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Abstract

Crustaceans are low in fat but rich in omega-3 (n-3) fatty acids (FA). In this study, a mini-scale extraction method was
optimized based on the Bligh and Dyer method for the determination of n-3 fatty acids, i.e., alpha-linolenic acid (LNA),
eicosapentaenoic (EPA) and docosahexaenoic acid (DHA), in shrimp samples followed by gas chromatography with flame
jonization detection. The optimal extraction conditions were determined through a 2* factorial design with a center point.
The optimized method extracted comparable amounts of n-3 FA as the original Bligh and Dyer method but was 45 times
faster and used 30 times less chloroform and sample and 11 times less total solvent volume. Additionally, the optimized
method was successfully applied for the extraction of fatty acid, mainly n-3 fatty acid, from various shrimp species. Thus,
the n-3 mini-scale extraction method can be considered a suitable alternative to traditional methods for the extraction of n-3

fatty acid from shrimp.
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Introduction

The worldwide annual production of crustaceans has
increased in recent years, reaching 6,446,818 tons in 2012,
with China being the largest producer [1]. Among the 67,800
crustacean species, shrimp is one of the most consumed, rep-
resenting 15% of the global seafood trade [2, 3]. Brazil is the
largest shrimp producer in South America, particularly white
shrimp (Litopenaeus vannamei), pink shrimp (Farfantepe-
naeus paulensis) and Atlantic seabob shrimp (Xiphopenaeus
kroyeri), the latter with the most consumption at 0.6 kg/per
capita/year [4, 5]. High shrimp consumption can be linked
to its various forms of preparation, such as frozen, fresh,
breaded, dried, fried, cooked and roasted, in addition to the
health benefits associated with a balanced diet [6].
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Shrimp species contain protein, minerals, amino acids,
fatty acids, mainly omega-3 (n-3) fatty acids (FA), as alpha-
linolenic acid (18:3n-3; ALA), eicosapentaenoic acid
(20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA)
[7-12]. Several benefits are associated with regular n-3 FA
consumption, such as a decreased risk of brain disease, can-
cer, thrombosis, rheumatism, hypertension, heart disease and
inflammatory processes [7, 13, 14].

Others important parameters that are linked to food ben-
efits are the n-6/n-3 and PUFA/SFA ratios. These rates help
in the control and regulation of growth, bone development,
metabolism and reproduction [15, 16]. In addition, accord-
ing to Simopoulos, the recommended values for the n-6/n-3
and PUFA/SFA ratios are 1-4:1 and a value higher than 0.4,
respectively, and it is noted that n-3 FA are the major con-
tributors to the balanced value of these parameters [17].

Various conventional total lipid (TL) extraction methods,
e.g., Soxhlet, Folch and Bligh and Dyer, have been used
for several food matrices [18—23]. The Soxhlet method was
the first TL extraction method developed; however, it uses a
high temperature, leading to the degradation of some poly-
unsaturated FA. Also, large proportions of phospholipids
are not extracted efficiently, the analysis is time-consuming
and specific equipment is required [24, 25]. Folch et al. [19]
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developed a rapid and simple TL extraction method for fil-
lets poor in lipids (muscle and blood plasma), which does
not use a high temperature and extracts both nonpolar and
polar lipids. This method was later modified by Bligh and
Dyer, decreasing the amount of solvent required [20]. This
method, originally developed for fish samples, has become
the most applied TL extraction method for several kinds of
samples, including milk, fruits, oilseeds and animal fillets
[26-31].

The Bligh and Dyer extraction method has been widely
used for TL extraction from shrimp samples because shrimp
species present similar matrix characteristics, i.e., high
sample moisture content (around 80%) and low TL content
(around 1.5%) [8, 32]. Howeyver, this method requires a large
amount of sample (a drawback particularly for small sam-
ples, such as shrimp), high solvent volume and long analysis
time.

Several studies have reported changes in conventional TL
extraction methods, including sample amount/preparation,
solvent volume/type and time, aiming to develop a cost-effi-
cient, environmentally friendly and efficient TL extraction
method [25, 32-35]. However, to the best of our knowledge,
an extraction method for n-3 FA from shrimp fillets has not
been developed yet.

