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Abstract 

In north India, winter guava crop is harvested in the coldest month of the year, yet it poses a challenge in 

post-harvest life due to its perishable nature. There is also concern about the use of any 

pesticide/chemicals for extension of shelf life in guava as fruits are consumed with peel and fresh. To 

prolong the shelf life of guava fruits use of cold storage is alternative but being a subtropical fruit, it is 

sensitive to low temperature. Therefore, an alternative mode to enhance the self-life of fruits by 

optimising hot water treatment and storage at low temperature was worked out. Mature fruits of guava 

were treated at 45 oC, 50 oC, 55 oC with check (normal tap water) for 3 minutes and stored at low 

temperature of 5±2 oC and 85 to 90 per cent R.H. Fruits were withdrawn at weekly interval and assessed 

for physico-chemical parameters. The cumulative physiological loss in weight (CPLW) per cent was 

maximum in control fruits (10.88 per cent), while it was minimum (8.66 per cent) in fruits treated with 

hot water at 45 oC. The total soluble solid (TSS) was 12.2oBrix in fruits treated with hot water at 45 oC. 

The acidity of the fruits decreased with increase in storage. In fruits treated with hot water at 50 oC, the 

ascorbic acid content of the fruits was maximum 274.16 mg/100g after 21 days of storage and minimum 

114.05 mg/100g after 28 days of storage. The total polyphenols content of the fruits decreased with 

increase in storage life. Conclusively fruits treated with hot water at 45oC could be stored up to 28 days + 

3 days under room temperature. 

 

Keywords: Shelf-life, physico-chemical parameters, ascorbic acid, total polyphenols, antioxidants 

 

Introduction 

Guava is consumed fresh and also processed for its palatable flavour and taste. It is a rich 

source of dietary fibre, polyphenols and minerals. Guava fruits are highly nutritious in nature 

because it contains high levels of ascorbic acid (50 to 300mg/100g fresh weight), which is 

three to six times higher than oranges. Guava is a climacteric fruits with a limited shelf life. 

The quality decreases rapidly once harvested at colour breaking stage. To extend the shelf life 

of the fresh fruits many technologies are being used, such as reduced storage temperature, dip 

treatments with ethylene suppressors, external coatings, modified and controlled atmospheric 

storage, etc. Post harvest thermotherapy or heat treatments are being used for a long time for 

disease control, to modify the responses of fruits to stresses and maintain fruit quality during 

storage in many fruits. (Armstrong et al., 1989; Couey, 1989; Klein and Lurie, 1990; Paull, 

1994; Paull and McDonald, 1994; Lurie, 1998; McDonald et al., 1999) [2, 8, 23, 21, 15, 19]. It is 

advocated that heat treatment exposure to the fruits to temperatures 40-42°C increases the 

storage life and flavour of fruits (Barber and Sharpe, 1971 and Lurie, 1998) [4, 15]. Higher 

temperature >45 °C are associated with skin scald and heat injury (Paull and Chen; 2000) [22]. 

Symptom development of fruits when subjected to hot water treatment and exposure time is 

well documented in banana (Armstrong, 1982) [1] and oranges (Williams et al., 1994) [35]. Fruit 

maturation stage is an important factor influencing its susceptibility to chilling injury. Guava 

fruits harvested at colour turning stage could be stored for 3 weeks at 7°C with good 

appearance quality and less decay then those harvested at mature green stage (Vazquez-Ochoa 

and Colina-Leon, 1990) [31]. Guava is reportedly sensitive to heat treatments as it affects the 

fruit quality varying from slightly to adversely (Gould and Sharp, 1992; Yusof and Hashim, 

1992 and Monzon et al., 2004) [11, 37] therefore it is imperative to maintain guava fruit at 
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optimum temperature to avoid chilling injury during the 

supply chain. Different temperatures treatments are 

recommended for guava fruits depending on the cultivars, 

growing environment and cultural practices. In north Indian 

conditions winter crop is quality crop but despite quality fruits 

it has very short shelf life of 4-6 days only under ambient 

conditions. Shelf life of guava fruits needs to be increased by 

some safe method. Hot water treatments of guava for 

prolonging the shelf life are not well studied. Hot water 

treatments (at different temperatures) in combination with 

cold storage were tried for desired result and to establish the 

relationship between thermotherapy and cold treatment on the 

antioxidants, phytochemical concentration and quality of 

fruits. 

