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Vitamin Content of Swordfish (Xhiphias gladius)
Affected by Salting and Frying
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Abstract—The swordfish (Xiphias gladius) is a large oceanic fish
of high commercial value, which is widely distributed in waters of
the world’s oceans. They are considered to be an important source of
high quality proteins, vitamins and essential fatty acids, although
only half of the population follows the recommendation of
nutritionists to consume fish at least twice a week. Swordfish is
consumed worldwide because of its low fat content and high protein
content. It is generally sold as fresh, frozen, and as pieces or slices.
The aim of this study was to evaluate the effect of salting and frying
on the composition of the water-soluble vitamins (B,, B3, By and By,)
and fat-soluble vitamins (A, D, and E) of swordfish. Three loins of
swordfish from Pacific Ocean were analyzed. All the fishes had a
weight between 50 and 70 kg and were transported to the laboratory
frozen (-18 °C). Before the processing, they were defrosted at 4 °C.
Each loin was sliced and salted in brine. After cleaning the slices,
they were divided into portions (10%2 cm) and fried in olive oil. The
identification and quantification of vitamins were carried out by high-
performance liquid chromatography (HPLC), using methanol and
0.010% trifluoroacetic acid as mobile phases at a flow-rate of 0.7 mL
min. The UV-Vis detector was used for the detection of the water-
and fat-soluble vitamins (A and D), as well as the fluorescence
detector for the detection of the vitamin E. During salting, water and
fat-soluble vitamin contents remained constant, observing an evident
decrease in the values of vitamin B,. The diffusion of salt into the
interior of the pieces and the loss of constitution water that occur
during this stage would be related to this significant decrease. In
general, after frying water-soluble and fat-soluble vitamins showed a
great thermolability with high percentages of retention with values
among 50-100%. Vitamin B; is the one that exhibited higher
percentages of retention with values close to 100%. However,
vitamin By presented the highest losses with a percentage of retention
of less than 20%.
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[. INTRODUCTION

WORDFISH (Xiphias gladius) belongs to Xiphiidae

family, a pelagic and migratory fish with a worldwide
distribution. Swordfish presents a high protein value as well as
important ©-3 fatty acids and fat and water soluble vitamins
[1], which make it very attractive to the seafood industry. In
2016, Spain captured about 80% of swordfish in Europe and
represents a main position worldwide [2]. This fact
contributed to the development of a consolidated transformer
sector of fishery products that integrates different subsectors.

L. Pifieiro, N. Cobas, L. Gomez-Limia, S. Martinez, and 1. Franco are with
University of Vigo, Ourense, Spain. They are now with the Area of Food
Technology and CITACA, Agri-Food Research and Transfer Cluster, Campus
da Auga, University of Vigo, 32004-Ourense, Spain (e-mail: lopineiro@
uvigo.es,  ncobas@uvigo.es, lugomez@uvigo.es,  sidonia@uvigo.es,
inmatec@uvigo.es).

Among them, the most important subsector is the canning
industry [3]. However, the elaboration of canned products
entails the need to know the chemical composition and
microbiological parameters of the raw material and the
biochemical and microbiological changes that occurred during
the process. The canning process includes salting, frying and
sterilization treatments, which can deteriorate of important
nutritional components present in the raw food.

Vitamins are essential organic compounds, which in very
small amounts in the diet are essential for the normal course of
physiological functions, including growth, reproduction and
conservation of health and life [4], [S]. Fat-soluble vitamins
can be stored in appreciable amounts by the animal organism,
whereas water-soluble vitamins are not stored but are rapidly
excreted, with the exception of vitamin B, [4]. Animal origin
foods tend to contain a greater proportion of fat-soluble
vitamins than water-soluble ones, which is reversed in
vegetables [6]. The main problem of vitamins stems from its
instability in food, together with the losses caused by the
conditions of processing and cooking. It may be affected by
specific parameters as temperature, oxygen, light, humidity,
pH and duration of exposure [5]. The objective of this study
was to know the content of water and fat-soluble vitamins and
its stability after salting and frying in swordfish from the
Pacific Ocean.

