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Abstract: The objective of this study is to evaluate the sensory properties of the concentrated pineapple juice
produced through reverse osmosis process. Fresh pineapple juices were treated at four different combinations of
pressure (20 to 60 bar) and temperature (20 to 60°C), and the concentrated juices produced were evaluated for the
sensory properties in terms of colour, aroma, sweetness, sharpness/sourness, overall acceptability and purchase
intention. The juice with highest score in the overall acceptability was then further compared with a selected
commercial pineapple juice. Among all the treatments, pineapple juice produced at 60 bar and 20°C was determined
to be the most preferred by the majority of the panellists. Also, the comparison between treated pineapple juice and
the commercial indicate that the majority of the panellist significantly preferred the pineapple juice produced
through reverse osmosis especially in term of purchase intention.
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INTRODUCTION

Malaysia is one of the country that planted pineapples
as one of the major crops besides papaya, pomelo,
banana, watermelon, jackfruit and mango. According to
a database reported by the Malaysian Pineapple
Industry Board (MPIB), Malaysia was ranked at 18 as
major world producer in 2010 and increased to rank 15
in 2014 [1]. Pineapple is popular for it unique taste in
term of sourness and sweetness which is balanced.
Furthermore, pineapple is nutritious, beneficial to
health while having important values in the aspect of
medicines. Pineapple is usually processed into various
product including canned pineapple, fresh juice, candies
and also concentrated juice [2].

Concentrated juice is a convenient product as it is
easy to be packaged, have longer shelf-life, low
microbial activity and highly stable [3]. Concentrated
juice is conventionally produced through thermal
evaporation which involves heat transfer principle to
remove the water molecules. Thermal evaporation is an
effective technique in obtaining high total soluble solids
of up to 60°Brix, which meet the standard and
definition for the concentrated juice [4]. However, one
of the major drawback of the thermal evaporation
technique is the quality deterioration in the juices due to
the degradation of the heat intolerance compounds such

as vitamins and minerals [5]. To preserve the quality of
the concentrated juice, a non-thermal technique such as
reverse osmosis may be considered as a new approach.

Reverse osmosis is a process that separate the
water molecules from the solution based on the
concentration gradient through a semi-permeable
membrane by applying pressure [7]. In comparison with
the thermal evaporation, reverse osmosis is more
environmental friendly, less energy consumption and it
can be operated at the low temperature [6]. Also,
thermal degradation of the sensitive compounds such as
vitamins and minerals could be avoided as well as
enhancing the other juice properties such as antioxidant
capacity, colour and texture of the fruit juice [8].

The study on the physicochemical properties alone
is insufficient in determining the quality of the juice
produced from the reverse osmosis process. The juice
may also be viewed in the sense of organoleptic
properties through the sensory tests which more
appropriate in determining the quality of the fruit juice
as illustrated in Figure 1 [9]. Critical intrinsic and
extrinsic characteristics of the final product may also
help in rough qualitative visualisation and the
marketability status [10].

The objective of this study is to evaluate the
sensory properties of the concentrated pineapple juices
produced at four different treatments by reverse
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osmosis process. Also, a comparison study were made
between the best pineapple juice and the selected
commercial pineapple juice.

The first stage of sensory test is to evaluate the
pineapple juices treated at four different concentrations
treatment. The treated pineapple juice with the highest
overall acceptability score was chosen for the second
stage of sensory test.

In the second stage, the treated pineapple juice
will be compared with a selected commercial pineapple
juice. The criteria for the evaluations were set similar to
the first stage except that an additional of one more
criteria namely purchase intention.

Structural factors determining the quality of fruit juices
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Figure 1. Structural model of factors determining the
quality of fruit juices. Kraus and Popek [9]

MATERIALS AND METHODS
Concentration process

Two-level full factorial design was used for the
experimental design and each run was done in
triplicate. The pineapple juices were concentrated at
four different treatments according to the factorial
design as follow:

i) A (20 bar and 20 °C)
ii) B (20 bar and 60 °C)
iii) C (60 bar and 20 °C)
iv) D (60 bar and 60 °C).

The reverse osmosis system used is a single-stage
configuration with an output rate of 150 gallon per day
of treated water. Also, a membrane with the spiral type
(DOW Filmtech SW30-2514), stabilised salt rejection
of 99.4% and 0.7 m? effective surface area was selected
as part of the reverse osmosis system.

Prior concentration process at 40 °C and 60 °C,
pineapple juices was pre-heated using water bath
technique (Memmert waterbath WNB45). The cover of
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waterbath system was left open during heating to avoid
potential droplets formation from entering the pineapple
juice. Also, opening the cover ease the process of
monitoring of the pineapple juice temperature using
thermometer.

Sensory test

Sensory attributes such as colour, aroma, sweetness,
tartness or sharpness and overall acceptability were
evaluated using five-point hedonic scales and ten semi-
trained panellist [11]. The panellist are selected
randomly with no specific allergic to any tropical fruits.
The tests were carried out in the food sensory
laboratory with well-prepared instrumentation and
design facility. Two stages of sensory test were
conducted and the results obtained were compared
using t-test to check for any significant difference.

RESULTS AND DISCUSSION

Table 1 shows the results of the sensory evaluation of
the treated pineapple juice. In term of colour criteria,
the majority panellists favoured the treated pineapple
juice C. This could be due to the intense colour
produced at low temperature and high transmembrane
pressure condition [12]. In contrast, pineapple juice
produced at high temperature and low transmembrane
pressure has the least colour score which represented by
the treatment B. High temperature had a negative
impact on the colour of the juice as it may cause the
discolouration effect during the concentration process.
Also, high temperature may cause degradation of heat
sensitive component in the juice and subsequently can
promote the caramelization, Maillard reaction or non-
enzymatic browning process [13]. The brown pigment
formation due to the effect of high temperature
treatment may darken the juice and thus reducing the
score for the colour appearance.

