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Abstract 
Moroccan cactus fruits are a nationally valued commodity. However, methods of storage are 

poorly documented. This study evaluated the use of chilling storage temperatures on shelf-life 

and quality of fruit and determines the optimal stage for fruit harvesting. Fruits were 

harvested at three maturity stages: S1 (green), S2 (green-yellow) and S3 (yellow-orange). 

Fruits were sorted for absence of defects and size uniformity. Fruits were arranged following 

a randomized design with: temperature of storage (4, 8, and 15°C) and maturity. Fruits were 

grouped into 9 treatments and kept for 6 weeks in ventilated storage at 4°C (85-90% relative 

humidity ‘RH’), 8°C (80-85% RH), and 15°C (65-70% RH). After 15 days of storage, fruits 

were sampled and transferred to room-temperature conditions (20°C, 65-75% RH) for 

12 hours to assess external color, total soluble solids, weight, and electrolytes leakage, plus 

5 d in order to simulate a marketing period and assess physiological disorders (chilling 

injuries) and decay. Storage at 8°C of medium-ripened fruits allowed anextension of shelf life 

up to 30 d without adverse effects on the fruits with very low and economically tolerated rates 

of cold and rot damage. Storage at 4°C was shown to be effective in reducing rot, but limits 

storage time to less than 15 d because of the development of cold damage. Storage at 15°C 

showed no cold damage to the fruit throughout the storage period but resulted in a high rate of 

decay. Adhering to cold-storage and maturity stage enhances the production and sustainability 

of Opuntia ficus-indica. 
 
Keywords: Cactus, Storage, Maturity, Productivity, Sustainability. 

 

Introduction 
Cactus pear (Opuntia ficus-

indica L.) is a tropical fruit that attracts 

great interest due to its nutritional and 

antioxidant properties (Corbo et al., 2005). 

The growing demand for this fruit has 

challenged postharvest and food 

technologists to develop procedures to 

lengthen storage life. Mexico and Italy 

account for most of the worldwide 

production and export following to Basile 

& Foti (1996). The cactus is widely 

represented in the Moroccan agricultural 

landscape and it is plentiful from July to 

November. It exists in the form of 

spontaneous and traditionally cultivated 

plantations, which are harvested for the 

consumption of fresh fruits. Morocco 

dedicates a total area of 120,000 ha to 

growing cactus fruit with a production of 

about 1,000,000 tons/yr. Over half of this 

area is situated in southwestern Morocco in 

the region of Sidi Ifni with a production of 

500,000 t (Agrotech, 2010). 

Cactus pear is used as an animal 

feed during periods of drought limited to 

arid and semiarid areas of Morocco. 

However, the species is greatly 

undervalued, due to: (i) overproduction 

during the July-November period, 

coinciding with the availability of other 

seasonal fruits such as cucurbits, grapes, 

apricot, peach, and nectarine induces a 
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competitive market for the consumer’s 

choice. Consequently, each year, up to 

40% of the production of prickly pear 

cactus fruits is lost. 56% of the production 

is sold traditionally at low prices that 

benefit intermediaries to generate a low 

level of income in comparison with Italy 

and Mexico; (ii) low/varied prices 

depending on time, variety, and demand 

that influenced the choice of harvest date 

result in the average price for the O. ficus-

indica cv. ‘Aissa’ fruit is 15 MAD/box 

(30 kg), while that of cv. Moussa is 

50 MAD/box; (iii) unavailability of this 

fruit in agro-industrial forms due to the 

lack of handling and packaging houses, 

recovery units in drying or processing. 

These constraints directly contribute to the 

deterioration of fruit and significant losses 

on post-harvest. 