Therefore, this work aimed to optimize a miniaturized
extraction method for FA, based on Bligh and Dyer method,
mainly the n-3 FA (LNA, EPA and DHA) from shrimp sam-
ples. For this, the sample amount, chloroform volume and
time were optimized using response surface methodology
(RSM).

Materials and Methods
Chemical

The standard methyl tricosanoate (23:0) (>99%) and 189-
19 (>99%) was supplied by Sigma-Aldrich (Sdo Paulo,
Brazil). The solvents chloroform (PA) and methanol (PA)
were acquired from Labsynth (Sao Paulo, Brazil) and
Anidrol (Sdo Paulo, Brazil), respectively. The carrier (H,)
(>99.95%), auxiliary (N,) (>99.998%) and detector flame
(H, and synthetic air) (>99.999%) gases were purchased
from White Martins (Maringa, Brazil). The methylation
reagents sulfuric acid (PA), isoctano (PA) and sodium chlo-
ride (PA) were acquired from Anidrol (Sdo Paulo, Brazil).
Ammonium chloride (PA) was acquired from Labsynth (S&o
Paulo, Brazil), and sodium hydroxide (PA) was supplied by
Neon (Sio Paulo, Brazil).
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Sample preparation

Seabob shrimp fillets (Xiphopenaeus kroyeri), which were
used to optimize the mini-scale Bligh and Dyer method (n-3
mini-scale extraction method), were purchased from a local
market in Maringd, PR, Brazil. For method application,
quiet freshwater shrimp fillets (Macrobrachium jelskii) were
acquired from the Animal Husbandry Program from the
State University of Maringa, PR, Brazil. Red shrimp fillets
(Pleoticus muelleri) and white shrimp fillets (Litopenaeus
schmitti) were obtained from the local market in Maringa,
PR, Brazil. The shrimp fillets were macerated using a mortar
and pestle and homogenized. Then, all shrimp samples were
packed in polyethylene bags in an N, atmosphere and stored
frozen at —18 °C prior to subsequent analysis.

n-3 mini-scale extraction method

The n-3 mini-scale extraction method for the determination
of FA from shrimp fillets was optimized using triplicate sam-
ples and based on a 23-factorial design with a center point,
using Design Expert software, version 7.1.3. Chloroform
volume (1.0, 1.5 and 2.0 mL), sample amount (0.1, 0.3 and
0.5 g) and agitation time (2, 4 and 6 min) were optimized at
two levels, and a center point (— 1, 0, 1) was used to evalu-
ate the best yield of the n-3 FA sum (LNA, EPA and DHA).

For TL extraction, the respective sample amounts were
weighed in Falcon tubes. Then, 2 mL of methanol and half
of the total volume of chloroform were added (i.e., 0.5, 0.75
and 1 mL). Then, the mixture was shaken in a Vortex (AP56
Phoenix Model) for half the total agitation time (1, 2 and
3 min). The remaining chloroform was added, and then the
tubes were shaken for the remainder of the time. Finally,
4 mL of water was added to the mixture, which was then
agitated for 30 s. The Falcon tubes were then centrifuged in
a Harrier 18/80R centrifuge at 4529 g for 10 min. The lower
fraction, containing the TL, was collected with a microsy-
ringe, the solvent was evaporated using an N, flow and the
samples were stored at —18 °C prior to subsequent analysis.

Bligh and Dyer extraction

The TL was extracted according to Bligh and Dyer [20].
A mixture of the sample (15 g), chloroform (15 mL) and
methanol (30 mL) was shaken for 5 min. Then, a further
15 mL of chloroform was added and the tubes were shaken
for 2 min, and then 15 mL of distilled water was added and
shaken for 5 min. The mixture was filtered and separated
in a 250-mL funnel (for 12 h), and then the lower phase
was evaporated at 40 °C using a Fisatom 802 evaporator.



