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 A B S T R A C T  
 
Present study was performed to assess the effect of different essential oils viz. cinnamon, citronella, peppermint, eucalyptus, lavender, thyme, 

rosemary and basil, on physico-chemical qualities and shelf life of stored pineapple cv. Giant Kew at ambient (temperature: 25±30C; relative humidity: 

75±5%) condition. It was found that treatment with eucalyptus oil (0.5% v/v) significantly controlled the physiological weight loss, fruit shrinkage, textural 

degradation and maintained good flesh colour (L:86.48, a:-6.64, b:39.48), translucency (score: 2.25) and crown condition (score: 1.50). Besides, after 9 
days of storage; TSS (13.520Brix), titratable acidity (0.95%), total sugar (10.18%), total phenol (64.49 µg g-1), ascorbic acid (22.24 mg 100g-1) and 

antioxidant activity (71.48±1.02 % inhibition DPPH) was found highest under this treatment compared with others. No fruits got decayed under this 

treatment up to nine days and caused maximum shelf life (16.75 days). However, the shelf life was also high (16.25 days) for basil oil treated pineapple 
fruits.    
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INTRODUCTION 

Pineapple, the most important, exquisite, juicy and appealing fruit of Bromeliaceae, is profusely cultivated in tropical World. Though 

Indian fruit production mostly dominated by banana, mango, citrus, papaya, guava, grapes etc. however, 2038 thousand metric tons 

of pineapple was produced from an area of 121 thousand hectares to made it 7th  largest producer in the globe (Anon., 2017).  

Around 5208 metric tons of Indian pineapple was exported mainly to Gulf countries to earn approximately 3.47 million US$ in 2016-
17. Though a good amount of pineapple is sliced and canned but for table purpose mostly traded as whole fruit in ambient condition 

and undergoes postharvest losses of 15-25% (Hossain and Bepary, 2015). Further, storage at ambient condition (23±20C and 

65±5% relative humidity) caused low (10.30 days) shelf life (Mandal et al., 2015) while low temperature (100C) storage was reported 
(Joseph-Adekunle et al., 2009) to increase shelf life (33 days) but with chilling injury and internal browning (Nukuntornprakit et al., 

2015). Plant chemicals like gibberellins (Kabir et al., 2010) and salicylic acid (Lu et al., 2011) was found effectively influencing 

ambient storage life however, recent development of consumer preference for chemical free, safe and eco-friendly processed food 
products put forth the need for alternative approach towards shelf life and postharvest quality management in pineapple. Essential 

oils (EO) as plant aroma volatiles are extracted and reported to exhibit antimicrobial effect (Govaris et al., 2010; Damjanovic-Vratnica 

et al., 2011); thus EO’s like lemon grass (Tzortzakis and Economakis , 2007), thyme (Kumar et al., 2008), eucalyptus (Javed et al., 
2012), clove (Shao et al., 2015), oregano (Plotto et al., 2003) etc was reported to control postharvest pathogen and was found to 
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influence storage of food. Mint (Bitencourt et al., 2014) and lemon grass (Azarakhsh et al., 2014) oil enriched edible coating was used 

in fresh cut pineapple for extending shelf life. 

Therefore, the study was performed for evaluating influence of different essential oils on shelf life and postharvest quality of pineapple 

during storage at ambient condition.  

MATERIALS AND METHODS 

Mature green freshly harvested pineapple cv. Giant Kew was collected from local grower of Thingsulthliah, Aizawl district, 

Mizoram, India. Fruits with uniform shape, size, colour, firmness, free from disease, pest and mechanical injuries were further 

sorted for using as experimental material. Surface cleaning of the fruits was done with running tap water followed by 30 
seconds dipping in ethanol (70% v/v) and subsequently rinsed in sterile double distilled water. Fruits were kept in a stream of 

dehumidified air for 10 minutes to remove the surface moisture. 

Ten treatments viz. T1: cinnamon (Cinnamomum zeylanicum) oil, T2: citronella (Cymbopogon nardus) oil, T3: peppermint 

(Mentha piperita) oil, T4: eucalyptus (Eucalyptus globulus) oil, T5: lavender (Lavandula angustifolia) oil, T6: thyme (Thymus 

vulgaris) oil, T7: rosemary (Rosmarinus officinalis) oil, T8: basil (Ocimum basilicum) oil, T9: coconut (Cocos nucifera) oil, T10: 
control (water dipped) were used with four replication under this study. Four fruits with crown, in each replication were kept in 

ventilated cardboard box and stored at ambient condition (temperature: 25±30C; relative humidity: 75±5%) at Postharvest 

Technology Laboratory, Department of Horticulture, Aromatic and Medicinal Plants, School of Earth Science and Natural 
Resources Management, Mizoram University, Aizawl, India. 

