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Abstract: This is the first report to look at how processing affects the quality and 
phytochemical properties of a well-known and intriguing Mediterranean fruit called 
"Ceratonia siliqua L." Powders of carob bean pulp from two regions of Jijel (Djimla 
and El-Milia), located in the northeast of Algeria, were analyzed to determine the effect 
of two transformation processes (boiling and freezing) on proximate composition, 
physicochemical characteristics, bioactive compound content, and antioxidant capacity. 
Comparing to other studies, Djimla samples were high in trace minerals (Zn and Cu) 
and total polyphenols, while El-Milia samples were high in flavonoids and flavonols. 
However, boiling resulted in a decrease in titratable acidity (TTA), dry matter, ash, crude 
protein, total sugar, and bioactive compound contents while increasing pH, moisture 
content, and total antioxidant capacity. Freezing at -18°C had an effect on all parameters, 
but not as strongly as boiling. However, it significantly increases total antioxidant 
capacity, particularly in the El-Milia sample, with a percentage of 250%. 

Keywords: Ceratonia siliqua L.; Boiling; Freezing; Physicochemical characteristics; 
Bioactive compound; Antioxidant capacity 

 

 

1. Introduction  
Plants are a major source of modern medicine and are of great interest in drug discovery. Only about 

25% of modern medicines are derived from plants, and only about 5-15% of plants are being studied 
for their medicinal properties (Gurnani et al., 2014). Medicinal plants have been used in traditional 
medicine and ethnomedicine all over the world (Bourhia et al., 2021). Today, medicinal herbs and 
functional foods are being extensively researched, resulting in lucrative therapeutic potentials 
(Atanasov et al., 2021). Ceratonia siliqua L., commonly known as carob, is one of these medicinal 
plants. 

Carob is an evergreen, long-lived tree native to the Middle East that is primarily grown in 
Mediterranean countries. It is a member of the Fabaceae family and the Caesalpinioideae subfamily. 
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Its annual global production is estimated to be more than 315,000 tons of carob products (Baumel et 
al., 2018). With an annual production of more than 135,000 tons, the Mediterranean basin is the 
primary carob production center (FAO, 2019). Algeria is a Mediterranean country with a wide range 
of bioclimatic zones. The northern climate is mild and rainy in winter but hot and dry in summer 
(Mahdad and Gaouar, 2016). Algeria has a rich and diverse flora due to its strategic location, with 
many endemic species such as the carob tree, which has always been associated with the olive, almond, 
and lentisk trees, all of which are considered useful plants (Benmahioul et al., 2011). The carob tree is 
known in Algeria as "Kharroub", "Karrûba," "Taslighoua," "Tikharroubt," and "Tikida" (Baba Aissa, 
2000). The majority of carob trees are wild and grow in the north and northwest of the country. The 
annual production of carob reaches 3000 tons per year (Nasar-Abbas et al., 2016). Local farmers 
harvest the entire fruit by hand at the end of the summer, from August to October (Boublenza et al., 
2017). 

Carob cultivation is currently expanding in response to increased demand for its compositional, 
functional, nutritional, and industrial value, making it an economically important crop (Tzatzani and 
Ouzounidou, 2023). The mature carob pod is brown and divided into two parts: the pulp and the seeds, 
which have a weight ratio of roughly 90/10 (Di Guardo et al., 2019). This edible plant has recently 
received a lot of attention due to its health-promoting properties and potential use in value-added food 
production (Ioannou et al., 2023). It has a diverse nutritional profile that includes sugars, dietary fibers, 
minerals, vitamins, and a variety of polyphenols, making it a functional food (Basharat et al., 2023). 
Carob fruits are used in a variety of industries, including the food industry, which has the potential to 
be very important (Goulas and Georgiou, 2019; Ben Othman et al., 2020; García-Díez et al., 2022); 
cosmetics (Ayad et al., 2022); and biotechnology (Azaizeh et al., 2020). Numerous studies have shown 
that carob, in addition to its antioxidant, antimicrobial, and anti-inflammatory activities (Ayad et al., 
2022; El Haddad et al., 2022), has anti-hyperlipidemic (Valero-Muñoz et al., 2019), anti-endometriotic 
(Khodabandeh et al., 2021), analgesic (Ben Ayache et al., 2020), antidiabetic (Macho-González et al., 
2020), anti-diarrheal (Asgari et al., 2012), corrosion inhibition (Ben Hammou et al., 2012; Ghazi et 
al., 2022), and anti-cancer effects (Gregoriou et al., 2021). These significant biological effects and 
health benefits have been linked to the presence of polyphenols, which act as bioactive molecules 
(Câmara et al., 2020). 

Many factors influence the presence and concentration of antioxidant secondary metabolites in plant 
foods, including genetics, growing conditions (Lattanzio et al., 2006), ripening, and post-harvest 
conditions (Kyriacou et al., 2021). Another important factor influencing not only the antioxidant 
activity of plant foods but also their overall quality properties is processing (Arias-Rico et al., 2020). 
Indeed, because of their perishability and seasonality, these products are consumed or used not only 
fresh but also as processed products or in complex and possibly processed food formulations (Neri et 
al., 2020). 

Over the last five years, research on the various parts of Ceratonia siliqua L., their properties, and 
applications has made remarkable progress in a variety of fields. Despite the fact that many studies 
have focused on its functional, physicochemical, and antioxidant properties (El Bouzdoudi et al., 2016; 
Mahtout et al., 2018; Fadel et al., 2020; El Oumlouki et al., 2021; Ayad et al., 2022; Yatim et al., 2022; 
Ioannou et al., 2023); none of them have reported on the effect of processing treatments such as boiling 
and freezing on the polyphenol content, antioxidant potential, and physicochemical characteristics. In 
this light, the current study aims to highlight and discuss the effect of two transformation processes, 
freezing and boiling, on the physicochemical properties, phenolic compound content, and antioxidant 
activity of two samples of Ceratonia siliqua L. pod pulp from the Jijel region. 
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2. Methodology 
2.1 Plant sampling and processing 

Cultivated carob pods were harvested at maturity in the northeast of Algeria from the Jijel region 
(latitude: 36° 49′ 13′′ north, longitude: 5° 46′ 00′′ east, elevation from sea level: 9 m). The pods with 
slightly different morphologies were collected at random from the 2017 harvest in two different 
regions: El-Milia and Djimla (Figure 1). These samples were then washed under tap water to remove 
debris, rinsed with deionized water, patted dry, and processed in the laboratory as follows: 

Nine pods were randomly chosen from each sample, three of which were frozen at -18 °C for 24 
hours, three others were cooked in boiling water for 60 minutes, and three others served as controls. 

Before use, the frozen pods were thawed at room temperature for a few hours, and the boiled ones 
were wrung dry with absorbent paper. The carob kibbles were ground in a grinder (Retsch, Grindomix 
GM 200) and passed through a 450-mm CISA sieve after the seeds were removed. The fine powders 
that resulted (Figure 2) were used in all experiments. 

 
Figure 1. Mature carob pods from: (1) El-Milia, (2) Djimla 

 
Figure 2. Powders from: (A) raw pods, (B) boiled pods, (C) frozen pods 

2.2 Morphological characterization of carob pods 
The morphological parameters measured for the pods of each sample were length, width, thickness, 

and weight. 

2.3 Proximate composition and physicochemical characterization of carob powders 
The chemical proximate composition and physicochemical properties of carob powders were 

investigated. All samples were tested for pH, total titratable acidity (TTA), moisture, dry matter, ash, 
and protein content using standard analytical procedures of the Association of Official Agricultural 
Chemists, AOAC. The analysis was performed in triplicate, and the average values were calculated 
and expressed as mean ± SD (Standard Deviation). 

  C   B   A 

  1   2 
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The pH evaluation of a solution containing 10% (w/v) of each carob powder was carried out using 
a Hanna Hi 2210 pH meter (Hanna Glass Works, Medfield, MA) (AOAC 943.02, 1995). Total titratable 
acidity (TTA) was determined as a percentage of acetic acid by titration against 0.1 N NaOH (AOAC 
920.92, 2005). The moisture content was calculated by subtracting the fresh and dry weights of samples 
after drying them at 105 ± 1°C until they reached a constant weight (AOAC 925.10, 2005). While the 
dry matter was determined by dividing the fresh and dry masses of samples after drying them at 105 ± 
1°C until weight stabilization (AOAC 925.10, 2005). The crude ash fraction was obtained by organic 
matter incineration at 550°C for about five hours until the sample was free of carbon particles (AOAC 
923.03, 2005). Zinc (Zn), copper (Cu), lead (Pb), and cadmium (Cd) contents of the resulted ash 
fraction was determined by atomic absorption spectrometry (Shimadzu AA-6200) (AOAC 999.11, 
2000). 

