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Influence of Chitosan Based Coating Incorporating Green Tea and
Rosemary Extracts on Physicochemical and Microbial Quality of
Tilapia fish (Oreochromis niloticus) Fillets under Cold Storage
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HE incorporation of natural extracts into edible coatings has the potential to improve the

quality and safety of fish products. The aim of this work was to evaluate the effectiveness
of chitosan coatings including herb extracts against 4 foodborne pathogens; Staphylococcus
aureus, Escherichia coli, Bacillus cereus, and Pseudomonas aeruginosa, as well their impact on
physical and biochemical attributes of Tilapia fish (Oreochromis niloticus) fillets during storage
at 4+1°C for 15 days. Green tea extract (GTE) and rosemary extract (RE) at concentrations
2 and 3%, respectively were evaluated against foodborne pathogens compared with chitosan
coating (control positive; C*) and control sample (without coating; C). The active packaging
was applied on Tilapia fish fillets and the physical parameters (pH and WHC), freshness
indictors (TBA and TVB-N), microbial load, and sensory evaluation (color, odor, and texture)
were evaluated. The GTE and RE exhibited a high phenolic content and antioxidant capacity.
In GTE and/or RE coated samples, the values of TBA, TVB-N, and pH were lower while the
WHC was higher than the control sample (up to 15 days).The microbial load of treated samples
with coatings was lower than the untreated samples. The sensory evaluation of color, odor,
and texture in coated fish fillets were accepted with a high score over 15 days. The results
demonstrated that GTE and RE were more active in preventing protein degradation, retarding
lipid oxidation, improving the microbial quality, and extend shelf life of Tilapia fish fillets.

Keywords: Tilapia fish, Chitosan, Green tea extract, Rosemary extract, Oxidative stability,
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Introduction

Nile tilapia (Oreochromis niloticus) is one of the
most important freshwater fish in Egypt (Ko et
al., 2016). It is a good source of polyunsaturated
fatty acids, protein, minerals, vitamins, and
has health benefits. Tilapia fish is produced in
aquaculture in a wide-range, it is economic,
availabe and has a good taste, as well as low
price (Chen et al., 2015). The global Tilapia
aquaculture production in 2018 is estimated ~ 6
million tons while in Egypt is about 665300 tons
(Tveteras et al., 2018). However, it decomposes
quickly and comparatively has a short shelf
life because of high nutrients, neutral pH, and
high water activity (Wang et al., 2018). The
biochemical reactions and microbial metabolism
in fish lead to off flavor, texture, and loss of
edibility (Liu et al., 2013). One way to overcome
the fish spoilage is using antimicrobials (natural
and/or synthetic) dips or sprays of the surface
of the fillets (Ahmed et al., 2016). However,

in these techniques the antimicrobial activity is
limited because of the uncontrolled migration
into the fillets (Morsy et al., 2014). Recently,
the active coatings are the alternative way to
eliminate these limitations, prolong the shelf life,
improve safety, and enhance sensory properties
of fish fillets.

Active packaging is a new concept in food
application particularly in fish products. Chitosan
polysaccharide is a unique coating substance in
fish products because it is produced from shrimp,
and due to its fishy taste, biocompatibility, high
barrier, non-toxicty, and low cost (Yu, Regenstein,
et al., 2018). Previous studies found that chitosan
coatings have improved the quality of refrigerated
fish fillets, i.e. grass carp (Ramezani et al., 2015),
silver carp (Raeisi et al., 2016), yellow croaker
(Wu et al., 2017), rainbow trout (Yu, Xu et al.,
2018), and sea bass (Martinez et al., 2018). The
natural extracts from herbs and spices have
exhibited antioxidants (Bastiirk et al., 2018)
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antimicrobials (Morsy et al., 2014), and flavored
matters (Carney et al., 2018).

