
Food Science and Applied Biotechnology, 2026, 9(2), 221-241 

 
 

 

 

 

Food Science and Applied Biotechnology 
 

 

 

Journal home page: www.ijfsab.com 

https://doi.org/10.30721/fsab2026.v9.i2 
 

 

 

✉Corresponding author: Boudboud Abdelhakim, PhD, Faculty of Sciences of Meknes, Laboratory of Plant Biotechnology 

and Molecular Biology, BP 11201 Zitoune Meknes city (Morocco) – Cluster of Competency «Agri-food, Safety and Security» IUC 

VLIR-UOS, Moulay Ismail University, Marjane 2, BP 298, Meknes city (Morocco). e-mail: a.boudboud@edu.umi.ac.ma  

Article history: 
Received 9 November 2024 

Reviewed 6 February 2025 

Accepted 4 November 2025 

Available on-line 12 October 2026 

https://doi.org/10.30721/fsab2026.v9.i2.487 

2026, UFT Academic publishing house, Plovdiv 

Boudboud et al., 2026 Evaluation of the quality of dried fruits … 

Page 221 

Research Article 

Evaluation of the quality of dried fruits imported and consumed in Morocco (Case of 

apricots and raisins) 

Boudboud Abdelhakim1✉, Luca Nalbone2, Hajjaj Hassan1 and Mazouz Hamid1 

1Laboratory of Plant Biotechnology and Molecular Biology, Faculty of Sciences of Meknes, Zitoune Meknes city – Cluster of 

Competency «Agri-food, Safety and Security» IUC VLIR-UOS, Moulay Ismail University, Marjane 2, Meknes city, Morocco. 
2Department of Veterinary Sciences, University of Messina, Italy. 

Abstract  

The dried fruit sector in Morocco can be divided into two categories: the cooperatives that focus on 

producing and marketing conventional dried fruits, and the newer industrial sector that is primarily involved 

in packaging and marketing imported dried fruits. The industrial sector is growing rapidly due to the 

expansion of retail networks. However, Morocco heavily relies on imported dried fruits, and there is a 

significant gap in domestic production. Limited information is available about the quality and conformity 

of these dried fruits. No specific study has been conducted on physicochemical, biochemical and 

microbiological quality. Therefore, it is crucial to assess the quality and conformity of these imported dried 

fruits, particularly apricots and raisins. To address this, a survey was conducted in the Fez-Meknes region 

of Morocco to understand consumer behavior towards dried fruits, resulting in 623 responses. Additionally, 

60 random samples (500g per sample, 30 dried apricots and 30 dried raisins) were collected from the same 

region to assess their physicochemical, biochemical, and microbiological quality. The safety of these 

products for consumption was also evaluated through the identification of contaminants using Maldi-Tof-

MS analysis. The main results show that 50% of apricots and 30% of raisins presented at least one non-

conformity with respect to international standards, either in water content or residual SO2 content, and the 

presence of Enterobacter in some samples further indicates a failure to adhere to proper handling, hygiene, 

and storage conditions for dried fruits. 
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Introduction 

The consumption of fresh and dried fruits has been 

related to a reduced risk of some chronic diseases 

like heart disease, cancer, and stroke, as indicated 

by various epidemiological studies (Campbell et al. 

2013). However, fruits are perishable and seasonal, 

leading to limited availability throughout the year. 

To overcome this challenge, drying has been 

developed as a preservation method (Dai et al. 

2015), which is the oldest and most effective 

technique for extending the life-time of fruits (Dai 

et al. 2015). There are two commonly used methods 

for dehydration: sun-drying and industrial drying. 

Sun-drying is widely practiced, especially in 

countries like Turkey, where it is used for producing 

dried fruits. However, sun-drying has drawbacks 

such as long drying times, potential contamination, 

and spoilage (Doymaz 2004; Omolola et al. 2017). 

On the other hand, industrial drying offers 

advantages such as reduced microbial 

contamination (since the product is protected from 

the open environment) and controlled drying 

parameters, including a known range of drying 

temperatures, relative moisture, and air velocity, 

which result in shorter drying times (Barbosa et al. 

1996), making it a preferable option. However, both 

methods suffer from quality issues, primarily due to 

changes in fruit structure, which lead to decreased 

porosity, flavor alteration, uneven moisture 

distribution, and undesirable hardening (Link et al. 

2017). Additionally, the heat sensitivity of pigments 

and nutrients results in damage to the nutritional and 

sensory properties of the dried fruit, causing 

significant losses in color and nutrients (Ochoa-

Martínez et al. 2012) 

The dried fruit sector in Morocco exhibits a lack of 

organization and can be classified into two types. 

The first type consists of long-established 

cooperatives that primarily produce and market 

conventional dried fruits such as figs, almonds, 

walnuts, and dates (Maniar et al. 2011). These 

cooperatives mainly use traditional sun-drying, 

sometimes combined with simple solar dryers or 

tunnel-type dryers to shorten drying time and reduce 

contamination risks. The second type is the 

industrial sector, which is relatively new and 

primarily engaged in the packaging and marketing 

of imported dried fruits such as apricots and golden 

sultana raisins. Some of these larger industrial units 

have begun experimenting with mechanical hot-air 

drying, cabinet dryers, and, in a few cases, hybrid 

solar-electric systems to improve uniformity and 

color retention. This sector is growing rapidly due 

to the expansion of large and medium-sized retail 

networks. Despite these developments, Morocco 

still relies heavily on imported dried fruits, and 

domestic production of products such as apricots 

and golden raisins remains limited. and there is a 

significant gap in the domestic production of these 

products. There is limited information available 

about the quality and conformity of imported dried 

fruits, with only one study by Al Askari et al. (2012) 

examining the physicochemical parameters and 

microbiological aspects of "dried raisins," both 

locally produced and imported, and no specific 

study focusing on dried apricots. Therefore, it is 

crucial to assess the quality and conformity of these 

imported dried fruits, specifically apricots and 

raisins. To achieve this, a survey was conducted in 

the Fez-Meknes region of Morocco to understand 

consumer behavior towards dried fruits, resulting in 

623 responses. After statistically analysing these 

data, an additional collection of 60 random samples 

(30 dried apricots and 30 dried raisins) from the 

same region was obtained for assessing their 

physicochemical, biochemical, and microbiological 

quality. Furthermore, the identification of 

contaminants was performed using Maldi-Tof-MS 

to evaluate the safety of these products for 

consumption. 

Materials and Methods 

Socio-economic investigation in the region of 

Fez-Meknes. The socio-economic investigation of 

dried fruit consumption in the Fez-Meknes region 

was carried out as part of an academic scientific 

research project over a period of six months. This 

survey was randomly distributed in the study area, 

with an explanation of the study's objectives. The 

survey was designed to be completed by the 

participants themselves and comprised three parts. 

The first part gathered information on participants' 

personal details, while the second part focused on 

their consumption of dried fruit, including types of 

fruit consumed, consumption rate, choice criteria 

and quality considerations. The third part focused 

specifically on dried apricots and raisins, covering 

aspects such as color preference, satisfaction with 

quality and estimated price per kg. 
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Quality assessment of selected samples from the 

region of Fez-Meknes 

Chemicals used in this study. All the chemicals 

mentioned were of analytical grade and were 

sourced from Sigma Aldrich. The mediums used in 

the study were obtained from Biolife, located in 

Milano, Italy. 

Sampling. A total of 500 g of dried raisins or dried 

apricots per sample were collected randomly from 

several high-traffic markets and sales outlets across 

different localities of the Fez–Meknes region (Table 

1). Sampling locations were selected based on 

market size and customer flow to ensure that sites 

with the highest circulation of imported dried fruits 

were represented. Each sample was placed in a 

sterile bag, kept at 0-4°C in a cooler, and transported 

to the laboratory within 24 h. 