Crude protein content was measured by the Kjeldahl method (AOAC 955.04D, 2000). The total 
sugar content was measured using the phenol/sulfuric acid method (DuBois et al., 1956). Briefly, 0.125 
g of the sample was mixed with 5 mL of 0.5 M sulfuric acid (H2SO4) and placed in an oven at 105 °C 
for 3 hours. After cooling, the solution was transferred to a 500-mL flask, and the volume was adjusted 
up to 500 mL with distilled water. After filtration, three dilutions at 1/3 were performed. A reaction 
mixture containing 1 mL of each dilution was added to 1 mL of 5% phenol and 5 mL of 98% sulfuric 
acid, H2SO4. These tubes were kept for 5 minutes at 105°C and then left to cool in the dark for 30 
minutes. The absorbance at 485 nm was measured using a spectrophotometer (SPECORD 50) against 
a blank. The sugar content is expressed in mg/L of glucose based on a calibration curve. 

2.4 Phenolic compound estimation 
2.4.1 Extraction procedure 

10 g of each powder sample was macerated in 100 mL of a methanol/water mixture (80:20 v/v) for 
one night at room temperature with gentle agitation. The resulting extract was filtered twice through 
sterile Whatman filter paper No. 1. The methanol was evaporated from the filtrate using a rotary 
evaporator (Buchi R-300) at 48 °C, yielding an extract with a dark brown color that is considered the 
dry crude extract. 

2.4.2 Total polyphenol content 
The Folin-Ciocalteu colorimetric method was used to determine the total phenolic content 

(Singleton and Rossi, 1965). 1.20 mL of Folin-Ciocalteu reagent was added to 0.30 mL of each extract. 
After 5 min, 1.5 mL of sodium carbonate solution (7.5%) was thoroughly mixed with the mixture. The 
obtained solutions were incubated in the dark at room temperature for 2 hours. The absorbance was 
then measured at 765 nm using a UV-Vis spectrophotometer (SPECORD 50). The calibration curve 
for sample quantification was created using various concentrations of gallic acid standard solution (0–
250 µg/mL). The results were expressed in micrograms of gallic acid equivalents per milligram of 
extract dry weight (µg GAE/mg). 

2.4.3 Total flavonoids content 
The total flavonoid content was determined using the aluminum chloride colorimetric method 

described by Woisky and Salatino (1998). A volume of 0.5 mL of 2% AlCl3 methanolic solution was 
added to 0.5 mL of each extract. After 1 hour of incubation at room temperature, the absorbance at 420 
nm was measured. The flavonoid concentration was determined using a calibration curve established 
with quercetin (0–50 µg/mL) as the standard. The results are given in micrograms of quercetin 
equivalents per milligram of dry extract (µg QE/mg). 
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2.4.4 Total flavonol content 
The total flavonol content in the carob powder extracts was calculated as described by Kumaran and 

Karunakaran (2007). A mixture of 2 mL of 2% AlCl3 methanolic solution and 3 mL (75 g/L) sodium 
acetate was added to 2 mL of methanolic extract. The absorption at 440 nm was read after 2 hours and 
30 minutes of incubation at 20 °C. The flavonol concentration was calculated using the calibration 
curve with quercetin (0–50 µg/mL) as the standard. The findings were expressed in terms of 
micrograms of quercetin equivalents per milligram of dry extract (µg QE/mg). 

2.5 Evaluation of the antioxidant activity of the extracts 
The antioxidant effectiveness of carob kibble powder extracts was determined using two different 

tests: the DPPH radical scavenging assay and the phosphomolybdate method. 

2.5.1 Radical scavenging activity by DPPH assay 
The DPPH method with ascorbic acid as a standard antioxidant was used to assess the antioxidant 

activity of each carob kibble powder extract (Braca et al., 2001). Briefly, 0.1 mL of each extract was 
mixed with 3 mL of a 0.004% DPPH methanolic solution. The mixture was vortexed and left at room 
temperature in the dark for 30 minutes. The absorbance was then measured at 517 nm with a visible 
UV-SPECORD 50 spectrophotometer. The free radical scavenging activity (FRSA) was calculated as 
a percentage using the following equation: 

FRSA (%) = [(Abs control - Abs sample) / Abs control] × 100. 

where Abs control is the absorbance of the control without sample and Abs sample is the absorbance of the 
sample (extract). Results are expressed as inhibitory concentrations (IC50). IC50 values denote the 
concentration of sample required to scavenge 50% DPPH free radicals. 

2.5.2 Total antioxidant capacity by phosphomolybdate assay 
The total antioxidant capacity of the extracts was determined by the phosphomolybdate method 

using ascorbic acid as a standard (Prieto et al., 1999). A 0.3-mL aliquot of each methanolic extract was 
combined with 3 mL of the reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM 
ammonium molybdate). The tubes were capped and incubated for 90 minutes in a 95°C water bath. 
After the samples were cooled to room temperature, the absorbance at 695 nm was measured against a 
blank (methanol plus reagent) using a SPECORD 50 spectrophotometer. The total antioxidant capacity 
was expressed as micrograms of ascorbic acid equivalent per milligram of dry extract (µg AAE/mg 
DW). 

2.6 Statistical analysis 
The data were subjected to one-way analysis of variance and expressed as the mean ± the standard 

deviation (SD). All statistical analysis were performed using the Statistical Package for Social Sciences, 
23.0 (SPSS for Windows; SPSS Inc., Chicago, IL). Significance of differences was defined at p < 0.05. 

3. Results and Discussion 
3.1 Morphological analysis of carob pods 

Five pods from each carob sample were measured for their morphological characteristics (length, 
width, thickness, and weight). Table 1 displays the results. Carob pods vary in size, shape, quality, 
color, and seed yield depending on the variety. These variations can be attributed to plant genotype, 
geographical origin, climatic conditions, and harvesting and storage methods (Batlle and Tous, 1997; 
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Naghmouchi et al., 2009; El Bouzdoudi et al., 2016). Pod size, as defined by the average value of its 
length, resulted in two categories of harvested pods: slightly long (14 < L ≤ 15 cm) and slightly short 
(10 ≤ L < 14 cm). This classification was based on the work of Tutin et al. (1993), Tous et al. (1996), 
and Batlle and Tous (1997), who reported that the average pod size could range from 10 to 30 cm. In 
our samples, the slightly long size (14.10 ± 2.76 cm) characterizes the pods of Djimla, while the slightly 
short one characterizes the pods of El-Milia (12.90 ± 0.36 cm). These values are higher than those 
reported by Boublenza et al. (2019) for the pods from the region of Bejaia, which are 10.30 ± 0.31 cm 
long; closer to those of the Tlemcen and Boumerdes regions with 13.64 ± 0.45 and 13.13 ± 0.28, 
respectively; and lower than those of the Ain Temouchent, Mostaganem, and Tipaza pods, which are 
18.75 ± 0.47 cm, 18.21 ± 0.38 cm, and 18.02 ± 0.47 cm, respectively. 

The width of a carob pod is an important agronomic indicator. It is independent of pod size and can 
provide data not only on its compressed or expanded state but also on the volume of seeds and pulp. 
According to Tous et al. (2009), pods that have a high pulp content produce a low seed yield. When 
compared to Djimla samples, the region of El-Milia has the widest pods, with an average width of 1.93 
± 0.11 cm. These findings agree with those of Tutin et al. (1993) and Batlle and Tous (1997), who 
found 1.5 to 2.5 cm and 1.5 to 3.5 cm, respectively. Boublenza et al. (2019) found Boumerdes and 
Bejaia carob pods to have values of 1.82 ± 0.03 and 1.91 ± 0.04, respectively. 

The thickness of the pods varies greatly from sample to sample. It is used to differentiate between 
compressed and bulky pods. It can grow to be 1 cm long, especially in fleshy pods (Batlle and Tous, 
1997). This variable distinguished fleshy and voluminous pods that are thicker than 0.61 cm, such as 
those in the El-Milia region (0.83 ± 0.15 cm), from those that are flattened or compressed with a value 
between 0.33 and 0.49 cm, such as Djimla pods (0.43 ± 0.05 cm). The carob pods of El-Milia are the 
thickest of any of the regions studied by Khlifa et al. (2013), Boublenza et al. (2019), and Fadel et al. 
(2020).   

The previously measured variables, length, width, and thickness, all have a significant impact on 
the total weight of the pod and the amount of pulp contained within it. Indeed, samples with a higher 
fruit weight had pods that were sufficiently wide and thick. The sample from El-Milia yields the highest 
value (11.89 ± 0.77 cm). This value is higher than that reported by Boublenza et al. (2019) for the 
Bejaia region of Algeria (7.04 ± 0.44 cm) and closer to that found by Fadel et al. (2020) for El Hoceima 
and Chafchaouen in northern Morocco (11.22 ± 4.75 cm).  

