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Abstract: This research aimed at investigating the effect of preliminary treatments of fresh 

Artichoke (blanching period, salting, adding acid), on quality parameters of canned and 

frozen Artichoke before and over a six months period of preserving. In addition, the research 

tested the efficiency of the applied blanching process was by exploring the presence of 

enzymes that causes Enzymatic browning. The results showed the freezing method was more 

preserving to Artichoke’s parameters, in comparison with the canned artichoke. Preserving 

Artichoke for six months resulted in significant reduction of its biochemical content. 

Blanching resulted in eliminating the enzymes caused Artichoke's coloring and browning. 

Furthermore, the results revealed that blanching period of 10-20 minutes had contributed to 

increasing the level of effective biological components. Adding Acid (2%) and the Calcium 

chloride salt (1-2%) resulted in significant increase in quality parameters for canned and 

frozen artichoke, compared to the control (which just preserved without any applied 

processes). 
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Introduction: 

The artichoke (Cynara scolymus L.), is a perennial thistle originating in Mediterranean region and parts 

of Europe, known in Syria since ancient times
1
, 60% of the world production of artichoke came from 

Mediterranean region
2
, and an estimated cultivated area of 200 hectares in Syria distributed around the major 

cities
 3

. Artichokes is as a rich vegetables in nutritional value, so it recommended for diabetics because of its 

high fiber content  and the presence of inulin compound which decomposes to fructose, and is used as a 

medicine for the treatment of the liver and gall bladder diseases and lower blood cholesterol
4, 5 

, recent studies 

indicate a high content of antioxidants (phenols), where it ranked Artichoke as a fourth of the top ten foods that 

provide the largest proportion of antioxidants in the ration per nutritional
6
 , The edible portion of the buds 

consists primarily of the fleshy lower portions of the involucral bracts and the base, known as the "heart"; the 

mass of immature florets in the center of the bud is called the "choke" or beard, These contain a large group of 

oxidizing enzymes like Peroxidase and Catalase that work on the oxidation of some phenolic compounds and 

cause the black color during Artichokes processing
7
. 

So there is a need to find a better way to save artichoke qualities and reduce the exposure of vegetables 

to the lowest possible manufacturing treatment
8
, especially, that Syria provides appropriate environmental 

conditions for artichoke and as it is a seasonal plant, there is a need to make artichoke available around the year 

to be manufactured and exported to neighboring countries. Therefore, we resort to freezing and canning as 

treatment methods to maintain preserve of the nutritional properties and reduce the exposure to more 

manufacturing transactions and food additives
9
. In order to freeze and can Artichokes, while preserving its 

qualities, there are a lot of steps to follow, like adding some components and brines such as citric acid, which is 

used to reduce the pH and prevent changes in the color of the product, and calcium chloride salt to maintain 

appropriate hardness of vegetables during thermal treatment
10

.  
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Materials and methods: 

1) Samples preparation:  /294/ samples were collected from different sources of local markets, and were 

peeled from the internal papers and the hairs to get the edible heads which flooded with a solution of water 

and citric acid in order to maintain the color of the heads, heads were washed well with cold water and then 

subjected to the process of blanching.  

2) Blanching process: The samples (except the control ones) added to /16/ preheated water solutions that had 

different concentrations of  Calcium chloride salt (CaCl2) and Citric Acid (Table 1).These mixtures (samples 

with solutions) were heated for three time periods (10 -20 -30) minutes. /48/ indentified treatments were 

applied on the samples and numbers were given from (1 to 48) to these treatments (Table 2). 

Table (1):The different concentrations of salt and acid that added to water solution. 

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Water solution 

6 4 2 0 6 4 2 0 6 4 2 0 6 4 2 0 Citric Acid% 

3 3 3 3 2 2 2 2 1 1 1 1 0 0 0 0 Calcium Chloride salt% 

 

Table (2):/48/ applied treatments on the samples during Blanching process. 

 

3) Freezing and Frozen Storage: 50% of the samples were immediately cooled after the blanching process 

and mobilized into polyethylene bags leaving little gaps in those bags before sealing them to protect from 

freezing damage, after that these samples were stored for /6/ months at /-18/c  ْ . 

