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Abstract 

Pineapple cold storage at sub-optimal temperature (4 ± 2 °C) and duration of storage (0, 7, 14, 21, and 
28 days) was periodically tracked to investigate its effect on physical injuries known as chilling injury 
(CI) and internal browning (IB), which contribute to degradation of pineapple’s quality attributes (i.e., 
pH, total soluble solids (TSS) concentration, ascorbic acid (AA) content, ion leakage (EL), antioxidant 
capacity, and total phenolic content (TPC). In this study, three main Malaysian pineapple cultivars were 
evaluated based on the hypothesis that pineapple’s physical injuries (CI and IB) affect the quality 
attributes, phenolic content, and antioxidant capacity.  Towards day 28 of sub-optimal cold storage 
treatment, cv. Morris (Queen) showed higher CI and IB incidences. However, the incidences were not 
statistically significant at a significance level of 0.05 in two other pineapple varieties cv. Josephine
(hybrid, between ‘Johor’ Spanish and Smooth Cayenne) and cv. MD-2 or gold (the hybrid of Smooth 
Cayenne)), which exhibited resistance to CI and IB. Meanwhile, it was found that sub-optimal cold 
storage up to 28 days affects CI and IB of three main Malaysian pineapple cultivars regardless of their 
genetic capability towards these injuries. Further, the study revealed that CI and IB symptoms were 
correlated with a decrease in TSS and pH, and an increase in the percentage of EL, TPC, antioxidant 
capacity, and antioxidant activities measured by FRAP and DPPH, respectively. Meanwhile, in terms 
of overall quality attributes result with focus interaction of TPC and antioxidant capacity, cv. MD-2 was 
observed to be impacted the most during sub-optimal cold storage. The study concluded that CI and 
IB conditions were positively correlated with the degradation of quality attributes as reflected in TSS 
content, pH, EL, TPC content, and total antioxidant capacity. 
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INTRODUCTION 

Pineapple (Ananas comosus) is a popular species from the family 

of Bromeliaceae that has been widely cultivated. This perennial species

contributes to over 20% of the world production of tropical fruits. 

Malaysia classifies pineapple as one of its major commodity crops and 

lists pineapple production industry as its oldest agro-based industry in 

the country. Development of pineapple industry in Malaysia during the  

1960s and 1970s has positioned Malaysia among the top three world 

producers of pineapples (Othman et al., 2011). Within two decades 

from the period of 1990 to 2012, the world has witnessed a 200% global 

increase of pineapple production volume from 11.84 million metric 

tons (MT) to 23.33 million MT (Lobo & Yahia, 2017). Beginning from 

the year 2015, Malaysian pineapple’s farmers have shifted their 

production from supplying canned pineapple varieties to supplying 

fresh pineapple varieties attributed to higher returns (Zhao et al., 2012). 

Malaysia Pineapple Industrial Board projected a 5% yearly increase in 

pineapple export volume from 20,278 tonnes in 2015 due to the high 

demand for fresh pineapples worldwide. Josapine, Morris, and MD-2

are among the most widely established fresh pineapple cultivars export 

by Malaysia.  

In recent years, the effort has been made to assure high-quality 

pineapple products prior to entering the market as pineapples are 

acknowledged by its distinct flavour, juiciness, texture, vitamin C 

content, and fibre content (Abdullah, 2011). A high-quality pineapple 

is characterized from both its internal and external quality attributes. 

The external attributes are measured by size and weight and scaled by 

appearance whereas internal attributes are quantitated by its chemical 

characteristics, and qualitatively evaluated by its colour and textures 

(Suksawat, 2015). However, pineapples have high moisture content and 

their active metabolism leads to physical and nutritional deterioration 

after harvest (Hong et al., 2013). Research and development to preserve 

postharvest pineapple quality under cold storage have been widely 

reported including, postharvest methyl jasmonate treatment 
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(Nilprapruck & Pradisthakarn, 2008), heat treatment (Weerahewa & 

Adikaram, 2005), temperature preconditioning (Abdullah et al., 2006), 

1-Methylcyclopropene treatment (Setha et al., 2013), and edible 

coating (Selvarajah & Herath, 1997). These studies have been 

developed to exploit the advantage of combining cold storage treatment 

and proposed pineapple preservation treatments as an alternative 

treatment which could potentially yield a better result in maintaining 

pineapple fruit quality than applying those treatments independently. 

