Kodad, O., & Zia-Ul-Haq, 

M. (2014). Phenolic compounds and vitamins in wild and cultivated apricot (Prunus armeniaca 

L.) fruits grown in irrigated and dry farming conditions. Biological Research, 47, 46.  

      http://www.biolres.com/content/47/1/46 

Kaur, C., & Kapoor, H. C. (2001). Antioxidants in fruits and vegetables-the millennium’s health. 

International Journal of Food Science and Technology, 36(7), 703-725. 

      https://doi.org/10.1111/j.1365-2621.2001.00513.x 

Kim, D. O., Jeong, S.W., & Lee, C.Y. (2003). Antioxidant capacity of phenolic phytochemicals from 

various cultivars of plums. Food Chemistry, 81(3), 321-326. 

      https://doi.org/10.1016/S0308-8146(02)00423-5 

Lachkar, A., Amari, A., & Ben Atia, I. (2021). Assessment of the organic fruit quality of local and 

introduced apricot cultivars grown in Tunisia: morphological and physicochemical attributes. 

Journal of Horticulture and Postharvest Research, 4(4), 399-412. 

      https://doi.org/10.22077/jhpr.2021.3998.1190 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1021%2Fjf801995x
https://doi.org/10.1016/j.plipres.2003.10.002
https://doi.org/10.1002/(SICI)1097-0010(199702)73:2%3c207::AID%20JSFA703%3e3E3.0.CO;2-8
https://doi.org/10.1016/S0308-8146(99)00225-3
https://doi.org/10.1016/S0981-9428(02)01395-5
http://dx.doi.org/10.2212/spr.2006.2.5
https://doi.org/10.1111/j.1750-3841.2010.01826.x
https://doi.org/10.1016/j.scienta.2019.04.032
http://www.biolres.com/content/47/1/46
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1365-2621.2001.00513.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS0308-8146(02)00423-5
https://doi.org/10.22077/jhpr.2021.3998.1190


 
Lachkar et al./J. HORTIC. POSTHARVEST RES., 5(4), DECEMBER 2022                                  

 

361 
 

Landrum, J. T., & Bone, R. A. (2001). Lutein, zeaxanthin and the macular pigment. Archives of 

Biochemistry and Biophysics, 385(1), 28-40. https://doi.org/10.1006/abbi.2000.2171 

Leccese, A., Bartolini, S., & Viti, R. (2007). Total antioxidant capacity and phenolics content in fresh 

apricots. International Journal of Fruit Science, 7(2), 1-16.  

      https://doi.org/10.1300/J492v07n02_02.  

Leccese, A., Bartolini, S., & Viti, R. (2008). Total antioxidant capacity and phenolics content in fresh 

apricots. Acta Alimentaria, 37(1), 65-76. https://doi.org/10.1556/AAlim.37.2008.1.6 

Leccese, A., Viti, R., & Bartolini, S. (2011). The effect of solvent extraction on antioxidant properties 

of apricot fruit. Central European Journal of Biology, 6(2), 199–204.  

      https://doi.org/10.2478/s11535-010-0113-2 

Lee, J., Durst, R. W., & Wrolstad, R. E. (2005). Determination of total monomeric anthocyanin 

pigment content of fruit juices, beverages, natural colorants, and wines by the differential method; 

Collaborative study. Journal of the AOAC International, 88(5), 1269-1278.  

Lichou, J., Albagnac, G., Audergon, J. M., Broquaire, J. M., Chamet, C., & Pinet, C. (1998). Apricot: 

varieties, Manual. Paris: Interprofessional Technical Center for Fruits and Vegetables (ITCFV). 

Milivojevic, J., Slatnar, A., Mikulic-Petkovsek, M., Stampar, F., Nikolic, M., & Veberic, R. (2012). 

The Influence of Early Yield on the Accumulation of Major Taste and Health-Related Compounds 

in Black and Red Currant Cultivars (Ribes spp.). Journal of Agricultural and Food Chemistry, 

60(10), 2682-2691. https://doi.org/10.1021/jf204627m 

Miloševic, T., Miloševic, N., Glišic, I., & Mladenovic, J. (2012). Fruit quality, phenolics content and 

antioxidant capacity of new apricot cultivars from Serbia. Acta Scientiarum Polonorum Hortorum 

Cultus, 11(5), 3-15. 

Milošević, T., Milošević, N., & Glišić, I. (2013). Dynamic of fruit growth and internal fruit quality of 

apricot trees grafted on rootstock or with interstem. Journal of Agricultural Science and 

Technology, 15(2), 311-321. 