Green tea (Camellia sinensis) extract (GTE) is
anatural substance widely used as a drink in Egypt,
as well, it is rich in polyphenols and catechins that
had healthy benefits, antimicrobial, and antioxidant
properties (Carrizo et al., 2016). GTE is a Generally
Recognized as Safe (GRAS) and classified by the
European Union (EU) as a food additive (Randazzo
etal., 2017). GTE has been incorporated in various
food packages to extend shelf life based on
inherent antioxidant properties (Muriel-Galet et
al., 2015). In one study, extract of green tea was
found to be effective against Escherichia coli (Roy
et al., 2018). In another study, Noshad et al. (2017)
incorporated green tea extract in mucilage coating
in order to improve physicochemical and sensory
properties of fried shrimps. De Lacey et al. (2014)
demonstrated that green tea based films decreased
the TVB-N and TMA-N, and extended the shelf
life of hake fish.

Rosemary (Rosmarinus officinalis L) is one of
the common herbs; its antioxidant properties are
well recognized and approved by the EU (Moreno
et al., 2006). RE is a good source of bioactive
compounds including flavonoids, phenolics,
diterpenoids, and triterpenes (Pineros-Hernandez
et al,, 2017). RE showed stronger inhibitory
activity against S. aureus, B. subtilis, E. coli, and
S. typhium (Mohsenabadi et al., 2018). In vitro
study has demonstrated pullulan coating included
rosemary was effective against £. coli O157:H7,
L. monocytogenes, S. aureus, and S. typhimurium
in meat products (Morsy et al., 2014), Also, the
CMC coating enriched with rosemary extracts
improved the oxidative stability in smoked eel
fillets (Choulitoudi et al., 2017).

The aim of this work is to incorporate different
antioxidant substances such as green tea (Camellia
sinensis) and rosemary (Rosmarinus officinalis
L.) extracts into chitosan coating on Tilapia fish
fillets in order to retard the deterioration, lipid
oxidation and microbial load during cold storage
(4£1°C).

Materials and Methods

Materials

Fresh Nile Tilapia (Oreochromis niloticus)
fish weighted about (500+£100g) were purchased
in October 2017 from a local farm in Damietta
Governorate, Egypt. The fish samples were
transported in an isothermal ice-box to the
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Laboratory of Food Processing at Damietta
University. The Tilapia fish composition was
moisture 77.76%, protein 16.91%, crude fat
2.78%, and ash 0.99%. Green tea (Camellia
sinensis) and rosemary (Rosmarinus officinalis
L.) herbs were obtained from a local market
in Cairo, Egypt. Chitosan was purchased from
Technogen Company (Cairo, Egypt). Bacterial
strains such as Staphylococcus aureus (ATCC
6538), Escherichia coli (B-211), Bacillus cereus
(B-210), and Pseudomonas aeruginosa (B-212)
were supplied from Bacteriology Center, Faculty
of Science, Assiut University.

Methods

Preparation of herbal extracts

The extraction of green tea and rosemary was
done according to the method described by Skotti
et al. (2014) with slight modifications. Briefly,
the dry herbs were milled to fine powder using a
Molineux grinder (MC300 Model, France). The
powder was steeped in methyl alcohol 99% and
then filtered through filter paper (Whatman NO.
4). The herbal extracts were concentrated with
rotary evaporation at 50-60° C and then kept in
cold storage until use.

Preparation of chitosan coatings

The coating solution of chitosan was prepared
according to Abdallah et al. (2017) with some
modifications. Briefly, 2% chitosan (w/»v), 1%
acetic acid (v/v), 1% Tween 80 (w/v), and 1.5%
glycerol (w/v) were completely dissolved (~ 5
h). The chitosan solution was autoclaved for 15
min at 121°C, then cooled to room temperature
(25£1°C). The green tea and/or rosemary extracts
were added at (2 and 3%; w/v) and completely
homogenized. The chitosan coatings were placed
in refrigerator until use.