Losses of fruits are additionally due 

to biotic and abiotic problems that hinder 

the process of maturation. Packaging and 

post-harvest fruit storage are the main 

causes of the deterioration of fruit quality 

and the loss of a significant part of 

production. Many authors have shown that 

physical damage occurring during harvest 

is significant and constitutes the main 

factor that facilitates postharvest rots 

development (Cantwell, 1986; Rodríguez-

Félix, 2002). Physical injury results from 

poor handling at harvest and post-harvest; 

non-suitable storage conditions favor 

fungal rots development, weight loss, 

wilting, softening, and off-flavor 

development (Mayberry & Hertz, 1992; 

Cantwell, 1995). The damaged stem-end is 

the most serious mechanical injury. In 

addition, numerous micro-wounds, during 

harvesting, affect the skin of the cactus 

pear fruit due to the presence of surface 

having tufts of glochids (Schirra et al., 

1999a). Harvest damage to the peel and 

stem-end of cactus fruit will lead to attack 

by numerous pathogens and result in fruit 

decay (Cantwell, 1995). 

Common postharvest pathogens 

found in cactus fruits are mostly fungi and 

include Fusarium spp., Alternaria spp., 

Chlamydomyces spp., and Penicillium spp. 

(Schirra et al., 1999b; Rodríguez-Félix, 

2002). Major postharvest decay of cactus 

pear fruit is due to Penicillium spp. which 

can infect the fruit through injuries in the 

peel according to Schirra et al. (1999a), 

yeasts and bacteria also cause decay 

following Schirra et al. (1999b). 

The cactus fruit is highly perishable 

(Cantwell, 1995), and has a shelf life of a 

few days in marketing conditions at 20°C 

(60-70% RH) (Rodríguez-Félix, 2002). 

These are non-climacteric fruits with low 

ethylene production (0.36 mg or 

0.2 μL/kg.hour at 20°C) and low 

respiration rates (27 to 36 mg or 15 to 

20 μL of CO2/kg.h at 20ºC) (Cantwell, 

1991; Corrales-García et al., 1997; 

Rodríguez-Félix, 2002). It has been 

reported that ethylene production is similar 

in fruits harvested at different stages of 

maturity and increases gradually during 

storage (Cantwell, 1991). This low 

ethylene production gives the cactus fruit a 

very weak physiological activity 

(Cantwell, 1995). 

The water loss of the fruit after 

harvest is a notable factor which causes a 

decrease in commercial weight and 

appearance (Corrales-García et al., 1997), 

loss of firmness and reduction of sugar 

(Cantwell, 1995; Saenz-Hernandez, 1995; 

Saenz, 2000). As the maturation stage 

progresses, softening of the skin makes the 

fruit increasingly susceptible to physical 

damage during handling (Cantwell et al., 

1985). Thick-skinned fruits of some 

varieties prove to be firm and resistant to 

handling during harvesting and packaging 

as discussed in Mondragón-Jacobo & 

Bordelon (1996). The colour of fruits plays 

an important role in consumers’ acceptance 

as well as agro-industrial processes. To 

minimize post-harvest losses, different 

techniques are used to improve its shelf life 

and preserve quality. 

In Southwest Morocco, prickly 

pears are fully dried and known locally as 

'Tousrimt', Tozlimt or Touchriht when 

dried as pieces of pulp. However, this 
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technique is limited to traditional practice 

and the supply of local markets, which 

does not absorb and enhance all 

production. The conservation of fruit 

through pulp processing has been 

expanded in countries producing and 

exporting prickly pears. In Morocco, the 

technique was initiated during the last 

decade by some local associations. 

However, fruits are sold on a small scale 

only through their presentation at regional 

and national events. 

The orientation towards foreign 

markets in many countries producing and 

exporting prickly pears is a new alternative 

adopted to absorb the production and 

improve the added value of this product. 

Thus, the efforts deployed under the Green 

Morocco Plan were translated in 2011 by 

the construction of a cactus fruit packing 

station in Sidi Ifni with a packaging 

capacity of 100 t/day. The first fruits 

exported according to the official statistics 

of the Economic Interest Group GIE 'Sobar 

Sidi Ifni' took place in 2012 with 54 t 

followed by 100 t in 2013 intended mainly 

for Canada, the United Arab Emirates and 

France. However, these exported quantities 

are small because of the limited quantities 

required by the importing countries and the 

high sorting differences (90% in 2012 and 

80% in 2013). These height culls are 

mainly due to poor fruit handling at the 

field level (injured fruits, harvest poor, 

small sizes, crop conditions, stage of 

maturity at harvest, etc.) and the lack of 

control of storage conditions at the 

packinghouse. Cold storage is the most 

familiar and useful way to safeguard some 

quality and freshness of fruit for 

lengthened shelf life, increasing post-

harvest lifespan of most horticultural 

products (Wang, 1994) by delaying 

respiration, ethylene production, 

maturation, senescence, undesirable 

metabolic changes (Wang, 1994; Hebert, 

1995; Rodríguez-Félix, 2002). 

