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ABSTRACT

Shrimps are sources of carotenoids, astaxanthin is the predominant, responsible for their special and desirable properties, as well as for
their instability under heat treatment during the domestic preparation, industrial processing or storage under freezing. These can cause
discoloration and reduce the beneficial health properties. This study aimed to evaluate the effect of heat treatment and storage under
freezing (0, 45 and 90 days) on the levels of total carotenoids and stability of the antioxidant activity of ethanolic extracts of fillets and
shells, raw and cooked, of the white shrimp (“Vila Franca”) Litopenaeus schmitti (Burkenroad, 1938). The antioxidant ability of the extracts
was evaluated using the radicals DPPH-+ (2,2-diphenyl-1-picryl-hydrazyl) and ABTS** (2,2"-azino-bis (3-ethylbenzothiazoline-6 sulfonic acid),
as well as by the iron reducing power (FRAP) test. The extracts of cooked or in natura shrimps (fillets and shells) represent dietary sources
of carotenoids, displaying antioxidant activity through all the tested methods, after heat treatment and storage under freezing. The
antioxidant activity of the extracts was superior to the one of ascorbic acid, mainly in the cooked fillet and shells. The samples of shrimp
shells seemed a valuable source of carotenoids, whose antioxidant activity was verified even 90 days after freezing, and can be used in
food products as functional natural supplement, adding value to this waste.

Index terms: Free radicals; functional food; biomolecules oxidation.

RESUMO

Os camardes sdo fontes de carotendides, sendo a astaxantina o predominante, responsaveis por suas propriedades especiais e desejaveis, e
também a causa da sua instabilidade pelo tratamento térmico durante o preparo doméstico, processamento industrial ou armazenamento
sob congelamento, que pode causar descoloracdo e redugdo de suas propriedades benéficas a salide. Este trabalho visou avaliar o efeito do
tratamento térmico e armazenamento sob congelamento (0, 45 e 90 dias) nos teores de carotendides totais e na estabilidade da atividade
antioxidante dos extratos etandlicos de filé e cascas, cruas ou cozidas, de camardo “Vila Franca” Litopenaeus schmitti (Burkenroad, 1938).
A capacidade antioxidante dos extratos foi avaliada utilizando os radicais DPPH« (2,2-difenil-1-picril-hidrazila) e ABTS** (2,2"-azino-bis-(3-
etilbenzotiazolina-6- acido sulfénico), bem como pelo teste do poder redutor do ferro (FRAP). Os extratos do camardo cozido ou in natura (filé e
cascas), representam fontes dietéticas de carotendides, exibindo atividade antioxidante através de todos os métodos testados, apés o tratamento
térmico e armazenamento sob congelamento. A atividade antioxidante dos extratos foi superior a de &cido ascérbico, principalmente no filé e
cascas cozidos. As amostras de cascas de camarao parecem uma valiosa fonte de carotenoides, cuja atividade antioxidante foi verificada até 90
dias apds o congelamento, e pode ser utilizado nos produtos alimentares como suplemento natural funcional, agregando valor a esses residuos.

Termos para indexagao: Alimentos funcionais; radicais livres; oxidacdo de biomoléculas.

INTRODUCTION acid (DNA) (Lobo etal., 2010; Singh; Devi; Gollen, 2015),

) o ) being one of the causes of degenerative diseases and aging

Through a series of oxidation reactions (Pashkow; (Valko et al., 2006). However, oxidation of biomolecules

Watumull; Campbell, 2008), free radicals in excess can  can be inhibited by suitable amounts of antioxidants

react and cause oxidative damage to cellular components  present in balanced daily diet (Bose; Agrawal, 2007,
such as proteins, lipids, lipoproteins and deoxyribonucleic ~ Thomson et al., 2007).
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Shrimps are sources of carotenoids - isoprenoids
with a long polyene chain containing 3-15 conjugated
double bonds, responsible for their special and desirable
properties, as well as for their instability under heat
treatment during the domestic preparation, industrial
processing (Boon et al., 2010) or storage under freezing
(Rodriguez-Amaya, 2004). These can cause discoloration
and reduce the nutritional value and beneficial health
properties of food containing carotenoids (Li et al., 2013).

