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Abstract

The effect of selected high pressure processing (HPP) parameters on the sensory attributes and 
shelf life of jackfruit bulb packed using vacuum skin (VS) and vacuum nylon (VN) packaging 
was studied. The samples were stored at chilled temperature (4°C) for shelf life study. HPP 
significantly (p < 0.05) increased the shelf life of VS- and VP-packed jackfruit bulbs to 60 d 
during chilled storage. In terms of colour stability during storage, both VS- and VP-packed 
HP-treated jackfruit bulbs exhibited no significant differences (p > 0.05) in L*, a*, and b* 
values. Also, the VS- and VP-packed HP-treated samples exhibited no significant differences 
(p > 0.05) in terms of texture. However, the sensory evaluation carried out among 48 panellists 
showed that there were significant differences (p < 0.05) between the untreated and HP-treat-
ed jackfruit bulbs. The aforementioned results had proven that HPP treatment of 500 MPa for 
5 min could successfully extend the shelf life and retain the physicochemical properties of 
jackfruit bulbs, regardless of the types of packaging used. 
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Introduction

 Jackfruit (Artocarpus heterophyllus L.) is well 
known for possessing antioxidant, antibacterial, 
anti-inflammatory, and other beneficial attributes 
(Baliga et al., 2011; Swami et al., 2012). For instance, 
as reported by de Faria et al. (2009), jackfruit contains 
many carotenoids that can act as antioxidants to prevent 
cancer or cardiovascular disease (Krinsky et al., 2003; 
Stahl and Sies, 2005). In light of this, numerous effort 
have been taken to extend the short shelf life of jackfruit 
bulbs and preserve their nutritional quality via different 
types of post-harvest technology or processing method 
(Saxena et al., 2008; 2013; Taib et al., 2013).
 High pressure processing (HPP) is a novel 
non-thermal processing technology which can preserve 
food via inactivation of vegetative microorganisms and 
enzymes. Various studies on the effect of HPP with 
combination of heat treatment have been conducted on 
different types of vegetables and fruit juices, with 
surprising results obtained in terms of extended shelf 
life and retained physicochemical properties of the 
foods (Paciulli et al., 2016). Vacuum skin packaging 
is an innovative technique that has the capability to 
securely enclose a product without affecting the shape 
of the product. This packaging provides an outstanding 
approach to preserve the freshness, colour, and texture 

of the product in a more natural way. The transparent 
and thin film closely adheres to the surface of the prod-
uct, allowing good visibility that showcases the fresh 
and natural appearance of the product. Consequently, 
this enhancement of product appearance would surely 
gain the consumer’s attention. Furthermore, it can 
prolong the shelf life of perishable product when used 
in combination with non-thermal processing methods 
such as modified atmosphere packaging or high 
pressure processing (HPP) (Garriga et al., 2004; Macé 
et al., 2013; Denoya et al., 2015). HP-treated samples 
are commonly vacuum-packed in polyethylene bag or 
aluminium-based retort pouch (Barba et al., 2013; 
Kaushik et al., 2018), whereas vacuum skin packaging 
film is specifically used for meat-based products 
(Kameník et al., 2014). A search of the literature 
revealed that the use of vacuum skin packaging film 
for HP-treated fresh jackfruit bulbs has not been investi-
gated. Thus, the objective of the present work was to 
investigate the effect of selected HPP at a pressure of 
500 MPa and holding time of 5 min on the sensory prop-
erties and shelf life stability (in terms of microbiologi-
cal growth and change in the colour quality) of jackfruit 
bulbs packaged using different packaging materials.

Materials and methods
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Materials 
 Growth media namely plate count agar, eosin 
methylene blue (EMB) agar, and potato dextrose agar 
(PDA) were purchased from Merck (Darmstadt, 
Germany). Other chemicals such as acids (H2SO4, 
HCl), alkaline (NaOH), salt buffers (NaCl, sodium 
acetate, borate buffer, potassium phosphate), and 
indicators (2-cyanocetamide, bromothymol blue) 
were of analytical grade, and also purchased from 
Merck (Darmstadt, Germany). Pectin and polygalactu-
ronic acid were purchased from Sigma-Aldrich (St. 
Louis, USA). Commercially matured jackfruits (Arto-
carpus heterophyllus) were provided by Duria Manu-
facturing Sdn. Bhd. (Kamunting, Perak, Malaysia). 
The jackfruit bulbs were manually removed from 
ripened jackfruits. Each product pouch contained 
approximately 350 g of these bulbs, and was vacu-
um-sealed using either skin-film or nylon cast polypro-
pylene, and stored at chilled temperature (4°C) (Var-
gas-Ortiz et al., 2013). Vacuum skin (VS) packaging 
was performed using a thermoforming packaging 
machine (Multivac Model 175 MF, Wolf-
ertschwenden, Germany). The thermoforming tray 
was formed in the dimensions of 23 cm (length) × 12.7 
cm (width).