Chilling in storage is a means of 

reducing rapid invasion by pathogens 

(Couey, 1982). Cold storage of cactus fruit 

is developed in cactus producing countries 

around the world. It has shown interesting 

results on improvement of fruit shelf life 

and the preservation of quality for both 

locally marketed and exported fruits. 

Schirra et al. (1999a) reported that without 

refrigeration, fruits deteriorate in a few 

days due to their senescence and 

development of rot. As a result, a wide 

range of cactus fruit storage temperatures 

have been documented in the literature in 

terms of cultivar, stage of maturity, harvest 

period and production conditions. In fact, 

the use of cold storage reduces quality 

losses of fruits and vegetables and reduces 

water loss by reducing the vapor pressure 

deficit (Cantwell, 1986). However, as with 

most tropical and subtropical fruits, prickly 

pears are sensitive to cold injury, 

commonly known as 'chilling injury' when 

stored at low temperatures (Cantwell, 

1995; Schirra et al., 1999a). This 

physiological decay is responsible for the 

physiological and biochemical alteration of 

plant tissues followed by the appearance of 

external and internal symptoms Lyons & 

Breidenbach (1987). 

Several approaches have been 

detailed, to aid understanding of the 

mechanisms of chilling injury development 

in relation to the responses expressed by 

fruits and vegetables following their 

exposure to low temperatures storage. 

These responses include visual and 

physiological symptoms that could be used 

as indicators to assess the severity of the 

cold damage. Generally, visual symptoms 

of chilling injury in cactus fruits include 

pitting, small dark surface discolorations 

and bronzing of the peel, and increased 

susceptibility to decay (Cantwell, 1995).  

Electrolyte leakage is one of the 

physiological symptoms that occurred due 

to low temperature storage. It is defined as 

ions losses at the cell membrane and used 

by many authors as an indicator of chilling 

injury to quantify the alteration of the cell 

membrane permeability (Cabrera et al., 

1992; Lurie et al., 1994). Storage at low 

temperature causes an increase in 
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electrolyte leakage of sensitive tissues to 

chilling injury. 

Several researchers have used 

electrolyte loss as an indicator of cold 

damage to quantify the alteration of cell 

membrane permeability (Cabrera et al., 

1992; Lurie et al., 1994; Schirra et al., 

1999b) reported that cactus pear stored 

below 5°C is chilling sensitive. 

Furthermore, some investigations have 

shown that this tropical fruit suffers from 

chilling injury when the storage 

temperature is lower than 10°C (Schirra et 

al., 1999b; Cantwell, 1995; Rodríguez-

Félix, 2002; Inglese et al., 2002).  

However, researchers have reported 

that some cultivars such as Tuna fruits are 

more tolerant to chilling injury Corrales-

García et al. (1997). Furthermore, it has 

been reported that the studies carried on a 

series of varieties showed that chilling 

occurred in a red-fruit variety after only 2 

weeks at 6°C (Cantwell, 1995). Fruits from 

other varieties were held for several weeks 

without signs of chilling. According to 

these documented results, the sensitivity of 

cactus fruits to chilling injury depends on 

the cultivar. The sensitivity of cactus fruit 

to cold damage also depends on the 

conditions of growth and development of 

the fruit, the harvest period and the stage of 

maturity (Gorini et al., 1993; Cantwell, 

1995; Schirra et al., 1999a). Ripe fruit is 

more susceptible to decay but less prone to 

chilling injury than fruit harvested at the 

early-stage green or breaker stage 

according to Schirra et al. (1999a). Late 

season fruits developed chilling injury after 

storage at 5°C for 15 d and were more 

susceptible to chilling injury than early 

season fruits as highlighted in Rodríguez-

Félix et al. (1992).  