The temperature of storage by refrigeration is a critical parameter 

in pineapple postharvest for maintaining the freshness of the fruit for 

export as pineapple is a non-climacteric fruit which must be harvested 

ripe since the ripening process discontinues after harvest. Common 

postharvest physiological disorder of pineapple due to low temperature 

is chilling injury (CI). Under CI, observable symptoms include internal 

browning (IB) and black heart (BH) conditions (Hassan et al., 2011). 

Chilling injury may take place in two scenarios where fresh fruits are 

exposed to suboptimum storage temperature, and when storage 

duration is prolonged more than the restricted limit. Although 

metabolic dysfunction variations in pineapples are widely reported, 

there remain loopholes in the knowledge of CI that adequately 

characterize the occurrence of CI in pineapples (Luengwilai et al., 

2016). Thus, this paper aims to investigate the effect of sub-optimal 

low-temperature storage on CI and IB, and duration of storage on 

quality attributes, antioxidant capacity, and phenolic content of 

Malaysian cultivars pineapple. 

MATERIALS AND METHODS  

Preparation of plant materials 
Three pineapple cultivars characterized by distinct CI susceptibility 

levels (Morris-low susceptible, Josapine-partially susceptible and MD-

2-high susceptible) were chosen in this study. The fruits were 

purchased from local producers in Pontian, Johor, Malaysia. Pineapples 

are typically harvested at the mature-green stage of maturity (index 3), 

where the skin is still green with 1-2 eyes of the fruit have turned to 

yellow colour, based on Federal Agricultural Marketing Authority of 

Malaysia (FAMA). Fruits displaying acceptable features including the 

absence of disease signs and physical damage and weighed 

approximately 1.5 – 1.8 kg were washed, disinfected with sodium 

hypochlorite, and sprayed with a fungicide (BENEX®). 

Low-temperature treatment 
A completely randomized design was used in conducting the 

experiment through which 60 pineapples, each from cv. Morris, cv. 

Josapine, and cv. MD-2 were packed and randomly divided into three 

batches to be placed into a commercial cardboard box (14 x 32 x 49 

cm) for export (Zaulia & Suhaila, 2007). The batches were stored at 

sub-optimal storage temperatures (4 ± 2ºC) with 85 ± 5% relative 

humidity (RH). Five pineapples were taken out of storage, each time on 

day 0, 7, 14, 21, and 28 for sampling. The sampling was repeated three 

times. 

Chilling Injury (CI) and internal browning (IB) score  
Chilling injury and browning symptoms were evaluated by 

observing the proportion (%) of cut fruit section that displayed 

translucency due to water penetration and browning symptoms, 

respectively. Sub-optimally stored fruit was taken out of storage and 

restored to room temperature over a period of 24 hours, where it was 

then cut from the middle into halves, lengthwise (Abdullah, 2011). The 

symptoms were assessed through subjective scoring based on  

proportion (%) of cut fruit flesh that displayed water-penetrated 

translucency and browning area, measured by using callipers (Youryon, 

et al., 2013)  

Soluble solids concentration (TSS), pH and ascorbic acid 
Pineapple flesh (100 g) was sliced into small sections, 

homogenized, and filtered. The filtrate was used for measuring total 

soluble solids concentrations (TSS) and pH. A hand-held digital 

refractometer was used to determine TSS in samples (Bellingham 

Stanley) and expressed in °Brix scale (AOAC, 2000). A benchtop pH 

meter (Mettler Toledo) was used to measure fruit juice pH level. 

Meanwhile, the AOAC (1995) method was used to measure the content 

of ascorbic acid (AA) in fruit. In determining AA content of fruit, a pre-

determined 2,6-dichloroindophenol solution volume used during 

titration was utilized in the calculation (Nukuntornprakit et al., 2015). 

Ion leakage 
Fruit flesh Ion leakage (EL) was analysed as per method described 

by Nukuntornprakit et al. (2015). 3.0 g of fresh pulp sample was cut 

into dices (Dimension: 0.5 cm × 0.5 cm × 0.5 cm). The dices were 

washed and decanted three times with distilled water and added with 

50 mL of 0.4 M mannitol solution. Then, the sample was shaken for 1 

hour at 100 r.p.m on an orbital shaker. Subsequently, a conductivity 

meter was used to measure conductivity (E1). Samples were allowed to 

lower their temperature to 25°C after autoclaving at 121 C for 30 

minutes. Re-measurement of conductivity (E2) was performed. The 

percentage is used to express actual EL by dividing the difference 

between pre-autoclaving (E1) and post-autoclaving (E2) with 

conductivity reading after samples were autoclaved (E2). 

