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Effect of green tea (Camellia sinenses) extract and onion (Allium
cepa) juice on lipid degradation and sensory acceptance of Persian
sturgeon (Acipenser persicus) fillets
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Abstract: This study was established to contrast the effectiveness of red onion (A//ium cepa) juice and
green tea (Camellia sinenses) extract on lipid oxidation and sensory characteristics of refrigerated sturgeon
fillets (Acipenser persicus). For this, fillets were tumbled in 1%, 2.5%, and 5% (v/v) aqueous solutions of
onion Juice (OJ) and tea extract (TE), and then stored for up to 8 days at 4°C. Chemical indices of lipid
oxidation as assayed by heme iron, thiobarbituric reactive substances (TBARs) and free fatty acid
(FFA) contents indicated much more reduction in 2.5%TE, 5%TE and 5%0OJ-treated samples relative to other
samples (P<0.05). For 5%0] treatment, the pH remained constant during storage (P>0.05) while gradual changes
were detected in pH values of other treatments. Generally, the order of effectiveness for inhibiting the oxidation
in fillets was found to be: 5%TE=5%0J = 2.5%TE > 2.5%0J>1%TE = 1%0]J. Based on sensory scores, higher
amounts of onion juice (>1%) were more effective to improve attributive characteristics of fillets.
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Introduction

Lipid oxidation is a major cause of muscle
food deterioration (Ladikose and Lougovoise,
1990), subsequent oft-flavours, unpleasant odours,
texture discolouration and nutritious value decrease
(Frankel, 1998). It may be augmented by light,
heat, metal ions and salt in fish flesh (Morrissey and
Kerry, 2004). Addition of antioxidant with synthetic
or natural origin is one of the strategies to reduce
or retard oxidation and prevent the loss of quality
and sensory attributes (Serdarglu and Felekoglu,
2005). Recently, the most commonly used synthetic
antioxidants such as BHT, BHA and TBHQ (USDA,
2005) have been under attack due to their potential
action in carcinogenesis (Imaida ez al., 1983) which
led to the rejection of these imperfect additives by
consumer preferences (Sherwin, 1990). Thereafter,
there is a growing interest in the use of natural plants
because of their considerable role as functional
and biochemical inhibitors of oxidative damage
induced by free radicals. Many plant tissues are
good sources of phytochemicals, notably phenolic
and flavonoids (Gorinstein et al., 2005) that can
act as the best alternatives to these mutagenic food
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additives. However, there might be wide differences
in composition, concentrations and antioxidative
properties in bioactive compounds of fruits and
vegetables (Yang et al., 2004).

Because of the current interest in health food,
antioxidative properties of red onion (Allium cepa
Linne.) as a ubiquitous aromatic plant and herbal
green tea (Camellia sinensis) have been demonstrated
in various studies (Helen et al., 2000; Kawamoto,
2004). Phenolic compounds in red onions including
anthocyanins, flavonoids, quercetin and volatile
sulfuric components show chelating and free radical
scavenging activities (Zielinska ez al., 2008), resulting
in shelf life extension of fat-containing food systems.
According to data published by Hertog ef al. (1992),
red onions exhibited the highest quercetin level (284-
486 mg kg') in a survey of 28 vegetables and 9 fruits.
Also, Green tea leaves (Camellia sinensis L.) contain
other strong well known antioxidant components,
in that, catechins have been shown to minimize the
oxidize ability of fatty acids by chelating iron and
copper which cause the disruption of metal-catalyzed
free radical formation (Chander et al., 2005). It has
been detected that trolox and other natural antioxidant
compounds such as caffeic acid, cherogenic acid,
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quercetin, rutin and catechins are stronger scavengers
as compared to vitamins C and E (Qu et al., 2001).
Remarkably, an increasing volume of research
during the past decade has provided the evidence that
flavonoids in these two widely consumed food plants
exert many beneficial properties on human health like
hypochlostrolomic, hypolemidemic, hypoglycaemic,
thrombolitic, potent anticancer and cardiovascular
effects (Yang et al., 2001; Higdon and Frei, 2003;
Campos et al., 2003).

Persian sturgeon (Acipenser persicus) is a
commercially best-sold fish in modern retail outlets
and the presence of high concentrations of labile
phospholipids in fillets makes it more susceptible to
oxidative deterioration. To date, few reports on sensory
and chemical changes of sturgeon fillets have been
available to determine the acceptable time for storage
under different conditions. The overall objective of
the present study was to elucidate the feasibility of red
onion (Allium cepa Linne) and green tea (Camellia
sinensis) on lipid peroxidation and quality control of
sturgeon fillets during refrigerated storage with the
preservation and enhancement of sensory properties.
The other specific objectives of this work were: (a)
to compare the effectiveness of these two plants
with naturally occurring antioxidative components,
and (b) to optimize the level of green tea extract and
onion juice addition to the fish fillet.

Material and Methods

Chemicals and reagents

Sodium sulphate, aceton, tba-i reagent,
phenolphthalein, acetic acid, sodium carbonate,
tannic acid, folin-Ciocalteu’s phenol reagent and
hydrochloric acid were prepared from Merck (KGaA,
64271 Darmastadt, Germany).Sodium hydroxide,
ethanol and chloroform were purchased from Sigma
(St. Louis, MO, USA).

Plant sample

Fresh red onions (A/lium cepa L.) were purchased
from a local grocery and the flesh part was used in the
trail after peeling. Fresh leaves of Camelia sinensis
were obtained from a retail market. To prepare
ground dry green tea, the leaves were steamed (at
90£5°C) for 30 seconds, immediately cooled in iced-
bowls and then reduced in size to give 80-mesh size
powder. The crushed leaves were dried at 60 for 2
hours, and re-powdered in a burr mill.

