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Abstract: This study explored the effect of chitosan coating incorporated with pineapple peel extract
on the postharvest quality of white shrimp (Litopenaeus vannamei) during nine days of storage at
5°C. Incorporation of pineapple peel extract in chitosan coating was able to delay the decline of
some important postharvest quality measures of white shrimp which includes reduced formation of
total volatile basic nitrogen and peroxide value. It also decreased melanosis formation and hindered
growth of Pseudomonas which assists in prolonging shelf ife quality of white shrimp. Additionally,
shrimp coated with chitosan incorporated with pineapple peel extract had an improved sensory
score which includes assessment on overall acceptance. The results showed that chitosan coating
incorporated with pineapple peel extract could be a natural approach towards retaining postharvest
quality of shrimp as well as decrease the employment of synthetic treatments. The utilization of
pineapple peel could also reduce the agricultural waste in the environment.
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Introduction

White shrimp is one of the foremost valuable
crustaceans representing 15.4% of the total
value of international traded fish products in
2008 (FAO, 2010). However, shrimp is a very
perishable product in which the post-mortem
changes lead to postharvest losses (Hsu et al.,
2017). White shrimp (Litopenaeus vannamei)
is highly perishable and has a limited shelf
life (Na et al, 2018). Lipid oxidation easily
occurs in shrimp due to the large concentration
of lipid in shrimp flesh (Sriket et al, 2007).
After harvest, quality of shrimp declines due to
biochemical activity (Boonsumrej et al., 2007)
and microbiological activity from the presence
of spoilage bacteria such as Pseudomonas spp
(Bono & Badalucco, 2012). Acceptability also
reduced with the unfavourable colour change
related to melanosis on the surface of white
shrimp. Melanosis or blackspot is a natural post-
mortem process that involves polymerization
of phenols into insoluble black pigments
(melanin) by polyphenol oxidase followed by

non-enzymatic polymerization of the quinones
(Nirmal & Benjakul, 2011). To avoid this
problem, various techniques, such as application
of edible coating and plant extracts, have been
suggested to prolong the shelf life of white
shrimp thus reducing postharvest losses.

Pineapple peel is derived from the by-
product of pineapple processing (Ruslan et al.,
2017). Ahmad and Sharma (2012) reported that
pineapple extract contained chlorogenic acid and
ferulic acid with beneficial antioxidant activity.
The antioxidant property can be beneficial to
retain postharvest quality of white shrimp where
it can potentially reduce lipid oxidation activity
in the flesh of shrimp. However, the potential
of this agricultural waste as an agent to reduce
deterioration of white shrimp has not been
previously reported. Therefore, the aim of this
study was to assess the effect of pineapple peel
extract combined with chitosan coating on the
postharvest quality of white shrimp (Litopenaeus
vannamei) during nine days of storage at 5°C.
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Materials and Methods

Preparation of Pineapple Peel Waste Extract
and Coating Material

Pineapple peels were obtained from fresh
pineapple fruits and dried at 50°C and ground into
powder using rock grinder with 250um particle
size. Pineapple peel powder was percolated
with methanol at room temperature for three
days and filtered. The residue was re-extracted
and filtrates were combined and evaporated to
dryness by using rotary evaporator (Ahmed et
al., 2011; Zayed et al., 2014). Chitosan coating
solution was added with different concentrations
of pineapple peel extract (4% and 8%).

Shrimp Collection and Treatments

Fresh white shrimp (Litopenaeus vannamei) of
uniform size was purchased from a local market
in Kuala Terengganu. The white shrimp was kept
cold and transported immediately to postharvest
laboratory in Universiti Malaysia Terengganu
and assigned to four treatment groups:

1. Control: uncoated white shrimp

2. Chitosan: chitosan coating only without
incorporation of pineapple peel extract

3. Chitosan + 4% PP extract: chitosan coating
with incorporation of 4% pineapple peel
extract

4. Chitosan + 8% PP extract: chitosan coating
with incorporation of 8% pineapple peel
extract

The assigned shrimp samples were
immersed in the respective coating solutions
for three minutes to achieve uniform surface
coating, and then drained and dried at room
temperature, prior being packed in polyethylene
bags and stored at 5°C for nine days (Souza et
al., 2010). Postharvest quality assessments were
performed at days 0, 3, 6 and 9 of the experiment.

