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Received 5 August 2015; Revised 22 October 2015; Accepted 8 November 2015

Academic Editor: Hamzah M. Al-Qadiri
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This study aimed to testify acerola’s inhibitory activity on melanosis in farmed white shrimp (L. vannamei). Shrimp samples
underwent immersion in different treatments (control group (C), metabisulphite solution group (M), and acerola solution group
(A)). Quality IndexMethod (QIM) was used to measure the shrimp shelf life, during 21 days, where microbiological, chemical, and
sensory analyses were performed at each 3 days. Groups C and A exceeded the limit of mesophilic bacterial count within 15 days
of storage, and for M the period was 18 days. As for the psychrophilic bacteria, C and A both crossed the limit on day 12 and M
on the 15th day. Group M had the highest TVBN and pH means, followed by A and lastly C. Yet, TMA analysis showed highest
values in group C, second A, and finally M. Sensory analysis determined the shelf life of groups C, M, and A as 10.5, 14.6, and 12.3
days, respectively. There were not many significant differences between the groups in all analyses; hence, dipping shrimp in acerola
solutions would not suffice to inhibit melanosis formation. Further studies are needed to fully determine acerola’s antimelanosic
potential.

1. Introduction

Melanosis is the name given to the progressive darkening of
the joints and the exoskeleton of crustaceans. Its presence
does not necessarily mean a threat to consumers’ health [1];
however, it is one of the biggest issues in the seafood industry,
since it reduces shelf life andmarket acceptability, resulting in
financial losses [2].

Melanization is a physiological process in crustaceans,
related to the immune system of invertebrates; it allows quick
responses to pathogens’ infection [3]. Shrimp, once taken off
of the water, begin a process called melanogenesis [4], where
colorless compounds, phenols, undergo enzymatic oxidation
catalyzed by polyphenol oxidases and turned into colorless
quinones, which, through nonenzymatic polymerization,
lead to melanin, a black pigment with high molecular weight
[5, 6]. In order to avoid melanosis, fishermen and shrimp
farmers submit the recently harvested shrimp to treatments

with sulphites [7–9]. The immersion of shrimp in aqueous
solutions of sodiummetabisulphite (Na

2
S
2
O
5
) and icedwater

is frequently used worldwide [2]. These compounds interfere
with the polymerization of quinones and do not allow the
formation of dark pigments on shrimp [10].

Despite the efficiency of sulphites in preventing
melanosis, its use has limitations. Sodium metabisulphite
(Na
2
S
2
O
5
) is considered responsible for asthma attacks,

causing serious allergic reactions in people who are exposed
to it [11]. Its residues, such as sulfur dioxide (SO

2
), are also

harmful to human health and can cause acute poisoning,
when in contact withmucousmembranes, difficult breathing,
and cyanosis and even induce the formation of pulmonary
edema [12].

The use of these substances can also cause deleterious
changes in the sensory characteristics of shrimp [5]. For
these reasons, the agencies, which manage the use of food
additives, impose a maximum of 150mg kg−1 of residual SO
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[13]. This means final concentrations of approximately 1.25%
sodium metabisulphite (Na

2
S
2
O
5
) in the dipping solution

and an approximate 10 minutes of immersion in it, so that
the residual SO

2
does not exceed the required limits [14].

The regulatory authorities of many countries have indi-
cated a maximum concentration of sulphites and derivatives
in various foods. In Europe, the amount of sulphites in the
edible part of fresh Penaeidae crustacean family is restricted
to 0.15–0.3 g SO

2
kg−1 according to the size of the crustacean

[15]. However, residual sulphite levels may depend not only
on the size but also on harvest, treatment conditions, and
handling and processing of the products. In this sense, the
information available on the level of residues generated as a
consequence of different sulphite-based treatments is scarce
for this and other species [16]. The harm caused by sulphites
and the growing concerns by consumers regarding the origin
and processing of food often makes them prefer to replace
synthetic additives for natural alternatives [17–19].

Acerola (Malpighia glabra L.) is a fruit cultivated in
Central and South America, commonly found and cultivated
in Brazil. It is rich in vitamins, minerals, and carotenoids
[20] and has an excellent antioxidant potential shown by
the amount of phenolic compounds in its pulp (15.8 ±
0.1mgAGmL−1), which have values up to 40 times higher
than those found in passion fruits and pineapples [21].