 

Materials and Methods  

Fruits of guava cv. Shweta used for this study were harvested 

from the orchards of ICAR- Central Institute for Subtropical 

Horticulture were brought to Post Harvest Management Lab 

for further treatments. The fruits were divided into four lots, 

weighed and subjected separately to hot water treatment at 

45°C, 50°C, 55°C and control (normal water) for 3 minutes 

and stored under cold temperature (5±2 °C and 85-90% R.H). 

The fruits were periodically sampled at 7 days intervals and 

following physico-chemical quality parameters were analysed 

as mentioned below. 

 

Physical attributes: Fruits were weighed at different 

sampling intervals. Then the weight lost was calculated as the 

difference between initial fruit weight and the fruit weight at 

the time of measurement and expressed as cumulative 

physiological weight loss (CPLW percentage). Firmness of 

the fruit was measured with the help of penetrometre (8 mm 

probe, USA) and expressed as kg/cm2. 

 

Biochemical attributes  

Electrolyte leakage (per cent): The method described by 

McCollum and McDonald (1991) [18] was used to determine 

the rate of electrolyte leakage. For each fruit, six discs of peel 

tissue (10 mm in diameter) were cut at random using a cork 

borer. The electrical conductivity (EC1) was measured using 

a conductivity meter after 3 h incubation in 25 ml of 0.4 M 

mannitol at 25 0C with constant shaking. After recording EC1, 

each sample was boiled for 20 min, cooled to room 

temperature, and the electrical conductivity was measured 

again (EC2) as an indicator of the total electrolytes released. 

The level of electrolyte leakage was then expressed as a 

percentage of the total electrolyte reading.  

 

Electrolyte leakage (EL) = 
EC1

EC2
X
100

1
 

 

Fruits were finely cut and approximately 200g were ground to 

pulp using a blender and samples were weighed and analysed 

for biochemical parameters as follows: Total soluble solid or 

soluble solid content (SSC) with help of refractometer model 

PAL-1 (Atago, Tokyo, Japan) and tritatable acidity (TA) 

ascorbic acid in fruit pulp was estimated by method as 

outlined by Ranganna (2000) [26]. 

 

Total phenols (TP): The total phenolics was estimated 

according to the methodology of (Singleton et al., 1999) [29] 

by use of Folin-Ciocalteu reagents and gallic acid as standard 

for reference. Sample of 0.2ml of each were taken in a test 

tube and 0.5ml of Folin-Ciacalteu phenol reagent was added. 

The tubes were maintained at room temperature for 5 min. 

afterward, 0.4ml of 7.5% sodium carbonate was added and 

shaken well the samples were incubated at 25oC for 60 min. 

The absorbance was measured at 750 nm with a UV/visible 

spectrophotometer. The standard curve was prepared with 

gallic acid. The results were expressed as milligram gallic 

acid equivalents (GAE/100g).  

 

Total flavonoid: Flavonoid content was determined as 

described by (Zhishen et al. 1999) [38]. The sample methanol 

extract (1ml) was mixed with 4ml of water and 300 µL of 5% 

NaNO2
. The mixture was agitated and incubated for 5 

minutes, followed by the addition of 300 µL of AlCl3 (10%) 

and incubated for 1 minute. Two ml of 1M NaOH and H2O 

were added, the volume was made 10ml and absorbance was 

measured at 415 nm. Results were expressed as milligram 

quercetin equivalent per gram fresh weight (QE/g FW). 

 

Antioxidants (FRAP and DPPH): FRAP assay was done as 

per the methodology of Benzie and Strain (1996) [5] in ethanol 

and methanol extract of sample. The reduction of a ferric–

tripyridyltriazine complex to its ferrous, coloured form in the 

presence of antioxidants is the principle of the assay. The 

FRAP agent contained 2.5ml of a 10 mmol-1 TPTZ (2,4,6-

tripyridy-s-triazine, Sigma) solution in 40 mmol-1 HCL plus 

2.5 ml of 20mmol-1 FeCl3 and 25 ml of 0.3mol-1 acetate 

buffer, pH 3.6 and was prepared freshly and warmed at 37oC. 

Aliquots of 40µl sample supernatant were mixed with 0.2ml 

distilled water and 1.8ml FRAP reagent and the reaction 

mixture was incubated at 37°C for 10 min. and absorbance 

measured by spectrophotometer at 593nm. The standard 

solution used was 1mmol-1 Trolox and the final result was 

expressed as the concentration of antioxidants as micromoles 

trolox equivalent/g FW (mmoles TE/g FW). The 2, 2-

diphenyl-1-picrylhydrazyl (DPPH) estimation was done 

according to the method of Brand-Williams et al., (1995). 