HPP method
 Both VS- and VN-packed samples were 
subjected to a high pressure treatment of 500 MPa for 
5 min at room temperature using a Hiperbaric 120 
processing unit (Hiperbaric España, Burgos, Spain). 
The come up time of 500 MPa via aforementioned 
HPP unit was 1 min, while the depressurising time 
was within 5 s (Gomes et al., 2017). The initial and 
final temperature of sample was at 25°C (room temper-
ature) and 30°C, respectively. At the end of each treat-
ment, the packaged samples were stored at 4°C prior 
to analysis. 

Sensory studies
 The sensory evaluation of untreated and 
HP-treated jackfruit bulbs packed using VS and VN 
packaging was based on a discrimination method 
(triangle test) carried out following the ISO standard 
4210 (ISO, 2004). The triangle test was performed to 
determine the perceptible sensorial differences 
between HP-treated and untreated jackfruit bulbs. The 
test was carried out by 48 untrained panellists (students 
and staff of the Faculty of Food Science and Technolo-
gy, Universiti Putra Malaysia). For the test, the 
jackfruit samples were put in plastic cups, and coded 
using random three-digit numbers. Panels were 
instructed to taste all three samples, of which two were 
identical. Panels were then instructed to indicate the 

odd sample. To establish significance at a 95% confi-
dence level, a minimum of 22 out of the 48 panellists 
should make the correct judgement (ISO, 2004). 

Texture analysis
 The texture of the samples was analysed using 
a TA-XT2i texture analyser unit (Stable Micro 
Systems, Surrey, UK). The parameters were set 
following the method described by Caner et al. (2008), 
with slight modifications. Briefly, the following 
settings were used: pre-test speed 5.0 mm/s, test speed 
1.0 mm/s, and post-test speed 8.0 mm/s; penetration 
depth of 4.0 mm and a rest period of 5 s between two 
cycles; trigger force 5.0 N. A cylinder probe (2 mm 
diameter) was used and always returned to trigger point 
prior to the second cycle. Measurements were made 
on three jackfruit bulbs per pack of sample. The values 
for hardness and chewiness were then calculated using 
the Exponent Stable Micro Systems version 4.0.13.0 
equipment software (Stable Micro Systems, Surrey, 
UK). 

Shelf life studies
Microbiological analysis
 Total plate count, total presumptive coliform, 
and yeast and mould count of jackfruit samples were 
analysed at days 0, 5, 10, 20, 30, 40, 50, and 60, follow-
ing the FDA standard methods. In short, 25 g of sample 
was homogenised with 225 mL of 0.1% peptone water, 
and further decimal dilutions were made with the same 
0.1% peptone water. Each diluted sample (1 mL) was 
spread-plate onto plate count agar (PCA) plates, and 
incubated at 37°C for 48 h. Total presumptive 
coliform, and yeast and mould count were analysed in 
a similar way using EMB agar plates and PDA agar 
plates, respectively. All microbial data were expressed 
as logarithms of number of colony forming units (log 
CFU g-1). 

Colour analysis
 The colour of the samples was measured at 
days 0, 10, 20, 30, and 40 using a Minolta Chroma 
Meter CR-410 (Konica Minolta Instrument, Osaka, 
Japan). The colour was expressed in L* value repre-
senting the lightness of sample, a* value representing 
the redness of sample, and b* value representing the 
yellowness of sample. The total colour difference (∆
E) was determined using Eq. 1:

              (Eq. 1 )

where, L0*, a0*, b0* = values of untreated jackfruit 
bulbs.
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Statistical analysis
 All experiments were duplicated, and all data 
were subjected to one-way analysis of variance 
(ANOVA) using Minitab Statistical Software 
Release 16.1 (Minitab Inc., PA, USA). Statistical 
significance was established at p < 0.05 using 
Tukey’s test to evaluate the differences between 
mean values.