Physicochemical characteristic  

Water content. According to the method described 

by AOAC (2000). Briefly, the samples were taken  

Table 1. Geographic coordinates of samples collected from the region of Fez-Meknes 

Sample number Sample codes Localization Empla-cement 

Sample 01  A-1; R1 33°52'05.4"N 5°32'58.0"W Zitoune. Meknes 

Sample 02  A-2; R-2 33°51'37.2"N 5°32'56.4"W Marjane. Meknes 

Sample 03 A-3; R-3 33°53'36.9"N 5°33'53.9"W El hedime. Meknes 

Sample 04 A-4; R-4 33°54'22.2"N 5°32'30.5"W El hamria. Meknes 

Sample 05 A-5; R-5 33°51'36.5"N 5°34'41.1"W Marjane 2. Meknes 

Sample 06 A-6; R-6 33°54'26.6"N 5°22'33.9"W SabaâAïyoun 

Sample 07 A-7; R-7 33°54'21.3"N 5°22'26.2"W Swiktlakhmis 

Sample 08 A-8; R-8 34°02'58.1"N 5°02'14.7"W Medina. Fez 

Sample 09 A-9; R-9 34°03’03.9"N 4°59’16.5"W Barje. Fez 

Sample 10 A-10; R-10 34°02'27.0"N 4°59'55.9"W City center. Fez 

Sample 11  A-11; R-11 34°02'14.2"N 4°59'20.1"W Aljoulane. Fez 

Sample 12  A-12; R-12 33°45'23.2"N 5°29'04.4"W Boufekrane 

Sample 13 A-13; R-13 33°45'17.8"N 5°28'56.5"W Ichrak Boufekrane 

Sample 14 A-14; R-14 33°49'41.3"N 5°25'22.9"W El Haj Kaddour 

Sample 15 A-15; R-15 33°49'44.1"N 5°25'27.7"W El Haj Kaddour 

Sample 16 A-16; R-16 33°55'55.5"N 5°22'06.9"W Oued Jdida 

Sample 17 A-17; R-17 33°55'56.0"N 5°22'07.0"W Oued Jdida (2) 

Sample 18 A-18; R-18 33°56'33.3"N 5°12'39.7"W Ain Taoujdate 

Sample 19 A-19; R-19 33°52'48.6"N 5°32'41.6"W Agdal. Meknes 

Sample 20 A-20; R-20 33°52'15.2"N 5°31'59.8"W Zahwa. Meknes 

Sample 21 A-21; R-21 33°49'52.9"N 4°50'15.9"W Bab lamkan. Sefrou 

Sample 22 A-22; R-22 33°49'31.0"N 4°50'12.2"W City center.Sefrou 

Sample 23 A-23; R-23 33°26'02.4"N 5°13'12.4"W old town. Azrou 

Sample 24 A-24; R-24 33°26'28.2"N 5°13'21.6"W Mimosa. Azrou 

Sample 25 A-25; R-25 33°31'15.1"N 5°07'08.6"W Hay essalam Ifran 

Sample 26 A-26; R-26 33°31'15.1"N 5°07'08.6"W Quartier Atlas. Ifrane 

Sample 27 A-27; R-27 33°31'33.9"N 5°06'57.5"W Central Market. Ifrane 

Sample 28 A-28; R-28 33°52'07.3"N 5°35'00.6"W El Mensour; Meknes 

Sample 29 A-29; R-29 33°51'52.1"N 5°34'03.9"W Swika Marjane. Meknes 

Sample 30 A-30; R-30 33°51’53.6"N 5°33’53.8"W Sbata. Meknes 

A: Apricots; R: raisins.  
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in a flat-bottom dish (pre-weighed) and kept 

overnight at 110 °C, in a Hygrometric enclosure 

HCP type 153 Memmert, Germany. The following 

formula was used to calculate the moisture content: 

Moisture % =  
(𝑊𝑓 − 𝑊𝑑)

𝑊𝑓
∗ 100                                (1) 

Where: 

Wf - weight of fresh samples; 

Wd - weight of samples after drying 

These results were confirmed with a Vibra MD 

Series Moisture Determination Balance MD83 

model (Shinko Denshi Co., Ltd., Itabashi, Itabashi-

ku Tokyo, Japan). 

Water activity (aw). The aw was determined at 25 ° 

C with an AquaLab CX-2 water activity meter 

(Decagon Devices, Inc. - METER Group, Inc., 

AQUALAB by Addium Inc., Pullman, WA, USA), 

previously controlled with saturated NaCl solution. 

pH value. A quantity of 20 g of samples was 

homogenized for 5 min and filtered using a paper 

filter. The filtrate was analyzed to determine its pH 

value using a PC 7 Vio pH meter (XS Instruments 

brand, Giorgio Bormac S.r.l., Carpi, Modena, Italy) 

(Boudboud et al. 2023). 

Total soluble content (°Brix). Total soluble solids 

were estimated as °Brix using a ATAGO Pocket 

Digital refractometer (Atago Co., Ltd., Minato-ku, 

Tokyo, Japan) at 25°C, the samples are 

homogenized and filtered before analysis 

(Boudboud et al. 2023). 

Rehydration capacity. According to the method of 

(Singh et al. 2007) described by (Russo et al. 2013). 

Samples were totally immersed in distilled water at 

a ratio of 1:30 (1 part dried fruit to 30 parts water by 

weight). The experiments were performing with 

water at 20 °C. The weight of immersed samples 

was measured after 5 h. All rehydration experiments 

were performed in triplicate. The rehydration rate 

was calculated according to the following equation: 

𝑅𝑒ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
(𝑊𝑟 − 𝑊𝑑)

𝑊𝑑
∗ 100           (2) 

Where: 

Wr - weigh of rehydrated samples; 

Wd - weight of dried fruit 

 

 

Chromatic characteristics 

Instrumental color determination. Instrumental 

color of samples was analyzed with a light Konica 

Minolta Chroma Meter CR-5 benchtop reflectance 

and transmittance colorimeter (Konica Minolta, 

Inc., Ramsey, NJ, USA). Which had a viewing area 

of 30 mm diameter. Before use, the instrument was 

calibrated with a white tile. Measurements were 

noted in L* (lightness), a* (redness), and b* 

(yellowness). Saturation (Chroma, C*), hue value 

H*, and yellow index were estimated from L*, a* 

and b* using the subsequent equations (Ihns et al. 

2011): 

𝐶 ∗= √(𝑎∗2) +  (𝑏∗2)
2

                               (3) 

Hue*= tan-1 (b*/a*)                                    (4) 

Yellow index= =
142,86 𝑏∗

𝐿
                        (5) 

Browning index determination. Browning 

estimation was done according to the method 

described (Baisier and Labuza 1992) and (Peterson 

et al. 1994). Briefly, 5 g of dried sample was 

homogenized in 10 ml methanol. Then, centrifuged 

for 15 min at 15000 g. The supernatant was used to 

measure the absorbance at a wavelength of 420 nm. 

The intensification of the staining is considered as 

the browning index of the extracts. 

Biochemical characteristics 

Phenolic extract procedure. Polyphenols were 

extracted using the method described by (Dewanto, 

et al. 2002). 2 g of samples was homogenized with 

methanol (80%) for 30 min and centrifuged at 4500 

min-1. 

Total phenols content. The supernatant was used 

to quantify a total phenolic compound according to 

the Folin-Ciocalteu method (de Moraes Barros et al. 

2012). 250 μL of supernatant were added to 250 μL 

of Folin-Ciocalteu reagent and 500 μL of Na2CO3 

(20%). The mixture was incubated in a water-bath 

for 30 min at 37 °C. The absorbance at 750 nm was 

measured by a V-630 UV-Vis Spectrophotometer 

(JASCO Corporation, JASCO Inc., Easton, MD, 

USA). The result was expressed as mg of gallic acid 

equivalent per 100g of dry weight (GAE). g-1 DW.  

Total flavonoids content (TFC). TFC were 

determined using the method explained by Dehpeur 

et al. (2009) 500 μl of the extract are added to 1500 

μl of methanol (96%), 100 μl of 10% Aluminum 
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chloride (AlCl3),100 μl of sodium acetate (1M) and 

2800 μl of distilled water. The mixture is stirred and 

incubated at room temperature in the dark for 30 

min. The optical density is measured at 415 nm 

using a spectrophotometer. The TFC were presented 

in mg of quercetin equivalent.100g-1 dry weight, 

referring to calibration curve of quercetin. 

Total carotenoids content (TCC). According to the 

method of Drogoudi et al. (2008). One g of sample was 

homogenized in 30 ml of acetone: hexane (1:1, v/v) 

solution using an ultra-turrax for 2 min at 1000 min-1. 

Then extracted on an IKA HS 260 basic reciprocal 

laboratory shaker (IKA-Werke GmbH & Co. KG, 

Staufen im Breisgau, Germany 260 basic) for 1 h at 270 

min-1. The extracts were filtered, and the supernatants 

were measured by V-630 UV-Vis Spectrophotometer 

(JASCO Corporation, JASCO Inc., Easton, MD, USA) 

at 450 nm. The results were expressed as mg of β-

carotene equivalent.100g-1 DW.  

SO2 analysis. The SO2 content of the dried samples was 

determined according to Monnier-William’s distillation 

method (Türkyılmaz et al. 2014). The results were 

expressed as mg of SO2 per kg of dried apricots. 

 

Microbiological analyses and identification of 

strains by Maldi-Tof-MS 

Microbiology quality assessment. Two samples 

(10 g of each) were aseptically placed in two 

separate sterile stomacher bags with a 1:9 (w/v) 

ratio. The first sample was diluted in peptone; the 

second was in Fraser broth base. Then both 

preparations were homogenized with a stomacher 

for 1 min at 230 min-1. Each sample was used as 

described in the Table 2.  

Table.2. Microbiological analyses applied to evaluate the quality of dried samples according to the 

international standards 

Enumeration 
Method 

(According to) 
Mediums 

Temperature and 

incubation time 

The first aliquot 

The aerobic colonies ISO 4833-1:2013 Plate Count Agar  30°C for 72 h. 