DPPH was weighed (24mg) and dissolved in 100 ml methanol 

which served as stock solution and stored at -20oC until 

needed. The working solution was obtained by mixing 10ml 

of stock solution with 45 ml methanol to get an absorbance of 

1.1±0.02 units at 515 nm using the spectrophotometer. Fruit 

extracts of 150µL were allowed to react with 2850ml of 

DPPH solution for 24 hours in the dark. Then the absorbance 

was read at 515nm. The results were expressed as per cent 

inhibition.  

 

Results and Discussion  

The CPLW per cent of guava fruits was significantly affected 

(p≤ 0.05) by hot water treatments during the period of 28 days 

of storage (Table1). Control fruits of guava showed 

significantly higher CPLW during the early days of storage, 

which gradually increased during the later period of storage. 

Desiccation became noticeable on fruit surface which 

accounts for >10% of their FW. Among the treatments, hot 

water 45 °C for 3 min was effective in reducing CPLW. At 

the end of storage (28 days), the highest percentage of CPLW 

(10.88%) was recorded in control fruits, while it was lowest 

(8.66%) in hot water 45°C for 3 min treated guava fruits.  

Evaporation from fruit surface during storage becomes 

apparent as desiccation. The lower CPLW in fruits treated 

with hot water 45 °C for 3 min during cold storage could be 

related to the lower severity of chilling injury (Gould and 

Sharp, 1992; Yusuf and Hashim, 1992 and Monzon et al., 

2004) [11, 37]. Hot water temperature significantly affected the 

percentage of weight loss of dragon fruit (Lum and Norazira, 

2011) [16]. 
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The firmness of the fruits data revealed that, irrespective of 

treatment, there was a gradual decline in fruit firmness in 

storage though it was comparatively less in hot water treated 

fruits (Table 1). Hot water treatments were effective in 

maintaining reasonably higher value of fruit firmness up to 14 

days of storage in cold storage which remained reasonably 

well up to 21 days. On 28th day highest firmness (8.33 

kg/cm2) was retained in fruits treated with hot water treatment 

with 45°C, while it was lowest (5.47 kg/cm2) in control guava 

fruits. Among quality attributes, firmness of fruits is 

important and determines the consumer’s acceptability. In this 

study, the softening of guava fruit was delayed significantly 

by hot water treatment prior to cold storage (Table 1). 

Ethylene is responsible for post-harvest softening/ripening in 

climacteric fruits. After heat treatments or thermotherapy, cell 

wall degrading enzymes and ethylene production is disrupted 

and sometimes not produced (Paull and Chen 2000) [22]. (Yu 

et al.; 1980, Atta Aly, 1992) [36, 3] advocated that first type of 

heat response is normal cellular response (<42°C) that can 

lead to reduced chilling sensitivity, delayed or slowed 

ripening and a modification of quality. The second is 

threshold for damage >45 °C that modifies the cellular 

response to stress and its recovery. Temperatures >35°C can 

cause an accumulation in endogenous ACC (1-

aminocyclopropane-1-carboxylic acid) content in apple and 

tomato. (Briggs et al., 1988; Klein 1989) [6, 12] found reduced 

ethylene production in fruits. (Lum and Norazira, 2011) [16]. 

Also found that hot water temperature significantly affected 

the percentage of firmness of dragon fruit. Our findings are 

also in agreement with the above findings.  

Electrolytic leakage (EL) gradually increased in all treatments 

(Table 1.) and varied significantly (p±0.05) throughout the 

storage period of 28 days. In early days of storage, control 

fruits exhibited higher per cent of EL, which later increased 

with a faster rate than in fruits treated with hot water. At 45°C 

increase in per cent of EL was at lowest rate up to 28 days of 

storage (53.85).  

The physical state of membrane lipids changes from liquid-

crystalline to a solid-gel under low temperature conditions, 

which leads to an increase in membrane permeability and ion 

leakage as reported by (Gomez-Galindo et al., 2004) [10]. Total 

soluble solid (TSS) degree brix and titratable acidity per cent 

data revealed that TSS increased while the TA decreased 

gradually during the entire storage period of 28 days (Table 

1.). Among the treatments, maximum TSS (12.17°B) was 

noted in control and fruits treated at 50°C on the 14th day of 

storage. The TA was maximum (0.48%) in fruits treated with 

hot water 45°C on 14th day, while it was minimum (0.27%) in 

fruits on the 21st day of storage. (Lum and Norazira, 2011) [16] 

also advocated that hot water temperature significantly 

affected the percentage of TA of dragon fruit.  