Astaxanthin (3,3’--dihydroxy-p3, B-carotene-4,4’-
dione) is the predominant carotenoid present in shrimps
(fillet and shells), lobsters, fishes (trout and salmon) and
some microorganisms (Suh; Joo; Lee, 2006; Niamnuy;
Devahastin; Soponronnarist, 2008b; Nguyen, 2013), with
a red-orange color (Miao et al., 2006; Kusdiyantini et al.,
1998; Armenta; Guerrero-Legarreta, 2009). It removes the
singlet oxygen ('O,) and the peroxyl radicals (H,0,) from
the medium in a more efficient way than do B-carotene (10
times more), canthaxanthin and zeaxanthin (Palozza; Krinsky,
1992), and exceeds (500 times more) the antioxidant effect
(Higuera-Ciapara; Félix-Valenzuela; Goycoolea, 2006;
Hussein et al., 2006b) of vitamins C and E (Palozza; Krinsky,
1992; Suh; Joo; Lee, 2006). Thus, it prevents tissues (such
as the skin) from being damaged (Chong et al., 2007; Lyons;
O’Brien, 2002), or protects the body against diseases like
diabetes (Manabe et al., 2008; Kim; Kim; Yokozawa, 2009),
neoplasms (Bertram; Vine, 2005), hypertension (Hussein
et al., 2006a) and atherosclerosis (Setnikar; Senin; Rovati,
2005), among others. However, due to their conjugated
double bonds structure, astaxanthin is sensitive to light,
temperature, acidity, and oxidation reactions (Ambrosio;
Campos; Faro, 2006).

The white shrimp (“Vila Franca” or “caboclo” or
“legitimate”) [Litopenaeus schmitti (= Penaeus schmitti)
(Burkenroad, 1938) (Crustacea: Decapoda: Penacidae)],
occurs in the western Atlantic, from the West Indies
(23°30°N) to southern Brazil (29°45°S), and because of
its size (about 20 cm long) and flavor, it is a highlighted
crustacean in the cuisine of northeastern Brazil. It is hand-
exploited, but with significant commercial interest (Santos
etal.,2012). Once there is no scientific information about
the total carotenoid content and antioxidant stability of
this cooked or in natura shrimp, before or after freezing,
it was evaluated in this study.

MATERIAL AND METHODS

Harvesting and preparation of samples

A batch of 2.0 kg of white shrimp (Litopenaeus
schmitti), from the coastline (geographic coordinates

8°8°12°S and 10°29°12°S) of Maceid-Alagoas/Brazil,
where the water reaches high salinity (35.5 psu) and
medium temperature 27.8 °C (Aratjo, 2006), was acquired
in May 2013, soon after collected. The samples were
placed in plastic bags, kept in cooler box with ice and
immediately transported to the laboratory.

This batch was split into two groups of 1.0 Kg.
Group “I” was formed by fresh samples and group “II”
was subjected to cooking in 1 L water during 17 min
at 99.4 °C. In both groups, the residue of the head and
intestines of the shrimps were removed. Only the fillets and
shells from the exoskeleton carapace, plus tail and legs,
were used. As the mass of fillets for the analyzes was 30g
(in natura and after cooking), it was estimated that the
amount of acquired sample per group (1K g) was sufficient.

Then, the mass of appropriate aliquots of the in
nature (group 1) and cooked (group II) samples of the
fillets (30 g) and the shells (15 g) randomically collected
were measured and identified for analysis. The remaining
samples (in natura and cooked) were packed in aseptic
plastic bags, identified and stored in plastic containers
in the freezer at -17 °C (+ 1 °C), until the moment of the
analysis (0, 45 and 90 days under freezing). The “time
zero” samples were processed at the same day, whilst the
others were stored under freezing until the interval settled
for the analysis (45 or 90 days).

Extraction of carotenoids

The extracts were subjected to chemical analysis
in quadruplicate.