Enterobacteriaceae ISO 21528-2:2017 Violet Red Bile Glucose Agar  37°C for 24 h 

Clostridium spp. Nalbone et al. 2022 Tryptose Sulfite Cycloserine Agar. 37°C for 24 h under 

anaerobic conditions 

Yeast and mould ISO 21527-2:2008 Dichloran Glycerol (DG18) Agar 25°C for 5 d 

Bacillus spp. Fritze and Pukall 

2011 

- Mannitol egg-yolk polymyxin 

agar (MYP) 

- Polymyxin egg-yolk mannitol 

bromothymol blue agar (PEMBA) 

37°C for 24 h 

Coliforms ISO 4832:2006 Violet Red Bile Agar  37°C for 24 h 

Escherichia coli ISO 16649-2:2010 Tryptone Bile X-GLUC agar (TBX)  44°C for 24 h 

Lactic acid bacteria ISO 15214:1998 M.R.S. Agar  30°C for 48 h 

Salmonella ISO 6579-1:2017 First step an enrichment in:  

- Mueller Kauffmann Tetrathionate 

Broth base  

- Rappaport Vassiliadis Soy Broth.  

Second step a smear on: 

- Plates of Chromogenic Salmonella 

Agar and Xylose Lysine 

Deoxycholate Agar. 

37 ± 1°C for 24 h 

The second aliquot 

Listeria 

monocytogenes 

ISO 11290-1:2017 Agar Listeria according to Ottaviani 

and Agosti and Listeria Palcam 

Agar.  

37 ± 1°C for 48 h 

All the mediums used in this study were from Biolife, Milano, Italy 
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The identification using Matrix-Assisted Laser 

Desorption/ Ionization-Time of Flight (Maldi-

Tof). The confirmation of a representative number 

of colonies from each medium was additionally 

validated using Mass Spectrometry (MS) with 

Maldi-Tof (Trabelsi et al. 2021). To do this, a 

portion of each colony or mycelium was placed on 

a VMS target slide, and 1 µl of 25% formic acid was 

used to lyse them. Once the samples were 

completely dried at room temperature, 1 µl of α-

cyano-4-hydroxycinnamic acid matrix was applied 

to each spot. After drying all the spots, the target 

slide was inserted into the VMS, which operated 

with the following parameters: positive linear mode, 

laser frequency of 50 Hz, acceleration voltage of 20 

kV, and extraction delay time of 200 ns. The mass 

spectra range was configured to detect values 

between 2000 and 20,000 Da. Maldi-Tof MS 

generated distinct mass spectra for each tested spot. 

These spectra were then imported into the 

SARAMIS software (Spectral Archive and 

Microbial Identification System, database version 

V4.12, software year 2013, bioMérieux, Firenze, 

Italy), where they were compared to the reference 

and super spectra databases to achieve identification 

at the genus and species levels. Only matches 

exceeding 70% similarity were deemed reliable. 

Statistical analyses. The data underwent analysis 

using the SPSS software v23. As the samples were 

normally distributed, a one-way ANOVA was 

performed to determine statistical differences 

among means at a significance level of 0.05. 

Additionally, a principal component analysis (PCA) 

was carried out using factor analysis through the 

XLSTAT statistical software version 2016 to 

identify the key variables driving quality differences 

among samples and to support overall quality-

control assessment of the imported dried fruits. 

Results and Discussion 

Socio-economic investigation in the region of 

Fez-Meknes. The socio-economic investigation of 

dried fruit consumption in the Fez-Meknes region 

was carried out as part of an academic scientific 

research project over a period of six months. A total 

of 623 participants were interviewed in this 

investigation. The participants belong to a different 

profession, and just 20 (participants) of them are 

jobless. The majority of participants (582) had an 

age between 18 and 40 years old, which is the 

dynamic part of the population. 99.01 % of them 

confirm that, they consumed dried fruits. The rest 

who does not consume it, probably belong to a 

social group unable to obtain it because of their cost, 

which remains a little expensive. Furthermore, 53% 

(330 participants) confirmed a regular consumption 

of DF (Once or twice per week). According to the 

results the five most consumed dried fruits are: 

Dates (84.84%), Almonds (78.06%), Raisins 

(74.52%), Figs (58.55%), Apricots (49.84%). These 

fruits are divided into two distinct groups, a 

dominant classic range (Dates, Almonds, Figs and 

raisins) and an exotic range (Apricots, Dried 

bananas and dried pineapples) which are newly 

introduced in the Moroccan gastronomic culture. 

For the criteria used by participants to evaluate the 

quality were: Tasting (77.96%), color of the product 

(55.92%), and softness (49.59%). It is normal to had 

these responses because the most known 

manufacturing problems in the drying industry are: 

change of taste, color (Mcevily et al. 1992; Ruiz et 

al. 2005), and structure (Russo et al. 2013). These 

problems can be caused by the higher drying 

temperature, enzymatic reaction (Polyphenols 

oxidase) and non-enzymatic reaction (Maillard 

reaction), which together can darken the color, 

reduce natural fruit flavor, and alter texture, thereby 

diminishing the visual appeal and sensory quality of 

the dried fruits. For the color, preferences for dried 

apricot 72.94% of participants chose the orange 

color, and just 10.10% chose the brown color. For 

all participants the color orange it’s a sign of higher 

quality. For dried raisins we note that the most 

requested colors are golden yellow (39.36%), brown 

(34.17%), black (6.53%) and indifferent (19.93%) 

respectively. It is normal because the drying of the 

raisins has been practicing for a long time in 

Morocco (Ater and Hmimsa 2013), and it is done by 

a traditional drying (Ater and Hmimsa 2013) (Huge 

loss of coloring due to browning phenomena). 

Consequently, consumers are habituated to products 

of this color.  

Assessment of physicochemical and biochemical 

quality of collected samples  

Physicochemical characterization. The assess-

ment of physicochemical parameters is crucial for 

quality determination. Factors like water content, 

water activity, pH and the degree of brix are 

important because they react in different 

biochemical reaction that have a direct impact on 
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the quality of dried fruit. According to the statistical 

analyses (ANOVA) the factor region had a higher 

impact (P<0.005) on all parameters analyzed in this 

study, except rehydration capacity of dried raisins 

(Table 3 and Table 4). The moisture content is a 

crucial characteristic that is typically assessed in 

various food items. Maintaining a low moisture 

content in food is essential for ensuring storage 

stability, improving processing conditions, and 

enhancing food quality (Hussian et al. 2015). The 

water contents and aw values of dried raisins (Table 

4) varied from 9.630.45 (R-15) to 13.350.34 (R-

25), and from 0.3480.006 (R-20) to 0.5140.001 

respectively. The water content of raisins never 

reaches the maximum value (18%) set by the 

UNECE Standard DDP-11 (2014). The water 

activity values of samples were less than 0.6. This 

mean lower potential for contamination by 

microorganisms, since aw below 0.6 is widely 

recognized as the critical limit under which bacteria, 

yeasts, and molds cannot grow because the available 

free water is insufficient to support their metabolic 

and enzymatic activities. For apricots the water 

contents and aw values varied from 16.600.964 (A-

7) to 31.230.78 (A-18), and 0.600.025 (A-7) to 

0.790.02 (A-17) respectively. According to the 

Fig. 1A, 15 samples were not in total compliance 

with the international standard UNECE Standard 

DDP-15 (2016), which specified a value not 

exceeding 25% of moisture. These results were 

much higher to those presented by (Hussain et al. 

2011), who declare that moisture content of dried 

apricots ranged from 13.0 to 15.6 %. For the °brix, 

as shown in Table 3 the lowest value was 

61.331.53% (A20) and the highest was 

82.331.53% (A11) for apricot. For raisins (Table 

4) the amount was ranging between 63.001.00% 

(R1) and 87.331.53% (R25). This result was near 

to those published by (Carranza et al. 2012) who 

mentioned an amount between 60% and 70%. 

According to these results, all samples had a good 

number of Total Soluble content (or °Brix), which 

mean a higher amount of sugar, organic acid and 

other soluble components. For the pH, which 

represent a limiting factor for bacterial growth and 

the development of enzymatic browning since most 

plant polyphenol oxidases shown maximum activity 

at neutral pH (Ümit Ünal et al. 2007) and this 

activity declined at acidic pH. As shown in Table 3 

their significant difference between pH of apricots 

and it was ranging from 4.331.53 (A-01) to 

4.570.03 (A-29). For raisins (Table 4) it was 

ranging from 3.71 0.58 (R-20) to 4.540.12 (R-

02). For raisins, the results of pH were the same as 

described by Al Askari et al. (2012) whom worked 

on different raisins imported to Morocco. For 

apricots the value of pH never exceeds the value of 

4.5 for sulphured apricot mentioned by Inserra et al. 

(2017).  

Rehydration capacity. Rehydration is a phenome-

non influenced by many elements like pretreatments 

before drying, process, chemical composition and 

physical structure (Russo et al. 2013). In general, 

the higher the rehydration capacity, the better the 

dried fruit in terms of texture, taste and nutritional 

value (Horuz et al. 2017). Consequently, measuring 

this property is a significant indicator for assessing 

the quality of dried fruit and ensuring an optimal 

consumption experience. As shown in Table 3 and 

Table 4, the rehydration capacity for apricots and 

raisins ranged from 42.412.03% (A-03) to 

56.450.75% (A-27) and from 10.861.93% (R-24) 

to 69.240.93% (R-29) respectively. As shown only 

46% of apricots samples and only 30 % of raisins 

are able to regain more than 50 % of their initial 

weight on water. For the rest they had lower value, 

which refer to problem of manufacturing (non-

Control of the process) and these samples cannot 

regain their soft appearance. For apricot the result of 

rehydration capacity was less than 60 to 80% 

published by Horuz et al. (2022), the lower 

rehydration capacity of both fruits can be explained 

by collapse of tissue and cell deformation caused by 

higher temperature of drying.  