Table 1. Morphological characteristics of raw pods 
 
 

 

 

 

 

 

                                          a-c Values in the same line and labelled with different letter differ significantly (p < 0.05). 

3.2 Boiling and freezing effects on the physicochemical characteristics of carob powders 
3.2.1 pH and titratable acidity 

Based on these findings, our raw samples have an acidic pH ranging from 5.26 ± 0.02 to 5.31 ± 0.02 
(Table 2). These results are between the pH values published by Baston (2016) and Boublenza et al. 
(2017), which were 4.34 and 5.6, respectively. It should be noted that the pH values of the samples in 

Characteristics  Samples 
Djimla El-Milia 

Length (cm) 14.10 ± 2.76a 12.90 ± 0.36b 
Width (cm) 1.77 ± 0.05a 1.93 ± 0.11b 
Thickness (cm) 0.43 ± 0.05a 0.83 ± 0.15b 

Weight (g) 8.17 ± 0.72a 11.89 ± 0.77b 
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their various states—raw, frozen, and boiled—are very close. Boiling samples yielded the highest 
values, with averages of 5.45 ± 0.01 and 5.48 ± 0.02 for Djimla and El-Milia pod powders, respectively, 
while the raw samples yielded the lowest. 

When compared to the control, the pH of the boiled powders was significantly higher (p ˂ 0.05). 
The pH rise could be attributed to the loss of organic acids, which resulted in a decrease in acid content 
and, consequently, an increase in the pH of the boiled powders (Igual et al., 2010). Similar to the 
changes in pH, the boiled samples had significantly lower titratable acidity (p ˂ 0.05) when compared 
to the control (Table 2). The decrease in titratable acidity could be attributed to the leaching of 
hydrogen ions and sugars into the water during boiling (Ampofo-Asiama et al., 2020). The composition 
of organic acids determines acidity, which varies between cultivars (Avallone et al., 1997). According 
to Bhardwaj and Pandeya (2011), decreased acidity may be due to the acidic hydrolysis of 
polysaccharides, in which acid is used to convert non-reducing sugars to reducing sugars. Fathi et al. 
(2019) also explained this decrease in titratable acidity and increase in pH value during freezing by 
increasing the content of alcoholic compounds during storage. It should be noted that the acidity of the 
powders obtained by grinding Djimla pods was higher in all three states studied. 

3.2.2 Moisture content  
The results show that the moisture content of the boiled samples is very high, with a significant rate 

recorded for the sample from the Djimla region at 60.37 ± 0.002%. Fresh samples have the lowest 
rates, with very close averages of 13.11 ± 0.005% and 13.13 ± 0.003% (Table 2). These findings are 
comparable to those of Khlifa et al. (2013), who reported an average value of 10.2 ± 0.13%, and 
significantly higher than those of Youssef et al. (2013) and Boublenza et al. (2019), who found a 
percentage of 5.29% and 5.13 ± 0.02% of the Bejaia region, respectively. According to Baston (2016), 
the technique of preparation and storage is mostly responsible for moisture changes in carob powder. 
Heat could explain the greater moisture content in boiling samples by shattering the cell's inner lamella 
and allowing water from the surrounding area to be absorbed for starch gelatinization (Srivastava and 
Singh, 2017).  

The moisture content of frozen pod powders increased slightly, especially in the Djimla region (p ˃ 
0.05). This increase resulted from the increased moisture content of the upper kernel surface during a 
freeze-thaw cycle. Moisture migrates to the frozen front during the freezing process, resulting in 
unequal moisture distribution in the frozen pod. It should also be highlighted that cell membranes and 
capillaries between cells are the principal barriers to free water. As a result, maintaining cell structural 
integrity and preventing myofibrillar protein denaturation during freezing is critical for retaining water 
immobilized and reducing drip loss (Li et al., 2018).  

3.2.3 Dry matter content  
The highest dry matter content was found in raw carob powders with closer values. The samples 

from Djimla and El-Milia have nearly the same content, 86.88 ± 0.005% and 86.89 ± 0.003%, 
respectively (Table 2). These values are lower than those reported by Gaouar (2011), who found a very 
high dry matter content of 90.40% in Jijel carob pulp. El Batal et al. (2016) registered a dry matter 
content ranging from 86.53 to 87.84%.  

The dry matter content of boiled samples decreased significantly (p ˂ 0.05), with losses ranging 
from 11 to 27%, while there was no significant difference between fresh and frozen samples. According 
to Handayani et al. (2018), the decrease in dry matter content during the boiling process was caused 
by the dissolution of nutrients in water, such as water-soluble proteins, water-soluble vitamins, and 
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macrominerals. In this experiment, protein and mineral content decreased as crude protein and ash 
content decreased (Table 2). The fact that the dry matter content of the powders does not change during 
frozen storage implies that the water content of the powders does not evaporate. This also implies that 
no water escapes the system during the gelling process (Hidas et al., 2020). 

3.2.4 Ash content 
The ash contents of the raw samples are very similar, with a slight increase recorded for the El-Milia 

sample, with an average percentage of 3.04 ± 0.001%. (Table 2). Our results are in line with those 
obtained by Mahtout et al. (2018), who found 3.0 ± 0.03% of ash content, and with the two limits of 
the variation interval (2.45 ± 0.02% – 4.52 ± 0.03%) found by Boublenza et al. (2019) for the ten 
Algerian regions studied. The variation in ash content of the pods may be due to the climatic conditions 
and soil edaphic characteristics. 

The boiled samples have the lowest rates. According to Nzewi and Egbuonu (2011) and Handayani 
et al. (2018), this reduction in ash percentage may be due to the mineral compounds dissolving in the 
boiling water. As a result, boiling water becomes more mineral-laden as the boiling time increases, 
which is why it is best not to overwash certain foods and to avoid cooking them by steaming or boiling 
in a small amount of water.   

The ash content of frozen powders was the same as that of fresh powders. This is due to the low 
temperature, which reduces the kinetics of many biochemical reactions, and the low water activity due 
to crystallization, which allows for minimal mineral compound leaching. As a result, slight reductions 
in mineral components may result in ash content stability. The work of Sahoré and Nemlin (2012) 
confirmed the fact that cold storage avoided significant reductions in chemical components, which is 
in line with our results. 

Table 2. Physicochemical attributes of carob powders 
           Samples 
Attributes 

Djimla El-Milia 
R B F R B F 

pH   5.26 ± 0.02a 5.45 ± 0.01b 5.28±0.01c 5.31 ± 0.02a 5.48±0.02b 5.46 ± 0.02c 
TTA (% acetic 
acid) 

1.16 ± 0.01a 0.37 ± 0.01b 0.46±0.007c 0.85 ± 0.007a 0.35 ± 0.007b 0.40 ± 0.01c 

Moisture  
content (%)  

13.13±0.003a 60.37±0.002b 13.67±0.005a 13.11±0.005a 36.99±0.002b 17.83±0.003c 

Dry matter  
content (%) 

86.88±0.005a 39.64±0.004b 86.33±0.005c 86.89±0.003a 63.02±0.002b 82.18±0.002c 

Ash content (%) 2.72 ± 0.002a 2.42 ± 0.002a 2.72 ± 0.002a 3.04 ± 0.001a 2.22 ± 0.002a 3.04 ± 0.002a 
Crude protein  
content (%)  

4.65 ± 0.09a 2.22 ± 0.50b 3.02 ± 0.28c 4.79 ± 0.04a 2.65 ± 0.46b 3.56 ± 0.36c 

Total sugar  
content (%)  

26.8 ± 1.34a 26.6 ± 1.40a 22.7 ± 1.76b 27.7 ± 3.86a 24.6 ± 1.92b 24.5 ± 0.98c 

R: Raw, B: Boiled, F: Frozen, TTA: Total Titratable Acidity.  
 a-c Values in the same line and labelled with different letter differ significantly (p < 0.05). 

3.2.5 Crude protein content  
The highest protein levels were found in raw pod powders, with an average increase for pods from 

the El-Milia region (4.79 ± 0.04%) (Table 2). These results are lower than those reported by Youssef 
et al. (2013), who reported a content of 6.34%, but higher than those reported by Mahtout et al. (2018) 
and Fadel et al. (2020), who recorded contents of 3.0 ± 0.03% and 3.35 ± 0.79%, respectively. Many 
studies have shown that the amino acid composition of carob fruits varies depending on species, 
geographical origin, ripening stage, and cultivation method (El Batal et al., 2016; Boublenza et al., 
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2019; Fadel et al., 2020). According to Baston (2016), the amino acid valine was the most abundant in 
carob pulp powder, followed by threonine. Cysteine and cystine, on the other hand, had the lowest 
levels, followed by glycine and tryptophan.  