Shrimp fillet

The carotenoid pigments were extracted from
the fillets samples (30 g) through homogenization with
92.8 ° ethanol (100 mL) in a blender during 5 min. The
commercial ethanol (92.8 °) was used since it enables a
better extraction with less cost and it is a less toxic solvent
(Santos et al., 2012).

Each crude extract was centrifuged at 10,000 rpm
at 4 °C for 10 min, and the supernatant (liquid phase)
was stored in amber bottles, while the precipitate (16 g)
was re-homogenized for 5 min with commercial ethanol
until the complete removal of pigments (56 mL). The
second supernatant was added to the first and the mixture
was filtered (filter paper) before the final collection on a
second amber vial. To avoid possible oxidation due to
contact with oxygen from the air, nitrogen gas was sprayed
into the vial before being closed. Then it was stored in
a freezer at -17 °C (+ 1 °C) until the next day when the
total carotenoids and antioxidant activity were determined.
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Shrimp waste (shells, tail and paws)

The carotenoid pigments were extracted from the
shrimp waste (15 g) through homogenization with 92.8 °
ethanol (100 mL) in a blender during 5 min (Santos et al.,
2012). Each crude extract was then centrifuged (10,000
rpm/4 °C, 10 min), and the supernatant (liquid phase)
stored in amber bottles. Two more extractions were carried
out with the pellet, until no pink pigment was seen - the
first from 12 g of it, with the addition of 40 mL ethanol,
and the second from 10 g of the remaining pellet, adding
30 mL of ethanol. The same procedures described above
for the fillet samples were used.

Determination of carotenoids content

The absorbance of 1 mL of each ethanolic extract
was measured at 470 nm using a spectrophotometer.
The “blank” reference corresponded to 1 mL of ethanol
(Schiedt and Liaaen-Jensen, 1995). The concentration of
carotenes in the extract was determined using the following
equation (Equation 1), wherein “A” is the absorbance at
470 nm, “vol” is the volume (mL) used in the extraction
of carotenoids and “A'*” is the absorption coefficient for
1% of the mixture of unknown carotenes at 2500:

A x vol x 1000
Al %100

lem

Carotenoids(mg) =

Tests for determination of antioxidant activity

Test of DPPHe

The sequestration of the DPPH radical was
determined according to the method described by Je et al.
(2009), mixing 100 pL of ethanolic solution of 0.15 mM
DPPH and 100 pL of the carotenoid extracts obtained as
described in 2.2. The absorbance of the mixtures, after
30 min in the dark, was measured at 517 nm using a
microplate reader from Biorad® and software MMP6. The
scavenging activity was calculated using the following
equation (Equation 2):

Activity (%) =100 x [1 - (Sample - blank)/Control] (2)

The absorbance of the “blank” reference corresponds
to the mixture of 100 uL of ethanol and 100 pL of total
carotenoids extracts, while the “control” absorbance
corresponded to the mixture of 100 pL ethanolic, 0.15
mM DPPH and 100 pL ethanol p.a.
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Test of the ABTS** radical

The antioxidant activity of the extracts, as
well as of the ascorbic acid ethanolic solutions (100-
275ug.mL") on the radical ABTS*s (2,2 -azino-bis-(3-
etilbenzotiazolina-6- acido sulfonico), was measured
according to Wang and Xiong (2005). The ABTS"* stable
radical originally is a blue-green chromophore. Its stock
solution was prepared by the reaction of equal volumes
of 2.45 mM potassium persulphate and 7 mM ABTS"e,
which, after 12 hours at room temperature and dark,
gets a dark blue-green color. This solution was diluted
in 0.2M sodium phosphate buffer (PBS), pH 7.4, with an
absorbance of 0,70 = 0.02 at 734 nm. Then, 20 pL of the
ethanolic extracts or ascorbic acid solution in different
concentrations, were added to 1980 uL of the ABTS"e
diluted stock solution. After vigorous homogenization
for 30 s, the absorbance of the mixtures of reaction after
5 min (room temperature, dark) was measured at 734
nm. From the obtained absorbance, the percentage of
inhibition (PI) was calculated according to the following
equation (Equation 3):

Abs, - Absy %100
Absy

ABTS « PI= (3)

In which, AbsA corresponds to the absorbance of
the ethanolic extracts with ABTS<+ radical after 5 min of
reaction, whilst AbsB corresponds to the absorbance of
the diluted solution of ABTS"e.

