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Fresh sierra fish (Scomberomorus sierra) fillets were packed in low-density polyethylene films with
butylated hydroxytoluene (BHT-LDPE) added. Fillets packed in LDPE with no BHT were used as
controls (LDPE). The packed fillets were stored at -25 °C for 120 days in which the film released
66.5% of the antioxidant. The influence of the antioxidant on lipid and protein quality, lipid oxidation,
muscle structure changes, and shear-force resistance was recorded. As compared to LDPE films,
fillets packed in BHT-LDPE films showed lower lipid oxidation, thiobarbituric acid values (4.20 (
0.52 vs 11.95 ( 1.06 mg malonaldehyde/kg), peroxide values (7.20 ( 1.38 vs 15.15 ( 1.48 meq/
kg), and free fatty acids (7.98 ( 0.43 vs 11.83 ( 1.26% of oleic acid). Fillets packed in BHT-LDPE
films showed less tissue damage and lost less firmness than fillets packed in LDPE. A significant
relationship between lipid oxidation and texture was detected (R2 adjusted, 0.70-0.73). BHT-LDPE
films may be used not only to prevent lipid oxidation but also to minimize protein damage to prolong
the shelf life of sierra fish.
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INTRODUCTION

The commercial success of frozen fish fillets could be limited
by losses in either flavor and/or texture (1). The deterioration
in the flavor of frozen fish is due primarily to lipid oxidation
(2), particularly in pelagic species rich in dark muscle (3) such
as sierra fish (Scomberomorus sierra).

On the other hand, seafood technologists recognize that
protein denaturation and aggregation in fish muscle are normally
associated with lipid oxidation (4). Studies have demonstrated
that breakdown products of lipid oxidation, such as malonal-
dehyde, can react with the amino groups of myosin (5). This
reaction could contribute to denaturation and protein modifica-
tions in frozen products (4).

However, the process of stabilization of lipid oxidation on
frozen fish muscle is not well-documented; therefore, the
approach based on the addition of antioxidants in fish products
is under extensive investigation. Natural and synthetic antioxi-
dants are frequently added to fatty foods, particularly those prone

to oxidation. There are two main classes of antioxidants:
molecules that prevent the action of catalysts and molecules
that are oxidized preferentially to the lipid (6). It is the second
class that will be addressed in this article. Sacrificial antioxidants
are oxidized more easily than the lipids that they are designed
to protect. The synthetic molecules used as antioxidants in many
foods, permitted as food additives, include butylated hydroxy-
anisole and butylated hydroxytoluene (BHT) (7).

The use of antioxidants in marine products has been evaluated
mainly on marine oils and/or by addition directly into fish
muscle (8). The maintenance of quality and the extension of
the shelf life of frozen fish by packaging systems are two routes
to marketing success (9). Therefore, the application of packaging
films containing antioxidants (active packaging) as a medium
in contact with food surfaces can delay lipid oxidation and
protein denaturation. The release of the antioxidant substance
from packaging material to the food surface may prevent
exceeding concentrations beyond critical levels established by
the Food and Drug Administration (7). This beneficial role of
antioxidant in packaging films has led to research in the
manufacture of antioxidant-added films and their utilization in
various food-packaging situations (10).
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During film processing, part of the antioxidant is lost because
of its ability to function as a free radical scavenger. Also, it
may be lost to the environment because of its high volatility at
processing temperatures (11). Therefore, to ensure the extension
of the shelf life of food susceptible to deterioration by oxidation,
active packaging films must be formulated with a higher
antioxidant concentration than the common polyolefin films.
Studies of migration of BHT from polyolefin films have shown
BHT to have high mobility toward fatty foods and into the
environment (12, 13). As BHT can be used as an additive for
direct addition to food (7), its use in active packaging has led
to commercial applications, such as in the liners for breakfast
cereal packages (14).