Journal of the Iranian Chemical Society (2021) 18:375-383

377

FA composition

Fatty acid methyl esters (FAME) were prepared by the
methylation of the TL, according to Hartman and Lago
[36]. The FAME were separated by a Thermo Scientific
gas chromatograph model Trace Ultra, equipped with a
flame ionization detector (FID) and a fused silica capil-
lary column CP 7420 Select FAME (100% cyanopropyl-
bonded, 100 m X 0.25 mm diameter, 0.25 pm thickness).
The flow rates for the carrier (H,), auxiliary (N,) and
detector flame (H, and synthetic air) gases were 1.2, 30,
35 and 350 mL min~!, respectively. The injected volume
was 2 pL, and the sample split ratio was 1:40. The injec-
tor and detector temperatures were 240 °C. Initially, the
column temperature was maintained at 165 °C for 7 min.
Then, the column temperature was increased from 165 to
185 °C at 4 °C min~!, maintained at this temperature for
4.67 min and finally increased to 235 °C at 6 °C min~' and
maintained for 5 min.

The quantification of the FA (mg FA per g of TL)
was performed using tricosanoic acid methyl ester as an
internal standard (23:0) [37]. According to Visentainer,
the theoretical FID correction factor values were used to
obtain the concentration values [38]. The FA content was
calculated using Eq. 1.

FA = Ay Wi CFy /AsCF g Wx (1

where FA is mg fatty acid g~! TL, Ay is the peak area (FA),
A is the peak area standard (23:0), Wg is the weight (mg)
of the standard, Wy is the sample weight (g), CFx is the
theoretical correction factor and CF, is the conversion fac-
tor necessary to express results as mg of FA rather than as
methyl ester.

Precision

The precision of the n-3 mini-scale extraction method was
evaluated based on repeatability (intraday) and intermedi-
ate precision (interday), which were assessed by analyz-
ing the sum of n-3 FA for five samples on the same day
and for five different days, respectively. The results were
expressed as relative standard deviation (RSD).

Statistical analysis

Analysis of variance (ANOVA) was used to test the differ-
ence between means (stages of development), which were
analyzed by Tukey’s test at a 95% (p <0.05) significance
level using Statistica software version 8.0 (StatSoft, USA).
All samples were analyzed in four replicates.

Principal and interaction effects were determined by
factorial design. The model fit was assessed by ANOVA,
using the mathematical model expressed in Eq. 2.

Y =By + BiXy + BoXy + B3 X5 + B X X, + B3 X X

+ P23 Xo X5 + Pron X1 X X5 + € @

where Y is the expected response (the sum of n-3 mg g~!
TL), X, is the sample amount, X, is the chloroform volume,
X, is the agitation time and the other terms refer to the inter-
action effects.

Results and discussion
n-3 mini-scale extraction method optimization

A miniaturized extraction method (n-3 mini-scale extrac-
tion method) was optimized based on the Bligh and Dyer
method. The aim was to decrease the time, solvent volume
and sample amount, with a focus on an n-3 FA extraction
method for shrimp samples. Table 1 shows the factorial
design of the n-3 mini-scale extraction method and the yield
of the n-3 FA sum.

The highest n-3 sum was obtained using 0.5 g of sample,
1 mL of chloroform and 6 min of agitation time, extracting
98.75 mg g~ ! TL. Comparing the results (Table 3) obtained
by the original Bligh and Dyer method (78.43 mg g~! TL),
both methods extracted n-3 FA in comparable amounts.
However, the chloroform and total solvent volumes, analy-
sis time and sample amount decreased by 30-, 11-, 45- and
30-fold, respectively, using the method optimized in this
study compared to the Bligh and Dyer method.

Furthermore, comparing the chromatograms obtained
for the shrimp fillets extracted by the n-3 mini-scale extrac-
tion method (Fig. 1c) and original Bligh and Dyer method
(Fig. 1b), it was observed that both extraction methods pre-
sented a similar chromatographic profile without impuri-
ties with the same retention time as the target compounds
(Fig. 1a).

Additionally, 30% of the FA extracted by the n-3 mini-
scale extraction method were n-3 FA. This value was similar
to that published by Bragagnolo and Rodrigues-Amaya, who
extracted 30% of the n-3 FA sum from X. kroyeri shrimps
using the Folch method [39]. Our value is higher than that
published by Luzia et al. who extracted 13% of the n-3 FA
sum from the same species of shrimp but using the extrac-
tion method of Marmer and Maxwell [40, 41].