Assay of the ferric reducing antioxidant power (FRAP)

The method used was the one described by
Ahmadi, Kadivar and Shahedi (2007). Therefore, 200
pL ethanolic extracts or ascorbic acid ethanolic solutions
(10-100 pg mL") were mixtured with 200 uL phosphate
buffer (0.2 M, pH 6.6) and 200 pL of potassium
ferricyanide (1% w/v). The mixture was incubated during
20 min (50 °C) until the addition of 200 pL trichloroacetic
acid (10% w/v) for inhibiting the reaction. Then, it was
centrifuged at 3000g for 10 min and an aliquot of 125
uL of the supernatant was collected and mixture with
125 pL of distilled water and 20 pL of ferric chloride
solution (0.1% w/v) in a well of Elisa microplate. After 10
min at room temperature, the absorbance of the reaction
was measured at 700 nm using a microplate ELISA
reader and the MPM 6 Biorad® software. As higher was
the absorbance, higher the reducing antioxidant power
evaluated. In the “blank” reference, distilled water was
used instead of the ethanolic extract.
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Statistical analysis

The data were subjected to analysis of variance and
the means were compared by Tukey test at the level of 5%
of probability. To detect the possible relationship between
methods of antioxidant activity determination, the Pearson
correlation was estimated. The analyzes were performed
using the statistical softwares Genes (Cruz, 2013) or SAS
(Statistical Analyses System), version 9.1 (SAS, 2000).

RESULTS AND DISCUSSION

Total carotenoids

The total carotenoid content of the studied samples
(in natura or cooked, time “zero” or after 45 and 90 days
of storage under freezing), are shown in Table 1.

The average concentrations of the carotenoids in fillet
samples (raw and cooked), in each interval studied, were not
statistically different (p<0.05) amongst them. So, apparently
the heat treatment did not affect the stability of carotenoids
in fillets of “Vila Franca” shrimp, which is a positive feature
since this is the most consumed part of the shrimps and with
the highest nutritional value for the human diet.

These results corroborate the ones obtained in the
studies of Dutra et al. (2012), who worked with Murcote
tangerine juice subjected to heat treatment (88 and
100 °C by 16 e 44 s respectively), and observed that none
significant difference occurred in its content of lutein,
zeaxanthin, B-cryptoxanthin and B-carotene. Also, according
to Choubert, Brisbarre and Baccaunaud (2011), due to the
degradation of carotenoids, the salmon frozen storage time
is often limited by oxidation and discoloration of the fish.
However, the content of carotenoids was not reduced in
whole rainbow trout (Oncorhynchus mykiss) previously
fed with astaxanthin (100 mg L) and canthaxanthin (80
mg L"), when they were frozen stored (-18 °C) for 6

months, probably because the protection against oxidation
is on the skin of these fishes. On the other hand, studies
of Andersen et al. (1990) using wild salmon and rainbow
trout from aquaculture, both packed in transparent vacuum-
skin packaging during storage of 6 months under freezing
chamber (-17 °C), showed that fillets of rainbow trout prior
to storage had higher content of carotenoids identified as
astaxanthin (9.1 mg kg™') than wild salmon fillets (4.9 mg
kg prior to storage), although in the last ones it remained
virtually constant during the six months, but decreased
along the time in the first ones. Rancidity developed faster
in fillets of wild salmon as compared to the ones of rainbow
trout. This suggests the role of astaxanthin as a sacrificial
protector against radical processes.

