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ABSTRACT  
 

This investigation was carried out during 2013 and 2014 seasons on "Costata" persimmon fruits 
as an early season varieties, and usually astringent until fully ripe to study the effect of traditional 
ripening method (calcium carbide),  Ethrel treatment  and CO2 (using citric acid and sodium 
bicarbonate to generating CO2) on organoleptic score, fruit firmness and tannins content. Beside, the 
effect of CO2 de-astringency treatments on structural changes before and after de-astringency 
treatment, acetaldehyde production, total phenolic content, and antioxidant enzymes activity. 

The obtained results indicated that CO2 treatment was more effective and faster than Ethrel or 
Calcium carbide treatments in attaining a high taste score (i.e. De- astringency) as a response to its 
pronouncing effect in removing astringency than other treatments. The lowest value of fruits firmness 
was associated with Ethrel and Calcium Carbide treatment. The different in fruit firmness values 
between CO2 treatment and control were not significant. The control treatment recoded highest 
significant value of total tannins. While, the lowest value of total tannins was associated with CO2 
treatment followed by Ethrel treatment and Calcium carbide treatment.  

The parenchyma structure of the CO2-treated fruit was very similar to that seen before CO2 
treatment and, once again, with an insoluble material filling the vacuoles of tannic cells. In this case, 
while some intercellular spaces remained air-filled, others were filled with a soluble material. Cells 
were more deformed, and the intercellular spaces were filled with a soluble material.  

Exposure "Costata" persimmon fruits to CO2 may modify Superoxide dismutase (SOD), 
Catalase (CAT) and Peroxidase (POD) activity and maintained the antioxidant activity in a high level 
during exposure period, which increased the antioxidation ability against oxidation damage. 

 
Key words: Persimmon, Costata, Calcium carbide, Ethrel, CO2, Astringency, Taste, Firmness, 

Tannins, Structural, Acetaldehyde, Phenolic, Antioxidant Enzymes, Catalase; 
Peroxidase; Superoxide dismutase. 

 
Introduction 
 

Persimmon is one of the common fruits in warm regions. It belongs to the family Ebenaceae 
and the genus Diospyros (which includes about 200 different species).  

Persimmons are a good source of β-carotene, potassium, and vitamin C (Yakushiji and 
Nakatsuka, 2007). Persimmons are considered a good source of readily available carbohydrates and a 
high content of bioactive compounds, such as tannins, polyphenols, steroids, dietary fibre, organic 
acids, minerals and carotenoids, which contribute to the high antioxidant potential of these fruits 
(Santos-Buelga and Scakbert, 2000). Persimmon phenols being mainly responsible for the antioxidant 
effect of this fruit (Gorinstein et al., 2011). Persimmon peel has also been shown to be a valuable 
source of antioxidants which, under diabetic conditions, can reduce the oxidative stress induced by 
hyperglycaemia (Yokozawa et al., 2007). Low-oxygen atmospheres have been reported to induce an 
oxidative burst in plants (Blokhina, et al., 2003). The effective destruction of reactive oxgen species 
(ROS) requires the action of several ROS scavenging enzymes, such as superoxide dismutase (SOD), 
catalase (CAT) and peroxidase (POD), to act concomitantly with non-enzymatic antioxidants, such as 
ascorbic acid, glutathione, flavonoids, carotenoids, tocopherols, etc. As in plants, it is expected that 



Middle East J. Agric. Res., 6(2): 569-583, 2017 
ISSN: 2077-4605 

570 

exposure of fruit to a low oxygen atmosphere as extreme as 95% CO2 will involve environmental 
stress, and will lead to changes in the redox state of the fruit. Novillo, et al., (2014) found that, during 
‘Rojo Brillante’ persimmon maturation, the deastringency treatment with CO2 induced oxidative 
stress in the fruit, observed as an over-accumulation of O2

− and H2O2. As a response to reactive oxgen 
species (ROS) accumulation, the activities of the CAT and SOD scavenging enzymes were up-
regulated after de-astringency treatment. The response of POD enzyme was dependent on maturity 
stage, showing enhanced activity after CO2 treatment only for the fruit at the most mature stage. It is 
known that as a result of astringency removal, and therefore of the insolubilization of tannins, the total 
antioxidant capacity of fruit is severely affected by CO2 treatment (Besada   et al., 2012). However, 
no information is available on how CO2 treatment can affect the level of reactive oxgen species (ROS) 
and the antioxidant enzyme system. 