Extraction of tea extract
Ten gram of ground dry green tea was added to
100 ml of distilled water and heated at 30-40°C for

45 min with a magnetic stirrer (DELTA Model HM-
101, Industries LTD).The mixture was then filtrated
with a Wattman filtration paper No.42 and the filtered
solution with soluble solid content was applied as
green tea extract (TE) in the experiment.

Extraction of onion juice

Fifty gram of finely chopped red onions (Alium
cepa L.) were thoroughly agitated with 500 ml of
preheated water (90°C) for 60 min in orderto extractthe
highest content of phenolic compounds. The mixture
cooled to room temperature and was homogenized in
a blender (Pars Khazar, 320, Iran). The homogenate
centrifuged at 10,000 rpm for 20 min in a high speed
centrifuge (Sigma 3K30, Germany) and the resulting
supernatant was used as onion juice (OJ).

Determination of total phenolics

Total phenolics were determined by a
colorimetrical method of Folin-Ciocalteu reagent
(Singh et al., 2002). The green tea extract and
onion juice at each prepared concentrations were
dissolved in 80% aqueous methanol (2: 1 v/v).
0.5 ml of the solution was well mixed with 1ml of
diluted Folin-Ciolcalteu reagent (1:10 with distilled
water) and 0.8 ml of 7.5% Na,Co,. The mixture was
allowed to stand for 30 min at room temperature and
their absorbance was measured at 765 nm with a
spectrophotometer (Lightwave S2000 UV/VIS diode
array spectrophotometer). The standard curve was
prepared using 10,20,30,40,50,60,70, and 80 mgL!
solutions of tannic acid in methanol: water (80:20,
v/v). Total phenol values were expressed in terms
of tannic acid equivalent (TAE) (mg g of dry mass
for green tea and fresh weight for red onion). The
estimation of phenolic content was replicated three
times and the results were averaged.

Sample preparation

Fresh sturgeon fish were caught from the northeast
coast of Iran and transported to the laboratory in
boxes containing enough ice within 2 hours post
mortem. The average weight and total length of the
fish were 12+2 kg and 80+5 cm. They were headed,
eviscerated, skinned and filleted by using common
household methods in medium length of 15+1 (cm)
and weight of 350+5 (g). Preparation of the antioxidant
solutions was performed freshly prior to fish catching
in the laboratory. Different aqueous solutions of each
plant extract were provided by dilution in distilled
water at concentrations of 1%, 2.5%, and 5% (v/v).
Fillets were tumbled in prepared dipping solution in
a ratio 1:1 (w/v) for 10 min. After packaging with
polyvinylidene film, the samples were placed in
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Styrofoam trays and stored at 4 °C for up to 8 days.
The analysis of lipid oxidation indices and sensory
characteristics was conducted at 5 intervals (0, 2, 4,
6 and 8 days).

Chemical analysis

The pH value was recorded using a pH meter
(Metrohm, 713ph Meter-Herisau = Switzerland),
according to the method of Benjakul et al. (1997).
Fish sample (0.5g) was centrifuged thoroughly with
4.5 ml of distilled water for 1 min at 1800 rpm and
the homogenate used for pH determination. The
lipid was extracted by the method of Bligh and
Dyer (1959). Peroxide value (PV) was calculated
according to the method of Egan et al. (1997) and
the results were expressed as meq oxygen kg™! lipids.
Fish sample (150 g) was chopped well and agitated
thoroughly with chloroform (250 ml) to dissolve the
fat. The sample was filtered through Whatman filter
paper No.42 containing sodium sulfate. Acetic acid
(37 ml) and saturated potassium iodide solution (1
ml) was added to 25 ml of the filtrate. In order to
obtain the weight of oil sample, 15 ml of the filtrate
was incubated at room temperature to allow the
chloroform removed, heated under an electric oven
(105°C) for 1 hour, cooled in a desiccator, and then
weighted. An adequate amount of 1% starch glue was
mixed with the solution. After addition of distilled
water (30 ml), the solution was transferred into
the burette of an automatic titrator (DL 25 Titrator,
Switzerland) equipped with stirrer. The titration was
allowed to run against standard solution of sodium
thiosulfate to give a milky color. PV was calculated
as following:

PV:SXNXIOOO

Where S is the volume of titration (ml), N the
normality of sodium thiosulfate solution (N =0.01),
and W the weight of oil sample (g).

The thiobarbituric acid reactive substances
(TBARSs) content was determined using the method of
Tarladgis (1969) and expressed as mg malonaldehyde
kg of fish flesh.10 g of comminuted fish flesh was
homogenized with of distilled water (100 ml), HCL
(4M, 2.5 ml) and 6-7 droplets of antifoaming. The
mixture was subjected to the distillation process for
10 min. The obtained liquid (5 ml) was added to 4
ml of a TBA solution (0.0288 g TBA agent and %90
acetic acid), heated in a boiling water bath for 30
min, and then cooled. The concentrations of TBARs
in samples were calculated by measuring the color
development at 538 nm as following, where D is the
absorbance of the solution against the blank sample

preparing by adding 5 ml of distilled water and 5 ml
of TBA solution.

TBARS (mg malonaldehyde kg') =7.8xD

Free fatty acid (FFA) content was measured as
described by Egan et al. (1997). Results were
expressed as % oleic acid (i.e. the cm® 0.1 N NaOH
used in the titration corresponds to % oleic acid).
Determination of heme iron content was conducted
as described by Clark et al. (1997). 2 g of fish
sample was added to 9 ml of acetone acid containing
90% acetone, 8% distilled water and 2% HCI with
the normality of 12,7. After keeping in a small dark
chamber for 30 min, the heme iron content was
calculated using the following equations where A
is the absorbance of the sample against a blank of
acetone acid at 640nm.

[1] Total pigment (ppm) = Ax680

[2] Heme iron (ppm) = total pigmentx8.82/100

Sensory analysis

Sensory analysis (taste, colour and odour) were
assessed according to the descriptive sensory method
of Hedonic (ASTM, 1969) with slight modifications.
A panel of 10 assessors was trained to evaluate each
attribute and score them on a falling scale consisting
of five points according to the guidelines in Table 1 at
each sampling occasion. Fillets of fish were cooked
in hot water steam for 20 min and the panelists were
asked to wash their mouths with fresh water for
several times before taste scoring.

