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ABSTRACT 
 
The study was conducted in the cold room of the Horticulture Department, College of Agriculture and 
Forestry, University of Mosul. The ripe grapefruit fruits cv. "Star Ruby " was obtained from 10 years 
old trees Located in a private orchard in Baghdad governorate on 1st of May 2020. Sound and similar 
fruits were selected and subjected to precooling, then, they were stored in the cold room at a temperature 
of 5±1˚C. The fruits were dipped in GA3 at concentrations of 0,100, and 200 mg.l-1 and salicylic acid at 
concentrations of 500 and 1000 mg.l-1,  then they dipped in hot water at 20˚C (control), 40˚C, and 50˚C 
for 2 minutes. The fruits were extracted and left to dry, then they were packed according to their 
treatments in polyethylene bags, and the fruits were stored at a temperature of 5±1˚C and 85-90% 
relative humidity for two storage periods (70 and 100 days). Acidity was significantly higher in the 
fruits dipped in water at a temperature of 20 and 50˚C. Ascorbic acid content reached the highest 
concentration in the fruits that were dipped in the water of 40°C. Dipping the fruits with salicylic acid 
at a concentration of 1000 mg l-1 led to a significant reduction in the percentage of spoiled fruits. Total 
sugars and the acidity percentage were significantly higher in the fruits stored for 70, while spoiled 
fruits increased significantly during the longer storage period. The interaction coefficients between 
gibberellic acid and salicylic acid, hot water dipping, and storage periods were more effective than 
single treatments, where the total sugars was higher in the fruits which dipped in salicylic acid at the 
concentration 500 mg.l-1 and hot water at a temperature of 40˚C and stored for 70 days. Whereas, the 
highest percentage of acidity and the highest percentage of total sugars/ acidity were for control 
treatment that was dipped in hot water at a temperature of 50 or 40˚C and stored for 70 days. The highest 
firmness was for the fruits that dipped in salicylic acid at concentration 500 mg.l-1, and dipped in hot 
water at 40°C and stored for 100 days. As for ascorbic acid, the highest content in the fruit was obtained 
with the salicylic acid at a concentration of 500 mg.l-1 with water at a temperature of 20˚C and stored 
for 100 days. The best treatment to obtain fruits free from spoilage after storage for 100 days was 
obtained with fruits that were treated with dipping in salicylic acid at a concentration of 500 mg.l-1 and 
hot water at 50°C. 
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1. Introduction 

Grapefruit (Citrus paradise Mac) is one of the most important evergreen fruit trees belonging to 
the genus Citrus, which belongs to the Rutaceae family, and it is also called Indian lemon. Grapefruit 
originates from India and the trees grown in areas of subtropical climate all over the world. Its spread 
is generally concentrated in areas that extend between latitudes 40º north and south. The total production 
of grapefruit in the world is estimated about 6.7 million tons (USDA, 2020). Meanwhile, Iraq's 
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grapefruit production reached 404,000 tons (Al-Bitar, 2015). Citrus fruits contain a wide range of 
healthy compounds, including vitamin C, good amounts of fiber, various carotenoids (such as beta-
carotene, lutein, and zeaxanthin), and folic acid (Baghurst, 2003). In recent years, interest in grapefruit 
has increased due to its large amount of pectin, which is a type of soluble fiber that helps to reduce the 
cholesterol ratio to the healthy levels, and these fibers perform this function by forming a gel in the 
intestine which helps the prevention of fat absorption into the stream Blood (Celine, 2006).    Steam or 
hot air is connected commercially for expanding capacity of life fruits warm treatment strategies 
and period of exposure to heat may influence fruits quality. Hot water treatment is more successful than 
the hot air and could be as a heat exchange medium. (Shellie and Mangan, 1994). Treatment with GA3 
reduced the incidence of apple fruits with core breakdown (Wills et al., 1998). Ben-Yehoshua et al. 
(1995) observed that immersing lemon fruits after harvesting in 50 and 100 mg L-1 GA3 inhibited fruit 
spoilage during storage for 90 days and slowed the decomposition of citral fruit contents (an 
antimicrobial compound). The use of salicylic acid in storage treatments has a lot of benefits, as it is 
considered one of the growth regulators that inhibit the synthesis of ethylene and delay aging, as well 
as salicylic acid works on fruit resistance to pathogens, and it has been found that the external use of 
salicylic acid led to a delay in the ripening of apples, peaches, pecans and bananas (Bal and Celik, 
2010). Mohamed et al. (2012) observed that dipping the orange fruits in a concentration of 200 or 300 
mg .L-1 of salicylic acid for 5 minutes and stored at a temperature of 10 ̊ C for six months had an positive 
effect in reducing the pathological symptoms and losing weight. It also had a role in reducing the loss 
of fruit firmness, delaying the color of fruits, and reducing the decrease in total acidity and ascorbic 
acid.  