The main problem facing kaki growers is that fruit does not leave to ripe on the tree. 
Moreover, it does not ripe after a long time of storage at room temperature, and sometimes many 
fruits deteriorate before reaching ripening. Persimmon is an important seasonal fruit often exhibits 
rapid softening during postharvest distribution, after de-astringency, or sometimes on the trees. This is 
a major problem in the marketing of persimmon (Pang et al., 2007). Soluble tannins, which are 
responsible for persimmon fruit astringency, are polymerized by acetaldehyde under anaerobic 
conditions to form an insoluble compound, which is non-astringent (Taira et al., 1997).  

In Egypt, the environment circumstances are suitable for cultivation persimmon. However, it 
is grown in very limited areas as compared with the main grown fruit trees. This may be due to scant 
knowledge of fruits marketing and treatments of removing astringency of fruits. Costata was the best 
persimmon, as it possesses  a good yielding capacity, astringent type at maturity stage, high nutritious 
quality and good physical and chemical fruit characteristics (Abd El-Hafeez, 2005).  

Several studies have tried to establish a relationship between the level of astringency and 
changes in the cell wall structure in different persimmon cultivars (Gottreich and Blumenfeld, 1991; 
Taira et al., 1997). The intercellular spaces are progressively occupied by soluble and non-soluble 
material. These structural changes could be related to a smaller increase of acetaldehyde after CO2 
treatment and this was the direct cause of the loss of effectiveness, since acetaldehyde is necessary for 
tannin polymerization. Some tannin cells were observed to have insoluble material which is probably 
due to the effect that CO2 has on the tannins. A cluster of tannin cells can be discerned with insoluble 
material inside their vacuoles. (Salvador et al., 2008). The accumulation of tannins in the cells was 
homogeneous and restricted to the vicinity of the cell wall, in spherical vesicles connected to the 
tonoplast, as amorphous distributions occupying the entire vacuole, as homogeneous distributions 
with circular, unfilled areas in vacuoles, and as homogeneous distributions that completely filled the 
vacuoles. At the end of fruit development, the parenchyma cells displayed large intercellular spaces 
and degraded pectins, indicating fruit ripening and senescence (Tessmer et al., 2014). The 
microstructual study allowed us to describe changes in the parenchyma structure associated with flesh 
gelling as the complete loss of cell structure and cellular material output. Short-term high CO2 
treatments alleviated flesh gelling by preserving the integrity of cell walls and the plasmalemma 
(Borrás, 2015). 

Nakamura (1973) showed that, in naturally non-astringent variety, the acetaldehyde contents 
were ten times greater than in astringent varieties. However, after artificial removal of astringency by 
CO2 treatments the level of acetaldehyde in treated fruits increased to levels similar to those in the 
naturally non-astringent variety. It was suggested that acetaldehyde, which accumulated in the fleshy 
tissue of pollinated non-astringent fruit derived from the seeds, causing natural de-astringency 
(Sugiura, et al., 1979 and Sugiura and Tomana, 1983). Matsuo and Ito (1982) and Besada, et al., 2010 
demonstrated that, acetaldehyde reacts with kaki-tannin in vitro to form an insoluble gel. This 
supported the hypothesis that the soluble tannin of astringent fruit is polymerized by acetaldehyde to 
form an insoluble compound, which is non-astringent. Soluble tannins (water-soluble 
proanthocianidins) of persimmon responsible for astringency are polymerized by acetaldehyde 
produced under anaerobic conditions to form insoluble compounds, which are non-astringent (Taira   
et al., 1997). 

This investigation was carried out on Costata as an early season varieties and usually 
astringent until fully ripe to study the effect of traditional ripening method (calcium carbide),  Ethrel 
treatment  and CO2 on organoleptic score, fruit firmness and tannins content. Beside the effect of CO2 
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de-astringency treatments on structural changes before and after de-astringency treatment, 
acetaldehyde production, total phenolic content and antioxidant enzymes activity. 

