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Abstract
The present study was performed to investigate the antioxidant and antimicrobial effects of hydro alcoholic nettle extract (NE) 
with sodium alginate (SA) and galbanum gum (GG) composite coating on the quality of rainbow trout fillet (Oncorhynchus 
mykiss) during 12-day refrigeration storage (4 ± 1 °C). Experiments were performed on 10 treatments (control, SA, GG 
separately and in combination with NE at concentrations of 0, 0.5 and 1%) in three replications. Results of the DPPH assay 
showed that the IC50 values for NE were 35.12 ± 0.95 μg/ mL. It also had an antimicrobial activity; MIC and MBC values 
for different bacteria were 12.00–25.75 μg/mL and 20.75–32.25 μg/ mL, respectively. The results about the fillet quality 
showed that the samples containing the coating and NE were able to decelerate the increase of chemical and microbial spoil-
age (p < 0.05). At the end of the storage period, the fillets treated with a composite coating (+ 1% NE) displayed the lowest 
amount of lipid oxidation and microbial deterioration. The sensory evaluation showed that the treatment maintained the 
fillet quality until the end of the storage. Overall, SA–GG composite coating incorporated with NE can delay the process of 
lipid oxidation and microbial spoilage, and improve the sensory properties of rainbow trout fillets kept in the refrigerator.
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Introduction

Fish is a valuable source of protein and contains large 
amounts of unsaturated fatty acids ω-3 (PUFAs), which 
plays a vital role in a healthy diet [1]. Rainbow trout (Onco-
rhynchus mykiss), a major member of the Salmonidae family 
as a cold-water fish, is a significant part of the diet in Iran 
and the world due to its aquaculture suitability, nutritional 
quality and delicious taste [2]. Consumption of rainbow trout 
faces some protective issues such as non-enzymatic lipid 

oxidation, microbial growth and high levels of unsaturated 
fatty acids, biogenic amine (BA) autolysis enzymes and a 
shorter shelf life than other meat products. Subsequently, 
they are considered very vulnerable foods [3, 4]. Maintain-
ing the freshness and quality of fresh products is the main 
challenge in the food industry. Chemical preservatives are 
among the most universal and reliable ways to maintaining 
the quality of seafood and increasing its shelf life during 
storage [5]. Nowadays, the use of these chemicals is limited 
due to their destructive effects on DNA and their toxicity. 
Using plant extracts as natural additives in foods is a safe 
and acceptable way for protecting them against oxidation 
and preventing the growth and proliferation of microorgan-
isms [4, 6]. Extracts of plants and their constituents are natu-
ral compounds that have been known for their antibacterial, 
antifungal, antiviral and antioxidant properties. Their numer-
ous applications in controlling the growth of spoilage and 
foodborne pathogenic bacteria have led to their use as food 
preservatives [7, 8].

Urtica dioica L., commonly known as nettle, is a wild 
annual plant of the Urticaceae family. This plant is widely 
known for its extraordinary biological activity and has 
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beneficial effects on human health. Various studies have 
confirmed the antioxidant, antimicrobial, anti-inflammatory, 
antibacterial and analgesic properties of nettle extract (NE) 
[9–12].