In the present work, the carotenoid content in
raw shells was 7 times higher than in the raw fillets, and
regarding to the storage under freezing, the carotenoids
of the raw shells remained markedly more stable, with
a concentration ca. 7.25 to 8.56 times higher than in the
frozen raw fillet. Additionally, the cooking decreased the
total content of carotenoids of shrimp shells in 15% at all
intervals of storage analyzed, although it still remained high
compared to the fillets. Despite the loss resulting from the
cooking, the shells still represent an important source of
carotenoids. Sowmya et al. (2014) also reported that shrimp
waste is the major source of carotenoid astaxanthin. Seabra
et al. (2014) found 42.74 ng/g of total carotenoids in fresh
waste of Pacific white shrimp (Litopenaeus vannamei),
which is a concentration higher than in the present study.

The shrimp shells, with very low commercial value,
represent a source of environmental pollution, and generate
additional costs for its disposal, reducing the profit margin
of the production system. They are usually discarded by
the packing houses, without any technological use and
correspond to 28.6% of the waste crustacean (Meyers,
1986). Shrimp waste is processed as animal feed and as

Table 1: Total content of carotenoids (ug mL") in fillet and shells of “Vila Franca” shrimp (Litopenaeus schmitti) (in
natura or cooked), from time “zero” or from the storage under different freezing intervals (45 and 90 days).

Total Carotenoids (g mL")

Shrimp Samples

Freezing time (days)*

0

45

90

Raw fillet
cooked fillet
raw shells
cooked shells

0.5720 + 0.050 cA
0.5640 £ 0.010 cA
4.1533 £ 0.040 aA
3.5393 £ 0.150 bA

0.4993 £ 0.011 cA
0.5403 £ 0.013 cA
3.5133£0.037 aB
3.0827 £ 0.108 bB

0.3480 + 0.030 cB
0.4050 £ 0.010 cB
2.9800 £ 0.151 aC
2.5450+ 0.017 bC

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ
statistically at 5% probability (Tukey test).
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raw material protein in diets for aquaculture (Sudaryono;
Tsvetnenko; Evans, 1996). To increase the market value
of this disposal, many alternatives have been applied for
use of this material: proteins and amino acids (Mandeville;
Yaylayan; Simpson, 1992), dyes (Nguyen, 2013), flavoring
(Pan, 1990), chitin and chitosan (Coward-Kelly; Agbogbo;
Holtzapple, 2006).

As natural carotenoids have higher antioxidant
properties than the synthetic ones (Levin; Yeshurun;
Mokady, 1997), and the demand of consumers for natural
products is increasing, the use of shells shrimps in the
preparation of functional food represent an alternative of
great added value for such residue.

Perdigdo et al. (1995), reported that specimens
of raw shellfish shells resulted in a minimal extraction
pigments compared to the boiled samples. Moreover,
Becerra et al. (2014) found similar results to the ones of
the present study - after 15 min of boilling, the content
of astaxanthin in the shrimps was significantly reduced
in comparison to that in raw crustacean, and the authors
concluded that this decrease could be related to the
degradation and partial solubilization of the caroteno-
protein complex. In this regard, Niamnuy, Devahastin
and Soponronnarit (2008b) found a significant reduction
on the protein (myofibrillar, sarcoplasmic and stromatic)
content in cooked shrimp, suggesting that some of these
could have suffered denaturation and degradation.

Compared to time zero, the concentration of total
carotenoids in the treatments of raw and cooked fillet,
after 45 days under freezing, also showed no significant
difference (p<0.05). After 90 days of freezing, however,
statistically significant losses (p<0.05), respectively of
39% and 28%, were observed in this content. In relation
to the total carotenoid content in shells (raw and cooked)
stored for 45 days under freezing, there are significant

losses (p<0.05) of 15.41% and 13% respectively. After
90 days under freezing, the losses reached 28.6% and
13%, respectively. Becerra et al. (2014) observed a 74%
reduction in the level of astaxanthin after 60 days of storage
of shrimps salted under the sun as compared to the content
found at time zero.

Some studies suggest that to obtain the beneficial
effects of astaxanthin is needed a daily intake of about
4 mg of the carotenoid (Parisi et al., 2008; Satoh et al.,
2009). The astaxanthin capsules commercialized in some
countries have concentration varying between 4 and 20 mg
(Seabra; Pedrosa, 2010). Considering the total content of
carotenoids on 15 g samples of raw shells of “Vila Franca”
shrimp, their level corresponded to 0.498 mg (4,15 ng X
120 mL extract), i.e., 33.2 pg g shrimp waste, so that
about 675 g of these shrimp shells could create a capsule
with a highest dose of astaxanthin (90% of the content of
carotenoids in shell). Thus, these products can be used as
natural food additives for human or animal use.