 
Material and Methods 
 

This investigation was carried out during 2013 and 2014 seasons on "Costata" persimmon 
fruits. The studied trees were over twenty-three years old, budded on Diospyros virginiana rootstock 
and planted in loamy soil with a spacing of 5 × 5 m at the mother-plant orchard of Kafr Ashma 
nursery belonged to the Agricultural Research Center, Ministry of Agriculture, at Monofeia 
Governorate, Egypt.  

 
Maturity study: 
 
 This investigation was carried out during the two successive seasons of 2012 and 2013. Thirty 
days after full bloom (which observed on 10and 13 April for "Costata" variety in both season, 
respectively) fruits were labelled. Starting with the age of 155 days, samples of 10 fruits were picked 
at random weekly until end of the seasons to be studied for their physical and chemical characters. 
Samples of 30 fruits were also hold at room conditions to be tested weekly and help in determining 
the proper age of maturity. 
         Kaki fruits were harvested from all sides of the trees in the early morning of 169 days age in the 
last week of September 2013 and 2014 as average weight of   fruit 107.6 gm   and volume: 108.5 
cm3. The fruits immediately transferred on the same day to the laboratory and the 
physicochemical properties evaluated at harvest time as values: TotalSoluble Solids (TSS) [14.2& 
14.5%]; firmness [16.5 &16.0 (lb/in2)]; titratable acidity (TA) [0.125 &0.126%] and Total Tannins 
[1.34&1.38 gm/100 gm F.W.] ; dry matter[24.6 &24.8%] and  Skin color [ 92.4& 92.6 hue angle] in 
the two seasons, respectively. 
 
Artificial ripening    
 

 Artificial ripening treatments were done on mature fruits of 169 days age in the same day for 
"Costata" variety. Only uniform fruits in size, color and free from any visible blemishes were selected. 
Fruits were washed in running tap water also with 2% boric acid then air-dried. 
 Fruits were subjected to the two different ripening methods, in addition to the traditional 
method used locally and control without ripening. Fruits afterwards were packed in carton boxes of   5 
kg for each and boxes dimensions of 30 ×  50 cm. Each treatment consists of six boxes and replicated 
three times.  
 
Details of ripening treatments as a follow: 
 
1- Traditional ripening method, fruits were exposed to gaseous emanations of calcium carbide mixed 
with water (10 gm + 40 cm3 of water in a small closed space of 8 m3) for 24-hour period at 20-25°C 
as described by  Elzayat et al (2004) 
2- Ethrel treatment, dipping fruits in Ethrel (Ethephon) solution (2-chloroethylphosphonic acid) at 
concentration of 100 ppm for ½ hour. 
3- CO2 treatment, 2.5-3.0 kg fruits were exposed to CO2 (80 %) in jars (about 20 liters/jar) at 20-25°C 
for a period of 48-hours. Afterwards jars were ventilated for 6-hours, and then fruits were re-exposed 
to CO2 for 24-hours. 
 
CO2 System Using Citric Acid and Sodium bicarbonate 
 

A popular method of generating CO2 is to use a Citric acid and Sodium bicarbonate as 
described by Smith (2012).  

Fruits were examined before and after ripening treatments for the organoleptic score, firmness 
and tannins content in both seasons (2013&2014).   



Middle East J. Agric. Res., 6(2): 569-583, 2017 
ISSN: 2077-4605 

572 

Fruits were examined before and after CO2 treatment during 2014 season only for the 
structural changes, acetaldehyde production, total phenolic content and antioxidant enzymes activity: 
Superoxide dismutase (SOD), Catalase (CAT) and Peroxidase (POD) activity. 
Persimmon fruits quality parameters as follows:  
 
1. Organoleptic score.  
 

It was carried out by a panel test at the start and the end of experiment to estimate the suitable 
note of taste depending upon absence of astringency, sugars and flesh consistency as described by 
Elzayat et al. (2004). The results divided into 4 grade scale as the following.  
 

Description Excellent Good Hardly Unacceptable 
Score 8  : 10 6 : < 8 4 : < 6 0 : < 4 

 
2. Fruit firmness (lb./ inch2). 
  

It was measured by a hand Magness and Taylor pressure tester equipped with 3/16 inch plunger 
and expressed as lb. / inch2.  

 
3. Total tannins (gm./100 gm F.W.).  
 

It was evaluated according to the method of Yeshajahu and Clifton, 1977 and Atanassova and 
Christova-Bagdassarian, 2009.. The results were calculated as gm. per 100 gm. fresh weight. 
 