Statistical analysis

The experimental design was a factorial 7x5x3
(7 treatments including the control, 5 sampling
occasion, and three replicates). The chemical and
sensory data were subjected to one way ANOVA
when 0=0.05. Comparisons within each analysis day
and within a treatment at different sampling time
were performed by least significant difference (LSD)
test with statistical analysis system (SAS) program
(a=0.05).

Results and Discussion

The mean compositional contents of moisture,
protein, lipid and ash) in fresh fillets of sturgeon were
assessed by the method of AOAC, 1995. As shown in
Figure 1. The moisture, protein, lipid and ash contents
of fresh sturgeon fillets were estimated to be 65.88%,
1.19%, 21.52% and 12.74%, respectively.
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Figurel. Pie diagram showing the proximal
composition of Persian sturgeon fillets

Phenolic content of plant extract

Total phenolic content of extracts at different
concentration in terms of tannic acid equivalent (the
standard curve equation: y=0.00075x + 0.0091, 1> =
0.9945) is indicated in Table 2. Phenolic compounds
are a class of antioxidant agents which act as free
radical terminators (Shahidi and Wanasundara,
1992). In the present trial, the lowest (3.13 mg TAE
g' dw) and highest (538.2 mg TAE g' dw) content
were found in aqueous solutions of 1% OJ and 5%
TE, respectively. According to the results in Table 2,
green tea extract has much more content of phenolic
compounds when compared to onion juice at the
same concentration. Benkeblia (2000) reported the
total phenolics of red onion var. Rouge Amposta from
18 to 20 mg 100g™" fresh weight. Phenolic content in
onions varies considerably particularly with cultivar
(Bajaj et al., 1980). As evidenced by Samman et al.
(2001), the total phenolic compounds of green tea
extracts were 117.3 mg gallic acid equivalents/g. It
has been concluded that brewing conditiond such as
extraction temperature, period of extraction, ratio
of tea leaves to extracting water, and stirring are
important factors for determining the total phenolic
content in green tea extract (Liebert ef al., 1999).

Changes in pH content

Changes in pH value of sturgeon fillets dipped in
antioxidant solutions and the control are shown during
8 days storage in Table 3. The pH value assessed as a
crucial factor for determination of meat quality (Nam
et al., 2001), might interfere with solubility activities
of antioxidants by changing in their electrical charges
(Decker et al., 2005). In the present study, a gradual
increase in the pH value of fish fillets was observed
during 8 days of storage (p<0.05) and reached to the
maximum of 7.19 at the end of sampling time (day8).
The increase in pH was postulated to be due to an
increase in volatile bases compounds produced by
either endogenous or microbial enzymes (Cann ef al.,

1983), and decomposition of nitrogenous components
(Benjakul et al., 2002). It has been emphasized that
the pH value can be raised to pH 7 or 8 during storage
period (Poulter and Nicolaides, 1985). Additionally,
Sikorski et al. (1990) reported that the enzymatic
degradation of ATP caused the liberation of inorganic
phosphate and ammonia, leading to the changes in
pH value. The most significant (P<0.05) differences
among various treatments and within each analysis
day were observed through the first 2 days of storage
time whereas the pH content of treated fillets and the
control exhibited no significant (P>0.05) difference
on days 4, 6 and 8. As storage time increased, the pH
values of 5% OJ-treated samples showed no change
while gradually irregular increases were detected
in other samples, suggesting a degree of stability in
pH by an increase in the amount of green tea extract
added (Table 1).

Changes in PV content

The effects of green tea extract and onion juice
dipping solutions on the changes in the PV content
of the sturgeon fillets during 8 days storage at 4°C
are shown in Table 4. Peroxide value (PV) which
detects a measure of the concentration of peroxides
and hydroperoxides formed in the initial stages of
lipid oxidation is widely used for the estimation of
oxidative rancidity in fats (Olafsdottir et al., 1997).
The PV values rose sharply during storage time in
all samples and significant differences was recorded
within all treatments and the control at each sampling
time. A slower increase in PV values was obtained in
samples treated with onion juice and green tea extract,
in contrast to a faster increase in PV of the control
sample after 4 days of storage time, demonstrating the
oxidative stability of fish lipids by green tea extract
and onion juice. The PV values of samples dipped
in 5% OJ (4.75 meq oxygen kg! lipids) and 5% TE
(4.28 meq oxygen kg lipids) were approximately
1.7 and 1.8 times less than that of samples treated
with 1% OJ (8.06 meq oxygen kg lipids) and 1%
TE (7.81 meq oxygen kg lipids), respectively, at
the end of storage time, which indicated that a high
concentration of green tea and onion juice was more
effective in controlling oxidation. Pervious results
by Alghazeer et al. (2008) confirmed that addition
of instant green tea (250 and 500 ppm) to Atlantic
mackerel (Scomber scombrus) fillets decreased the
rate of peroxides and hydroperoxides formation
during 8 weeks storage at -10°C, as compared to
samples without green tea. However, it has been
reported that a higher concentration of green tea may
act as a pro-oxidant (Honglian and Etsuo, 2001).
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Tablel. Descriptive sensory evaluation definitions

Sensory attributes description score
natural flavor, color and odor of fillet 5
No sensible change in natural flavor, color and odor 4
Sensible discoloration, Slightly sour odor and incipient rancidity in flavour 3
no natural color, moderately off-odor and off-flavor 2
Sharply sour and extremely rancid flavor/odor, extremely discolored 1

Sourced by ASTM, 1969

Table 2. Phenolic content of green tea extract (TE) and onion juice (OJ) at different concentration

Phenolic content(mg TAE/gdw)*

TE 1%
TE 2.5%
TE 5%

145.6+0.037
243.6+0.012
538.2+0.055

0J 1%
0J 2.5%
0J 5%

15.40+0.031

37.39+0.022

85.76+0.04

*mg Tannic acid equivalents per gramme dry weight of sample

Table 3. Changes in pH value of sturgeon fillets tumbled in tea extract (TE) and onion juice (OJ).

