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Consumption of polyunsaturated fatty acids (PUFAs) from fish may provide health
benefits. However, the PUFAs from fish can be easily oxidised, and consumption
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metabolic disorders such as obesity, type 2 diabetes and cardiovascular disease. Red UK

wine and green tea contain polyphenolic antioxidants that may prevent the production
of lipid peroxides in fish and their oils during cooking and frozen storage. The
aim of this study was to investigate the effects of red wine and green tea on lipid
peroxide formation in fish and its oil. The effects of red wine and green tea on lipid
peroxidation in whole fish was investigated in salmon fillets that were fried for 20
min with no treatment (control), pre-soaked in 20 ml red wine (pre-RW) or green tea
(pre-GT) for 60 min prior to frying; fried with 20 ml red wine (+RW) or green tea
(+GT); or post-soaked in 20 ml red wine (post-RW) or green tea (post-GT) for 60 min
following cooking. Measurement by TBARS assay showed significant reductions in
malondialdehyde concentrations in the pre-RW (-77.9 %; P<0.001), pre-GT (-59.8
%; P<0.0001), +RW (-53.2 %; P<0.001), +GT (-55.3 %; P<0.0001), post-RW (-53.8
%; P<0.01) and post-GT (-30.1 %; P<0.0001), compared to control salmon that was
fried for 20 min with no red wine or green tea. The effects of red wine and green tea
on lipid peroxidation in fish oil was then tested by heating cod liver oil to 130°C for
30, 60, 90 or 120 min. Compared to the control, red wine and green tea added 15 min
prior to incubation reduced malonaldehyde concentrations by -54.7 % (P<0.0001) and
-77.1 % (P<0.0001), respectively, and red wine and green tea added at the time of
incubation by -54.7 % (P<0.0001) and -31.5% (P<0.045), respectively. Lipid peroxide
concentrations were not significantly reduced by post-incubation addition of either
red wine (-0.70 %, P<0.8009) or green tea (-2.0 %, P<0.762). To investigate the
effects of green tea on lipid peroxidation during long term freezer storage, fillets of
salmon were stored at -10°C for up to 16 weeks. Compared to the -10°C control, there
was a significant reduction in lipid peroxidation for salmon fillets containing instant
powdered green tea at week 8 (-74.2 %; P=0.0107) and week 16 (-54.8 %; P=0.0013).
There were trends for reductions in lipid peroxidation in the green tea leaf treated
salmon fillets at week 8 (-51.3 %, P=0.0732) and for the instant green tea treated
salmon at week 12 (-29.0 %, P=0.0549). It is concluded that red wine and green tea
are effective at inhibiting the oxidation of PUFAs from fish during heating and long
term freezer storage and may prevent the formation of lipid peroxides that contribute
towards the development of metabolic disease.
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Introduction

Cardiovascular disease is considered a metabolic disorder and
is associated with the development of the metabolic syndrome.'
Cardiovascular disease is one of the leading causes of mortality
within the Western World, accounting for 31 % of all deaths® and
approximately 200,000 deaths in the United Kingdom. The cost of
treating cardiovascular disease in the United Kingdom is estimated to
be £30 billion to the NHS each year.>* Diet has been implicated to play

alarger role in the development of metabolic syndrome and is therefore
subsequently implicated as a causative factor in cardiovascular
actiology.>® Research has shown that dietary lipids may play an
important role in the development of cardiovascular disease.” In this
regard, the Western diet has received attention because of the high
quantities of modified lipids it contains.!® Such lipids may considered
metabolic poisons because they can detrimentally alter metabolic
homeostasis and may increase the risk of cardiovascular.'""* One
source of modified lipids in the diet are oxidised derivatives of natural
fatty acids which become chemically altered as a result of exposure
to heat and light. Polyunsaturated fatty acids (PUFAs) are particularly
sensitive to chemical alterations, the products of which can include
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lipid peroxides such as malondialdehyde (MDA), 4-hydroxynonenal
(HNE) and 4-hydroxyhexenal (HHE). Oxidised PUFAs are now
implicated in the development of cardiovascular disease, possibly
through the generation of free radicals and systemic oxidative.!*¢
Fruit and vegetables are increasingly being seen as important
nutritionally because of the high levels of polyphenolic antioxidants
they contain.!® Fruits and vegetables show inverse associations with
cardiovascular disease, and one explanation for this centre on their
ability to provide high levels of polyphenolic antioxidants which
may have beneficial effects through inhibition of oxidative stress.'*
One potential beneficial effect of such polyphenol antioxidants may
be the reduction of the damaging metabolic effect of lipid peroxides.
Polyphenol rich foods such as green tea,?! red wine,?? chocolate?® and
extra virgin olive oil** have been shown to exhibit cardioprotective
effects in humans, possibly on account of their high polyphenol
content. Studies have shown that polyphenols can inhibit the oxidative
stress induced by the presence of lipid peroxides in foods.>%