Sample preparation 
 

Three g of the studied food product was extracted with distilled deionized water (dd H2O) into 
250 ml  volumetric flask during 4 hours at room temperature and ten the sample was filtered. 
 
Tannins assay 
 

The analyses of tannins content in fruits were performed according to The international 
Pharmacopoeia (2003) and AOAC method (1965). After some modifications. 25 ml of the infusion 
are measured into 1 L conical flask, then 25 ml on indigo solution (as an indicator) and 750 ml 
distilled deionized water (dd H2O) are added. 0.1 N aqueous solution of KMnO4 (Potassium 
permanganate as an oxidizing agent) is used for titration until the blue colored solution changes to 
green color. Then few drops at time until solution becomes dolgen yellow are added. 
 
Standard solution of Indigo carmine is prepared as following: 
 

Six g Indigo carmine is dissolved in 500 ml of distilled deionized water (dd H2O) by heating, 
after cooling 50 ml of 95 – 97 % H2SO4 is added, the solution is diluted to 1 L and then filtered.  

The blank tests by titration of a mixture of 25 ml Indigo carmine solution and 750 ml dd H2O 
are carried out. 
All samples were analyzed in duplicates. 
 
Calculations 
 
The tannins content (T %) in the sample is calculated as follows: 

T (%) = [(V-V0) × 0.004157 ×  250 ×  100] / g ×  25 
Where: 
V     = the volume of 0.1 N aqueous solution of KMnO4 for the titration of the sample, ml 
Vo     = volume of 0.1 N aqueous solution of KMnO4  for the titration of the blank sample, ml 
0.004157 = tannins equivalent in 1 ml of 0.1 N aqueous solution KMnO4  
g     = mass of the sample taken for analysis, g. 
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250  = volume of the volumetric flask, ml. 
100  = percent, %.  
 
4. Total phenolic content. 
 

 Dry defeated ground persimmon   slices (1.0 g) were macerated in 5-10 mL 80% ethanol for at 
least 24 hours at 0°C. The remaining residue was re-extracted with 5-10 mL 80% ethanol three times. 
The extracts were combined and clarified then completed to 50 mL using 80% ethanol. The phenolic 
content was determined by the colorimetric modified method of   Velioglu et al. (1998) using Folin-
Ciocalteu reagent. The reagent was diluted (1:10 with distilled water) then added (0.75 mL) to the 
extracts (0.1 mL) in test tubes. The mixture was mixed and allowed to stand at room temperature for 5 
min. then 0.75 mL of 6% (w/v) sodium carbonate solution was added and mixed. After 90 min. at 
room temperature, the absorbance was recorded at 765 nm. The standard curve was prepared by gallic 
acid (0 – 250 mg/L) in aqueous methanol (50%). The total phenols were expressed as gallic acid 
equivalents (mg/100g fresh weight). The absorbance was recorded by Shimatzu 160A UV-Visible 
spectrophotometers. Fruits were examined before and after CO2 treatment during 72 hours in 2014 
season only.  
 
5.  Acetadehyde concentrations was measured from juice sample and analyzed by headspace gas 

chromatography GC; results were expressed as mg/100mL as described by Salvador et al. (2005). 
Fruits were examined before and after CO2 treatment during 72 hours in 2014 season only. The  
analyzes  Total tannins, Total phenolic content and Acetadehyde were conducted in Central lab.of    
Horticulture Research Institute, Agri. Res. Center, Giza. 

 
6. Structural study.  
 

Fruits were examined before and after CO2 treatment during 2014 season only. Sections of the 
equatorial regions of the fruits were removed for light microscopy analysis (JEM 6510 LA) as 
described by Tessmer et al. (2014). The sections were mounted onto slides with “Entellan” synthetic 
resin, and the images were captured to a Leica DC 300 F video camera and processed on a computer 
to prepare the illustrations. 
Structural study was conducted in Micro Techniques Laboratory, Faculty of Agriculture Research 
Park Cairo University . 
 
7. Antioxidant enzymes activity: Superoxide dismutase (SOD) , Catalase (CAT) and Peroxidase 

(POD) activity. 
  