Storage time (days)

2

4

6

8

0
1%TE 6.62(1.40) B0

2.5%TE 6.51(1.38) P
5%TE 6.72(1.43) ABC
1%01J 6.59(1.40)

2.5%0]J 6.84(1.46) A
5%01 6.80(1.45) A?

6.63(1.41) P
6.60(1.40) P
6.74(1.43) B¢
6.73(1.43) ABc
6.79(1.45) AP
6.83(1.46)

6.54(1.38) A
6.58(1.40) A®
6.55(1.39) A®
6.60(1.40) A
6.60(1.40) A
6.60(1.40) *

6.85(1.46) *
6.84(1.46) A
6.83(1.46) A
6.81(1.45) A
6.50(1.38) °
6.82(1.46) *

6.84(1.46)
6.81(1.45) A
7.19(1.56)
6.92(1.48) *
7.11(1.53) A
7.01(1.55) *

*Results are expressed as means with standard error in parenthesis (n=3).Different superscript and subscripts letters
characterize significant difference in each column (A-D) and each raw (a-e), respectively.

Table 4: Comparison of Peroxide value in sturgeon fillets tumbled in green tea extract (TE) and onion

juice (OJ).
Storage time (days)
0 2 4 6 8
1%TE 2.40+0.10 ° 3.26+0.10 f° 4.68+0.24 ° 6.28+0.09 ° 7.81+.0.14 P
2.5%TE 2.32+0.07 ¢ 2.50+0.20 © 3.26+0.12 P 4.48+0.09 ° 4.81+0.21 P
5%TE 2.21+0.09 © 2.51+0.12 € 3.06+0.11 P 3.64+0.14 * 4.28+0.11 *
1%0] 2.71x0.09 » 3.89+0.10 A 4.84+0.21 P 6.42+0.18 ° 8.06+0.27 ®
2.5%0] 2.70+0.10 A 3.34+0.27 B 3.96+0.12 © 4.83+0.07 © 6.12+0.08 ©
5%0] 2.30+0.09 "¢ 2.75+0.05 © 3.3240.08 P 3.80+0.14 4.75+0.21 P

*Results are expressed as means with standard error in parenthesis (n=3).Different superscript and subscripts letters
characterize significant difference in each column (A-D) and each raw (a-e), respectively.

International Food Research Journal 17: 751-761

755



756  Sarah, H., Hadiseh, K., Gholamhossein, A. and Bahareh, S.

Changes in TBA content

Table 5 depicts the formation of malonaldehydes
in fillets of sturgeon during 8 days of refrigerated
storage. The level of tissue aldehydes, the secondary
degradation products of lipid oxidation as a result
of peroxide breakdown into smaller molecules, is
often assessed in biological systems (Khayat and
Schwall, 1983). As shown in table 3, the formation of
malonaldehydes was significantly retarded in samples
treated with plant extracts. Up to sixth day of storage,
significant (P<0.05) differences were observed in the
TBARSs content of the treatments at all sampling time
except for samples dipped in 5% TE. There were no
significant (P<0.05) differences among treatments of
2.5% 0J, 5% 01, 2.5% TE and 5% TE at all analysis
times while a significant difference (P>0.05) verified
between samples treated by 2.5% OJ and 5% TE at
the end of storage time. As shown in Table 5, samples
treated by 1% OJ indicated no difference (P>0.05) in
contrast to the control for all sampling time except day
4. Conversely, according to the results demonstrated
by Serdaroglu and Felekoglu (2005), adding of onion
juice (Iml: 100 g) to frozen sardine mince (Sardina
pilchardus) delayed lipid oxidation for 3 months,
although the TBARs values in both OJ and control
treatments were out of consumable limits at the end
of 5 month storage. As deduced by the comparison
of thiobarbituric reactive substances content,
antioxiadant efficiency of onion juice and tea extract
with the same concentration were similar (P>0.05) in
sturgeon fillets on each sampling occasion. Sturgeon
fish which used in this study is a highly-fat fish with
nearly 13% lipid content and prone to lipid oxidation.
At the 8" day of storage time, the lowest amount of
malonaldehyde was assessed in refrigerated fillets
tumbled in 5% TE. The minimum TBARs value for
fillets dipped in higher concentrations of green tea
extract well suggest the positive correlation between
phenolic content of green tea extract and antioxidant
properties of these compounds to prevent or retard the
formation of malonaldehydes. In an investigation by
Tangetal.(2001), tea catechins added at concentration
greater than 300 mg kg! were necessary to reduce
lipid oxidation in mackerel patties as indicated by
significant decrease (P<0.05) in TBARs content.
However, previous report by Van Het Hof (1997)
revealed that green tea extract applications have no
prohibition influence on lipid deterioration by using
TBARs and MDA analysis.