So, based on several advantages presented by the n-3
mini-scale extraction method, it can be considered a suitable
alternative to the traditional methods for n-3 FA extraction
from shrimp samples.
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Table 1 Factorial design of n-3

mini_scale extraction method Coded variable Actual variable
and response in yield of n-3 Run X, X, X; X Xy X3 Y (the sum of
fatty acids sum (LNA, EPA and n-3 mg g*lTL)
DHA)

1 -1 -1 -1 0.1 1 2 05.44

2 +1 -1 -1 0.5 1 2 67.17

3 -1 +1 -1 0.1 2 2 9.41

4 +1 +1 -1 0.5 2 2 48.30

5 -1 -1 +1 0.1 1 6 15.06

6 +1 -1 +1 0.5 1 6 98.75

7 -1 +1 +1 0.1 2 6 54.47

8 +1 +1 +1 0.5 2 6 65.15

9 0 0 0 0.3 1.5 4 76.31

10 0 0 0 0.3 1.5 4 76.96

12 0 0 0 0.3 1.5 4 81.12

X, and x;: sample amount (g), X, and x,: chloroform volume (mL), X5 and x;: agitation time (min), Y:
response in the sum of n-3 mg g! total lipids

ANOVA was used to evaluate whether the factorial design
was significant and to assess the contribution of each term.
Table 2 shows the ANOVA results of the n-3 FA extrac-
tion yield. Analysis of the effects showed that the individual
terms (sample amount and agitation time) were significant
and only the X, and X5 terms (chloroform volume and inter-
action between sample amount and agitation time, respec-
tively) were insignificant. The factors that contributed most
to the optimized n-3 FA extraction were the sample amount
(47.69%) and the agitation time (13.25%). Equation 3 shows
the optimum proposed model.

Y = 45.38 + 24.28X, + 12.80X;—11.89X,X,

4 2.68X,X5—6.18X, X, X, )

where Y is the expected response (mg n-3 sum g~! TL), X,
is the sample amount, X, is the chloroform volume, Xj; is
the agitation time and the other terms refer to the interac-
tion effects.

ANOVA results

The value of the regression coefficient (R*=0.9962) indi-
cates that 99.62% of the response was explicated by the
model, and the adjusted regression coefficient indicates that
99.15% can be explained by the experimental data. The pro-
posed model had a 95% significance level at p <0.05. The
low variation coefficient value (4.91%) indicated good preci-
sion and uniformity of the experimental data. The pure error
and the lack of fit (p =0.4798) were insignificant, confirming
that this model was suited to the experimental data.

Figure 2a shows the linearity of the actual and predicted
data, indicating a good approximation of the points on the
regression line and confirming the efficiency of the model fit
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[42]. Also, the predicted and studentized residuals (Fig. 2b)
showed no distinct tendency, supporting error randomness.
Therefore, ANOVA indicated that the model was signifi-
cant. The effects are observed in the response surface models
(Fig. 2¢).

Precision

According to Huber and Waldbronn, the precision depends
on the sample matrix. For a food matrix, a precision value
less than 20% is acceptable [43].

Precision was calculated as intra- and interday precision
and is expressed as RSD. The resultant values were less
than 20%, with RSD for intra and interday of 13.05 and
17.77%, respectively. Based on these results, the n-3 mini-
scale extraction method provided reliable n-3 FA extraction
from shrimp samples.

Application

The n-3 mini-scale extraction method was used on three
distinct shrimp species, P. muelleri, L. schmitti and M. jel-
skii. Table 3 shows the individual FA amounts found in the
shrimp fillets (including X. kroyeri shrimps), the sum and
the rates when the samples were extracted by the n-3 mini-
scale extraction method and the Bligh and Dyer method,
respectively.