Hydro-distilled, pure (100%) essential oils of cinnamon (bark), citronella (leaves and stems), peppermint (leaves, flowers and 
buds), eucalyptus (leaves), lavender (flowers), thyme (leaves and flowers) and rosemary (leaves, flowers and buds) 

manufactured by Mesmara Essential Oil, Ramachandrapuram, Sangareddy District, Telangana, India  and USDA certified, 

natural and organic extra virgin coconut oil (manufactured by Earthon Products Pvt. Ltd., Mustafa Bazar, Byculla, Mumbai , 
India.) were purchased and used for preparation of treatments. Respective EO coating was prepared by mixing EO (0.5% v/v) 

with glycerol (1.2% v/v) and coconut oil (80% v/v) along with sterile water. All formulations were mixed in homogenizer for 5 

minutes at 24,500 rpm to form the emulsion for coating by dipping the fruits for 2 minutes whereas; coconut oil (100%) and 

water dipping were followed in T9 and T10, respectively. 

Observations on physiological weight loss (using digital balance), fruit length and diameter (using digital slide caliper), firmness 

(using digital penetrometer), and biochemical parameters viz. total carbohydrates, protein and total phenol were determined as 
per method described by Sadasivam and Manickam (2005), total soluble solids (TSS; using handheld refractometer), total 

sugar and titratable acidity (AOAC, 2012), ascorbic acid content (Ranganna, 1997) were recorded at 3, 6 and 9 days after 

storage (DAS) whereas, fruit flesh colour (using digital colour meter for L*,a*,b* ), antioxidant activity (DPPH scavenging 
activity, Kato et al., 1988) and fruit decay (Pila et al., 2010) were determined at 9 DAS. Scoring was done for flesh 

translucency [1: 100% opaque, 2: opaque with slight translucent (less than 50%), 3: opaque with moderate translucent (more 

than 50%), 4: 100% translucent   ] and crown condition (1: good, green and fresh; 2: good with tips slightly yellow; 3:moderate, 
dry tips, yellowing; 4: bad, dry tip, much yellowing; 5: severe yellow) at 9 DAS (Mandal et al., 2015). Evaluation of shelf life 

(days) was done based on the decay percentage and physico-chemical qualities of fruit and counting day of maximum edible, 

visual and marketable quality from the date of harvest (Moneruzzaman et al., 2009; Mandal et al., 2018). 
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Experiment was laid down in complete randomized design (CRD) with 10 treatments and 4 replications. Analysis of variance 

(ANOVA) was performed to study the variation in the means of the parameters and statistical significance level were 
determined at p ≤0.05 (Easterling, 2015). 

RESULTS AND DISCUSSION 

Physiological weight loss   

 During the entire storage period, physiological weight loss percentage of the stored pineapple got increased. Techavuthiporn 

et al. (2017) reported of having increased loss in physiological weight of 'Phulae' pineapple during ambient storage. 

Transpiration, surface evaporation and respiration of the stored pineapple were considered factors for weight loss (Selvarajah 
and Hearth, 1997). After 3 days of ambient storage, it was observed that pineapple fruits treated with eucalyptus oil (T4) had 

the minimum weight loss (1.56%) followed by treatment with basil oil (2.09%) compared with control (7.42%) (Table 1). At 

9DAS, highest weight loss (18.75%) was recorded in control fruits, whereas, it was found minimum when treated with 

eucalyptus oil (6.98%). It was found that essential oil treated fruits were having low weight loss compared with control which 
may be because of reduced respiration and evaporative surface moisture loss.  Coconut oil enriched with essential oil may 

have created a surface barrier in moisture loss. Tzortzakis (2007) observed reduced weight loss in stored strawberry and 

tomatoes when treated with eucalyptus oil. 