Although the use of plant extracts and essential oils in 
products is limited due to cost and other disadvantages 
such as severe perfume and, in some cases, potential toxic-
ity, there is an approach to overcome these disadvantages 
including the combination of plant extracts in the formula-
tion of edible coatings, which reduces their dose with the 
same protective effects [13, 14]. As the result of this method, 
tendency to using edible coatings enriched with essential 
oils and extracts with natural origins has increased [15]. 
Edible films and coatings are referred to the materials that 
can be digested by the human body or are biodegradable in 
the environment [16–18]. The most important advantage of 
these compounds is their ability to be consumed with food 
compounds [19, 20]. Among the food coatings used in food-
stuffs, alginate has valuable colloidal properties that result 
in strong gels or low-solubility polymers that are capable 
of reacting with polyvalent metal ions, especially calcium 
ions [21, 22]. Sodium alginate (SA) is a nontoxic, biode-
gradable, biocompatible and cheap hydrocolloid [23]. Edible 
alginate and SA coating and films, separately or with various 
antioxidant additives, have been used by other researchers 
to preserve fish fillets [21, 23, 24]. Combining them with 
other polymers or gums can be a good way to improving 
the properties of SAs. Galbanum is an aromatic gum that is 
produced from traditional Iranian species with the common 
Iranian names “Barijeh” (Ferula gummosa, Ferula persica 
and Ferula tabasensis) and is widely found in the mountain 
slopes of northern Iran. The product of galbanum plant has 
a strong, fragrant smell and an astringent and bitter taste. 
Galbanum gum (GG) is traditionally used as an antiseptic, 
anti-epileptic, anticonvulsant, antispasmodic, analgesic, 
inflammation and memory-boosting tonic among Iranians 
and Egyptians [25, 26]. The antioxidant and antimicro-
bial properties of barium gum have been reported by other 
researchers [25, 27]. Since a dearth of research has been 
carried out on the antioxidant and antimicrobial activity of 
NE in a composite film and edible coating and checking their 
functionality in a real food system, it is necessary to study 
different methods to increase the shelf life of seafood due 
to the importance of fresh fish from the consumer’s point of 
view. Therefore, this study aimed to produce biodegradable 
composite edible coating based on SA and GG containing 
different concentrations of NE as well as investigate its effect 
on the quality and shelf life of rainbow trout fillets at 4 °C 
in the refrigerator.

Materials and methods

Materials

Galbanum plant (Ferula gummosa) was prepared from 
Alborz Mountains (51.47° E, 36.43° N), Iran. Nettle plant 
was prepared from Doehezar area of Tonekabon city 
(50.88° E, 36.82° N), located in Mazandaran Province, 
Iran, in 2020 and the leaves of the plant were washed and, 
then, dried in shade at the room temperature (25 °C) and 
ground for extraction. All the chemicals used were pre-
pared by Merck Company (Darmstadt, Germany) and had 
a degree of decomposition.

Preparation and analysis of nettle extract (NE)

For extraction, 70% ethanol was used by the soaking 
method and 10 g of plant leaf powder was weighed sepa-
rately and poured into the decanter; then, 100 mL ethanol 
was added step by step. The addition of ethanol was con-
tinued until the entire volume of the plant in the decanter 
was soaked and some ethanol was placed on the sample 
surface. The mixture of solvent and sample was shaken by 
an Erlene shaker (KS 501 digital, IKA, Germany). After 
72 h of extraction, the solutions were filtered through 
Whatman filter paper no. 1 and the solvents were evapo-
rated by vacuum evaporation at 50 °C [28]. One gram of 
the extract was injected into the GC/MS (Trace GC-ISQ 
mass spectrometer, Thermo scientific, USA). The relative 
percentage of each ingredient of extract was determined 
according to the area under the curve of each of the chro-
matogram peaks of the device and its comparison with the 
total area under the curve [29].

Extracting gum from galbanum

Seeds in the ratio of distilled water: galbanum (1:40) was 
added. At 80 °C and constant pH below 8, stirring was per-
formed for 2 h and, then, a centrifuge (SIGMA brand 154 K) 
was used with 2.600 g and 20 °C for 20 min. The superna-
tants (mucilage) were transferred to high-density polyethyl-
ene bags. It was then stored at 4 °C until use [30].

Determining chemical composition of gum

Moisture, ash, crude protein and fat of GG were determined 
based on AOAC [31]. The percentage of Barijeh gum mono-
saccharides was determined after hydrolysis of gum with 
sulfuric acid (0.5 mg sulfuric acid, 80 °C, 18 h) using an 
HPLC system by a detector (RI Knauer, Germany) equipped 
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with Eurokat H carbohydrate analysis column (300 × 8 mm, 
Knauer, Germany) [25].

Measuring total phenolic compounds

Total phenolic content was measured using the Folin–Cio-
calteu reagent. Gallic acid was used as a standard for draw-
ing calibration curves. Total phenolic content was reported 
based on the equivalent of mg gallic acid/g extract [32].