Changes in FFA content

Variations in free fatty acid content of sturgeon
fillets are depicted in Table 6. Progressive oxidation
and enzymatic hydrolysis of unsaturated fatty acids

is the main cause of lipid deterioration in fatty fish
which is accompanied by the formation of free fatty
acids (Srikar and Hiremath, 1972). In the present
trail, lipid hydrolysis as measured by FFA indicated
a general increase for all treatments including the
control during refrigerated storage. This may be due
to the effect of lipid hydrolyzing enzymes (mainly
lipase and phospholipase) in decomposing the fats of
fish tissue (phospholipids and triglycerides) during
the first stages of refrigerated storage (Serdaroglu
and Felekoglu, 2005). No significant (P>0.05)
differences in the FFA content of various treatments
were observed during the first 2 days of storage.
For the latter refrigerated storage time, significant
(P<0.05) differences were considerably detected
among different samples treated by plant extracts;
therefore different inhibitory effects of phenolic
compounds on lipid hydrolysis of refrigerated
sturgeon fillets could be implicated, depending on the
amount of plant extract added. As shown by marked
increase in free fatty acids, significant degradation of
n-3 PUFA was observed in control samples after 8
days of refrigerated storage (Table 6). By the end of
storage time, FFA content of the samples including
2.5% TE, 5% TE and 5% OJ were 2.13%, 2.75%
and 2.31% lower than that of control, respectively.
These data demonstrates that tumbling of fish fillets
in green tea extract and onion juice at concentrations
mentioned above, were more effective for preventing
free fatty acids formation as compared with the
others. Kumudavally et al. (2008) perceived that the
application of sprayed-green tea extract (10ml kg™)
could extend the shelf life of fresh mutton for up to 4
days at 25°C when registered nearly a 25% increase
in FFA content of samples treated with green tea
extract at day 4 against a 83% increase in the control
sample at the end of 1 day storage. Serdarglu and
Felekoglu (2005) noted that rosemary extract (100
ppm) showed better inhibition of lipid degradation
than onion juice (Iml 100g!) in Sardine (Sardina
pilchardus) mince as assayed by more increases in
FFA content of samples with 1%01J (v/w).

Changes in Heme iron content

The changes in heme iron content of sturgeon
fillets during 8 days are presented in Table 7. Fish
flesh is a source of iron-containing complexes
including, myoglobin, haemoglobin and iron-bound
proteins such as ferritin and transferin (Hazell, 1982).
Processing techniques such as filleting and mincing
as well as during storage time can led to the release
of this iron from the complexes, and then catalyze
lipid autoxidation in fish muscle (St. Angelo, 1996).
As indicated in , heme iron content increased in the
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Table 5. Comparison of thiobarbituric reactive substances (TBARs) content in sturgeon fillets
tumbled in green tea extract (TE) and onion juice (OJ).

Storage time (days)

0 2 4 6 8
1%TE  0.1420.01 A 0.27+0.08 A  0.60+0.06 1.16£0.17 B¢ 1.84+0.09 ABc

25%TE 0132001 & 0242003 ®  030%0.09°  0.61£0.13,°  0.97£0.09 P
5%TE  0.11x0.02,*  0.20£0.00 ®  028£0.07,°  0.51£0.12 >  0.80£0.25 F
1%0J  0.14+0.01 »  03120.01 **  0.70+0.06 *  1.34+027 B 2.05£0.19 A?

25%0J  0.1240.01 A 0.29£0.03 A*  0.48+0.06, P  0.79+0.14 PP  1.50+0.29 PP
5%0J  0.12+0.00 »  0.25£0.02,*®  037+0.11 ,°®  0.70:0.11 ©° 1294030 C°F

*Results are expressed as means with standard error in parenthesis (n=3).Different superscript and subscripts

letters characterize significant difference in each column (A-D) and each raw (a-e), respectively.

Table 6. Comparison of free fatty acids (FFA) in sturgeon fillets tumbled in green tea extract (TE)
and onion juice (OJ)

Storage time (days)

0 2 4 6 8
1%TE 1.06£0.19 »  1.41£0.19 B 2.94+0.18 A*  3.98+0.16 ¢  4.78+0.12 °
2.5%TE 1.10£0.10 A 1294044 » 2232022 340.13 3.80+0.08
5%TE L11£0.06 » 1212033 *  1.86+0.07,C 285054 >  3.18£031°
1%01J 1194012 A 1.68£037 AB  2.97+0.15 *®  422+0.42 A 4774029 P
2.5%01 1234013 & 173026 *®  2.64+0.44 ® 3202031 P 4.03+0.06 ©
5%0J 1.10£0.22 »  1.5840.29 **  2.5040.26 *C  3.01:0.12 P  3.62+0.41 P

757

*Results are expressed as means with standard error in parenthesis (n=3).Different superscript and subscripts letters
characterize significant difference in each column (A-D) and each raw (a-e), respectively.

control and samples treated by 2.5% OJ, 2.5%TE
and 5% TE after storage for 2 days. Afterwards, a
significant (P<0.05) decrease were recorded which
was especially sharp at day 6 for all treatments
including the control. This could be as a result of
the release of iron from heme to change into non-
heme iron. In addition, measurement of heme iron
content detected a significant (P<0.05) increase in
the control and 2.5% OJ, 2.5% TE-treated samples
during the last 2 days of storage time (days 6 and
8). Markedly, treatments with 2.5% TE, 5% OJ, and
5% TE had the highest content of heme iron content
at the end of storage time which was 3.31, 3.34 and
3.12, respectively. This can be implicated to the
positive effect of phenolic compounds presenting
in considerable content in green tea extract added at
concentrations more than 1% (v/v) while even onion
juice with a low content of phenolic component
showed the inhibition of iron release in sturgeon
fillets. Upon extended refrigerated storage, a slower
rate of decrease in heme iron content of fillets was
found with increasing in the concentration of green

tea extract. However, fillets tumbled in 5% TE showed
the highest amount of heme iron content on most days
of storage time as compared to other samples. Many
in vitro studies have shown that metal-chelating
properties of flavonoids in green tea have protective
effects in cells and tissues against damages caused by
free oxygen radicals (Kashima, 1999; Rietveld and
Wiseman, 2003).

Changes in sensory attributes

Results of sensory difference testing in treated
sturgeon fillets during 8 days storage at 4°C are shown
in Figure 2. All treatments developed off-odour with
increased storage time, with the lowest and the highest
off-odour detected on samples treated with 5% TE
and 1% OJ, respectively. Meanwhile, the early signs
of off-odour appeared in 1% OJ-treated fillets and the
control on day 4 but developed in other treatments
after 6 days of storage time. Younathan et al. (2006)
revealed that hot water extracts of yellow onion peels
controlled rancid odour of cooked ground turkey even
though TBARsnumbers were high. Sensory properties
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Table 7. Comparison of heme iron content in sturgeon fillets tumbled in green tea extract (TE) and

onion juice (OJ).