These characteristics, theoretically, make acerola a very
good alternative to sodium metabisulphite (Na

2
S
2
O
5
). This

experiment was performed in order to investigate this fruit’s
potential as an inhibitor of melanosis formation in refriger-
ated white shrimp (Litopenaeus vannamei).

2. Material and Methods

2.1. Sample Preparation. White shrimp (L. vannamei) sam-
ples were collected directly from the shrimp farmers located
in Mossoró, RN (Brazil), kept in insulated boxes with flaked
ice (1 : 1), and transported to the Seafood Technology and
Quality Control Laboratory (LAPESC), UFERSA. The time
from the shrimp samples harvest to treatments at the labora-
tory was no more than 2 hours.

Two solutions were prepared for dipping the samples:
(1) sodium metabisulphite (Na

2
S
2
O
5
): made by adding 12.5 g

of Na
2
S
2
O
5
in 1000mL of distilled water; (2) pasteurized

acerola pulp: made by using four units of pulp (100 g each)
and 4000mL of distilled water, followed by homogenization
in a blender, according to previous test of viscosity (data not
shown).The solutions were maintained at temperatures close
to 0∘C with ice all through the 10 minutes the samples were
immersed in a 1 : 1 proportion of “shrimp : sample solution.”

Twenty-four samples of shrimp (300 ± 0.9 g each) were
divided equally into 3 groups: control group (C), metabisul-
phite group (M), and acerola group (A), according to the
solution used in the immersion bath and then they were
all packaged in polyethylene plastic bag with atmospheric
air. The samples from the control group (C) did not
undergo immersion in any of the solutions. All samples
were stored in refrigeration temperature (5 ± 1∘C) during the
experiment.

2.2. Sensory Analysis. Quality IndexMethod (QIM)was used
to measure the shelf life of shrimp. In this experiment, the
aspects analyzed were based on QIM schemes developed by
Otwell and Marshall [22] and Oliveira et al. [23]. Five pan-
elists from the laboratory participated in this study.They had
not been trained prior to the evaluation but were instructed
in the QIM procedure as described byMartinsdóttir [24] and
Martinsdóttir et al. [25].

The quality parameters observed in the samples were
odor, presence of melanosis, texture, head adherence, shell
adherence, overall appearance (Table 1), and amount to a
total value called Quality Index (QI), which ranged in this
experiment from 0 to 36.

Sensory analysis took place shortly after samples were
taken for microbiological analyses. They were performed
mostly on the same hours on the determined dates, in an
adequate environment inside the laboratory, and panelists
did not discuss samples amongst each other. The freshness
evaluation was conducted by the following tests: sensorial
(QIM), microbiological, and physicochemical analysis. All
analyses were performed at baseline (day zero) and at regular
intervals of 72 hours (each three days).

2.3. Microbiological Analyses. Brazilian legislation [26]
requires only two microbiological analyses for crustaceans
in natura: coagulase-positive staphylococci and Salmonella
sp. In addition to these, we also performed total mesophilic
and psychrophilic counts. All microbiological analyses were
performed according to the Manual of Official Analytical
Methods provided by the Brazilian government [27] and
described below.

From each sample, 25 g of muscle was removed from the
white shrimp and then homogenized in a stomacher with
225mL of 0.1% peptone water. This solution is considered
the 10−1 dilution. From this first dilution, 1mL is removed
and added to 9mL of 0.1% peptone water, making it the
10−2 dilution, from which another 1mL is taken to be mixed
with the additional 9mL of peptone water to make the final
dilution of 10−3.

For the analysis of coagulase-positive staphylococci,
0.1mL aliquots of the three dilutions of each sample were
seeded with the Drigalski handle in duplicate Petri dishes of
Baird-Parker agar supplemented with egg yolk emulsion and
incubated for 48 hours at 37∘C. Then, typical and atypical
colonies were inoculated into BHI broth and left in an
incubator (37∘C) for 24 hours. Finally, 0.3mL aliquots were
taken from BHI broth and inoculated into 0.3mL of rabbit
plasma. After 6 hours at 37∘C on the incubator, the tubes were
observed for clots.