Measuring antioxidant activity

DPPH free radical scavenging activity test was determined 
by adding antioxidant compounds and based on the percent-
age of DPPH free radical scavenging. Different concentra-
tions from both samples, 15 mL, were added to 5 mL of 
0.004% of DPPH in methanol. The reaction mixture was 
mixed in the vortex mixer and kept in the dark at the room 
temperature for 1 h. After 60 min, the absorbance of the 
mixture was read against a blank at 517 nm by a spectro-
photometer. DPPH free radical scavenging activity was esti-
mated as follows:

In the next step, a slim serial was prepared from each 
sample, 50% scavenging concentration of three separate 
samples was measured and its mean was calculated. Vita-
min C with different concentrations was also considered as 
a positive control. All the experiments were performed with 
three replications [33].

Determining the MIC and MBC

The studied bacteria included Escherichia coli PTCC: 1399 
and Staphylococcus aureus PTCC: 1112 and Listeria mono-
cytogenes PTCC: 1163 and Bacillus cereus PTCC: 1015, 
prepared from Iran Scientific Research Center. The mini-
mum inhibitory concentration (MIC) was determined using a 
broth microdilution test. Bacterial inoculums were adjusted 
to  106 CFU/mL and concentration range of 0.8–100 µg/
mL for each sample in dimethyl sulfoxide (DMSO). Subse-
quently, 95 µl of Mueller–Hinton broth, 100 µl of each sam-
ple concentration and 5 µl of inoculums were added to each 
well of the 96-well plates. Then, the plates were incubated 
at 26 °C–37 °C for 18–24 h. The optical density of the wells 
was determined at 620 nm in a microplate reader. For deter-
mining minimum bactericide concentration (MBC), 100 μl 
of the bacterial suspensions from MIC tests was cultured in 
Mueller–Hinton agar and the lowest concentration with no 
growth was described as MBC [8, 34].

Percentage of inhibition =

Control absorption − sample absorption

Control absorption
× 100

Preparing SA/GG/NE

To produce the coating, the mixture was prepared by dissolv-
ing SA in distilled water (20 g/l) and, then, stirring at 50 °C 
until the mixture became clear [21]. Also, 30 g of GG was 
dissolved in 1 lit of sterile distilled water at 70 °C to produce 
GG coating. After preparing the solutions, they were mixed 
for 60 min at 30 °C and, then, the viscous solutions were 
cooled down to 20 °C; 0.1 mL of glycerol monostearate, as a 
plasticizer, was added to increase the strength and flexibility 
of viscous solutions. For active edible coating, different con-
centrations of NE were mixed on a magnetic stirrer at 55 °C. 
The final solution was homogenized by a homogenizer at 
7000 g for 2 min and the final coating was prepared [25].

To prepare a combined coating, GG (15 g) and SA (15 g) 
were mixed and the rest of the methods was prepared based 
on the mentioned methods. Also, different concentrations 
of NE (0.5% and 1%) were added to the formulations [25].

Preparing coatings of SA/ GG/ NE on fish fillets

First, 30 alive rainbow trout with an average weight of 

400 ± 50 g were bought from a local aquaculture farm and 
transported to the food laboratory in less than 1 h using 
boxes containing ice. After cutting, emptying the viscera, 
skinning and removing the bones of the fish, they were 
washed with cold water. Then, about 60 fillets of 100 ± 2 g 
were prepared and kept in the refrigerator until the experi-
ment. To create a coating on the surface of the fillets, the fil-
lets were first immersed in the prepared solutions for 1 min. 
Afterwards, they were removed from the solution and, after 
about 2 min, they were placed in the coating solution again 
for another 1 min. The control was left uncovered. To dry 
the fillets, they were hung on sterile mesh plates for 5 h and 
subjected to a gentle stream of air (at 10 °C) to form a coat-
ing on the fillets. The samples were placed in sterile polyeth-
ylene bags and stored at 4 °C until testing. Microbiological 
and chemical evaluation of the fillets was performed con-
tinuously from the 3rd to 12th days and compared with the 
control samples prepared in water solutions without coating 
materials. In total, the present study included 10 treatments 
(Table 1):

Chemical analysis

The peroxide value (PV) in the samples was determined 
according to the Pearson method [35]. The amount of thio-
barbituric acid (TBA) was determined by the colorimetric 
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method according to Valipour et al. [14] and expressed as 
mg malondialdehyde/kg sample. Total volatile basic nitro-
gen (TVB-N) of the fish fillets was determined using the 
micro-diffusion method according to Valipour et al. [14].