The purpose of this study was to investigate the effect of dipping “Ruby Red" grapefruit fruits in 
solutions of gibberellic acid, salicylic acid, and hot water to find out their effect on the storage 
properties, physiological or pathological damage during the storage period in the fruits. 
 
2. Materials and Methods 
 

The fruits of grapefruit (Citrus paradise Macf), variety "Star Ruby" that used in this study, were 
taken from 10-year-old trees, grafted onto Citrus aurantium in Baghdad governorate. The fruits were 
stored in the cooled rooms of the Department of Horticulture and Landscape design, College 
Agriculture and Forestry, University of Mosul to study the effect of three factors on the storability of 
grapefruit, Ruby Red, which was dipped in gibberellic acid GA3 with concentrations (0, 100 and 200) 
mg. L-1 and salicylic acid SA at concentrations (500 and 1000) mg.L1 and dipping with hot water at 20, 
40, and 50°C, with storage periods of 70 and 100 days.  The date of harvest was determined based on 
the coloration of 50% of the fruit peel and the percentage of dissolved solids (6-5.5%). The fruits were 
transferred to the College of Agriculture and Forestry, where the fruits were sorted out, at 5°C. The fruit 
treatments began on 1/9/2020 when the fruits were divided into three groups, each group representing 
a specific temperature for dipping in water, and each group of the three groups was divided into five 
groups. Each group represented a treatment of dipping treatments in solutions of salicylic acid and 
gibberellic acid, and each group was divided into five groups. Each group was stored for one of the two 
storage periods and the fruits were dipped in five solutions of salicylic acid and gibberellic acid, left to 
dry for 24 hours, then dipped in hot water treatments for two minutes and left to dry for 24 hours. The 
fruits were placed in plastic bags then the fruits were stored due to each treatment with repetitions for 
the two periods specified in the refrigerated room at a temperature of 5±1 ºC and relative humidity of 
85-90%. The fruits were extracted after 70 and 100 days of storage, and the following measurements 
were taken: 
 
1. Total sugars percentage (%): According to the method reported by Dubois et al. (1956). 
2. Titratable acidity (%): According to the method which based on the neutralization of hydrogen ions 

in the sample with a known standard of sodium hydroxide. (Abbas and Abbas, 1992) using the 
following equation: 

 

Acidity % = 
Volume of NaOH needed to neutralize x base titers x WM for citric acid 

x100 
Size of correct sample 
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3. Sugars/acidity ratio: where the sugars were attributed to the acidity. 
4. Ascorbic acid (mg / 100 ml juice): Vitamin C was determined in orange juice by the method based 

on indophenolsphenol2-6-Dichloro, as reported in (Pearson, 1976). 
5. Spoiled fruits (%): the collection of damaged fruits that are not suitable for marketing, whether they 

were hit by cold damage or injury disease, were considered as damaged fruits (Pic 1). 
Results were analyzed statistically by using C.R.D. (Complete Randomized Design), according 

to the (SAS, 2001) system to analyze the experiments, and the averages were compared according to 
the Duncan's Multiple Range Test under the 5% error probability level as mentioned (Al-Rawi and 
Khalaf Allah, 2000). 
 