The recommended storage 

temperature for cactus pears depends on 

variety, ripening stage, harvest season, 

harvesting conditions, cultural practices 

and environmental conditions (Cantwell, 

1995; Gorini et al., 1993). Indeed, 

(Cantwell, 1995) reported that cactus fruits 

could be stored at 5-8 ° C and 90-95% RH 

for 2-5 weeks. According to Corrales-

García et al. (1997), storage at 5 to 7.5 ° C 

is generally recommended in the duration 

of about three weeks. 

In addition, Gorini et al. (1993) 

showed that storage temperatures 

recommended for prickly pears range from 

6 to 8 ° C with 90 to 95% RH. Schirra et 

al. (1999a) reported the same temperatures 

for a storage period ranging from 4 to 6 

weeks. Along with the storage temperature, 

the stage of maturity of the fruits at harvest 

is a determining factor for 

commercialization (Cantwell, 1995) and 

the fate of the fruit during storage. The 

skin color (rotating) or the concentration of 

total soluble sugars (12-15%) is often 

important indicators for fruit harvesting. 

According to, variations in recommended 

storage temperatures and susceptibility to 

cold damage may be expected and should 

be further investigated across cultivars, 

stage of maturity and harvest period. In 

Morocco, no study on the cold storage of 

Moroccan cactus fruits is available in the 

literature, which justifies the current 

research on the use of cold storage, to 

preserve the quality and prolong the 

duration of fruit life in post-harvest. 

Consequently, objectives of the present 

study were: (a) to evaluate the possible use 

of chill and none chill storage temperature 

on the shelf life and the quality parameters 

of the fruit; (b) to determine which harvest 

mature stage fruit is appropriate. 
 

Material and methods 
Plant material 

This study was carried out on 

Opuntia ficus-indica fruits cv. ‘Aissa’. The 

fruits were harvested from a traditional 

plantation located in Mesti, 15 km from the 

town of Sidi-Ifni, south-west Morocco. 

The cultivar Aissa is a spineless local 

genotype. Fruits were manually harvested 

in July at three mature stages: S1: green 

stage (just slightly before peak fruit 
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maturation), S2: green-yellow stage (about 

50% of full color development), and S3: 

yellow-orange stage (100% full color 

development). Fruit were cut with a small 

part of the mother cladode attached and 

transferred the same day to the laboratory. 

Afterward, fruits were sorted for absence 

of defects (mainly harvesting damage) and 

for size uniformity. Spines and glochids 

were removed manually using rubber 

gloves and cloth (Figure 1). 

 
 

 
 

Figure 1. Cactus fruits (cv. ‘Aissa’) harvested at 

three maturity stages (S1, S2, S3) and stored for 

45 d at 4, 8, and 15°C. 

 

 

Fruit sampling and storage conditions 

486 selected fruits were arranged 

according to a randomized complete design 

with two factors: Storage temperature (4, 

8, and 15°C), and fruit mature stage (green, 

green-yellow, and yellow-orange) 

performed in three replicates. Fruits were 

grouped into 9 lots corresponding to 9 

treatments. They were put into cardboard 

boxes and were kept 6 weeks in a 

ventilated storage room at 4°C (85-90% 

relative humidity ‘RH’), 8°C (80-85% 

RH), and 15°C (65-70% RH). After 15 d 

storage at each temperature used, the fruits 

were sampled and transferred to room-

temperature conditions (20°C and 65-75% 

RH) for 12 h to assess external color, total 

soluble solids (TSS), weight loss, and 

electrolytes leakage, and for 5 d in order to 

simulate a marketing period (SMP) and 

assess physiological disorders (chilling 

injury) and decay. 
 

