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Abstract  The effects of carboxymethyl cellulose (CMC) 
coating incorporated with Shirazi thyme (Zataria multiflora) 
oil nano emulsion (SNE), in different concentrations (10, 20, 
and 30 mg/ml), on the melanosis and the quality of Pacific 
white shrimp (Litopenaeus vannamei) was investigated dur-
ing 10 days in refrigerated temperature (4 ± 0.5 °C). The 
results showed that incorporating SNE into CMC could 
significantly (P < 0.05) improve the microbial and lipid 
oxidation quality of the shrimp. During storage, the incre-
mewnt of total volatile basic-nitrogen and trimethylamine in 
the SNEs-treated groups were lower than that of the other 
groups (P < 0.05). Also, the application of SNEs improved 
the textural, melanosis, and sensory acceptability of the 
coated shrimps. However, treating the shrimp with SNE in 
30 mg/ml concentration caused an increase in the a* and b* 
values of samples and a decrease in the acceptability of this 
group. Hence, the SNE incorporation at lower concentra-
tions (10, 20 mg/ml) into CMC coating could be useful in 
extending the shelf life of the shrimp during refrigerated 
storage and could be a substitute for sodium metabisulphite.

Keywords  Shirazi thyme · Zataria multiflora · Nano 
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Abbreviations
SNE	� Shirazi thyme oil nano emulsion
CMC	� Carboxymethyl cellulose
TVB-N	� Total volatile basic-nitrogen
TMA	� Trimethylamine
TBARS	� Thiobarbituric acid reactive specious
EO	� Essential oils
DLS	� Dynamic light scattering

Introduction

Shrimp is a highly nourishing, favorable sea food which is 
susceptible to both microbial and chemical spoilage during 
storage. Also, melanosis is an enzymatic harmless discol-
oration which is caused by melanin, insoluble black pig-
ments, and the polymerization of phenols. These spots are 
an imperative element that can cause visible spoilage and 
reduce the shrimp’s market value. To retard the melanosis in 
shrimp, sulfite-based compounds have been used, but these 
synthetic compounds have some limitations due to their trig-
gering of allergic reactions and potential toxicity (Nirmal 
and Benjakul 2011). Hence, exploring the new alternatives 
for these compounds is inevitably a real necessity.

Edible films and coatings, usually made from polysac-
charides, proteins, and lipids, are one kind of packaging that 
can increase the maintenance of foods via acting as mois-
ture, oxygen, carbon dioxide, and vapor barriers (Ojagh et al. 
2010). One of the compounds used as an edible films and 
coatings is carboxymethyl cellulose (CMC). It is a linear, 
long-chain, hydrophilic, and anionic by-products of cel-
lulose, which can make a non-toxic and viscous solutions 
(Tongdeesoontorn et al. 2011). According to the previous 
research, films and coating incorporated into preserva-
tives can enhance the shelf life and features of foods more 
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efficiently. However, nowadays, special attention is paid to 
natural preservatives; thus, Essential Oils (EO) are consid-
ered as a good candidate to be used as a natural preservative 
in foods.

EOs are plant-made secondary metabolites that their 
antioxidant and antimicrobial effects have already been con-
firmed (Burt 2004). A growing body of research suggests 
that, their performance is positively affected by its nano 
emulsification. The smaller size (20–200 nm), and larger 
specific surface, increased biological activity and facilitated 
dissemination in food products, the latter minimizes the 
impact of EOs on food flavor (Joe et al. 2012). Shirazi thyme 
(Zataria multiflora) is a famous medicinal plant and its EO 
is used in the food, cosmetic, and pharmaceutical industries. 
Recently, the shelf-life increment of rainbow trout fillets by 
Farsi gum incorporated with Shirazi thyme oil emulsion has 
been addressed (Dehghani et al 2018).

Despite a lot of investigations on the use of edible coat-
ings incorporated with EO emulsions in food applications, 
there is limited information on the potential of nano emul-
sions to counteract melanosis or extend the shelf life of 
shrimp (Rahnama et al. 2021). Since Shirazi thyme nano 
emulsion (SNE) is a natural, nontoxic compound with con-
siderable antimicrobial and antioxidant properties as well 
as desirable flavor, we hypothesized that its combination 
with CMC might prolong the shelf life of white leg shrimp 
(Litopenaeus vannamei) during refrigerated storage and can 
be used as a substitute for sulphite-based compounds in the 
shrimp industry.