Microbiological analysis

For the microbiological experiments, 10 g of the fillet meat 
sample was sterilized under sterile conditions with 90 mL of 
0.1% sterile peptone water for 3 min in a laboratory mixer. 
Each sample was sampled three times separately [15]. 
Homogenized samples were used for culture in the follow-
ing microbiological media:

Plate count agar [total bacterial count (TVC) and psychro-
trophic bacteria (PTC)], de Man, Rogosa and Sharpe (MRS) 
agar for lactic acid bacteria (LAB), pseudomonas agar for 
Pseudomonas spp., violet red bile glucose (VRBG) agar for 
Enterobacteriaceae family, Baird Parker agar for Staphylo-
coccus aureus and dichloran rose bengal chloramphenicol 
(DRBC) agar for molds and yeasts (MY). The inoculated 
plates were incubated at 37 °C for 2 days for TVC, Pseu-
domonas spp., Enterobacteriaceae and Staphylococcus 
aureus. The incubation condition was 7 °C for 10 days for 
PTC, 30 °C for 2 days for LAB and 25 °C for 5 days for MY 
[25, 36].

Sensory analysis

First, 12-member semi-trained panel (6 men and 6 woman, 
aged 23–26 years old) was selected. Uncoated and coated 
fillets were examined after cooking in an oven at 185 °C 
for 60 min in terms of taste, odor, color, texture and general 
acceptance characteristics, and the results were expressed 
on a 5-point hedonic scale (7).

Statistical analysis

Data analysis was performed using analysis of variance 
(ANOVA) according to the normality of the data and the 
homogeneity of variance. Duncan’s test at the 5% level was 
used to compare the mean of the data. All the data were 
reported as mean standard deviation and the evaluations 
were performed in three replications. The parametric bread 
method of the Chi-squared test was used for the statistical 
analysis of the sensory test. Software (SPSS version 18) was 
used for data analysis and Excel for drawing the graphs.

Results and discussion

Investigating chemical compounds of NE

According to the results related to the chemical compounds 
of NE (Table 2), 18 compounds (99.61%) were identified. 
The most common components of the extract were Neo-
phytadiene (26.69%), Phtaleic acid (13.12%) and Dibutyl-
phtaleate (9.39%). Habibi Lahigi et al. [37] stated that the 
most constituents of NE were Neophytadiene (25.21%), 
Phtaleic acid (8.15%), 1,2‐benzenocli carboxylic acid 
(7.62%) and Dibutylphtaleate (7.37%), respectively. Moradi 
et al. [11] stated that the most constituents of NE were 
Neophytadiene (25.21%), Phtaleic acid, (8.15%), Dibutyl 
phtaleate, (7.37%) Bis (2ethyl hexyl) maleate (6.32%) and 

Table 1  Levels of the sodium alginate (SA), galbanum gum (GG), 
composite of SA and GG incorporated with nettle extract (NE) used 
in the edible coating formulation

Treatment Group name SA NE GG

T1 Control – – –
T2 SA 2% – –
T3 SA + NE 0.5% 2% 0.5% –
T4 SA + NE 1% 2% 1% –
T5 GG – – 3%
T6 GG + NE 0.5% – 0.5% 3%
T7 GG + NE 1% – 1% 3%
T8 SA + GG 2% – 3%
T9 SA + GG + NE 0.5% 2% 0.5% 3%
T10 SA + GG + NE 1% 2% 1% 3%

Table 2  Percentage composition of the chemical compounds of nettle 
extract (NE)

No Compound Percentage

1 2,4-dichlorophenol 4.37
2 Dibutylphtaleate 9.39
3 Phosphoric acid tributylester 4.59
4 4-chloro-3-methyl phenol 3.60
5 Neophytadiene 26.69
6 2-nitrophenol 3.21
7 Unknown 1.04
8 Bis(2‐ethyl hexyl)maleate 7.84
9 1,2,‐benzenedicarboxylic acid 8.94
10 Phtaleic acid 13.12
11 Eicosane 3.11
12 Unknown 1.85
13 Pentacosane 2.75
14 Hexacosane 2.25
15 Olean-18-ene 1.85
16 1‐Heptadecene 2.21
17 Heneicosane 1.75
18 8‐methylheptadecane 1.05

99.61
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1.2‐benzenocli carboxylic acid (7.62%). The chemical com-
pounds in the mentioned studies were consistent with the 
present study.

