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Table 1- Chemical composition of essential oil of Shirazi thymol and oregano

Oregano Thymol Shirazi
Compounds Inhibition Percent of Compounds Inhibition Percent of
index essential oil index essential oil
Linalool 1000 2 1,8-Cineole 1099 21.71
o —terpineol 1031 1.29 Limonene 1203 1.34
[ —caryophyllene 1154 3.39 Menthone 1437 1.09
Thymol 1165 1.68 Borneol 1271 18.34
Carvacrol 1189 4.52 4-Terpineol 1031 46.82
Carvacrol methyl 1237 15.85 Pulegone 1252 2.23
ether
Linalool 1252 32.1 Piperitone 1271 1.03
Spatulenol 1325 21.71 Pipeirtenone 1584 1.21
Trans-caryophyllene 1340 1.23 Piperitone 1446 1.43
oxide
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Figure 1- Effect of edible whey protein coating with essential oil Shirazi thymol, oregano and Modified
Atmosphere Packaging on PV parameter (meq/ kg) vannamei shrimp
Control treatment, 1: Edible whey protein, treatment 2: Edible whey protein and 1% oregano essential oil, Treatment 3:

Edible whey protein and 1% Shirazi thymol essential oil. Treatment 4: Edible whey protein and 3% oregano essential oil,
Treatment 5: Edible whey protein and 3% Shirazi thymol essential oil
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Figure 2- Effect of edible whey protein coating with essential oil Shirazi thymol, oregano and Modified
Atmosphere Packaging on TBA parameter (mg MAD/ kg) vannamei Shrimp
Control treatment, 1: Edible whey protein, treatment 2: Edible whey protein and 1% Oregano essential oil, Treatment 3:
Edible whey protein and 1% Shirazi thymol essential oil. Treatment 4: Edible whey protein and 3% oregano essential oil,
Treatment 5: Edible whey protein and 3% Shirazi thymol essential oil.
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Figure 3- Effect of edible whey protein coating with essential oil Shirazi thymol, oregano and Modified
Atmosphere Packaging on TVB-N parameter (mg N/ 100g) vannamei Shrimp
Control treatment, 1: Edible whey protein, treatment 2: Edible whey protein and 1% oregano essential oil, Treatment 3:
Edible whey protein and 1% Shirazi thymol essential oil. Treatment 4: Edible whey protein and 3% oregano essential oil,
Treatment 5: Edible whey protein and 3% Shirazi thymol essential oil.
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Table 2: Effect of edible whey protein with essential oil of Shirazi thymol and oregano and Modified Atmosphere
Packaging on TVC (Log cfu/ g) vannamei shrimp

Day 0 4 8 12 16
Treatment

Control 4.53+0.10 A2 5.91:+0.02 A° 763+0.14 A°  8.95+0.04 A 9.95+0.01 #¢
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Treatment5  4.53+0.1972  4.777+0.02F° 575+0.02°¢  7.28+0.54 Pd 8.18+0.34 Pe

aaldy .(p<~/’0)s.’;u.u‘JBAGLAJLA?JJLAQ:&:‘:M&)M&MQJLEJ\PJOMJQL&JQ}L& )AJJQJL&LAS‘)‘}:;JJP
ool (Ssa b 5 ¥ e (A Sy puilenl w53V 5 oaiol (Shsd G s Y Dlass Gapol (Shsd Ghad g ) Hlas
UT‘SS‘)PM‘%oJL&“:S(‘;&\;M\%UAML&‘MJJYJHQT‘;‘)PM&i)LA;L}(SJ‘HuaIJfJTWL&AJ‘MJJ\J

(@l sl pulisl wo 0 Y 5 ey
Different letters in each column indicate a significant difference between the meanings in different treatments (p<0.05).
The lower case letters in each row indicate a significant difference between the meanings in different days (p<0.05).
Control treatment, 1: Edible whey protein, treatment 2: Edible whey protein and 1% oregano essential oil, Treatment 3:
Edible whey protein and 1% Shirazi thymol essential oil. Treatment 4: Edible whey protein and 3% oregano essential oil,
Treatment 5: Edible whey protein and 3% Shirazi thymol essential oil.
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Introduction: Edible coating, as a new technology in food packaging, is applied directly on a food
product by forming a thin layer of edible material. The edible coating system have some benefits such
as edibility, biocompatibility and barrier properties. Edible film of whey protein enriched with
essential oil can improve the microbial quality of vannamei shrimp (Lithopenaeus vannamei). Fish
are consumed worldwide as one of the most important nutritious foods. On the other hand, due to the
high content of free amino acids and nitrogen in the tissues of the body, as compared to red meat or
chickens, the rate of corruption is higher. The stages of aquatic corruption usually begin by removing
the natural flavor and aroma that result from the growth of microorganisms. On the other hand, the
structure of the tissue is lost and odor and corrosion can be detected. These entire changes make the
shelf-life of aquatic animals, both in the form of packaging and non-closure, very limited. In addition
to traditional methods used to extend the shelf-life of fisheries products, like MAP or chilling storage,
there is an increasing interest in the use of edible films and coatings with antimicrobial properties in
order to reduce, inhibit, or delay the growth of microorganism on the surface of foods. Edible films
and coatings can be made of polysaccharides, proteins, and lipids and can act as carriers of different
compounds like antioxidant, antimicrobials, and other preservatives in order to improve food quality
and safety. Therefore, the use of composition, herbal essential and modified atmosphere as a different
protective technology can be a solution to improve the microbial quality of the aquatic fillet, such as
shrimp, as potentially having synergistic effects (Carrion-Granda 2015). Whey protein, which
obtained from by-product of cheese manufavturing, is a mix of two globular proteis, p-lactoglobulins
and a-lactalbumin. Essential oils in the biopolymer matrix to the coatings can improve hydrophobicity
of it. The purpose of this study was to investigate the effect of using edible whey protein coating
enriched with essential oil on the shelf life of the Litopenaeus vannamei shrimp in a 16-day period in
closed polypropylene boxes was modified atmospheric method (CO2-50% - N245% -O, 5%) at
refrigerator temperature. Then, the objectives of this work were (1) to evaluate the effectiveness of
whey protein edible coatings enriched with essential oils on the microbiological quality of shrimp
and (2) to assess the combined effects of edible coatings on the chemical quality of shrimp stored
under refrigeration conditions.