II. MATERIAL AND METHODS

A. Sample Preparation

Three swordfish with a weight between 50 and 70 kg were
caught at the Pacific Ocean by Organizacion de Palangreros
Guardeses (ORPAGU), from A Guarda, Pontevedra (NW
Spain). Its loins were transported frozen (-18 °C) to the
laboratory and were allowed to defrost at 4 °C. Each loin was
sliced and submerged in brine (8%) for 12 h, with the fish to
brine ratio at 1:2. After removal from the brine, slices were
cleaned and divided into portions (10x2 cm) to finally be
fried. The frying treatment was carried out in olive oil at 120
°C for about 7 minutes. Samples were taken from raw fish,
after the end of the salting, and after frying, in each of the
batches. The losses in the different stages were calculated for
the three swordfish loins.

B. Chemical and Reagents

Vitamin standards were purchased from Sigma Aldrich
(Madrid, Spain). HPLC-grade solvents —acetonitrile,
methanol, and water— were from Panreac (Barcelona, Spain).
Analytical grade solvents —potassium hydroxide (KOH),
trifluoroacetic acid (TFA), hexane, and ethanol— were from
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Sigma Aldrich (Madrid, Spain).

C. Extraction of Water-Soluble Vitamins

The extraction was conducted following the procedure
described by [7] with some modifications. Homogenized
sample was weighted (1 g) and dissolved in 4 mL of a
methanol: 0.010% TFA pH 3.9 solution (50:50). The mixture
was stirred for 15 min and centrifuged (14,000 x g, 15 min, 4
°C). The supernatant was collected and dried on a rotary
evaporator under vacuum (90 min, 70 °C). The resulting
residue was dissolved in 1.5 mL of methanol, filtered through
a 0.45 pm Teflon membrane filter and taken to a vial for
further analysis. All samples were extracted and injected into
the chromatograph at least in duplicate.

D.Extraction of Fat-Soluble Vitamins

This method was similar to the one proposed by [8].
Homogenized sample was weighted (2.5 g) and mixed with 4
mL of 50% KOH and 6 mL of ethanol. After 22 h dark
storage, n-hexane (10 mL) and distilled water (5 mL) were
added to the sample, shaken and centrifuged (5 min, 3500 x g),
in order to extract the unsaponifiable matter. The organic
phase (6 mL) was evaporated to dryness in a rotatory vacuum
evaporator (15 min, 30 °C). The residue was dissolved in 1.5
mL of methanol and filtered through a 0.45 pm Teflon
membrane filter before injection into the column. All samples

were extracted and injected into the chromatograph at least in
duplicate.

E. Chromatographic Apparatus

Water and fat-soluble vitamins were determined with a
liquid chromatograph equipped with vacuum degasser (SCM
1000), quaternary pump (P4000), autosampler (AS3000) with
column oven and tray temperature control, UV-Vis
photodiode array detector (UV6000LP), and fluorescence
detector (FL3000) controlled with Chrom-Quest 4.1.

F. Chromatographic Conditions for Sample Analysis

Reversed-phase chromatographic column Ultrasphere ODS
Cig (250 mm x 4.6 mm, 5 pm particle size, Beckman,
Fullerton, EE.UU.) was used. The flow rate was 0.7 mL min™".
Auto sampler injection was 30 uL. Mobile phase composition
was 0.010% TFA at pH 3.9 and methanol. The gradient
elution started at 95:5 and was constant in the first 4 min, then
decreased to 2:98 during the next 10 min, was kept constant
for the next 17 min and finally linearly increased up to 95:5 in
the last 5 min. The column effluent was monitored with UV-
vis photodiode array detector at 265, 280, and 325 nm, and
with fluorescence detector at 294 and 330 nm for emission and
excitation, respectively. The column remained thermostated at
3541 °C during the analysis.
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Fig. 1 Representative chromatograms of the vitamin stock solutions at 265 nm
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Fig. 2 Representative chromatograms of the vitamin stock solutions at 280 nm, and fluorescence detector for a-tocopherol (small box)
G.Standards III. RESULTS AND DISCUSSION