 

 

Fruit quality assessment 
Physicochemical analysis 

Fruit weight, total soluble solids, 

pH, and external color determinations were 

monitored immediately after harvest and at 

the end of each storage period for different 

treatments. External color of fruits was 

measured with a Hunter Lab colorimeter 

Model Konika Minolta CR-400. The 

variables L [brightness with values from 0 

(black) to 100 (white)], a [with values from 

-60 (green) to +60 (red)], and b [with 

values from -60 (blue) to +60 (yellow)] 

were measured (McGuire, 1992) and used 

to calculate a color index (CI) according to 

(Dominguez, 1992) and CI = a*b/L for 

coloured fruits. Weight loss was calculated 

using the equation:  
 

WL(%) = 100*(Wi -Wf )/Wi 
 

Where: WL=Weight loss, Wi=Initial 

fruit weight in grams (g), and Wf=Final fruit 

weight at the end of the indicated storage 

period in grams (g). 
 

The total soluble solids were 

determined with a hand-held refractometer 

(DIGIT 032). The fruit was pressed in 

order to obtain the juice needed for 

measurement. The results were expressed 

as degrees Brix (°Bx). Measurement of pH 

was carried out in pulp juice using a 

Microprocessor pH Meter 99621 of 

BioBlock Scientific (Portugal). According 

to Serek et al. (1995), determination of 

electrolytes leakage (EL) was carried out 

on peel disks of 10 mm diameter and 2 mm 

thick for a total weight of 2 g. They were 

taken from the equatorial zone of fruit in 

epidermal tissues of peel without cuticle 

using a surgical blade. Disks were placed 

in glass beakers and were washed three 

times with distilled water. They were then 

covered with 40 mL of 0.4M Mannitol 

solution and incubated for 2 h at room 

temperature (20°C) on orbital shaker 

(Stuart orbital shaker of Stuart Scientific 

CO LTD (Great Britain) at 120 rpm. After 

2 h incubation, a first measurement of the 

electrical conductivity (EC1) of the 
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solution bathing the disks was determined 

using a conductivity meter (InoLab Cond 

Level2, Wissens chaftlish Technische 

Werkstatten, Germany). The solution 

bathing the disks are then weighed and 

frozen at -20°C for 24 h followed by 

boiling for 5 min to completely damage the 

plant tissue. After cooling at ambient 

temperature, the solution was weighed and 

adjusted with deionized water to their 

initial weight. The final electrical 

conductivity (ECf) was measured after 

stirring at 120 rpm for 30 min. Electrolyte 

leakage was calculated using the formula:  
 

EL(%) = (EC1/ECf)*100 
 

Visual assessments of external appearance 

At the end of cold storage and after 

SMP, fruits were examined for chilling 

injury and decay. Chilling injury incidence 

was estimated visually and was expressed 

in chilling index (CIx). It was performed 

by using a scale of 0 - 3 (0: no damage, 1: 

slight injury, 2: moderate injury, 3: severe 

injury) taking into account the number and 

size of affected areas on the fruit peel 

Schirra et al. (1999a). To obtain weighted 

average for a CIx, the number of fruits in 

each CI rating was multiplied by the 

designated number and an average was 

calculated and a CIx was calculated from 

the formula: CIx=[(number of fruit with 

slight CI*1)+(number of fruit with 

moderate CI*2)+(number of fruit with 

severeCI*3)]/(total number of fruit 

evaluated), according to Cohen et al. 

(1994) and Schirra et al. (1996). The fruits 

were unacceptable to the consumer if they 

have CIx ≥ 1 following Al-Qurashi & 

Awad (2012). 

Decay was categorized as rots 

caused by Penicillium italicum Wehmer, P. 

digitatum Sacc., or as miscellaneous rots 

by unidentified agents, and the percentage 

of infected fruit was calculated. General 

fruit appearance was subjectively rated on 

fruit without infections or physiological 

defects using a scale: 0 = no presence of 

rot, 1= presence of rot according to Schirra 

et al. (1999a). 
 

Statistical analysis 

Analysis of variance (ANOVA 

model one-way) was performed by 

STATISTICA for Windows, Stat Soft Inc. 

(2010) according to two factors 

randomized complete block design. Mean 

comparisons were performed with 

Newman-Keuls’s test, P= 0.05. 