The presence of Salmonella sp. was observed after five
steps: (1) preenrichment: the 10−1 dilution was left in an
incubator (37∘C) for 20 hours; (2) selective enrichment:
it was made by inoculation of 1mL of this dilution in
selenite-cysteine and tetrathionate and 0.1mL in Rappaport
Vassiliadis broth, and the tubes were then taken to the bath at
41∘C for 24 hours; (3) isolation: the platinum loop colonies
were taken from the broths to the EMB and SS agars and
the Petri dishes were incubated inverted (37∘C) for 24 hours;
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Table 1: QIM scheme developed specially for this research.

Quality parameter Description Score

Odor

Fresh, smooth as seaweed 0
Faint, reminiscent of sea salt 2
Light ammonia sent 4
Heavy ammonia sent, putrid 6

Melanosis

Absent 0
Slight, small isolated black spots, occurring in up to 50% of the sample’s shrimp 2
Moderate, small isolated black spots, occurring in over 50% of the sample’s shrimp 4
Moderate, larger black stains, occurring in up to 50% of the sample’s shrimp 6
Heavy, larger black stains, occurring in over 50% of the sample’s shrimp 8
Heavy blackening of the shrimp as a whole, occurring in 100% of the sample’s shrimp 10

Texture Normal 0
Softened 2

Shell
Strongly adhered 0
Mildly adhered 2
Weakly adhered 4

Head
Strongly adhered 0
Mildly adhered 2
Weakly adhered 4

Appearance

Excellent 0
Great 2
Good 4
Bad 6
Awful 8
Inacceptable 10

Quality Index (QI) total 0–36

(4) selection: isolated colonies of each positive plate were
inoculated into tubes containing TSI and LIA and taken into
the incubator (37∘C) for another 24 hours; (5) biochemical
test: positive colonies on TSI and LIA are transplanted to urea
agar tubes and incubated (37∘C) for 24 hours.

For total mesophilic and psychrophilic counts, 1mL of
each dilution from the samples was homogenized with 20mL
of PCA in Petri dishes. After the agar hardened, the dishes
were settled inverted in an incubator (37∘C) for 48 hours for
total mesophilic count and in a refrigerator (7∘C) for seven
days for total psychrotrophic count.

2.4. Physicochemical Analyses. Nitrogen of total volatile bases
(TVB-N), trimethylamine (TMA), and pH analyses were
performed in triplicate. To measure the first two, a protocol
from LANARA [28] was used, with some modifications.
Initially, 50 g of muscle from each sample was added to
150mL of 10% trichloroacetic acid and mashed. Once prop-
erly homogenized, the mixture was filtered to obtain a clear
extract. From this liquid, 5mL was taken and transferred
into digester tubes which were attached to the nitrogen
distiller device (TECNAL,model TE-0363, Piracicaba, Brazil)
and 5mL of sodium hydroxide (NaOH) 2M was added.
Distillation was performed and the distillate was collected
in a flask containing 5mL of 0.01N hydrochloric acid and
three drops of rosolic acid indicator until the resulting

liquid, which was transparent, reached a volume of 50mL.
Afterwards, the excessive acid was subjected to titration with
0.01N NaOH until a pale pink color was achieved. This first
titration referred to the amount of TVB in the sample. To
calculate TMA, 5mL of 16% formaldehyde was added in
order for the solution to become transparent once more and
a second titration with 0.01NNaOHwas performed until the
liquid turned pink again.The TVB-N value was calculated in
mgN 100 g−1 and obtained through the following formula:

TVB-N = 14 (150 + 𝐴) ∗ 𝑉 ∗ 𝑓 ∗ 𝑁 ∗ 100, (1)

where 𝐴 is water content in the sample, expressed in
mg⋅100 g−1;𝑉 is volume of acid consumed in the 1st titration,
indicated by the initial volume of acid and the volume of
the base consumed in the titration; 𝑓 is correction factor of
the 0.01N hydrochloric acid solution; 𝑁 is normality of the
hydrochloric acid; 𝑉𝑎 is volume of the aliquot; 𝑃 is sample
weight.