Tests for determination of antioxidant activity

There is no universal method by which the
antioxidant activity can be accurately quantified (Prior;
Xianli; Schaich, 2005; Frankel; Meyer, 2000). This fact
establishes the need to evaluate such parameter by different
techniques, such as the DPPHe and ABTS"s radicals
scavenging assays or the Ferric Reducing Antioxidant
Power (FRAP) test, which already have been used with
shrimp protein hydrolysates (Binsan et al., 2008; Benjakul
et al., 2009; Faithong et al., 2010).

Test of DPPHe radical

The ability of the studied extracts as scavengers
of free radical DPPHe, expressed as a percentage of the
antioxidant activity is shown in Table 2. As for the total

Table 2: Antioxidant activity (%) determined according to the DPPH?* radical free scavenging assay, of carotenoid
extracts of fillet and shells of “Vila Franca” shrimp (Litopenaeus schmitti) (in natura or cooked), from time “zero” or
from the storage under different freezing intervals (45 and 90 days).

Antioxidant activity (%) (DPPH-)

Samples Freezing time (days)*
0 45 90
Raw fillet 68.970 + 1.290 bA 66.094 + 3.840 abA 64.289 +3.510 aA
Cooked fillet 67.018 + 1.980 bA 65.052 + 3.870 bA 63.755 + 3.150 aA
Raw shells 79.841 +4.520 aA 72.669 +3.100 aA 60.379 +3.192 aB

Cooked shells 64.274 + 3.220 bA

62.806 + 2.190 bA 50.778 + 6.740 bB

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ

statistically at 5% probability (Tukey test).
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content of carotenoids, the antioxidant activity of raw
and cooked fillet in different intervals under freezing
storage showed no statistically significant differences
(p<0.05) amongst them, indicating no interference of
heat treatment. Regarding to “time zero”, the capacity of
extracts from raw or cooked fillet, after 45 and 90 days
under freezing, as scavenging of the free radical DPPH,
showed no statistical difference (p<0.05).

Raw shrimp shells, in comparison to raw fillets of
“Vila Franca” shrimp, according to the DPPH test, had an
increase of its antioxidant activity of only 13.6%, and this
arise ca. 16% in cooked fillet.

Meenata et al. (2011) found strong DPPH-
scavenging activity in shrimp residues. After cooking
the shells, there was a decrease of 19.5% in comparison
to the in natura samples, but no significant difference
(p<0.05) was observed regarding to the antioxidant
activity of the extracts of raw or cooked fillets. Freezing
this material for 90 days decreased the antioxidant
activity by approximately 24% in relation to the time
zero. But the frozen cooked material, even after 90 days,
still retained the free DPPHe radical scavenging activity
in percentage higher to 50%.

Test of ABTS** radical

The ability of the extracts of carotenoids
as scavengers of free ABTS"* radical, expressed
as a percentage is shown in Table 3. There was no
statistically significant difference (p>0.05) between
scavenging activity percentages of the extracts
obtained at time zero of in natura fillets in relation
to shells (in natura or cooked). After 45 days under
freezing, however, significant reductions were
observed (p<0.05), in this activity with respect to time

zero, corresponding to 26.03% for crude fillet; 16.40%
for the cooked fillet; 24.28% for the cooked shrimp
shells and 22.37% for the in natura shells. These
values differ from those expressed by DPPH-e test, but
are similar to ones of other research where freezing
range time could interfere in the content of carotenoids
and antioxidant activity if vacuum packaging material
and the preparation of the fish skin was not specific to
prevent lipid oxidation in long time storage (Andersen
et al., 1990).

Regarding the comparison of the extracts obtained
from raw fillet and cooked shells stored under freezing for
45 days, there was no significant difference (p<0.05) in
ABTS"* sequester activity, but the extracts of the cooked
fillets and raw shells showed significant difference between
them (p<0.05).