3. Results and Discussion 
 

Table (1) shows the effect of single factors on the studied characteristics, storing fruits for 70 
days led to give highest sugars in the fruits (11.37%) and the highest acidity (3.17%). This percentage 
did not differ significantly with most storage treatments in each of the two characteristics, except storage 
for 100 days, which led to the lowest percentage of sugars reaching 7.01% and the lowest acidity rate 
of 2.24% compared with the rest of the treatments. The storage parameters did not differ significantly 
between them for the sugar/acidity characteristic. While storing the fruits with hot water at 40°C 
resulted in the best percentage of ascorbic acid, which reached 45.05%, compared to the other 
temperatures and other storage parameters. As for the characteristic of the percentage of spoiled fruits, 
it is noticed that storage for 70 days led to a decrease in the percentage of spoiled fruits, as it reached 
3.91%. This percentage did not differ significantly in the treatments of both GA3 and salicylic acids 
compared to the rest of the storage treatments. 
 
Table 1: The effect of storage time and dipping in hot water, salicylic acid and gibberellic acid on the 

studied characteristics of grapefruit fruits stored at 5 ±1˚C and relative humidity 85-90%. 

 
3.1. Total sugars %: 

The interaction treatment between storage for 70 days with dipping in hot water at 40°C, and the 
use of salicylic acid at a concentration of 500 mg. L-1 resulted in obtaining the best total sugars in the 
fruits, which reached 12.94% (Table 2), while the storage treatment for 100 days with Dipping in hot 
water at a degree of 40°C and the use of gibberellic acid at a concentration of 100 mg.L1 resulted in a 
lowest fruit total sugars, which reached 5.20%. This decrease may be explained by the fact that the 
respiration rate of most kinds of fruits, including citrus fruits was increased as the storage period 
prolonged, and the main substrate in the metabolism of the respiration process is sugars, so the 
percentage of sugars decreases due to the longer storage period and faster the rate of respiration 
increases (Kader, 2002). 
 
3.2. Titratable acidity %: 

Table (3) shows that the highest acidity (3.66%) was obtained from the interaction treatment 
between 0 acids and 50°C and storage for 70 days, while 100-day storage period after dipping in hot 

Characteristics 
Total 

sugars% 
Total 

acidity% 
Sugars/acidity 

ratio 
Ascorbic 
acid% 

Percentage 
of spoiled 
fruits (%) 

Storage period 
(day) 

70 11.37 A 3.17 A 3.74 A 42.80 A 3.91 B 
100 7.01 A 2.24 B 3.36 A 43.62 A 8.53 A 

Dipping in hot 
water (C˚) 

20 9.14 A 2.83 A 3.31 A 41.14 B 6.93 A 
40 9.14 A 2.47 B 3.87 A 45.05 A 6.93 A 
50 9.28 A 2.82 A 3.46 A 43.44 AB 4.83 A 

Dipping in 
Acids (mg. L-1) 

 

Zero 
(control) 

8.91 A 2.87 A 3.18 A 41.60 A 8.89 A 

100GA3 8.50 A 2.67 A 3.33 A 41.57 A 8.00 AB 
002GA3 9.46 A 2.71 A 3.67 A 44.69 A 6.22 AB 
SA 500 9.49 A 2.79 A 3.56 A 44.88 A 4.44 AB 

SA 1000 9.59 A 2.49 A 3.98 A 43.31 A 3.55 B 
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water at 40°C and GA3 at a concentration of 100 mg.L-1 resulted in the lowest acidity of the fruits 
(1.82%). This may be explained based on the breakdown of citric acid as a result of the increasing 
activity of citric acid glyoxylate enzyme during the ripening processes, or the decreasing may be due to 
the conversion of acids into sugars and their entry into the metabolism that occurs in fruits (Singla et 
al., 2018). 
 