Red wine and green teas are both polyphenol rich foods.”” The
chemical composition of red wine is not fully characterised and can
vary between wine types,*® but a number of key polyphenols such as
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the stilbene resveratrol and the flavonol quercetin have been identified.
The polyphenols in green tea are better characterised and are known
to include a number of flavan-3-ols (Table 1). While evidence
suggests that polyphenols are bioavailable in humans,*™* recent
evidence is questioning whether polyphenols require absorption in
order to have beneficial effects. For example, polyphenols from plant
foods may exert beneficial effects in the gut, particularly against the
formation**™* and absorption of lipid peroxides.® Further, evidence
suggests that combining red wine with a meal can have strong
protective effect against cardiovascular disease through protection
against the formation of lipid peroxides.’**! The addition of green
tea to a meal, very commonly seen in Japanese culture, has also
shown to prevent the formation of lipid peroxides by interfering
with the intestinal absorption of dietary oxidised fats.’>> Gorelik et
al.”” showed that the addition of red wine to a meal of meat prior
to cooking, followed by the addition of a glass of red wine during
consumption, completely prevented the formation of lipid peroxides.
Tang et al.** and Shahidi et al.* reported that green tea can also inhibit
lipid peroxidation during the cooking process. These findings suggest
beneficial effects for polyphenols during cooking and within the
stomach and gastrointestinal tract on lipid peroxidation formation.

Table | Polyphenols in red wine and green tea. Data compiled from Anesini et al.,*' Bhagwat et al.,*> Bosenek et al.,** Dionex,* Frejnagel et al.,*® Lima et al.,*

Manach et al.,”’ Pereira et al.,*® Savolaninen et al.,’” Siemann et al.,* Williamson et al.*!

Polyphenols in green tea Amount (ug/ml)

Polyphenols in red wine

Amount (ug/ml)

Flavan-3-ols Gallic acid 2.0-3.6
° EGCG 1.8-50 Hydroxycinnamates 34
®* EC 0.59-50 Flavan-3-ols
* ECG 1.56-50 ®  Catechin 0.7
®* EC 33
Theaflavin 0.06 ° EGCG and ECG 0.1
Tannin 0.37 Tannin 0.5-1.5
Anthocyanin 2.3 Caftaric acid |
Isoflavones 0.02-0.05 Caffeic acid 2
Malvidin glucoside I.1
Anthocyanins 16.5
Quercetin glycosides I.1
Resveratrol 0.2-0.7

Abbreviations: EC, epicatechin; EGCG, epigallocatechin gallate; ECG, Epicatechin gallate

Long term frozen storage of fish is another possible source of
lipid peroxides, and polyphenolic antioxidants may be effective at
preventing lipid peroxidation under these conditions. For example,
Banerjee® observed significant reductions in fish spoilage due to
lipid peroxidation with the addition of green tea. Alghazeer et al.’’
showed that lipid peroxide formation was significantly reduced in the
presence of green tea. Other antioxidants such as vitamin E, Vitamin
C and butylated hydroxytoluene can also significantly reduce lipid
peroxidation levels in fish during long-term storage. The production of
lipid peroxides through different cooking processes such as grilling,*®
deep frying® or during long term freezer storage® may therefore be
potentially harmful. Therefore the protective effects of polyphenols
on the formation of lipid peroxidation in food preparation and storage
were studied. In particular, the aims of the study were to determine the
possible protective effects of green tea and red wine as whole foods

against lipid peroxidation in PUFA rich fish oils during cooking and
frozen storage. It was hypothesised that both red wine and green tea
would inhibit the formation of lipid peroxides in fish and their oils
during high temperature cooking and during long term freezer storage.

Method

Materials

All chemicals were purchased from Sigma Aldrich (Dorset, United
Kingdom), unless otherwise stated.