Investigating chemical analysis of GG

According to the results related to the chemical compounds 
of GG, moisture was 6.95%, ash 1.24%, protein 0.83%, ash 
0.1% and carbohydrates 25.11%; monosaccharide com-
pounds of GG included galactose was equal to 67.22% and 
arabinose was equal to 25.92%. These results were con-
sistent with the results of Hamedi et al. [25], stating that 
the chemical compounds of GG were as follows: moisture 
6.54%, ash 1.12%, protein 0.79%, ash 0.12% and carbohy-
drates 24.91%. The monosaccharide compounds of GG were 
galactose 67.30%, arabinose 18.20% and uranic acid 14.5%. 
Jalali et al. [38] reported the results of barium gum sugar 
analysis for galactose, arabinose and uronic acid 69, 17, and 
14, respectively. Slight differences in the results can be jus-
tified by different plant growth conditions and extraction 
processes.

Evaluating phenolic compounds of NE and GG

The phenolic compounds of NE and GG were 
91.11 ± 2.03 mg gallic acid/g and 39.25 ± 0.69 mg/g, respec-
tively (Table 3). Bourgeois et al. [39] reported the phenolic 
compounds of NE as 482.34–86.90 mg/g gallic acid/g. 
Mzid et al. [40] reported the phenolic compounds of NE 
extracted with aqueous and ethanol solvents were 29.56 and 
31.41 mg gallic acid/g, respectively. According to the report 
by Hamedi et al. [25], the value of phenolic compounds in 

GG was 44.13 mg/g. Differences in the amount of phenolic 
compounds in the extract can be observed in various studies; 
the content of phenolic compounds in plants may vary dur-
ing the processing stages such as growth, harvesting, storage 
and technological methods used [40, 41].

Investigating DPPH free radical activity

A factor called IC50 is usually used to compare the anti-
radical activity of different essential oils. Based on the defi-
nition, it is the concentration of the extract, in which 50% of 
the free radical DPPH is inhibited in the reaction medium. 
Therefore, the lower the concentration, the more the anti-
radical activity would be. The IC50 values in the present 
study for NE, GG and vitamin C were 35.12 ± 0.95 μg/ mL, 
562.49 ± 1.43 μg/ mL and 5.05 ± 0.11 μg/ mL, respectively 
(Table 3). Therefore, the antioxidant activity of the extract 
was higher than that of the gum. As can be seen, the anti-
oxidant activity of the plant extracts containing polyphenol 
components was due to their capacity to donate hydrogen 
atoms or electrons and absorb free radicals [42]. In fact, the 
higher the phenolic compounds, the greater the antioxidant 
properties would be. Nettle has a high reducing/antioxidant 
capacity due to its very high polyphenol and phenolic acids 
content (rutin, quercetin, isoquercetin, caffeic acid, chlo-
rogenic acid, ferulic acid) [43]. The antioxidant properties 
of NE have also been reported by Kőszegi et al. [43] and 
Repajić et al. [44]. Mzid et al. [40] reported that the IC50 
values of extract of NE with aqueous and ethanol solvents 
were 142.94 and 245.65 μg/ mL, respectively. According 
to the report by Hamedi et al. [25], the IC50 value of GG 
was 542.32 μg /mL. As mentioned, phenolic compounds 
are directly related to antioxidant properties. The reason for 
the difference in IC50 values in the present study from other 
studies may be due to differences in phenolic compounds.