The preparation of samples for enzyme extraction was according to the method described by 
Mukherjee and Choudhurri (1983). Superoxide dismutase (SOD; EC 1.15.1.1) activity was measured 
according to the method of Dhindsa, et al. (1981) by determining its ability to inhibit the 
photochemical reduction of nitro blue tetrazolium (NBT). One unit of SOD was defined as the amount 
of the enzyme that caused half the maximum inhibition of NBT reduction to blue formazan at 560 nm 
under the experimental conditions. Catalase (CAT; EC 1.11.1.6) activity was assayed in a reaction 
mixture (3 ml) composed of phosphate buffer (50 mM, pH 7.0), 30% (w/v) H2O2 and 0.5 ml enzyme 
extract (Aebi, 1983). Catalase activity was estimated by the reduction in absorbance at 240 nm using a 
Spectronic 601 UV spectrophotometer, as a consequence of H2O2 consumption, and was expressed in 
accordance to Havir and McHale (1987) as μM H2O2 oxidized g−1 fresh weight (FW) min−1. 
Peroxidase (POD; EC 1.11.1.7) activity was determined using guaiacol. The reaction mixture (3 ml) 
was composed of 10 mM KH2PO4– K2HPO4 (pH 7.0), 10 mM H2O2, 20 mM guaiacol and 0.5 ml 
crude extract (Malik and Singh, 1980). The increase in absorbance as a result of dehydrogenation of 
guaiacol was monitored at 470 nm (Klapheck  et al., 1990) using a Spectronic 601 UV 
spectrophotometer. Enzyme activity was expressed as a change in the optical density g−1 FW min−1. 
Fruits were examined before and after CO2 treatment during 72 hours in 2014 season only. 
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Statistical analysis procedure.  
 

All data parameters studied were analyzed as a Completely Randomized Design in factorial 
arrangement with three replications. All data were subjected to statistical analysis as described by 
Snedecor and Cochran, 1989. The differences between means were differentiated using Duncan 
multiple range test at p ≥ 0.05 according to Duncan, 1955. 
 

Results and Discussion 
 
1. Organoleptic score: 

 
Regarding Costata persimmon fruit taste and edibility, data presented in Fig (1) showed that 

CO2 treatment were more effective and faster than Ethrel or Calcium carbide treatments in attaining a 
high taste score (i.e. De- astringency), as a response to its pronouncing effect in removing astringency 
than other treatments. From (1.75 and 1.71) taste score in the 1st and 2nd seasons for all treatments in 
initial,  Calcium carbide, Ethrel, CO2 and Control treatments recorded taste score (7.55, 8.2, 9.88 and 
2.87) in the 1st season and (7.68, 8.25, 9.92 and 2.91) in the 2nd season, respectively.  

 

Fig. 1. Effect of ripening methods on fruit organoleptic score of "Costata" persimmon variety during 
artificial ripening duration in 2013 and 2014 seasons. The vertical bar at each point 
represents a mean ± SD. 

In this connection, obtained results agreed with those observed by Shiesh et al., (1999), who 
reported that the periods required to reach < 2 of the astringency index were 2, 3, 5 and > 5 days at 35, 
30, 25 and 20°C, respectively. In general, the decrease of total tannins after treating persimmon fruits 
with CO2 confirmed those obtained by Hribar et al., (2000), who pointed out that sensory evaluation 
test revealed that persimmon fruits treated with high CO2 was preferred to conventionally ripened 
fruit. 

 
2. Firmness (lb./inch2):  

 
Fig (2) shows the effect of ripening methods on "Costata" persimmon fruits firmness 

(Lb/inch2) during artificial ripening duration in 2013 and 2014 seasons. It was clear that, in all 
ripening methods fruit firmness values in general had been decreased compared to the start value 

Initial By end Initial By end

Calcium Carbide 1.75 7.55 1.71 7.68

Ethrel 1.75 8.2 1.71 8.25

CO2 1.75 9.88 1.71 9.92

Control 1.75 2.87 1.71 2.91
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(16.50 and 16.00 Lb/inch2 in both seasons, respectively). The lowest value of fruits firmness was 
associated with Ethrel treatment (12.50 and 11.50 Lb/inch2 by end) and Calcium Carbide treatment 
(14.20 and 13.70 Lb/inch2 by end) in the 1st and 2nd season, respectively.  