4) Canning and Canned Storage: 50% of samples were mobilized into glass jars with their boiling solutions 

and sterilized at /121/ c  ْ  for /13/ minutes, and at the end of the sterilization, samples were kept in a cool and 

dark place for /6/ months 
11

. 

5) Chemical analysis: the chemical content of Artichoke (protein – fat –humidity –ash) estimated according to 

AOAC (2006)
12

 while carbohydrates rations were estimated after subtracting the previous ingredients ratios 

of 100. 

6) Antioxidant activity and Total content of Phenols and Vitamin C: Total Phenols Content were extracted 
13

, and the Phenols estimated quantified according to Folin-Ciocalteu method
14

.Antioxidant activity 

estimated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
15

. Also Vitamin C was estimated according to 

the calibration dye 6.2 dual chlorophenyl indophenol method
16
.  

7) Detection of catalase and peroxidase activity to ensure the efficiency of the boiling process: the 

detection of catalase activity applied by using solution of hydrogen peroxide (H2O2), and for peroxidase 

enzyme Dorfner method was used
17

. 

8) Statistical analysis: Experimental data were analyzed using experiment on complete random segments, by 

repeating each transaction, then conducted analysis of variance using the General linear model test(5%), and 

F Test and variance distributes to determine the relative importance of the effect of the studied variables on 

the samples, all these tests were evaluated by using MINITAP program version 14. 

 

 

 

Treatments 

Blanching solutions Blanching 

periods 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 10  min 

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 20 min 

48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 30 min 
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Results and Discussion: 

I. Chemical analysis results:  

Humidity content of all /294/ samples (with control) have been studied and the results showed that 

calcium chloride salt factor was responsible for humidity decrease by about 56.2% (p <0.05) (Fig 1), with 

humidity values ranged between 78% and 92. 5%, and indicated that Blanching can result in undesirable 

softening of vegetable tissues. However, calcium can be added to reduce the softening and keep the strength of 

the artichoke, and with higher concentration of Calcium, the ability of the product to acquire part of the boiling 

water is reduced
18

. While it was observed that during blanching period the moisture content had increased 

(8.24%) when the blanching period time had been increased, and this was as a result of partly absorption of 

blanching water 
19, 20 

.(Fig 1), As for the preservation methods, there was no significant differences for treatment 

samples, but there was significant differences between the zero moment and after six months of storage for 

treatment samples
 21

, The preservation methods and the time of the blanching had an effect on ashes, the 

percentages of calcium (especially 3% CaCl2)  increased retention in ash samples by 24%, where calcium ions 

contributed to the increasing severity of the structural composition of plant tissue of the artichoke. Calcium also 

increased the resistance of this fabric of the laceration and degradation by applied heat during the blanching 
22

. 

While increasing blanching period had a negative effect on ash content  20%, that was due to salts movement to 

the boiling solution, causing loss in ash content
 20

, and there were significant differences between the three 

blanching periods. Canning and Canned storage had good effect in maintaining the ash content compared with 

the frozen treatment samples, explains that the canning process helps to keep the components and salts of 

samples as a result of iso-osmotic balance that had happened between Artichokes  and brine
 23

. Regarding to 

freezing and frozen storage, the formation of ice crystals in the distances between cells causes later rupture cells 

and displaces components and salts to outside (hemorrhages frozen materials incident during thawing
 24

, there 

was no significant effect of acid on ash. 

 

Figure 1: Effect of the preliminary treatments on the chemical composition of Artichokes. 