The lowest levels are found in boiled pod samples. This is due to the loss of soluble or proteinaceous 
components in the cooking water. According to Handayani et al. (2018), heating duration had a 
significant effect on crude protein content but had no effect on heating method.  The freezing and 
thawing of the pods at room temperature results in a temperature change that causes the initial crude 
protein to gradually degrade to more volatile products such as total volatile bases (TVB), 
trimethylamine (TMA), hydrogen sulfide, and ammonia. The reduction in protein content may be 
associated with the leaching of some of the protein fractions into ice (Obemeata and Christopher, 2012).  

3.2.6 Total sugar content  
Sugars are some of the most important constituents of fruits and vegetables; they play an important 

role in determining nutritive value and maintaining quality (Ayaz et al., 2007). In our study, raw pod 
samples had the highest total sugar contents, with an increase in average content for pods from the El-
Milia region of 27.7 ± 3.86% (Table 2). Our results are very low when compared to those of Baston 
(2016) and Mahtout et al. (2018), who obtained percentages of 57.88 ± 2.33% and 65.00 ± 3.3%, 
respectively. Regarding the Algerian carob pulp, Boublenza et al. (2019) recorded a variation interval 
of 43-50% of total sugar content. It is worth noting that sugar content varies by country and is affected 
by species, physiological maturity, harvest season, climate, and storage conditions (Ayaz et al., 2007). 
According to Boublenza et al. (2017) and Mahtout et al. (2018), the sugars found in carob pulp by 
percentage importance are sucrose, fructose, and glucose. 

Boiling had a significant effect (p ˂ 0.05) on the sugar content of powders derived from El-Milia 
pods. On the one hand, this could be attributed to gelatinization during boiling; one of the main 
reactions is the Maillard reaction, in which glucose and fructose react with amino acids to improve the 
sensory properties of the product, and sucrose is hydrolyzed during the heat treatment (Murniece et al., 
2011). On the other hand, the leaching of sugars in the water during processing. In the case of boiling 
Djimla pods, we stated the same values as for fresh ones. According to Nzewi and Egbuonu (2011), 
carbohydrates may absorb water to bulk up through a cross-linking reaction caused by the boiling 
process's heat. This may improve the stability of the carbohydrates, allowing them to withstand 
additional heat.  

When frozen samples were compared to raw samples, the total sugar content was significantly 
reduced (p ˂ 0.05). This decrease could be attributed to respiration and sugar conversion. Low 
temperatures typically cause starch to be converted to reducing sugars (Ji et al., 2017). 

3.2.7 Trace mineral elements and heavy metal contents  
Table 3 summarizes the mineral and heavy metal levels of raw and processed carob powders. The 

highest mineral values were found in fresh Djimla samples. It should be highlighted that the Zn level 
was significant, with an average value of 70.79 ± 0.028 ppm (Table 3). This Zn content in fresh Djimla 
pods can help supplement our daily food intake. Zinc is necessary for immune system and different 
organism functions such as protein synthesis, wound healing, DNA synthesis, and cell division 
(Chasapis et al., 2020).  According to Ayaz et al. (2007) and Ben Othmen et al. (2019), the mineral 
composition of carob pulp varies depending on cultivars, geographical origin, harvest time, 
environmental factors, soil type, seasonal climate, and ripening stages. Our Zn and Cu content findings 
are higher than those of El Batal et al. (2016) and El Oumlouki et al. (2021), who reported ranges of 
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variation of 1.7–7.5 ppm and 18.0–26.1 ppm for Zn and 1.6–12.8 ppm and 4.2–5.6 ppm for Cu, 
respectively. There have been no studies on the cadmium and lead contents. The presence of these two 
heavy metals in our samples could be due to soil contamination. 

After boiling, trace minerals decreased significantly (p ˂ 0.05), with a loss of up to 71% in Zn. The 
outflow of minerals from pods is assumed to be the cause of mineral loss (Kimura and Itokawa, 1990). 
According to Puupponen-Pimiä et al. (2003), mineral losses during the boiling process are generated 
by leaching into the cooking water rather than destruction. When compared to boiling, the freezing 
technique resulted in reduced mineral loss. This could be because of drip loss and dehydration during 
frozen storage (Sikorski and Kolakowski, 2000). 

Table 3. Values of trace mineral elements and heavy metals in carob powders 
            Samples 
 
Elements (ppm) 

Djimla El-Milia 
R B F R B F 

Trace mineral elements (ppm) 
Zinc (Zn) 70.79±0.028a 20.00±0.014b 54.55±0.134c 46.88±0.672a 20.52±0.233b 27.42±0.092c 
Copper (Cu) 5.91±0.092a 2.96±0.057b 4.37±0.071c 4.08±0.092a 1.83±0.021b 2.53±0.007c 

Heavy metals (ppm) 
Lead (Pb) 1.057±0.052a 0.453±0.069b 0.988±0.009a 0.384±0.006a 0.384±0.004a 0.467±0.007a 
Cadmium (Cd) 0.095±0.025a 0.056±0.008a 0.068±0.007a 0.096±0.011a 0.051±0.004b 0.067±0.028c 

R: Raw, B: Boiled, F: Frozen, ppm: parts per million. 
a-c Values in the same line and labelled with different letter differ significantly (p < 0.05). 

3.3 Boiling and freezing effects on bioactive compound content and antioxidant power 
Table 4 summarizes all of the findings regarding the effects of boiling and freezing on the 

concentrations of the various bioactive compounds studied and the antioxidant capacities assessed. 

3.3.1 Total polyphenols, flavonoids, and flavonol contents 
According to Nicoli et al. (1999), the total phenolic content of fruits and vegetables can increase, 

decrease, or remain constant after thermal processing. Raw and frozen Djimla samples contained the 
most polyphenols, with values of 127.05 ± 0.04 μg GAE/mg DW and 99.85 ± 0.04 μg GAE/mg DW, 
respectively. El-Milia had the highest concentrations of flavonoids and flavonols, 3.23 ± 0.03 μg 
GAE/mg DW and 53.74 ± 0.03 μg GAE/mg DW, respectively (Table 4). 

Our total polyphenol compound results exceed those of Ben Othmen et al. (2019), who reported a 
variation interval of 20.72–40.92 mg GAE/g DW. In a separate study, Ayad et al. (2022) achieved a 
value of 23.375 ± 0.83 mg GAE/g DW with the goal of optimizing phytoantioxyadant compounds from 
carob pods from the Texenna region in Jijel. In terms of flavonoid content, our findings are higher than 
those of El Bouzdoudi et al. (2016) and Fadel et al. (2020), who found ranges of variation of 0.19–
0.65 mg QE/g DW and 0.17–0.60 mg QE/g DW, respectively. There is no comparable data on the 
determination of flavonol content in brown carob pods, but Goulas and Georgiou (2019) reported that 
the most potent antioxidants in carob extracts were flavonol aglycones, specifically quercetin and 
myricentin. 

Concerning the boiling effect, it was revealed that this cooking process significantly reduced total 
polyphenol content (p ˂ 0.05), resulting in a 38% decrease in Djimla carob pods and a 15% decrease 
in El-Milia carob pods when compared to raw samples. We noticed the same significant loss in flavonol 
concentration up to 34% and 44% in Djimla and El-Milia pulp powders, respectively (Table 4). These 
losses could be attributed to the diffusion of these soluble compounds into boiling water or to their 



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1246 
 

degradation during the boiling process (Gunathilake et al., 2018). Other research has found that food 
processing disrupts cellular structures such as lignin and polysaccharides, as well as the release of 
phenolic compounds in cooking water (Faller and Fialho, 2009). Furthermore, Mokrani and Madani 
(2016) have also found that flavonoids are more heat-sensitive, with the degradation of flavones and 
flavanols/flavanones occurring at lower temperatures. The differences in loss between the two samples 
are mainly due to the flavonoid composition variability; thus, the sample from Djimla is more likely to 
contain bioactive compounds that are more sensitive to temperature than that from El-Milia. 

