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ABSTRACT 

The objective of this work was to estimate the antioxidant potential of the extracts from pink shrimp residue and red 
grape pomaces (Merlot and Syrah varietals), evaluated according to its antioxidant activity with different analytical 
methods, associating these properties with the chemical composition of the extract and, as a consequence, with the ex- 
traction procedure. The shrimp residue was pre-treated combining cooking, drying, and milling, whereas the grape po- 
maces were dried and ground. The shrimp residue extracts were obtained by Soxhlet (SOX) and by maceration using 
hexane (Hx), hexane: isopropanol (50:50) (Hx:IPA), isopropanol, ethanol (EtOH) and acetone as solvents; by ultrasonic 
maceration (UME) with EtOH; by cold and hot oil extraction with soy and sunflower oils; and by Supercritical Fluid 
Extraction (SFE) with pure CO2 (100 - 300 bar; 313.15 - 333.15 K) and with co-solvent (Hx: IPA and sunflower oil at 
2%). The grape pomaces extracts were obtained by SOX using EtOH, ethyl acetate (EtOAc) and Hx; UME with water 
(H2O), EtOH, EtOAc and Hx; and by SFE performed with pure CO2 (150 - 300 bar; 323.15 - 333.15 K) and with co- 
solvent (EtOH at 15%). The antioxidant activity was determined by the DPPH free radical scavenging procedure and by 
the β-carotene bleaching method. Higher antioxidant activities in shrimp residue extracts were observed by the β-caro- 
tene bleaching method in alcoholic and cetonic extracts, among the low pressure extraction methods, while for the SFE, 
the higher activities were achieved by the extracts obtained at elevated pressures. For the grape pomaces extracts, the 
best results were obtained by the DPPH method from the low pressure extractions proceeded with EtOH. The SFE with 
Merlot pomace at 323.15 K/150 bar (the lowest temperature and pressures tested) presented the best antioxidant activity 
by the β-carotene bleaching. 
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1. Introduction 

According to the Food and Agriculture Organization of 
the United Nations [1], the worldwide capture production 
of marine crustaceans reached, in 2007, the total of 5840 
thousands ton. The use of shrimp processing waste repre- 
sents a potential source of food ingredients and other ad- 
ditives and the use of industrial wastes is not only econo- 
mic, but also environmental important [2]. The marine 
wildlife is rich in high quality fatty acids with proved bi- 
ological value, being presented in industrial and commer- 
cial residues of the marine products processing. The ma- 
rine fishes and crustaceans are important constituents 
from human diet and possess the highest source of essen- 
tial polyunsaturated fatty acids (PUFAs), especially from 
the groups of eicosapentaenoic (EPA) and docosahexa- 

noic (DHA) from ω-3 family. The scientific researches 
focusing on this fatty acids have been intensified lately 
because they are involved in prevention and cure of car- 
diovascular and inframmatory diseases [3]. 

The astaxanthin is the main carotenoid present in aqu- 
atic animals, such as crab, lobster, and shrimp. This pig- 
ment presents protection against free radicals, lipid per- 
oxidation, oxidative damage to the LDL-cholesterol, oxi- 
dation of essential PUFAs, UV-light, among others [4]. 
Otherwise, synthetic antioxidants such as butylated hy- 
droxyanisole (BHA) and butylated hydroxytoluene (BHT) 
are generally used in fat and oil industries. However, 
scientific works have proved that these substances can 
cause adverse effects in animals such as hemorrhages in 
the pleural and peritoneal cavities [5] and extensive cell 
proliferation in the lung with biochemical changes, act- 
ing as a promoter of adenoma development [6]. The con- *Corresponding author. 
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cern related to these adversities has enhanced, in recent 
years, the search for natural antioxidants with the same 
efficiency and function of the synthetic ones [7]. 