Investigating MIC and MBC

The results showed (Table 4) that NE had an antimicrobial 
activity against all the four bacteria. There was no single 
mechanism for its antibacterial activity due to the number 
of chemical compounds in NE. One of the important prop-
erties of NE and its components is their hydrophobicity, 

Table 3  Results of phenolic compounds and antioxidant activity

a,b,c Different small letters in the same column represent significant 
difference (p < 0.05)

Treatment Phenolic compounds 
(mg gallic acid/g)

IC50 (μg/mL)

Galbanum gum (GG) 91.11 ± 2.03a 35.12 ± 0.95b

Nettle extract (NE) 39.25 ± 0.69b 562.49 ± 1.43a

Vitamin C – 5.05 ± 0.11c

Table 4  Antimicrobial activity 
of galbanum gum (GG) and 
nettle extract (NE) against 
Gram-positive and Gram-
negative bacterial strains (µg/ 
mL)

Values in the same columns with different superscripts are significantly different at p < 0.05

Microorganisms CEO GG

MBC MIC MBC MIC

Escherichia coli 25.75 ± 0.25a 32.25 ± 0.25a 50.00 ± 0.0a 75.25 ± 0.25a

Staphylococcus aureus 12.00 ± 0.0d 20.67 ± 0.14d 32.75 ± 0.25c 45.25 ± 0.0d

Bacillus cereus 15.75 ± 0.25c 22.50 ± 0.25c 45.00 ± 0.0b 55.50 ± 0.25c

Listeria monocytogenes 20.08 ± 0.14b 25.50 ± 0.0b 50.17 ± 0.29a 65.75 ± 0.0b
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which causes the penetration of these substances into the 
lipids of bacterial cell membranes and mitochondria, dis-
rupts their structures and creates greater permeability. This 
causes ions and other cell contents to leak out. Although the 
release of limited amounts of these substances is tolerable 
for the bacterium, it affects its bioavailability and release 
of large amounts of cellular contents or the release of vital 
ions and molecules will cause cell death [40, 45]. GG also 
has an antimicrobial activity against all the four bacteria. 
Similar results about the point that GG has antimicrobial 
properties against pathogenic bacteria have been reported 
by Hamedi et al. [25], Jalali et al. [38] and Afshar et al. [46]. 
The antimicrobial properties of NE were higher than GG, 
which is due to the higher levels of phenolic compounds 
in the extract. Neophytadiene has an antibacterial activity 
according to reports [47]. Nettle can be considered as effec-
tive agents in inhibition of microbial infections because it 
is rich in phytochemicals such as phenolic compounds and 
minerals [12, 48].

According to the MIC and MBC results, Gram-positive 
bacterium Staphylococcus aureus was the most sensitive 
and Gram-negative bacterium Escherichia coli was the 
most resistant bacterium (p < 0.05). The reason for the dif-
ference in sensitivity susceptibility between Gram-positive 
and -negative bacteria can be attributed to the difference in 
morphological structures between these microorganisms. 
Gram-negative bacteria have an outer phospholipid mem-
brane that carries the structural components of lipopolysac-
charide. This makes the cell wall impermeable to antimicro-
bial chemicals. On the other hand, Gram-positive bacteria 
are more sensitive and have only one outer layer of pepti-
doglycan, which does not prevent effective permeability. The 
antimicrobial properties of NE were also reported by Mzid 
et al. [40], who stated that the antimicrobial properties of 
NE against Gram-positive bacteria were higher than that of 
Gram-negative bacteria. Similar results about the antibac-
terial properties of NE have been reported by Moradi et al. 
[11] and Mirtaghi et al. [12]. The difference in the effects of 
plant extracts on bacteria depends on various factors includ-
ing ecological, climatic and geographic factors, plant’s age, 
methods of drying and extraction of active components, type 
of solvent, concentration of the extract and type of culture 
medium [12].

Chemical evaluation of coated fish fillets

By increasing time, the values of PV (Fig. 1a) significantly 
increased in all the treatments and these changes were more 
in the control treatment (p < 0.05). The use of edible coat-
ings slowed the upward trend of PV (p < 0.05). In general, 
biodegradable films and coatings have very low permeabil-
ity to oxygen and carbon dioxide. Therefore, the coating 
formed on the surface of the fillets significantly reduces the 