Moreover, freezing processing affected bioactive compound content in the same way as boiling, but 
at a slower rate. In this study, raw and frozen powder extracts produced very similar results but 
significative difference (p ˂ 0.05) in flavonoid content, with only a 2% and 3% loss for El-Milia and 
Djimla samples, respectively. Plant foods are susceptible to damage during freezing and frozen storage, 
resulting in lower final quality and functional properties, particularly after thawing, than the 
corresponding fresh product (Neri et al., 2020). In fact, cell rupture can result in the 
decompartmentalization of antioxidants like anthocyanins and other phenolic compounds, as well as 
their degradation through interactions with oxidative enzymes (Khattab et al., 2015). Moreover, the 
formation of ice crystals can affect food texture and the content of some bioactive compounds, which 
may be lost due to leaching during thawing (van der Sman, 2020). 

3.3.2 Antioxidant activity and total antioxidant capacity 
Antioxidant activity or capacity evaluation of a food reflects not only its functional significance, but 

it can also be used as an index to predict its oxidative stability (Del Carlo et al., 2004) or as an index 
of its changes or damage caused by processing (Nicoli et al., 1999). 

Two methods (the DPPH assay and the phosphomolybdete method) were used to assess the 
effectiveness of antioxidants in samples (Table 4). The DPPH test provided information about the 
activities of compounds containing stable free radicals; the DPPH effect was assumed to be due to their 
hydrogen-donating ability. Higher IC50 values indicate lower antioxidant activity, and vice versa 
(Boublenza et al., 2017). The antioxidant activity of raw samples measured by DPPH had IC50 values 
of 0.09 ± 0.28 mg/mL and 0.35 ± 0.58 mg/mL for El-Milia and Djimla, respectively. Boublenza et al. 
(2017) found an IC50 between 0.05 and 0.06 mg/mL for ripe carob pods harvested in the Tlemcen 
region of western Algeria. According to Ben Othmen et al. (2019), the antioxidant activity level was 
origin- and ripening-stage-dependent. 

In terms of antioxidant activity, the boiled sample from Djimla had the highest value, while that 
from El-Milia had the lowest. Although the bioactive compounds from the Djimla region were the most 
affected by boiling, they had higher antioxidant activity. This latter efficacy could be influenced more 
by the quality of bioactive chemicals than their quantity. However, this is most likely due to the 
neoformed molecules that resulted during the Maillard reaction, which may even have antioxidant 
properties (Gorinstein et al., 2008). In contrast, the boiling process had a significant impact (p ˂ 0.05) 
on the bioactive compounds in the El-Milia samples. In this case, the diminution may be directly linked 
to bioactive compound losses. 

Regarding the total antioxidant capacity, we discovered an increase in both boiling and freezing 
samples. The latter resulted in an increase of up to 250% in the El-Milia sample over the raw sample. 
Because polyphenols and flavonoids were the least affected by freezing, we can conclude that they 
were responsible for this ability. Mullen et al. (2002) have also demonstrated that freezing operations 
can improve the quality and functional properties of plant foods by releasing bioactive compounds 
such as bound phenolic acids and anthocyanins, resulting in an increase in antioxidant activity. When 
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comparing the results of the two methods, we noticed that we were facing contradictory results. In the 
literature, studies evaluating the effect of freezing and frozen storage on the antioxidant activity of 
fruits and vegetables in general report conflicting results (Neri et al., 2020). 

Table 4. Effect of boiling and freezing on the bioactive compound content and antioxidant capacity 
of carob powder extracts 

                      Samples 
Assays 

Djimla El-Milia 
R B F R B F 

Total polyphenols 
(µg GAE/mg DW) 

127.05±0.04a 78.05±0.03b 99.85±0.04c 97.75±0.04a 82.44±0.02b 96,04±0,05c 

Total flavonoids 
(µg QE/mg DW) 

2.14±0.03a 1.78±0.02b 2.07±0.02c 3.23±0.03a 3.16±0.02b 3.09±0.03c 

Total flavonols (µg 
QE/mg DW) 

20.72±0.02a 11.60±0.03b 14.14±0.02c 53.74±0.03a 35.58±0.02b 38.12±0.03c 

Antioxidant activity 
(IC50 mg/mL) 

0.35±0.58a 0.01±0.28b 0.44±0.32c 0.09±0.28a 0.70±0.33b 0.16±0.36c 

Total Antioxidant 
capacity (µg 
AAE/mg DW) 

20.05±0.42a 21.27±6.88b 25.42±8.65c 16.53±4.90a 19.77±9.00b 41.57±4.87c 

R: Raw, B: Boiled, F: Frozen, GAE: Gallic Acid Equivalent, QE: Quercetin Equivalent, AAE: Ascorbic Acid Equivalent, 
IC50: Half Maximal Inhibitory Concentration, DW: Dry Weight. 
a-c Values in the same line and labelled with different letter differ significantly (p < 0.05). 

Conclusion 
Ceratonia siliqua L., a member of the Fabaceae family, is a medicinal plant with high therapeutic 

potential. The goal of this study is to highlight the effect of boiling and freezing processes on the 
proximate composition, physicochemical properties, phenolic compound level, and antioxidant power 
of two carob pod samples harvested from the Jijel region in Algeria's northeast. 

The results revealed that the boiling process had a greater negative impact on the majority of the 
physicochemical quality properties studied than freezing. In terms of bioactive compounds and 
antioxidant activity, these samples are being studied for their phenolic compound concentrations as 
well as the antioxidant activity of their methanolic extracts, which was assessed using two different 
methods: the DPPH assay and the phosphomolybdate method. 

Trace minerals (Zn and Cu) and total polyphenols were abundant in Djimla samples, while 
flavonoids and flavonols were abundant in El-Milia samples. Heat sensitivity was higher in 
polyphenols and flavonols than in flavonoids. When compared to raw samples, boiling resulted in a 
significant decrease in total polyphenol and favonol contents of up to 38% and 44% in Djimla and El-
Milia carob pods, respectively. The antioxidant activity of the boiled Djimla sample was the highest. 
All parameters were affected by freezing at -18°C, though not as strongly as boiling. However, it 
significantly boosts total antioxidant capacity, particularly in the El-Milia sample, by 250%. 

Acknowledgement: The authors would like to express their gratitude to the Algerian Ministry of 
Higher Education and Scientific Research. 
 
Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 
Compliance with Ethical Standards: This article does not contain any studies involving human or 
animal subjects.  



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1248 
 

References  
Ampofo-Asiama J., Zebede A.A., Abakah B., Quaye B. (2020) Effect of Different Processing Methods on the 

Quality of Ackee Fruit Arils, European Journal of Nutrition & Food Safety, 12(2), 79-84. 
https://doi.org/10.9734/EJNFS/2020/v12i230195. 

AOAC. Association of Official Analytical Chemists. (2000) Official methods of analysis of the Association of 
the analytical Chemists, method 999.11. 17thEd, Gaithersburg, Maryland, USA. 

AOAC. Association of Official Analytical Chemists. (1995) Official methods of analysis of the Association of 
the analytical Chemists, method 943.02. pH of Flour, Potentiometric Method: In: Cunniff P. (ed.): 
Official Methods of Analysis of AOAC International, 2. 16thEd, Gaithersburg, AOAC International, 
Chapter 32: 11. 

AOAC. Association of Official Analytical Chemists. (2005) Official methods of analysis of the Association of 
the analytical Chemists, methods 920.92, 923.03, and 925.10. 18thEd, Gaithersburg. 

AOAC. Association of Official Analytical Chemists. (2007) Official methods of analysis of the Association of 
the analytical Chemists, method 955.04. 18thEd, Gaithersburg.  

Arias-Rico J., Macías-León F.J., Alanís-García E., Cruz-Cansino N.D.S., Jaramillo-Morales O.A., Barrera-
Gálvez R., Ramírez Moreno E. (2020) Study of Edible Plants: Effects of Boiling on Nutritional, 
Antioxidant, and Physicochemical Properties, Foods, 9(5): 599, 1-14. 
https://doi.org/10.3390/foods9050599. 

Asgari Z., Selwyn J.B., Vonville H., DuPont L.H. (2012) A Systematic Review of the Evidence for Use of 
Herbal Medicine for the Treatment of Acute Diarrhea, The Natural Products Journal, 2(1), 1-8.  
https://doi.org/10.2174/ 2210315511202010001. 

Atanasov A.G., Zotchev S.B., Dirsch V.M., Orhan I.E., Banach M., Rollinger J.M., Barreca D., Weckwerth W., 
Bauer R., Bayer E.A., the International Natural Product Sciences Taskforce., Supuran C.T. (2021) 
Natural products in drug discovery: Advances and opportunities, Nature Reviews Drug Discovery. 20, 
200-216. https://doi.org/10.1038/s41573-020-00114-z. 

Avallone R., Plessi M., Baraldi M., Monzani, A. (1997) Determination of chemical composition of carob 
(Ceratonia siliqua):  protein, fat, carbohydrates, and tannins, Journal of Food Composition and Analysis, 
10 (2), 166-172. https://doi.org/10.1006/jfca.1997.0528. 