Huang and Weng (15) showed that BHT incorporated into
polyethylene films was able to inhibit lipid oxidation in both
fish muscle and oil. However, the polyethylene film was not
fabricated with the incorporation of the antioxidant during the
extrusion process. The present study was conducted to determine
if a low-density polyethylene (LDPE) film extruded with BHT
delays lipid oxidation and decreases protein denaturation on a
fatty fish species. Sierra fish (S. sierra) was used due to its
economic importance in Mexico, its lipid content (∼10%), and
its concentration of unsaturated fatty acids, which makes it a
suitable oxidation model system.

MATERIALS AND METHODS

Chemicals. BHT (99% purity, TCI America, Portland, United
States), LDPE resin (Muehlstein International, Connecticut), sodium
dodecyl sulfate, acrylamide, urea, phenyl methyl sulfonide fluoride
(PMSF) (Biorad, Guadalajara, Mexico), ethylendiamine tetraacetic acid
(EDTA), sodium azide, potassium chloride (KCl),â-mercaptoethanol,
bromophenol blue, formaldehyde, epoxy resin, hematoxylin, and eosin
(Sigma-Aldrich, Toluca, Mexico) were purchased. Methanol and
chloroform (Fluka, Toluca, Mexico), acetonitrile (ACN), high-
performance liquid chromatography (HPLC) grade methanol, and water
(JT Baker, Xalostoc, Mexico) were also puchased and used.

Instruments. A pilot plant size blow-extrusion machine (Beutel-
spacher, Mexico D.F., Mexico) was used. A liquid chromatograph
(Varian 9012, Mexico) was coupled to a fluorescence detector (Varian
9075, Mexico) with an excitation wavelength of 282 nm and an
emission wavelength of 308 nm. A miniprotean III gel electrophoresis
unit was purchased from Biorad Laboratory Chemicals (Hercules, CA),
and a Gel Image Analysis Systems model GelDoc XR-Quantity One
4.6 was also purchased (Biorad Laboratory Chemicals). Also used were
the following instruments: micrometer (model DTT, E.J. Cady & Co.,
Illinois); oxygen permeability analysis system, Oxtran 2/20 meter
(Mocon, Modern Controls, Inc., Minneapolis, MN); thermic sealer NT
300 (Doo-Il R.S. Co., Ltd., South Korea); Texturometer Chatillon 2-3b
(Empire Scale Co., Santa Fe Springs, CA); tissue homogenizer M133/
1281 (Biospec Products, Bartlesville, OK); tissue processor Tissue-
Tek 11 (Mishawaka, IN), HistoEmbedder (Leica Nussloch, Germany),
Microtome AG (Scientific Instruments, Buffalo, NY); and an optical
microscope (standard microscope 25 ICS attached with polarization
equipment, Zeiss MC 80 DX microscope camera, and 35 mm cassette;
Carl Zeiss Mikroskopie, Germany).

Antioxidant Films. A LDPE film with 40 mg/g of BHT (BHT-
LDPE) added was fabricated by a blow-extrusion process with a pilot
plant size blow-extrusion machine. A LDPE film with no BHT was
fabricated and used as a control. The film thickness was measured with
a micrometer.

Determination of BHT Concentration in the Films. One gram
pieces of film (1 cm× 1 cm) were extracted with 100 mL of ACN
with constant stirring under reflux at 60°C for 6 h. After an additional
6 h extraction period to ensure that no BHT remained in the film, the
extract was rotary-evaporated to 30 mL at 25°C. Four replicates were
carried out for each sample. BHT quantification was performed by
HPLC. A 10 mL sample volume was injected (Rheodyne 7125 injector)
into the HPLC and eluted with methanol:water (98:02) at a flow rate

of 1 mL/min for 10 min at 25°C. A C18 Omnispher column (150 mm
× 4.6 mm) (Varian), protected with C18 guard columns (50 mm), was
used. A calibration curve for BHT was prepared from 0.5 and 20 ppm
solutions in ACN. Results were reported in mg/g of film.

Barrier Properties. The oxygen transmission rate [OTRscm3/(m2‚
24 h)] of each film was measured using an Oxtran 2/20 meter (16).
Tests were performed at 23°C. Four replicates were carried out for
each sample.

Fish Samples.Sierra fish used in this study were captured with a
gill net in the Gulf of California during the autumn season and
transported in ice to the Seafood Laboratory at the University of Sonora
within 6 h ofcapture (postrigor state). The fish (200-350 g) were gutted
and filleted the same day of catch, and the fillets were packed the next
day.