Biochemical characteristics  

Total phenolics content and flavonoids content. 

Apricots and raisins are full of phenolic compounds, 

which are beneficial to human health. They possess 

potent antioxidant properties, which help protect 

cells from oxidative stress and decrease the risk of 

some chronic diseases. As shown in Table 3 and 

Table 4. There was a significant difference between 

the total phenolics content of all apricots and raisins. 

The total phenolic content (TPC) of dried apricots 

in this study ranged from 165.88±1.93 mg GAE.100 

g-1 (A-7) to 177.55 ± 2.76 mg GAE.100 g-1 (A-2), 

which falls within the values reported by Sakooei et 

al. (2020) (120-160 mg GAE.100 g-1), but is lower 

than those reported by Sen et al. (2015)
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Table 3. Physicochemical, chromatic and biochemical characteristics of dried apricots collected from fez-Meknes region 

Samples Physicochemical analyses Chromatic Characteristics Biochemical Characteristics 

aw °Brix pH R.C Chroma C* Hue * Yellow index TPC TFC TCC Browning 

A- 01 0.67±0.02abc 81.00±1.00e 4.33±0.02a 50.57±1.51abc 36.62±1.92b 62.96±3.15a 109.59±2.12b 172.20±0.79b 47.46±0.67k 36.15±0.68b 1.24±0.006a 

A- 02 0.67±0.02 abc 69.00±1.00a 4.40±0.02a 52.02±1.43abc 37.51±1.76b 62.21±4.89a 109.77±4.76b 177.55±2.76b 52.35±1.09l 36.57±1.69b 1.41±0.008b 

A- 03 0.66±0.02ab 68.33±0.58a 4.44±0.10a 42.41±2.03a 36.22±5.94b 60.50±5.57a 104.77±13.00b 172.21±0.42b 29.25±0.22e 33.14±4.76b 1.60±0.003e 

A- 04 0.68±0.02abc 77.00±1.00d 4.41±0.05a 54.47±4.17abc 41.45±2.08b 67.25±4.66a 117.30±5.96b 176.74±2.45b 21.39±0.71c 37.91±1.76b 0.99±0.003a 

A- 05 0.64±0.03ab 70.67±1.15a 4.47±0.03b 47.57±2.23abc 32.40±4.40b 57.56±0.18a 102.46±11.33b 171.15±3.85b 46.18±3.05k 34.23±4.07b 2.70±0.015i 

A- 06 0.73±0.02bcd 72.33±1.15a 4.42±0.05a 49.11±1.36abc 39.31±4.35b 61.85±6.59a 114.32±9.41b 171.09±4.75b 47.80±3.43k 38.29±1.64b 1.43±0.007b 

A- 07 0.60±0.02a 62.33±1.53a 4.55±0.03e 51.55±1.58abc 34.78±1.54b 59.12±4.76a 104.38±4.54b 165.88±1.93a 34.76±2.85h 34.09±1.67b 1.85±0.005g 

A- 08 0.77±0.02cd 65.33±1.53a 4.39±0.02a 42.42±1.99a 42.21±4.73b 63.54±1.15a 117.18±9.85b 176.24±3.54b 21.54±1.50c 38.73±3.67b 1.19±0.005a 

A- 09 0.73±0.02bcd 71.33±0.58a 4.44±0.04a 49.50±1.13abc 37.59±1.85b 65.24±3.73a 115.99±2.99b 176.24±0.89b 10.96±0.74a 37.55±1.55b 1.11±0.005a 

A- 10 0.64±0.02ab 74.67±1.15c 4.40±0.01a 47.45±1.04abc 33.52±4.32b 59.46±3.25a 103.91±11.80b 172.79±0.84b 30.92±2.01f 34.12±4.79b 1.70±0.006f 

A- 11 0.64±0.02ab 82.33±1.53f 4.41±0.02a 48.38±2.23abc 19.06±3.72a 53.78±2.25a 69.85±9.15a 172.42±1.62b 49.51±2.94k 22.81±2.99a 2.79±0.011i 

A- 12 0.70±0.07bcd 72.33±1.15a 4.36±0.02a 49.84±4.31abc 37.31±4.67b 62.59±5.44a 108.10±11.32b 179.10±0.79c 50.16±0.68k 35.30±3.70b 1.49±0.362d 

A- 13 0.67±0.02abc 75.67±5.51d 4.43±0.02a 49.89±3.40abc 38.13±6.80b 61.44±4.37a 109.46±11.11b 184.45±2.76f 55.05±1.09n 35.75±3.63b 1.65±0.016f 

A- 14 0.69±0.02abc 75.67±6.66d 4.47±0.10b 47.98±5.15abc 39.66±3.45b 63.57±1.18a 113.55±8.53b 179.11±0.42c 31.95±0.22f 37.09±2.79b 1.22±0.014a 

A- 15 0.67±0.02abc 67.67±1.15a 4.44±0.05a 49.62±5.18abc 35.79±1.88b 65.39±3.69a 110.83±4.95b 183.64±2.45e 24.09±0.71c 36.20±1.62b 1.15±0.014a 

A- 16 0.69±0.11abc 70.67±5.51a 4.50±0.03d 50.49±1.17abc 31.39±4.90b 57.68±0.21a 96.30±12.92ab 179.28±2.12c 49.14±2.68k 31.12±4.54a 2.74±0.041i 

A- 17 0.79±0.02d 73.33±3.79b 4.45±0.05a 53.05±0.59abc 32.89±2.08b 59.52±4.53a 100.51±1.06b 181.69±4.75d 51.30±3.43k 33.69±0.35b 2.57±0.010i 

A- 18 0.68±0.02abc 70.67±1.53a 4.58±0.03g 51.50±1.80abc 39.42±5.54b 61.51±4.46a 111.04±9.12b 176.48±1.93b 38.26±2.85i 37.13±2.98b 1.48±0.039c 

A- 19 0.71±0.04bcd 67.67±5.86a 4.42±0.02a 49.86±2.30abc 39.20±4.09b 63.01±0.26a 115.71±5.09b 186.84±3.54g 25.04±1.50c 38.65±1.66b 1.31±0.001a 

A- 20 0.69±0.03abc 61.33±1.53a 4.47±0.04b 52.15±3.54abc 36.38±1.92b 63.46±6.11a 111.04±4.95b 186.84±0.89g 14.46±0.74b 37.13±1.62b 1.21±0.016a 

A- 21 0.71±0.02bcd 63.67±1.53a 4.42±0.01a 52.15±4.14abc 37.35±7.84b 65.58±7.32a 108.86±17.40b 184.62±1.88f 33.87±1.54g 36.41±5.68b 1.11±0.014a 

A- 22 0.70±0.01bc 68.67±4.16a 4.43±0.02a 50.09±4.10abc 35.25±5.99b 59.43±3.15a 103.00±12.31b 184.87±1.62f 52.19±2.94l 33.64±4.02b 1.81±0.009g 

A- 23 0.65±0.03ab 72.33±1.15a 4.35±0.02a 52.11±5.36abc 37.93±6.26b 59.16±5.88a 112.13±9.91b 184.65±0.79f 50.14±0.68k 36.62±3.24b 2.32±0.559h 

A- 24 0.71±0.04bcd 76.67±11.02d 4.42±0.02a 45.68±1.63bc 31.83±9.88b 58.34±6.47a 95.80±22.12ab 190.00±2.76h 55.03±1.09n 31.29±7.22a 2.62±0.036i 

A- 25 0.71±0.02bcd 66.67±4.04a 4.46±0.10a 44.59±4.08ab 18.80±3.71a 53.86±2.35a 69.31±10.15a 184.66±0.42f 31.93±0.22f 22.64±3.31a 2.92±0.073j 

A- 26 0.73±0.05bcd 71.67±2.89a 4.43±0.05a 45.79±1.00abc 30.09±13.52b 59.09±7.50a 92.41±30.16ab 192.41±2.45i 28.29±0.71d 30.18±9.85a 1.88±0.020g 

A- 27 0.64±0.02ab 76.33±5.77d 4.49±0.03c 56.45±0.75c 38.62±3.83b 60.32±6.98a 110.50±7.30b 186.82±3.85g 53.08±3.05m 36.09±2.38b 1.84±0.023g 

A-28 0.64±0.02ab 76.67±6.66d 4.44±0.05a 50.49±3.00abc 35.00±4.26b 64.69±1.92a 103.13±13.00b 186.76±4.75g 54.70±3.43o 33.68±4.25b 1.19±0.009a 

A-29 0.66±0.03ab 72.33±2.08a 4.57±0.03f 54.73±10.06bc 40.27±3.28b 64.28±7.52a 113.50±6.03b 181.55±1.93d 41.66±2.85j 37.07±1.97b 1.20±0.029a 