Materials and methods

Preparation and the analysis of essential oils

Shirazi thyme essential oils were purchased from a regional 
market (Nourhan, Shiraz, Iran). The gas chromatography-
mass spectrophotometer (GC–MS) (3420A. Beijing Beifen-
Ruili Analytical Instrument Co., Ltd., Beijing, China) was 
used to analyze its chemical components (Dehghani et al. 
2018).

Preparation of nano emulsions

To prepare a 100 ml stock of nanoemulsion, 6 ml of Shi-
razi thyme essential oil was added to a mixture of 4.5 ml 
of Tween 80 (Sigma-Aldrich, Germany) as a surfactant and 
4.5 ml of ethanol (Sigma-Aldrich, Germany) as a cosur-
factant. They were mixed in a closed bottle and stirred for 
30 min. In order to remove ethanol, the mixture was kept 
for 1 h at 86 °C while the lid was open and finally made 
up to 100 ml with distilled water. The obtained emulsion 
was sonicated by ultrasound (TOMY UD-201, Japan) at a 

power of 200 W and a 20 kHz frequency consecutively for 
15 min. The size of the droplets was measured by a dynamic 
light scattering (DLS) device (W3325, Microtrac, USA) 
after dilution with deionized water (1:10) at 25 °C and the 
scattering angle of 90°. Furthermore, the span (distribution 
width) was determined by applying the following equation:

In this equation, d10, d50, and d90 are the particle diam-
eters related to 10, 50, and 90% intensity on a relative cumu-
lative curve of the particle size dispersion.

Centrifugation and storage steadiness of the nano 
emulsions

The nano emulsions were centrifuged at 25 °C (4500 rpm for 
30 min), and the stability against phase separation (cream-
ing) and mean particle diameter of the samples were deter-
mined every 2 days during the 10 days of storage (Gahruie 
et al. 2017).

Sample preparation and storage conditions

White leg shrimp with the average size of 50–60 shrimp/
kg were purchased immediately after harvest from a shrimp 
farm (Bandar-Abbas, Iran). Harvested shrimps were rinsed 
with the cold water and randomly divided into six differ-
ent groups as follows: The control group was not treated 
with nano emulsion and CMC coating; the CMC control 
group was just treated with CMC 1% in deionized water 
(W/V) without essential oil. To make the CMC gel, CMC 
powder (Wealthy, China, MW = 262.190 KD) was gradu-
ally added to deionized water (1% W/V) while agitating 
the solution by magnetic stirring (Wisemix, Germany) at 
80 °C for about 45 min to achieve a clear solution. Other 
samples were treated with CMC gel incorporated into dif-
ferent concentrations of SNE (10, 20, and 30 mg/ml) at a 
shrimp/solution proportion of 1:1 (W/V) at 4 °C (different 
concentrations of SNE were mixed with CMC gel (W/V) and 
then homogenized at 20,000 rpm for 5 min (Homogenizer, 
DI18B, Germany)); and the sodium metabisulphite (SMS) 
group was immersed in SMS (Shandong Kailong, China) 
(1.25 g/100 ml) at a shrimp/solution ratio of 1:2 (W/V) for 
1 min at 4 °C (Kim et al. 2000). Adding the SNE to the 
CMC gel, dilute the tween 80 in the final shrimp batches to 
less than the maximum amount allowed by the FDA (Less 
than 1% of the weight of the finished product). Afterward, 
samples were drained and packaged with polyethylene bags 
and kept at 4 °C ± 0.5 for 10 days. All groups had a three 
independent replication; sampling for the evaluation of 
microbial, chemical, and sensorial features of the shrimp 
was carried out every 2 days.

Span = (d90 − d10)∕d50
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Microbiological analysis

Ten grams of aseptically grounded shrimps was homoge-
nized with 90 ml sterile normal saline, then, a tenfold serial 
dilution was prepared. Aerobic plate count (APC) and psy-
chrophilic bacteria counts were done by pour plate method 
on plate count agar (Merck, Germany) after incubation for 
2 days at 37 °C and for 10 days at 7 °C, respectively. Pour 
plate for counting the total lactic acid bacteria (LAB) was 
also performed on MRS-agar (Merck, Germany) after the 
incubation at 35 °C for 48 h. Most probable number (MPN) 
method was used for the numeration of Enterobacteriaceae 
using MacConkey broth (containing 1% glucose) and incu-
bation at 37 °C for 24 h.

Chemical analysis

The pH was determined using a digital pH meter (CG824, 
Germany) following the homogenization of 2 g of grounded 
shrimp samples in 10 mL of deionized water (Basiri et al. 
2015).

The assessment of total volatile base nitrogen (TVB-
N) was performed as explained by AOAC (2002); briefly, 
minced shrimp were steam-distilled and the TVB-N scale 
(mg of nitrogen per 100 g of shrimp meat) was calculated 
based on the amount of 0.1 M HCl consumed for titration.