Determination of lipid peroxidation in oil samples

Lipid peroxidation levels in samples of fish oils were assessed using
a TBARS assay to measure levels of malonaldehyde. To each sample
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(500 pl oil) 400 pL ice cold trichloroacetic acid was added, and were
kept on ice for 15 min. The sample was then centrifuged at 4°C for
15 minutes at 2200 g. From the sample, 400 pl of the supernatant was
removed and mixed with 400 pl thiobarbituric acid. These were then
incubated in a heating block at 100°C for 10 minutes and then cooled
on ice. The sample absorbance of the sample was then measured at
532 nm using a WPA, Biowave II spectrophotometer (Biochrom,
Cambridge, United Kingdom). A standard curve was constructed and
used to determine the malondialdehyde concentrations of the sample
as a marker of lipid peroxidation in the sample.

Effects of antioxidants on lipid peroxidation in heated
cod liver oil

Red wine (100 pl; bottled Merlot from Sainsbury’s Supermarket
Ltd., Stoke-On-Trent, Staffordshire, United Kingdom) was added to
cod liver oil (500 pl), vortexed for 20 sec and then left to sit for 15 min.
To a different sample, 100 pl red wine was added and then vortexed
immediately before incubation. All samples were incubated at 130°C
in a heating block for 90 min. Red wine (100 pl) was added to the
third sample immediately after incubation and vortexed then left to sit
for 15 min. Control samples used 100 pl distilled water in place of red
wine. Samples were then assessed for malonaldehyde concentrations
as described in section 3.2. All samples were performed in sextuplet.
This method was repeated using green tea in the place of red wine. For
green tea, 8 grams of tea (Twinings tea from Sainsbury’s Supermarket
Ltd., Stoke-On-Trent, Staffordshire, United Kingdom) was decocted
in 250 ml boiling water for 3 min before the tea bag was removed. The
tea was left to cool to room temperature before being used.

Effects of antioxidants on lipid peroxidation in cooked
salmon fillets

Salmon fillets (220 g; obtained from Sainsbury’s Supermarket
Ltd., Stoke-On-Trent, Staffordshire, United Kingdom) were fried for
5 min on each side using conventional kitchen pan frying and the oils
released from each were collected, stored overnight at 5°C and then
tested for malonaldehyde concentrations. One group of salmon fillets
was left to soak in red wine (200 ml) for 1 hr prior to frying along with
20 ml red wine. Another group of salmon fillets was fried immediately
in 20 ml red wine. A third group of salmon fillets were fried and the
released oil was mixed with 20 mL red wine and allowed to sit for 1
hr. Control sample group was fried with no red wine added. Samples
were then assessed for malonaldehyde concentrations as described in
section 3.2. All samples were performed in sextuplet. This method
was repeated using green tea in the place of red wine. Green tea was
prepared as in section 3.4.

Effects of green tea on lipid peroxidation in frozen
minced salmon fillets

Fish muscle of farmed salmon was obtained from Tesco
Supermarket Ltd., Uttoxeter, UK). The fillets were minced and
homogenised (~3 kg total fish). Mincing involved finely chopping the
fish with a razor blade by hand for 3 min. The minced fish homogenate
was then divided into 25 gram aliquots. One group of aliquots was
stored at -80°C as controls. A second group of aliquots stored at
-10°C. A third and fourth group were mixed with instant green tea and
green tea leaves at 250 ppm, respectively, and stored at -10°C. Oil was
extracted from minced salmon based on a previously reported method
(Bligh and Dyer method, and subsequently as modified by Saeed etal.*!
Minced fish was further minced using a razor blade by hand for 3 min.
The fish mince was then homogenised to a fine paste for 4 min using
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a pestle and mortar. The salmon homogenate was centrifuged for 10
min at 3000g. Baseline readings of lipid peroxidation were performed
on 25 gram portions of untreated fish muscle, and subsequently on the
frozen fish groups samples at weeks 8, 16, 24 and 32 as described in
section 3.2. All samples were performed in quadruplet.