 

Results and discussion 
Physical parameters evolution during 

cold storage 
Weight loss 

The results showed significant 

increase in weight loss during cold storage 

(Table 1). Similar results were reported by 

Corrales-García et al. (1997) on Copena-

Torreoja, Amarillo Montesa, and Copena 

T-5 cultivars kept at 9°C for three months. 

However, storage temperatures at 4 ° C 

and 8 ° C reduced the weight loss 

compared to 15°C. They allowed good 

fruit appearance up to 30 d of storage and 

the recorded weight loss values are lower 

than 7%. This value is tolerated at the 

export level and does not affect the visual 

appearance of cactus fruits according to 

Rodríguez-Félix et al. (1992). In addition, 

the stage of maturity of the fruit showed a 

significant effect on weight loss throughout 

the storage period. In fact, fruits harvested 

at full maturity (yellow-orange) showed an 

increase in weight loss compared to the 

other stages of maturity for all storage 

temperatures. 
 

External coloration 

Fruit color plays a very important 

role for the commercial quality and 

consumer acceptance. It is one of the most 

important quality criteria for fruit selection 

regarding the agri-food industry. The 

results obtained showed that the external 

coloring of fruits evolved from green to 

orange during storage. This color change 

occurred as a function of storage time and 
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temperature (Table 1). The color variation 

was so slow with 4 and 8°C temperature 

compared with 15°C. Temperatures of 

4 and 8°C have, thus, allowed to maintain 

a good coloration up not only to 15 d of 

storage for the fruits harvested at the early 

maturity (green) and mid-mature (yellow-

green) stages, but also up to 30 d for fruits 

harvested at the early stage of maturity. 
 

Table 1. Weight loss and color index of cactus 

fruits (cv. ‘Aissa’) harvested at three maturity 

stages (S1, S2, S3) and stored for 45 d at 4, 8, and 

15°C. 
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Chemical parameters evolution during 

cold storage 
Total soluble solids (TSS) 

The sugar content of the fruit 

represents a quality criterion of first choice 

for fresh consumption of cactus fruits. This 

essential criterion indicates the good 

quality of the cactus fruit. As a non-

climacteric fruit, the cactus pear is 

characterized by a lack of starch as a 

carbohydrate reserve and there is no 

significant increase in sugar content after 

harvest (Tucker, 1993). The results showed 

a slight increase in TSS at 30 d of storage 

for all treatments (Table 2). This increase 

is due to hydrolysis of complex 

carbohydrates other than starch following 

Cantwell et al. (1985). Beyond 30 d, the 

sugar content in the fruit decreased. 
 

Table 2. TSS content, pH and electrolytes leakage 

of cactus fruits (cv. ‘Aissa’) harvested at three 

maturity stages (S1, S2, S3) and stored for 45 d at 

4, 8, and 15°C. 
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 5.83

a
 35.30

a
 

4
5

 d
a

y
s 

S1 

4 12.09
a
 6.39

b
 77.88

d
 

8 12.69
ab

 6.33
b
 72.24

cd
 

15 11.98
a
 5.87

a
 57.38

ab
 

S2 

4 13.38
b
 6.21

b
 60.60

abc
 

8 13.47
b
 6.40

b
 56.90

ab
 

15 12.13
a
 5.85

a
 51.40

ab
 

S3 

4 11.93
a
 5.90

a
 65.28

bc
 

8 12.62
ab

 5.84
a
 60.75

abc
 

15 11.42
a
 5.70

a
 49.01

a
 

 

This result is in agreement with 

Alvarado y Sosa (1978) which reported a 

slight variation in soluble solids and sugars 
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in fruit after 2 weeks of storage at 20°C. 

This decrease may be related to 

biochemical changes in the fruit and 

senescence that stimulates the sugars 

breakdown Corrales-García et al. (1997). 

Moreover, the decrease in total soluble 

solids recorded after 30 d of storage may 

also be due to the increase in fruit weight’s 

loss (Cantwell, 1995; Saenz-Hernandez, 

1995; Saenz, 2000). The evaluation of the 

storage temperature and the stage of 

maturity on the soluble solids content 

during cold storage showed no significant 

difference between the treatments. Sensory 

evaluation has been poorly integrated into 

cactus fruit studies and the need to adopt 

this criterion according to Kuti (1992) in 

this type of study; it seems very useful for 

determining consumer preferences 

regarding different cultivars and cacti 

maturing stages. 
 