According to the wine industry, each 100 liters of red 
wine produced engenders 17 kg of grape pomace, com- 
posed by seed, skin and stem, usually disposed as com- 
post. This residue still contains high levels of phenolic 
compounds many of them reported as antioxidants [8,9]. 
But the relatively high level of phenolic compounds in 
the grape pomace is a problem for its application as fer- 
tilizer because of their inhibition of germination proper- 
ties [10]. On the other hand, grape phenolic compounds 
are associated to antioxidant activity and health benefits 
such as prevention of cancer and cardiovascular diseases 
[8,9,11,12]. Thus, the possibility of converting the enor- 
mous amount of this residue generated by winery Indus- 
try around the world into add-valued products, promotes 
studies using the grape pomace to obtain functional in- 
gredients. 

The aim of this work was the estimation of the anti- 
oxidant potential of extracts from two important residues 
of the food industry: the pink shrimp (Penaeus brasilien- 
sis and Penaeus paulensis) residue and the Merlot and 
Syrah (Vitis vinifera) pomaces. 

2. Material and Methods 

2.1. Sample Preparation 

The pink shrimp (P. brasiliensis and P. paulensis) resi- 
due (waste from shrimp processing) was composed es- 
sentially by head, carapace, and tail. The residue was pro- 
vided by Peixaria Nelson Santos (Florianópolis, Santa 
Catarina, Southern Brazil), sited at the local public mar- 
ket. The raw material was obtained from the unpeeling of 
the cultivated shrimp collected in May 2010, which re- 
presents the high production season of the region. The 
shrimp residue was pre-treated by combining the process 
of cooking, drying and milling, as designed by Mezzomo 
et al. [2]. The pink shrimp processing waste was submit- 
ted to a quick cooking by double boiler in water at 
373.15 K during 10 min, followed by drying at 333.15 K 
for 5 hours (when using the extraction techniques: Sox- 
hlet, maceration, ultrasonic maceration, and oil extraction) 
or 10 hours (when using supercritical extraction) in a 
oven with air circulation (DL-SE, DeLeo). Finally, the 
samples were grounded in a domestic blender (LiqFaz, 
Wallita) with mass and time pre-determined. 

The pressed grape pomaces derived from Merlot and 
Syrah (Vitis vinifera) wine production, were provided by 
two wineries from Miolo Wine Group. The Syrah po- 
mace, vintage 2008 from winery located in Vale do São 
Francisco—Bahia, Brazil, presented initial moisture con- 
tent of 56% ± 2% (wet base) and the Merlot pomace, vin- 
tage 2009, provided by the winery from Vale dos Vin- 

hedos—Rio Grande do Sul, Brazil, was received with 
initial moisture content of 64% ± 1% (wet base). The 
grape residues were dried at 32˚C in a forced air circula- 
tion oven (De Leo, Model A3 CARF, RS, Brazil) up to 
approximately 10% moisture content (10.1% ± 0.3% for 
Syrah pomace, reached after 20 h drying, and 10% ± 1% 
for Merlot pomace, reached after 21.5 h drying). The to- 
tal moisture content was assessed by maintaining the sam- 
ples in a stove at 105˚C until constant weight. Dried sam- 
ples were grounded in a knife mill (De Leo, Porto Ale- 
gre/RS, Brasil) and the particle size was classified in 
sieve separator (Bertel Indústria Metalúrgica Ltda., Cai- 
eiras/SP, Brasil). The particle fraction of −20/+32 Mesh 
was selected to proceed the extractions.  

2.2. Extraction Protocols 

The maceration (MAC) method consisted in a cold ex- 
traction of the pre-treated shrimp residue in organic sol- 
vent to avoid thermal degradation. The procedure was 
performed according to Mezzomo et al. [2]. Briefly, it 
consists of transferring 25 g of the shrimp residue sample 
into 100 mL of selected organic solvent for five days at 
room temperature, with light protection and one daily 
manual agitation. Each extraction was performed in trip- 
licate using the solvents hexane (Hx), ethanol (EtOH), 
acetone (Ac), isopropanol (IPA), and the binary mixture 
Hx:IPA (50:50, v/v). The extracts were concentrated un- 
der vacuum in a rotatory evaporator. 