rate of contact of the product with oxygen, which decreases 
the rate of initial oxidation of fats and subsequent forma-
tion of hydroperoxides [14]. Also, the combination of SA 
and GG could more effectively slow down the process of 
PV increase (p < 0.05), indicating the synergistic property 
of these two coatings in combination with each other and, 
thus, increasing its antioxidant properties. Adding the extract 
to the coating also slowed down the PV increase process 
(p < 0.05). Lower PV was due to the phenolic compounds in 
the extract because phenolic compounds prevented oxidation 
by inactivating fat-free radicals and peroxyl radicals [36]. 
Increasing the concentration of the extract had a positive 
effect on this process, so that on the 12th day of storage, 
the lowest amounts of PV were observed in the treatment of 
SA + GG + NE 1% (2.97 mEq/kg fat) and the highest values 
in the control treatment (4.65 mEq/kg fat) (p < 0.05). Numer-
ous studies have reported that the antioxidant effect of plant 
extracts is dependent on the concentration used and, with 
increasing concentration; their antioxidant properties also 
increase [36, 42, 49]. Zhang et al. [5] reported that the com-
bined coating of SA-agar with ginger essential oil slowed 
down the process of increasing PV of beef meat.

TBA values significantly increased in all the treatments 
with increasing time and these changes were more in the 
control treatment (p < 0.05). Increased TBA levels in rain-
bow trout fillets have also been reported by other researchers 
[13, 21, 50, 51]. The use of SA coating slowed the upward 
trend of TBA (Fig. 1b) (p < 0.05). Some researchers have 
found the effect of edible SA coating on fish fillets to control 
lipid oxidation [21, 50]. They believed that SA coatings, 
which are placed on the surface of food, are also resistant to 
oxygen release. Lipid oxidation can be initiated and acceler-
ated through various mechanisms such as the production of 
single oxygen, enzymatic and non-enzymatic free radicals 
and reactive oxygen species [50]. Also, the use of GG and 
NE slowed down the upward trend of TBA and had a posi-
tive effect on this process by increasing the concentration of 
the extract (p < 0.05). Better results were observed in most 
of the storage times in the combined treatment of edible 
coatings and extract, so that on the 12th day of storage, the 
lowest value of TBA was in the treatment of SA + GG + NE 
1% (0.46 mg malondialdehyde/kg fat) and the highest values 
were in the control treatment (1.49 mg malondialdehyde/
kg fat) (p < 0.05). It is possible to use dried plants and their 
extracts effectively to reduce the oxidation of fats in meat 
products. The compounds in the extracts are good donors 
of electrons and protons, and their intermediate radicals are 
very stable due to the phenomenon of electron movement 
in the benzene ring and the lack of a sensitive site to oxy-
gen attack. Compounds in NE, including Neophytadiene, 
have the property of neutralizing free radicals and are able 
to inhibit metal ions such as  Fe2+, thus reducing the rate of 
formation of reactive oxygen molecules [40, 52].
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TVB-N values (Fig. 1c) in all the treatments significantly 
increased with increasing time (p < 0.05). The increase in 
TVB-N in fish might be due to various enzymatic pro-
cesses such as deamination of free amino acids, decompo-
sition of nucleotides and oxidation of amines [14]. At the 
end of the storage period, the highest amount of TVB-N 

was observed in control (38.08 mg/100 g) (p < 0.05). The 
use of edible coatings significantly slowed the increase in 
TVB-N (p < 0.05). Edible coatings can reduce the water loss 
of the fillets or act as a barrier to the entry of oxygen; thus, 
it may also affect the TVB-N content of the fillets and the 
results showed that the composite coating more effectively 

Fig. 1  Changes in peroxide value (a), thiobarbituric acid (b), and 
total volatile base nitrogen (c) of fish fillet coated by sodium alginate 
(SA), galbanum gum (GG), composite coating of SA + GG with nettle 

extract (NE). Values on the same day with different letters are signifi-
cantly different at p < 0.05
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slowed the process of reducing TVB-N and ATP degrada-
tion than single coatings. Differences in antibacterial activity 
in each coating may be the main reason that in combina-
tion they increased antibacterial activity [53]. Adding the 
extract slowed down the increasing process of TVB-N and 
increasing the concentration of the extract had a positive 
effect on this process, so that on the 12th day of storage, the 
lowest values of TVB-N were observed in the treatment of 
SA + GG + NE 1% (25.10 mg/100 g) (p < 0.05), which can 
be due to the reduced bacterial population of these treat-
ments or the reduced oxidative ability of bacteria to separate 
amines from TVB-N compounds or both due to the effect of 
the extract on the bacteria in the fillet. With increasing the 
concentration of the extract due to the increase of phenolic 
compounds, its antibacterial effect also increased. Therefore, 
in the treatment containing higher concentrations of essen-
tial oil, the amount of TVB-N was lower [4].