Packaging and Storage of Fresh Sierra Fish.Fillets (120 g) were
packed in 30 cm× 10 cm pouches made of BHT-LDPE and LDPE
films (600 cm2 or 4.29 g of film per fillet) and sealed in air with a
thermal sealer. The contact of the fillets with the film was assured.
The packed fillets were immediately frozen at-40°C with solid carbon
dioxide and acetone solution. The freezing time was established to be
4 min; therefore, a fast frozen system was applied. Frozen fillets were
stored in darkness, at-25 °C for 0, 30, 60, 90, and 120 days. Three
fillets were sampled, unpacked, and thawed overnight (at 4°C) for
lipid, protein, and histological analyses, whereas 15 fillets were managed
in the same way for texture analysis.

Release of BHT from the BHT-LDPE Film. To estimate the
migration of BHT from the BHT-LDPE pouches, the films were
separated from the fillets at every sampling time. Extraction and
quantification of BHT by HPLC were performed as described above.
BHT was not quantified in the fish fillets because once it arrives in
the tissue, it may be lost when trapping free radicals.

Thiobarbituric Acid Value (TBA). TBA was determined using 10
g of fish flesh (17). The TBA was reported as mg malonaldehyde/kg
sample.

Peroxide Value (PV) and Free Fatty Acids (FFAs).Lipids were
extracted with a water:methanol:chloroform (30:50:100) mixture from
a 50 g sample of minced flesh and immediately analyzed. The PV and
FFA of the lipid extracts were determined according to Woyewoda
(17).

Electrophoresis Analysis.Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was done by the method of Laemmli
(18). The stacking gel and the resolving gel contained 4 and 10%
acrylamide, respectively. Samples for electrophoresis were prepared
by homogenizing 3 g ofminced muscle in 30 mL of cold 8 M urea
solution (8 M urea, 0.1 mM PMSF, 0.1 mM EDTA, 0.01% sodium
azide, and 0.6 M KCl) with a tissue homogenizer for 2 min. The
homogenate was diluted 1:3 (w/v) in the sample buffer containing 8%
SDS, 25% 0.5 M Tris-HCl (pH 6.8), 20% glycerol, 10%â-mercapto-
ethanol, 5% deionized water, and 0.03% bromphenol blue (19). Images
of samples on electrophoresis gels were captured by using GelDoc XR-
Quantity One 4.6. Once an image had been acquired, optimization to
reduce noise or background was performed. The identification of the
main muscle myofibrillar proteins was obtained by signal intensity (OD)
of each band in relation to that of a known molecular mass standard.

Histological Observations.Tissues from fresh fish and frozen fillets
packed in LDPE and BHT-LDPE films were fixed in 10% formalin. A
dehydration process was performed according to Prophet (20) by using
a tissue processor. After the tissues were embedded in epoxy resin in
the HistoEmbedder, thick sections (5µm thick) were prepared using a
microtome. They were stained with hematocylin-eosin and observed
under an optical microscope.

Texture. Portions of 15 fillets from fresh (0-day) and frozen fish in
contact with BHT-LDPE or LDPE films (30, 60, 90, and 120-days)
were subjected to texture analysis. The texture was measured by
recording the force required to penetrate the material using a Chatillon
2-3b texturometer with a cylindrical plunger of 0.6 cm diameter. Each
sample (1 cm× 1 cm ×1 cm) was placed in a position relative to the
cylindrical plunger that would result in shearing across the muscle fiber
(21).

Statistical Analysis. A completely randomized, two-way analysis
of variance statistical design was carried out, using the type of film
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(two levels) and storage time (five levels) as factors. The difference of
PV, TBA, FFA, and texture (shear force) means among factor levels
were resolved using the Tukey method. The level of significance was
p < 0.05. Correlation analysis between lipid oxidation (TBA and PV)
and texture was also performed. The computer program used for this
analysis was JMP 4.04 (Statsoft, Tulsa, OK).