The Soxhlet extraction (SOX) was performed in trip- 
licate and based on the procedure described by Campos 
et al. [13]. Briefly, the raw materials (5 g) were packed 
inside a cartridge and transferred to a 250 mL extractor 
device and submitted to 8 hour recycling extraction with 
150 mL solvent at boiling temperature. The extraction 
was performed with the following solvents (P.A., Nu- 
clear, CAQ Ind. e Com. LTDA., Brazil): Hx, EtOH, Ac, 
IPA and Hx:IPA (50:50, v/v) for the shrimp residue; and 
EtOH, ethyl acetate (EtOAc) and Hx for the grape resi- 
dues. The extracts were concentrated under vacuum in a 
rotatory evaporator. 

For the shrimp residue the ultrasonic maceration 
(UME) was performed in triplicate and adapted from 
Mezzomo et al. [2], using EtOH as solvent. Briefly, it 
consists of adding 5 g of raw material in 150 mL of 
EtOH, maintaining the solution into an ultrasound appa- 
ratus (UtraCleaner 700, 55 kHz, 40 VA, Unique) for 10 
min. The extract was separated from the raw material by 
centrifugation (Q222T, Quimis) at 2000 g for 20 min and 
concentrated under vacuum in a rotatory evaporator. 

For the wine residues the UME was conducted using 3 
g of pre-treated pomaces and 50 mL of solvent placed 
inside a glass balloon connected to a condenser. The ex- 
traction was performed in duplicate at room temperature 
during 30 min, using water (H2O), EtOH, EtOAc and Hx. 
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The extract was separated from the raw material by fil- 
tration and concentrated under vacuum in a rotatory eva- 
porator. 

The extraction method using vegetable oil as solvent 
was classified according to the solvent temperature and 
oil type. The cold extraction (OilC) and the hot extrac- 
tion (OilH) with soy or sunflower oil were performed 
according to the procedure presented by Sachindra and 
Mahendrakar [14], in triplicate. Briefly, the method con- 
sists of mixing 10 g of raw material with 40 mL of vege- 
table oil (soy or sunflower oil) in a 250 mL flask (light 
protected), submitted to hot plates with 2h-agitation pe- 
riod at room temperature (OilC) or at 343.15 K (OilH). 
Further, the oil extracts were recovered by cellulose fil- 
tration. 

The supercritical fluid extractions (SFE) were per- 
formed in a dynamic extraction unit [15] using 99.9% 
pure CO2 delivered at pressure up to 60 bar (White Mar- 
tins). A co-solvent pump (Constametric, 3200, EUA), 
was connected to the extraction line in order to supply 
the modifier (pure organic solvent, mixture or vegetable 
oil at high-pressure) at pre-established flow rate, to mix 
with CO2 flow before the extraction vessel. The extrac- 
tion procedure [16], consisted of placing a fixed mass 
inside the extractor cell to form the particles fixed bed, 
followed by the control of the process variables (tem- 
perature and pressure). The extraction was then perform- 
ed and the solute collected in amber flasks and weighed 
on an analytical balance (OHAUS, Model AS200S, NJ— 
USA).  

The SFE assays from shrimp residue used 16 g of pre- 
treated shrimp residue to form the fixed bed and applied 
an extraction time of 180 min. These assays were divided 
into 2 groups: a) pure CO2 assays, using carbon dioxide 
as solvent and at the conditions of 313.15 - 333.15 K and 
200 - 300 bar at a constant solvent flow rate of 13.3 ± 0.8 
g/min; b) the co-solvent assays, where the hexane: iso- 
propanol solution (50:50, v/v) and sunflower oil was mix- 
ed with supercritical CO2, at concentrations of 2% (w/w), 
according to results from Mezzomo et al. [17] (no sig-
nificant increase on extraction yield when co-solvent con- 
centration enhanced from 2% to 5%). This group of as- 
says was performed at 333.15 K and 300 bar. 

The grape pomaces SFE assays applied a constant CO2 
flow rate of 13.3 ± 0.8 g/min during 240 min and the 
fixed bed was formed with 25 g of pre-treated material. 
The conditions of pressures (P) ranging from 150 to 300 
bar and temperatures (T) of 323.15 K and 333.15 K were 
applied for the Merlot pomace, while the extraction with 
the Syrah pomace was conducted at 250 bar333.15 K. 
The same condition was also used for Merlot pomace to 
evaluate the influence of the addition of co-solvent (etha- 
nol) to the SFE in concentrations of 12.5%, 15% and 
17.5%. 

