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Abstract - This study evaluated the effect of whey protein isolate (WPI) coating incorpoprated with Lavandula stoechas 
essential oil(LS) (0.0.3.0.45.0.6%, v/v) on Trout fillet chemical and microbial quality during refrigerated storage at 4 ± 2°C.  
The results indicated that the coating treatments have scientific effect on TVC, PTC, LAB and EBC,  Reduce chemical 
spoilage and extend the shelf  life of Trout fillets during chilled storage, which was supported by the results of 
microbiological, chemical, and sensory evaluation analyses. 
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I. INTRODUCTION 
 
Production and consumption of Trout 
(Hypophthalmicthysmolitrix) has increased over the 
last decades in many countries. 
Trout is one of the most important fish species in the 
polyculture system in eastern countries. Whole fresh 
fish and fillet are the major forms that sold in 
markets. (FAN WENJIAO et al., 2013) 
Fish meat is high perishable because of its high 
nutritional value, aw and pH (SIDDAIAH et al., 
2001). 
Nowadays, innovative non-thermal techniques such 
as active packaging, modified atmosphere packaging, 
irradiation widely used to extend shelf life of fish 
meat. 
Whey protein, a by-product of the cheese industry 
can be used for edible coating of seafood products 
(FAN et al., 2009; Mate and Krochta, 1995); 
SIRIPATRAWAN and NOIPHA, 2012). 
LS is a plant from the Lamiaceae family, and 
extensively used as a flavor ingredient in a numerous 
types of foods and for some medical uses in Iran.  
The essential oil of this plant is reach of carvacrol and 
thymol. 
Many studies showed Essential oils, that extracted 
from the different parts of plant, have antibacterial, 
antioxidant, antiviral and antimycotic activity 
(BURT, 2004).  
Many of the properties of essential oil are related to 
amount of phenolic compounds, such as carvacrol, 
thymol, eugenol and etc. (BURT, 2004; DORMANA 
et al., 2003; lEE et al., 2005) 
Carvacrol and thymol are the main phenolic 
compounds that are responsible for antimicrobial and 
antioxidant activity of LS (VICTOR R. PREEDY, 
2016) 
Some studies showed Edible coatings of sea food 
products with Whey protein isolate incorporated by 
antimicrobial or antioxidant agents can be extend the 
shelf life of this products  , (P¬EREIRA DE 

ABREU¬ et al., 2012 ;FAN et al., 2009; OJAGH et 
al.). 
This study was conducted to determine the effect of 
Whey protein isolate incorporated by LS on shelf life 
of fresh Trout fillets during storage at 4ºC. 

 
II. DETAILS EXPERIMENTAL  
 
2.1 Preparation ofLS essential oil: 
LS had been gathered from Fars province, Iran and 
identified by the Institute of Medicinal Plants, 
Medical University of Tehran, Iran. The air-dried 
aerial parts were subjected to steam distillation for 3 
h using Clevenger-type apparatus 
(AKHONDZADEH BASTI, A et al., 2007). 
Analyze of components of the LS was determined by 
gas chromatography–mass spectrometry [GC-MS] as 
previously described by MOOSAVY et al. (2008). 
 
2.2  Preparation of Whey protein isolate coating 
solution  
Whey protein isolate (Medium molecular Weight) 
solution was prepared with this procedure:  2 gr of 
Whey protein isolate was dissolved in 100 cc acetic 
acid 1% v/v and stirred at room temperature for 3h.  
Glycerol was added to solution at 0.75ml/g of Whey 
protein isolate weight as a plasticizer and stirred for 
10min. To remove any undissolved particles, Whey 
protein isolate coating solution was filtrated through a 
Whatman No.3 filter paper. Tween 80 (0.25 % v/v) 
and different concentrations of LS (0, 0.3, 0.45, 0.6 % 
v/v) were added to the Whey protein isolate solution. 
Then solution was homogenized under aseptic 
condition at 21600 rpm for 1min (SEYED MAHDI 
OJAGH et al., 2010).  
 
2.3   Preparation and treatment of fish samples 
Hypophthalmichthysmolitrix (Trout) were caught 
from a fish farm in Tehran Province with average 
weight (1000 g) and length (350 mm) respectively. 
The fish were transferred to the Meat science 
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Laboratory in Food Hygiene Department at 
University of Tehran and cut into square pieces (8 ×3 
cm about 30 g). Fat and protein content (%) of three 
randomly selected fillets were determined according 
to Association of Analytical Communities. 
Fillets were drip for 30s in 500 cc in different coating 
solutions including: A (control samples, distilled 
water), B (Whey protein isolate),  C (Whey protein 
isolate incorporated by  0.3% Ls), D (Whey protein 
isolate incorporated by  0.45% Ls) and E (Whey 
protein isolate incorporated by  0.6% Ls), Then the 
fish fillets were picked up and allowed to drain for 5 
h at 25 ° C under a biological containment hood in 
order to form the coatings and then stored at 4±1°C 
(SEYED MAHDI OJAGH et al., 2010). 
Microbiological, Chemical, and sensorial analyses 
were performed at 9 intervals (0, 1, 3, 5, 7, 9, 11, 
13and 15 day) to determine the shelf life of fish. 
 