Vitamins stock solutions were prepared in methanol:
0.010% TFA (50:50) in appropriate proportions (Fig. 1).
Vitamins B, (riboflavin), B; (niacin), By (folic acid), By,
(cobalamin), A (retinol), D, (ergocalciferol), Dj;
(cholecalciferol), and a-tocopherol were quantified (hereafter
referred as B,, B;, By, By, A, D, a-tocopherol, respectively).
Standard curves, as well as the detection and quantification
limits, were determined following the procedure described in
[9]. At the same time, 10 blanks were extracted, being treated
under the same conditions as the samples. Recovery tests were
performed by spiking the samples with vitamins ten times with
20, 30, and 40% of each of the vitamins (data not shown).
Repeatability and reproducibility tests were performed by
extracting a sample five times on three different days. The
coefficients of variation were less than 2%. Samples from the
tests (preserved from light) were also injected after 4, 8 and 12
h after extraction, observing coefficients of variation below
2%.

H. Statistical Analysis

The statistical analysis was based on the one-way analysis
of variance (ANOVA) with a confidence interval of 95% (P <
0.05) using the Least Significant Difference (LSD) test. All
statistical tests were performed with the Statistical 8.0
program for Windows (Tulsa, OK, USA). Mean values and
standard deviations were used.

A. Water-Soluble
Frying

Vitamins Changes after Salting and

According to the sensitivity of the wavelengths and/or
fluorescence detection (data not shown) different selections
were made. Vitamins B, and B; were quantified by 265 nm,
and vitamins By and B, by 280 nm.

In the raw swordfish, the content of vitamin B, (Table I)
was within the range of values determined in swordfish by
other authors [4], [10]. Moreover, it was in line with those
quantified for other fish species (Table II). The content
significantly decreased after being subjected to the salting and
remained constant after frying (Table I). This fact is relating
with the leaching of this compound [4]. Thus, during salting a
loss of constitution water was occurred, hence a loss of this
water-soluble vitamin. This vitamin is very resistant to heat
and oxidation [16], but very sensitive to light, especially at
high temperatures [17]-[19]. Therefore, a great stability can be
observed by this vitamin after frying, as the content of vitamin
B, did not decrease compared to the fish after salting (Table I).

TABLE1
‘WATER-SOLUBLE VITAMINS CONTENT IN SWORDFISH
Vitamin Raw Salted Salted+Fried
B,(mg/100 g)  0.023+0.002°  0.004+0.004°  0.006+0.006°
B; (mg/100g)  6.16+1.07* 6.36+0.79" 8.19+1.24°
Bo(ug/100g)  0.78+0.03° 0.79+0.13* 0.19+0.05"
B (ug/100g)  3.22+1.09% 2.48+0.44° 3.70+0.45°

** Values with different superscripts were significantly different (P<0.05).
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Vitamin B; contents (Table I) were within the wide range of
values determined by other authors in other species of raw or
cooked fish (Table II). In raw fish, the contents are slightly
higher than those determined by [13] in swordfish and minor
to those contributed by [10] and [4] in this variety of fish
(Table II). The values obtained remain constant during the
salting and frying stage (Table I). This fact may be due to the
great stability owned by this vitamin [20].

Vitamin By contents (Table I) were lower than those found
in the literature in different fresh or processed fish by other
authors (Table II). Although the values remained constant
during the salting of the pieces, vitamin By exhibited a large
decrease after frying, around 80% (Table I). This variation can
be due to a significant denaturation after submitting the fish
portions to the high temperatures for a prolonged time during
frying [21].

The values of vitamin B;, content determined (Table I) were
within the range of values determined by [10], [4], and [13] in
swordfish (Table II). These values decreased slightly (not
significantly) during the salting of the pieces, and they
increased during frying. This fact may be explained by an
increase in the concentration of the content in this vitamin due
to the lightly loss of constitution water. Nevertheless, the loss
of this vitamin was not high indicating its good stability [22].