The ABTS"* sequester activity of the extracts
obtained from samples under 90 days of freezing
suffered significant losses (p<<0.05) from that of extracts
obtained at time zero, it means, reduction of 76.37% in
raw fillet, 60.72% in cooked fillet, 76.76% in raw shells
and 69. 97% in cooked shells, highlighting the cooked
fillet, which presented the lowest percentage of losses
(60.72%). This suggests that the usual form of shrimp
consumption provides some antioxidant activity of its
bioactive compounds.

When the results of this antioxidant activity,
measured by ABTS*e sequestration, were expressed in
terms of equivalents pg mL™" ascorbic acid antioxidant
activity (standard curve y =0.0046x - 0.008; R?=0.9903),
the same profile was observed, and to a content of 4.153
pg mL! total carotenoids (Table 1), the antioxidant activity
obtained was similar to the one of 200 ug mL" ascorbic
acid (Table 4).

Table 3: Antioxidant activity (%) determined according to the ABTS*« radical assay, of carotenoid extracts of fillet
and shells of “Vila Franca” shrimp (Litopenaeus schmitti) (in natura or cooked), from time “zero” or from the storage

under different freezing intervals (45 and 90 days).

Antioxidant activity (%) (ABTS**)

Samples Freezing time (days)*
0 45 90
Raw fillet 42.41 +£5.17 aA 31.37 £ 7.00 abA 10.02+1.81 aB
Cooked fillet 33.35+3.03 bA 27.88 £2.39 aA 13.10+3.10 bB
Raw shells 4523 +2.21 aA 35.11+2.70 bB 10.51 £3.19aC

Cooked shells 43.86 + 3.07 aA

33.21+1.93 abB 13.17 +£2.02 aC

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ

statistically at 5% probability (Tukey test).
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Despite significant losses (p<0.05) of antioxidant
activity in each extract obtained from the samples stored
90 days under freezing, the superiority of the antioxidant
potential of them compared to ascorbic acid was observed
mainly for the cooked fillet and shells, it means, for
carotenoid contents of 0.405 pg mL' and 2.545 pg mL",
respectively, corresponding antioxidant activities of
ascorbic acid of 52 ug mL" and 53 pg mL' were obtained
(Table 4).

Results from Sowmya and Sachindra (2012)
evidenced the high antioxidant activity of astaxanthin
extracted from shrimp waste. Weeratunge and Perera
(2016) also reported that the carotenoid astaxanthin
exhibits a high degree of antioxidant activity. These results
confirm the literature information that the antioxidant
potential of astaxanthin- predominant carotenoid of
shrimps, exceeds the antioxidant benefits of vitamin C
(Palozza; Krinsky, 1992).

Ferric reducing antioxidant power (FRAP) assay

The FRAP results for the extracts of fillet and
shells of “Vila Franca” shrimp are shown in Table 5. The

cooked shrimp shells showed a statistically significant
decrease (p<0.05) of the FRAP after different freezing
intervals (0, 45 and 90 days), i.e., 28.1%, 47.91% and
40%, respectively. Then, temperature and interval of
freezing-storage could cause physico-chemical changes
in compounds responsible for this antioxidant activity.

The cooked fillet, in turn, also showed a reduction
of'this effect in relation to the raw fillet at time zero (=8%)
and after 90 days of frozen storage (=26.9%), although
at 45 days of storage that potential was not statistically
changed by cooking. In fact, the FRAP decreased over
the freezing time for all treatments, but these losses were
only statistically significant (p<0.05) in extracts of cooked
shrimp shells studied 45 days after freezing (48.55%
reduction), and from the crude shells 45 and 90 days after
freezing, i.e., respectively 28.99% and 37.86%.

When these results were expressed in terms of
equivalent pg mL"! ascorbic acid antioxidant activity
(standard curve y=0.0078x - 0.0234; R2=0.998), the same
profile was observed, it means, for a carotenoid content of
4.1533 pg mL-! (Table I), the equivalent FRAP expressed
in terms of ascorbic acid was 46.27 ug mL™! (Table 6).