In general, the different in fruit firmness values between CO2 treatment and control were not 
significant in both seasons. The control treatment recoded highest significant value (16.40 and 16.00 
Lb/inch2 by end) and CO2 treatment recorded (16.30 and 16.00 Lb/inch2 by end) in both seasons, 
respectively. 

In these regard, obtained results are in line with Elzayat et al., (2004) on six varieties of 
persimmon and agreed with those obtained by Ahmed and Sobieh (2007) and El-Badawy (2007) on 
"Costata" persimmon fruits. 

 

 

Fig. 2. Effect of ripening methods on fruit firmness (Lb/inch2) of "Costata" persimmon variety during 
artificial ripening duration in 2013 and 2014 seasons. The vertical bar at each point represents 
a mean ± SD. 

3. Total tannins (gm/100 gm F.W.): 
 

Fig. (3) illustrated the changes in total tannins (gm/100gm f.w.) as affected by ripening 
methods of "Costata" persimmon variety during artificial ripening duration in 2013 and 2014 seasons. 
The data showed that, total tannins decreased during artificial ripening duration off all treatments and 
control. At the end of artificial ripening duration, the different in fruit total tannins values between all 
ripening treatment and control were significant in both seasons. The control treatment recoded highest 
significant value of total tannins (1.33 and 1.38 gm/100gm f.w.) in the 1st and 2nd season, respectively. 
While, the lowest value of total tannins was associated with CO2 treatment (0.09 and 0.11 gm/100gm 
f.w. by end) followed by Ethrel treatment (0.25 and 0.28 gm/100gm f.w.) and Calcium carbide treatment 
(0.43 and 0.42 gm/100gm f.w.) in the 1st and2nd season, respectively.  

These results are in agreement with Elzayat et al. (2004) on "Tamopan" and Abdel-Hafeez 
(2005) on "Costata" persimmon fruit. Unripe persimmons are inedible because of the tannins that are 
diffused throughout the fruit.  

This tannins cause proteins in the saliva and tongue to coagulate. This coagulation of proteins 
produces the puckery, furry taste in the mouth that we refer to as astringency. As ripening takes place, 
the tannins get bound up in storage cells. This prevents the reaction in the mouth from taking place. 
When fruit is deprived of oxygen, the fruit uses up the remaining oxygen and produces carbon 
dioxide. This carbon dioxide helps the fruit make acetaldehyde, which, in turn, causes the tannins to 

Initial By end Initial By end

Calcium Carbide 16.5 14.2 16 13.7
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move into storage cells. This process can be speeded up at warm temperature (but not so warm as to 
damage the fruit). The treatments (Ethylene and CO2) investigated exerted a significant influence on 
soluble tannin concentrations and the corresponding antiradical activity. Based on the usually 
accepted threshold level for human de-astringency detection (0.1 g/100 g FW), the 3-day treatment 
with ethylene was not sufficient for making the persimmons edible, while the application of CO2 for 
24 h reduced the soluble tannins to well below the above-mentioned level (Del Bubba et al., 2009).  

 

Fig. 3: Effect of ripening methods on fruit total tannins (gm/100gm f.w.) of "Costata"persimmon 
variety during artificial ripening duration in 2013 and 2014 seasons. The vertical bar at each 
point represents a mean ± SD. 

4. Structural changes before and after de-astringency treatment by CO2 during 2014 season only. 
 

Flesh structures of persimmon cv. Costata analyzed by light microscopy (JEM-6510LA) 
before being submitted to treatment with a high CO2 concentration (80% CO2, 20-25°C) is presented 
in Fig. (4 and 5).  

The observation of the cross-sections of astringent "Costata" fruit (before CO2 treatment) are 
shown in Fig 4 (A and B). The parenchyma cells of the mesocarp were irregularly shaped, but 
basically round. The interior of cells were filled with a soluble material, while the parenchyma was 
quite compact with small air-filled intercellular spaces. On the other hand, the parenchyma structure 
after CO2 treatment (Fig.5 C and D) had the same appearance as that of untreated fruit. However, a 
major change was observed in some cells, which appeared to be filled with an insoluble material (like 
a compact mass), identified as tannic cells inside which tannins became insoluble due to CO2 
treatment.  