Comparing the n-3 FA sum obtained for all three shrimp
species, the n-3 mini-scale extraction method extracted
a comparable amount of n-3 FA to the Bligh and Dyer
method. However, among the marine species evaluated, P.
muelleri was the only species that presented a higher n-3
FA sum than the freshwater shrimp species. All the shrimp
species evaluated showed a different n-3 FA composition,
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Fig. 1 Chromatograms of a 189 standard, b Bligh and Dyer method
and ¢ n-3 mini-scale extraction method. Identified fatty acid: 1: LNA
(18:3n-3); 2: EPA (20:5n-3); 3: DHA =(22:6n-3)

e.g. LNA was more abundant in L. schmitti and M. jelskii.
On average, LNA was 9.4 and 8.0 times more abundant in
M. jelskii than X. kroyeri and P. muelleri,, respectively;

Table 2 Analysis of variance (ANOVA) for the best response in n-3
fatty acids yield

Source Sum of squares df Mean square F value p value
Model 7519.67 5 1503.93 211.75 <0.0001
X, 4716.23 1 4716.23 664.03 <0.0001
X3 1309.76 1 1309.76 184.41 0.0002
X2 1130.53 1 113053 159.18  0.0002
Xo3 57.57 1 5757 8.11 0.0465
X3 305.57 1 305.57 43.02  0.0028
Curvature  2340.67 1 2340.67 329.56 <0.0001
Residuals 28.41 4 7.10 - -

Lack of fit 14.78 2 7.39 1.08 0.4798
Pure error 13.63 2 6.81 - -

Total 9888.74 10 - - -

df Freedom degree, X; sample amount, X, chloroform volume, X; agi-
tation time

EPA was approximately 1.4 times more abundant in P.
muelleri and M. jelskii than L. schmitti and X. kroyeri,
respectively; and DHA was more abundant in P. muel-
leri and X. kroyeri. On average, DHA was 3.8 and 3.0
times more abundant in P. muelleri than M. jelskii and L.
schmitti, respectively.

Marine aquatic species, such as fish and seafood, may
have a higher n-3 FA content than freshwater species as a
consequence of their dietary preferences for phytoplank-
ton and microalgae, which are rich in these FA [44-47].
However, the content and composition of n-3 FA in marine
aquatic species can be affected by several other factors,
such as ripeness, sex, species, anatomical features and
habitat. These factors can influence the metabolic enzy-
matic activity and efficacy of FA bioconversion [8, 46,
48, 49]. Thus, the different n-3 FA composition between
the shrimp species and the similar n-3 FA sum between
L. schmitti and X. kroyeri compared to M. jelskii can be
explained.

Additionally, the percent of n-3 FA extracted by the n-3
mini-scale extraction method for P. muelleri, L. schmitti and
M. jelskii shrimps was the same as those obtained by Jeckel
et al. which extracted 29% of the n-3 FA sum from P. muel-
leri. Similarly, Cabrera et al. and Ramirez et al. extracted
20 and 16% of the n-3 FA sum from L. schmitti and M.
Jjelskii shrimps, respectively, using traditional TL extraction
methods [50-52].

Although the new method focuses on the n-3 FA extrac-
tion, it can also extract efficiently the other fatty acids, as
shown in Table 3.

Even the n-3 mini-scale extraction focused on the extrac-
tion of n-3 fatty acids, and the fatty acid profile was similar
to Balzano et al. and Na et al.’s studies [53, 54].
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For saturated FA, the optimized method extracted 14:0,
15:0, 16:0, 17:0, 18:0, 20:0, 21:0, 22:0 and 24:0, i.e., four
FA more than Balzano et al. and two more than Na et al.,
being 16:0 and 18:0 the most abundant in all studies [53,
54].

For monounsaturated fatty acids, the n-3 mini-scale
method extracted 14:1-7, 15:1n-9, 16:1n-9, 16:1n-7, 16:1n-
5, 17:1n-9, 18:1n-9, 18:1n-7, 20:1n-9 and 24:1n-9, being
three more FA than Balzano et al.’s study [54]. Furthermore,
both works extracted in higher amounts 18:1n-9, followed
by 16:1n-7 and 18:1n-7.

For polyunsaturated FA, 18:2n-6, 18:3n-3, 20:4n-6,
20:4n-3, 20:5n-3, 22:5n-6 and 22:6n-3 were extracted, being
22:6n-3 and 20:5n-3 the most abundant.

Comparing all FA amounts, both methods also extracted
comparable amounts of most fatty acids, and the FA majori-
ties in all shrimps were 16:0, 18:0, 18:1n-9, 18:2n-6, 20:5n-3
and 22:6n-3; the same result was obtained by Li et al. and
Sanchez-Camargo et al. [55, 56].