Fish fillets preparation and coating

The fish samples were prepared according to
the steps as follows; beheaded, gutted, washed,
and filleted (Cao et al., 2012). The fillet samples
were divided into six groups: 1* group: green tea
extract (GTE) 2%, 2" group: green tea extract
(GTE) 3%, 3 group rosemary extract (RE) 2%,
4™ oroup: rosemary extract (RE) 3%, 5" group:
chitosan alone (C*), and the last one (Control;
C). The fillet samples were immersed in chitosan
coating for 5 min and repeated several times, then
dried under the safety hood at room temperature
(1hr). The coated fillets were packed and kept
at 4+1°C for 15 days. The fillet samples were
analyzed at 0, 3, 6, 9, 12, and 15 days of storage
time.
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Determination of total phenolic compounds (TPCs)
The total phenolics in green tea and/or
rosemary extracts were determined by the Folin-
Ciocalteu spectrophotometric method (Li et al.,
2007). The TPCs were expressed as mg of Gallic
acid equivalents (GAE) per gram of the extract.

Determination of total flavonoid compounds
(TFCs)

The total flavonoid compounds of green tea
and/or rosemary extracts were estimated by a
photometric method (Chang et al., 2002). The
results of TFCs were expressed as mg quercetin
equivalents (QE) per gram of the extract.

Determination of phenolic components using
HPLC

The phenolic contents of green tea and
rosemary were determined using HPLC (Hewlett-
Packard -Model 1100) according to Mradu et al.
(2012) with some modifications. The column C18
was the reversed phase (250x4.6 mm, 5ul particle
size). The mobile phase contained acetic acid (0.5
%) in water at pH 2.6 (A), acetic acid (0.5%) in
acetonitrile (B). The elution started with (A) and
ended with (B) over 35 min, and the detector
(UV) was 254 nm. The flow rate was 1 mL/min
for total run of 70 min. Ten microliter of filtered
sample were injected in Rheodyne injection valve
(Model 7125) and the peaks were monitored at
280, 320, and 360 nm. The peaks were identified
compared to retention times and UV-spectrum of
the standards. All the standards were HPLC grade
and from Sigma-Aldrich (St. Louis, MO, USA).

Radical scavenging activity of extracts using
DPPH

The antioxidant activity of green tea and
rosemary methanolic extracts was performed by
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging capacity according to Amarowicz
et al. (2004). The DPPH scavenging capacity
percentage was calculated. The IC,  value of
extracts was calculated by a sigmoid non-linear
regression model. The antiradical power (ARP)
was calculated using (1/IC,).

Determination of total volatile basic nitrogen
(TVB-N)

The total volatile basic nitrogen (TVB-N) was
determined according to the method of Egan et al.
(1981). The values of TVB-N were expressed as
mg N/100 g fish flesh.

Determination of thiobarbituric acid (TBA)
The thiobarbituric acid (TBA) was determined

using spectrophotometr at 538 nm according to
the method described by Vyncke (1970). The TBA
values were expressed as mg malondialdehyde
(MDA)/kg fish flesh.

pH value and water holding capacity (WHC)

The pH value was determined using a pH
meter (model pH 211, HANNA instruments, Inc,
USA). The WHC of fish samples were measured
according to Egan et al. (1981).

Antibacterial activity of herbal extracts
Antibacterial activity of methanolic extracts
of herbs was performed using well agar diffusion
method according to Boyanova et al. (2005). The
absence colonies on tested plates (zone inhibition)
were measured and expressed as (millimeter).

Sensory evaluation

The Tilapia fish fillets were sensory evaluated
during cold storage by ten member assessors from
the Department of Food Industries, Damietta
University. The fillets samples were prepared
and put on plates coded with 3-digit numbers for
assessment. The panelists were asked to evaluate
fillets samples using 9-point hedonic scale for
color, odor, and texture where; (9) like extremely,
(8) like very much, (7) like moderately, (6) like
slightly, (5) neither like nor dislike, (4) dislike
slightly, (3) dislike moderately, (2) dislike very
much, and (1) dislike extremely (Rong et al.,
2009).