Table 1: Effect of postharvest essential oil treatments on physiological weight loss, decrease in fruit length and diameter 

Treatments  Physiological Weight 
Loss (%) 

Decrease in fruit length (%) Decrease in fruit diameter (%) 

3DAS 6DAS 9DAS 3 DAS 6 DAS 9 DAS 3 DAS 6 DAS 9 DAS 
T1: Cinnamon Oil 4.71 7.32 11.29 2.94 4.73 5.08 2.81 3.25 4.32 

T2: Citronella Oil 2.24 5.28 8.75 1.96 2.35 3.87 1.48 2.21 3.42 

T3: Peppermint Oil 4.25 6.93 10.51 2.71 4.29 4.83 2.56 3.12 4.23 

T4: Eucalyptus Oil 1.56 4.29 6.98 1.07 1.34 2.78 0.96 1.51 2.39 

T5: Lavender Oil 3.71 6.79 9.32 2.45 3.78 4.58 2.27 2.93 4.12 

T6: Thyme Oil 2.93 5.45 8.26 2.32 3.28 4.52 1.85 2.75 3.82 

T7: Rosemary Oil 2.68 5.32 8.35 2.18 2.93 4.17 1.72 2.42 3.58 

T8: Basil Oil 2.09 4.95 7.52 1.82 2.12 3.54 1.18 1.78 3.17 

T9: Coconut Oil 5.23 9.76 14.32 3.21 5.17 5.83 3.05 4.27 5.16 

T10: Control 7.42 11.52 18.75 4.31 5.87 6.34 3.92 5.08 6.17 

SEm± 0.2166 0.3321 0.6355 0.0846 0.2836 0.1364 0.0917 0.1206 0.1452 
CD at 5% 0.3736 0.5729 1.0962 0.1460 0.4892 0.2354 0.1582 0.2080 0.2505 

 

Percent decrease in fruit length and diameter 

During ambient storage of pineapple fruits, it was found that length and diameter of the fruits got gradual decrease. At 3DAS, 
fruits treated with eucalyptus oil (1.07%, 0.96%); basil oil (1.82%, 1.18%) and citronella oil (1.96%, 1.48%) had lower 

percentage decrease in length and diameter compared with control (4.31%, 3.92%). After 9 days of ambient storage, 

eucalyptus oil treated fruits had minimum percent decrease in fruit length and diameter (2.78%, 2.39%) compared with other 
treatments (Table 1). During storage, increase respiration and evaporative loss of surface moisture had resulted shrinkage of 

fruits and caused gradual decrease in length and diameter. However, essential oils coupled with coconut oil, had given a 
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protective layer on fruits which reduced the moisture loss and decreased the rate of shrinkage. Prabowo and Mawarani (2020) 

reported to have less shrinkage and weight loss of stored tomatoes with eucalyptus oil. 

 

Fig. 1: Effect of postharvest essential oil treatments on average score for flesh translucency and crown condition 

 

Flesh translucency and crown condition 

Scoring for flesh translucency of the stored pineapple revealed that fruits treated with eucalyptus oil, basil oil, citronella oil and 

rosemary oil had low score (2.25-2.75; opaque with slight translucent) compared with control (3.75; opaque with more than 
50% translucent) at 9DAS (Fig.1). Increased sugar accumulation, enhanced electrolyte leakage coincides with highest flesh 

translucency in pineapple (Chen and Paull, 2000). For crown condition, citronella oil and eucalyptus oil coated crowns had 

very low score (1.25-1.50; good, fresh and green) compared with control (4.75; severe yellowing).  Essential oil enriched 
coconut oil layer created a protective smear on fruit and crown and caused less desiccation and resulted in low crown 

condition score, whereas, it may have influenced the electrolyte leakage of stored fruit to have less translucent flesh.  

Fruit texture and flesh colour 

Texture of the pineapple fruits reduced to become soft while storage. Fruit texture ranged between 34.33 to 56.25 Ncm-2 at 3 

DAS which decreased and ranged between 20.28 to 42.43 Ncm-2 at 9 DAS (Table 2). It was found that fruits coated with 
eucalyptus oil had good fruit texture (42.43 Ncm-2) compared with other treatments at 9 DAS. Jhalegar et al. (2015) opined 

that essential oils have marked influence on texture of the stored fruit and found that eucalyptus and lemon grass essential oil 

positively influence the texture of stored kinnow mandarin. At 9DAS, fruits coated with eucalyptus oil had white colour flesh 
(L:86.48, a:-6.64, b:39.48), basil oil had white with yellow tinged flesh (L:85.57, a:2.31, b:9.51) compared with control (L:71.44, 

a:8.20, b:67.10; brown yellow). Essential oil impacted the respiration and ripening of the stored pineapple and delayed the 

flesh colour accumulation. Rabei et al. (2011) reported that essential oils caused low ethylene production in treated ‘Jonagold’ 
apple. 
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Table 2: Effect of postharvest essential oil treatments on fruit texture and colour 