The pH measurement 

The results of the pH evolution of 

the juice during cold storage are shown in 

Table 2. The recorded values showed that 

the pH increased after 15 d of storage for 

all treatments except the treatment relative 

to the temperature of 15°C associated with 

the complete mature stage, which showed a 

stable pH during this period. Al-Qurashi & 

Awad (2012) also noted an increase in pH 

values from 5.7 to 6.0 in cactus fruits 

stored at 2°C for 30 d. Rodriguez et al. 

(2005) also reported a rise in pH 

concerning the fruits stored at 2°C and 8°C 

for 28 d. This increase in pH was explained 

by a cessation of CAM metabolism in fruit 

during storage, which resulted in low 

acidity (Rodriguez et al., 2005). These 

values are maintained for up to 30 d, after 

which the pH has decreased. Fruits stored 

at 15°C displayed slightly lower pH values 

than those recorded during storage at 4 and 

8°C, and experienced a decreasing trend 

throughout the storage period. In addition, 

the decrease in pH after 30 d of storage 

probably is due to the phenomenon of fruit 

senescence and sugar degradation has 

affected fruit quality (Cantwell, 1995). 

 

Electrolytes leakage 

The results presented in Table 2 

show that the loss of electrolytes increases 

with increasing storage time and 

decreasing temperature. The stage of 

maturity also influenced the loss of 

electrolytes. In fact, the fruits harvested at 

the early maturity stage recorded high 

values compared to those harvested at mid-

maturity and full maturity stages. The loss 

of membrane integrity in fresh-cut 

tomatoes is mainly affected by ripening 

stages, storage temperature and duration 

(Natalini et al., 2014). These authors 

reported that Electrolyte leakage studied at 

different stages of maturity of tomato: 

mature green, pink (PK), fully ripe and two 

different storage temperatures: 4 and 15 °C 

shown that the tomato slices of PK stage 

stored at 4°C did not show changes for this 

parameter, while significant increase in 

membrane leakage was observed at 15°C, 

especially after 24 h of storage. The 

enzymes showed a simultaneous increase 

in their activities with a rise in electrolyte 

leakage after 7 d of storage. 
 

Chilling injury 

The physiological and pathological 

disorders manifested on the fruits were 

evaluated after cold storage and during 5 d 

of exposure to ambient temperature 

(20°C). The results obtained after 15 d of 

storage showed that only the temperature 

of 4°C could induce cold damage on the 

fruits. This slight damage occurred only in 

fruits harvested at mid-mature and early 

maturity stages. The values of the chilling 

index were 0.1 and 0.2 respectively 

(Figure 2). This damage is associated with 

an increase in electrolyte loss with 

relatively higher values in fruits stored at 

4°C (32 and 41.9%) compared to those 

stored at 8°C (26.9 and 35.8%) for mid-

maturity and full maturity respectively 

(Figure 8). These results are in line with 

those assigned by Chessa et al. (1992) who 

reported the development of cold damage  
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Figure 2. Chilling injury in cactus fruits (cv. Aissa) harvested 

at three maturity stages (S1, S2, S3) and stored for 45 d 4, 8, 

and 15°C. 

 

 

 
 
Figure 3. The percentage of rotten fruits harvested at three 

maturity stages (S1, S2, S3) and stored for 45 d at 4, 8, and 

15°C. 

 

 

 
 

Figure 4. Fruits assessment after 30 d of cold storage. 

 

in Opuntia ficus-indica fruits after two weeks of 

storage at 6°C. 