A mixture of minced shrimp, MgO, formaldehyde 20% 
(V/V), and distilled water were steam-distilled and the 
results were stated as TMA-N value (mg) of 100 g of shrimp 
meat, based on the amount of 0.05 M HCl which had been 
used for titration (Goulas and Kontominas’s, 2005).

Thiobarbituric acid (TBA) reactive content was estab-
lished applying the method described by Benjakul and Bauer 
(2001), and was expressed as mg malonaldehyde per kg of 
samples according to the standard curve.

Texture profile analysis

To determine the hardness of shrimp’s texture, texture ana-
lyzer (Brookfield, USA) was used by imposing the force 
on the second segment of each shrimp with a cylindrical 
plunger of 0.4 cm diameter, bar probe of 0.1 P, and pace of 
60 mm/min to a depth of 70% deformation.

Color properties

Surface color analysis of the shrimp, in terms of lightness 
(L*), redness (a*), and yellowness (b*), was determined 
according to the method of Yam and Papadakis (2004) with 
some alterations. Briefly, simple digital images were taken 
with a Sony color digital camera (DCR-SR65E/SR85E, 
Tokyo, Japan) located at a 30 cm fixed farness from the sur-
face of the samples in a box (50 × 50 × 60 cm) with interior 

white color. The angle between the axis of the camera lens 
and the surface of the sample, and the angle between the 
surface of the sample and the light source (20-W fluores-
cent light lamp, Natural Daylight, Cixing, Zhenjiang, China) 
were 90° and 45°, respectively. Finally, all the surfaces of the 
pictures were selected and probed in the Lab mode employ-
ing Photoshop version 8.0.

Sensory and melanosis appraisement

The sensorial assessment of the raw shrimp was carried 
out through visual inspection by twelve proficient panelists 
every 2 days. Panelists gave points for quality parameters, 
like texture, odor, color, and general admissibility, using a 
4-point expressive scale where 1 indicated the poorest qual-
ity and dislike, any higher score indicated a better quality, 
and 4 indicated like extremely.

Statistical analysis

All experiments were accomplished in three independent 
samples and analyzed using Statistical Package for Social 
Sciences (SPSS) software (SPSS 25 for windows, SPSS 
Inc, Chicago, IL, USA). The parametric data were analyzed 
using analysis of variance (ANOVA) and the statistical sig-
nificance of differences between mean values was analyzed 
by Duncan’s multiple range tests. Moreover, Pearson’s cor-
relation coefficient test was applied to assess the correlation 
between variables. The Kruskal–Wallis, and Mann–Whit-
ney U tests were used for determining differences in non-
parametric data. Statistical Significance was considered as 
P < 0.05.

Result and discussion

Essential oil composition

According to GC–MS analysis, the main chemical constitu-
ent of SEO was thymol (44.52%) (Table 1). The results were 
consistent with those reported by Golmakani and Rezaei 
(2008). In contrast, Gahruie et al. (2017) reported carvac-
rol as the main constituent of SEO. The differences can be 
attributed to the extraction method and environmental fac-
tors like variations in cultivation and climate conditions 
(Moosavi-Nasab et al. 2016).

Droplet size and the stability of SNE

After sonication, mean droplet size was found in the range 
of 74.1 ± 18.24 nm, which was near to droplet size reported 
by Gahruie et al. (2017) (90.9 nm) for thyme nano emul-
sion. However, Wu et al. (2014) found higher values for 
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mean droplet size. Various parameters including sonication 
conditions and oil concentration, affect the particle size 

of nano emulsions (Li and Chiang 2012). Initial particle 
size (74.1 ± 18.24 nm) of SNE increased and reached to 
129.75 ± 2.05 nm after 10 days and also during this time no 
phase separation (creaming) was observed after centrifuga-
tion, so according to this evidence SNE had sufficient stabil-
ity during 10 days storage. The distribution curve for SNE 
presented a monomodal shape.

Distribution width (Span) is related to the sonication time 
and homogeneity. Increasing the sonication time leads to 
greater uniformity, and lower span. Span decreased after 
sonication from 0.8053 to 0.5679. The initial span value 
was lower than the value reported by Gahruie et al. (2017) 
(2.586) and, higher than the value reported by Dehghani 
et al. (2018) (0.5). The span value was increased during 
storage time (0.9294) that might be attributed to cluster 
formation (assembly of multiple oil droplets into clusters) 
(Gahruie et al. 2017).