Results and discussion

Sensory evaluation
 The results of the triangle test indicated that 
there was a significant difference (p < 0.05) between 
the HP-treated and untreated jackfruit bulbs. For 
VS-packaged jackfruit bulbs, 22 out of 48 panellists 
correctly identified the odd sample. Meanwhile, for 
VN-packaged jackfruit bulbs, 25 panellists correctly 
identified the odd sample. The panellists were able to 
differentiate the distinct difference between 
HP-treated and untreated jackfruit bulbs mainly due 
to the increased hardness and chewiness of the 
jackfruit bulbs. The texture of HP-treated jackfruit 
bulbs exhibited a significant increase in hardness and 
chewiness due to the de-esterification of the 
low-methoxy-pectin released during HPP treatment 
which results in the formation of a gel network 
(Tangwongchai et al., 2000). Thus, the panellists 
were able to discriminate between the fresh untreated 
jackfruit bulbs and HP-treated bulbs solely based on 
their texture, irrespective of their appearance, 
flavour, and colour. As reported in previous research 
works, the odour and flavour of fresh fruits are not 
affected by HPP due to the minimal effect that high 
pressure has on the covalent bonding of small molec-
ular compounds (Tauscher, 1995; Oey et al., 2008a). 
As a result, HP-treated samples can primarily be 
differentiated from untreated fresh samples through 
the changes in texture attributes, since the flavour is 
usually retained.

Texture
 As shown in Table 1, the hardness of untreat-
ed jackfruit bulbs packed using VS and VN packag-
ing varied from 116.46 to 121.63 g. However, both 
VS- and VN-packed jackfruit bulbs exhibited a 
significant (p < 0.05) increase in hardness and chewi-
ness by almost two-fold after HPP. Thus, it can be 
concluded that the hardness and chewiness of 
jackfruit bulbs were significantly (p < 0.05) affected 
by HPP, irrespective of the types of packaging mate-
rial (Tangwongchai et al., 2000). In short, the 
increase in hardness and chewiness of jackfruit bulbs 
was due to the formation of gel network that was 

induced by HPP (Tangwongchai et al., 2000). The 
formation of gel network can be explained by the 
release of pectin esterase during HPP which under-
goes demethylation process when contact with 
highly methylated pectin substrate, thus forming 
divalent ions between the de-esterified pectin (Oey et 
al., 2008a). This leads to increase in hardness.

Shelf life studies
Microbiological analysis
 As shown in Figure 1, the initial total plate 
count (TPC) for both VS- and VN-packed untreated 
samples were log 4.23 and 4.87 CFU g-1, respective-
ly. This is in line with other reports as the preparation 
of fresh jackfruits bulbs were controlled in a hygienic 
handling environment (Kaushik et al., 2014a; Andrés 
et al., 2016a). Thus, the initial TPC for fresh jackfruit 
bulbs was expected to be lower. Generally, the 
microbial load for both VS- and VN-packed untreat-
ed samples exhibited an increasing trend within 20 d 
of storage, followed by a gradual decrease. This 
gradual decrease towards the end of the storage 
period was most likely due to the depletion of nutri-
ent in the food system. In contrast, the TPC for both 
VS- and VN-packed samples treated by HPP was 
below the detection limit throughout the 60 d of 
storage. This indicated that all bacteria were 
destroyed by the HP treatment of 500 MPa for 5 min, 
and the dead cells remained inactivated throughout 
the shelf life study period. These results are in line 
with reports related to the shelf life extension of fruits 
using HPP. As revealed by Bull et al. (2004), the 
shelf life of HP-treated Valencia and Navel orange 
juices was extended to up to 12 weeks, during which 
the microbial load was kept below log 2 CFU mL-1. 
Meanwhile, Błaszczak et al. (2017) successfully 
increased the microbial stability of Aronia juice to up 
to 80 d by subjecting it to HPP at 600 MPa for 15 
min. The inactivation of microorganisms is mainly 
due to protein and enzyme denaturation, whereby 

Treatment Hardness (g) Chewiness 

VS 121.63 ± 31.47B 72.84 ± 44.63B 

VN 116.46 ± 86.45B 76.55 ± 36.09B 

VS-HPP 238.36 ± 65.15A 138.07 ± 32.48A 

VN-HPP 229.25 ± 53.25A 131.31 ± 42.94A 

Table 1. Effect of HPP at 500 MPa for 5 min on the texture 
of jackfruit bulbs packed using vacuum skin (VS) and 

vacuum nylon (VN) packaging.