RESULTS AND DISCUSSION

BHT Concentration in the Film. The BHT level remaining
after processing of the film was 22.64( 1.43 mg/g. Thus, the
amount of BHT lost during processing was 43.4%. BHT may
be thermally degraded or lost by reaction in performing its
function as an antioxidant. Also, it may be lost to the
environment because of its high volatility at processing tem-
peratures. It has been reported that 10% of BHT was volatilized
during a thermal gravimetric analysis of the antioxidant at 157
°C (11). Temperatures up to 165°C were used in the present
work. BHT may also be lost when trapping free radicals from
LDPE chains during processing. Other authors reported similar
losses for a LDPE film initially fabricated with 0.45 mg/g BHT.
After processing, 0.25 mg/g (55.5%) of the antioxidant remained
in the film (12).

Barrier Property of the Films. The OTR values for the films
were 1282( 4 and 1872( 42 cm3/(m2‚24 h) for the LDPE
and BHT-LDPE, respectively. Meanwhile, the thickness was
193 ( 19 and 226( 24 µm for the LDPE and BHT-LDPE
films, respectively. The BHT-LDPE film showed a higher OTR
as compared to the LDPE film, in spite of being thicker. This
could be due to the effect of the small size incorporated
antioxidant, which might have decreased the contact among the
polymer chains. This effect was also reported for LDPE films
added withR-tocopherol (22). A value of 7883 cm3/(m2‚24 h)
has been reported for a 33µm LDPE commercial film with no
antioxidants added (23). The relatively high OTR value for
BHT-LDPE film could promote lipid oxidation in the packed
product. That fact was convenient to be able to observe the
performance of the film added with the antioxidant. However,
it is important to consider that lower OTR values will be
expected from the films used in the present work at frozen
temperatures, as compared to the experimental results at 23°C.

Release of BHT from the BHT-LDPE Film. Figure 1
shows the loss of BHT from the BHT-LDPE film during the
frozen storage. The level of the antioxidant decreased from 22.64
( 1.43 to 17.32( 3.23 mg/g during the first 30 days of storage
(23.5% of BHT released). This level remained constant from
30 to 90 days. However, at 120 days, only 7.59( 0.60 mg/g
of BHT was left in the film (66.5% of BHT released). There is
not a clear explanation for this steep reduction of BHT in the

last month of storage. It will be an interesting topic for future
work. Assuming that all BHT released from the BHT-LDPE
film migrated to the fillets, figures from 146.0 to 231.7 mg/kg
of BHT in the fish could be estimated during the first 90 days
of storage. The level would increase to 491.3 mg/kg at the end
of the storage. However, it must be considered that not all of
the BHT released from the films diffuses into the fillets.
Although no reports for migration of BHT at frozen temperatures
were found, it might be expected that a portion of the antioxidant
would be released to the environment. A solution for this
inconvenience is to fabricate BHT-LDPE films coextruded with
a different polymer such as polyamide. A rapid decrease of BHT
from the LDPE films into different foods and food simulants
has been reported at different temperatures. Half of the BHT in
a film (0.85 mg/g) in contact with oil was lost to the environment
in less than 6 h at 25°C (24). The loss of BHT from an oatmeal
packaging (LDPE) occurred via diffusion through the material
followed by volatilization from the film surface, by sorption
onto the oatmeal or by diffusion into the surrounding atmosphere
the final result (13). Therefore, the rapid decrease of BHT is
due to its relatively small size, rate of evaporation, solubility
in oils, and high diffusion ability in the LDPE matrix. Future
work must be done to determine the rate of evaporation of BHT
from LDPE films at-25 °C.

Effect of the Films on Lipid Stability. The composition of
sierra fish fillets was as follows: moisture, 70.94%; protein,
20.64%; fat, 9.45%; and ash, 2.17%. Thus, sierra fish muscle
was expected to show high lipid oxidation during the frozen
storage. The changes in lipids are directly and indirectly
responsible for the quality deterioration in frozen seafood (2).
During the 120 days of frozen storage, increases in TBA (Figure
2a), PV (Figure 2b), and FFA (Figure 2c) values were observed
for sierra fish fillets packed in both films, LDPE and BHT-
LDPE. Higher rates of lipid oxidation were observed in fillets
packed in LDPE film as compared to BHT-LDPE film.