In the case of the organic solvent solution, it was se- 
parated from the extract at reduced pressure by evapo- 
rating the solvents used in a rotary evaporator (Fisatom, 
802, Brazil), with vacuum control.  

2.3. Antioxidant Potential 

The free radical scavenging activity of extracts was eva- 
luated using the 1,1-diphenyl-2-picrylhydrazil (DPPH) ra- 
dical scavenger method. Briefly, the extracts was mixed 
with a 0.3 mM of DPPH ethanol solution to give final 
concentrations of 5, 50, 100, 250, 500 and 1000 µg/mL 
of DPPH solution in the case of shrimp residue and 25, 
50, 125, 250, 500, 750 and 1000 µg/mL of DPPH solu- 
tion in the case of grape pomaces. After 30 min at room 
temperature, the absorbance values were measured at 517 
nm converted into percentage of antioxidant activity (% 
AA). This activity was also expressed as the effective 
concentration at 50% (EC50), i.e., the concentration of the 
solution required to give a 50% decrease in the absorb- 
nance of the test solution compared to a blank solution 
[18]. The result data for DPPH assays were obtained con- 
sidering the mean value of triplicate assays.  

The antioxidant activity was also evaluated by the β- 
carotene/linoleic acid bleaching method. In this method a 
model system made of β-carotene and linoleic acid un- 
dergoes a rapid discoloration in the absence of an anti- 
oxidant. The free linoleic acid radical is formed upon a 
hydrogen reduction by the β-carotene molecules, chang- 
ing its color [19]. The β-carotene bleaching rate was de- 
termined by the difference in absorbance (470 nm) val- 
ues at time intervals between 0 at 120 min. The antioxi- 
dant activity from the β-carotene/linoleic acid system was 
carried out according to the method described by Mat- 
thäus [19], using the different residues extracts in an 
ethanolic solution at 1667 µg/mL. 

2.4. Statistical Analysis 

The results of the antioxidant activity were statistically 
evaluated by a one-way analysis of variance (ANOVA), 
using the statistical package Statistica for Windows. The 
significant differences at level of 5% were analyzed by 
Tukey test.  

3. Results and Discussion 

3.1. Antioxidant Activity of Shrimp Residue  
Extracts 

The antioxidant activity (%AA) results, determined by 
the free radical scavenging (DPPH) and by the β-caro- 
tene bleaching methods, for the shrimp residue extracts 
are showed in Table 1.  

The extracts obtained by low pressure operations that 
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Table 1. Antioxidant activity (%AA) and effective concen- 
tration at 50% (EC50) obtained by the free radical scaveng- 
ing activity method (DPPH) of shrimp (P. brasiliensis and P. 
paulensis) residue extracts. 