Fungal diseases including rots were considered the 

main pathological sources that cause considerable 

damage to post-harvest fruits. The main pathogens 

that invade cactus fruits are Fusarium spp, 

Alternaria spp, Chlamydomyces 

spp, and Penicillium spp. The 

intensity of the damage increases 

with the increase of the duration 

of exposure of the fruits at 

temperatures of 20 to 25°C. The 

results obtained after 15 d of 

storage showed no sign of rot on 

the fruits stored at 4 and 8°C. On 

the other hand, fruits stored at 

15°C showed slight decay spots 

and the percentage of infected 

fruits was 11%, particularly fruits 

harvested at full maturity 

(Figure 3). Storage for 30 d at 

4°C showed a significant 

development of cold damage on 

the fruits. The evaluation of the 

symptoms expressed by the 

severity index showed that these 

fruits recorded significant 

chilling indices (IC) which varied 

between 1.22 and 1.78 with more 

pronounced damage in the fruits 

at the beginning of maturity by 

other stages (Figure 2). Ripe 

fruits showed less severe cold 

damage compared to fruits from 

other stages. These results are in 

line with those reported by 

Gorini et al. (1993) and Schirra 

et al. (1999a). For the same 

duration of storage, Al-Qurashi 

& Awad (2012) found values 

close to IC = 2 for fruits stored at 

2°C. 

Fruits stored at 8°C for 

30 d showed only slight signs of 

cold damage especially for 

medium-ripened fruits (Figure 2 

and 4). Thus, the severity indices 

recorded were 0.78; 0.22 and 

0.44 for the early, mid-mature 

and full-maturity stages 

respectively. These results are 

close to those of Schirra et al. 

(1999a) who reported that O. 

ficus-indica cv. ‘Gialla’ stored 

for 5 weeks at 6°C followed by 

3 d at 20°C develop very light  
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cold damage with the IC value of 0.8. 

Similar results were reported by Cantwell 

(1995) who recommended that cactus fruit 

be stored at 8°C for 3-4 weeks. The ionic 

leakage rates for cold damage are in the 

range of 48.46 to 67.57% in fruits stored at 

4°C and 43.41 to 54.80% for fruits stored 

at 8°C (Table 2). The fruits stored at 15°C 

were healthy since they showed no 

symptoms of cold damage. However, they 

developed rots due to fungal attack (Figure 

3). The percentage of fruit reached is 11 to 

66% depending on the stage of maturity. 

For fruits stored at 4°C, no evidence of rot 

development was observed. Storage at 8°C 

also showed only very slight signs of 

rotting in the order of 11% in fruit 

harvested at the yellow-orange stage (S3). 

Cold damage is accentuated after 

45 d of storage to reach 90 to 100% and 77 

to 90%, respectively, for fruits stored at 

4°C and 8°C (Figure 2). Thus, the severity 

index varied between 2 and 2.44 (medium 

to severe state) after storage at 4°C, and 

from 1.56 to 1.89 (average state) after 

storage at 8°C. The ionic leakage rate 

recorded is 60.6 to 77.88% after storage at 

4°C and 56.90 to 72.24% after storage at 

8°C (Table 2). Fruits stored at 15°C 

showed no signs of cold damage. 

However, a significant development of rots 

has been observed in fruits at different 

stages of maturity and with percentages of 

fruits reaching 66 to 88% (Figure 3). 

 

Conclusion 
The storage at 8°C of medium-

ripened fruits allowed to extend the shelf 

life up to 30 d without any adverse effects 

on the fruits with very low and 

economically tolerated rates of cold and rot 

damage. In addition, storage at 4°C has 

been shown to be effective in reducing rot, 

but limits storage time to less than 15 d 

because of the development of cold 

damage. Storage at 15°C showed no 

evidence of cold damage to the fruit 

throughout the storage period but resulted 

in a high rate of decay, limiting its use to 

less than 15 d. Good overall study 

validating the use of cold storage in cactus 

fruits. Would be good to see further 

suggestions as to how the work may be 

developed – for example using the paper as 

a standard to assess additional varieties. 

Might enriching the diversity amongst any 

plantations alter the flowering period 

slightly due to the surrounding species 

ethylene levels, fruits at an alternative 

period, changing the supply/demand issue 

which depreciates value. 

Sustainable/circular economies linking 

protection of the cactus pear from 

predators with sales might also bear hope 

for production. 
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