Mratinić, E., Popovski, B., Milošević, T., & Popovski, M. (2011). Evaluation of apricot fruit quality 

and correlations between physical and chemical attributes. Czech Journal of Food Sciences, 29(2), 

161-170.  

Munzuroglu, O., Karatas, F., & Geckil, H. (2003). The vitamin and selenium contents of apricot fruit 

of different varieties cultivated in different geographical regions. Food Chemistry, 83(2), 205-212. 

https://doi.org/10.1016/S0308-8146(03)00064-5 

Nagata, N., & Yamashita, I. (1992). Simple method for simultaneous determination of chlorophyll and 

cartenoids in tomato fruit. Journal of The Japanese Society for Food Science and Technology, 

39(10), 925-928. https://doi.org/10.3136/nskkk1962.39.925 

Parlakpinar, H., Olmez, E., Acet, A., Ozturk, F., Tasdemir, S., Ates, B., Gul, M., & Otlu, A. (2009).  

Beneficial effects of apricot-feeding on myocardial ischemia-reperfusion injury in rats. Food and 

Chemical Toxicology, 47, 802-808. https://doi.org/10.1016/j.fct.2009.01.014 

Pedryc, A., Hermán, R., Halász, J., Gutermuth, Á., & Hegedüs, A. (2009). Apricot breeding – aims 

and results: ‘GNT – 5/47’ hybrid. Hungarian Agricultural Research, 2, 16-18.  

Perez-Ilzabre, F. J., Hernandez, T., & Estrella, I. (1991). Phenolic compounds Und Forschung, apples: 

varietal differences. Zeitschrift für Lebensmittel Untersuchung und Forschung, 192, 551-554.  

Pfeiffer, P., & Hegedus, A. (2011). Review of the molecular genetics of flavonoid biosynthesis in 

fruits. Acta Alimentaria, 40, 150-163. https://doi.org/10.1556/AAlim.40.2011.Suppl.15 

Radi, M., Mahrouz, M., Jaouad, A., Tacchini, M., Aubert, S., Hugues, M., & Amiot, M. J. (1997). 

Phenolic composition, browning susceptibility, and carotenoid content of several apricot cultivars 

at maturity. Hortscience, 32(6), 1087-1091.  

Radi, M., Mahrouz, M., Jaouad, A., & Amiot, M. J. (2004). Characterization and identification of 

some phenolic compounds in apricot fruit (Prunus armeniaca L.). Sciences des Aliments, 24(2), 

173-184. 

Rodriguez-Amaya, D. B., & Kimura, M. (2004). Harvestplus Handbook for Carotenoid Analysis. 

HarvestPlus Technical Monograph 2. Washington DC and Cali. International Food Policy 

Research Institute (IFPRI) and International Center for Tropical Agriculture (CIAT). 

http://www.ifpri.org/sites/default/files/publications/hptech02.pdf  

https://doi.org/10.1006/abbi.2000.2171
https://doi:10.1300/J492v07n02_02
https://doi.org/10.1556/AAlim.37.2008.1.6
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2478%2Fs11535-010-0113-2
https://doi.org/10.1021/jf204627m
https://www.researchgate.net/journal/0308-8146_Food_Chemistry
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FS0308-8146(03)00064-5
https://doi.org/10.3136/nskkk1962.39.925
https://doi.org/10.1556/AAlim.40.2011.Suppl.15
http://www.ifpri.org/sites/default/files/publications/hptech02.pdf


 
Lachkar et al./J. HORTIC. POSTHARVEST RES., 5(4), DECEMBER 2022                                  

 

362 
 

Ruiz, D., Egea, J., Tomás-Barberán, F. A., & Gil, M. I. (2005a). Carotenoids from new apricot 

(Prunus armeniaca L.) varieties and their relationship with flesh and skin color. Journal of 

Agricultural and Food Chemistry, 53, 6368-6374. https://doi.org/10.1021/jf0480703  

Ruiz, D., Egea, E., Gil M. I., & Tomás-Barberán, F. A. (2005b). Characterization and Quantitation of 

Phenolic Compounds in New Apricot (Prunus armeniaca L.) Varieties. Journal of Agricultural 

and Food Chemistry, 53(24), 9544-9552. https://doi.org/10.1021/jf0480703  

Sass-Kiss, A., Kiss, J., Milotay, P., & Kerek, M. M. (2005). Differences in anthocyanin and carotenoid 

content of fruits and vegetables. Food Research International, 38, 1023-1029. 

      https://doi.org/10.1016/j.foodres.2005.03.014 

Schmitzer, V., Slatnar, A., Mikulic-Petkovsek, M., Veberic, R., Krska, B., & Stampar, F. (2011). 