2.4  Bacteriological analysis 
 Bacteriological counts had been determined by 
placing a 10g sample of each treatment in 90ml of 
peptone water 0.1 % on sterile bags and homogenized 
by using stomacher. After that decimal dilutions were 
prepared and plated in the appropriate media. TVC 
and PTC were determined by using the surface plate 
method and using plate count agar PCA (MERK, 
DARMSTADT, Germany). Then inoculated plates 
were incubated at 30°C for 3 days for total viable 
counts, and at 10°C for 7 days for PTC. 
(ARASHISARA et al., 2004; IBRAHIM SALLAM, 
2007). 
EBC was enumerated by pour plate method on Violet 
red bile glucose agar (VRBGA, MErck). Then 
inoculated plates were incubated at 25 ºC for 48h. 
Lactic acid bacteria (LAB) were count on de Man 
Rogosa Sharpe agar (MRS, Merck) by incubation at 
30 ºC for 2-3 days (SALLAM, 2007). The 
microbiological data were transformed into 
logarithms of the number of colony-forming units 
(CFU/g). 
 
2.5 Chemical analyses 
2.5.1 Protein and lipid content 
The total crude protein was determined by Kjeldahl’s 
method (AOAC, 1984) and the lipid content was 
analyzed according to the procedure of 
FRAUNHOFER INSTITUTE for Molecular Biology 
and Applied Ecology (IME, 2009). 
2.5.2 Determination of total volatile basic nitrogen 
(TVB_N) 
Total volatile base nitrogen (TVB-N) content and of 
fish samples were determined according to the 
method of Jouki et al., (2014). TVB-N expressed as 
mg nitrogen/100 g of meat. Three replicates were 
done for each test sample.  
 
2.5.3 Determination of peroxide value (PV) 
The peroxide content was determined in the total lipid 
extracts according to the method of Pearson (EGAN, 

KIRK & SAWYER, 1997). Results were expressed in 
meq oxygen/lipid. 
2.5.4 Determination of thiobarbituric acid reactive 
substances (TBARS) 
The thiobarbituric acid value was determined 
calorimetrically by the procedure of PORKONY and 
DIEFFENBACHER as explained by KIRK and 
SAWYER (1991) 
 
2.6 Sensory evaluation 
Sensory-derived effects of fish fillets were examined 
by means of acceptance test on fried samples. The 
fish fillets from each treatment of Whey protein 
isolate incorporated by different concentrations of LS 
(0, 0.3, 0.45, 0.6%v/v)  and control were evaluated by 
a panel test including  seven trained judges, 
consisting of scientific staff of the Department of 
Food Hygiene, Faculty of Veterinary Medicine, 
University of Tehran, chosen for their experience in 
the sensory analysis of food. Each panelist evaluated 
the samples by rating, using a 9-point scale 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, for 
various characteristics such as (appearance) color, 
odor and flavor 
 
2.7 Statistical analysis 
Statistical analysis was performed using the SPSS 
package program version (16 SPSS). Data was 
analyzed by one-way ANOVA, followed by Turkey's 
multiple comparison test. The values are reported as 
means with their standard error for all results. 
Differences were considered significant at p < 
0.05.RESULTS AND DISCUSSION 
 