Ayad R., Ayad R., Bourekoua H., Lefahal M., Makhloufi E.H., Akkal S., Medjroubi K., Nieto G. (2022) Process 
Optimization of Phytoantioxidant and Photoprotective Compounds from Carob Pods (Ceratonia siliqua 
L.) Using Ultrasonic Assisted Extraction Method, Molecules, 27(24): 8802, 1-21. 
https://doi.org/10.3390/molecules27248802 

Ayaz F.A., Torun H., Ayaz S., Correia P.J., Alaiz M., Sanz C., Gruz, J., Strnad M. (2007) Determination of 
Chemical Composition of Anatolian Carob Pod (Ceratonia siliqua L.): Sugars, Amino and Organic 
Acids, Minerals and Phenolic Compounds, Journal of Food Quality, 30(6), 1040-1055. 
https://doi.org/10.1111/j.1745-4557.2007.00176.x. 

Azaizeh H., Abu Tayeh H.N., Schneider R., Klongklaew A., Venus J. (2020) Production of Lactic Acid from 
Carob, Banana and Sugarcane Lignocellulose Biomass, Molecules, 25(13): 2956, 1-14. 
https://doi.org/10.3390/molecules25132956 

Baba Aissa F. (2000) Encyclopédie des plantes utiles, Flore d’Algérie et du Mghreb, Substances végétales 
d’Afrique d’Orient et d’Occident. EDAS, 55p. 

Basharat Z., Afzaal M., Saeed F., Islam F., Hussain M., Ikram A., Pervaiz M.U., Godswill Awuchi C. (2023) 
Nutritional and functional profile of carob bean (Ceratonia siliqua): a comprehensive review, 
International Journal of Food Properties, 26(1), 389-413. 
https://doi.org/10.1080/10942912.2022.2164590. 

Baston O. (2016) Production and analysis of Ceratonia siliqua L. powders, Annals. Food Science and 
Technology. 17(1), 1-5.  



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1249 
 

Batlle I., Tous J. (1997) Carob tree (Ceratonia siliqua L.). Promoting the conservation and use of underutilized 
and neglected crops. 17. Institute of Plant Genetics and Crop Plant Research, Gatersleben/International 
Plant Genetic Resources Institute, Rome, 79p. 

Baumel A., Mirleau P., Viruel J., Bou Dagher Kharrat M., La Malfa S., Ouahmane L., Diadema K., Moakhar 
M., Sanguin H., Medail F. (2018) Assessment of plant species diversity associated with the carob tree 
(Ceratonia siliqua, Fabaceae) at the Mediterranean scale, Plant Ecology and Evolution, 151(2), 185-193. 
https://doi.org/10.5091/plecevo.2018.1423. 

Ben Ayache S., Saafi E.B., Emhemmed F., Flamini G., Achour L., Muller C.D. (2020) Biological Activities of 
Aqueous Extracts from Carob Plant (Ceratonia siliqua L.) by Antioxidant, Analgesic and Proapoptotic 
Properties Evaluation, Molecules, 25(14): 3120, 1-16. https://doi.org/10.3390/molecules25143120 

Ben Hammou D., Salghi R., Zarrouk A., Benali O., Fadel F., Zarrok H., Hammouti B. (2012) Carob seed oil: 
an efficient inhibitor of C38 steel corrosion in hydrochloric acid, Int. J. Ind. Chem. 3, 25 

Ben Othmen K., Elfalleh W., Lachiheb B., Haddad M. (2019) Evolution of phytochemical and antioxidant 
activity of Tunisian carob (Ceratonia siliqua L.) pods during maturation, The EuroBiotech Journal, 3(3), 
135-142. https://doi.org/ 10.2478/ebtj-2019-0016. 

Benchikh Y., Louaileche H., George B., Merlin A. (2014) Changes in bioactive phytochemical content and in 
vitro antioxidant activity of carob (Ceratonia siliqua L.) as influenced by fruit ripening, Industrial Crops 
and Products, 60, 298-303. https://doi.org/10.1016/j.indcrop.2014.05.048. 

Benmahioul B., Kaïd-Harche M., Daguin F. (2011) Le caroubier, une espèce méditerranéenne à usages 
multiples. Forêt Méditerranéenne, XXXII (1), 51-58.  

Bhardwaj R.J., Pandey S. (2011) Juice blends-a way of utilization of under-utilized fruits, vegetables, and spices: 
a review, Critical Reviews in Food Science and Nutrition, 51 (6), 563-570. 
https://doi.org/10.1080/10408391003710654. 

Boublenza I., El Haitoum A., Ghezlaoui S., Mahdad M., Vasaï F., Chemat F. (2019) Algerian carob (Ceratonia 
siliqua L.) populations. Morphological and chemical variability of their fruits and seeds, Scientia 
Horticulturae, 256, 108537. https://doi.org/10.1016/j.scienta.2019.05.064. 

Boublenza I., Lazouni H.A., Ghaffari L., Ruiz K., Fabiano-Tixier A.S., Chemat F. (2017) Influence of Roasting 
on Sensory, Antioxidant, Aromas, and Physicochemical Properties of Carob Pod Powder (Ceratonia 
siliqua L.), Journal of Food Quality, 4193672, 1-10. https://doi.org/10.1155/2017/4193672. 

Bourhia M., Bouothmany K., Bakrim H., Hadrach S., Salamatullah A.M., Alzahrani A., Khalil Alyahya H., 
Albadr N.A., Gmouh S., Laglaoui A., El Mzibri M., Benbacer L. (2021) Chemical Profiling, Antioxidant, 
Antiproliferative, and Antibacterial Potentials of Chemically Characterized Extract of Citrullus 
colocynthis L. Seeds, Separations, 8(8): 114, 1-10. https://doi.org/10.3390/separations8080114. 

Braca A., Tommasi N.D., Bari L.D., Pizza C., Politi M., Morelli I. (2001) Antioxidant principles from Bauhinia 
terapotensis, Journal of Natural Products, 64 (7), 892-895. https://doi.org/10.1021/np0100845. 

Câmara J.S., Albuquerque B.R., Aguiar J., Corrêa R.C.G., Gonçalves J.L., Granato D., Pereira J.A.M., Barros 
L., Ferreira I.C.F.R. (2020) Food Bioactive Compounds and Emerging Techniques for Their Extraction: 
Polyphenols as a Case Study, Foods, 10(1): 37, 1-34. https:// dx.doi.org/ 10.3390/foods10010037. 

Chasapis C.T., Ntoupa P.S.A., Spiliopoulou C.A., Stefanidou M.E. (2020) Recent aspects of the effects of zinc 
on human health., Archives of Toxicology, 94(5), 1443-1460. https://doi.org/10.1007/s00204-020-02702-
9. 

Granato D., Pereira J.A.M., Barros L., Ferreira I.C.F.R. (2020) Food Bioactive Compounds and Emerging 
Techniques for Their Extraction: Polyphenols as a Case Study, Foods, 10(1): 37, 1-34. 
https://dx.doi.org/10.3390/foods10010037. 

Del Carlo M., Sacchetti G., Di Mattia C., Compagnone D., Mastrocola D., Liberatore L., Cichelli A. (2004) 
Contribution of the phenolic fraction to the antioxidant activity and oxidative stability of olive oil, 
Journal of Agricultural and Food Chemistry, 52(13), 4072-4079. https://doi.org/10.1021/jf049806z. 



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1250 
 

Di Guardo M., Scollo F., Ninot A. (2019) Genetic structure analysis and selection of a core collection for carob 
tree germplasm conservation and management, Tree Genetics & Genomes, 15(3):41, 1-14. 
https://doi.org/10.1007/s11295-019-1345-6. 

DuBois M., Gilles K.A., Hamilton J.K., Rebers P.A., Smith F. (1956) Colorimetric method for determination of 
sugars and related substances, Analytical Chemistry, 28(3), 350-356. https://doi.org/10.1021/ 
ac60111a017. 

El Batal H., Hasib A., Ouatmane A., Dehbi F., Jaouad A., Boulli A. (2016) Sugar composition and yield of syrup 
production from the pulp of Moroccan carob pods (Ceratonia siliqua L.), Arabian Journal of Chemistry, 
9(S2), S955-959. https://doi.org/10.1016/j.arabjc.2011.10.012 

El Bouzdoudi B., Nejjar El Ansari Z., Mangalagiu I., Mantu D., Badoc A., Lamarti A. (2016) Determination of 
Polyphenols Content in Carob Pulp from Wild and Domesticated Moroccan Trees, American Journal of 
Plant Sciences, 7(14), 1937-1951. https://doi.org/10.4236/ajps.2016.714177. 