The TMA volume is also calculated in mgN 100 g−1 and
found by the same formula, but in this case “𝑉” will represent
the amount of acid consumed in the second titration. The
water content normally found in fish, including shrimp, is
80%.Therefore, in case a sample weights 50 g, 40 g is of water.

The pH was measured by electrometric process with the
digital pH meter Hayonik Model FTP905. For such, 10 g of
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Figure 1: White shrimp (L. vannamei) treated with different antimelanotic agents during 21 days of refrigerated storage at 5 ± 1∘C. Group C:
control; Group M: sodium metabisulphite 1.25%; Group A: acerola.

muscle from the sample was mixed with 40mL of distilled
water at room temperature.

2.5. Statistical Analysis. Data were checked for normal dis-
tributions with the Shapiro-Wilk normality test prior to the
one-way ANOVA and followed by Tukey’s test, to determine
significant differences among means at 𝛼 = 0.05 level.
Statistics were performed on the R software and graphs were
made on the SigmaPlot Software.

3. Results and Discussion

3.1. Sensory Analysis. As expected, melanosis had increasing
scores during storage time in all groups, with higher means
in control group (Figure 1). Such results were also observed

in white shrimp (L. vannamei) treated with tea extracts [29,
30]; thawed deep-water shrimp (P. longirostris) treated with
nonorganic antimelanotic agents [31]; and Norway lobsters
(N. norvegicus) dusted with sulphites [32].

Even though some samples already presented melanosis
on day 0, probably due to wrong handling during harvest,
and considering that the black spots were very few and small,
actual melanosis formation began for Group C on the third
day of storage; for Group A scores started to increase notably
on day 6 and for Group M on day 9. Nirmal and Benjakul
[1] noted that melanosis scores rose significantly from day 4
onward, and samples treated with metabisulphite, as well as
control samples, presented the highest averages. Gonçalves
et al. [16] reported that only after 4 days control samples
stored in ice presented black spots in the cephalothorax.
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Figure 2: QI scores of white shrimp (L. vannamei) samples treated with different antimelanotic agents during 21 days of refrigerated storage
at 5 ± 1∘C (a) and linear regressions and equations of Groups C (b), M (c), and A (d). Bars represent standard deviation (𝑛 = 5). Group C:
control; Group M: sodium metabisulphite 1.25%; Group A: acerola.

The other attributes analyzed also presented increased
scores over time.These were added up to become the Quality
Index (QI), a tool used to measure the shelf life of the group
samples. Group C presented QI scores significantly higher
only on day 0 (𝑝 < 0.05). Although mean QI scores of
Group A were lower throughout the experiment, there was
no difference between Groups C and A on the following days
(𝑝 < 0.05), and only on days 3, 18, and 21 Group M had
significantly lower scores than those of the other two groups
(𝑝 < 0.05) (Figure 2(a)).

Linear regressions were plotted to predict the shelf life
of each sample group. Considering the maximum QI score
for acceptable shrimp to be 65% of the total, that is, 23.4
demerit points, it can be stated that the shelf life of Groups
C (Figure 2(b)), M (Figure 2(c)), and A (Figure 2(d)) is,
respectively, 10.5, 14.6, and 12.3 days at 5 ± 1∘C. Similarly,
Oliveira et al. [23] found 60% to be the maximum acceptable
QI score for whole white shrimp (L. vannamei), and their
samples reached this score in 12 days of iced storage.

Cooked and peeled shrimp (P. borealis) [33] and white
shrimp [30] packaged inmodified atmosphere at 5∘C and 4∘C
had shelf lives of 15 and 10 days, respectively. On the other
hand, Norway lobsters stored in flake ice, even though treated
with sodium metabisulphite, were only sensory acceptable
for 5 days [34], while deep-water pink shrimp on ice was
unacceptable after 7 days [16].

Mostly, there were no significant differences between
the control group and the groups treated with sodium
metabisulphite or acerola in the microbiological, chemical,
and sensory analyses (same for the melanosis formation)
although often the means of the latter two were lower than
those of the former.