Assay of total phenolic content (TPC) 
Folin-Ciocalteu assay was utilized to determine fruit extract total 

phenolic content (Yeoh & Ali, 2017). Briefly, 2N Folin-Ciocalteu 

reagent (0.5 ml), distilled water (6.0 ml), and fruit extract (0.1 ml) were 

mixed together. The mixture was placed in incubation for four minutes 

at room temperature, and further added with 1.9 ml of distilled water 

and sodium carbonate (7% w/v). At 37°C, the mixture solution was 

stirred using a vortex shaker and allowed to incubate for two hours. 

Distilled water (0.1ml) was used to replace fruit extract (0.1 ml) in 

preparation of blank. Microplate spectrophotometer with wavelength 

set at 765 nm was used to measure blue colored-complex formation on 

samples, quantified as absorbance value, which was then compared 

against blank. Similar procedures were utilized in standard curve 

preparation whereby gallic acid as a standard was used (concentration 

100–1000 μgml-1). The standard curve was used to compare TPC of 

fruit expressed in mg of gallic acid equivalents (GAE) 100 g-1 FW. 

Assay of ferric reducing antioxidant power (FRAP) 
FRAP method described by Benzie and Strain (1996) was used with 

some modification. Scavenging capacity was assessed by mixing 20 μL 

extract with 200 μL of FRAP working solution [25 mL of 0.3 M acetate 

buffer (pH 3.6) and 2.5 mL of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) 

in 40 mM hydrochloric acid, and 2.5 mL of 20 mM ferric chloride 

solution (FeCl3.6H2O)] into a 96-well microplate. The mixture was 

incubated at 37 °C for 4 min. Blank was prepared by replacing 20 μL 

of polyphenol extract with 20 μL of distilled water. The absorbance 

value of a blue-colored complex formed was measured against a blank 

at 593 nm using microplate spectrophotometer. The experiment was 

performed similarly in the preparation of standard curve by using 

different concentrations of iron (II) sulphate (100–1000 µM). The 

results were expressed in mmol Fe2+ g−1 FW. 

Total antioxidant activity 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) 

Antioxidant activity was determined by using 2,2-diphenyl-1-

picryl-hidrazyl (DPPH) radical-scavenging method (Yeoh & Ali, 

2017). 0.025 g L-1 of methanolic DPPH was freshly prepared before 

analysis. A 20 μL of aliquot of the extract was mixed with 200 μL of 

DPPH in a 96-well microplate and incubated in the dark at room 

temperature for 30 minutes. Blank was prepared by replacing 20 μL of 

extract with 20 μL of methanol. The absorbance value was measured at 

517 nm using microplate spectrophotometer. Following equation which 

calculates DPPH inhibition percentage was used to determine total 

antioxidant activity in fruit:  

DPPH scavenging effect (% inhibition) = [(A0 –A1)/A0)*100] 

Where, A1 represents extract samples absorbance, while A0 represent 

blank absorbance. The experiment was replicated three times. 

Subsequently, data findings from the three replications were averaged.  
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Statistical analysis 
Statistical analysis was used to analyze all data. This tool also 

describes the relationship between the independent and dependent 

variables. For this research work, one-way ANOVA and independent 

paired t-test data analysis were performed using SPSS software (20th 

version). Statistical significance at 95% confidence level was used in 

drawing conclusions on main and interaction effects among the 

variables investigated. 

RESULTS  

Chilling Injury (CI) and Internal Browning (IB) 
Chilling injury (CI) symptoms were observed after seven days of 

storage both in cv.  Josapine and Morris, and later in cv. MD-2 after 14 

days. CI was visible upon inspection beginning from pulp side of flesh 

surrounding the central axis, where translucency of flesh tissue became 

more apparent as the area penetrated by water formed water patches 

which indicated cell death (Fig. 1).  The condition progressed, 

subsequently turning the flesh slightly brown (internal browning) 

starting from day 21. From day 21 of storage onwards, CI and IB 

symptoms spread further and increased tremendously.  

Fig. 1 Development of CI and IB in a) Josapine, b) Morris, and c) MD-2
cv. pineapple during storage at 4 ± 2 °C at 0 days (above) and 28 days 
(below). 

There was a significant difference (p<0.05) in terms of CI and IB 

development, observed between cv. Josapine as compared to others on 

day 21 (Table 1). To understand the impact of CI and IB for all samples, 

monitoring was extended up to 28 days. The CI and IB impact on cv. 