Statistical analysis

The statistical analyses of results were
performed by one-way ANOVA with a significance
level of P < 0.05 using the Co-STATE software.
Data were analyzed as a completely randomized
designs (Steel et al., 1997). Multiple comparisons
test was carried out using a least significant
difference (LSD) and Tukey’s test.

Results and Discussions

Total phenolic, flavonoid compounds, and
antioxidant activity of green tea and rosemary
extracts

Total phenolic and flavonoid components have
many benefits for human body like antimicrobial
and antioxidant abilities. Data in Table 1 shows
that the green tea extract (GTE) and rosemary
extract (RE) had a high phenolic and flavonoid
contents. The GTE has a higher content of
phenolic compounds (156.51 mg as GAE g")
than RE (70.92 mg as GAE g'). Pereira et al.
(2014) found that the content of phenolics in GTE

Egypt. J. Food Sci. 46 (2018)



72 ZEINAB S. FARAG et al.

was 55.40 mg GAE g'. However, Afonso et al.
(2013) reported that phenolics in RE was 16.67
mg GAE g'. This variance may be due to the
species, method of extraction, and/or the type of

solvent. Additionally, the current study shows a
concentration of phenolic content is a higher than
flavonoid content in GTE and RE. The obtained
results are in agreement with reported by Pires
etal. (2017).

TABLE 1. Total phenolic, total flavonoid contents and radical scavenging activity of green tea and rosemary

extracts.
Total phenolics  Total flavonoids IC Anti-radical
Extracts S0
(mg/g dw) (mg /g dw) (ng/ml) power (ARP)
Green tea extract (GTE) 156.51+ 5.62 58.13+2.11 17.93+1.21 0.055 £ 0.002
Rosemary extract (RE) 70.92+ 2.78 30.69+ 1.55 74.56+ 3.66 0.013+0.00
Ascoribic  acid  (Why - 838+0.76  0.119+0.01

Ascorbic added here?)

Each value is represented as mean + SD (n = 3).

Phenolics as Gallic acid equivalents; flavonoids as quercetin equivalents.

Moreover, Table 1 presents the antioxidant
activity of GTE and RE (scavenge DPPH
free radical). The GTE has a high free radical
scavenging capacity (IC_; 17.93 ug/mL), while
RE has a low capacity (IC,; 74.56 pg/mL)
compared to ascorbic acid (IC,; 8.38 pg/mL).
It is noticed that there is an inverse relationship
between the antioxidant activity and IC,, value.
Bizuayehu et al. (2016) found that the GTE is
rich in catechins and their derivatives as potential
antioxidants. Satoh et al. (2016) demonstrated
that IC, value of GTE was low, while Xie et al.
(2017) showed that IC,, of RE was high. The
current results indicated that GTE and RE could
be utilized as alternative substances of synthetic
antioxidants.  Furthermore, the antiradical
power (ARP) of GTE was higher than RE. The
antioxidant capacity of GTE and RE would be
due to the phenolic and flavonoid compounds
(Alietal., 2015).

HPLC fingerprint of green tea and rosemary
extracts

Data in Table 2 confirms that green tea
and rosemary extracts exhibited the high
amount of phenolic compounds. According to
HPLC chromatograms (Fig. 1), twenty-three
components were identified in GTE and RE. The
major compounds in GTE having the following
order Catechein > e-Vanillic > Chlorogenic >
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Pyrogallol > P-Hydroxy benzoic acid > Caffeine
> Epicatechein > Vanillic. However, in RE the
main compounds having the order as e-Vanillic
> Salicylic > Benzoic > Catechein > Ellagic >
Vanillic > Caffeine > Chlorogenic > Ferulic >. It
was clear that in green tea extract, the Catechein
represented about 796.9 mg/100g, while rosemary
extract had e-Vanillic about 545.7 mg/100g.
These results agreem with the results reported by
Andrade et al. (2018).