The parenchyma structure of the CO2-treated fruit was very similar to that seen before CO2 
treatment and, once again, with an insoluble material filling the vacuoles of tannic cells. In this case, 
while some intercellular spaces remained air-filled, others were filled with a soluble material. Cells 
were more deformed and the intercellular spaces were filled with a soluble material. These results 
coincide with the findings of Salvador, et al., (2007 and 2008) and  Borrás, 2015 on "Rojo Brillante" 
persimmon cultivar, Tessmer et al., 2014 on "Giombo" persimmon cultivar, Taira et al., 1997& 
Gottreich and Blumenfeld, 1991 on different persimmon cultivars. 

 

 

Initial By end Initial By end

Calcium Carbide 1.34 0.43 1.38 0.42

Ethrel 1.34 0.25 1.38 0.28

CO2 1.34 0.09 1.38 0.11
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Fig. 4: Flesh structures of persimmon cv. "Costata" analyzed by light microscopy (JEM-6510LA) 
before being submitted to treatment with a high CO2 concentration (80% CO2, 20-25°C). (Fig. 
A and B). SM: Soluble material, TC: Tannic cell, Pa: Parenchyma, Tn: Tannin, CW: Cell 
wall, IS: Intercellular space.  

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Flesh structures of persimmon cv. Costata analyzed by light microscopy (JEM-6510LA) after 

being submitted to treatment with a high CO2 cncentration (80% CO2, 20-25°C) (Fig. C and 
D). SM: Soluble material, TC: Tannic cell, Pa: Parenchyma, Tn: Tannin, CW: Cell wall, IS: 
Intercellular space. 

 
5. Acetaldehyde production. 
 

Data in Fig (6) show the Effect of CO2 de-astringency treatment (80% CO2, 20 ◦C, 90% HR) 
for "Cotata" persimmon fruits during 2014 season on acetaldehyde production (mg/100ml.). CO2 de-
astringency treatment (80% CO2, 20 ◦C, 90% HR) applied created anaerobic conditions in the jars 
which caused the fruits to produce and led to accumulate the greatest amount of acetaldehyde in the 
atmosphere. After 72 hours under anaerobic conditions, the acetaldehyde content of the fruit flesh was 
significantly the highest value 2.96 mg/100 m.L. in comparison to 0.30 mg/100 m. L. for untreated 
fruits (control) and 0.30 0.21 at harvest time. 

Matsuo and Ito (1982) and Besada et al., 2010 demonstrated that, acetaldehyde reacts with 
kaki-tannin in vitro to form an insoluble gel. This supported the hypothesis that the soluble tannin of 
astringent fruit is polymerized by acetaldehyde to form an insoluble compound, which is non-
astringent.   
 

A B 

C D 
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As above mentioned, soluble tannins (water-soluble proanthocianidins) of persimmon 
responsible for astringency are polymerized by acetaldehyde produced under anaerobic conditions to 
form insoluble compounds, which are non-astringent (Taira et al., 1997). This mechanism has been 
investigated in vitro under mild conditions (pH 6-8) and has shown that persimmon tannins react with 
acetaldehyde in a relatively short time to become a gel (Matsuo and Itoo, 1982). Acetaldehyde reacts with 
C-8 or C-6 of proanthocyanidin A-rings, and connects two proanthocyanidin molecules to result in 
their insolubilization and reduced astringency (Borrás, 2015). The covalent bonding of acetaldehyde 
in insolubilised proanthocyanidins has been supported by thiol degradation applied directly to the 
plant debris of fruits previously treated with ethanol under anaerobic conditions, which afforded 
bisthioethers of flavan-3-ol acetaldehyde adducts (Tanaka et al., 1994; 2010). The precipitation of 
tannins induced by increased acetaldehyde production is reflected in the microstructure of flesh by the 
appearance of an insoluble material inside the vacuoles of some tannic cells (Salvador et al., 2007). 

 

 

Fig 6. Effect of CO2 de-astringency treatment (80% CO2, 20 ◦C, 90% HR) for "Cotata" 
persimmon fruits during 2014 season on acetaldehyde production (mg/100mL.). The 
vertical bar above each column represents a mean ± SD. 

  
6. Total Phenolic content. 

 
Data in Fig (7) show the effect of CO2 de-astringency treatment (80% CO2, 20 ◦C, 90% HR) 

for "Cotata" persimmon fruits during 2014 season on the total phenolic content (mg/100 gm f.w.).  It 
is obvious that total phenolic content decrease throughout the CO2 treatment compared to the initial 
value at harvest. The decrease of phenolic contents is probable due to the oxidation by polyphenol 
oxidase (PPO). Moreover, Robards, et al., (1999) found that phenolic compounds have a significant role in 
oxidation processes as antioxidants and as substrates in browning reaction.  