EL Oumlouki K., Salih G., Jilal A., Dakak H., EL Amrani M., Zouahri A. (2021) Comparative study of the 
mineral composition of carob pulp (Ceratonia siliqua L.) from various regions in Morocco, Moroccan 
Journal of Chemistry, 9(4), 741-753. https://doi.org/10.48317/IMIST.PRSM/morjchem-v9i3.21872. 

El-Haddad A.E., Gendy A.M., Amin M.M., Alshareef W.A., El Gizawy H.A. (2022) Comparative 
characterization of carob pulp and seeds extracts: HPLC, antimicrobial, anti-inflammatory, and cytotoxic 
studies, Egyptian Journal of Chemistry, 65(10), 279-284. 
https://doi.org/10.21608/EJCHEM.2022.116534.5265. 

Fadel F., El Mehrach K., Chebli B., Fahmi F., El Hafa Oukacha Amri M., Ait Bihi M., Hatimi A., Tahrouch S. 
(2020) Morphometric and physicochemical characteristics of carob pods in three geographical regions 
of Morocco, SN Applied Sciences, 2: 2173, 1-8. https://doi.org/10.1007/s42452-020-03963-w. 

Faller A.L.K., Fialho E. (2009) The antioxidant capacity and polyphenol content of organic and conventional 
retail vegetables after domestic cooking, Food Research International, 42(1), 210-215. 
https://doi.org/10.1016/j.foodres.2008.10.009. 

Fathi M.M.F., Ragab M., Siliha H.A.I., Suleiman A.M. (2019) Effect of frozen storage on the quality attributes 
of fresh and concentrate cut-back strawberry, Zagazig Journal of Agricultural Research, 46(5), 1553-
1562. https://doi.org/10.21608/ZJAR.2019.48172. 

FAO. Food and Agriculture Organization of the United Nations. (2019) FAOSTAT, Carob Worldwide 
Production in 2017. 

Gaouar N. (2011) Etude de la valeur nutritive de la caroube de différentes variétés Algériennes Thèse de 
Magister en Agronomie. Université de Tlemcen, Algérie. 95p. 

García-Díez E., Sánchez-Ayora H., Blanch M., Ramos S., Ángeles Martín M., Pérez-Jiménez J. (2022) 
Exploring a cocoa-carob blend as a functional food with decreased bitterness: Characterization and 
sensory analysis, LWT-Food Science and Technology,165: 113708, 1-9. 
https://doi.org/10.1016/j.lwt.2022.113708. 

Ghazi I., Zefzoufi M., Siniti M., Fdil R., Elattari H. (2022) Corrosion Inhibition of Carob Pod Pulp (Ceratonia 
siliqua L.) on Carbon Steel Surface C38 in Hydrochloric Acid, Journal of Bio- and Tribo-Corrosion, 
8:31, 1-23. https://doi.org/10.1007/s40735-022-00630-y. 

Gorinstein S., Leontowicz H., Leontowicz M., Namiesnik J., Najman K., Drzewiecki J., Cvikrová M., 
Martincová O., Katrich E., Trakhtenberg S. (2008) Comparison of the Main Bioactive Compounds and 
Antioxidant Activities in Garlic and White and Red Onions after Treatment Protocols, Journal of 
Agricultural and Food Chemistry, 56(12), 4418-4426. https://doi.org/10.1021/jf800038h. 

Goulas V., Georgiou E. (2019) Utilization of Carob Fruit as Sources of Phenolic Compounds with Antioxidant 
Potential: Extraction Optimization and Application in Food Models, Foods, 9(1): 20, 1-13. 
https://doi.org/10.3390/foods9010020. 

Gregoriou G., Neophytou C.M., Vasincu A., Gregoriou Y., Hadjipakkou H., Pinakoulaki E., Christodoulou 
M.C., Ioannou G.D., Stavrou I.J., Christou A., Kapnissi-Christodoulou C.P., Aigner  S., Stuppner H., 
Kakas A., Constantinou A.I. (2021) Anti-Cancer Activity and Phenolic Content of Extracts Derived from 



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1251 
 

Cypriot Carob (Ceratonia siliqua L.) Pods Using Different Solvents, Molecules, 26(16): 5017, 1-22. 
https://doi.org/10.3390/molecules26165017 

Gunathilake K.D.P.P., Ranaweera K.K.D.S., Rupasinghe H.P.V. (2018) Influence of Boiling, Steaming and 
Frying of Selected Leafy Vegetables on the In Vitro Anti-inflammation Associated Biological Activities, 
Plants, 7(1): 22, 1-10. https://doi.org/10.3390/plants7010022. 

Gurnani N., Mehta D., Gupta M., Mehta B.K. (2014) Natural products: Source of potential drugs, African 
Journal of Basic & Applied Sciences, 6(6), 171-186. https://doi.org/10.5829/idosi.ajbas.2014.6.6.21983. 

Handayani U.F., Wizna, Suliansyah I., Rizal Y., Endo Mahata M. (2018) Effects of Heating Method on 
Lycopene, Dry Matter and Nutrient Content of Tomato (Lycopersicon esculentum) Waste as Laying Hen 
Feed, International Journal of Poultry Science, 17(2), 63-70. https://doi.org/10.3923/ijps.2018.63.70. 

Hidas K.I., Németh C., Visy A., Tóth A., Friedrich L.F., Nyulas-Zeke I.C. (2020) Comparison of different 
thawing methods effect on the calorimetric and rheological properties of frozen liquid egg yolk, Progress 
in Agricultural Engineering Sciences, 16(S2), 37-44. https://doi.org/10.1556/446.2020.20005. 

Igual M., García-Martínez E., Camacho M.M., Martínez-Navarrete N. (2010) Effect of thermal treatment and 
storage on the stability of organic acids and the functional value of grapefruit juice, Food Chemistry, 
118(2), 291-299. https://doi.org/10.1016/j.foodchem.2009.04.118. 

Ioannou G.D., Savva I.K., Christou A., Stavrou I.J., Kapnissi-Christodoulou C.P. (2023) Phenolic Profile, 
Antioxidant Activity, and Chemometric Classification of Carob Pulp and Products, Molecules, 28(5) : 
2269, 1-14. https://doi.org/10.3390/molecules28052269 

Ji C.Y., Chung W.H., Kim H.S., Jung W.Y., Kang L., Jeong J.C., Kwak S.S. (2017) Transcriptome profiling of 
sweetpotato tuberous roots during low temperature storage, Plant Physiology and Biochemistry, 112, 97-
108. https://doi.org/10.1016/j.plaphy.2016.12.021. 

Khattab R., Celli G.B., Ghanem A., Brooks M.S.L. (2015) Effect of frozen storage on polyphenol content and 
antioxidant activity of haskap berries (Lonicera caerulea L.), Journal of Berry Research, 5(4), 231-242. 
https://doi.org/10.3233/JBR-150105.  

Khlifa M., Bahloul A., Kitane S. (2013) Determination of chemical composition of carob pod (Ceratonia siliqua 
L.) and its morphological study, Journal of Materials and Environmental Science, 4(3), 348-353.  

Khodabandeh Z., Jahromi B.N., Hashemi A., Afshar A., Baghban N., Hessami K., Mohebbi G., Barmak A., 
Jamhiri I., Zare S., Badr P., Iraji I., Poordast T., Khoradmehr A., Tamadon A. (2021) Anti-endometriotic 
Effects of Ceratonia Siliqua L. Pod on Endometrial Mesenchymal Stromal/stem Cells Isolated from 
Women with Endometriosis-associated Infertility, Research Square. 1-26. 
https://doi.org/10.21203/rs.3.rs-840194. 

Kimura M., Itokawa Y. (1990) Cooking losses of minerals in foods and its nutritional significance, Journal of 
Nutritional Science and Vitaminology, 36(S1), S25–S33. 

Kumaran A., Karunakaran R.J. (2007) In vitro antioxidant activities of methanol extracts of Phyllanthus species 
from India, LWT- Food Science and Technology, 40(2), 344-352. 
https://doi.org/10.1016/j.lwt.2005.09.011. 

Kyriacou M.C., Antoniou C., Rouphael Y., Graziani G., Kyratzis A. (2021) Mapping the Primary and Secondary 
Metabolomes of Carob (Ceratonia siliqua L.) Fruit and Its Postharvest Antioxidant Potential at Critical 
Stages of Ripening, Antioxidants, 10(1), 1-20. https://doi.org/10.3390/antiox10010057.  

Li D., Zhu Z., Sun D.W. (2018) Effects of freezing on cell structure of fresh cellular food materials: A review, 
Trends in Food Science & Technology, 75, 46-55. https://doi.org/10.1016/j.tifs.2018.02.019. 