 

All applicable treatments  affected significantly (p <0.05) on the protein content in the studied samples, 

its values ranged between ( 0.3% to 3%), the major effect resulted of boiling time that decreased protein by 

(68.17%), and it is consistent with several studies which showed that the protein content is reduced with the 

application of heat treatment for many of the vegetables
20 

, While it was inconsistent with the study conducted 

on the cooked and fresh Artichoke
25

 and it explains that the structural composition of vegetable plays a role in 

restricting or edit chemical components within it, according to the applied thermal treatment, and the longer 

blanching period which exposed proteins to more heat. There were significant differences between the 

Preservation methods for each of the control and treatment samples (p <0.05), which indicates the impact of 

storage temperature on proteins, and observed a significant difference between zero added salt and 3% salt (p 

<0.05), where increased to maintain the ratio of protein (Fig 1) as explained previously by increasing the 

hardness of Artichoke
22

, while increasing acid concentration affected negatively in terms of reducing the protein 

content 
26

. There was a significant effect of the storage period factor (p <0.05) on treatment samples, which can 

be resulted from protein decomposition during the storage period
 27, 28

. Also, the storage period factor had a 

major role in increasing the fat content of treatment samples (despite the low fat content of the artichoke) by 

(70.45%), due to the activity of enzymes oxidizing fat during the long storage period
29

. Clearly, there was a 

significant impact for preservation methods (p <0.05) on the lipid content of the samples, where the proportion 

of fat in canned samples rose to 2.5% compared with 1.8% for frozen samples, we can explain that by canned 
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material stored at room temperature which was helped by oxidation  stimulating for fat
30

. The effect of each of 

the studied factors had varied on carbohydrate ratio, which ranged between 5% to 18.87%, and the greatest 

impact was for preservation method by (25.42%) (p <0.05), the carbohydrate ratio increased by each of the 

preservation period, the blanching time and percentage of Calcium salt, while decreased with increased 

percentage of acid (Fig 1), which the contribution of thermal treatment on strength of sample and made it softer 

for edit carbohydrates, Conversely the acidity which has modified the chemical structure of the carbohydrate 

into simpler compounds 
31,32

. 

2. Biologically Active substances analysis:  

a. Total Content of Phenols (TCP): the content of total phenols was measured and ranged between 127.6 mg 

/ 100 g (dry matter) of fresh sample, 69-189 mg / 100 g (dry matter) of the samples that boiled before 

storage, 111.3 mg / 100 g (dry matter) of frozen artichoke stored for 6 months and up to 138.5 mg / 100 g 

(dry matter) of canned artichoke stored for 6 months. In Fig (2) shown The impact of storage period factor 

on the total phenols compared with the rest of the other factors who had significant effect (p <0.05) by 

73.55% on the treatment samples and 49% on control, where  increase in storage period led to a decline in 

the total content of phenols
33

, also blanched for 30 min had a bad effect on TCP, Instead of  that the 

blanching for (10-20) min had a positive role in increasing TCP and enhanced its antioxidant power, these 

two periods(10-20) min soften the plant tissues and made these complex Components more likely to be free 

because of the thermal treatment which broken down the  phenolic acids links that became more able to do 

its role and measure  by Fulin detector, comparing with fresh plant
 34

 (Fig 2). It was observed that the 

concentration (2- 4%) of citric acid and concentration (1-3 %) of calcium chloride salt were better to 

maintain the phenols. As for the method of conservation, there was a significant difference (p <0.05) 

between the canning and freezing, and canned artichoke was the best. 

b. Ascorbic Acid (vitamin C): the most effect on losing vitamin C in treatment samples was the storage 

period factor (p <0.05), due to Ascorbate oxidase enzyme activity which enhanced during the storage period 
35,36

, also there is another factor that had a bad effect in reducing vitamin C content, it was the blanching 

time which reached its impact about 22% of the loss in the content of vitamin C 
37

. As for the way of 

conservation, through results the freezing was the best ways to preserve the vitamin C 
38

 (Fig 2), there was 

no significant effect of salt and acid factors on the content ascorbic acid in samples. 

c. Estimate the antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical:  the antioxidant 

activity values ranged between 59%  for fresh sample, 20 to 89% in boiled samples and between 20 to 45% 

of the samples that stored for 6 months. From the results we Found the antioxidant activity had been 

increased when the samples blanched for (10.20) minutes, even though there was some sensitive 

antioxidants to high temperature were damaged (vitamin C) 
39, 19

 . In other side the storage and preservation 

factors had a bad significant effect in antioxidant activity, which reaching influence to 76.65% reduction in 

antioxidant activity 
33

, due to the impact of conservation period on the total content of phenols, as well as 

vitamin C, which reflected negatively on the ability of anti-oxidant. It was observed that concentration (2- 

4%) of citric acid and concentration (1- 3%) of calcium chloride salt was the best concentrations in 

maintaining the antioxidant activity. Comparing between frozen and canned Artichoke, the frozen one was 

better than canned one because the loss in antioxidants be higher in canned artichokes compared with 

frozen 
40 

(Fig 2(. 