Statistical analysis

All statistical analysis was performed using Prism software
(Graphpad Software, USA). Heated cod liver oil samples containing
red wine and green tea were compared to untreated controls at 30,
60, 90 and 120 min using an unpaired t-test. Differences in the values
for pre-RW, post-RW and +RW, and pre-GT, post-GT and +GT, in
cooked salmon, were compared using a one way analysis of variance
with post hoc Tukey. Differences in the effects of long term freezer
storage at 8, 12 and 16 week were compared to control values using
an unpaired t-test. Application of a Shapiro-Wilk test on each group
of data was done prior to application of the statistical test, and all of
the Shapiro-Wilk tests suggested that the data came from a normal
distribution. Significance levels were set at the following alpha values;
< 0.05 as indicating statistical significance, <0.01 as indicating a high
level of significance and <0.001 indicating an extremely high level of
significance.

Results

Effects of red wine on lipid peroxidation in cooked
salmon fillets

Pre-soaking salmon in red wine (pre-RW) prior to frying caused
a significant (-77.9 %; P<0.0001) decrease is malondialdehyde
concentration compared to control values. The addition of red
wine during cooking (+RW, P<0.0028) and after frying (post-RW,
P<0.0020) were less effective at reducing the malondialdehyde
concentrations in the salmon when compared to pre-RW. However,
+RW (-53.2 %; P<0.001) and post-RW (-53.8%; P<0.01) treatments
caused significant reductions in malondialdehyde concentrations
compared to control values (Figure 1).
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Figure | The Effects of red wine on lipid peroxidation during high
temperature cooking, as measured by the malondialdehyde concentration
of the oils released from salmon fillets when fried for 20 min (~ 190°C).
Samples (n=3) of salmon were soaked in 20 ml red wine for 60 min and
then fried (pre-RW), fried in 20ml red wine (+RW) or fried without red wine
but soaked in 20 ml red wine following cooking (post-RW). Malondialdehyde
concentrations were determined using a TBARs assay. A one way analysis of
variance showed a significant effect of the soaking method on the amount
of lipid peroxidation in the fried salmon at the P < 0.05 level for the three
conditions [F(2, I5) = 11.3, p = 0.010]. Post hoc comparisons showed that
the mean malondialdehyde level for the pre-RW treatment (1.33+0.67 uM)
was significantly different from the +RW treatment (2.8+0.63 pM) and the
post-RW treatment (2.78+0.53 pM) However, +RW treatment did not differ

significantly from the post-RW treatment.
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Effects of green tea on lipid peroxidation in cooked
salmon fillets

There was a significant (-59.8 %; P<0.001) decrease in
malondialdehyde concentrations in pre-soaked salmon fried in green
tea prior to frying (pre-GT). Green tea added during cooking (+GT,
P<0.3876) and after cooking (post-GT, P<0.0010) were less effective
at reducing the malondialdehyde concentrations in the salmon when
compared to pre-GT. There were however extremely significant
reductions in malondialdehyde concentrations in +GT (-55.3 %;
P<0.001) and post-GT(-30.1 %; P<0.001) treatments when compared
to control values (Figure 2).
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Figure 2 The Effects of green tea on lipid peroxidation during high
temperature cooking, as measured by the malondialdehyde concentration
of the oils released from salmon fillets when fried for 20 min (~ 190°C.).
Samples (n=3) of salmon were soaked in 20 ml green tea for 60 min and then
fried (pre-GT), fried in 20 ml green tea (+GT) or fried without green tea
but soaked in 20ml green tea following cooking (post-GT). Malondialdehyde
concentrations were determined using a TBARs assay. A one way analysis of
variance showed a significant effect of the soaking method on the amount
of lipid peroxidation in the fried salmon at the P < 0.005 level for the three
conditions [F(2, I5) = 12.3999, p = 0.0007]. Post hoc comparisons showed
that the mean malondialdehyde level for the pre-GT treatment (2.01£0.30
uM) was significantly different from the post-GT treatment (3.50+0.74 uM)
but showed no significant different to the +GT treatment (2.24+0.0.54 pM).
The +GT treatment was also significantly different to the post-GT treatment.

Effects of red wine on lipid peroxidation in cod liver oil

There was a significant (-59.8 %; P<0.001) decrease in
malondialdehyde concentrations in pre-soaked salmon fried in green
tea prior to frying (pre-GT). Green tea added during cooking (+GT,
P<0.3876) and after cooking (post-GT, P<0.0010) were less effective
at reducing the malondialdehyde concentrations in the salmon when
compared to pre-GT. There were however extremely significant
reductions in malondialdehyde concentrations in +GT (-55.3 %;
P<0.001) and post-GT(-30.1 %; P<0.001) treatments when compared
to control values (Figure 2). When red wine was added prior to heating
(-54.7 %; P<0.0001) and at the time of heating (-54.7 %; P<0.0001).
However, the addition of red wine after heating (0.70 %; P<0.8.009)
showed no significant change in malondialdehyde concentrations
compared to control values (Figure 3).