Table 2: Effect of interaction between hot water, salicylic acid, gibberellic acid, and storage time on 

total sugars% of grapefruit fruits stored at 5 ± 1˚C and 85-90% RH. 
Storage period 

(day) 
Dipping in 

Acids (mg. L-1) 
Dipping in hot water (C˚) 

20 40 50 

70 

Zero (control) 10.58 A-D 11.84 AB 10.89 A-C 
GA3 100 11.57 AB 11.66 AB 10.09 A-E 
GA3 200 11.33 AB 10.28 A-E 12.48 A 
SA 500 12.3 AB 12.94 A 11.66 AB 

SA 1000 11.48 AB 10.04 A-E 11.43 AB 

100 

Zero (control) 8.41 C-G 5.93 GH 5.84 GH 
GA3 100 5.58 GH 5.20 H 6.89 F-H 
GA3 200 6.73 GH 7.79 D-H 8.18 C-G 
SA 500 5.75 GH 6.47 F-H 7.88 D-H 

SA 1000 7.81 D-H 9.28 B-F 7.52 F-H  
Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 
Table 3: Effect of interaction between hot water, salicylic acid, gibberellic acid, and storage time on 

titratable acidity% of grapefruit fruits stored at 5 ± 1˚C and 85-90% RH 
Storage period 

(day) 
Dipping in 

Acids (mg. L-1) 
Dipping in hot water (C˚) 

20 40 50 

70 

Zero (control) 3.30 A-D 2.97 A-F 3.66 A 
GA3 100 2.88 A-H 2.55 B-G 3.55 AB 
GA3 200 3.29 A-D 3.46 A-C 3.03 A-E 
SA 500 3.59 AB 3.03 A-E 3.16 A-D 

SA 1000 3.12 A-D 2.94 A-G 2.94 A-G 

100 

Zero (control) 2.38 C-G 2.19 D-G 2.67 A-G 
GA3 100 2.51 B-G 1.82 G 2.73 A-G 
GA3 200 2.34 C-G 1.86 FG 2.29 D-G 
SA 500 2.73 A-G 1.90 E-G 2.34 C-G 

SA 1000 2.16 D-G 1.95 E-G 1.82 G 
Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 
3.3. Sugars/acidity ratio:  

It is noticed that the interaction treatment between storage for 70 days after dipping in hot water 
at 40 °C and without any use of both GA3 and salicylic acids led to the highest ratio of sugars/acidity 
of the fruits, which reached 5.19%, while the storage treatment for 100 days after dipping in hot water 
at 20 °C and the use of salicylic acid at a concentration of 500 mg L-1 showed the lowest percentage 
(2.17%) (Table 4).  

 
3.4. Ascorbic acid content (mg/100 ml juice):  

The interaction treatment between storage for 100 days with hot water dipping at 20 °C and 500 
mg.L-1 of salicylic acid , this concentration led to obtaining the best percentage of ascorbic acid (56.66), 
while the same storage treatment which performed with 100 mg.L-1 GA3 led to get the lowest percentage 
(35.33) (Table 5). The result contradicted the findings of Mirta (1997) that gibberellic acid had an 
important effect in increasing the vitamin C content of citrus fruits when sprayed with it. Ascorbic acid 
is considered one of the main qualitative factors in citrus fruits, and it is very sensitive to oxidation 
during storage compared to the rest of the acids, and this oxidation leads to the conversion of 
dehydroascorbate to diketoglunate (Ennab et al., 2020). Salicylic acid deactivates ascorbate peroxidase 
and increases ascorbic acid in apples (Krishna et al., 2012). Lu et al., (2011) reported that salicylic acid 
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is another factor in the degradation of ascorbic acid contents and prevents their breakdown, and thus 
improves fruit quality (Orabi et al., 2018). 

 
Table 4: Effect of interaction between hot water, salicylic acid, gibberellic acid, and storage time on 

total sugars/acidity ratio of grapefruit fruits stored at 5 + 1˚C and 85-90% RH 
Storage period 

(day) 
Dipping in 

Acids (mg. L-1) 
Dipping in hot water (C˚) 

20 40 50 

70 

Zero (control) 3.21 A-G 5.19 A 2.93 A-C 
GA3 100 4.00 A-C 3.01 A-C 2.87 BC 
GA3 200 3.98 A-C 3.69 A-C 4.21 A-C 
SA 500 3.43 A-C 4.26 A-C 3.80 A-C 