Microbiological analysis

Figure 1a–d shows the changes in APC, psychrophilic, LAB, 
and Enterobacteriaceae counts in the treatment groups dur-
ing 10 days of storage, respectively. The initial amount of 
APC (~ 2.5 log CFU/g) in the shrimp was similar to what 
had been explained in the former researches (Arancibia et al. 

Table 1   Chemical composition of Shirazi Thyme essential oil (SEO)

Compounds Amounts (%)

Thymol 44.52
Benzen, 1-methyl-2-(1-methyl)-(CAS gamma) 11.64
Terpinene 6.72
Alpha Pinene 4.97
Trans-Caryophyllene 3.76
Thymyl acetate 2.5
Alpha terpinene 1.92
Carvacrol methyl ether 1.58
Linalool l 1.35
Carvacryl acetate 1.92
Beta-Pinene 1.06
Caryophyllene oxide 1.31
Benzene,2-methoxy-4-methyl-1-(methylethyl) 0.87
Cyclohexanone,2-methyl-5-(1-methylethenyl)-,trans 0.85
Alpha terpineol 0.76
dl-Limonene 0.70
Spathulennol (ethyl-5) 1.15
Cyclopent-1-enyl) 0.54

a b

c d

Fig. 1   Aerobic plate count (a), psychrophilic (b), Lactic acid bacte-
ria (c), and Enterobacteriaceae (d) count of shrimps treated with Shi-
razi thyme oil nanoemulsion (SNE) at three levels during refrigerated 
storage. ●: Control, : CMC (Carboxy Methyl Cellulose) 1%, : SMS 

(sodium metabisulphite 1.25%), : SNE10 (CMC 1% with 10 mg/ml 
SNE), : SNE20 (CMC 1% with 20 mg/ml SNE), : SNE30 (CMC 
1% with 30 mg/ml SNE) (n = 3)
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2015). At the 10th day of storage, an increase in APC was 
observed in all samples and, the APC of the control was sig-
nificantly greater than that of the other groups (P < 0.05). By 
increasing the percentage of SNE, the APC decreased sig-
nificantly (P < 0.05). On the other hand, the rise in the APC 
of the shrimp treated with SMS was significantly higher than 
that of the shrimp treated by different concentrations of SNE 
(P < 0.05). Additionally, the same results were observed 
regarding the psychrophilic count on the 10th day of the 
storage (Fig. 1b).

According to Fig. 1c, at the end of the storage, the SNE30 
treatment was more effective in reducing the LAB counts 
(P < 0.05), and the LAB count of the control was consider-
ably higher than that of the other groups (P < 0.05). Also, 
there were no considerable difference between the LAB 
count of SNE10 and SMS group (P > 0.05). Similarly, 
Dehghani et al. (2018) revealed that the LAB growth was 
slow at the refrigeration temperatures.

The Enterobacteriaceae counts of the control (4.47 ± 0.16) 
and CMC group (4.38 ± 0.00) from day 2 until the last 
day of the storage were greater than those of other groups 
(P < 0.05). Furthermore, a higher Enterobacteriaceae count 
was acquired in those exposed to SMS compared to different 
concentrations of SNE (P < 0.05, Fig. 1d).

Generally, SNEs showed inhibitory effect on proliferation 
of spoilage bacteria in shrimp through the storage. Accord-
ing to the previous studies, thymol is a monoterpene that can 
degrade microbial cells by various strategies: deteriorating 
outer cell membrane of Gram-negative bacteria, increas-
ing the membrane permeability of Gram-positive bacteria, 
disrupting enzyme complexes, and amending the genetic 
contents (Burt 2004). The same results were reported by 
other investigators. Erkan et al. (2011) showed that bluefish 
(Pomatomus saltatrix) treated with thyme oil at 2 °C had 
lower microbial growth than the control, and shelf life of 
the treated samples enhanced by 3–4 days compared to the 
control samples. These findings are compatible to those of 
the Moosavy et al. (2008) who showed that carvacrol and 
thymol had inhibitory effects against some bacteria, such 
as Escherichia coli O157 H7, Listeria monocytogenes, and 
S. Typhimurium. According to these outcomes, it can be 
figured that the CMC coating incorporated into SNE can be 
a natural preservative for extending the shelf life of shrimp 
stored in refrigeration conditions.