Both LDPE and BHT-LDPE fillets showed a significant
increase in their TBA (after 30 days of frozen storage) and PV
(after 90 days of frozen storage) values. However, at 120 days
of frozen storage, the PV values of the fillets packed in the
LDPE film were higher than those recommended by the Codex
Alimentarius (10 mequiv/kg of lipids) (25). After 30 days of
frozen storage, fillets packed in BHT-LDPE film showed TBA
values lower (p < 0.05) than the control and did not reach the
maximum values of the guidelines. Maximum TBA values
quantified in fillets packed in the LDPE and BHT-LDPE films
were 11.95( 1.06 and 4.20( 0.52 mg malonaldehyde/kg,
respectively.

After 120 days of frozen storage, fillets packed in BHT-LDPE
showed FFA values lower (p < 0.05) than control (Figure 2c).
The formation of FFA during the frozen storage is due mainly
to the activity of some endogenous lipases (1, 2). However,
during the propagation stage of the lipid oxidation, short-chain
FFAs may also be derived from unstable hydroperoxides.
Hydroperoxides break down to aldehyde, ketones, alcohol, and
short-chain FFA (2). Therefore, the migration of BHT from the
LDPE may have contributed to the lower level of FFA in these
fish fillets.

Lipid oxidation in frozen fish is a net result of interaction of
numerous factors such as pH value, amount of unfrozen water,
and content of pro- and antioxidant compounds (26). The use
of packaging is the most effective means of preventing dehydra-
tion, and the antioxidants prevent lipid oxidation (27). However,
the antioxidant usually delays but does not avoid lipid oxidation
(5), as was observed in this study. Consequently, the use of

Figure 1. Decrease of BHT from the BHT-LDPE film during storage at
−25 °C in contact with sierra fish fillets. Results are means of three
replicates. Bars indicate standard deviation.
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plastic packaging film containing antioxidant decreased the rate
of lipid oxidation of sierra fish fillets during 120 days at-25
°C.

Effect of the Films on Fish Muscle Tissue.Previous studies
have demonstrated that breakdown products of lipid oxidation
produced important structural modifications in the myofibrillar
proteins (4), and antioxidants like BHT may be used not only
to prevent lipid oxidation but also to minimize protein damage
(5). SDS-PAGE was applied to detect more accurately the
protein changes in sierra fish fillets induced by the freezing
processes and during storage at-25 °C. Densitograms from
SDS-gel electrophoresis of BHT-LDPE and control are shown
in Figure 3. Densitogram analysis revealed different SDS-PAGE
patterns for both muscle tissues, from fillets in contact with
LDPE and BHT-LDPE films, during the storage at-25 °C.
Concerning the profile of myofibrillar extract of the samples
from fillets in contact with the LDPE film, a major decrease in
the intensity of two bands (molecular mass 200 and 45 kDa)
(Figure 3b) was observed, when compared to the fillets in
contact with the BHT-LDPE film (Figure 3c). Therefore, the

antioxidant film retarded protein alterations. These alterations
induced more damage to the tissue, as was observed by the
optical microscope.

Figure 4 shows optical microscope photographs of fresh and
frozen fish muscle packed in LDPE and BHT-LDPE films at
different storage times. The cells of fresh muscle showed tight
contact with each other, and intracellular materials showed intact
features (Figure 4a). At 30 days of storage, the muscle cells
from fillets packed in the LDPE film began to detach from each
other and some fractures were observed in the muscle fibers
(Figure 4b), whereas the muscle cells from fillets packed in
the BHT-LDPE film (Figure 4c) showed a similar pattern to
those observed for fresh fish.