Treatments  Texture (Ncm-2) Flesh Colour at 9 DAS 

3DAS 6DAS 9DAS L a b 

T1: Cinnamon Oil 37.53 32.36 28.74 87.36 0.68 40.44 
T2: Citronella Oil 44.27 40.23 36.24 81.59 0.49 10.57 
T3: Peppermint Oil 38.47 33.56 29.42 77.06 3.92 61.80 
T4: Eucalyptus Oil 56.25 47.91 42.43 86.48 -6.64 39.48 
T5: Lavender Oil 39.21 35.45 30.23 78.54 2.37 62.53 
T6: Thyme Oil 40.53 36.21 31.54 83.75 1.81 15.32 
T7: Rosemary Oil 42.17 38.32 33.27 73.13 -6.66 42.08 
T8: Basil Oil 47.23 42.14 38.09 85.57 2.31 9.51 
T9: Coconut Oil 35.14 27.41 22.92 79.27 2.53 56.17 
T10: Control 34.33 25.83 20.28 71.44 8.20 67.10 
SEm± 0.8839 1.0463 0.9920 - - - 
CD at 5% 1.5248 1.8049 1.7112 - - - 

 

Total Soluble Solids (TSS), titrable acidity and TSS:acid ratio 

It was found that TSS and titrable acidity content of the pineapple fruits gradually decreased during storage. Dropping of TSS 

and acidity may have marked the senescence. At 3 DAS, TSS content was ranged between 14.87 and 16.72 0Brix but it got 
reduced and ranged between 9.32 and 13.520Brix after 9 days of ambient storage (Table 3). Nilprapruck et al. (2008) found to 

have decreased in TSS content of stored pineapple. At 9 DAS, pineapple fruits treated with eucalyptus oil had highest TSS 

(13.520Brix) followed by T8 (12.920Brix) and T2 (12.750Brix) compared with control (9.320Brix). Essential oil treated fruits had 
better retention of TSS content than control fruits. Similarly, titrable acidity was high and ranged between 0.92% and 1.15% at 

3 DAS, but got decreased and ranged between 0.74% and 0.95% at 9DAS. Dhar et al. (2008) reported to have declined 

tritable acidity content in stored pineapple fruits. Fruits treated with eucalyptus oil had high acidity (0.95%) compared with 
control (0.74%). Essential oil treated fruits reported to have reduced respiration and ethylene release (Rabei et al., 2011; 

Jhalegar et al., 2015), which may have resulted better retention of TSS and acidity.  After 9 days storage, TSS:acid ratio was 

found maximum in T5( 17.72) compared with control (12.59). TSS: acid ration was recorded higher (14.04 to 17.72) in fruits 
treated with essential oils.  

Total sugar, reducing sugar and total carbohydrate 

During the storage study of pineapple, it was observed that total sugar, reducing sugar and total carbohydrate content 

markedly decreased. It was observed may be due to the effect senescence in the stored fruits. At 3DAS, range of total sugar 
(10.86-12.72%), reducing sugar (8.33-11.04%) and total carbohydrate content (11.96-14.25%) was found high which got 

drastic reduction and ranged as total sugar (5.71-10.18%), reducing sugar (4.76-9.28%) and total carbohydrate content (7.32-

11.83%) at 9DAS (Table 4). Hong et al. (2013) observed that total sugar, glucose, fructose value of stored pineapple 
consistently decreased during the period of ambient storage (250C).  
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Table 3: Effect of postharvest essential oil treatments on TSS, acidity and TSS:acid ratio of pineapple 