 

Figure 2: Effect of the preliminary treatments on the biologically active substances in Artichokes. 
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In this research a strong correlation was found between phenols and total activity antioxidant (r2 = 0.93 

- 0.77) for the control and treatment samples respectively, while it reached correlation between vitamin C and 

activity antioxidant to (r2 = 0.55 – 0.32) and we noted the correlation between vitamin C and activity 

antioxidant for control was lower than the correlation for the samples, because the blanching and the other 

factors in general led to enhance the antioxidant value in the Artichoke 
41, 42

 (Fig 3, Fig 4). 
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Figure 3: Correlation between the vitamin C and the antioxidant activity which measured by DPPH. 
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Figure 4: Correlation between the Total Content of Phenols and the antioxidant activity which measured 

by DPPH. 

3. Detect the presence of Peroxidase and Catalase enzymes to ensure the efficiency of the process of 

blanching: 

After looking for any activity of Peroxidase and Catalase enzymes in both control and blanched 

samples, found an activity for both enzymes in Control and Sample which blanched for /10/ min, but there 

wasn't any trace for these enzymes in sampled which blanched for /20-30/ min and this result consistent with a 

study conducted by Abdullah
 21

 on the artichokes where boiled for three periods (Table 3). 

Table (3): The effect of blanching process on the activity for Catalase and Peroxidase enzymes (the 

Blanching efficient). 

Treatment 
The Catalase 

enzyme 
notes 

The Peroxidase 

enzyme 
notes 

Control + 

There were a lot of 

bubbles on the 

surface. 

+ Brown pigment 

Blanching 

for 10 min 
+ 

There were some 

of bubbles on the 
+ Red pigment 
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surface. 

Blanching 

for 20 min 
- Clear surface - No reaction 

Blanching 

for 30 min 
- Clear surface - No reaction 

 

Conclusions and recommendations: 

I. Conclusions:  

1. Blanching process kept on the natural color of Artichoke, and delayed all enzymatic browning which 

causes changes in the color by inhibition of enzymes that cause (Catalase and Peroxidase), and the best 

time for getting the perfect qualities for chemical and nutrition properties is  /20/ min. 

2. Storage period for both preservation methods had a negative influence on Artichoke's characteristics, 

especially the chemical composition. 

3. There was a significant effect on vitamin C content for the artichokes as a result of the manufacturing 

process, whether freezing or canning, also the biologically active substances was significantly affected, 

especially vitamin C and phenols in canned storage, compared to frozen storage. 

4. The antioxidant activity, which measured by DPPH, was affected by all preliminarily treatments, 

especially the storage period which reduced the shelf life of antioxidant activity, and there was a 

correlation between the antioxidant activity and the total content of phenols which has been estimated by 

DPPH method. 

5. Adding lower concentration of Citric Acid and calcium chloride salt maintained the chemical 

characteristics and the active biological compounds very well. 

Π. Recommendations:  

1. Best concentration and time for getting the perfect qualities for chemical and nutrition properties is 

adding 2% Citric Acid with 1% Calcium chloride salt for Artichoke with blanching for 10 minutes, Or 

adding 2% Citric Acid with 1- 2% Calcium chloride salt for Artichoke with blanching for 20 minutes. 

2. The best method for preserving Artichokes is the freezing method, and best storage period is 3-6 months. 

3. To keep on the vitamin, Artichokes should be blanched not for more than 10 minutes. However, to 

increase the phenolic content and take advantage of it, artichokes should be blanched for more than 10 

minutes. 
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