At 60 and 90 days of storage, the muscle cells from fillets
packed in the LDPE film showed severe damage, fracture, and
large spacing within fibers (Figure 4d,f). By the end of the
frozen storage (120 days), evident fiber deformation was
observed (Figure 4h) in the same fillet cells. Meanwhile, the
muscle cells from fillets packed in BHT-LDPE films began to
show a fracture pattern and interfiber spacing after 90 days at
-25 °C (Figure 4g). The observed changes in muscle cells are
due not only to myofibrillar protein structure changes but also
to lipid oxidation (26). There is extensive information about

Figure 2. Changes in TBA (a), PV (b), and FFAs (c) of sierra fish fillets
packed in LDPE (2) and BHT-LDPE (b) films for 120 days at −25 °C.
Results are means of three replicates. Bars indicate standard deviation.

Figure 3. Densitograms of myofibrillar protein extracts from sierra fish
fillets packed in LDPE and BHT-LDPE films for 120 days at −25 °C. (a)
Fresh sierra fish fillet protein extracts, (b) 120 days frozen sierra fish
fillets packed in LDPE film, and (c) 120 days frozen sierra fish fillets
packed in BHT-LDPE film. Peak 1, injection point; peak 2, proteins with
a molecular mass of 220 kDa; peak 3, myosin (200 kDa); peak 4,
paramyosin (97 kDa); peak 5, actin (45 kDa); and zone 6, myosin light
chain.
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the denaturation of myofibrillar proteins during frozen storage
of fish (1, 2). Some reports have shown that connective tissue
proteins may suffer denaturation during frozen storage (28, 29).
Therefore, the disjunction among fish muscle cells observed in
this study might be due not only to the loosening of myofibrils
but also to disintegration of collagen fibrils. Further studies will
be necessary to confirm how the antioxidant prevents fish
connective tissue denaturation during frozen storage.

Lipid oxidation produces free radicals, and these are trans-
ferred to amino acids and proteins, which result in protein
denaturation (5). These interactions result mainly in texture
changes (30). The change in the maximum force (hardness mean
value) of the sierra fillets muscle during 120 days of frozen
storage is shown inFigure 5. Although no statistical differences
were detected among the treatments during the first 60 days,

after 90 days, fillets packed in LDPE showed a statistically
significant decrease (p < 0.05) in shear force than those packed
in BHT-LDPE.

Tissue toughening is common in many low-fat fish and in
some fatty fish species stored at freezing temperatures (31).
However, our results indicated that the sierra fish fillets become
softer after 60 days of frozen storage. A decrease in firmness
in salmon during frozen storage was also reported (32). These
results suggested a firmness decrease during frozen storage of
some fish species.

Correlation Analysis between Lipid Oxidation and Tex-
ture. The increase in lipid oxidation (TBA and PV) of sierra
fish coincided with a decrease in shear force. Correlation
analysis showed a significant (p < 0.05) relationship (R2

adjusted 0.70 to 0.73) between TBA, PV, and FFA with texture

Figure 4. Histological observations of muscle tissue from sierra fish fillets packed in LDPE and BHT-LDPE films for 120 days at −25 °C. (a) Fresh sierra
fish fillet muscle showing tight contact cells, (b) 30 days LDPE, (c) 30 days BHT-LDPE, (d) 60 days LDPE, (e) 60 days BHT-LDPE, (f) 90 days LDPE,
(g) 90 days BHT-LDPE, (h) 120 days LDPE, and (i) 120 days BHT-LDPE.
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(Table 1). This result can be associated with the major
disjunction observed among fish muscle cells and with the lost
of firmness detected in control samples linked to protein
denaturation, particularly to myosin heavy chains and actin.
Therefore, further studies are needed to understand the kind of
alterations occurring during the processing and storage of the
sierra fish muscle.

Under the conditions of this work, it was evident that the
use of LDPE films containing BHT not only delays the products
of lipid oxidation but also prevents the fracture and detachment
of sierra fish muscle cells. The role of lipid oxidation in
promoting protein denaturation and deterioration in the texture
of sierra fish has not been reported previously; therefore, our
results might be a first step in the understanding of the alterations
occurring during the processing and storage of sierra fish muscle.

ABBREVIATIONS USED

BHT, butylated hydroxytoluene; LDPE, low-density poly-
ethylene; TBA, thiobarbituric acid value; PV, peroxide value;
FFA, free fatty acid; OTR, oxygen transmission rate; SDS-
PAGE, sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis.
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