Treatments  TSS (0 Brix) Titrable Acidity (%) TSS : Acid Ratio  

3DAS 6DAS 9DAS 3DAS 6DAS 9DAS 3DAS 6DAS 9DAS 
T1: Cinnamon Oil 15.72 12.72 11.08 0.97 0.92 0.72 16.21 13.83 15.39 
T2: Citronella Oil 15.25 13.08 12.75 1.08 1.02 0.86 14.12 12.82 14.83 
T3: Peppermint Oil 14.92 12.76 11.52 0.97 0.93 0.82 15.38 13.72 14.05 
T4: Eucalyptus Oil 15.85 14.27 13.52 1.15 1.08 0.95 13.78 13.21 14.23 
T5: Lavender Oil 14.87 12.81 11.34 1.01 0.92 0.64 14.72 13.92 17.72 
T6: Thyme Oil 16.34 12.87 11.62 0.98 0.95 0.78 16.67 13.55 14.90 
T7: Rosemary Oil 15.56 12.95 11.87 1.02 0.97 0.81 15.25 13.35 14.65 
T8: Basil Oil 15.38 13.45 12.92 1.12 1.02 0.92 13.73 13.19 14.04 
T9: Coconut Oil 16.18 11.82 9.75 0.95 0.89 0.68 17.03 13.28 14.34 
T10: Control 16.72 11.25 9.32 0.92 0.88 0.74 18.17 12.78 12.59 
SEm± 0.2102 0.3572 0.2622 0.0286 0.0296 0.0355 0.6126 0.1615 0.1390 
CD at 5% 0.3625 0.6162 0.4522 0.0493 0.0510 0.0613 1.0568 0.2785 0.2398 

 

Table 4: Effect of postharvest essential oil treatments on total sugar , reducing sugar and carbohydrate content of pineapple 

Treatments  Total Sugar (%) Reducing Sugar (%) Total Carbohydrate (%) 

3DAS 6DAS 9DAS 3DAS 6DAS 9DAS 3DAS 6DAS 9DAS 
T1: Cinnamon Oil 11.32 10.08 6.94 9.16 8.18 5.78 12.16 11.72 7.95 
T2: Citronella Oil 12.08 10.95 9.56 10.48 9.32 8.85 13.52 11.96 10.71 
T3: Peppermint Oil 11.09 9.89 7.78 9.08 8.32 6.84 12.21 11.86 10.63 
T4: Eucalyptus Oil 12.72 11.35 10.18 11.04 10.42 9.28 14.25 12.15 11.83 
T5: Lavender Oil 11.72 10.34 8.45 9.32 8.81 7.56 12.25 11.95 10.22 
T6: Thyme Oil 11.67 10.56 9.08 9.85 8.64 8.08 12.32 11.62 9.73 
T7: Rosemary Oil 11.85 10.72 9.32 10.15 8.85 8.32 12.57 11.83 10.16 
T8: Basil Oil 12.45 11.12 9.72 10.52 9.84 8.96 13.92 12.05 10.83 
T9: Coconut Oil 11.15 9.32 6.24 8.85 7.12 5.25 11.98 10.17 7.68 
T10: Control 10.86 8.25 5.71 8.33 6.67 4.76 11.96 9.89 7.32 
SEm± 0.1310 0.3390 0.1941 0.4544 0.1972 0.1976 0.2713 0.2208 0.2728 
CD at 5% 0.2259 0.5848 0.3348 0.7838 0.3402 0.3409 0.4679 0.3809 0.4706 

 

Fruits treated with eucalyptus oil and basil oil had better retention of total sugar (10.18%, 9.72%), reducing sugar (9.28%, 

8.96%) and total carbohydrate content (11.83%, 10.83%) compared with other treatments. Rabei et al. (2011) found that 
essential oils influenced the respiration and ethylene production in stored fruits, which may have caused better retention of 

sugar due to delayed senescence. 

Total phenol, ascorbic acid and antioxidant activity 

Pineapple fruits stored at ambient condition had increased in total phenol content during storage and found that at 9DAS, 
eucalyptus oil treated fruits got maximum total phenol content (64.49 µg g-1) followed by fruit treated with basil oil (62.75 µg g1) 

compared with control (33.92 µg g-1). Nilprapruck et al. (2008) found that pineapple cv. Pattavia fruits gained in total phenolics 
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during storage. Ascorbic acid content of the pineapple fruits got decreased during the period of ambient storage. It was found 

to range between 18.37 and 28.68 mg 100g-1 at 3DAS, which reduced and ranged between 12.68 and 25.18 mg 100g-1 at 
6DAS and further reduced to range between 10.58 and 22.24 mg 100g-1 at 9DAS (Table 5). Kabasakalis et al. (2002) opined 