A-30 0.76±0.02cd 74.33±3.21c 4.41±0.02a 47.98±2.87abc 31.03±8.90b 59.33±4.17a 94.76±20.50ab 188.99±2.36h 27.30±1.97d 30.95±6.69a 2.50±0.010h 

Sig *** *** *** *** *** ** *** *** *** *** *** 

CV 7,259 8,223 1,463 8,705 19,682 8,175 14,421 3,845 34,215 14,713 35,147 

A - Apricot sample; aw - water activity; R.C - rehydration capacity; TPC - Total polyphenols content; TFC - Total flavonoids content; TCC - Total carotenoids 

content; Sig - Signification levels - *p<0.05; **p<0.01; ***p<0.001; n.s = Non-Significant p>0.05; CV - Coefficient of variation; Column with the same letter 

belong to the same group. 
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Table.4. Physicochemical, chromatic and biochemical characteristics of dried raisin collected from fez-Meknes region 

Samples 
Physicochemical characteristics Chromatic characteristics Biochemical characteristics 

Water content, % aw °Brix pH R.C Chroma C* Hue H* Yellow index TPC TFC Browning 

R- 01 11.19±0.75d 0.45±0.04a 63.00±1.00a 4.23±0.10a 26.75±0.98a 29.36±1.11q 66.93±0.90l 93.38±0.25o 101.90±1.37h 33.50±1.21k 2.98±0.17a 

R- 02 12.34±0.46h 0.44±0.05a 64.67±1.53a 4.54±0.12a 64.40±1.08a 29.30±0.57q 68.37±1.74l 96.15±0.19p 105.32±1.39i 26.52±0.54f 3.38±0.21e 

R- 03 11.87±0.12f 0.45±0.03a 76.00±1.00d 4.17±0.04a 36.60±1.11a 13.14±0.26j 48.80±0.83g 54.42±1.08i 106.38±1.40j 36.46±2.54m 4.63±0.31i 

R- 04 12.27±0.44h 0.44±0.05a 72.33±0.58b 4.37±0.05a 61.99±1.28a 27.79±0.79o 66.84±0.17l 94.64±0.36o 115.93±1.41 27.90±0.53g 3.02±0.16a 

R- 05 13.21±0.09i 0.44±0.08a 71.33±1.53b 4.33±0.04b 35.95±1.29a 17.08±0.73k 58.56±0.30k 68.38±2.00k 81.88±1.39f 23.34±0.39e 3.37±0.53d 

R- 06 11.00±0.15c 0.40±0.04a 69.00±1.00b 4.19±0.03a 40.45±0.63a 11.89±0.31i 53.16±0.78j 51.55±0.95h 75.10±1.38e 22.58±0.74d 3.40±0.15e 

R- 07 12.12±0.20g 0.49±0.01a 72.33±1.53b 4.13±0.08e 38.73±1.02a 16.46±0.33k 57.68±1.08k 64.39±1.28j 91.27±1.40g 25.55±1.33f 3.00±0.16a 

R- 08 11.25±0.17d 0.40±0.02a 70.33±1.53b 4.10±0.03a 62.60±0.46a 10.29±0.18h 48.27±0.37g 46.28±1.08g 67.14±1.44d 18.60±1.12c 2.90±0.18a 

R- 09 9.76±0.20a 0.41±0.05a 81.00±1.00e 4.45±0.10a 50.43±0.52a 26.27±0.55m 68.29±0.28l 89.08±0.98m 140.17±1.45q 30.58±0.74h 4.23±0.18h 

R- 10 9.65±0.15a 0.41±0.05a 72.67±1.15b 3.75±0.05a 33.59±1.04a 12.24±0.07i 50.64±0.36i 54.72±0.69i 90.25±1.41g 38.73±0.38n 3.50±0.15f 

R- 11 10.29±0.20a 0.41±0.05a 82.67±1.53e 4.02±0.03a 39.54±0.81a 16.48±0.30k 59.38±1.50k 67.91±0.72k 117.06±1.37l 31.70±0.17i 3.65±0.21g 

R- 12 11.93±0.39f 0.43±0.04a 72.33±0.58b 4.14±0.04a 55.51±0.83a 10.32±0.23h 44.15±0.57d 45.30±2.07g 61.16±1.38c 18.34±0.95c 2.85±0.15a 

R- 13 11.04±0.05c 0.41±0.05a 80.67±0.58e 3.86±0.06a 26.30±1.06a 30.37±0.15r 67.84±0.20l 98.73±1.02q 134.11±1.36p 34.88±0.75l 2.81±0.18a 

R- 14 10.97±0.49c 0.44±0.03a 75.67±0.58d 3.96±0.06b 17.72±0.38a 4.32±0.32c 45.93±1.24e 20.49±1.63c 140.03±1.43q 46.38±0.44p 6.37±0.22k 

R- 15 9.63±0.32a 0.41±0.05a 81.67±1.15e 4.06±0.04a 46.61±1.09a 1.82±0.06ab 29.01±1.02a 5.94±0.40a 119.64±1.43m 46.91±0.59p 7.13±0.24l 

R- 16 10.45±0.42a 0.41±0.05a 84.00±1.73e 3.76±0.08d 52.18±1.87a 27.15±0.36n 70.19±0.10l 91.51±0.87n 132.86±1.45p 41.49±0.18o 3.54±0.20f 

R- 17 10.93±0.06c 0.42±0.05a 72.00±1.73b 3.97±0.05a 46.07±1.14a 10.60±0.38h 46.77±0.22f 45.02±0.11g 60.59±1.39c 14.04±0.40b 2.59±0.18a 

R- 18 11.35±0.45e 0.41±0.05a 74.33±0.58c 3.87±0.05g 47.74±2.86a 11.42±0.16i 52.97±1.09j 49.93±0.79h 59.79±1.40c 21.11±0.59d 3.32±0.20c 

R- 19 11.12±0.33d 0.42±0.05a 71.67±0.58b 4.01±0.08a 25.50±2.30a 26.54±0.28m 70.50±0.27l 86.63±1.27m 103.06±1.38h 32.78±0.69j 2.80±0.16a 

R- 20 10.03±0.05a 0.39±0.07a 85.67±2.52f 3.71±0.58b 21.70±0.76a 2.29±0.17b 44.97±2.25d 10.54±1.13b 154.06±1.37r 62.29±0.88r 8.59±0.18n 

R- 21 12.48±0.13h 0.48±0.01a 75.67±6.66d 4.27±0.05a 35.93±1.05a 29.29±0.20b 69.56±0.22l 92.15±0.39n 128.99±1.42o 37.04±0.30m 3.04±0.16a 

R- 22 11.97±0.78f 0.48±0.01a 83.00±1.00e 4.46±0.04a 57.65±1.19a 7.93±0.04f 40.37±0.31c 31.67±0.29e 81.93±1.40f 29.85±0.38h 3.37±0.17d 

R- 23 9.94±0.04a 0.46±0.02a 86.00±2.65h 3.87±0.06a 11.01±1.01a 5.11±0.41d 49.34±1.10h 22.38±0.97c 124.92±1.40n 49.25±0.63q 8.09±0.18m 

R- 24 11.12±0.25d 0.48±0.01a 84.00±1.00e 3.98±0.02a 10.86±1.93a 6.15±0.33e 47.25±1.31f 28.53±1.46d 122.77±1.38n 37.04±0.66m 5.91±0.17j 

R- 25 13.35±0.24i 0.50±0.02a 87.33±1.53i 3.97±0.03a 40.46±0.91a 28.21±0.07p 68.57±0.08l 96.04±0.04p 136.99±1.40q 31.73±0.74i 3.39±0.16e 

R- 26 12.51±0.46h 0.49±0.01a 69.33±0.58b 3.94±0.06a 32.13±0.17a 17.86±0.11l 59.16±0.04k 71.96±0.34l 74.85±1.40e 21.46±0.14d 2.76±0.17a 

R- 27 10.66±0.30b 0.41±0.05a 84.00±1.00e 3.95±0.05c 41.60±0.77a 29.61±0.09q 68.04±0.24l 102.73±0.29r 112.06±1.44k 27.66±0.58g 3.10±0.17b 

R-28 10.10±0.22a 0.40±0.06a 87.00±2.65i 4.38±0.01a 40.76±1.24a 1.28±0.12a 36.30±0.86b 6.36±0.85a 15.42±1.36a 4.41±0.42a 12.95±0.17o 

R-29 11.22±0.19d 0.43±0.04a 63.67±0.58a 4.28±0.12f 69.24±0.93a 9.05±0.05g 43.36±0.21d 37.99±0.50f 56.96±1.40b 14.29±0.59b 2.48±0.17a 

R-30 14.57±0.91j 0.51±0.03a 65.33±2.08a 4.30±0.10a 51.91±1.91a 13.83±1.24j 42.43±5.97c 46.85±8.03g 56.21±4.88b 13.57±0.70b 2.47±0.17a 

Sig *** * *** *** n.s *** *** *** *** *** *** 

CV 10,6660 11,2022 9,8915 5,9452 37,1668 60,1954 21,2917 50,7901 33,0155 40,4338 55,1895 

R - raisin sample; aw - water activity; R.C - rehydration capacity; TPC - Total polyphenols content; TFC - Total flavonoids content; TCC - Total carotenoids content; Sig - 

Signification levels - *p<0.05; **p<0.01; ***p<0.001; n.s = Non-Significant p>0.05; CV - Coefficient of variation; Column with the same letter belong to the same group. 