Comparative study of primary and secondary metabolites in apricot (Prunus armeniaca L.) 

cultivars. Journal of the Science of Food and Agriculture, 91(5), 860-866.  

      https://doi.org/10.1002/jsfa.4257 

Seal, T. (2011). Evaluation of antioxidant activity of some wild edible fruits of Meghalaya state in 

India. International Journal of Pharmacy and Pharmaceutical Sciences, 3(4), 233-236. 

Spanos, G. A., & Wrolstad, R. E. (1992). Phenolics of apple, pear and white grape nectars and their 

changes with processing and storage. Journal of Agricultural and Food Chemistry, 40(9), 1478-

1487. https://doi.org/10.1021/jf00021a002 

Toma’s-Barberan, F. A., Gil, M.I., Cremin, P., Waterhouse, A. L., Hess-Pierce, B., & Kader, A. A. 

(2001). HPLC-DAD-ESIMS analysis of phenolic compounds in nectarines, peaches and plums. 

Journal of Agricultural and Food Chemistry, 49(10), 4748-4760. 

      https://doi.org/10.1021/jf0104681 

Ugras, M., Y., Kurus, M., Ates, B., Soylemez, H., Otlu, A., & Yilmaz, I. (2010). Prunus armeniaca L. 

(apricot) protects rat testes from detrimental effects of low-dose x-rays. Nutrition Research, 30(3), 

200-208. https://doi.org/10.1016/j.nutres.2010.03.001 

UPOV (2007). Guidelines for The Conduct of Tests for Distinctness, Uniformity and Stability, 

Apricots, (Prunus armeniaca L.), TG/70/3. Genève.  

Van den Berg, H., Faulks, R., Fernando Granado, H., Hirschberg, J., Olmedilla, B., Sandmann, G., 

Southon, S., & Stahl, W. (2000). The potential for the improvement of carotenoid levels in foods 

and the likely systemic effects. Journal of the Science of Food and Agriculture, 80, 880-912.  

      https://doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C880::AID-JSFA646%3E3.0.CO;2-1 

Veberic, R., Jakopic, J., Stampar, F., & Schmitzer, V. (2009). European elderberry (Sambucus nigra 

L.) rich in sugars, organic acids, anthocyanins and selected polyphenols. Food Chemistry, 114(2), 

511-515. https://doi.org/10.1016/j.foodchem.2008.09.080 

Vinson, J. A., Xuehui, S., Ligia, Z., & Bose, P. (2001). Phenol antioxidant quantity and quality in 

foods: fruits. Journal of the Science of Food and Agriculture, 49(11), 5315-5321.  

      https://doi.org/10.1021/jf0009293 

Wani, A. A., Zargar, S. A., Malik, A. H., Kashtwari, M., Nazir, M., Khuroo, A. A., Ahmad, F., & Dar, 

T. A. (2017). Assessment of variability in morphological characters of apricot germplasm of 

Kashmir, India. Scientia Horticulturae, 225, 630-637.  

      https://doi.org/10.1016/j.scienta.2017.07.029 

Waseem, M., Abbas Naqvi, S., Haider, M. S., Shahid, M., Jaskani, M. J., Khan, I. A., & Abbas, H. 

(2021). Antioxidant activity, sugar quantification, phytochemical and physical profiling of apricot 

varieties of Chitral and Gilgit– Pakisatn. Pakistan Journal of Botany, 53(4), 1-9.  

      http://dx.doi.org/10.30848/PJB2021-4(35) 

Yang, J., Liu, B., Liang, G., & Ning, Z. (2009). Structure activity relationship of flavonoids active 

against lard oil oxidation based on quantum chemical analysis. Molecules, 14(1), 46-52.  

      https://doi.org/10.3390/molecules14010046 

Yao, L. H., Jiang, Y. M., Shi, J., Tomas-Barberan, F. A., Datta, N., Singanusong, R., & Chen, S. S. 

(2004). Flavonoids in food and their health benefits. Plant Foods for Human Nutrition, 59(3), 113-

122. https://doi.org/10.1007/s11130-004-0049-7 

 

https://doi.org/10.1021/jf0480703
https://doi.org/10.1002/jsfa.4257
https://doi.org/10.1021/jf00021a002
https://doi.org/10.1021/jf0104681
https://doi.org/10.1016/j.nutres.2010.03.001
https://doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C880::AID-JSFA646%3E3.0.CO;2-1
https://doi.org/10.1016/j.foodchem.2008.09.080
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1021%2Fjf0009293
http://dx.doi.org/10.30848/PJB2021-4(35)
https://doi.org/10.3390/molecules14010046
https://doi.org/10.1007/s11130-004-0049-7