Data are means ± standard deviations (n = 6). Means in 
each column with different letters are significantly differ-
ent (p < 0.05).



678 Ng, S. K., et al./IFRJ 27(4) : 675 - 682

HPP induced changes in the cell morphology and 
biochemical reactions in microorganisms (Linton 
and Patterson, 2000; Smelt et al., 2001). In the 
context of the present work, the result evidenced that 
a HP treatment at 500 MPa for 5 min successfully 
inactivated mesophilic bacteria throughout the 
studied storage days, thus securing the minimum 
safety level for the jackfruit bulbs.

 Coliform bacteria are commonly used as an 
indicator microorganism or contamination index, and 
reflect the potential presence of pathogenic bacteria 
in food (Pereda et al., 2007). In the present work, the 
initial presumptive coliform count for both VS- and 
VN-packed untreated samples were log 3.89 and 4.85 
CFU g-1 (Figure 1), respectively. Both VS- and 
VN-packed untreated samples then exhibited a 
decrease in coliform load at day 5, which subsequent-
ly remained unchanged throughout the storage dura-
tion. As revealed by LeChevallier et al. (1996), the 
growth of coliform bacteria is greatly dependent on 
nutrients. In other words, the growth of coliform 
bacteria will be suspended if there is limited nutrient. 
As was expected, both VS- and VN-packed HP-treat-
ed jackfruit bulbs exhibited non-detectable levels of 
coliform bacteria. This result is in line with those 
reported in other studies. For example, the growth of 
coliform bacteria in sugarcane juice was completely 
suppressed by HPP at 600 MPa for 6 min (Huang et 
al., 2015). Meanwhile, Chai et al. (2014) concluded 
that HPP was highly effective for the inactivation of 
coliform bacteria and yeasts and moulds in Angelica 
keiskei juice. In addition, Kaushik et al. (2014b) 

found that coliform bacteria were highly sensitive to 
pressurisation when the mango pulp used in their 
study was subjected to HPP, with pressures ranging 
from 100 to 600 MPa. Thus, in the present work, the 
result obtained reiterated the fact that coliform bacte-
ria can effectively be inactivated by HPP, since no 
growth of coliform bacteria was detected during the 
60 d of storage. 
 As shown in Figure 1, the yeast and mould 
count (YMC) for both VS- and VN-packed untreated 
samples were log 4.10 and 4.94 CFU g-1, respective-
ly. Meanwhile, for all HP-treated samples, the YMC 
was below the detection limit. These results are in 
line with other research works. Total inactivation of 
yeasts and moulds was attained when pomegranate 
juice was subjected to HPP at 400 MPa (Chen et al., 
2013). In addition, Błaszczak et al. (2017) reported 
that a pressure level at or over 400 MPa was effective 
in suppressing the growth of yeasts and moulds 
below the detection limit. Both groups of authors 
attributed the inhibition of yeasts and moulds to the 
low pH range of the fruits and the need for special 
nutrients. 
 Overall, the aforementioned results and 
literature search strongly supported HPP’s lethality 
on microorganisms. In the context of the present 
work, the pasteurisation of jackfruit bulbs was 
assured at a HP treatment of 500 MPa for 5 min. The 
microbial loads for both VS- and VN-packed 
HP-treated samples were kept below the detection 
limit throughout the storage period of 60 d. In other 
words, the results have shown that HPP had success-
fully extended the shelf life of jackfruit bulbs to up to 
60 d under refrigeration.