Josapine was found to increase 8.0 folds from 3.33 ± 2.88 to 26.33 ± 

0.75 at day 28 as compared to cv. Morris and cv. MD-2 which had an 

increase of 3.0 folds and 2.8 folds, respectively.  

Table 1 Chilling injury (CI) and internal browning (IB) score symptoms 
(%) in 3 cultivars pineapple (Ananas comosus cv. ‘Josapine’, ‘Morris’,
and ‘MD2’) stored at 4 ± 2 °C from 0 to 28 days.  

Cultivars CI, IB Score (%) 
0 d 7 d 14 d 21 d 28 d 

Josapine 0.00 ± 
0.00a 

0.67 ± 
1.07a 

1.33 ± 
1.08a 

3.33 ± 
2.88a 

26.33 ± 
0.75a 

Morris 0.00 ± 
0.00a 

1.33 ± 
1.96a 

2.66 ± 
1.98a 

9.66 ± 
2.62b 

27.67 ± 
2.57a 

MD-2 0.00 ± 
0.00a 

0.00 ± 
0.00a 

2.00 ± 
1.88a 

8.33 ± 
1.24b 

23.00 ± 
1.05a 

Morris cv. showed consistently higher CI and IB symptoms. However, 

at day 28 the severity of CI and IB were not significantly different from 

others. For MD-2 cv., the CI and IB symptoms showed the lowest 

percentage beginning from day 0 of sub-optimal storage due to its low 

susceptibility to CI and IB. Towards day 28, CI and IB symptom were 

similar for all cultivars.  

TSS Content  
The TSS content increased gradually for seven days and declined 

slowly afterwards across all three cultivars. TSS is often used as an 

indicator of fruit quality and maturity level. According to  

D’Eeckenbrugge & Leal  (2003), a minimum of 12% Brix is required 

for customer acceptance of pineapple fruits.  Morris cv.  stored at sub-

optimal temperature showed the lowest content of TSS with a 

statistically significant difference (p<0.05) at day 0, 7, and 14, as 

compared to another cv. However, at day 28, TSS value for Morris cv 

increased from 8.83 to 9.13 % Brix. Meanwhile, Josapine and MD-2

showed a slight decrease in TSS content, 0.6 and 0.1 % Brix, 

respectively (Fig. 2). 

pH 

pH 3 in pineapple cv. showed a declining trend with respect to the 

day of storage at sub-optimal temperature. At day 0, MD-2 was found 

to have the lowest pH value with pH 3.79, which was significantly 

different (p<0.05) from others. On subsequent days, the pH values for 

Josapine, Morris, and MD-2 dropped to 13.5%, 26.9%, and 13.45 %, 

respectively, from the initial pH value. 

Ascorbic Acid content 
The content of ascorbic acid was significantly higher (p<0.05) in 

MD-2 cv. at 0 days of storage with 0.44 mg/ mL of fresh pineapple juice 

as compared to other cvs. However, the amount of AA gradually 

decreased on subsequent days till day 28. On the other hand, both 

Josapine and Morris cv.  showed a similar increasing trend of AA 

content where the amount significantly increased until day 7 and later 

decreased gradually.  

Ion leakage 
Ion leakage (IE) in pulp tissue across three cv. showed a lower 

percentage prior to storage, where IE for MD-2 cv. Josapine cv., and 

Morris cv. are 43.52 ± 0.21 %, 43.78 ± 0.95 %, and 45.41 ± 0.16 %, 

respectively. In overall, there was a significant increase in IE values 

(Fig. 2) of all cultivars whereby Josapine cv. showed the highest 

increase in IE percentage (65.9%), followed by Morris (63.4%), and 

MD-2 (45%). 

a) 

a) b) c) 

b) c) 
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Fig. 2 Total soluble solids (TSS) concentration in % Brix (A), ascorbic acid concentration (mg/mL) (B), pH (C), and ion leakage (%),  in cv. Josapine
(---■---), Morris (---▲---) and MD-2 (•••x•••) pineapples, stored at 4 ± 2 °C for day 0, 7, 14, 21, and 28.  

Fig. 3 Total phenolic content (mg GAE/100gmFW) concentration in cv. Josapine (---■---), Morris (---▲---) and MD-2 (•••x•••) pineapples, stored at 4 ± 
2 °C for 0, 7, 14, 21 and 28 days. Value (mean ± SE) of three repetitions (every repetition consisted of five pineapples) and statistical significance 
(p<0.05) for every storage duration is marked by different alphabets.   