Weight Loss

Weight loss of shrimp from each treatment was
measured throughout the days of storage period
at every three-day interval. The difference
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between initial and final weights was considered
as the total weight loss during the storage
interval and was expressed as percentage weight
loss using the following equation:

Initial weight - Final weight

Percentage weight loss =
Initial weight

Texture Analysis

Texture was assessed using the TA.XT Plus
Texture Analyzer Stable Micro System (Texture
Exponent 32 Version 4.0.9.0, Surrey, United
Kingdom) fitted with a cylindrical compression
probe of radius 36 mm. The shrimps with
shells on were compressed on their sides to
approximately 50% of the sample’s width
to avoid cracking, with pre-test speed of 2.0
mm/s, test speed of 2.0 mm/s, post-test speed
of 2.0 mm/s and trigger force of 5 g. Data was
collected for hardness, springiness and resilience
(Balfour, 2014).

Colour Analysis

Colour of the shrimp was taken using a
chromameter (Model CR-400, Konika Minolta)
to determine the shrimp’s colour at three
different points (head, body and tail) and reading
of L* and b* were recorded (Yuan et al., 2016).

PH, Total Volatile Base Nitrogen (TVB-N) and
Peroxide Value

pH was measured using a pH meter (EcoScan
pH 5, EUTECH Instrument) on a mixture of 5
g of shrimp flesh in 20 ml distilled water (Imran
etal, 2013).

TVB-N was determined according to
Sun et al. (2014) using steam distillation of
trichloroacetic acid with an automatic Kjeldahl
apparatus (Kjeltec-8400, Foss, Sweden). The
TVB-N values were expressed as mg N/100 g
shrimp meat.

Peroxide value was carried out using
method by Rahman et al. (2002) and expressed
as g/fat.
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Microbial Quality Evaluation

Total plate counts (TPC) and Pseudomonas
was determined by preparing serial dilutions of
homogenized shrimp and plated on nutrient agar
(NA) for TPC and PSA for Pseudomonas using
spread plate method. The plates were incubated
at 36°C for NA and at 30°C for PSA (24 to 48
hours). Results were expressed as log,, CFU/
mL.

Sensory Analysis and Evaluation of Melanosis

The sensory analysis was performed on raw
shrimp using overall acceptance test with five
point hedonic scale. The melanosis assessment
was assessed through visual observation using
ten-point scoring according to Montero et al.
(2001) as follows:

0 = absent

2 = slight (up to 20% of shrimp’s surface
affected)

4 = moderate (20% to 40% of shrimp’s surface
affected)

6 = notable (40% to 60% of shrimp’s surface
affected)

8 = severe (60% to 80% of shrimps’ surface
affected)

10= extremely heavy (80% to 100% of shrimp’s

surface affected)

Weight loss (%)

Statistical Analysis

A completely randomized experimental
design was performed with three replicates
per treatment. Data were subjected to analysis
of variance (ANOVA) followed by Tukey’s
HSD for multiple comparison test using IBM
SPSS Statistics 24. Statistical significance is
considered at p<0.05.

Results and Discussion
Weight Loss

Percentage of weight loss for shrimp coated with
chitosan, chitosan + 4% PP extract and chitosan
+ 8% PP extract were found to be higher than
control (uncoated) shrimp (p<0.05) (Figure 1).
This indicated that pineapple peel extract was
not effective in delaying weight loss in shrimp
during storage at 5°C for a period of nine days.
This might be due to the bromelain enzyme
contained in the pineapple peel (Schieber
et al, 2001). Martins et al. (2014) reported
that bromelain is included in the hydrolase
classification and specifically from the group
of cysteine proteinase, known for the ability of
breaking peptide bonds, separation of proteins
and amino acids. However, utilizing potential
benefit from the antioxidative activity of other
bioactive compounds in this agricultural waste
is perhaps possible with removal of bromelain
prior to incorporation in coating solutions.
This is possibly achievable using purification
methods reported in Soares et al. (2012).

Control

Chitosan

Chitosan + 4% PP extract
Chitosan + 8% PP extract

-0.5

Day

Figure 1: The effects of chitosan and pineapple peel extract coating on percentage of weight loss in white
shrimp stored at 5°C for nine days. Data presented as mean + standard deviation
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Texture

One of the important parameters for consumer
acceptability is texture (Farajzadeh et al., 2016).
Figure 2 illustrates the hardness, resilience and
springiness of uncoated and coated shrimp.
There was a gradual increase in hardness for
all shrimps throughout the storage period. The
increase of hardness during storage is possibly
due to accumulation and loss of water (Bindu
et al, 2013). Resilience parameter in this
analysis refers to the ability of the shrimp to
elastically recover after being subjected to
speed and force (Meinert et al, 1999). The
variation of springiness is due to the activity