Colour
 The changes in the CIELAB colour parame-
ters (L*, a*, and b* values) of untreated and 
HP-treated jackfruit bulbs packed using VS and VN 
were monitored throughout a storage period of 40 d 
(Table 2). The L* value, which represents the light-
ness of the sample, was significantly different (p < 
0.05) between untreated and HP-treated jackfruit 
bulbs after treatment. The L* values for untreated 
jackfruit bulbs varied from 68.57 to 70.97, whereas 
for HP-treated jackfruit bulbs, they ranged from 
67.98 to 69.80 on the day after treatment. The 
decrease in L* value in the present work is in contrast 
with the data reported in other research works. Liu et 
al. (2014) reported no significant changes in 
HP-treated mango nectars, while similar results are 
revealed by Ahmed et al. (2005) in their HP-treated 
mango pulp. However, Andrés et al. (2016b) noticed 
that there was a noticeable decrease in the L* value 

Figure 1. Total plate count for jackfruit bulbs with 
treatments of:    VS packaging only;    VN packaging only;        
    VS packaging + HPP; × VN packaging + HPP; Coliform 
bacteria count in jackfruit bulbs with treatments of:   VS 
packaging only;   VN packaging only;   VS packaging + 
HPP; × VN packaging + HPP; Yeast and mold count in 
jackfruit bulbs with treatments of:    VS packaging only;    
   VN packaging only;   VS packaging + HPP; × VN 

packaging + HPP.
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of smoothies subjected to a pressure of more than 600 
MPa. This decrease in L* value might be due to the 
disintegration effect of HPP in breaking down 
micelles into fragments, resulting in colour degrada-
tion (Andrés et al., 2016b). During the 40 d of 
storage, the L* values for both VS- and VN-packed 
HP-treated jackfruit bulbs showed no significant 
changes (p > 0.05). On the other hand, untreated 
jackfruit bulbs exhibited a decrease in lightness due 
to enzymatic browning (Oey et al., 2008b). 
 Similarly, the a* values for untreated and 
HP-treated jackfruit bulbs were significantly differ-
ent (p < 0.05). The decrease in the a* values of 
HP-treated jackfruit bulbs is similar to the results 

reported by Varela-Santos et al. (2012) on pome-
granate juice and Andrés et al. (2016b) on smoothies 
made up of orange, papaya, melon, carrot, and 
skimmed milk. The authors deduced that the incom-
plete inactivation of browning enzymes in the fruits 
resulted in the loss of the red colour which is repre-
sented by the a* value.  
 In contrast, the yellow colour (represented 
by b* value) was not significantly different (p > 0.05) 
between the HP-treated and untreated jackfruit bulbs, 
suggesting that the carotenoid pigments responsible 
for the yellow colour of jackfruit bulbs are 
pressure-stable (García et al., 2001; Oey et al., 
2008a). This finding is in line with a study reported 

Table 2. Effect of HPP at 500 MPa for 5 min on the colour (L*, a*, b*, and ∆ E values) of jackfruit bulbs packed using 
vacuum skin (VS) and vacuum nylon (VN) packaging.

Data are means ± standard deviations (n = 6). Means in each column with different uppercase superscripts, and means in 
each row with different lowercase superscripts are significantly different (p < 0.05). L* value represents the lightness of 
sample; a* value represents the redness of sample; b* value represents the yellowness of sample; and ∆E represents the 
total colour difference of sample. VS = vacuum skin packaging; VN = vacuum nylon packaging; VS-HPP = vacuum skin 

packaging with high pressure processing; and VN-HPP = vacuum nylon packaging with high pressure processing.

Treatment 
Day 

0 10 20 30 40 

L* value      

VS 70.97 ± 3.29Ab 70.54 ± 4.54Ab 74.63 ± 3.39Aa 69.14 ± 3.44Ab 70.60 ± 3.25Ab 

VN 68.57 ± 3.59ABa 64.76 ± 3.32Cb 67.09 ± 2.35Bab 66.91 ±3.03Aab 66.26 ± 2.21Bab 

VS-HPP 69.80 ± 2.09ABa 66.34 ± 2.24BCa 67.51 ± 2.63Ba 67.65 ± 3.23Aa 66.40 ± 4.50Ba 