The ascorbic acid content in guava fruits varied significantly 

(p≤0.05) during storage period of 28 days (Fig.1.A). Ascorbic 

acid content was maximum (274.17 mg/100g) in fruits treated 

with hot water at 50°C on the 21 day of storage, while it was 

minimum (110.76 mg/100g) in fruits treated with hot water at 

55°C on the 28th day. The ascorbic acid content declined 

gradually from 21 day to 28 day of storage period. In 

untreated control fruits it reached the highest on the 14th day 

of storage and decreased thereafter. Loss of vitamin C during 

post harvest is unclear due to temperature and water loss 

during storage (Paull, 1999) [22]. Hot water treatment at 50°C 

did not affect the ascorbic acid content of Satsuma mandarin 

(Shen Yu et al., 2013) [27]. 

Total polyphenols content among the treatments varied 

significantly (p≤0.05) during the entire period of storage (28 

d) of the fruits at temperature 5±2°C and relative humidity of 

85-90 per cent (Fig.1.B.). On the day of harvest guava fruits 

had total phenol content of 2.16 mg GAE/100g, which in 

general decreased in all treatments during the storage period. 

Fruits treated with hot water at 45 °C had highest polyphenols 

(2.53 mg GAE/100g) on the 21 day of storage and it was least 

(1.29 mg GAE/100g) in fruits treated at 50 °C on the 28 day. 

During the entire period of storage (28 days), guava fruits 

exhibited significant (p≤ 0.05) changes in the total flavonoid 

content (Fig.1C.). Among the hot water treatments highest 

(6.26 mg QE/g FW) flavonoid content in fruits with hot water 

at 55°C on the 7 day, while it was least (0.59 mg QE/g FW) in 

control fruits on the 28th day. 

The protective effect of a short heat stress could be through 

interruption of normal metabolic process or inhibiting the 

synthesis of enzymes. Browning is prevented by the heat 

stress response only in the tissues with initially low level of 

phenolic compounds and low level of phenylpropanoid 

enzyme activity. The slight heat stress that prevents browning 

is due to rise in PAL (phenylalanine ammonia-lyase) activity 

Loaiza-Velarde et al., (1997). Significant increases of 

flavonoids were found in hot water treated fruits of Satsuma 

mandarin till 15 days of storage (Shen Yu et al., 2013) [27]. 

Antioxidants estimated by FRAP and DPPH method varied 

significantly (p≤ 0.05) in hot water treated fruits of guava 

throughout the period of 28 days (Fig.1D&1E.). In the 

estimation of antioxidants by FRAP method there was 

decrease in antioxidant on the 14th day of storage and 

thereafter increased on the 28th day in all the treatment of 

ethanol extract. The antioxidant of ethanol extract was 

maximum (8.25 m moles TE/g FW) in fruits treated with hot 

water at 55°C while, it was minimum (3.74 m moles TE/g 

FW) in fruits treated with hot water at 45 °C on 21 d of 

storage. In methanol extract, the FRAP antioxidant estimated 

was highest on the 14 day of storage in all treatment thereafter 

it decreased up to 28 day of storage. It was maximum (8.0 m 

moles TE/g FW) and minimum (4.50 m moles TE/g FW) in 

hot water treated fruits at 55°C on the 14 and 28 day of 

storage, respectively. The per cent inhibition of antioxidant by 

DPPH method exhibited highest per cent (82.49%) on the day 

of harvest thereafter it decreased continuously up to 28 day of 

storage (Fig. 1F.). At the end of the storage period of 28 day 

the inhibition per cent was maximum (60.92%) in hot water 

treated fruits at 50 °C.  