Extraction methoda Solventb %AAcd EC50 (µg/mL)ce

SOX Hx 4.0 ± 0.31 13466 ± 10148 

SOX HxIPA 18.1 ± 0.35,6 2778 ± 655,6 

SOX IPA 9.0 ± 0.12,3 5314 ± 587,8 

SOX EtOH 29.6 ± 0.97,8 1690 ± 744 

SOX Ac 29.1 ± 0.66,7,8 1717 ± 344 

MAC Hx 17 ± 15 1937 ± 575,6 

MAC HxIPA 17 ± 44,5 3765 ± 985,6 

MAC IPA 38 ± 18 1440 ± 63 

MAC EtOH 65.9 ± 0.98 736 ± 51 

MAC Ac 58 ± 18 826 ± 52 

UME EtOH 17 ± 15 2810 ± 1505,6 

OilH Sun-oil 8.4 ± 0.76,7 2684 ± 235 

OilH Soy oil 7.0 ± 0.56 2256 ± 255 

OilC Sun-oil 3 ± 16 3481 ± 1816,7 

OilC Soy oil 3.8 ± 0.56 4703 ± 426,7 

SFE 313.15 K/200 bar CO2 7.3 ± 0.42 6008 ± 7138 

SFE 333.15 K/200 bar CO2 15 ± 15 2722 ± 4785,6 

SFE 313.15 K/300 bar CO2 15 ± 25 2970 ± 9215,6 

SFE 333.15 K/300 bar CO2 30 ± 16,7,8 1720 ± 914 

SFE 333.15 K/300 bar 
CO2 + 2% 

Sun-oil 
18 ± 25 2634 ± 795,6 

SFE 333.15 K/300 bar 
CO2 + 2% 
Hx:IPA 

35 ± 36,7,8 1698 ± 434 

aSOX = Soxhlet, MAC = maceration; UME = ultrasonic maceration; OilH = 
hot oil extraction; OilC = cold oil extraction; SFE = supercritical fluid ex- 
traction; bHx = hexane; HxIPA = hexane+isopropanol (50:50); IPA = iso- 
propanol; EtOH = ethanol; Ac = acetone; Sun-oil = sunflower oil; CO2 = 
carbon dioxide. cSame superscript number in same column indicates no sta- 
tistical difference (p < 0.05). dAA referent to DPPH method at extract con- 
centration of 1000 µg/mL; eEffective concentration at 50%. 

 
presented the highest antioxidant activity according to 
DPPH method were MAC-EtOH and MAC-Ac (65.9% ± 
0.9% and 58% ± 1%, respectively), followed by the ex- 
tracts MAC-IPA, SOX-EtOH and SOX-Ac (Table 1). In 
addition, the extracts MAC-EtOH and MAC-Ac present- 
ed the lowest effective concentration at 50% (EC50), i.e., 
736 ± 5 and 826 ± 5 µg/mL, respectively. These values 
represent the extract concentration necessary to inhibit 
50% of free radical activity. These results indicate that 
the antioxidant compounds presented in the pink shrimp 
residue present affinity to highly polar solvents (polarity 
between 5.1 and 5.2, according to Byers [20]). The good  

performance of the polar solvents in maceration method, 
applied to concentrate antioxidant compounds from natu- 
ral products, was also observed by Kitzberger et al. [21] 
and by Almeida et al. [22], for the raw materials of shii- 
take and Mentha spicata, respectively.  

The antioxidant activity performance of the extract ob- 
tained by vegetal oil extraction (OilC and OilH) was de- 
termined considering the DPPH antioxidant results of the 
pure oils, i.e., the final results were obtained by the dif- 
ference between pure oil and enriched oil results. Accord- 
ing to the results presented in Table 1, the antioxidant 
activity values, by the DPPH method, obtained from the 
oily extracts (OilC and OilH) were the lowest values com- 
pared to the results obtained for the other extraction me- 
thods. Nevertheless, the shrimp residue extract can be us- 
ed to enrich the sunflower and soy oil in order to increase 
their shelf-life or to use the final product (enriched oils) 
in food formulations with antioxidant compounds incor- 
porated. 

When %AA and EC50 results, obtained by DPPH me- 
thod, were related to heat application in different systems 
used to the extraction, two contradictory behaviors were 
observed (Table 1): a) the high temperatures (equivalent 
to the solvent boiling temperature) used in the SOX me- 
thod can damage the extraction of antioxidant compo- 
nents, compared to the same solvents used in MAC ex- 
traction (low temperature method); b) higher tempera- 
tures in vegetal oil extraction, by the OilH method, pro- 
moted higher %AA when compared to the OilC method. 
These results can indicates that the antioxidant com- 
pounds presented in shrimp processing residue are better 
extracted when heat is applied until 343.15 K, however 
the heating exposure should not be prolonged above 2 
hour as for OilH systems. When higher temperatures and/ 
or heating exposure times are employed, the antioxidant 
compounds may suffer thermal degradation with the in- 
creasing temperature [23], a phenomenon that probably 
occurred for the samples obtained by the SOX extraction. 