Food Science and Applied Biotechnology, 2026, 9(2), 221-241 

Boudboud et al., 2026 Evaluation of the quality of dried fruits … 

Page 230 

(345.67-486.67 mg GAE.100 g-1) and Boudboud et 

al. (2023a) (839-890 mg GAE.100 g-1). For dried 

raisins (Table 4), TPC values ranged from 14.06 ± 

2.34 mg GAE 100 g-1 (R-28) to 152.69 ± 5.65 mg 

GAE.100 g-1 (R-21). These variations may be 

explained by differences in growing conditions, 

climate, and cultivar (Dragović-Uzelac et al. 2007), 

as well as pretreatments and drying methods, which 

strongly influence phenolic retention (Deng et al. 

2019; Boudboud et al. 2023b). Regarding total 

flavonoids, concentrations in apricots (Table 3) 

ranged from 10.96 ± 0.74 mg.100 g-1 (A-9) to 52.35 

± 1.09 mg/100 g (A-2), while raisins (Table 4) 

ranged from 14.04 ± 1.42 mg.100 g-1 (R-17) to 

104.41 ± 1.45 mg.100 g-1 (R-28). Significant 

differences (p < 0.05) were observed among all 

samples. For apricots, total flavonoid levels were 

lower than those reported by Sultana and Anwar 

(2008) (>78.48 mg.100 g-1), whereas for raisins, the 

values were higher than those reported by Qin et al. 

(2020) (3,673-2,918 µg GE.g-1) in their study of 

different drying methods for seedless raisins. 

Overall, these results highlight the richness and 

diversity of phenolic and flavonoid profiles in dried 

apricots and raisins from the Fez–Meknes region, 

reflecting both natural and processing-related 

variability. 

Carotenoids content in dried apricots. 

Carotenoids helps to protect the body from harm 

caused by free radicals, which can lead to various 

diseases (Young et al. 2018). Measuring the beta-

carotene content allows to assess the antioxidant 

potential of dried apricots and understand their 

significance in supporting overall health (Young et 

al. 2018). According to the Table 3 we detected a 

significant level of carotenoids in all dried apricots. 

The results ranged from 22.812.99 (A-11) to 

38.651.66 mg Qeq.100 g-1 (A-19). Therefore, the 

level of carotenoids had a strong (0.993) correlation 

with yellow index (Appendix 1), indicating that 

higher carotenoid content leads to a more intense 

yellow-orange color, which is a key indicator of 

product quality and consumer preference. The level 

of carotenoids in our samples was similar to those 

(22.38 mg/100 g DW) published by (Deng et al. 

2022) and was within the range (12.2-51.2 mg.100 

g-1 DW) described by Sakooei et al. (2020) and 

Türkyılmaz et al. (2014) for dried apricots.  

Sulfur dioxide content. Sulfur dioxide is 

commonly used as a preservative in dried fruits (Lou 

et al. 2017). However, excessive levels of residual 

SO2 can have adverse health effects, particularly for 

individuals with sensitivities or allergies to sulfites 

(Lester 1995). Therefore, measuring the residual 

SO2 content ensures compliance with regulatory 

limits and helps protect consumer health. According 

to the results shown in Fig. 1B, the amount of sulfur 

dioxide was ranging between 1690.5495.34 (A-25) 

to 2147.05145.03 mg SO2.kg-1 (A-04). According 

the Codex Alimentarius (1981) we had 12 samples 

(A-01; A- 04; A- 08; A- 09; A- 12; A- 14; A- 15; A- 

20; A- 21; A-28 and A-29) of dried apricots were not 

in conformity, because the use of SO2 in food is 

strictly regulated and 2000 mg.kg-1 have been 

established as the maximum threshold for dried 

fruits.  Those results of SO2 were higher to those 

published by Boudboud et al. (2023a), whom 

declared a value between (38.57 to 621.29 mg of 

SO2.kg-1 DF). For raisins the amount of SO2 (Fig. 

1C) was ranging from 502.3932.39 (R-30) to 

2139.522.76 (R-19). In these samples only 10 of 

them were not conform to the Codex Alimentarius 

(1981). 

Correlation and analyses of principal 

components (PCA). According to the results 

presented in the Appendix 1 and Appendix 2, for 

dried apricot or raisin samples, there is a strong 

correlation between the coloration components 

lightness (L*), redness (a*) and yellowness (b*) 

with the values of chromaticity (C*), yellow color 

index and hue angle (H*), as these values are 

calculated from these basic components. Total 

carotenoid content in dried apricots was strongly 

and positively correlated with all color parameters, 

namely L* (0.902), b* (0.967), chromaticity C* 

(0.970), hue H* (0.814) and yellow color index 

(0.993). These results show that samples with higher 

chromaticity values have a greater level of total 

carotenoids, indicating less pigment degradation. 

Furthermore, total carotenoids show a positive 

correlation (0.804) with residual sulfur dioxide 

content and a negative correlation (-0.762) with 

browning. Additionally, the residual sulfur dioxide 

content of apricot samples is positively correlated 

with the color components L* (0.845), b* (0.858), 

chromaticity C* (0.795), hue H* (0.995) and yellow 

color index (0.818).
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Figure 1. Presentation of non-conformity of samples regarding: 

(A): water content for apricots; (B): residual SO2 content for apricots; (C) residual SO2 content for raisins
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This can be explained by the fact that sulfur dioxide 

is an anti-browning agent widely used to preserve 

the color of dried fruit. It also has the advantage of 

preserving carotenoids against oxidation. These 

values are responsible for the yellow-orange 

coloration of dried apricots. However, residual 

sulfur dioxide content is negatively correlated with 

the degree of browning (-0.923), as SO2 reacts with 

enzymatic browning reactions by inactivating the 

polyphenol oxidase enzymes responsible for 

browning, through reduction of their three-

dimensional form or interaction with intermediate 

quinones to form a stable colorless compound (Iqbal 

et al. 2019). In addition, SO2 can affect non-

enzymatic browning reactions by interacting with 

reducing sugars to form highly stable products and 

limit the Maillard reaction (Guido 2016). For raisin 

samples, browning correlated negatively with the 

following color parameters: L* (-0.513); a* (-

0.801); b* (-0.530); chromaticity C* (-0.585), H* (-

0.491) and the yellow color index (-0.653). This 

means that a decrease in the values of these 

components induces a fore discoloration of raisin 

samples. In the case of residual sulfur dioxide, a 

strong correlation was found with color parameters 

(same as apricot samples). In order to establish the 

relationships among samples (dried apricots and 

raisins), principal components analysis (PCA) was 

used. (PCA) was utilized to capture a substantial 

amount of variance and identify distinguishing 

characteristics with the fewest possible factors. Two 

factors (F1 and F2) were selected to elucidate the 

significant variability present (Fig. 2). More than 

57% of the total variance was observed and 

explained the by factors F1 and F2 for Apricots 

samples (Fig. 2A), and more than 71% for dried 

raisins samples (Fig. 2B).  

For apricots samples the first component F1 

explained 43.81% of the total variability. It 

highlighted the presence of two groups, the first one 

hold samples with higher level of total carotenoids, 

which tend to have higher sulfur dioxide level and 

higher chromatic characteristics (chromaticity C*, 

yellow index, hue value H*, b* and L* component). 

The second one-hold samples with high browning 

index which present a higher degradation of color 

characteristics and less TCC and sulfur dioxide. The 

second axis F2 present also two groups. The first one 

was characterized by a higher total polyphenol 

content, along with higher levels of moisture and 

water activity, and tends to hold apricots with higher 

weights. The second group hold apricots with higher 

flavonoids content (TFC) and a smaller number of 

fruits by kg of dried apricots, which mean apricot 

with less weight compared to the first group on the 

axis F2. 

For raisins we observed the same behavior on the 

axis F1 (Fig. 2B) who explained 48,67% of total 

variability. Two groups were identified: the first was 

characterized by higher levels of residual sulfur 

dioxide and exhibited greater chromatic values 

(including Hue H*, chromaticity C*, yellow index, 

and L*, a*, b* component), while the second group 

comprised raisins with a higher browning index, 

indicating greater color degradation. For the Axis F2 

who explained 23.08% of variability also two major 

groups were detected, one with higher level of 

polyphenols (TPC, TFC) and higher degree of brix. 

The second one characterized by higher level of 

water content and water activity.  

This data of ACP from Fig. 2A and Fig. 2.B, 

testified on variability of dried samples (apricots and 

raisins) consumed in our local market. Therefore, it 

was essential to ensure their compliance with 

international standards.  