Fig. 4  FRAP (mgFe2+/ 100gmFW) (A) and DPPH (% inhibition) (B) in cv. Josapine (---■---), Morris (---▲---) and MD 2 (•••x•••) pineapples, stored at 4 
± 2 °C for 0, 7, 14, 21 and 28 days. Value (mean ± SE) of three repetitions (every repetition consisted of five pineapples) and statistical significance 
(p<0.05) for every storage duration is marked by different alphabets. 
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Total phenolic content 
The correlation of sub-optimal temperature and day of storage on 

total phenolic content (TPC) is illustrated in Fig..3. Prior to storage, 

phenol content was in the range of 11.71 and 24.10 mg GAE/100 gmFW.

By day 28, phenol content decreased in the range of 9.33 and 12.67 mg 

GAE/100 gmFW. At day 28, TPC in MD-2 and Morris cv had 

significantly decreased (p<0.05) from 24.01± 2.11 and 18.86 ± 2.18 to 

12.66 ± 1.72 and 11.71 ± 0.82 mg GAE/100 gmFW, respectively. 

Antioxidant capacity 
FRAP assay detects ferric tripyridyltriazine complex (Fe3+-TPTZ) 

reduction to ferrous tripyridyltriazine complex (Fe2+-TPTZ) that 

produces a blue color. This assay is useful to measure an antioxidant’s 

reducing potential. In this study, it was found that pineapple extract 

showed a slight increase in antioxidant capacity measured by FRAP 

assay at 7 days of storage in both Morris and Josapine cv. from 13.93 

and 9.23 mg Fe2+/100gmFW to 13.98 and 10.78 mg Fe2+/100gmFW, 

respectively (Fig. 4).  However, for MD-2 cv. FRAP value increased by 

1.2 folds from 17.93 to 27.29 mg Fe2+/ 100gmFW. In overall, antioxidant 

capacity measured by using FRAP assay across all cultivars decreased 

gradually from day 7 onwards. 

DPPH assay was carried out to assess antioxidant’s scavenging 

ability towards DPPH. The extent of discoloration of sample 

antioxidant indicates scavenging ability (Ali, Almagribi, & Al-Rashidi, 

2016).  Antioxidant discoloration occurs due to the reaction of a stable 

free radical, α,α-diphenyl-β- picrylhydrazyl (dark hue of violet) with an 

antioxidant, resulting in a discolored α-diphenyl-β- picrylhydrazine. In 

the present study, MD-2 cv. showed the lowest reduction of scavenging 

activity throughout 28 days of storage with 24.6% reduction as 

compared to Josapine and Morris cv. with 62.16% and 63.79% 

reduction, respectively (Fig. 4). 

DISCUSSION 

Temperature is the single most critical factor in horticultural fruits 

storage including pineapple. Almost all biological processes in fruits 

are controlled by temperature, thus fruit quality and shelf-life are 

strongly affected by this factor (Hong et al., 2013). Although the 

temperature is beneficial to fruits, it is restricted by physical defects 

associated with CI where recommended optimal temperature for 

pineapple storage is in the range of 8 to 10 °C (Hassan et al., 2011). 

The present study has shown that 3 common Malaysian pineapple 

cultivars for export were subjected to CI and IB symptoms after being 

stored at the sub-optimal temperature (4 ± 2 °C). Despite this, it is 

known that MD-2 and Josapine cv. are resistant to IC and IB. The 

previous study by Luengwilai,  et al.  (Luengwilai et al., 2016) reported 

MD-2 showed no symptoms of IC and IB when stored at 10 °C, up to 

3 weeks of storage. However, in the present study, storage at sub-

optimal temperature challenged the cultivars’ biological resistant 

ability towards IC and IB symptoms beginning from day 14. 

Statistically, the significant increase was observed (p<0.05) on day 21. 

Morris, and Queen type cv. which are highly susceptible to CI and IB 

showed visible symptoms beginning from day 7 of storage at a sub-

optimal temperature in agreement with  Stewart et al. (Stewart et al., 

2002) while Josapine cv. showed moderate CI and IB symptoms until 

day 21. 

Meanwhile, TSS concentration increased slightly and remained 

higher at day 7 of storage for all cultivars. Similar results reported by 

Hong et al., 2013) indicated that pineapple stored at 6 °C showed an 

increasing trend in TSS value and subsequently declined gradually. The 

current study showed a similar trend for all cultivars where TSS 

concentration started to slightly decrease from day 7 day but remained 

insignificantly different (p<0.05) from 0 days of storage. This result 

could be attributed to low respiratory activity occurring at very low 

temperature thus sugar remained unused for the respiratory process. 