The DPPH results for the samples obtained by SFE 
process are also listed in Table 1, which shows that the 
extracts obtained by SFE at 333.15 K/300 bar, with CO2 
and with CO2 plus Hx:IPA, presented the highest anti- 
oxidant activity values, statistically similar to SOX-EtOH 
and SOX-Ac extracts. The DPPH results for SFE extracts 
indicated that the %AA increased significantly with the 
pressure enhancement, from 200 to 300 bar, at constant 
temperature, and with the temperature increase, from 
313.15 to 333.15 K, at constant pressure. This behavior is 
probably associated with the higher content of astaxan- 
thin in shrimp residue extract obtained by SFE at higher 
pressures and temperatures [17]. According to Shimidzu 
et al. [24], the astaxanthin compounds present proved an- 
tioxidant properties. Also, the astaxanthin components 
are more soluble in supercritical CO2 when higher pres-  
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sure and temperature are applied in the supercritical te- 
chnology [2,25]. 

The results of the %AA determined by the β-carotene 
bleaching method are presented in Table 2, and were si- 
milar to the data from DPPH method, where the highest 
%AA values were obtained by polar solvents for the ex- 
tract obtained at low pressure procedures. Alternatively, 
the β-carotene results were higher than the DPPH values, 
for all extracts analyzed, with highest results from the ex- 
tracts by SOX-Ac, MAC-Ac, MAC-EtOH and SOX-IPA, 
equivalent to 88 ± 3, 84 ± 1, 82 ± 2 and 76.56% ± 0.08%, 
respectively (Table 2). These results are close to the 
%AA value obtained by the BHT (113% ± 7%) perfor- 
mance, as described by Benelli et al. [26], in the same 
conditions evaluated in the present work. The highest po- 
tential obtained by the β-carotene bleaching method above 
the DPPH is probably due to the presence of astaxanthin 
in these extracts, besides other antioxidant non-polar com- 
pounds, that are better detectable by the carotenoic me- 
thod. 

Similarly to the DPPH method, the β-carotene results 
from the extract obtained by vegetal oil extraction (OilC 
and OilH) were determined considering the %AA of pure 
oils. Among the oil extraction results from Table 2 we 
observe that the most efficient system was the OilH-sun- 
flower, statistically equal to SOX-Hx, SOX-EtOH, and 
SFE at 200 bar, corroborating the previous suggestion 
about the use of this extract to increase the vegetal oil 
shelf-life and/or to enrich the antioxidant content when 
using it in food processing. 

The SFE extracts also presented significant results of 
%AA from the β-carotene bleaching method. The highest 
value was observed for the extracts obtained at 313.15 
and 333.15 K/300 bar using pure CO2 and when it was 
added to 2% of Hx:IPA. Because of the satisfactory 
%AA detected by the β-carotene bleaching method, we 
suggest the use of the mentioned extract, properly en- 
capsulated/stabilized [27], in pharmaceutical or food pro- 
ducts in order to prevent oxidant reactions.  

3.2. Antioxidant Activity of Grape Pomaces  
Extracts 

The EC50 values that represent the extract concentration 
necessary to inhibit 50% of free DPPH radical activity 
and the antioxidant activity (%AA) results, determined 
by the β-carotene bleaching method, for the Merlot and 
Syrah grape pomaces extracts are showed in Table 3. 

Concerning the EC50 achieved by the DPPH method, 
the SOX/EtOH Syrah extract showed the best result, 
meaning lowest value (158 ± 2 μg/mL). All low pressure 
extractions with ethanol, for both grape varietals, pre- 
sented low EC50 values, statistically equal to BHT [26]. 
The extracts obtained with low polar solvents presented 

Table 2. Antioxidant activity (%AA) obtained by the β-ca- 
rotene bleaching method of shrimp (P. brasiliensis and P. 
paulensis) residue extracts. 