Storage time (days)

0 2 4 6 8
1%TE 5.15£0.361 5 5540.098¢  4.91£0.006F  2.56+0.058°  3.020.157 5
2.5%TE 5.66+0.04,* 6.03£0.053*  5.26+0.032 7 3.03+0.07 ® 3.3120.095 A8
5%TE 5.52+0.174 A8 6.21£0.058*  5.53+0.07,* 3.5£0.058 % 3.26+0.083 AF
1%0J 5.0120.062 ¢ 526£0.078 > 4.46+0.235C  2.69+0.167 %  2.86+0.058
2.5%0J 4.94+0.117,¢ 544£0.062°  4.93£0.162  2.31£0.058°  2.69+0.121°
5%0J 5.110.115 B¢ 5.1£0.115 5.10.362 7 2.98+0.147°  3.34+0.058*

*Results are expressed as means with standard error (n=3).Different superscript ad subscripts letters characterize significant
difference in each column (A-D) and each raw (a-e), respective.

of food products are the key factors in consumer
attraction (Gray et al., 1996) and the implication of
lipid peroxidation in flavour and aroma deterioration,
as well as diminished food wholesomeness and food
safety has been confirmed (Kanner and Rosenthal,
1992) Up to 4 days of storage time, no significant
(P>0.05) differences were observed among treated .
samples with the discovery of off-flavour in the
control (Figure 2). Most differences among various
treatments including the control were recognized
at 6" day when a sharp increase of off-flavour was
detectable in 1% OJ and control samples. By the end
of storage time, samples tumbled in 1% OJ, 1% TE
and the control had the lowest flavour scores while
treatments with upper concentrations of plant extracts
were scored highly in flavour analysis. Tang and
Cronin (2007) noted that the incorporation of onion
juice during the preparation of encased turkey breast
rolls led to the production of premium quality product
processing and improved flavour quality and stability 0 2 4 6 8
in sliced form. As stated by Scideman et al. (1984) ] ©
meat colour is considered one of the most important
quality attributes in the acceptance or rejection of the
product. Refrigerated fillets treated by 2.5% TE, 5%
TE and 5% OJ showed a much superior colour quality
after storage for 8§ days at 4 °C (Figure 2). Although
increase in the concentration of green tea extract had
beneficial effects on chemical changes of surgeon
fillets particularly at the end of storage time, panelists
characterized the new slightly bitter and greeny flavor
with greenish-yellowish colour for 5% and 2.5% TE
treatments at all sampling times. The discoloration
changes of fish fillets dipped in 2.5% and 5% TE
steadily increased with time in storage. This might be
implicated to the possibly penetration of chlorophyll
pigments and their subsequent interference with other
biochemicaly active compounds in fillets of sturgeon,
which caused an undesirable change in meat colour.
Persian sturgeon is a white-muscled fish with pale pink
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Figure 2. Comparative evolution of flavour (A),
odor (B) and color (C) scores in sturgeon fillets
treated by tea extract (TE) and onion juice (OJ)

at three concentrations (1%, 2.5%, 5%) during
refrigerated storage. Bars denote standard error of
the mean (n=3).
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flesh coloration after cooking by steam. This finding
provides the evidence that tea extracts, particularly
at upper concentrations, are good inhibitors to lipid
damage progression but incapable of retaining and/or
promoting the natural flavour and colour of sturgeon
filltes. In this sense, Liu (1997) stated that clove
had an antioxidative impact on lipid degradation of
marinated catfish with a significant decrease in the
sweetness taste of the meat.

Conclusion

We concluded that green tea extracts and
onion juice in concentration upper than 1% (v/v)
and 2.5% (v/v) respectively had more antioxidant
characteristics on oxidative stability of lipids and
shelf life enhancement in refrigerated sturgeon fillets
which was more detectable with increased storage
time. The present study dose not reflect a clear dose-
relationship between the total phenolic content of
plant extracts and the results obtained from the lipid
oxidation indices assessed in refrigerated sturgeon
fillets. However, colour and flavour of samples with
5% TE were unfavorable and might not be appealing
to consumers. For further evaluation, comparison
of green tea extract and onion juice from various
varieties, by different extraction methods, and at other
concentrations is proposed with the employment
of microbiological analysis which has not been
investigated in the present trail.

Acknowledgments

The authors thank Dr. Mohamad Hadi Pahlevani
for his help in statistical analysis and all staff working
at Hydrochemistry and Fish Processing laboratories
of Agricultural and Natural Resources University of
Gorgan for their assistance. Panelists are gratefully
acknowledged for their cooperation in sensory
evaluation part of the present research.

References

Alghazeer, R., Saeed, S. and Howell, N.K. 2008. Aldehyde
formation in frozen mackerel (Scomber scombrus) in
the presence and absence of instant green tea. Food
Chemistry 108: 801-810.

AOAC (Association of Official Analytical Chemicals).
1995. Official Method of Analysis, 12th edn.,
Association of official Analytical Chemists,
Washington DC, p 832.

STM. 1969. Manual on Sensory Testing Methods,
American Society for Testing and Materials, 1916

Race street, Pa. 19103(pp: 33-42). Philadelphia.

Bajaj, K. L.; Kaur, G.; Singh, J. and Gill, S. P. S. 1980.
Chemical evaluation of some important varieties of
onion (Allium cepa). Quality Plant Foods Human
Nutrition 30: 117-122.

Benjakul, S., Seymour, T. and Morrissey, M. 1997.
Physiochemical changes in pacific whiting muscle
protein during ice storage. Journal of Food Science
62: 729-733.

Benkeblia, N. 2000. Phenylalanine ammonia-lyase,
peroxidase, pyrucic acid and total phenolics variation
in onion bulbs during storage. Lebensm. Wiss.
Technololy 33: 112-116.