Pomegranates heat-treated at 45 °C exhibited higher total 

antioxidant activity than controls. It was correlated to high 

levels of total phenolics and less to ascorbic acid and 

anthocyanin contents as reported by (Mirdehghan et al., 2006) 

[20]. Low temperature heat treatments (45°C) maintained the 

phenolic compounds and antioxidant capacity of “Red Fiji” 

apples as noticed by (Li-Li et al., 2013). Hot water at 50°C 

significantly increased the phenolic and antioxidant in 

Satsuma mandarin (Shen Yu et al., 2013) [27]. 
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Plate 1: Guava fruits treated with hot water on 28th day of storage at 5±2°C, 85-90% R.H 

 

 
 

Fig 1: Effect of hot water treatments on (A) ascorbic acid (mg/100g), (B) total polyphenol (mg GAE/100g), (C) total flavonoid (mg QE/gm), (D) 

antioxidant ethanol extract (m mole TE/g), (E) antioxidant methanol extract (m mole TE/g) and (F) antioxidant DPPH (per cent inhibition) 

during storage of guava fruits cv. ‘Shweta’ 
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Table 1: Effect of hot water treatment with different temperatures to guava (cv Shweta) on physico-chemical properties of fruits after different 

period of storage in cold storage condition 
 

 Storage Period (Days) 

 0 7 14 21 28 

Treatments CPLW (%) 

Control - 4.28(0.01) 5.84(0.01) 9.44(0.02) 15.60 (0.02) 

Hot water 45 °C - 2.75(0.02) 4.01(0.00) 6.15(0.01) 8.66 (0.01) 

Hot water 50 °C - 3.96(0.05) 5.75(0.03) 6.75(0.02) 10.15 (0.01) 

Hot water 55 °C - 3.85(0.01) 5.03(0.02) 8.86(0.01) 10.37(0.00) 

 Electrolyte Leakage (%) 

Control - 26.00 (0.03) 40.37 (0.01) 51.46 (0.01) 62.94 (0.01) 

Hot water 45 °C - 22.65 (0.02) 32.45 (0.01) 47.18 (0.11) 53.85 (0.01) 

Hot water 50 °C - 22.93 (0.01) 33.35 (0.01) 47.45(0.01) 58.54 (0.01) 

Hot water 55 °C - 25.65(0.01) 36.23(0.01) 50.71(0.01) 60.00(0.01) 

 Firmness (kg/Cm2) 

Control 12.43(0.07) 10.83(0.09) 9.40(0.10) 8.27(0.07) 5.47(0.07) 

Hot water 45 °C 12.43(0.07) 12.27 (0.07) 11.80(0.06) 11.07(0.13) 8.33(0.07) 

Hot water 50 °C 12.43(0.07) 12.27 (0.03) 11.57(0.03) 10.27(0.07) 7.93(0.13) 

Hot water 55 °C 12.43(0.07) 12.17(0.03) 11.47(0.07) 10.93(0.13) 8.13(0.07) 

 TSS°B 

Control 9.53 (0.03) 10.33 (0.07) 12.17 (0.03) 10.87 (0.07) 11.37 (0.03) 

Hot water 45 °C 9.53 (0.03) 12.23 (0.03) 11.47 (0.07) 10.20 (0.12) 11.77 (0.07) 

Hot water 50 °C 9.53 (0.03) 10.93 (0.07) 12.27 (0.07) 12.10 (0.06) 11.27 (0.07) 

Hot water 55 °C 9.53 (0.03) 11.27 (0.03) 11.33 (0.07) 11.53 (0.07) 11.73 (0.07) 

 Titratable acidity (%) 

Control 0.23 (0.00) 0.31 (0.01) 0.38(0.01) 0.36 (0.00) 0.31 (0.01) 

Hot water 45 °C 0.23 (0.00) 0.43 (0.00) 0.48 (0.00) 0.46 (0.00) 0.27 (0.00) 

Hot water 50 °C 0.23 (0.00) 0.39 (0.00) 0.46 (0.00) 0.46 (0.00) 0.35 (0.00) 

Hot water 55 °C 0.23 (0.00) 0.36 (0.00) 0.47 (0.01) 0.42 (0.02) 0.36 (0.00) 

*Figures in the parenthesis are standard error of mean 

 

Conclusions 

Heat treatments for minimization of post harvest loss is of 

continues and considerable interest by researchers. The 

potential of treatment with 45 °C for 3 min is effective in 

extending the shelf life of guava ‘Shweta’ for 28 days under 

cold storage (5±2 °C and R.H.85-90%) in addition to 3 days 

of storage under ambient conditions. It also maintained the 

nutritional components like vitamin C, total poly phenols, 

flavonoids and antioxidants of the fruits during the entire 

period of storage. Hot water treatments were beneficial for 

shelf life extension and quality maintenance of guava fruits 

during storage. Knowledge of thermo tolerance in fruits and 

decay development in prolong storage may allow the 

development of more commercial feasible treatments in the 

value chain. 
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