Assessment of the microbial quality of dried 

samples and identification of species by Maldi-

Tof-Ms. Although there has been thorough research 

into the processes of dehydration that cause 

microorganisms to become inactive or resilient 

during the drying process (Morgan et al. 2006), an 

increasing worry revolves around the existence of 

pathogens like Salmonella in dried food items. This 

concern was supported by the findings of Bourdoux 

et al. (2016). They offers a summary of studies 

investigating the occurrence of microorganisms 

such as S. typhimurium, S. anatum, coliforms, and 

so on, on different fruits, vegetables, herbs, and 

spices as a result of various drying methods. Results 

of the microbial analyses are presented in Table 5. 

The total viable counts were significantly higher 

(p<0.05) in most raisins’ samples than in the apricot 

samples, with a mean value of 4.43 ± 1.21 and 2.36 

± 0.37 Log CFU.g-1, respectively. For the 

occurrence of Enterobacteriaceae only in one 

sample of dried apricots (A-11 from Aljoulane, Fez) 

against the four contaminated samples of raisins (G-

5 from El Hamria, Meknes, G-9 from Barje, Fez, G-

15 from El Haj Kaddour, G-24 from Mimosa, 

Azrou). 
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Figure 2. Principal component analysis of the samples: (A): Apricot samples; (B): raisin samples 
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Table 5. Values of the loads (expressed as Log UFC/g and UFM/g) of different microbiological 

parameters detected in dried apricots and dried raisins 

Sampl

e ID 
TVC 

Enterobac

-teriaceae 
Coliforms E. coli 

Lactic 

bacteria 

Bacillu

s spp. 
Yeasts Molds 

Clostri-

dium 

spp. 

L. monocy-

togenes 
Salmonella spp. 

A-01 1.48 < 10 < 10 < 10 < 10 1.90 < 100 < 100 < 10 Not detected Not detected 

A-02 1.85 < 10 < 10 < 10 < 10 1.70 < 100 < 100 < 10 Not detected Not detected 

A-03 2.36 < 10 < 10 < 10 < 10 2.04 < 100 < 100 < 10 Not detected Not detected 

A-04 2.15 < 10 < 10 < 10 < 10 2.18 < 100 < 100 < 10 Not detected Not detected 

A-05 3.21 < 10 < 10 < 10 < 10 2.04 < 100 2 < 10 Not detected Not detected 

A-06 2.57 < 10 < 10 < 10 < 10 <100 < 100 < 100 < 10 Not detected Not detected 

A-07 1.78 < 10 < 10 < 10 < 10 2.04 < 100 < 100 < 10 Not detected Not detected 

A-08 2.48 < 10 < 10 < 10 < 10 1.70 < 100 < 100 < 10 Not detected Not detected 

A-09 2.23 < 10 < 10 < 10 < 10 < 100 < 100 < 100 < 10 Not detected Not detected 

A-10 2.52 < 10 < 10 < 10 < 10 2.15 < 100 2 < 10 Not detected Not detected 

A-11 2.48 1.70 <10 < 10 < 10 1 < 100 2.85 < 10 Not detected Not detected 

A-12 1.48 < 10 < 10 < 10 < 10 1 < 100 2 < 10 Not detected Not detected 

A-13 2.49 < 10 < 10 < 10 < 10 1.95 < 100 2.48 < 10 Not detected Not detected 

A-14 2.49 < 10 < 10 < 10 < 10 1.48 < 100 < 100 < 10 Not detected Not detected 

A-15 2.49 < 10 < 10 < 10 < 10 2.23 < 100 2.48 < 10 Not detected Not detected 

A-16 2.60 < 10 < 10 < 10 < 10 <100 < 100 2.70 < 10 Not detected Not detected 

A-17 2.11 < 10 < 10 < 10 < 10 2.11 < 100 2 < 10 Not detected Not detected 

A-18 2.30 < 10 < 10 < 10 < 10 1.70 < 100 2.30 < 10 Not detected Not detected 

A-19 2.70 < 10 < 10 < 10 < 10 1.95 < 100 2.30 < 10 Not detected Not detected 

A-20 2.40 < 10 < 10 < 10 < 10 1.30 < 100 < 100 < 10 Not detected Not detected 

A-21 2.20 < 10 < 10 < 10 < 10 1 < 100 < 100 < 10 Not detected Not detected 

A-22 2.28 < 10 < 10 < 10 < 10 2.20 < 100 2.60 < 10 Not detected Not detected 

A-23 2.46 < 10 < 10 < 10 < 10 2.30 < 100 2.70 < 10 Not detected Not detected 

A-24 2.48 < 10 < 10 < 10 < 10 1.85 < 100 2.48 < 10 Not detected Not detected 

A-25 2.57 < 10 < 10 < 10 < 10 2 < 100 2.90 < 10 Not detected Not detected 

A-26 2.68 < 10 < 10 < 10 < 10 2.11 < 100 3.00 < 10 Not detected Not detected 

A-27 2.95 < 10 < 10 < 10 < 10 2.36 < 100 3.18 < 10 Not detected Not detected 

A-28 2.51 < 10 < 10 < 10 < 10 1.60 < 100 2.60 < 10 Not detected Not detected 

A-29 2.15 < 10 < 10 < 10 < 10 <100 < 100 2.48 < 10 Not detected Not detected 

A-30 2.49 < 10 < 10 < 10 < 10 1.48 < 100 < 100 < 10 Not detected Not detected 

R-1 5.08 < 10 < 10 < 10 < 10 3.30 2.48 3.11 < 10 Not detected Not detected 

R-2 5.55 < 10 < 10 < 10 < 10 2.49 < 100 2.48 < 10 Not detected Not detected 

R-3 5.87 < 10 < 10 < 10 < 10 2.46 < 100 2 < 10 Not detected Not detected 

R-4 5.55 < 10 < 10 < 10 < 10 4.04 < 100 2.60 < 10 Not detected Not detected 

R-5 5.73 1.60 < 10 < 10 < 10 2.73 < 100 < 100 < 10 Not detected Not detected 

R-6 5.22 < 10 < 10 < 10 < 10 3.30 < 100 2.48 < 10 Not detected Not detected 

R-7 5.70 < 10 < 10 < 10 < 10 2.51 < 100 < 100 < 10 Not detected Not detected 

R-8 3.02 < 10 < 10 < 10 < 10 3.60 < 100 3.11 < 10 Not detected Not detected 

R-9 4.28 1.70 < 10 < 10 < 10 2.78 < 100 3.08 < 10 Not detected Not detected 

R-10 5.89 < 10 < 10 < 10 < 10 3.30 2.48 < 100 < 10 Not detected Not detected 

R-11 5.51 < 10 < 10 < 10 < 10 3.30 2.30 2.30 < 10 Not detected Not detected 

R-12 5.68 < 10 < 10 < 10 < 10 3.48 2.48 3.08 < 10 Not detected Not detected 

R-13 2.49 < 10 < 10 < 10 < 10 3.48 < 100 2.48 < 10 Not detected Not detected 

Three species of the genus Bacillus were identified 

in both apricot and raisin samples. Two of them 

were common environmental contaminants, i.e., 

Bacillus pumilus and Bacillus subtilis. Instead, the 

detection of Bacillus cereus in both apricot and 

raisin samples was of major concern since it could 

be responsible for toxic infections characterized by 

diarrheal symptoms, as well as intoxications 
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resulting in emetic symptoms. For the presence of 

yeasts, results show a contamination in only in seven 

samples of raisin (R1- R10- R11- R12- R14 - R23 

and R24), with a load ranging from 2 to 3.61 Log 

CFU.g-1. Elhalouat and Debevere (1997) observed 

similar results. They detected yeasts in raisins with 

a low count. The only species identified in our 

samples was Saccharomyces cerevisiae, which is 

ubiquitous in the environment, and often implicated 

in the spoilage of processed fruit products (Viljoen 

and Heard 1999). Molds were detected in eighteen 

samples of apricot with loads between 2 and 3.18 

Log unit forming mycelium (UFM.g-1 while they 

were detected in twenty-six raisin samples with 

loads between 2 to 3.18 Log UFM.g-1 Penicillium 

chrysogenum and Aspergillus tubingensis were the 

two major species identified in our samples. 

Although the loads do not exceed the limit set by the 

regulations (Clabots 2007) of 104 UFC.g-1. The 

identification of molds species belonging to the 

Penicillium spp. and Aspergillus spp. genus raises 

concern about the potential production of 

mycotoxins during their proliferation in dried fruit 

(Zinedine et al. 2004). Two mycotoxins known to be 

produced by Penicillium chrysogenum are citrinin 

(Reiss 1977) and roquefortine C (García-Rico et al. 

2008). Citrinin has been reported to be nephrotoxic 

and hepatotoxic to humans. The major target organ 

of this mycotoxin is kidney (Gil-Serna et al. 2014).  

Roquefortine C is a relatively weak neurotoxin 

(Abbas 2011) that has been widely studied in 

ruminants. The clinical symptoms include muscle 

weakness and lack of coordination (Abbas 2011). 

Based on (Medina et al. 2005) who studied the 

microbiota of Spanish raisins, they found that 

Aspergillus tubingensis could produce ochratoxin A 

(OTA), which is a naturally occurring mycotoxin. It 

has been widely detected across a diverse range of 

food products, including cereals, dried fruits, and 

meat products (Benford et al. 2001). OTA induces a 

variety of toxic effects, the most important being 

nephrotoxicity and nephrocarcinogenicity in rodents 

(Benford et al. 2001). Lactic acid bacteria were 

identified in only two raisin samples, whereas they 

were completely absent in the apricot samples. 