Benjakul, S., Visessanguan, W., Riebroy, S., Ishizaki,
S. and Tanaka, M. 2002. Gel-forming properties of
surimi produced from bigeye snapper, Priacanthus
tayenus and Pmacracanthus, stored in ice. Journal of
the science of Food and Agriculture 82: 1442-1451.

Bligh, E. and Dyer, W. 1959. A rapid method of total
extraction and purification. Canadian Journal of
Biochemistry and Physiology 37: 911-917.

Campos, K.E., Diniz, Y.S., Catanco, A.C., Faine, L.A.,
Alves, M.J. and Novelli, E.L. 2003. Hypoglycaemic
and antioxidant effects of onion, Allium cepa:
dietry onion addition, antioxidant activity and
hypoglycaemic. International Journal of Food Science
and Nutrition 54: 241-246.

Cann, D. L.; Smith, G. L. and Houston, N. G. 1983.
Further studies on marine fish stored under modified
atmosphere packaging. Aberdeen: Ministry of
Agriculture Fisheries and Food, Torry Research
Station. Scotland, 322p.

Chander, R., Khanna, A.K., Kanwal, R. and Rastogi,
A K. 2005. Antioxidant and lipid lowering activities
of Indian black tea. Indian Journal of clinical
Biochemistry 20: 153-159.

Clark, E.M., Mahoney, A. W. and Carpenter, C.E. 1997.
Heme and total iron in ready-to-eat chicken. Journal
of Agricultural and Food Chemistry 45: 124-126.

Decker, E.A., Warner, K., Richards, M.P. and Shahidi, F.
2005. Measuring antioxidant effectiveness in food.
Journal of Agriculture and Food Chemistry 53: 4303-
4310.

Egan, H., Krik, R.S. and Sawyer, R. 1997 Pearson’s
chemical Analysis of food.3rd edn, 609-634.
Edinburgh, Scotland, UK: Churchill Livingstone.

Frankel, E. N. 1998. Lipid oxidation. Dundee, UK: The
Oily Press Ltd (ISBN 0 951417193).

International Food Research Journal 17: 751-761



760 Sarah, H., Hadiseh, K., Gholamhossein, A. and Bahareh, S.

Gorinstein, S., Drzewiecki, J., Leontowicz, H., Leontowicz,
M., Najman, K. and Jastrzebski, Z. 2005. Comparison
of the bioactive compounds and antioxidant potentials
of fresh and cooked Polish, Ukrainian, and Israeli
garlic, Journal of Agricultural and Food Chemistry
53:2726-2732.

Gray, J.I., Gomaa, E.A. and Buckley, D.J. 1996. Oxidative
quality and shelf life of meats. Meat Science 34:111-
123.

Hazell, T. 1982. Iron and zinc compounds in the muscle
meats of beef, lamb, pork and chicken. Journal of the
Science of Food and Agriculture 33: 1049-1056.

Helen, A., Krishnakumar, K., Vijayammal, P.L. and
Augusti, K.T. 2000. Antioxidant effect of onion oil
(Alluim cepa Linn) on the damages induced by nicotin
in rats as compared to alphatocopherol. Toxicology
Letters 116: 61-68.

Hertog M.G.L., Hollman P.C.H. and Katan D.P. 1992.
Content of potentially anti carcinogenic flavonoids
of 28 vegetables and 9 fruits commonly consumed
in the Netherlands, Journal of Agricultural and Food
Chemistry 40: 2379-2383.

Higdon, J.V. and Frei, B. 2003. Tea catechins and
polyphenols: health effects, metabolism, and
antioxidant functions. Critical Reviews in Food
Science and Nutrition 43: 89-143.

Honglian, N.and Etsuo, N. 2001. Introducing natural
antioxidants. In J. Pokorny, N. Yanishlieva, and
M. Gordon. (Eds.), Antioxidants in food practical
applications, p. 147-155. Cambridge, England:
Woodhead Publishing Limited.

Imaida, K,. Fukushima, S,. Shirai, T. Ohtani, M. Nakanishi
K. and Ito, N. 1983. Promoting activities of butylated
hydroxyanisole and butylated hydroxytoluene on
2-stage urinary bladder carcinogenesis and inhibition
of gamma-glutamyl transpeptidase-positive foci
development in the liver of rats. Carcinogenesis 4:
895-899.

Kanner, J. and Rosenthal, 1. 1992. An assessment of lipid
oxidation in foods—technical report. Pure Applied
Chemistry 64: 1959—1964.

Kashima, M. 1999. Effects of catechins on superoxide and
hydroxyl radical. Chemical of pharmaceutical Bulletin
(Tokyo) 47: 279-283.

Kawamoto, E., Sakai, Y., Okamura, Y. and Yamamoto, Y.
2004. Effects of boiling on the antihypertensive and
antioxidant activities of onion. Journal of Nutrition,
Science and Vitaminlogy 50: 171-176.

Khayat, A. and Schwall, D. 1983. Lipid oxidation in

seafood. Food Technology 7:130-143.

Kumudavally, K.V., Phanindrakumar, H.S., Tabassum, A.,
Radhakrishna, K. and Bawa, A.S. 2008. Green tea — A
potential preservative for extending the shelf life of
fresh mutton at ambient temperature (25 + 2°C). Food
Chemistry 107(1): 426-433.

Ladikose, D. and Lougovoise, V. 1990. Lipid oxidation
in muscle food: A Review .Food Chemistry 35: 295-
314.

Liebert, M., Licht, U., B6hm, V., and Bitsch R. 1999.
Antioxidant properties and total phenolics content
of green and black tea under different brewing
conditions. Zeitschrift fiir Lebensmitteluntersuchung
und -Forschung A 208(3): 217-220.

Liu, F., 1997. Antioxidative activities of spices in catfish
products. Abstract of the International Plant Science
and Engineering 58: 2776p.