VN-HPP 67.98 ± 3.26Ba 67.96 ± 1.78ABa 68.20 ± 2.85Ba 67.06 ± 2.88Aa 65.98 ± 2.73Ba 

a* value      

VS 5.33 ± 1.21Aa 6.64 ± 2.00Aa 6.69 ± 1.82Aa 5.86 ± 1.04Ba 5.70 ± 1.66Aa 

VN 5.95 ± 1.44Aa 6.06 ± 0.97Aa 6.93 ± 1.19Aa 6.94 ± 1.00Aa 6.11 ± 1.27Aa 

VS-HPP 3.49 ± 0.99Bab 3.74 ± 1.28Bab 4.12 ± 1.35Ba 3.21 ± 1.10Cb 3.05 ± 1.11Cb 

VN-HPP 3.48 ± 0.97Bab 2.77 ± 1.27Bb 3.54 ± 1.15Bab 3.40 ± 0.90Cab 4.21 ± 0.78Ba 

b* value      

VS 46.38 ± 2.74Aa 47.30 ± 3.80Aa 46.51 ± 4.83Ba 45.47 ± 4.28Aa 44.67 ± 3.98Ba 

VN 47.29 ± 4.76Aa 46.34 ± 2.53Aa 44.97 ± 3.38Ba 47.42 ± 2.61Aa 47.59 ± 2.34ABa 

VS-HPP 46.91 ± 4.75Aa 47.36 ± 2.80Aa 50.79 ± 4.94Aa 48.91 ± 3.31Aa 49.07 ± 4.34Aa 

VN-HPP 47.39 ± 5.25Aa 46.75 ± 2.98Aa 50.01 ± 3.26Aa 47.56 ± 4.56Aa 47.02 ± 3.00ABa 

∆ E      

VS 4.06 ± 2.01Ab 5.32 ± 3.29Aab 7.19 ± 3.07Aa 5.10 ± 2.45Aab 5.27 ± 2.30ABab 

VN 5.28 ± 3.11Aa 6.44 ± 2.08Aa 4.44 ± 2.81Ba 4.87 ± 1.88Aa 4.33 ± 2.18Ba 

VS-HPP 4.00 ± 1.15Ab 5.68 ± 1.62Aab 5.90 ± 1.59ABa 6.41 ± 2.20Aa 7.06 ± 1.90Aa 

VN-HPP 6.18 ± 2.68Aa 6.53 ± 2.82Aa 5.82 ± 1.41ABa 6.10 ± 1.98Aa 5.27 ± 2.25Ba 
 1 
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by Andrés et al. (2016b) whereby the b* values of 
smoothies remained constant even after being 
subjected to HPP at or over 450 MPa. Notably, in the 
present work, the b* values for HP-treated samples 
were relatively stable during the 40 d of storage. 
However, the untreated samples exhibited a decrease 
in b* values starting from day 20. The gradual 
decrease was expected and could be attributed to the 
enzymatic reaction that occurred.
 The total colour difference (∆E value), 
which indicates the magnitude of colour change 
between untreated and treated samples, was not 
significantly different (p > 0.05) between samples. 
This indicated that the colour of HP-treated jackfruit 
bulbs was similar to that of untreated bulbs. Based on 
visual observation, there were no distinct colour 
differences observed immediately after the HP treat-
ment. This observation is in agreement with those 
revealed by Oey et al. (2008a) and Daoudi et al. 
(2002). The authors concluded that no visual colour 
differences were observed immediately after HP 
treatment. A noticeable difference in the ∆E value of 
untreated jackfruit bulbs was observed on day 20. In 
contrast, the ∆E value of HP-treated jackfruit bulbs 
remained unchanged and was relatively stable 
throughout the storage period. In short, a high L* 
value and high b* value was preferred as it represent 
the fresh appearance of jackfruit bulbs.

Conclusion

 HPP at 500 MPa for 5 min successfully 
extended the shelf life of jackfruit bulbs to up to 60 d 
under chilled storage. The microbial loads of 
HP-treated jackfruit bulbs were kept below the detec-
tion limit (log 2 CFU/g) throughout the storage 
period. Despite the results of the colour analysis, 
which showed that HPP retained the colour of 
jackfruit bulbs, the triangle test carried out by 48 
panellists showed that there was a significant differ-
ence (p < 0.05) between untreated and HP-treated 
jackfruit bulbs, with the difference most probably in 
terms of their texture increased in hardness, (238.36 
g) and chewiness (138.07 g). The effect of HPP on 
the cell structure and conformational change of 
protein structure could be considered for further 
study. 
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