that ascorbic acid content of fruit juice reduced in storage due to oxidation. After 9 days of storage at ambient temperature, 

ascorbic acid content was found maximum (22.24 mg 100g-1) in case of the fruits treated with eucalyptus oil compared with 
control (10.58 mg 100g-1). It was observed that essential oil treated pineapple fruits got better retention of vitamin-c than 

control. Similarly, antioxidant activity was found highest (71.48±1.02 % inhibition DPPH) in eucalyptus oil treated pineapples 

compared with control (23.46±0.85 % inhibition DPPH) at 9DAS (Table 5). Cenobio-Galindo et al. (2019) reported that 
essential oils are able to enhance the antioxidant activity as signaling compound. 

Table 5: Effect of postharvest essential oil treatments on total phenol, ascorbic acid content and antioxidant activity of pineapple 

Treatments  Total Phenol (µg g-1) Ascorbic Acid (mg 100g-1) Antioxidant activity (% 
Inhibition DPPH) 

3DAS 6DAS 9DAS 3DAS 6DAS 9DAS 9 DAS 

T1: Cinnamon Oil 25.72 32.39 38.75 21.56 15.34 13.45 34.23±1.12 
T2: Citronella Oil 42.78 51.56 59.73 24.29 19.29 19.78 61.23±1.24 
T3: Peppermint Oil 28.72 35.36 42.29 21.85 17.51 15.51 38.76±0.73 
T4: Eucalyptus Oil 47.56 56.39 64.49 28.68 25.18 22.24 71.48±1.02 
T5: Lavender Oil 31.18 38.72 49.71 22.08 18.32 16.25 38.94±2.11 
T6: Thyme Oil 35.26 45.55 52.18 22.54 18.76 16.53 46.11±1.82 
T7: Rosemary Oil 38.75 46.37 55.25 23.52 20.18 18.76 50.49±1.19 
T8: Basil Oil 45.48 53.92 62.75 26.35 24.17 20.56 65.24±1.53 
T9: Coconut Oil 24.51 30.38 33.75 19.85 14.56 11.28 25.89±1.91 
T10: Control 22.56 28.75 33.92 18.37 12.68 10.56 23.46±0.85 
SEm± 0.8411 0.8892 0.9684 0.5808 0.7341 0.6524 - 
CD at 5% 1.4510 0.8892 1.6705 1.0020 1.2663 1.1253 - 

 

 

Fig. 2: Effect of postharvest essential oil treatments on percentage of fruit decay and shelf life of pineapple 
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Decay percentage 

Present study revealed that pineapple fruit treated with essential oils had lesser fruit decay (ranged between 0 to 25%) 

compared with control (41.67%). Sivakumar and Bautista-Banos (2014) suggested that essential oils are effective in 

controlling postharvest fruit decay due its antimicrobial and fungicidal activities. No fruits got decayed (0.00%) up to 9 DAS, in 
eucalyptus oil treatment, whereas, fruits treated with citronella and basil oil had low decay percentage (8.33%), however, fruit 

at control got maximum fruit decay (41.67%) at 9DAS (Fig. 2).  Batish et al. (2008) reported that constituents of eucalyptus oil 

showed toxicity against a variety of bacterial and fungal post-harvest pathogen. 

Shelf life  

Maximum shelf life (16.75 days) was recorded in eucalyptus oil coated fruits, followed by pineapple fruits treated with basil oil 

(16.25 days) and citronella oil (15.75 days) compared with control (9.75 days). Fruits coated with eucalyptus oil had recorded 7 

days more shelf life than the untreated fruits (Fig. 2). Solgi and Ghorbanpour (2014) reported that postharvest treatment with 

basil oil enhanced shelf life of banana while cinnamon and eucalyptus oil for tomatoes and strawberries. 

CONCLUSION 

Present study revealed that pineapple fruits when coated with eucalyptus oil (0.5%) had minimum weight loss, fruit shrinkage 

and textural loss while having good crown condition, flesh colour and flesh translucency. Besides, it was resulted with fruits 

having high TSS, titrable acidity, total and reducing sugar, carbohydrate and total phenol content with better retention of 
ascorbic acid and antioxidant activity. Thus, it may be considered as the best treatment to extend shelf life of pineapple at 

ambient storage while maintaining its physico-chemical qualities. 
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