Morrissey, P.A. and Kerry, J.P. 2004. Lipid oxidation and
shelf life of muscle foods. P357-381, In: Steele.R.
(eds), Understanding and measuring the shelf life of
food. Wood Head Publishing in Food & Technology.
CRCPress. BocaRaton, Boston New York, Washington
.D.USA.

Nam, K.C., Ahn, D.U., Du, M. and Je, C. 2001. Lipid
oxidation, colour, volatiles, and sensory characteristics
of aerobically packaged and irradiated pork with
different ultimate. Journal of Food Science 66: 1225-
1229.

Olafsdéttir, G., Martinsdo” ttir, E., Oehlenschla“ger,
J., Dalgaard, P.Jensen, B. and Undeland, 1. 1997.
Methods to evaluate fish freshness in research and
industry. Trends in Food Science and Technology 8:
258-265.

Ou, B., Hampsch-Woodill, M. and Prior, R.L. 2001.
Development and validation of an improved oxygen
radical absorbance capacity assay using fluorescein
as the fluorescence probe. Journal of Agricultural and
Food Chemistry 49: 4619-4626.

Poulter, N.H. and Nicolaides, L. 1985. Studies of the iced
storage characteristics and composition of a variety of
Bolivian Freshwater Fish Altiplano Fish. I1. Parana an
Amazon Basiu Fish. Journal of Food Technology 20:
451p.

Rietveld, A. and Wiseman, S. 2003. Antioxidant effects
of tea: Evidence from Human. Clinical Trials. The
Journal of Nutrition 133: 3285S -3292S.

Samman, S., Sandstrom, B., Toft, M.B., Bukhave, K.,
Jensen, M., Serensen, S.S. and Hansen, M. 2001.
Green tea or rosemary extract added to foods reduces
nonheme-iron absorption. The American Journal of

International Food Research Journal 17: 751-761



Effect of green tea (Camellia sinenses) extract and onion (Allium cepa) juice on lipid degradation and sensory acceptance of 761

Clinical Nutrition 73: 607-612.

Seideman, S.C., Cross, H.R., Smith, G.C. and Durland,
P.R. 1984. Factors associated with fresh meat colour:
A review. Journal of Food Quality 6: 211-237.

Serdarglu, M. and Felekoglu, E. 2005. Effects of using
rosemary extract and onion juice on oxidative stability
of sardine (Sardina pilchardus) mince. Journal of Food
Quality 28: 109-120.

Shahidi, F.and Wanasundara, P.1992. Phenolic antioxidants.
Critical Reviews in Food Science and Nutrition 32:
67-103.

Sherwin, E.R. 1990. Antioxidants. In: Branen, A.L.
Davidson, P.M., Salminen, S. and Marcek D. Food
additives, p139-193. Inc, New York, USA.

Sikorski, Z.E., Kolakowska, A. and Burt, J.R. 1990.
Postharvest biochemical and microbial changes. In
Sikorski, Z.E. (Ed.), Seafood: Resources, nutritional
composition, and preservation p.55-72.Boca Raton,
FL: CRC Press, Inc.

Singh, R. P., Murthy, K. N. C. and Jayaprakasha, G. K. 2002.
Studies on the antioxidant activity of pomegranate
(Punica granatum) peel and seed extracts using in vitro
models. Journal of Agricaltural and Food Chemistry
50: 81-86.

Srikar, L.N. and Hiremath, J.G. 1972. Fish preservation-1.
Studeis on changes during frozen storage of oil sardine.
Journal of Food Science and Technology 9: 191-193.

St. Angelo A.J. 1996.Lipid oxidation on foods. Critical
Reviews in Food Science and Nutrition 36: 175-224.

Tang, S., Kerry, J.P.,, Sheehan, D., Buckley, D.J. and
Morrissey, P.A. 2001. Antioxidative effect of added tea
catechins on susceptibility of cooked red meat, poultry
and fish patties to lipid oxidation. Food Research
International 34: 651-657.

Tang, X. and Cronin, D.A. 2007. The effects of brined
onion extracts on lipid oxidation and sensory quality in
refrigerated cooked turkey breast rolls during storage.
Food Chemistry 100: 712-718.

Tarladgis, B.G., Watts, B.M. and Jonathan, M. 1969.
Distillation method for the determination of
malonaldehyde in rancid foods. Journal of American
Oil Chemists Society 37: 44-48.

USDA. 2005. Uses of food ingredients and sources of
radiation. Title 9, Chapter III, Part 424, Subpart C,
&421-21, Code of Federal Regulations. Govt. Print.
Office. Washington, D.C.

Van Het Hof, K.H., De Boer, H.S., Wiseman, S.A., Lien, N.,
Westrate, J.A. and Tijburg, L.B. 1997. Consumption of
green or black tea dose not increases resistance of low-
density lipoprotein to oxidation in humans. American
Journal of Clinical Nutrition 66: 1125-1132.

Yang, C.S., Landau, J.M., Huang M.T. and Newmark,
H.L. 2001. Inhibition of carcinogenesis by dietry
polyphenolic compounds. Annual Reviews in Nutrition
21: 381-406.

Yang, J., Meyers, K.J., Van der Heide, J. and Liu, R.H.
2004. Varietal differences in phenolic content and
antioxidant and antiproliferative activities of onions.
Journal of Agricultural and Food Chemistry 52: 6787-
6793.

Younathan, M.T., Marjan, Z.M. and Arshad, F.B. 2006.
Oxidative rancidity in stored ground turkey and beef.
Journal of Food Science 45: 274-275.

Zielinska, D., Wiczkowski, W. and Piskula, M.K. 2008.
Determination of the Relative Contribution of
Quercetin and Its Glucosides to the Antioxidant
Capacity of Onion by Cyclic Voltammetry and
Spectrophotometric Methods. Journal of Agriculture
and Food Chemistry 56: 3524-3531.

International Food Research Journal 17: 751-761