During duration of the treatment by CO2 at 80%, data revealed that the lowest value of 
phenolic content of "Cotata" persimmon fruits is recorded at carbon dioxide treatments, however, the 
highest ones were observed at untreated control. Total phenolic content of carbon dioxide treatment 
were 99.22, 81.84, 27.87 and 17.73 mg/100g. f.w. in comparison to 99.22, 96.43, 94.52 and 84.69 
mg/100 g. f.w. for untreated fruits (control) throughout 0, 24, 48 and 72 hours of de-astringency 
duration, respectively. These results are in agreement with Rasouli and Khademi (2014) and may be 
due to the phenolic compounds print method indicated that astringency was successfully removed 
from all fruit by high CO2 treatment after 72 hours. 
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Fig 7: Effect of CO2 de-astringency treatment (80% CO2, 20 ◦C, 90% HR) for "Cotata" persimmon 
fruits during 2014 season on the total phenolic content (mg/100 gm f.w.). The vertical bar 
above each column represents a mean ± SD. 
 

7. Antioxidant enzymes activity:  
 

Data illustrated in Fig. 8. showed different patterns of the antioxidant enzymes (CAT, POD 
and SOD) activity. CAT activity showed high level throughout the CO2 treatment compared to the 
initial value at harvest and control. CAT activity increased sharply till a peak after the first 48 hours of 
enclosure. This peak was followed by a decrease trend in the last period of treatment (72 hours). The 
control fruits showed increased directly throughout all period (72 hours), and after 72 hours, there 
were no significant differences among CO2 and control treatment in CAT activity (Fig 8-A).  

POD activity was decreased significantly in CO2 treatments and control during the first 48 
hours of enclosure (Fig 8-B). The lowest activity was recorded for CO2 treatment up to 48 hours of 
treatment. After 48 hours of treatments, the POD activity recorded an increased significantly in CO2 
treatments and control to reach the highest value at the last period of treatment (72 hours).  

The activity of SOD increased rapidly in CO2 treatment till a peak after the first 48 hours of 
enclosure. This peak was followed by a decrease trend in the last period of treatment (72 hours). On 
the other hand, the activity of SOD increased slowly for control fruits during the first 48 hours, 
followed by an increased rapidly till the last period of enclosure. After 72 hours, control fruits 
recorded the highest significant differences in compared with the CO2 treatment in SOD activity (Fig 
8-C).  

Fruit ripening is related to the accumulation of ROS in plant cells (Mittler, 2002). The degree 
of damage and the storage life depend on the balance between ROS production and scavenging 
capacity (Hodges, et al., 2004). Several antioxidant enzymes such as SOD, CAT and POD play an 
effective role to protect cells against ROS accumulation (Sies, 1997 and Scandalios, 1993). 
Superoxide dismutase catalyses the dismutation of superoxide radicals (O2

−) into either ordinary 
molecular oxygen (O2) or hydrogen peroxide (H2O2). Thereafter, catalase and/or peroxidase 
independently convert H2O2 to water (Bannister et al., 1987; Zelko et al., 2002 and Mittler, 2002). 
Results indicate that exposure to CO2 in "Costata" persimmon fruits may modify the activity of SOD, 
CAT and POD and maintained the antioxidant activity in a high level during exposure period, which 
increased the antioxidation ability against oxidation damage. These results are in accordance with the 
findings of Wang et al. (2005) who stated that Modified Atmosphere package (MAP) delays the 
reduction of superoxide dismutase, catalase and peroxidase activity. The increase in CAT activity and 
the decrease in POD and SOD during the first three days refer to the vital role of CAT enzyme, as 
antioxidant, in this period compared to the other enzymes (POD and SOD).  
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Fig 8: Effect of CO2 de-astringency treatment (80% CO2, 20 ◦C, 90% HR) for "Cotata" persimmon 

fruits during 2014 season on the activity of catalase (CAT) (A), peroxidase (POD) (B) and 
superoxide dismutase (SOD) (C). The vertical bar at each point represents a mean ± SD. 
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