Extraction methoda Solventb %AA (120 min)cd

SOX Hx 57 ± 44,5 

SOX HxIPA 68 ± 72,3,4 

SOX IPA 76.56 ± 0.081,2,3 

SOX EtOH 59 ± 34,5 

SOX Ac 88 ± 31 

MAC Hx 69 ± 62,3,4 

MAC HxIPA 28 ± 57,8 

MAC IPA 31 ± 67,8 

MAC EtOH 82 ± 21,2 

MAC Ac 84 ± 11,2 

UME EtOH 38 ± 56,7 

OilH Sun-oil 50 ± 35,6 

OilH Soy oil 8 ± 19 

OilC Sun-oil 16 ± 28,9 

OilC Soy oil 2.8 ± 0.69 

SFE 313.15 K/200 bar CO2 50.2 ± 0.95,6 

SFE 333.15 K/200 bar CO2 59 ± 74,5 

SFE 313.15 K/300 bar CO2 87 ± 41 

SFE 333.15 K/300 bar CO2 72 ± 61,2,3,4 

SFE 333.15 K/300 bar CO2 + 2% Sun-oil 69 ± 32,3,4 

SFE 333.15 K/300 bar CO2 + 2% Hx:IPA 83 ± 31,2 

aSOX = Soxhlet; MAC = maceration; UME = ultrasonic maceration; OilH = 
hot oil extraction; OilC = cold oil extraction; SFE = supercritical fluid ex- 
traction; bHx = hexane; HxIPA = hexane + isopropanol (50:50); IPA = iso- 
propanol; EtOH = ethanol; Ac = acetone; Sun-oil = sunflower oil; CO2 = 
carbon dioxide. cSame superscript number in same column indicates no 
statistical difference (p < 0.05); cAA referent to β-carotene bleaching me- 
thod obtained after 120 min-reaction at extract concentration of 1667 
µg/mL. 

 
EC50 results above 250 μg/mL, a reference value from 
literature that represents low antioxidant potential [13]. 
Campos et al. [13] reported lower EC50 value for SOX/ 
EtOH extract from Cabernet Sauvignon pomace and also 
results above 250 μg/mL for the supercritical extracts. 

Based on the performance of low pressure ethanolic 
extracts, EtOH was used as co-solvent in the SFE, im- 
proving the DPPH results but still being above 250 
μg/mL. In the β-carotene bleaching method results, the 
addition of EtOH to CO2 on SFE did not reflected in bet- 
ter results remaining statistically equal to the ones ob- 
tained with pure CO2. 
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Table 3. Effective concentration at 50% antioxidant activity 
(EC50) obtained by the free radical scavenging activity me- 
thod (DPPH) and the antioxidant activity (%AA) obtained 
by the β-carotene bleaching method of Merlot and Syrah 
grape (Vitis vinifera) pomaces extracts. 