TSS is an important quality factor for many fruits including pineapple 

as an indication of fruit maturity and physical quality (Hajar et al., 

2012). As sugar is one of the most important constituents for 

determining the quality of pineapple, study by Chen & Paull  (2000) 

revealed that sugar accumulation and activities of sugar-metabolizing 

enzymes are related to the occurrence of pineapple flesh translucency. 

pH value of all three cultivars in the present study showed a slow 

decline along progressing day of storage. Morris cv. showed a 

significant difference (p<0.05), where it had the highest pH as 

compared to other cultivars, beginning from day 21 days to day 28. 

According to Shamsudin et al. (2007)  acceptable pineapple pH ranges 

from 3.3 to 3.7. Ascorbic acid (AA) content was found to be at peak for 

Morris and Josapine cv. during the first seven days and gradually 

decreased towards the end of day 28. MD-2 showed the highest content 

of AA prior to storage at 0.44mg/100gmFW, in which Smooth Cayenne

is well known for its high source of AA compared to others (Ramsaroop 

& Saulo, 2007). All cultivars showed a similar trend of slowly declining 

AA content. Josapine cv. was significantly the lowest as compared to 

others beginning from day 14. Study by  Lee & Kader (2000) found a 

lower ascorbic acid content in pineapple is associated with higher 

susceptibility to CI under storage temperatures below 7°C. The IE is 

the key indicator of membrane damage and loss of membrane integrity 

due to respiration rate (Shadmani et al., 2015). The gradual increase of 

IE on all pineapples cultivars showed that the trend of membrane 

damage increased with longer days of storage.  

In fruits and vegetables, the phenolic compound is widely 

distributed and contributes to antioxidant intake and is presumed to 

have a health protective action in humans (Hossain & Rahman, 2011). 

In the present study, sub-optimal temperature storage was found to 

affect TPC with a decreasing trend in all pineapple cultivars. Josapine

cv. showed a significantly lower TPC than others at day 28. Overall 

regression analysis showed that a decrease in TPC was positively 

correlated (r = 0.176, p<0.05) with IC and IB incidence percentage 

throughout sub-optimal cold storage. The chilling process during 

storage activity induced oxidative injury. Oxidative-related disorder 

will occur when fruits are subjected beyond their temperature 

thresholds. A review by  Kusvuran et al. (2016) reported chilling 

damage in fruits was associated with oxidative stress from excess 

reactive oxygen species (ROS) which further caused a membrane 

damage. Furthermore, a review by Blokhina et al. (2013) revealed plant 

tissues with better antioxidant systems would be more resistant against 

low temperatures (Blokhina et al., 2003). The current study utilized 

FRAP which measures antioxidant power by electron transfer reaction 

that results in a reduction of oxidant color.  

In Fig. 4, a decreasing trend of FRAP value for all cultivars was 

evident with MD-2 being significantly affected by storage time.  A 

positive correlation was found between FRAP, TSS, and AA values 

which is consistent with the findings of  (Kalt et al., 1999; Kulkarni & 

Aradhya, 2005) which reported that antioxidant capacity through 

postharvest would affect ascorbate and TSS content. 

Another antioxidant capacity by DPPH showed a similar trend of 

decreasing percentage of DPPH inhibition throughout 28 days of study, 

with MD-2 exhibiting a lower decreasing trend as compared to others. 

The result indicates that a lower DPPH inhibition is related to lower CI 

and IB scores. This result is consistent with previous work by 

(Nukuntornprakit et al., 2015) which reported that the development of 

CI and IB symptoms was correlated with ROS metabolism, which was 

reflected in total antioxidant capacity. 

CONCLUSION 

In conclusion, it was observed that sub-optimal cold storage up to 

28 days affects CI and IB on three Malaysian most exported cultivars 

regardless of their genetic capability against the injuries. It was 

demonstrated that Morris cv. was the most affected by CI and IB 

symptoms throughout 28 days of study followed by Josapine cv. 

However, in overall, MD-2’s quality attributes exhibited the most 

vulnerability with low resistivity to sub-optimal cold storage during 

postharvest and cold chain transportation which majorly influence its 

TSS content, AA content, phenolic content, and antioxidant capacity. 

These findings provide crucial insights in supporting existing 

information on three main Malaysian pineapple cultivars in the effort 

to revive Malaysian pineapple especially toward fulfilling global 

exporting market. 
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