Material and methods: The plant was collected from Fars province and was examined by botanists
of the Institute of Medicinal Plants of Jahad University of Tehran University. The extraction was
carried out according to the Nelson and Onyagaba method (2007). The 50 g dry leaves of the plant
were first grinding and 500 mL of 95% ethanol was placed in a detonator. Essential oil was taken for
24 h. The solvent was evaporated by rotary device. Edible whey protein (10% w/w) was dissolved in
distilled water and 5% glycerol (w/w) was added due to its formability. The coated food coating
solution was heated to 90 °C using a thermostatic bath and heated for 30 min. Oregano and Shirazi
thymol essential oils was added to it at 1 and 3% (w/w) and allowed to cool at room temperature. The
edible coating solution was then homogenized using a series of 7 mm diameter series for 5 minutes
and a range of 100%. During this time, the edible coating solution was stored in an ice-water bath to
avoid rising temperatures and reaching 40°C. The parameters included PV, TVB-N, TBA and
microbial load on days O, 4, 8, 12 and 16. The treatments included control treatment, treatment
1(edible whey protein), treatment 2 (edible whey protein and 1% Origanum vulgare), treatment 3
(edible whey protein and 1% essential oil of Zataria multiflora), Treatment 4 (edible whey protein
and 3% Origanum vulgare), treatment 5 (edible whey protein and 3% essential oil of Zataria
multiflora). Samples were packed in modified atmosphere (CO2 50% - N245% -O. 5%) and storage
for 16 days.

Results and discussion: In the case of PV, TBA and TVB-N, control and the first treatment had the
highest and fourth and fifth treatments had the least of these parameters (p< 0.05). Control treatment
had the highest microbial load, and with increasing level of essential oil, the microbial load
significantly decreased (p< 0.05) and the lowest microbial load was related to treatments 4 and 5.
Adding herbal essential oils at two levels of 1 and 3% increased the duration of shrimp keeping in
refrigerated temperatures and based on TVB-N and microbial standards, four treatments had essential
oil until day 8 and two treatments were applied until the day 4 Suitable for human consumption.
Fernandez et al. (2020) reported an insignificant different of between the control and the whey protein
coating for bacteria population. However, Yildiz and Yangilar (2016) and Seifzadeh (2014) stated the
whey protein concentrate coating inhibited the activity of microorganisms of rainbow trout fillet and
kilka, respectively, because of barrier properties (suspension of gas transfer) of coated samples. TBA
value of all samples increased up to day 16. The increase in TBA contents during storage may be
attributed to the partial dehydration of shrimp. The whey protein coatings provided a better protection
against oxidation than essential oils. Essential oil addition improved the antioxidant properties of the
WPI coating. Whey proteins show antioxidant activity by several mechanisms: 1) forming a coating
as a good barrier for O, permeability treated samples during storage (Bayram et al., 2008); 2) their
free radical scavenging capacity by some amino acids (cysteine, tryptophan, and tyrosine) and metal
chelation by proteins (lactoferrin, bovine serum albumin) (Tong et al., 2000; Elias et al., 2005); 3)
sulfhydryl groups considered as only partially responsible for the antioxidant properties of whey
proteins; 4) B-lactoglobulins have an important antioxidant activity due to some amino acid residues,
which may even be increased when antioxidant amino acids, buried in the interior of the protein, are
exposed by denaturation (Elias et al., 2005); 5) the antioxidant activity of a-lactaloumin has been
related to the high amount of aromatic amino acids (tyrosine, tryptophan) in its sequence.
Conclusion: Food coatings are capable of replacing many types of polymer packages. The results of
this study showed that the coating of whey without supplementing herbal essential oils of Shirazi
thymol and Oregano did not have the necessary efficiency in increasing the shelf life of Shirazi thymol
and Oregano. Adding herbal essential oils at two levels of 1% and 3% increased the maintenance of
shrimp in a refrigerated temperature. Based on TVB-N and microbial standards, four treatments had
essential oil until day 8, two control treatments and whey treatment until day 4 suitable for human
consumption. In this way, the use of whey coating with 1 and 3% essential oils of Shirazi thymol and
oregano, improved the shrimp shelf life for 4 days compared with the control.
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