186

of autolytic enzyme (ATPase and cathepsins)
collapsing the connective tissue and myofibrillar
protein hydrolyzed (Godiksen et al., 2009). In
this study, no significant impact was observed
from all coating treatments of chitosan and
PP extracts (p>0.05). There is a tendency for
slightly lower value of hardness, springiness
and resilience in shrimp coated with chitosan
+ 8% PP extract compared to control and other
coating treatments, but the differences were not
significant. This observation could be due to
the hydrolysis of protein as a result from higher
bromelain contained in the PP extract, which
supports the observation of higher weight loss of
shrimp coated with the extract.
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Figure 2: The effects of chitosan and pineapple peel extract coating on (A) hardness, (B) resilience and (C)

springiness of white shrimp stored at 5°C for nine days. Data is presented as mean + standard deviation

Colour

One of the crucial visual characteristics for
seafood is colour (Farajzadeh et al., 2016).
There was no significant impact of all treatments
for both of the chromacity L* (lightness) and
chromacity b* (yellowness) on shrimp (p>0.05)
(Figure 3). However, there was a tendency for

slightly higher increase in b* value of shrimp
coated with chitosan, chitosan + 4% PP extract
and chitosan + 8% PP extract during storage at
5°C. The yellowish colour of chitosan and PP
extract containing carotenoid could have a small
impact on the yellowish appearance of coated
shrimp (Ferreira ef al., 2016).
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Figure 3: The effects of chitosan and pineapple peel extract coating on colour (A) L* value and (B) b* value
in white shrimp stored at 5°C for nine days. Data is presented as mean + standard deviation

PH, Total Volatile Base Nitrogen (TVB-N) and
Peroxide Value

pH greater than 7.6 for shrimp is subject to be
rejected due to the classification as unacceptable
or putrid (Nirmal & Benjakul, 2011). Coating
treatments in this study did not significantly
affect the pH value of the white shrimps (Figure
4A). However, control (uncoated) shrimp
showed a tendency for higher rise of pH, but
the recorded pH is still in the acceptable range.
The slightly lower pH during storage period for
shrimp coated with chitosan + 4% PP extract
and chitosan + 8% PP extract is possibly due
to acidic environment of coating solution that
has been used for the treatment (Mohan et al.,
2012). Drop of pH value could help in inhibition
of microorganisms’ growth which can help
prolong the shelf life of the shrimp (Fan et al.,
2009).

The rise of TVBN value in seafood is
associated with microbial and chemical spoilage
because TVBN measures the ammonia produced
from the bacteria and protein breakdown

products (Yuan et al., 2016). Chinese National
Standard (GB2741-94) (2010) has set the
safe limit to <300mg TVBN/100g for marine
products. In this study, it was observed that
all coating treatments lower the formation of
TVBN produced in spoilage of the shrimp when
compared to control (p<0.05). Lowest TVBN
value was observed in shrimp coated with
chitosan + 8% PP extract.

Peroxide value (PV) shows primary
lipid oxidation concentration in products
(Farajzadeh et al., 2016). The drop of PV on
day nine of storage in shrimp coated with
chitosan + 8% PP extract was possibly due to
hydroperoxide decomposition in order to form
short hydrocarbon chain such as aldehydes
(Nirmal & Benjakul, 2011). Other than that, the
phenolic compound that is present in PP extract
serves as antioxidant that could inhibit the lipid
oxidation (Saraswaty et al, 2017). Chitosan
coating with incorporation of 4% and 8% of PP
extracts showed a low PV rate due to chitosan
properties as it is a good barrier to oxygen (Jeon
etal, 2002).
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Figure 4: The effects of chitosan and pineapple peel extract coating on (A) pH value, (B) increase of TVBN
from day 0 to day nine and (C) increase of peroxide value from day 0 to day 9 in white shrimp stored at 5°C.
Data presented as mean + standard deviation

Sensory Analysis

Data gained from overall acceptance test is
illustrated in Figure 5. Coated shrimps were more
favourable to panels than control (uncoated)
shrimps. Shrimp coated with chitosan + 8%
PP extract scored the highest for all attributes,
meanwhile control shrimp scored the lowest.
Figure 6 shows the melanosis scoring on white
shrimp stored for nine days at 5°C. Shrimp coated
with chitosan and chitosan with PP extracts were
less prone to melanosis development compared
to control (uncoated) shrimp. Chitosan has
an oxygen barrier property (Huang et al,
2012) which may delay the development of

melanosis. Shrimp coated with chitosan + PP
extracts reduced melanosis formation better
than shrimp coated with chitosan only (p<0.05).
The melanosis is induced by polyphenol
oxidase enzymatic action where it automatically
oxidized the occurring phenols from amino acid
to quinones (Arancibia et al.,, 2015). Phenolic
compounds in the pineapple peel could be
attributed to inhibiting the polyphenol oxidase
and that resulted in reduced quinone formation
in the white shrimp (Nirmal & Benjakul, 2011).
This is in agreement with previous studies which
reported the efficiency of catechin, ferulic acid,
and green tea extract on retaining quality of
white shrimp (Nirmal & Benjakul, 2011; Yuan
et al., 2016).