Furthermore, pathogens and indicator organisms - 

specifically. Clostridium spp., coliforms, E. coli, L. 

monocytogenes and Salmonella spp. we are not 

detected in any of the analyzed samples. 

Conclusions 

This study focused mainly on the quality of two 

dried fruits (apricots and raisins) and their 

conformity with international standards. Moreover, 

an evaluation of their microbial safety to understand 

the potential damage they can cause by the 

identification of strains with Maldi-Tof-Ms. 

Microbiological analysis indicated that all dried fruit 

samples collected from various retail outlets across 

the Fès-Meknès region complied with current 

regulatory limits. However, the detection of 

Enterobacter spp. in certain raisin and apricot 

samples highlights a deficiency in sanitary handling, 

hygiene, and storage conditions throughout the 

supply chain. Even when mold counts do not exceed 

established compliance thresholds, their presence 

may still pose a risk of mycotoxin contamination. 

Physicochemical and biochemical analyses revealed 

that half of the dried apricot samples exhibited at 

least one non-conformity, failing to meet 

requirements for either maximum water content or 

permissible sulfur dioxide levels. In contrast, all 

dried raisin samples complied with standard limits 

for maximum moisture content. However, several 

raisin samples displayed a low rehydration capacity, 

which compromised their biochemical quality and 

prevented them from restoring a soft texture. 

Furthermore, 33% of these samples exceeded the 

international regulatory threshold for sulfur dioxide. 
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Appendix.1. Correlation matrix (Pearson) for dried apricots samples collected from Fez-Meknes region 

Variables Water 

content 

Aw % brix A.  

weight 

N. Fruit. 

kg-1 

pH R.C L* A* B* C* Hue* Y. ind TPC TFC TCC SO2 B. ind 

Water content 1 0.525 -0.059 0.170 -0.204 -0.241 -0.019 0.063 -0.025 0.121 0.100 0.157 0.131 0.320 -0.255 0.165 0.160 -0.024 

Aw 0.525 1 -0.125 -0.010 -0.063 -0.244 -0.261 0.054 -0.085 0.046 0.023 0.103 0.011 0.347 -0.252 0.043 0.101 0.040 

% brix -0.059 -0.125 1 0.169 -0.072 -0.310 0.110 -0.114 -0.121 -0.153 -0.155 -0.132 -0.186 -0.024 0.458 -0.211 -0.139 0.179 

A. weight 0.170 -0.010 0.169 1 -0.957 0.225 0.213 -0.142 -0.222 -0.143 -0.160 -0.057 -0.156 0.111 -0.210 -0.185 -0.083 0.150 

N. Fruit.kg-1 -0.204 -0.063 -0.072 -0.957 1 -0.220 -0.166 0.133 0.241 0.144 0.164 0.042 0.166 -0.219 0.244 0.198 0.070 -0.134 

pH -0.241 -0.244 -0.310 0.225 -0.220 1 0.259 0.041 0.102 0.011 0.029 -0.062 -0.002 -0.075 -0.084 0.002 -0.106 0.042 

R. Cap -0.019 -0.261 0.110 0.213 -0.166 0.259 1 0.346 0.203 0.359 0.352 0.348 0.366 0.087 0.245 0.384 0.303 -0.238 

L* 0.063 0.054 -0.114 -0.142 0.133 0.041 0.346 1 0.683 0.975 0.966 0.862 0.919 -0.005 -0.109 0.902 0.845 -0.805 

A* -0.025 -0.085 -0.121 -0.222 0.241 0.102 0.203 0.683 1 0.714 0.791 0.294 0.755 -0.183 0.174 0.749 0.278 -0.299 

B* 0.121 0.046 -0.153 -0.143 0.144 0.011 0.359 0.975 0.714 1 0.993 0.871 0.979 -0.055 -0.192 0.967 0.858 -0.822 

C* 0.100 0.023 -0.155 -0.160 0.164 0.029 0.352 0.966 0.791 0.993 1 0.809 0.981 -0.078 -0.137 0.970 0.795 -0.766 

Hue* 0.157 0.103 -0.132 -0.057 0.042 -0.062 0.348 0.862 0.294 0.871 0.809 1 0.827 0.045 -0.372 0.814 0.995 -0.918 

Y. in 0.131 0.011 -0.186 -0.156 0.166 -0.002 0.366 0.919 0.755 0.979 0.981 0.827 1 -0.112 -0.210 0.993 0.818 -0.774 

TPC  0.320 0.347 -0.024 0.111 -0.219 -0.075 0.087 -0.005 -0.183 -0.055 -0.078 0.045 -0.112 1 0.023 -0.107 0.005 0.082 

TFC -0.255 -0.252 0.458 -0.210 0.244 -0.084 0.245 -0.109 0.174 -0.192 -0.137 -0.372 -0.210 0.023 1 -0.194 -0.390 0.397 

TCC  0.165 0.043 -0.211 -0.185 0.198 0.002 0.384 0.902 0.749 0.967 0.970 0.814 0.993 -0.107 -0.194 1 0.804 -0.762 

SO2 0.160 0.101 -0.139 -0.083 0.070 -0.106 0.303 0.845 0.278 0.858 0.795 0.995 0.818 0.005 -0.390 0.804 1 -0.923 

B. ind -0.024 0.040 0.179 0.150 -0.134 0.042 -0.238 -0.805 -0.299 -0.822 -0.766 -0.918 -0.774 0.082 0.397 -0.762 -0.923 1 

R.C - Rehydrationcapacity, %; C* - Chromaticity C*; Y. ind - Yellow index; TPC - Total polyphenols content, mg Geq.100g-1 DW); TFC  - Total flavonoids 

content, mg Qrc.100g-1 Dw; SO2 - Residualsulfurdioxide, mg.kg-1  DF; B. ind - Browning index; ; Values in bold are significantly different from 0 at a 

significance level of α = 0.05. 
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Appendix.2. Correlation matrix of dried raisins samples collected from Fez-Meknes region 

Variables Water 

content 

aw % Brix pH R.C L* a* b* C* H* Y. ind TPC TFC B. ind SO2 

Water content 1 0.722 -0.430 0.397 0.251 0.254 0.500 0.251 0.299 0.180 0.312 -0.221 -0.398 -0.484 0.135 

aw 0.722 1 -0.121 0.248 -0.115 0.141 0.258 0.098 0.128 0.060 0.119 0.026 -0.073 -0.227 0.005 

% brix -0.430 -0.121 1 -0.357 -0.351 -0.124 -0.407 -0.122 -0.171 -0.075 -0.205 0.438 0.442 0.576 -0.149 

pH 0.397 0.248 -0.357 1 0.525 0.125 0.216 0.133 0.152 -0.001 0.120 -0.323 -0.495 -0.079 0.007 

R.C 0.251 -0.115 -0.351 0.525 1 0.053 0.278 0.112 0.146 -0.043 0.167 -0.423 -0.560 -0.382 0.076 

L* 0.254 0.141 -0.124 0.125 0.053 1 0.829 0.985 0.979 0.940 0.944 0.449 0.092 -0.513 0.851 

a* 0.500 0.258 -0.407 0.216 0.278 0.829 1 0.863 0.902 0.796 0.934 0.106 -0.251 -0.801 0.805 

b* 0.251 0.098 -0.122 0.133 0.112 0.985 0.863 1 0.997 0.947 0.976 0.386 0.007 -0.530 0.881 

Chroma C* 0.299 0.128 -0.171 0.152 0.146 0.979 0.902 0.997 1 0.938 0.986 0.347 -0.036 -0.585 0.881 

Hue H* 0.180 0.060 -0.075 -0.001 -0.043 0.940 0.796 0.947 0.938 1 0.943 0.446 0.089 -0.491 0.937 

Y. ind 0.312 0.119 -0.205 0.120 0.167 0.944 0.934 0.976 0.986 0.943 1 0.298 -0.088 -0.653 0.921 

TPC  -0.221 0.026 0.438 -0.323 -0.423 0.449 0.106 0.386 0.347 0.446 0.298 1 0.858 0.019 0.347 

TFC -0.398 -0.073 0.442 -0.495 -0.560 0.092 -0.251 0.007 -0.036 0.089 -0.088 0.858 1 0.254 0.018 

B. ind -0.484 -0.227 0.576 -0.079 -0.382 -0.513 -0.801 -0.530 -0.585 -0.491 -0.653 0.019 0.254 1 -0.631 

SO2 0.135 0.005 -0.149 0.007 0.076 0.851 0.805 0.881 0.881 0.937 0.921 0.347 0.018 -0.631 1 

R.C - Rehydrationcapacity, %; C* - Chromaticity C*; Y. ind - Yellow index; TPC - Total polyphenols content, mg Geq.100g-1 DW); TFC  - Total flavonoids 

content, mg Qrc.100g-1 Dw; SO2 - Residualsulfurdioxide, mg.kg-1  DF; B. ind - Browning index; Values in bold are significantly different from 0 at a significance 

level of α = 0.05. 