Effects of green tea on lipid peroxidation in cod liver
oil

The addition of green tea to cod liver oil prior to heating (-77.1%;
P<0.0001) resulted in a significant decrease in malondialdehyde

Copyright:

©2017 Barrington et al. 67

concentration compared to control values. Green tea added at the
time of heating (-31.5%; P<0.045) resulted in a significant decrease
in malondialdehyde concentration compared to control values. The
addition of green tea after heating (-2%; P<0.762) showed no change
in malondialdehyde concentration compared to controls (Figure 4).
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Figure 3 The Effects of red wine on lipid peroxidation as measured by the
malondialdehyde concentration of cod liver oil when incubated at 130°C
for 90 min (n=3). Red wine was added |5 min before incubation (t= -15), at
the time of incubation (t=0) and immediately after incubation (t=90) for |5
minutes and malondialdehyde concentrations were determined using a TBARs
assay.A one way analysis of variance showed a significant effect of adding red
wine on the amount of lipid peroxidation in cod liver oil at the P<0.001 level
for the three conditions F(2, 15) = 116.7807, P = 0.000]. Post hoc comparison
showed that the mean malondialdehyde level for red wine added |5 min
before incubation (3.8+1.07 pM) was significantly lower than the red wine
added for |5 min after incubation (9.92+0.65 pM). Red wine added at the time
of incubation (3.22+0.75 uM) was also significantly lower than red wine added
after incubation. However, red wine added before incubation did not differ

significantly from the red wine added at the time of incubation.
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Figure 4 The Effects of green tea on lipid peroxidation as measured by the
malondialdehyde concentration of cod liver oil when incubated at 130°C for
90 min (n=3). Green tea was added |5 min before incubation (t= -15), at the
time of incubation (t=0) and immediately after incubation (t=90) for 15 min
and malondialdehyde concentrations were determined using a TBARs assay.
A one-way analysis of variance showed a significant effect for the addition
of green tea on the amount of lipid peroxidation in cod liver oil at the P <
0.001 level for the three conditions (2, 15) = 81.4614, p = 0.000]. Post hoc
comparison showed that the mean malondialdehyde level for green tea added
I5 min before incubation (2.65+0.80 uM) was significantly different from
green tea added at the time of incubation (4.80+0.83 pM) and from green tea
added for |5 min after incubation (10.23+1.43 uM).There was also significant
different between green tea added at the time of incubation and green tea
added for |5 min after incubation.
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Effects of green tea on lipid peroxidation in frozen
salmon oil

Long term storage of salmon fillets at -10°C caused significant
increases in lipid peroxidation, as measured by malonaldehyde
formation, compared to baseline (0.0764+0.04 mg/mL) at week
8 (+1019 %; 0.77840.316 mg/mL; P=0.002), week 12 (+1277 %;
0.976+0.211 mg/mL; P=0.001) and week 16 (+1327 %; 1.01+0.145
mg/mL; P=0.001). However, compared to the baseline measurements,
storage of the salmon fillets at -80°C caused significant increases in
malonaldehyde concentrations only at week 12 (+243 %; 0.186+0.046
mg/mL; P=0.009). Salmon fillets stored at -80°C also had significantly
lower concentrations of malonaldehyde compared to those stored at
-10°C at weeks 8 (-92.0 %; P=0.0041), week 12 (-81.0 %; P=0.0003)
and week 16 (-85.1 %; P=0.0001) (Figure 5).
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Figure 5 The lipid peroxidation of salmon fillets stored for 16 weeks. Salmon
fillets were homogensied and to the minced fillets were added instant green
tea in powder form or green tea leaves at a concentration of 250 ppm.
Salmon fillets were then stored at -10°C for 16 weeks. Control fillets with
no added green tea were stored at -10°C. Another group of salmon fillets
were stored at -80°C. Samples of fillets were tested at 8, 12 and 16 weeks
following freezing. Baseline levels of lipid peroxidation were identical between
treatment and control groups (0.52 mg/mL malonaldehyde). The results
showed that compared to the -10°C, there was a significant reduction in lipid
peroxidation for salmon fillets containing green tea leaves at weeks 12 (-44.3
%; P=0.0142) and week 16 (-54.8 %; P=0.0003). Compared to the -10°C, there
was a significant reduction in lipid peroxidation for salmon fillets containing
instant powdered green tea at week 8 (-74.2 %; P=0.0107) and week 16 (-54.8
%; P=0.0013). There were trend for reductions in lipid peroxidation in the
green tea leaf treated salmon fillets at week 8 (-51.3 %) and for the instant
green tea treated salmon at week (-29.0 %) but these did not reach statistical

significance. n=4 for all samples.