Chemical analysis

Figure  2a shows the pH changes in distinct groups of 
shrimps throughout the refrigerated maintenance. In the 
beginning, the pH of all shrimps was similar and around 
7.3, which was close to the previous studies (Nirmal and 
Benjakul 2011; Basiri et al. 2015). On the 10th day of the 
storage, the minimal and the maximal pH were acquired 

in the SNE30 and SMS groups, respectively (P < 0.05). 
Also, there was no significant difference in the pH values of 
SNE10, SNE20, and CMC groups (P > 0.05). The aggrega-
tion of basic substances, such as TVB-N, TMA, and bio-
genic amines, due to microbial or enzymatic action led to 
a rise in pH scale of shrimp through storage (Basiri et al. 
2015). Although the microbial count of SNE20 and SNE10 
was noticeably lower than that of the CMC group (P < 0.05), 
the CMC group had lower pH value. As a result, as Huang 
et al. (2012) reported, it can be concluded that pH is not a 
suitable indicator for shrimp quality.

The modifications in TVB-N and TMA for all the treat-
ments are shown in Fig. 2b, c, respectively. The TVB-N and 
TMA concentration of samples rose considerably (P < 0.05) 
and, after 10 days of storage, the TVB-N content of the con-
trol group (70.0 mg N/100 g) and the TMA content of the 
control (7.70 mg N/100 g) and CMC (7.93 mg N/100 g) 
groups had a higher value compared to other treatments 
(P < 0.05). Also, the slightest TVB-N and TMA values 
were observed in the SNE30 group (P < 0.05). SMS group 
showed significantly higher TVB-N and TMA values com-
pared to groups treated by SNEs (P < 0.05). TVB-N is an 
indicator that can show ammonia (primary, secondary, and 
tertiary amines) resulted from the spoilage bacteria’s action 
and autogenous enzymes (Huang et al. 2012; Arancibia 
et al. 2015). Furthermore, our results showed a positive 
significant correlation between the TVB-N content of the 
treated shrimps and APC (r = 0.93, P = 0.00), PSB (r = 0.90, 
P = 0.00), LAB (r = 0.62, P = 0.00) and Enterobacteriaceae 
counts (r = 0.79, P = 0.00) of them.

Trimethylamine (TMA), generated from Trimethylamine 
oxide via enzymatic and microbial actions, is considered to 
be an imperative spoilage indicator in marine products. Posi-
tive significant correlations were observed between TMA 
and APC (r = 0.87, P = 0.00), PBC (r = 0.92, P = 0.00), LAB 
(r = 0.53, P = 0.00) and Enterobacteriaceae counts (r = 0.70, 
P = 0.00).

Generally, the lower TVB-N and TMA values were 
observed in the groups treated with different concentrations 
of SNE; this was associated with the functionality of the 
phenolic compounds in SEO. These compounds are able to 
prevent microbial growth and decrease the microbial deg-
radation of the products. Some other researches (Joe et al. 
2012; Dehghani et al. 2018) have reported similar results. 
Lower TVB-N and TMA values of the SMS group could be 
explained by Kawai and Sakaguchi (1996), who reported 
that SMS could prevent enzymatic activities.

TBARS is regarded as indicators of the secondary lipid 
oxidation products, especially aldehydes (Cai et al. 2014). 
Aldehydes, like malondialdehyde (MDA), can cause red 
pigments to develop after reacting with thiobarbituric acid 
(TBA). Thus, a certain amount of these oxidation products 
is expressed in the TBARS value. The introductory TBARS 
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value of the shrimp was 0.006 mg MDA/kg, that was fewer 
than Nirmal and Benjakul (2011). The TBARS values in 
all samples increased up to the 10th day (P < 0.05), but 
the trend was substantially slower (P < 0.05) in the SNE30 
and SNE20 groups (Fig. 2d). For other groups, the TBARS 
followed this order: SNE10 < SMS < CMC < control. Gen-
erally, the oxygen increases the formation of TBARS (Cai 
et al. 2014); edible coating can reduce the rate of oxida-
tion by reducing the entry of gases and moisture (Bravin 
et al. 2006). Furthermore, due to the antioxidant potential 
of carvacrol and thymol, their presence in SNE caused 
a reduction in the TBARS values in the groups treated 
with SNE. The SMS group showed lower oxidation than 
the control and the CMC group; compatible findings were 
reported by Basiri et al. (2015).

Texture profile analysis

Texture is considered as one of the most imperative sensory 
variables for consumer admissibility and among the attrib-
utes subsumed under texture, hardness seems to be the key 
textural attribute in meat or marine products. The hardness 
of shrimp treated by SNE30 was significantly higher than 
that of the other groups on the 6th, 8th, and 10th days of the 
storage (P < 0.05) (Fig. 2e). Furthermore, the trend of the 
decrease in hardness was dramatically higher in the CMC 
and control groups (P < 0.05).