3.2. Microbiological Analyses. The counts of coagulase-
positive staphylococci and Salmonella sp. were both negative
in all samples during all days of the experiment.This probably
happened due of the fact that the shrimp were harvested just
hours before packaging and,therefore, extremely fresh.
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Figure 3: Mesophilic (a) and psychrophilic (b) bacterial counts of white shrimp (L. vannamei) treated with different antimelanotic agents
during 21 days of refrigerated storage at 5± 1∘C. Bars represent standard deviation (𝑛 = 6). GroupC: control; GroupM: sodiummetabisulphite
1.25%; Group A: acerola.

Brazilian’s official analytical methods [27] employed in
microbiological analyses state that plate counts must only be
done when there are at least 20 and at most 200CFU/plate;
therefore, the maximum countable value is 5.4 log CFU g−1.
Microbiological analysis revealed that, since the sixth day
of storage, Group C had total mesophilic counts exceeding
5.4 log CFU g−1. Although this value decreased on days 9
and 12, from day 15 forward it surpassed the 5.4 logCFU g−1
threshold again and remained above it until the end of
the experiment. Whilst working with Chinese shrimp (Fen-
neropenaeus chinensis), Lu [35] noted that plate counts of
samples packaged in air without any antimelanotic treatment
surpassed 5.5 log CFU g−1 by day 5 of storage at 2 ± 1∘C.

Samples from Groups A and M only exceeded
5.4 log CFU g−1 at the 15th and 18th day, respectively.
Only on days 0 and 3, there was difference between Groups
C and M and Group A (𝑝 < 0.05) (Figure 3(a)). Likewise,
Aubourg et al. [34] when working with Norway lobsters
(N. norvegicus) found no significant differences regarding
mesophiles counts between the control group and the
group placed in an antimelanotic solution consisting of
0.5% sodium metabisulphite at room temperature (15∘C)
for 30 minutes, after all 9 days of chilled storage both had
counts slightly over 4 logCFU g−1. Similar results were
gathered by Nirmal and Benjakul [36], while working with
ferulic acid as an organic alternative to inhibit melanosis
which they reported, on the 10th day of experiment, on
samples of shrimp (L. vannamei) and counts of 4.5 and
4.2 log CFU g−1 relating to concentrations at 1% and 2%
ferulic acid, respectively.

Other researchers, however, did not have similar results
to those found in this study, since their counts were higher
and peaked earlier. For instance, Mart́ınez-Álvarez et al.
[32] also studying Norway lobsters (N. norvegicus) found

that samples treated with a 6% (w/w) commercial sulphite-
based product which also included sodium ascorbate, citric
acid, and ethylenediamine-tetra-acetic acid (EDTA) in its
composition had counts as high as 5.27 ± 0.01 log CFU g−1 by
the 7th day of storage at 4∘C. Mastromatteo et al. [37], who
used thymol essential oil as a natural alternative to sulphite-
based antimelanotic treatment, noted that, by the 7th day of
storage, samples of peeled shrimp (Palaemon serratus) dipped
in water solutions at different concentrations of thymol (500,
1000, and 1500 ppm) had already surpassed the threshold of
7 logCFU g−1. Such differences might have been due to how
samples were handled prior to the experiment.

Psychrophilic bacterial growth was not observed in any
of the samples analyzed at day 0. Nevertheless, increasing
counts were reported from the 3rd until the 21st day of the
experiment. Groups A and C exceeded 5.4 logCFU g−1 at day
12; as for Group M, this only happened on the 15th day (𝑝 <
0.05). Regardless, there was no difference between any of the
treatments in any of the days (Figure 3(b)). A research group
found similar results when working with green tea extracts
(GTE) to inhibit melanosis in white shrimp on two separate
occasions: during iced storage [29], where all samples were
above 5 logCFU g−1 after the 12th day of the experiment,
and during refrigerated storage with modified atmosphere
packaging (MAP) [30], where by the 10th day control and
GTE+MAP samples had counts of 5.97 and 3.98 logCFU g−1,
respectively. Nirmal and Benjakul [1] also worked with cate-
chin extracted from tea on white shrimp, reporting on day
10 psychrophilic counts between 5.17 and 4.61 log CFU g−1
amongst control samples and samples treated with sodium
metabisulphite, 0.05% catechin, and 0.1% catechin.