The aims of this study were to investigate the possible antioxidant
effects of red wine and green tea on lipid peroxidation in whole fish
and fish oils, when exposed to the high temperatures associated with
cooking or during long term frozen storage. In this regard, the key
findings of the study were that red wine and green tea were observed
to cause a significant reduction in lipid peroxidation when applied to
whole salmon exposed to frying both before and during temperature
application. Further, both instant and leaf green tea were effective at
reducing lipid peroxidation during long term frozen storage. Other
findings of this study were that both green tea and red wine extracts
were protective of lipid peroxidation formation in isolated fish oils
exposed to high temperatures. Antioxidants may be protective of
oxidation in PUFA rich fish oils. For example, significant reductions
in lipid peroxide formation in cod liver oil heated to 130°C were
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observed with the addition of red wine 15 min before (-54.7 %)
and at the time of incubation (-54.7 %), and with green tea added
15 min before (-77.1 %) and at the time of (-31.5 %) incubation.
These results are consistent with a number of previous studies that
have reported reductions in the formation of lipid peroxides with
addition of antioxidants. For example, the addition of a-tocopherol
to commercially available fish oils exposed to the food frying
temperature of 180°C had a profound effect on lowering the rate of
peroxidation, indicating a strong protective effect for antioxidants at
lowering the rate of thermally induced lipid peroxidation in PUFAs.%
D’Souza et al.,? added turmeric (containing the antioxidant curcumin)
to the flesh of both raw and cooked mackerel before cooking at 100°C
and reported a significant reduction in lipid peroxides in the extracted
mackerel oil. A further study by Sekhon-Loodu et al.®* added 200
ug/ml polyphenols isolated from frozen and dried apple peels and
observed a significant reduction in lipid peroxidide formation rate of
up to 62 %. Another finding of this study was that when added prior to
the frying of salmon fillets, red wine significantly (-77.9 %) reduced
malondialdehyde concentrations, indicating that lipid peroxide
formation had been inhibited. This suggests that red wine exerts a
beneficial effect against the oxidation of fatty acids in animal tissues
during cooking. This effect may relate to the polyphenolic content
of the red wine. Polyphenols possess reducing power and through
donation of electrons to lipid radicals, may act as antioxidants to
protect fatty acids in animal flesh during exposure to high temperatures
that can lead to oxidation.®

In particular, the stilbene resveratrol, present in red wine in high
concentrations, has been shown to act as a potent inhibitor of the
degradation of fatty acids in animal.®*"It has been previously shown
that red wine used as a marinade can prevent the formation of lipid
peroxides in meats. For example,® reported that the addition of a 24-
hour red wine marinade to fresh lean beef reduced the formation of
lipid peroxides during subsequent cooking by 31.8 %. However, red
wine added to raw, lean beef did not significantly alter the production
of lipid peroxides. The larger reduction in lipid peroxidation seen in
our own results, when compared to those presented by Blackhurst
et al.®® may relate to the different meats investigated. Salmon meat
contains a much higher concentration of PUFAs compared to beef,
which in comparison contains higher concentrations of saturated fatty
acids. The PUFAs of salmon flesh have been reported to be much
more susceptible to oxidation compared to the saturated fatty acids
of beef.”” Exposure to high temperatures may therefore increase lipid
peroxidation significantly higher in salmon compared to beef, and the
addition of antioxidant containing foods would therefore be expected
to have a larger beneficial effect on lipid peroxide formation in salmon
compared to beef. Red wine may therefore protect fatty acids from
oxidation in meat during exposure to the high temperatures associated
with cooking, and this effect may be particularly apparent in flesh
containing high concentrations of PUFAs. Red wine also significantly
reduce lipid peroxidation in salmon fillets when added at the time of
cooking (-53.2 %) and following cooking (-53.8 %). Previous studies
have reported that red wine added to meat at the time of cooking has
been able to significantly reduce the production of lipid peroxides.
For example, the generation of lipid peroxides in cooked turkey meat
when incubated at 37°C was reduced by 600 % with the addition of
red wine. Other findings reported by Gorelik et al.,?” show dramatic
reductions in the accumulation of malondialdehyde in subjects
consuming turkey cooked in and drunk with red wine, compared to
subjects consuming untreated turkey meat. Subjects consuming turkey
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meat with no red wine showed an increase in malondialdehyde plasma
level of 320 % postprandially. In contrast subjects consuming turkey
meat supplemented with red wine, showed no evidence of postprandial
lipid peroxides in plasma or urine. Although the methodology in our
study did not determine the synergism on pre-soaking salmon in red
wine with the addition of red wine following cooking, the reductions
in lipid peroxides in salmon with red wine added before cooking
(-77.9%), during cooking (-53.2%) and after cooking (-53.8%)
compare favorably to the reductions seen by Gorelik et al.””