Table 4: Antioxidant activity in terms of yg mL" equivalents of ascorbic acid, determined according to the ABTS**
radical assay, of carotenoid extracts of fillet and shells of “Vila Franca” shrimp (Litopenaeus schmitti) (in natura or
cooked), from time “zero” or from the storage under different freezing intervals (45 and 90 days).

Antioxidant activity (ABTS**) in ascorbic acid equivalents (ug mL")

Samples freezing time (days)*
0 45 90
Raw fillet 187 + 24 aA 136 + 32 abA 38+ 08 aB
Cooked fillet 145 + 14 bA 120 £ 11 aA 52+ 14 bB
Raw shells 200+ 10 aA 153+ 12bB 40 + 15 abC
Cooked shells 194 + 14 aA 145+ 9 abB 53+ 9 abC

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ

statistically at 5% probability (Tukey test).

Table 5: Ferric Reducing Antioxidant Power (FRAP) of carotenoid extracts of fillet and shells of “Vila Franca” shrimp (Litopenaeus
schmitti) (in natura or cooked), from time “zero” or from the storage under different freezing intervals (45 and 90 days).

FRAP- Abs. =~
Samples Freezing time (days)*
0 45 90
Raw fillet 0.275+0.013 bA 0.235 £ 0.041 bA 0.233 £ 0.087 bA
Cooked fillet 0.253 + 0.058 abA 0.244 + 0.041 bA 0.217 £ 0.012 bA
Raw shells 0.338 £ 0.062 bA 0.240 + 0.050 bAB 0.210+0.018 bB

Cooked shells 0.243 + 0.024 aA

0.125+0.018 aB 0.126 +0.018 aB

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ

statistically at 5% probability (Tukey test).
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Table 6: Ferric Reducing Antioxidant Power (FRAP), in terms of ug mL" equivalents of ascorbic acid, of carotenoid
extracts of fillet and shells of “Vila Franca” shrimp (Litopenaeus schmitti) (in natura or cooked), from time “zero” or
from the storage under different freezing intervals (45 and 90 days).

FRAP of carotenoid extracts in ascorbic acid equivalents (pg mL")

Samples Freezing time (days)*
0 45 90
Raw fillet 38.19 £1.63aA 33.10 +5.20 bA 32.84 +11.15 bA
Cooked fillet 3547 +7.41aA 34.25 £5.26 bA 30.82 + 1.48 bA
Raw shells 46.27 £8.00a A 33.80 +6.36 bAB 29.86 + 2.32 bB
Cooked shells 3412 £3.11aA 18.96 +231a B 19.09 + 2.31a B

* Averages followed by the same lower case letter in the same column, and capitalized case letter in equal lines, do not differ

statistically at 5% probability (Tukey test).

CONCLUSIONS

According to the present study, the ethanolic extracts
of the in natura (fillet and shells) “Vila Franca” shrimp (L.
schmitti) are good sources of carotenoids, with outstanding
antioxidant activity. Heat treatment resulted in significant
decay of the total carotenoid content and antioxidant activity
observed by DPPH radical sequestration and through iron
reducing power (FRAP) in cooked shells. This change in
antioxidant activity was not detected by the ABTS method.
Freezing led to losses in the total carotenoid content as well
as in the antioxidant activity (measured by the three methods)
in the extracts of shrimp shells (with higher concentrations
of carotenoids), probably due to oxidation of the compounds
during the storage. Even though, the shells of “Vila Franca”
shrimp still represent a valuable source of carotenoids,
predominantly astaxanthin, whose antioxidant activity was
detected even after 90 days of freezing. Despite significant
losses of antioxidant activity in each extract obtained from
the samples stored 90 days under freezing, the superiority
of the antioxidant potential of them compared to ascorbic
acid was observed mainly for the cooked fillet and shells.
Studies should be conducted to ensure better use of the active
compounds of the crustacean, allowing the use of the product
as a functional food, which assists in the primary prevention
of diseases also generated by oxidative stress.
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