Antimicrobial activity of green tea and rosemary
extracts

The antimicrobial activity of GTE and
RE at different concentrations, i.e 1, 2, 3 and
4% were examined against gram negative
and gram-positive bacteria. Results in Table
3 demonstrated that GTE was more effective
against of Staphylococcus aureus, while RE
potently inhibited the growth of Bacillus cereus
and Staphylococcus aureus. Whereas, all the
concentrations of GTE and RE were not effective
against Escherichia coli and Pseudomonas
aeruginosa. These results agree with those
reported by Hossain et al. (2014) who illustrated
that green tea had antimicrobial activity against
gram positive bacteria, however (Khalafalla
et al.,, 2015) found that methanolic rosemary
extract was not active against Pseudomonas Sp.
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TABLE 2. Polyphenolic profile of green tea and rosemary extracts.

Phenolic compounds Concentration( mg/100g)

Rt (min) Green tea extract (GTE) Rosemary extract (RE)
Pyrogallol 7.02 94.9 9.96
Gallic 7.11 15.5 5.87
4-Amino benzoic 7.39 16.4 5.17
Protocatechuic 8.37 37.9 6.48
Catechein 8.53 796.9 66.2
Catechol 9.10 9.39 6.29
Chlorogenic 9.17 157.6 39.5
Epicatechein 9.53 60.0 11.3
P-Hydroxy benzoic acid 9.67 73.5 15.4
Caffeine 9.88 65.5 40.7
Vanillic 10.11 53.8 41.6
Caffeic 10.17 12.3 1.27
P- coumaric 11.50 19.1 15.9
Ferulic 11.69 11.1 353
Iso-ferulic 12.10 8.47 254
e-Vanillic 12.98 209.7 545.7
Benzoic 13.07 11.7 95.1
Ellagic 13.21 494 56.6
o coumaric 13.28 ND 5.16
Coumarin 13.84 3.0 18.5
3,4,5- methoxy cinnamic 13.93 ND 5.63
Salicylic 14.10 29.1 266.9
Cinnamic 14.99 0.444 2.03

Rt = Retention time ND= Not detected

Fig.1.Titratable acidity% of fresh STPC as affected by using different ratios of BRF.
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TABLE 3. Clear zones diameter (mm) of green tea and rosemary extracts against foodborne pathogens.

Clear zones diameter (mm)

Microorganisms Green tea extract (GTE) Rosemary extract (RE)

1% 2% 3% 4% 1% 2% 3% 4%
Bacillus cereus 8+1.11  85£122  10:126 11102 13£128  145+133  16:1.60  16+1.25
Staphylococcus 165152 194184 195142 214163 154152 165188 18212 18.5:142
aureus
Escherichia coli ND ND ND ND ND ND ND ND
Pseudomonas ND ND ND ND ND ND ND ND
aeruginosa

ND= Not detected

Impact of chitosan coating incorporation of green
tea and rosemary extracts on lipid oxidation of
fish fillets

The effect of green tea and rosemary
extracts on malondialdehyde (MDA) content in
fish fillet were shown in Fig. 2. The significant
differences (P < 0.05) were observed in TBA
between treated samples and the control
sample. In general, the TBA value in fish
fillet samples contained green tea extract (2
and 3%) and rosemary extract (2 and 3%)
was significantly low compared to the control
(without addition) during cold storage at 4
°C. The TBA value in fillet samples ranged
between 0.33 to 0.59 mg MDA/kg at zero
time, then was increased rapidly in the control