3.3. Physicochemical Analyses. All groups showed higher
TVB-N values at the initial of experiment but did not exceed
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Table 2: Results (mean ± SD) from TVB-N, TMA, and pH analyses on samples of white shrimp (L. vannamei) packaged in air and stored at
5 ± 1∘C for 21 days.

Days TVB-N (mgN 100 g−1) TMA (mgN 100 g−1) pH
Group C Group M Group A Group C Group M Group A Group C Group M Group A

0 24.7 ± 3.05a 29.5 ± 3.05a 23.9 ± 4.14a 2.3 ± 0.49a 2.7 ± 1.21a 2.4 ± 0.54a 6.19 ± 0.11a 6.13 ± 0.14a 6.32 ± 0.21a

3 24.1 ± 1.74a 24.2 ± 1.86b 24.3 ± 0.34a 1.5 ± 1.02b 1.8 ± 0.62b 1.5 ± 0.89b 7.67 ± 0.07b 7.59 ± 0.04b 7.54 ± 0.05b

6 23.9 ± 0.46a 26.1 ± 2.03b 24.4 ± 4.59a 2.2 ± 0.18a 2.0 ± 0.31b 1.5 ± 0.07b 7.88 ± 0.08b 7.94 ± 0.13c 8.15 ± 0.12c

9 23.1 ± 0.46a 27.7 ± 0.46b 24.9 ± 1.40a 2.3 ± 0.78a 1.0 ± 0.07c 1.5 ± 0.27b 7.80 ± 0.10b 7.65 ± 0.14b 7.71 ± 0.13b

12 24.9 ± 0.80a 29.8 ± 5.28ab 26.9 ± 0.46ab 1.8 ± 0.47b 1.1 ± 0.14c 1.7 ± 0.38c 7.74 ± 0.01b 7.75 ± 0.07b 7.70 ± 0.08b

15 23.8 ± 3.49a 29.0 ± 4.21a 28.3 ± 4.84b 2.4 ± 0.39a 1.4 ± 0.33c 1.4 ± 0.27b 7.87 ± 0.03b 7.97 ± 0.02c 7.83 ± 0.31b

18 22.6 ± 7.69a 28.2 ± 9.77a 29.8 ± 9.30b 3.0 ± 0.74c 1.5 ± 0.54c 1.1 ± 0.20d 8.01 ± 0.11c 8.20 ± 0.15d 7.97 ± 0.24b

21 25.6 ± 1.73a 33.6 ± 1.66a 30.2 ± 1.68b 1.5 ± 0.58b 0.9 ± 0.41d 2.1 ± 0.89a 7.62 ± 0.07b 7.74 ± 0.10b 7.72 ± 0.06b

C: control samples; M: 1,25% metabisulphite samples; A: acerola samples. Means ± SD with the same letters in each column do not differ significantly at the
5% level (𝑛 = 3).

the limit [38] of 30mgN 100 g−1. TVB-N stability during
storage with a slightly increase (GroupsM andA) throughout
the experiment was verified (Table 2).

Mart́ınez-Álvarez et al. [39] used a similar method to
the one performed in this study to evaluate TVB-N on
samples of deep-water pink shrimp (Parapenaeus longirostris)
submitted to different cooking and antimelanotic treatments.
Their results showed that values surpassed the limit only in
the 23rd day of experiment, with the highest averages being
the ones of samples treated with sulphite-based formula.

Likewise, Norway lobster (N. norvegicus) samples stored
in flake ice were also analyzed though a steam distillation
method and presented significantly increased TVB-N forma-
tion when treated with metabisulphite [34]. Chinese shrimp
(F. chinensis), which underwent the same TVB-N analytical
method, were treated with ozonized water and bactericide
compound took 13 and 17 days, respectively, to cross the
30mg N 100 g−1 limit [35].

López-Caballero et al. [40] andBono et al. [7] alsoworked
with deep-water pink shrimp; in the first, samples were
packed in different atmospheres and underwent themodified
Conwaymicrodiffusionmethod to determine TVB-N values,
and all of them surpassed the limit by the 7th day; in the
second, shrimp were handled and packaged on board and
later stored at −18∘C for twelve months; nevertheless, results
showed that all samples, three days after the catch, had TVB-
N values over 30mg N 100 g−1.