Pleasant aroma is one of the classical trait of
tropical fruits due the aromatic properties which exhibit
unique fragrant and varies according to the cultivars,
agro-cultural practices and seasonal changes [14]. Juice
from the treatment C scores the highest values probably
because of the critical retention of aromatic compounds
through low temperature and high during the
concentration process. On the other hand, the juice from
treatment B produced lowest score in terms of aroma
characteristic. This could be due to the effect of high
temperature applied during the concentration process.
The high temperature during concentration process
promote the permeability of the aromatic compounds
through the membrane of reverse osmosis which allow
the escape of the volatile compounds together with the
permeate materials. Thus, the final juice produced at the
high temperature treatment show less aroma intensity.
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For sweetness of the pineapple juices, majority of
the panellist favoured treated pineapple juice C and D.
The scores obtained for treatments C and D are
significantly different with the treatments A and B. The
difference of this scores could be due to the total
soluble solids contents that represents the degree of the
natural sweetness which were relatively high in the
treatments C and D. As for A and B, both juices were
treated at low transmembrane pressure where the
concentration process by reverse osmosis process is less
effective. Thus, the concentration process at low
transmembrane pressure yields low percentage of total
soluble solids.

Table 1: Results of sensory evaluation for different
treatments of pineapple juices

Pineapple Average score

juice A B C D

characteristics

Colour 3.7£0.23% 3.2+0.12° 4.0+0.26% 3.3+0.28?
b

Aroma 2.240.34% 2.1+0.23* 2.6+0.26% 2.4+0.19?

Sweetness 2.0+0.307 2.2+0.23* 3.3+0.18" 3.4+0.10°

Tartness/ 2.9+0.312 3.1+0.32% 3.8+0.24° 3.5+0.25"

sharpness

Overall 2.6+0.24* 2.8+0.35% 3.8+0.25° 3.2+0.23°

acceptability

Notes:- Treatment A (20 bar and 20 °C); B (20 bar and 60 °C);
C (60 bar and 20 °C); D (60 bar and 60 °C). Identical letters in
the same row do not differ significantly (p> 0.05).

One of the crucial attributes of the tropical based
fruit juices is the tartness or sharpness sensation due to
the ascorbic acid and other organic acids contents.
Based on the results (Table 1), panellists were preferred
juice from treatment C which could be due to the high
preservation of ascorbic acid during the concentration
process. Ascorbic acid is considered as a thermal
sensitive compound and could be degraded under
extreme temperature beyond its stability threshold
[15];[16]. Also, the factor of high transmembrane
pressure applied had an advantageous effect on the
preservation of ascorbic acid. Higher transmembrane
pressure promote better retention of ascorbic acids than
that of the lower pressure. Therefore, treatment C has
the highest score among all treatments due to low
thermal and high transmembrane pressure factors that
maximise the retention of ascorbic acid and other
organic acids [12].

A second stage of sensory test was conducted
between the most preferred pineapple juice with the
highest overall acceptability score (treatment C) and a
selected commercial pineapple juice. The criteria for
evaluation were set similar to the first stage except that
a new characteristic namely purchase intention was
introduced. The purchase intention characteristic is
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used to measure the marketability of the pineapple
juices produced by the reverse osmosis system. The
result of both products were presented in Table 2. The
samples of pineapple juices were prepared according to
the method employed by Deliza [17].

Table 2: Sensory evaluation results between the highest
overall acceptability pineapple juice and selected
commercial one

Pineapple juice Average score

characteristics Treatment C Commercial
Colour 4.4+0.422 4.2+0.51°
Aroma 2.7+0.53? 2.4+0.60?
Sweetness 3.2+0.35% 3.3+0.372
Tartness/sharpness 3.1+0.622 3.0+0.55%
Overall 3.5+0.38% 3.2+0.422
acceptability

Purchase intention 4.5+0.442 3.6+0.30°

Note: Identical letters in the same row do not differ
significantly (p> 0.05) among themselves.

Table 2 demonstrated that the differences between
both pineapple juices were insignificant in terms of
colour, aroma, sweetness, tartness, and overall
acceptability. However, the purchase intention of both
pineapple juices were significantly different (p<0.05) as
verified through the t-test. The purchase intention was
higher for the pineapple juice produced by the reverse
osmosis than the commercial product. This could
indicates that the high potential for marketability of the
pineapple juice produced by the reverse osmosis
system. This result is in agreement with the finding
reported by Couto et al., [18] where the overall score
for the pineapple juice produced by the reverse osmaosis
is higher than several selected local commercial
pineapple juices. Also, panelist’s preferences for the
pineapple juice by the reverse osmosis over the
commercial pineapple juices indicate that the quality
preservation of the final product by the reverse osmosis
is satisfactory [19].

CONCLUSION

Majority of the panelist preferred pineapple juice which
was treated at 60 bar transmembrane pressure and 20 °C
temperature. This was translated into the sensory scores
where the juice produced through this treatment were
superior in terms of colour, aroma, sweetness or
sharpness and overall acceptability. When compared
with a commercial pineapple juice, the sensory quality
were comparable for both juices except for the purchase
intention where majority panelist preferred the
pineapple juice produced by the reverse osmosis. This
study highlighted the potential of reverse osmosis
technology as a promising technique to produce
concentrated juice with an exceptional sensory quality.
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