TABLE II
WATER-SOLUBLE VITAMINS CONTENT PER 100 g OF FISH IN DIFFERENT
SPECIES FROM OTHER STUDIES

. B, B; By B

Species (mg) (mg) (12) (1) Reference
Catfish 0.03 1.13 -- -- [11]
Catfish, fried 0.01 0.04 -- -- [11]
Catfish, baked 0.02 0.73 - - [11]
Catfish, grilled 0.07 2.03 - - [11]
Catfish, microwaved 0.02 0.05 - - [11]
Catfish 0.12 2.4 82.5 2.4 [4]
Porbeagle-mackerel shark 0.18 8.0 - - [4]
Shark 0.062 2938 3 1.49 [12]
Salmon 0.15 10.4 26 5 [10]
Atlantic salmon 0.380  7.860 25 3.18 [12]
Salmon 0.041 - 10 -- [13]
Salmon, boiled 0.081 3.0 8.4 -- [13]
Salmon, grilled 0.12 4.4 10 -- [13]
Sturgeon - 5.62 - 1.27 [14]
Swordfish 0.05 9 15 5 [10]
Swordfish 0.50 8.2 - 5.7 [4]
Swordfish 0.043 4.1 14 1.4 [13]
Swordfish 0.053  7.760 2 1.70 [12]
Swordfish, cooked 0.063 9.254 2 1.62 [12]
Albacore - - - 6.05 [15]
Albacore 0.2 17.8 15 5 [10]
Skipjack tuna 0.04 7.2 -- 4.2 [4]
Bluefin tuna 0.12 8.5 - 34 [4]
Tuna 0.2 17.8 15 5 [10]
Tuna 0.251 8.654 2 9.43 [12]
Tuna 0.048 10 83 2.4 [13]

Tuna, canned in

vegetable oil 0.022 9.8

14 - [13]

--: no data.

The true retention (%TR) for the water-soluble vitamins
after frying was obtained adopting the approach suggested by
[23] for small size food items, following (1):

nutrient content per g cooked food xg food after cooking
nutrient content per g raw food xg food before cooking

%TR =

x 100 (1)

It must be taken into account that (1) contemplates the
product losses produced during the different processes
(defrosting, salting, slicing, cleaning, and frying).

According to the %TR calculated by (1), it can be observed
that the vitamin B, presented the lowest retention after salting
(Table IIT). On the other hand, after frying vitamin By was
strongly affected, since only 12.7% was retained in the
swordfish (Table III). It can be appreciated that after the two
processes studied (salting and frying), vitamins B; and B,
presented good retention percentages, exceeding a 60%TR
(Table III).

TABLE III
WATER-SOLUBLE VITAMINS CONTENT IN PERCENTAGE OF TRUE RETENTION
(%TR) OF THE WATER-SOLUBLE VITAMINS AFTER SALTING AND FRYING

Vitamin ~ %TR after salting  %TR after salting+ frying

B, 16.9 13.63
B; 99.5 69.6
By 98.6 12.7
B 75.0 60.1

B. Fat-Soluble Vitamin Changes after Salting and Frying

According to the sensitivity of the wavelengths and/or
fluorescence detection, vitamin D was quantified by using 265
nm, vitamin A by 280 nm, and a-tocopherol by the
fluorescence detector.

The vitamin A content in raw fish was 228.95+13.71 ug/100
g (Table IV). The values obtained were lower than those
determined by [10] in swordfish and clearly superior to those
quantified by [4] and [13], both in raw and cooked swordfish
(Table V). Moreover, there is a great variation between the
data found in the scientific literature for swordfish (36-500
ng/100 g) and other species (Table V). Although the vitamin
A content decreased not significantly after salting, the
decrease was significant after frying, in line with the data
obtained by other authors for cooked fish in similar studies
(Table V). This may be due to the fact that its resistance to
heat treatments is rapidly lost when the treatment is in the
presence of oxygen [5].

TABLE IV
FAT-SOLUBLE VITAMIN CONTENT IN SWORDFISH
Vitamin Raw Salted Salted+Fried
A(ug/l00g)  228.95+13.71°  181.38£52.41%  162.60+24.82
D (ug/100 g) 33.50+4.44° 31.47+4.82° 25.714.64°
“( r’;’;‘/"l%%egl 1.20+0.19° 1.19+0.28 1.2240.29°

*® Values with different superscripts were significantly different (P<0.05).