Regarding TMA, Group C had the highest means
throughout the experiment, and 3mgN 100 g−1 was the max-
imum mean value reported amongst the samples (Table 2).
Such results are similar to those found in Norway lobsters (N.
norvegicus) stored in slurry ice with or without metabisul-
phite [34] and in thawed deep-water pink shrimp (P. lon-
girostris) submitted to either 4-hidroxylresorcinol-based or
sulphite-based solutions [31]. Mejlholm et al. [33] reported
TMA was not produced, at the time of sensory spoilage,
in any of the shrimp (Pandalus borealis) samples studied;
Nirmal and Benjakul [36] also did not detect TMA in the
samples of white shrimp (L. vannamei) treated with ferulic
acid. However, in deep-water pink shrimp (P. longirostris)
studies samples packaged inmodified atmosphere crossed the
10mg N 100 g−1 threshold before the 7th day of storage [40].

The pH value of dipping solutions (control: 7.0; sodium
metabisulphite: 4.5; acerola: 4.0) did not affect the initial pH
of shrimp meat. All samples began with values between 6.1
and 6.3 (should be considered as fresh). On the 3rd day there
was a significant increase and values rose to 7.5 and 7.6; from
this moment forward pH stabilized and presented values
amid 7.6 and 8.1 until the end of the experiment (Table 2).
This happens due to the basic compounds, such as TVB and
TMA, formed from microbial activity, and to the fact that
crustaceans have higher content of nonprotein nitrogenous
compounds, which facilitates the rise in pH values [18, 31].
Similar results were reported in deep-water pink shrimp
(P. longirostris) packaged in different modified atmospheres
[16]; Norway lobster (N. norvegicus)stored in either flake
or slurry ice and treated with sodium metabisulphite [34];
peeled shrimp (P. serratus) treated with thymol essential oil
[37]; and especially white shrimp (L. vannamei) treated with
catechin [1].

4. Conclusion

These results indicate that the sole dipping of shrimp in an
acerola solution is not sufficient to improve its quality or
prolong its shelf life. Melanosis index for acerola solution
showed better results when compared to control group but
higher when compared to sodium metabisulphite group
(up to 12 days). However, considering the high amounts of
phenolic compounds in this fruit (15.8 ± 0.1mgAGmL−1,
data from the literature [21]), its antioxidative properties are
well known by researchers; unfortunately, so far no other
researches tried to investigate its use as an antimelanotic
agent. This is the first study done up to now, but further
studies using separate parts of acerola (seeds, pulp, etc.) or
even purified extracts must be held in order to accurately
determine that this fruit is potential to inhibit melanosis.
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P. Montero, “Melanosis inhibition and SO

2
residual levels in

shrimps (Parapenaeus longirostris) after different sulfite-based
treatments,” Journal of the Science of Food and Agriculture, vol.
85, no. 7, pp. 1143–1148, 2005.

[3] P. Amparyup,W.Charoensapsri, andA. Tassanakajon, “Prophe-
noloxidase system and its role in shrimp immune responses
against major pathogens,” Fish and Shellfish Immunology, vol.
34, no. 4, pp. 990–1001, 2013.

[4] N. Gokoglu and P. Yerlikaya, “Inhibition effects of grape seed
extracts on melanosis formation in shrimp (Parapenaeus lon-
girostris),” International Journal of Food Science and Technology,
vol. 43, no. 6, pp. 1004–1008, 2008.

[5] J. Kim, M. R. Marshall, and C. Wei, “Polyphenoloxidase,”
in Seafood Enzymes: Utilization and Influence on Postharvest
Seafood Quality, N. F. Haard and B. Simpson, Eds., pp. 271–315,
Marcel Dekker, New York, NY, USA, 2000.

[6] J.-P. Zamorano, O. Mart́ınez-Álvarez, P. Montero, and M. D.
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(MAPA). Secretaria de Defesa Agropecuária. Métodos Anaĺıti-
cos Oficiais para Análises Microbiológicas para Controle de
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