Green tea added before the frying of salmon fillets significantly
reduced the levels of lipid peroxides by 59 %. The high polyphenolic
content of green tea gives it strong scavenging capacity for free
radicals,”’ and this feature may make it useful as an antioxidant
to the food industry. Tang et al.”' reported that green tea used as a
protective marinade on raw chicken breast before cooking reduced
malondialdehyde concentrations by up to -50 %. He and Shahidi*
reported that green tea used as a protective marinade for cooked
mackerel stored at 4°C for seven days dramatically increased
oxidative stability and lowered concentrations of lipid perodides
by 75 %, when compared to other commonly used antioxidants
including a-tocopherol, butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA) and tert-butylhydroquinone (TBHQ).
Therefore, the protective effects of green tea on fried salmon from
our results compare favorably to those reported previously regarding
green tea added to cooked mackerel, suggesting that green tea used as
a marinade can prevent the production of lipid peroxides in fish high
in PUFAs. The lower protective effects seen with addition of green
tea to chicken breast may be explained by the lower PUFA content
in chicken meat compared to fish. A significant increase in lipid
peroxidation was observed in salmon fillets stored at -10°C compared
to baseline. However, in salmon fillets stored at -80°C, much lower
levels of lipid peroxidation were observed. This suggests that higher
temperature is not as effective at preventing lipid peroxidation in
whole fish compared to lower temperatures. As commercial freezer
storage is close to -10°C, this suggest that significant lipid peroxidation
may occur in stored fish within 8 weeks of storage, and that even at
temperatures of -80°C, which are limited to industrial and research
storage equipment, significant, albeit lower, levels of lipid peroxidation
may occur. A number of previous studies have investigated the effects
of long term freezer storage on the generation of lipid peroxides in
fish. For example, Saced and Howell*’ found significant increases in
lipid peroxidation with freezer storage for up to 24 months with -20°C
producing greater increases in lipid peroxidation compared to -30°C.
Although the temperature use in this study differs to the ones chosen
for our own study, the results are in broad agreement.