The vitamin D contents obtained in all samples of swordfish
(Table IV) were higher than those presented by other authors
(Table V). The vitamin D content remained stable after salting
and frying, due to the high thermostability characteristic of the
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fat-soluble vitamins [26]. However, a decrease (not
significant) can be observed after frying, which may be due to
the exposure of oxygen at elevated temperatures [27], [5].
Vitamin D, was also counted to detect the possible
contribution of this vitamin by the oil. No significant increases
were observed in this vitamin (Table V).

In raw swordfish, a-tocopherol content (1.20 + 0.19 mg/100
g) was within the range of values determined in fresh
swordfish by other authors, as well as in similar varieties of
fish (Table V). The content of this vitamin in foods treated in
vegetable oil increases or remains stable because vegetable oil
is a good source of this vitamin [28], [29]. Therefore, no
changes were found in a-tocopherol content after salting or
frying (Table IV) and these values were lower than those
shown by other authors (Table V). This may be due to the
instability in presence of oxygen, light and peroxides (which
occurs as a result of the auto-oxidation of unsaturated fat) of
this vitamin [30].

TABLEV
FAT-SOLUBLE VITAMINS CONTENT PER 100 g OF FISH IN DIFFERENT SPECIES
FROM OTHER STUDIES
Species A(ng) D (ug) a-tocopherol g terence
(mg)

Salmon 40 -- -- [12]
Salmon - - 54.40 [24]
Salmon, cooked - - 48.95 [24]
Salmon 13 8 2 [10]
Salmon - 11.26-33.23 - [25]
Salmon, baked -- 14.26-26.08 -- [25]
Salmon 33 11 - [13]
Salmon, grilled 70 9.2 43 [13]
Salmon, boiled 65 11 5.3 [13]
Swordfish 500 72 1 [10]
Swordfish -- 9.75 -- [25]
Swordfish 475.5 -- 0.44 [4]
Swordfish <0.64 (1.3) 0.088 [13]
Swordfish 36 139 2.02 [12]
Swordfish, cooked 43 16.6 2.41 [12]
Albacore 4 20 0.9 [10]
Tuna 60 25 1 [10]
Tuna 655 5.7 1 [12]
Tuna - 1.50 - [25]
Tuna, baked -- 8.15 - [25]
Bluefin tuna 288.9 -- 1.20 [4]
Skipjack tuna 15.6 -- 3.00 [4]
Tuna 11 4.2 0.64 [13]
Tuna, canned in 23 <0.70 19 [13]

vegetable oil

--: no data; < Values below the detection limit; ( ) values between the
detection limit and the quantification limit.
7

The fat-soluble vitamins true retention (%TR) calculated by
(1) contemplates product losses during the different processes
(Table VI).

In general, fat-soluble vitamins studied were not highly
affected by the salting process, since high %TR was showed.
On the other hand, the %TR in vitamin A and D decreased to
more than a half after frying. However, in the case of a-
tocopherol the decrease was smaller probably influenced by

the possible contribution of this vitamin from the olive oil
used in the frying process.

TABLE VI
FAT-SOLUBLE VITAMIN CONTENT IN PERCENTAGE OF TRUE RETENTION
(%TR) OF THE WATER-SOLUBLE VITAMINS AFTER SALTING AND FRYING

Vitamin %TR after salting ~ %TR after salting+frying
A 77.1 37.2
D; 91.4 40.2
a-tocopherol 96.5 53.2

IV. CONCLUSION

From this study it can be concluded that the salting process
in the swordfish loin portions studied did not affect the
contents of water- and fat-soluble vitamins, with the exception
of the B, vitamins that it is lost in a large proportion. The
subsequent frying process was supported to a greater extent by
vitamins B; and B, and B, (since it did not lose more than it
had lost in the salty). Vitamin By was strongly affected by the
frying treatment. However, fat-soluble vitamins seem to
tolerate better this treatment better, despite being affected by
exposure to oxygen during the frying treatment.
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