sample up to 0.92 mg MDA/kg at day 6™ of
storage, followed by (C*; chitosan only) 0.89
mg MDA/kg at day 9™, then 2% GTE (0.73 mg
MDA/kg) at day 12", 3% GTE (0.97 mg MDA/
kg) at day 15™ 3% RE (0.90 mg MDA/kg) at
day 12", and 2% RE (1.06 mg MDA/kg) at day
15", The natural extracts from GTE or RE were
decreased significantly (P < 0.05) TBA values
even on the initial day of the storage. However,
the lowering of lipid oxidation was highest in
2% GTE including fish sample as compared to
other treatments. These results demonstrated
that the use of extracts (GTE or RE) as an
antioxidant source could be efficient in barring
lipid oxidation of fish fillet at refrigerated
storage (Pal et al., 2017).
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Fig.2. Effect of chitosan coating incroporation of green tea and rosemary extracts onTBA (mg MDA/Kg) in fish
fillets during cold storage at (4°C). Error bars represent standard deviation, n= 3.

Egypt. J. Food Sci. 46 (2018)



INFLUENCE OF CHITOSAN BASED COATING INCORPORATING GREEN TEA AND ROSEMARY EXTRACTS 75

Impact of chitosan-based coating incorporation
of green tea and rosemary extracts on protein
degradation

The total volatile basic nitrogen (TVB-N)
is one of the most biochemical parameters used
to evaluate fish freshness (Saloko et al., 2014).
TVB-N is commonly used as indicator of fish
muscle deterioration and increase according to
microbial and enzymatic spoilage. As presented
in Fig. 3, the influence of green tea and rosemary
extracts on TVB-N value in fish fillet during cold
storage was evaluated. The herbal extracts and
storage time had significant effects (P < 0.05) on

20 - ——c —m—

—®—RE3% GTE 2%
80

I'VB-N
(mgN2 100g-1)

protein quality. The TVB-N of control sample
gradually increased from 14.53 to 78.86 mg
N,/100 g after 15 days of storage. The fillet treated
with 2 and 3% rosemary extract showed the lowest
value of TVB-N compared to green tea extract
at the same concentration during cold storage.
These results demonstrate the positive impact
of rosemary extract on inhibition of microbial
growth, mostly the proteolytic bacteria that cause
a decomposition of protein to volatile compounds.
These results agree with those reported by Feng et
al. (2017).
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Fig. 3. Effect of chitosan coating incroporation of green tea and rosemary extracts onTVB-N (mg N, 100 g™) in fish
fillets during coldstorage at (4°C). Error bars represent standard deviation, n= 3.

Impact of chitosan coating incorporation of green
tea and rosemary extracts on physical properties
of fish fillets

Figure 4 illustrated the changes in pH value
of fish fillets during cold storage at 4 ‘C. There
are no significant differences (P > 0.05) in pH
value between fish fillet samples containing
green tea and rosemary extracts compared to
the control sample at zero time. However, after
storage period, a significant difference (P <
0.05) was recorded between the treated samples.
The pH value rapidly increased up to 6.95 after
9 days of cold storage in the control, while in
fish samples including green tea and rosemary
extracts at different concentrations showed a
slight increase. The pH value of fillet samples
containing 3% rosemary extract was 6.18, while
in samples containing 2% green tea extract had a
high pH value 7.04 after 15 days of cold storage.
The increase of pH value in fish samples may

be due to decomposition of the nitrogenous
substances with endogenous or microbial
enzymes (Li et al., 2017).

As shown in Fig. 5 the WHC of fish fillets
coated with chitosan film including green tea and
rosemary extracts was evaluated. The significant
differences (P < 0.05) were recorded in WHC
between the treated samples and the control
during cold storage at 4°C. The results indicated
that higher WHC in fish fillet samples containing
GTE or RE than the control. The GTE and/or RE
addition at different concentrations in fish fillets
improved the WHC value. The positive impact of
GTE and/or RE chitosan-based coating on fillet
samples might be attributed to the properties of
GTE and/or RE as a water-binding substance
as well chitosan film protect the samples from
water loss. The results agree with those reported
by Mohan et al. (2012).
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Fig. 4. Changes in the pH value in fish fillets with chitosan coating incroporation of green tea and rosemary
extracts during cold storage at (4°C).Error bars represent standard deviation, (n= 3).
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Fig.5. Effect of chitosan coating incroporation of green tea and rosemary extracts onWHC property in fish fillets
during cold storage at (4°C). Error bars represent standard deviation, (n= 3).