According to Simopoulos, the n-6/n-3 and AGPI/AGS
ratios recommended are 1-4:1 and values higher than 0.4,
respectively [17]. Although the X. kroyeri and P. muelleri
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had more n-3 fatty acids amount than n-6 fatty acids, reflect-
ing the low n-6/n-3 ratio, all shrimps had suitable n-6/n-3
ratio. Finally, the freshwater shrimps had higher AGS con-
tent than marine shrimps, and consequently lower PUFA/
SFA ratio, but still in the standards.

Conclusions

A faster, more environmentally friendly, miniaturized and
effective method for n-3 FA extraction from shrimp samples
was developed. A mathematical model describing the best
extraction conditions was determined through a 2°-factorial
design with a center point. The n-3 mini-scale extraction
method was 45 times faster, used 30 times less chloroform
and sample and 11 times less total solvent. The new method
extracted a comparable n-3 FA amount as the Bligh and
Dyer method.

The n-3 mini-scale extraction method was used to deter-
mine the fatty acid amount of three distinct shrimp spe-
cies. The results showed that the optimized method was
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Table 3 Fatty acid composition in different species of shrimp in mg n-3 g=' TL

Fatty acids Marine shrimp Freshwater shrimp

X. kroyeri P. muelleri L. schmitti M. jelskii

n-3 mini-scale Bligh and Dyer ~ n-3 mini-scale Bligh and Dyer ~ n-3 mini-scale Bligh and Dyer ~ n-3 mini-scale Bligh and Dyer