SA 1000 3.76 A-C 3.46 A-C 3.90 A-C 

100 

Zero (control) 3.56 A-C 3.10 A-C 2.26 C 
GA3 100 2.21 C 3.05 A-C 2.71 BC 
GA3 200 2.90 A-C 4.39 A-C 3.58 A-C 
SA 500 2.17 C 3.53 A-C 4.20 A-C 

SA 1000 3.90 A-C 4.75 AB 4.16 A-C 
Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 
Table 5: Effect of interaction between hot water, salicylic acid, gibberellic acid, and storage time on 

ascorbic acid (mg/100 ml juice) of grapefruit fruits stored at 5 ±1˚C and 85-90% RH 
Storage period 

(day) 
Dipping in 

Acids (mg. L-1) 
Dipping in hot water (C˚) 

20 40 50 

70 

Zero (control) 43.07 B-E 43.54 B-E 41.65 B-E 
GA3 100 35.97 E 44.96 B-E 39.20 D-E 
GA3 200 41.65 B-E 50.17 A-D 42.98 B-E 
SA 500 38.57 DE 43.54 B-E 39.82 C-E 

SA 1000 42.19 B-E 42.65 B-E 52.06 AB 

100 

Zero (control) 36.66 E 44.00 B-E 40.66 B-E 
GA3 100 35.33 E 42.66 B-E 51.33 A-C 
GA3 200 42.66 B-E 50.00 A-D 40.66 B-E 
SA 500 56.66 A 46.66 A-E 44.00 B-E 

SA 1000 38.66 DE 42.33 B-E 42.00 B-E 
Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 
3.5. Spoiled fruits%: 

It noted from Table (6) that most of the interaction treatments succeeded in reducing the 
percentages of spoiled fruits, especially when storing for 70 days and dipped in hot water at 50 °C, and 
using the studied concentrations of both GA3 and salicylic single as compared with control single, which 
led to the largest percentage of spoiled fruits (10.67%), for both 70 and 100 storage periods. Salicylic 
acid was observed to significantly reduce spoilage of stored mandarin fruits and sweet oranges due to 
its stimulation of the potency of antioxidant enzymes and improve their resistance to fungi attack, the 
accumulation of hydrogen peroxide H2O2, and defense-related metabolites such as ornithine, threonine, 
and poly ethoxy flavones (Zhu et al. 2016).  

An anti-aging effect supports the firmness of the fruits which often reduces microbial attack 
(Ennab et al., 2020). Also, Khademi and Ershadi (2013) stated that treating the fruits with salicylic acid 
reduced the activity of cell wall degrading enzymes, which increase the fruit life after picking and delay 
the fruit ripening. Also, ethylene production may be reduced by treatment of salicylic acid, accompanied 
by swelling of cells (Serrano et al., 2012) and stimulation of the immune system against post-harvest 
lesions, which prolongs the shelf life of fruits with high antioxidants that constitute a natural defense 
mechanism (Orabi et al., 2018). 
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Table 6: Effect of interaction between hot water, salicylic acid, gibberellic acid, and storage time on 
spoiled fruits % of grapefruit fruits stored at 5 ±1˚C and 85-90% RH 

Storage period 
(day) 

Dipping in 
Acids (mg. L-1) 

Dipping in hot water (C˚) 
20 40 50 

70 

Zero (control) 5.33 AB 5.33 AB 10.67 A 
GA3 100 10.67 A 5.33 AB 0.00 B 
GA3 200 5.33 AB 5.33 AB 0.00 B 
SA 500 0.00 B 5.33 AB 0.00 B 

SA 1000 0.00 B 0.00 B 5.33 AB 

100 

Zero (control) 10.67 A 10.67 A 10.67 A 
GA3 100 10.67 A 10.67 A 10.67 A 
GA3 200 10.67 A 10.67 A 5.33 AB 
SA 500 10.67 A 10.67 A 0.00 B 

SA 1000 5.33 AB 5.33 AB 5.33 AB 
Values with the same letter (s) did not differ significantly according to Duncan test at 5% P. 

 

Pic. 1: Physiological disorder or diseases of grapefruit infection were considered as spoiled fruits and 
not suitable for marketing. 
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