Impact of chitosan coating incorporation of green
tea and rosemary extracts on microbial load of
fish fillets

Figure 6 shows the TVBCs of Tilapia fillet
samples coated with chitosan during refrigerated
storage up to 15 days. A significant difference
(P < 0.05) in TVBCs between the control and
treated samples during the cold storage. In the
control sample, the TVBCs of fillet were 3.69
log,, CFU/g at zero time then gradually increased
up to 6.13 log  CFU/g after 9 days. However,
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the samples containing 2% GTE, 3% GTE, 2%
RE, and 3% RE exhibited counts of 5.12, 5.06,
4.57, and 4.58 log,, CFU/g, respectively. The
addition of GTE and/or RE in fillets reduced the
bacterial load significantly (P < 0.05) compared
to the control. The results could be linked with
those reported for TVB-N in (Fig. 4). This might
be due to flavonoids and phenolic compounds in
the GTE and RE, which have antimicrobial and
antioxidant capacity (Tavassoli and Djomeh,
2011).
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Fig.6. Effect of chitosan coating incroporation of green tea and rosemary extracts on total vaiable bacterial count
in fish fillets cold storage at (4°C). Error bars represent standard deviation, (n= 3).

Sensory evaluation of fish fillets

The sensory attributes of the coated Tilapia
fillets during cold storage were evaluated and
shown in Fig 7. The sensory evaluation was
performed up to day 6" in the control sample,
day 9" in the samples coated with chitosan,
and day 15" in the samples contained GTE or
RE due to the off-odor that probably indicates
decomposition and rejection (Gram et al.,
2002). No significant differences (P > 0.05)
were noticed between the treatments at zero
time. The color score decreased gradually in
most treatments with the increased storage time
while no changes were noticed in the first day
9" in treated samples. The lowest color score
was in the control sample while the samples
contained GTE or RE were not affected.
The changes in odor were increased in most
treatments during the cold storage, which due
to lipid oxidation and protein decomposition of
fish fillets. The fillets samples contained GTE or
RE were quite stable during the storage period
while the changes in odor appeared obvious on
day 15" On the other hand, the control sample
was a bit stable up to day 6™. Additionally, the
fish fillet texture was affected with storage
period. The significant differences (P < 0.05)
were recorded between treated samples and
the control. The samples contained GTE and

or RE with different concentrations were
accepted up to 15 days of storage, while the
coated sample with chitosan was accepted until
9 days, and the control sample was rejected
in day 9% According to sensory evaluation
and biochemical estimation, the shelf life of
tilapia fillets extended up to 15 days in samples
contained GTE or RE. As well as the changes
in sensory parameters in the treated samples
and the control had similar trends of TBA and
TVB-N values. The results agree with those
reported by Kostaki et al. (2009).

Conclusion

The methanolic extracts of green tea and
rosemary exhibited a high amount of phenolic,
antioxidant activity and  antimicrobial
properties. The activity of GTE and RE
coatings is a promising approach to inhibit the
protein and lipid oxidation in fish fillets. The
GTE and/or RE improved the pH, WHC, and
microbial quality of fillet samples during the
storage time. Samples coated with GTE and/
or RE were more sensory acceptable up to day
15", The obtained results confirmed that GTE
and/or RE coating successfully improved the
quality and safety of Tilapia fish fillets and
prolonging the shelf life.
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Fig. 7. Effect of chitosan coating incroporation of green tea and rosemary extracts on color (a), odor (b),
and texture (c) in fish fillets during cold storage at (4°C).
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