extraction extraction extraction extraction
14:0 2.59+0.39* 2214030  6.28+0.37° 4.69+141*  232+0.13° 1.38+0.15°  17.96+4.15° 12.69+1.87*
14:1n-7 1.39+0.25% 0.08+0.01°  0.97+0.02° 0.70+0.03"  0.64+0.01° 0.52+0.07* - 1.524+0.09*
15:0 1.87+0.35" 1.46+0.10*  3.00+0.55° 4.05+0.33"  1.68+0.14° 1.49+0.18" - 5.11+0.87*
15:1n-9 1.58+0.27% 240+021*  11.45+0.04° 7.51+1.36% 11.45+1.73° 8.56+1.53" 39.34+3.15% 32.79+0.48°
16:0 43.44+5.09* 48.13+£3.87°  99.79+15.10 101.49+18.00* 90.11+6.91° 104.95+1.54*  97.77+6.25° 125.51+11.68"
16:1n-9 0.46+0.03* 0.27+0.04" — 0.67+0.07" - 0.45+0.01* 2.27+0.03" 2.32+0.39°
16:1n-7 10.37+1.78% 9.60+0.95* 28.82+5.79° 31.88+2.53"  9.54+1.30° 6.61+0.95" 40.61+1.48" 39.84+4.92°
16:1n-5 1.38+£0.17* 1.30+0.26° 2.94+0.69* 4.02+0.24*  3.23+0.34° 2.58+0.33*  2.38+0.56° 3.89+0.50°
17:0 5.92+0.86" 347+0.18"  3.62+043% 3.92+0.01"  6.98+0.87° 5.95+0.88" 44.30+0.07° 1112+ 1.80°
17:1n-9 3.04+0.48" 1.66+0.18"  12.05+1.28° 2244026 17.80+£2.25" 152942.26" 96.32+13.99° 63.29+0.38"
18:0 23.60+3.51° 21934237 29.45+6.47" 26.58+4.67" 56.47+8.22% 50.2242.56" 54.42+4.23% 54.84+9.63"
18:1n-9 18.69+3.17° 23.18+3.02*  60.90+8.57* 54.94+9.88"  64.86+0.17* 61.30+3.45"  80.60+7.98" 62.52+1.00°
18:1n-7 9.33+1.13* 9.89+0.92* 17.80+2.67* 17.30+0.98*  10.72+1.10° 9.42+1.30* 28.84+4.18" 29.39+4.44°
18:2n-6 20.30+2.02° 30.65+5.08"  30.99+0.85% 7.47+0.75°  61.90+8.37* 55.55+10.28" 42.63+0.08" 28.40+1.95
18:3n-3 (ALA) 1.95+0.01% 1.73+0.02*  2.81+0.72* 1.59+0.01* 13.22+0.27* 13.44+0.07"  17.44+1.69* 16.29+1.61°
20:0 - 045+0.13* - 1.13£0.13*  1.26+0.19* 0.82+0.08" 2.11+0.42% 1.54+0.26
20:1n-9 0.95+0.09* 0.86+0.01*  4.09+0.08" 3.07+0.10°  2.21+0.06 2.19+0.18* 1.86+0.37° 1.03+£0.21*
21:0 1.00+0.09* 1.02+0.06*  4.61+0.08" 3.75+0.12°  5.71+0.39° 7.19+0.02*  3.14+0.31° 1.99+0.40%
20:4n-6 9.48+1.22% 10.57+£0.97*  18.88+4.38" 21.71+1.37"  19.73+1.34* 22.5943.31"  34.26+2.58" 44.55+8.86"
20:4n-3 - 0.43+0.10*  1.63+0.03" 1.34+0.01°  2.64+0.29° 3.47+0.05" 2.48+0.25° 1.10£0.09°
22:0 0.64+0.12* 0.66+0.16*  1.97+0.04° 1.30+£0.06*  2.51+0.20° 0.65+£0.07° 2.47+0.41° 1.04+0.20*
20:5n-3 (EPA) 40.85+0.85" 33.21+2.80° 50.63+4.07* 59.08+0.53* 38.14+0.83% 38.18+1.60°  53.92+6.39* 50.92+5.09°
22:5n-6 - 0.71+£0.08" 4.39+0.08" 3.77+0.23" 227+0.19° 0.60+0.07"  2.76+0.37* 4.46+0.74°
24:0 1.72+£0.15% 2.27+0.37* 3.44+0.63° 4.85+£029"  0.57+0.03 3.17+0.17* - 1.86+0.28"
24:1n-9 2.16+0.21° 2.35+0.02"  5.57+1.24° 8.94+0.38% 4.28+047° 6.37+£0.01" - 4.87+0.94°
22:6n-3 (DHA) 55.95+2.58" 43.49+6.07°  69.38+4.27% 59.61+0.33"  25.32+0.06" 27.45+1.14°  16.86+3.17" 16.86+3.17*
SFA 80.79+15.48" 81.60+7.05* 152.16+23.67° 151.75+25.51* 167.61+10.52* 175.81+1.83"  222.17+38.55"  215.70+23.03*
MUFA 49.32+5.98% 51.60+5.40°  144.59+20.29° 131.25+33.73% 124.72+11.71* 113.28+8.72% 2922242320  241.47+49.06
PUFA 128.90+22.52% 120.79 +14.34*  175.90 +26.68" 154.56+26.38" 163.22+3.62* 161.28+11.95* 170.37 +43.57° 170.57 +32.88"
n-6 30.15+9.98* 41.93+10.15" 54.25+5.32* 32.95+5.30" 83.90+0.88" 78.74+16.27" 79.66+4.52% 82.41+12.10°
n-3 98.75 +27.86° 78.86+6.93"  121.65+34.98" 121.61£10.71* 79.32+5.33% 82.54+14.72* 90.70+10.79° 88.17£11.50*
n-6/n-3 0.30+0.05* 0.53+0.09*  0.45+0.06 0.27+0.01*  1.06+0.06 0.95+0.15*  0.88+0.09° 0.93+0.01°
PUFA/SFA 1.60+0.20* 1.48+0.06" 1.16+0.21° 1.02+0.11*  0.97+0.04* 0.92+0.06 0.77+0.01* 0.79+0.09

Mean + standard deviation (n=4). SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids. For each
shrimp species, different letters in the same line indicate a significant difference at 95% by Tukey’s test (p <0.05)

consistent and extracted a comparable n-3 FA amount as
the Bligh and Dyer method for all shrimp species evalu-
ated. Thus, the n-3 mini-scale extraction method can be
considered a suitable alternative to traditional methods
for the extraction of fatty acid, mainly the n-3 FA content,
from shrimp.
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