Previous research has shown that protein structure and 
the proteolytic activity of the endogenous or microbial 
proteinases and collagenase of shrimp could contribute to 
the hardness value (Diaz-Tenorio et al. 2007). A negative 

a b

c

e

d

Fig. 2   pH (a), TVB-N (b), TMA (c) Malondialdehyde (MDA) (d) 
and Hardness (e) of shrimps treated with Shirazi thyme oil nanoemul-
sion (SNE) at three levels during refrigerated storage. ●: Control, 
: CMC (Carboxy Methyl Cellulose) 1%,  : SMS (sodium metabisul-

phite 1.25%), : SNE10 (CMC 1% with 10 mg/ml SNE), : SNE20 
(CMC 1% with 20 mg/ml SNE), : SNE30 (CMC 1% with 30 mg/ml 
SNE) (n = 3)



716	 J Food Sci Technol (February 2023) 60(2):710–719

1 3

correlation between the APC and the hardness of different 
groups (r = − 0.80, P = 0.00) could confirm these results. 
Our findings are in agreement with those of Alotaibi and 
Tahergorabi (2018), who observed that coating shrimps with 
sweet potato starch-based incorporated into different con-
centrations of thyme essential oil did not have any impact on 
shrimp TPA, except for hardness through the storage time.

Color properties

The alteration in L*, a*, and b* values of the shrimp are 
shown in Table 2. The L* value of all the samples declined 
significantly over the storage (P < 0.05). The result was simi-
lar to that of the previous research, which associated it to 
the emergence of black spots, melanosis (by oxidation of 
phenols), and quinines (by polyphenol oxidases) (Arancibia 
et al. 2015). This reduction was faster in the control group 
compared to that of the others from day two up to the end 
of the storage (P < 0.05). Also, there was no significant dif-
ference between the L* values of the coated groups at the 
last day of storage (10th day) (P > 0.05). In addition, the 
L* value of the SMS group from the 4th day of the storage 
was lower than that of the coated groups (P < 0.05). Gen-
erally, at the end of the storage, coating the shrimp with 
SNE30 caused a significant increase in the a* and b* values 

(P < 0.05), and no considerable difference was observed 
between the a* and b* values of the CMC, SNE20, and 
SNE10 groups (P > 0.05). Surprisingly, the lowest a* and b* 
values (P < 0.05) was observed in the control and the SMS 
groups in the last day of the storage, which can be explained 
by the appearing of noticeable black spots on the surface of 
shrimp. Similarly, Alotaibi and Tahergorabi (2018) reported 
that treating shrimp with thyme essential oil could signifi-
cantly enhance the b* values, which could be associated with 
the pigmentation of thyme essential oil. On the other side, 
Dehghani et al. (2018) declared that the changes in the total 
color difference in the rainbow trout’s fillets coated by Farsi 
gum and enriched by clove and thyme emulsions were lower 
than non-coated ones.

Sensory and melanosis analysis

According to Table 3, significant differences in odor and tex-
ture were observed between CMC, SMS and control groups 
and coated shrimps containing SNEs from the 4th and the 6th 
day of storage respectively. But scores of colors (Fig. 3) at 
the end of storage showed that shrimps treated with SNE30 
with color alteration to light orange (because of increase in 
a* and b* values), achieved lowest score and there was no 
significant difference between scores of SNE30, SMS and 

Table 2   Effect of Carboxy Methyl Cellulose (CMC) coating incorporated with Shirazi thyme oil nanoemulsion (SNE) at three levels, on color 
properties of shrimp during 10 days of refrigerated storage

Data are given as mean values ± standard deviation (n = 3). CMC: Carboxy Methyl Cellulose; SMS: Sodium Metabisulphite; SNE10: Shirazi 
thyme oil nanoemulsion 10 mg/mL; SNE20: Shirazi thyme oil nanoemulsion 20 mg/mL; SNE30: Shirazi thyme oil nanoemulsion 30 mg/mL. 
Minuscules indicate the significant differences within the same row and majuscule indicate significant differences within the same columns 
(P < 0.05)

Days of 
storage

Treatments

Control CMC SMS SNE10 SNE20 SNE30

L* 0 56.33 ± 1.15aC 56.00 ± 1.73aB 54.33 ± 3.79aD 52.67 ± 4.62aA 52.33 ± 2.31aB 57.67 ± 2.08aC

2 53.33 ± 0.58cAB 44.33 ± 1.53aB 49.33 ± 2.08bC 51.67 ± 0.58cA 51.33 ± 0.58bcB 58.67 ± 1.53dC