III. RESULTS AND DISCUSSION 
 
3.1 Chemical composition of LS 
The results of gas chromatography–mass 
spectrometry analysis showed major components of 
the LS were carvacrol (73.65%), thymol (4.31%), 
Trans-caryophellene(2.93 %) and Gamma-terpinene 
(2.27%). The other compounds were linalool 
(1.28%), thymol methyl ether (0.62%), carvacrol 
terpinene-4-ol (1.7%) and 1, 8- cineole (0.52). 
LS belongs to Lamiaceae family and its essential oil 
is rich of carvacrol and thymol (VICTOR R. 
PREEDY, 2016). Phenolic compounds such as 
carvacrol and thymol have antibacterial effects and 
categorized as GRAS (generally recognized as safe) 
by USFDA (BAGAMBOULA et al., 2004; BURT, 
2004). The differences in chemical composition of 
the LSare mainly due to difference of harvesting 
season, plant age, soil, geographical sources, climate 
conditions, species, herb drying method and 
extraction method (SHAFFIEE and JAVIDAN, 1997; 
BAGAMBOULA et al., 2004; SHRAIFIFAR et al., 
2007). 
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The mechanism of antibacterial activity of Carvacrol 
and thymol is destroying the outer membrane of 
Gram-negative bacteria, releasing 
lipopolysaccharides (LPS) and increasing the 
permeability of the cytoplasmic membrane to ATP 
(BURT, 2004). It has been reported, Gram-negative 
bacteria are the most important group of 
microorganisms responsible for spoilage of fresh fish 
storage at refrigerated temperature (OJAGH et al., 
2010). 
 
3.2 Protein and lipid content 
Protein and lipid contents were measerd 13.97 ± 0.59 
% and 5.12 ± 0.48 % respectively. 
The results of proximate composition are in good 
agreement with those reported by ASGHARZADEH 
et al. (2010). The protein content of control samples 
in present study was lower as compared with protein 
content of Trout in ASGHARZADEH et al. (2010) 
report and wild Trout (ALI et al., 2006), which is 
attributed to nutrition differences. 
Fish are very pershiable to both microbiological and 
chemical deterioration (GOULAS and 
KONTOMINAS, 2007). 
 
3.3 Bacteriological changes 
Microbial activity is the main factor  that decrease the 
shelf life of fresh fish meat,   (OLAFSDÓTTIR et al., 
1997).The bacteriological changes (TVC ,PTC, LAB, 
and EBC) of Trout fillets coated with different 
concentrations of  LS(0, 0.3, 0.45, 0.6 % v/v), during 
the 15 days of storage at refrigerated temperature 
were shown in table 1-4.  
Two main components used for treating of Trout 
fillets in this study (Whey protein isolate and Ls), 
showed antibacterial effects and prolonged the shelf 
life of Trout fillet during refrigerated storage. 
According to our findings, treatment of fillets by 
Whey protein isolate and essential oil prolonged the 
shelf life of fresh fillets from 3 to 15 days.  
Similar result had been reported that various essential 
oils could inhibit the bacterial growth in refrigerated 
fish fillets. (KYKKIDOU et al, 2009; MEXIS et al, 
2009 and FRANGOS et al, 2010). 
 
The changes in TVC of Trout fillets in each treatment 
are shown in table 1. Initial total viable counts of 
fresh Trout fillet were 2.97 ± 0.02 log cfu/g. The 
TVC was increased in all treatments during storage at 
4 ºC. The count of mesophilic bacteria in treated 
samples was significantly (P<0.05) lower in 
comparison with control group. TVC reached the 
value of 7 log cfu/g   and  reached to microbiological 
upper limit for fresh fish used by SALAM(2007), 
during days 13 to 15 for control sample .The using of  
LS(0, 0.3, 0.45, 0.6 %v/v) and Whey protein 
isolatefor coating  theTrout fillets  resulted in shelf 
life extension of  this fillet.  
The TVC value of control sample was 2.58 ± 0.38 log 
cfu/gr at day zero and it reached higher than 7 log 

cfu/gr After 9 days of storage time. Whereas in 
treated samples coated with Whey protein isolate 
incorporated by 0.6 % Ls, TVC was lower than 7 log 
CFU/g until the end of study. According to ICMSF 
(1986), upper microbiological limit for acceptable 
quality fish is 7 log CFU/g. The significant 
differences (P<0.05) between control and treated 
samples were due to the antibacterial activities of 
Whey protein isolate and LS. This result is in 
agreement whit previous studies that were shown 
antimicrobial activity of edible coating of Whey 
protein isolate incorporated by essential oils. 
(GOVARIS et al., 2010 ; KHANJARI, et al., 
2013)CONCLUSIONS 
 
Thermal fatigue behavior of plasma sprayed YSZ 
TBC system on 2024 AA was studied and major 
conclusions are as follows: 
1. In all cases, the initial cracks were initiated at the 

edge/corner of the square specimens. 
2. The failure of YSZ TBCs systems on 2024AA 

were observed due to the multiple cracks mode 
only. The results show four types of cracks 
formed in TBCs systems on 2024 AA, i.e., 
vertical cracks, horizontal crack, propagating 
crack, and penetrating crack [16]. In this article, 
vertical cracks and propagating cracks (or 
horizontal crack) emerged in YSZ based TBCs 
systems for 2024AA. The penetrating vertical 
cracks started penetrate from top coat to the 
substrate surface at 6000C. 
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