Extractiona Solventb Grape
EC50 

(µg/mL)cd 
%AA 

(120 min)ce

SOX HX Syrah 2684 ± 2336,7 29.2 ± 0.64,5,6

SOX EtOAc Syrah 680 ± 211,2 NT 

SOX EtOH Syrah 158 ± 21 4.4 ± 0.88 

SOX HX Merlot 9299 ± 4413 45.7 ± 0.33

SOX EtOAc Merlot 600 ± 161 NT 

SOX EtOH Merlot 208 ± 21 46 ± 33 

UME HX Syrah 2618 ± 1126,7 15 ± 16,7,8 

UME EtOAc Syrah 1493 ± 1483,4 NT 

UME EtOH Syrah 211 ± 21 20.0 ± 0.75,6,7

UME H2O Syrah 346 ± 271 20 ± 15,6 

UME HX Merlot 4097 ± 29,10,11 61.7 ± 02 

UME EtOAc Merlot 1402 ± 593 NT 

UME EtOH Merlot 394 ± 51 61 ± 22 

UME H2O Merlot 1321 ± 1292,3 4.4 ± 0.38 

SFE 323.15 K/ 
150 bar 

CO2 Merlot 5770 ± 24013 66 ± 22 

SFE 323.15 K/ 
200 bar 

CO2 Merlot 4471 ± 5810,11 27 ± 24,5,6 

SFE 323.15 K/ 
250 bar 

CO2 Merlot 5508 ± 21312,13 24 ± 34,5,6 

SFE 323.15 K/ 
300 bar 

CO2 Merlot 5161 ± 18612,13 23.6 ± 0.64,5,6

SFE 333.15 K/ 
150 bar 

CO2 Merlot 2349 ± 575,6,7 45 ± 13 

SFE 333.15 K/ 
200 bar 

CO2 Merlot 3528 ± 1238,9 27 ± 24,5,6 

SFE 333.15 K/ 
250 bar 

CO2 Merlot 2917 ± 977,8 32.18 ± 03,4,5

SFE 333.15 K/ 
300 bar 

CO2 Merlot 3814 ± 1579,10 45 ± 63 

SFE 333.15 K/ 
250 bar 

CO2 + 12.5% 
EtOH 

Merlot 1772 ± 983,4,5 23 ± 44,5,6 

SFE 333.15 K/ 
250 bar 

CO2 + 15% 
EtOH 

Merlot 2143 ± 884,5,6 26 ± 54,5,6 

SFE 333.15 K/ 
250 bar 

CO2 + 17.5% 
EtOH 

Merlot 1501 ± 723,4 35 ± 23,4 

SFE 333.15 K/ 
250 bar 

CO2 Syrah 4788 ± 25811,12 23 ± 24,5,6 

BHT - - 261 ± 121 113 ± 71 

aSOX = Soxhlet; UME = ultrasonic maceration; SFE = supercritical fluid 
extraction. bHx = hexane; EtOAc = ethyl acetate; EtOH = ethanol; H2O = 
water; CO2 = carbon dioxide. cSame superescript number in same column 
indicates no statistical difference (p < 0.05); dEffective concentration at 50% 
AA referent to DPPH method. eAA referent to β-carotene bleaching method 
obtained after 120 min-reaction at extract concentration of 1667 µg/mL. NT 
= not tested. 

The β-carotene bleaching method is more appropriate 
to analyze lipid fractions, what can explain the highest 
antioxidant activity (%AA) presented by the Merlot ex- 
tract obtained with pure supercritical CO2 at 150 bar/ 
323.15 K (66% ± 2%) and with UME/Hx (61.7% ± 0%), 
but still low compared to BHT (113% ± 7%). Jayapraka- 
sha et al. [9] reported higher %AA values (up to 88.7%) 
for SOX extraction with methanol form Bangalore de- 
fatted grape seed. The Merlot extracts obtained with EtOH 
(polar) presented similar %AA results to the non polar 
solvents, affirming it as the best solvent tested. This could 
be expected as red grapes are known by their high con- 
tent of phenolic compounds which are polar substances 
[12].  

On the SFE results from both grape cultivars no ten- 
dency with pressure, temperature or solvent density is 
observed.  

Analyzing the grape varietal influence by comparing 
each extraction method and solvent, in general no signi- 
ficant difference can be pointed on DPPH results. How- 
ever, the Merlot cultivar presented better %AA values in 
β-carotene method. 

Based on the good EC50 value detected on the Merlot 
ethanolic extracts and on the high reactivity of phenolic 
compounds (degradation with light and oxygen exposure) 
[28], we believe that the encapsulation/stabilization of 
the mentioned extract can enable its use in pharmaceuti- 
cal or food products in order to prevent oxidant reactions. 

4. Conclusions 

The study of the antioxidant activity from shrimp residue 
extracts revealed that the highest antioxidant activities, 
determined by the DPPH and β-carotene methods, were 
observed in extracts obtained by polar solvents. In addi- 
tion, among the different supercritical conditions, the 
extract obtained at 300 bar and 333.15 K presented anti- 
oxidant activity by β-carotene bleaching method is simi- 
lar to some low pressure extracts and to the BHT stan- 
dard. The β-carotene bleaching method showed superior 
antioxidant results compared to the DPPH method, indi- 
cating that: the β-carotene system is more sensitive to the 
chemical characteristics of the shrimp residue extracts 
(presence of non-polar antioxidant compounds).  

The use of grape pomace is promising due to the im- 
portance of the substances that remain in this industrial 
residue such as antioxidant compounds. Extracts obtain- 
ed by low pressure techniques with polar solvents, nota- 
bly the extracts obtained by Sohxlet with ethanol from 
both grapes, showed the lowest concentration that neu-
tralizes 50% of free DPPH radicals (EC50). The SFE with 
pure CO2 at 323.15 K/150 bar on the Merlot pomace led 
to the extract with best antioxidant activity determined by 
the β-carotene bleaching method, followed by low pres- 
sure Merlot extracts obtained with ethanol and hexane. In 
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general, the Merlot cultivar presented better performance 
than the Syrah varietal. 
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