4 42.00 ± 2.65aB 51.67 ± 1.53cA 46.00 ± 1.00bBC 51.67 ± 1.15cA 51.00 ± 1.00cAB 58.67 ± 0.58dC

6 42.00 ± 1.00aB 50.67 ± 0.58bA 44.00 ± 2.65aABC 50.33 ± 2.31bA 50.67 ± 1.53bAB 53.33 ± 2.08bB

8 40.67 ± 1.15aB 50.00 ± 3.61bA 42.67 ± 1.53aAB 50.67 ± 5.69bA 48.67 ± 1.53bAB 48.67 ± 3.06bA

10 33.67 ± 3.51aA 50.00 ± 1.00cA 40.67 ± 2.31bA 46.67 ± 2.08cA 48.00 ± 1.00cA 48.67 ± 1.15cA

a* 0 3.00 ± 0.00a 3.33 ± 0.58a 3.00 ± 0.00a 3.00 ± 1.00a 3.33 ± 0.58a 3.33 ± 0.58a

2 2.33 ± 0.58a 3.00 ± 0.00a 3.33 ± 0.58ba 3.33 ± 1.15ba 2.67 ± 0.58a 4.33 ± 0.58b

4 3.00 ± 0.00ab 2.33 ± 0.58a 2.00 ± 1.00a 3.67 ± 0.58abc 5.33 ± 2.52c 4.67 ± 0.58bc

6 2.33 ± 0.58a 3.33 ± 0.58a 2.33 ± 0.58a 3.67 ± 1.53a 6.00 ± 1.00b 7.00 ± 1.00b

8 2.00 ± 1.00a 3.33 ± 0.58ab 2.33 ± 0.58ab 4.00 ± 1.73ab 4.33 ± 0.58b 8.33 ± 1.53c

10 2.67 ± 0.58a 3.67 ± 0.58ab 2.33 ± 0.58a 5.00 ± 1.73bc 6.00 ± 1.00c 18.00 ± 0.00d

b* 0 14.00 ± 0.00a 14.33 ± 1.53a 14.00 ± 1.00a 14.00 ± 1.00a 14.33 ± 0.58a 14.00 ± 3.00a

2 14.00 ± 0.58a 14.33 ± 1.73b 14.00 ± 1.00b 14.00 ± 0.58b 14.33 ± 2.52b 14.00 ± 0.58c

4 10.67 ± 2.08a 12.33 ± 1.15ab 10.33 ± 1.15a 14.33 ± 0.58b 14.67 ± 1.53b 21.67 ± 1.53c

6 10.33 ± 1.15a 14.33 ± 1.15ab 10.33 ± 1.15a 14.67 ± 1.15ab 17.67 ± 3.79bc 22.00 ± 4.36c

8 9.33 ± 1.15a 14.33 ± 0.58b 8.67 ± 0.58a 15.00 ± 1.00b 13.33 ± 2.08b 22.00 ± 2.00c

10 7.67 ± 3.06a 14.33 ± 2.08b 9.67 ± 0.58a 15.00 ± 0.00b 16.67 ± 1.15b 34.67 ± 1.15c
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Table 3   Effect of Carboxy 
Methyl Cellulose (CMC) 
coating incorporated with 
Shirazi thyme oil nanoemulsion 
(SNE) at three levels, on the 
sensory attributes of shrimp 
during 10 days of refrigerated 
storage

Data are given as mean values ± standard deviation (n = 3). CMC: Carboxy Methyl Cellulose; SMS: 
Sodium Metabisulphite; SNE10: Shirazi thyme oil nanoemulsion 10  mg/mL; SNE20: Shirazi thyme oil 
nanoemulsion 20 mg/mL; SNE30: Shirazi thyme oil nanoemulsion 30 mg/mL. Sensory score rating: 1: dis-
like; 2: neither like nor dislike; 3: like moderately; 4: like extremely. Different letters within the same row 
indicate significant differences (p < 0.05)

Sensory attributes Days of 
storage

Treatments

Control CMC SMS SNE10 SNE20 SNE30

Odor 0 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

2 3.2 ± 0.25b 3.4 ± 0.51b 3.8 ± 0.52a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