Macho-González A., Garcimartín A., López-Oliva M.E., Celada P., Bastida S., Benedí J., Sánchez-Muniz F.J. 
(2020) Carob-fruit-extract-enriched meat modulates lipoprotein metabolism and insulin signaling in 
diabetic rats induced by high-saturated-fat diet, Journal of Functional Foods, 64: 103600, 1-9. 
https://doi.org/10.1016/j.jff.2019.103600. 

Mahdad M.Y., Gaouar S.B.S. (2016) Le caroubier (Ceratonia siliqua L.) dans le Nord-Ouest de l’Algérie, 
situation et perspective d’amélioration. Ed, universitaires européennes. 108p. ISBN: 978-3-639-54203-5 



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1252 
 

Mahtout R., Ortiz-Martínez V.M., Salar-García M.J., Gracia I., Hernández-Fernández F.J., Pérez de los Ríos A., 
Zaidia F.F., Sanchez-Segado S.S., Lozano-Blanco L.J. (2018) Algerian carob tree products: a 
comprehensive valorization analysis and future prospects, Sustainability, 10(1):90,1-10. 
https://doi.org/10.3390/su10010090. 

Mokrani A., Madani K. (2016) Effect of solvent, time and temperature on the extraction of phenolic compounds 
and antioxidant capacity of peach (Prunus persica L.) fruit, Separation and Purification Technology, 
162, 68-76. https://doi.org/10.1016/j.seppur.2016.01.043. 

Mullen W., Stewart A.J., Lean M.E.J., Gardner P., Duthie G.G., Crozier A. (2002) Effect of freezing and storage 
on the phenolics, ellagitannins, flavonoids, and antioxidant capacity of red raspberries, Journal of 
Agricultural and Food Chemistry, 50(18), 5197-5201. https://doi.org/10.1021/jf020141f. 

Murniece I., Karklina D., Galoburda R., Santare D., Skrabule I., Costa H.S. (2011) Nutritional composition of 
freshly harvested and stored Latvian potato (Solanum tuberosum L.) varieties depending on traditional 
cooking methods, Journal of Food Composition and Analysis, 24(4-5), 699-710. 
https://doi.org/10.1016/j.jfca.2010.09.005. 

Naghmouchi S., Khouja M.L., Romero A., Tous J., Boussaid M. (2009) Tunisian carob (Ceratonia siliqua L.) 
populations: Morphological variability of pods and kernel, Scientia Horticulturae, 121(2), 125-130. 
https://doi.org/10.1016/j.scienta.2009.02.026. 

Nasar-Abbas S.M., e-Huma Z., Vu T.H., Khan M.K., Esbenshade H., Jayasena V. (2016) Carob Kibble: A 
Bioactive-Rich Food Ingredient, Comprehensive Reviews in Food Science and Food Safety, 15(1), 63-
72. https://doi.org/10.1111/1541-4337.12177. 

Neri L., Faieta M., Di Mattia C., Sacchetti G., Mastrocola D., Pittia P. (2020) Antioxidant Activity in Frozen 
Plant Foods: Effect of Cryoprotectants, Freezing Process and Frozen Storage, Foods, 9(12), 1-35. 
https://doi.org/10.3390/foods9121886. 

Nicoli M.C., Anese M., Parpinel M. (1999) Influence of processing on the antioxidant properties of fruit and 
vegetables, Trends in Food Science & Technology, 10(3), 94-100. https://doi.org/10.1016/S0924-
2244(99)00023-0. 

Nzewi D., Egbuonu A.C.C. (2011) Effect of boiling and roasting on the proximate properties of asparagus bean 
(Vigna Sesquipedalis), African Journal of Biotechnology, 10(54), 11239-
11244. https://doi.org/10.5897/AJB11.452. 

Obemeata O., Christopher N. (2012) Organoleptic assessment and proximate analysis of stored Tilapia 
guineensis, Annual Review & Research in Biology, 2(2), 46-52. 

Prieto P., Pineda M., Aguilar M. (1999) Spectrophotometric quantitation of antioxidant capacity through the 
formation of a phosphomolybdenum complex: Specific application to the determination of vitamin E, 
Analytical Biochemistry, 269(2), 337-341. https://doi.org/10.1006/abio.1999.4019 

Puupponen-Pimiä R., Häkkinen S.T., Aarni M., Suortti T., Lampi A.M., Eurola M. (2003) Blanching and 
longterm freezing affect various bioactive compounds of vegetables in different ways, Journal of the 
Science of Food and Agriculture, 83(14), 1389-1402.  https://doi.org/10.1002/jsfa.1589. 

Sahoré D.A., Nemlin G.J. (2012) Changes in Biochemical Properties of Fresh Attiéké During Its Storage, Food 
and Public Health, 2(4), 99-103 https://doi.org/10.5923/j.fph.20120204.03. 

Sikorski Z., Kolakowski E. (2000) Endogenous enzyme activity and seafood quality: influence of chilling, 
freezing, and other environmental factors, in Haard, N.F., Simpson, B.K., eds. Seafood enzymes. 
Utilization and influence on postharvest seafood quality, 1st Edition, Taylor & Francis, Boca Raton, CRC 
Press, pp. 451-487. 

Singleton V.L., Rossi J.A. (1965) Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid 
reagents, American Journal of Enology and Viticulture, 16(3), 144-158. 
https://doi.org/10.5344/ajev.1965.16.3.144. 

Srivastava S., Singh K. (2017) Formulation of value added products of beetroot (Beta vulgaris): Changes in 
nutrients, antioxidant and antinutrients, International Journal of Current Medical and Pharmaceutical 
Research, 3(12), 2756-2763. http://dx.doi.org/10.24327/23956429.ijcmpr20170329. 



Ayad et al., Mor. J. Chem., 2023, 11(4), pp. 1236-1253 1253 
 

Tous J., Romero A., Hermoso J.F., Ninot A., Plana J., Batlle I. (2009) Agronomic and commercial performance 
of four Spanish carob cultivars, HortTechnology, 19(2), 465-470. 
https://doi.org/10.21273/HORTSCI.19.2.465. 

Tous J., Romero A., Plana J., Batlle  I. (1996) Current situation of carob plant material. In Proceedings of the 
III International Carob Symposium. Cabanas-Tavira. Portugal. Ed. Larose, Paris, pp.443-445. 

Tutin T.G., Burges N.A., Chater A.O., Edmondson J.R., Heywood V.H., Valentine D.H., Walters  S.M., Webb 
D.A. (eds.) (1993) Flora Europaea, 2nd edition, Vol 2. Cambridge University Press, Cambridge, UK. 
629p. 

Tzatzani T.T., Ouzounidou G. (2023) Carob as an Agrifood Chain Product of Cultural, Agricultural and 
Economic Importance in the Mediterranean Region, Journal of Innovation Economics & Management. 
140-161. https://doi.org/10.3917/jie.pr1.0140. 

Valero-Muñoz M., Ballesteros S., Ruiz-Roso B., Pérez-Olleros L., Martín-Fernández B., Lahera V., de las Heras 
N. (2019) Supplementation with an Insoluble Fiber Obtained from Carob Pod (Ceratonia Siliqua L.) 
Rich in Polyphenols Prevents Dyslipidemia in Rabbits through SIRT1/PGC-1α Pathway, European 
Journal of Nutrition, 58(1), 357-366. https://doi.org/10.1007/s00394-017-1599-4. 

van der Sman R.G.M. (2020) Impact of Processing Factors on Quality of Frozen Vegetables and Fruits, Food 
Engineering Reviews, 12, 399-420. https://doi.org/10.1007/s12393-020-09216-1. 

Woisky R.G., Salatino A. (1998) Analysis of propolis: some parameters and procedures for chemical quality 
control, Journal of Apiculture Research, 37(2), 99-105. 
https://doi.org/10.1080/00218839.1998.11100961. 

Yatim M., EL-Askri T., Sehli Y., Amechrouq A., EL Yaacoubi A., Ainane T., Rahou A., Hafidi M., Zouhair R. 
(2022) Morphological and chemical characterization of carob pulps collected from four moroccan 
regions, Mor. J. Chem. 10(4), 787-79, https://doi.org/10.48317/IMIST.PRSM/morjchem-v10i4.34416 

Youssef M. K. E., El-Manfaloty M. M., Ali H. M. (2013) Assessment of proximate chemical composition, 
nutritional status, fatty acid composition and phenolic compounds of carob (Ceratonia siliqua L.), Food 
and Public Health, 3(6), 304-308. https://doi.org/10.5923/j.fph.20130306.06. 

 
 

(2023) ; https://revues.imist.ma/index.php/morjchem/index 
 

 