Frozen storage may therefore be no guarantee of protection from
the formation of lipid peroxides in fish, especially when temperature
is close to those obtainable by household freezer appliances. Addition
of antioxidants to the fish however, may be a solution to this problem,
as studies show significant reductions in lipid peroxidation levels
during the long term storage of fish. For example, reductions in the
formation of oxidised lipids by the addition of green tea to frozen
mackerel fillets when stored for up to 26 weeks were reported by
Alghazeer, Saced and Howell.’” In their study, addition of instant
green tea to frozen mackerel fillets at 250 and 500 ppm, before storing
at—10°C for 4, 8, 16 and 26 weeks resulted in significant reductions in
the production of lipid peroxides. However, the higher concentration
(500 ppm) was not as effective at lowering lipid peroxidation
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compared to 250 ppm. Therefore, the amount of green tea required
to prevent lipid peroxidation in whole fish during freezer storage may
be lower than 500 ppm. Other antioxidant may also be effective in
this regard. For example addition of BHT, vitamin C and vitamin E
was shown to decrease the loss of ATPase activity in mackerel flesh,
when stored for 24 months at -20 C, when compared to control flesh
without antioxidants.”” Green tea applied to salmon before cooking
reduced levels of lipid peroxides by 59.8 %, whereas addition of
green tea during cooking reduced levels of lipid peroxides by 50.3
%. These results support previous findings to show protective effects
of green tea during cooking. For example, green tea added to ground
beef during cooking resulted in a 156 % reduction in lipid peroxide
formation.> The greater protective effect for beef when compared to
our own results for salmon is not easily explainable, but may relate to
the use of ground beef in patties, which suggests a particularly high fat
content in the meat. Studies investigating the effects of polyphenols
on lean beef for example have reported much lower reductions in
lipid peroxide formation.®® Other research has used green tea™ and
red wine™ to protect meat from the formation of other mutagenic
substances such as heterocyclic amine (HCAs) during cooking. Green
tea and red wine polyphenols may therefore be useful as effective
food preservatives for the meat industry. When green tea was added
following the frying of salmon, the levels of lipid peroxidation were
reduced by a roughly one third (-30.1 %). These results suggest that
drinking green tea at the time of consuming cooked fish may have
beneficial effects. It has been previously reported that drinking
green tea protects from the formation of lipid peroxides, and this
may relate to the presence of polyphenols within the green tea. For
example, Miura et al.”” observed that daily consumption of green tea
significantly increased resistance to oxidation of lipoproteins in the
plasma of healthy humans significantly in subjects who drank green
tea containing 300 mg of polyphenols, when compared to control
subjects. Similar findings were found by Ishikawa et al.”® who found
that green tea polyphenols consumed five times a day over a four-
week period inhibited the oxidation of low density lipoproteins
(LDL) and the formation of malondialdehyde in the plasma of healthy
subjects, in comparison to control subjects who drank a water control.
However, van het Hof et al.”” found no benefits to the consumption
of green tea on plasma malondialdehyde concentrations, and these
results are therefore inconsistent with our own and other studies.
These inconsistencies may relate to the lower 3 gram amount of
green tea used by van het Hof et al.”” compared to the 8 grams used
in our study, the 10 grams used by Miura et al.” and the 11 grams
used by Ishikawa et al.” as well as the fact that van het Hof et al.””
administered green tea to subjects over the course of a day, rather than
at a single meal. However, some studies have not found beneficial
effects for antioxidants at preventing lipid peroxidation in meat. For
example, Pak” added varying concentrations of a-tocopherol to fish
oil extracted from varying fish species to determine any protective
qualities. Samples were stored at 10°C for up to seven weeks and
were removed daily for testing. It was found that a-tocopherol
concentrations of 0.01 % to 0.05 % had no significant effect on
preventing lipid peroxides in the fish oil. The reason for the lack of
a protective effect in this study is not entirely clear, but a-tocopherol
may possess pro-oxidant effects at the high concentrations used in this
study.” In support of this view, Takeungwongtrakul et al.® investigated
multiple antioxidants and their ability to prevent the formation of lipid
peroxides in shrimp oil water emulsion when stored at 30°C for twelve
days. In this study, o-tocopherol was found to consistently increase
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levels of lipid peroxides, indicting it had pro-oxidative effects on the
shrimp oil. Water emulsions are also much more prone to oxidation®!
which may have compounded the pro-oxidant effects seen. Further,
while the polyphenolic components of red wine and green tea may
confer differing effects on aqueous soluble flesh and lipid soluble oil
phases of fish. For example, Pazoz et al.® reported that the monomeric
polyphenols in grapes such as the flavonols and monomeric flavan-
3-ols may be particularly effective at protecting the lipids in fish. In
contrast, the larger molecular weight oligonmeric proanthocyanindins
may be more beneficial at protecting the flesh of fish. This may relate
to the differing partition coefficients between the monomeric and
oligomeric polyphenols and their efficiency to accumulate in lipid
and aqueous phases. The differing concentrations of these monomeric
and oligomeric polyphenols in red wine and green tea may therefore
explain partly their varying abilities to protect from lipid peroxidation.

Conclusion

Lipid peroxides in food may have damaging effect on health and
high intake may significantly increase the risk of cardiovascular
disease. The results presented here show that both red wine and green
tea are able to significantly reduce the concentration of lipid peroxides
in whole fish and fish oils exposed to high temperatures. Green tea
may also prevent lipid peroxidation during long term frozen storage.
The effects of both green tea and red wine to decrease the risk of
cardiovascular disease may therefore relate partly to this ability to
decrease the oxidative stress burden of PUFA rich foods.
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