Appearance

Overall

Colour
acceptance

Texture Odour

=== Control

=== Chitosan
Chitosan + 4% PP extract
Chitosan + 8% PP extract

Figure 5: Overall acceptance of raw white shrimp stored at 5°C for nine days. Data is presented as mean +

standard deviation
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Figure 6: Melanosis assessment of white shrimp after nine days of storage at 5°C. Data is presented as mean

+ standard deviation

Microbial Quality Evaluation

The microbial load in evaluated shrimp at day-
0 of experiment was found to be acceptable.
After nine days of storage, all samples showed
an increase in total plate count and number of
Pseudomonas detected. There was no effect of
coating treatments on improving the total plate
count of white shrimp (Table 1). However,
shrimp coated with chitosan + 4% PP extract
and chitosan + 8% PP extract showed a
lower Pseudomonas compared to control and
shrimp coated with chitosan only (Table 2).
Bromelain in pineapple has been reported for its
antimicrobial activity (Loon et al., 2018). This

proteolytic enzyme breaks down the protein
of bacterial membrane and causes the bacteria
cell death (Caesarita et al., 2011; Zharfan et al.,
2017). The utmost group of microorganisms that
resulted to spoilage in seafood is gram-negative
psychrotrophic bacteria (Nirmal & Benjakul,
2011) which includes Pseudomonas spp. (Chau
et al., 2011). Phenols that are also found in
pineapple peel (Ahmad & Sharma, 2012) are
lipophilic compounds which can attract lipid
molecules in membrane cell, causing damage to
the cell membrane of bacteria and subsequently
break down the cell which will lead to cell death
(Maurer, 2001; Loon et al., 2018).

Table 1: The effect of chitosan and pineapple peel extract coating on total plate count of white shrimp stored

at 5°C for nine days

Microbial Load (log,, CFU/mL)

Treatment
Day 0 Day 9
Control <4.0 CFU/mL >2000 CFU/mL
Chitosan <4.0 CFU/mL > 2000 CFU/mL
Chitosan + 4% PP extract ~ <4.0 CFU/mL >2000 CFU/mL
Chitosan + 8% PP extract ~ <4.0 CFU/mL > 2000 CFU/mL
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Table 2: The effect of chitosan and pineapple peel extract coating on Pseudomonas growth in white shrimp

stored at 5°C for nine days

Colony Forming Unit (cfu/ml)

Treatment
Day 0 Day 9
Control <4.0 CFU/mL >2000 CFU/mL
Chitosan <4.0 CFU/mL >2000 CFU/mL
Chitosan + 4% PP extract <4.0 CFUmL  4.45 CFU/mL
Chitosan + 8% PP extract <4.0 CFU/mL  4.45 CFU/mL
Conclusion Acknowledgements

Chitosan incorporating pineapple peel extract as
an edible coating was effective in retaining some
important postharvest quality of white shrimp.
Chitosan incorporated with 4% and 8% pineapple
peel extract was able to significantly reduce
the formation of total volatile basic nitrogen,
peroxide value, formation of melanosis and
growth of Pseudomonas. Overall acceptance test
indicated that panelists preferred white shrimp
that was coated with chitosan incorporated
with 8% pineapple peel extract. Although the
shrimps were classified as unacceptable for
consumption at the end of 9 days of storage, the
coating treatments were observed to be able to
delay deterioration especially in reducing total
volatile basic nitrogen and melanosis formation.
Although positive implications were provided
by the pineapple peel in chitosan coating,
bromelain contained in this fruit peel possibly
caused an enhanced weight loss of treated white
shrimp. Therefore, removal of the bromelain
enzyme could be considered as a valuable pre-
treatment prior to using the peel as coating agent
in retaining quality of shrimp to fully utilize
potential of this fruit waste. Utilizing such waste
can be an alternative to chemical treatments for
reducing postharvest losses of the shrimp, thus
assisting in ensuring sufficient food supply from
this protein source. Utilization of such fruit
waste could also help in reducing agricultural
waste.

The authors acknowledge the support from
the Faculty of Fisheries and Food Science,
Universiti Malaysia Terengganu and also thanks
the staffs in the Postharvest Laboratory for the
technical assistance given.
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