4 2.3 ± 0.52b 2.5 ± 0.58b 2.6 ± 0.58b 3.5 ± 0.25a 3.2 ± 0.62a 3.5 ± 0.52a

6 2.1 ± 0.67b 2.1 ± 0.45b 2.3 ± 0.58b 3.1 ± 0.54a 3.2 ± 0.54a 3.4 ± 0.51a

8 1.0 ± 0.00c 1.2 ± 0.94c 2.0 ± 0.00b 3.1 ± 0.45a 3.1 ± 0.52a 3.2 ± 0.54a

10 1.0 ± 0.00c 1.0 ± 0.00c 1.6 ± 0.58b 3.1 ± 0.52a 3.1 ± 0.71a 3.2 ± 0.60a

Color 0 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

2 3.5 ± 0.60b 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

4 2.2 ± 0.94c 3.8 ± 0.25a 2.3 ± 0.58c 3.8 ± 0.52a 3.1 ± 0.60b 3.1 ± 0.52b

6 1.3 ± 0.58c 3.3 ± 0.53a 1.3 ± 0.87c 3.2 ± 0.87a 3.3 ± 0.84a 2.3 ± 0.58b

8 1.0 ± 0.00c 2.7 ± 0.89a 1.1 ± 0.52c 2.8 ± 0.78a 2.5 ± 0.58a 2.1 ± 0.89b

10 1.0 ± 0.00b 2.5 ± 0.94a 1.0 ± 0.00b 2.1 ± 0.25a 2.2 ± 0.84a 1.3 ± 0.58b

Texture 0 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

2 4.0 ± 0.00a 3.8 ± 0.89a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

4 3.1 ± 0.58b 3.1 ± 0.52b 3.1 ± 0.78b 3.2 ± 0.52b 3.2 ± 0.58b 3.8 ± 0.52a

6 2.5 ± 0.52b 2.3 ± 0.58b 2.4 ± 0.68b 3.1 ± 0.52a 3.2 ± 0.84a 3.5 ± 0.71a

8 2.1 ± 0.52b 2.1 ± 0.54b 2.2 ± 0.84b 3.0 ± 0.00a 2.8 ± 0.58a 3.1 ± 0.94a

10 1.8 ± 0.58b 2.1 ± 0.54b 2.1 ± 0.60b 3.1 ± 0.45a 3.1 ± 0.84a 3.0 ± 0.00a

Overall acceptability 0 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

2 3.2 ± 0.58b 3.2 ± 0.68b 3.8 ± 0.58a 4.0 ± 0.00a 4.0 ± 0.00a 4.0 ± 0.00a

4 2.4 ± 0.94b 2.3 ± 0.78b 2.6 ± 0.58a 3.2 ± 0.84a 3.2 ± 0.54a 3.5 ± 0.52a

6 2.2 ± 0.60b 2.1 ± 0.60b 2.3 ± 0.58b 3.1 ± 0.60a 3.3 ± 0.84a 3.2 ± 0.54a

8 1.0 ± 0.00c 1.0 ± 0.00c 2.2 ± 0.94b 3.2 ± 0.89a 2.4 ± 0.87b 2.3 ± 0.58b

10 1.0 ± 0.00b 1.0 ± 0.00b 1.3 ± 0.87b 2.6 ± 0.58a 2.3 ± 0.58a 1.2 ± 0.52b

Fig. 3   Effect of different treatments on the appearance of shrimp 
after 10 days of storage. CMC Carboxy methyl cellulose, SMS sodium 
metabisulphite, SNE10 shirazi thyme oil nanoemulsion 10  mg/mL, 

SNE20 Shirazi thyme oil nanoemulsion 20  mg/mL, SNE30 Shirazi 
thyme oil nanoemulsion 30 mg/mL
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control groups. Finally, scores of acceptability at the 10th 
day of storage followed this order: SNE30, CMC, SMS and 
control < SNE20 and SNE10.

Overall, higher sensorial scores could be justified by SNE 
and CMC characteristics like being an antioxidant, an anti-
microbial agent and oxygen barrier in comparison with the 
control group (Dashipour et al. 2015; Varela and Fiszman 
2011) and the results of sensory assessments were paralleled 
with those of microbial analyses.

Conclusion

Our findings revealed that CMC coatings containing SNEs 
were able to extend the shelf life and maintain the quality 
of shrimp stored in refrigeration conditions by retarding the 
microbial growth, melanosis, and chemical reactions. The 
application of these structures could improve the texture 
and sensory features of the coated shrimp. Additionally, a 
significant inhibitory effect was seen when the SNE concen-
tration was raised, possibly because of the great contents of 
thymol. It thus could be concluded that SNE could inhibit 
melanosis more effectively than SMS and that it can be used 
as a promising alternative to SMS. However, treatment of 
shrimp with SNE at a concentration of 30 mg/ml increased 
the a* and b* values of the samples, changed the shrimp’s 
color and decreased their acceptance. Consequently, SNE 
in lower concentrations (10 or 20 mg/ml) could be more 
beneficial in extending the shelf life of shrimp throughout 
the refrigerating condition.
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