Microbial evaluation of coated fish fillets

TVC values (Fig. 2a) significantly increased in all the treat-
ments with increasing time and these changes were higher 
in the control treatment (p < 0.05). At the end of the storage 
period, it was equal to 8.28 log CFU/g in the control treat-
ment. The use of SA edible coatings slowed the increase in 
TVC (p < 0.05). SA had unique colloidal properties through 
cross-linking with calcium by becoming treated with cal-
cium chloride solution and was capable of producing insolu-
ble polymers or forming strong gels. These types of biopoly-
mer-based films can maintain good quality and increase food 
shelf life by preventing microbial contamination, preserving 
flavor, reducing wrinkles and decreasing fat oxidation. SA 
also acts as a barrier to oxygen transport and inhibits the 
growth of aerobic bacteria [50, 54]. Use of GG and extract 
slowed down the increasing process of TVC and increasing 
the concentration of the extract had a positive effect on this 
process; better results were observed in most of the stor-
age times in the combined treatment of food coatings and 
extract. The lowest value of the TVC was in SA + GG + NE 
1% treatment (6.96 log CFU/g) (p < 0.05). GG also had anti-
microbial properties due to its compounds such as phenolic 
and flavonoid [25]. The reason for the lower amount of TVC 
in extract-containing treatments can be due to the exist-
ence of phenolic compounds. Phenolic compounds in plant 
extracts degrade the outer membrane of microorganisms, 
cause the release of liposaccharides and increase the perme-
ability of the cytoplasmic membrane to ATP. ATP release 
leads to depletion of cell energy storage and cell death [55]. 
A permissible TVC of 7 log CFU/g has been suggested for 
fish [56]. According to the results at the end of the stor-
age period, the TVC of SA + GG + NE 1% had a permitted 
range. PTC values (Fig. 2b) significantly increased in all 
the treatments with increasing time and these changes were 

higher in the control treatment (p < 0.05). At the end of the 
storage period, it was equal to 8.04 log CFU/g in the control 
treatment. The use of edible coatings and extracts slowed 
down the increasing process of PTC value and increasing the 
concentration of extract had a positive effect on this process 
(p < 0.05). In most of the storage times, better results were 
observed in the combined treatment of edible coatings and 
extracts, so that on the 12th day, the minimum amount of 
PTC was observed in the treatment of SA + GG + NE 1% 
(6.81 log CFU/g).

It should be stated that 7 log CFU/g is the allowable PTC 
that has been suggested for fish [56]. According to the results 
at the end of the storage period, the PTC of SA + GG + NE 
1% had a permitted range.

LAB values (Fig. 2c) significantly increased in all the 
treatments with increasing time and these changes were 
more in the control treatment (p < 0.05). At the end of the 
storage period, it was equal to 7.69 log CFU/g in the control 
treatment. The use of edible coatings and extracts slowed 
down the increasing process of LAB and increasing the 
concentration of extract had a positive effect on this pro-
cess (p < 0.05). In most of the storage times, better results 
were observed in combined treatment of edible coatings and 
extracts, so that on the 12th day, the lowest LAB value was 
in SA + GG + NE 1% treatment (5.98 log CFU/g) (p < 0.05). 
LAB is reported to be the most resistant Gram-positive bac-
terium against antimicrobial agents. GG contains antimi-
crobial peptides that show antimicrobial properties against 
many microorganisms and SA coatings act as oxygen bar-
riers and prevent the growth of lactic acid bacteria. Neo-
phytadiene has also been reported to have an antibacterial 
activity, which is effective in the process of reducing lactic 
acid bacteria [1, 47].

It is now well-defined that Pseudomonas spp. can be a 
significant part of the microbial flora and cause the spoilage 
of fish meat during storage in the refrigerator. Pseudomonas 
spp. (Fig. 3a) significantly increased in all the treatments 
with increasing time and these changes were higher in the 
control treatment (p < 0.05), so that at the end of the storage 
period, it was equal to 8.28 log CFU/g in the control treat-
ment. The use of edible coatings and extracts slowed down 
the increasing process of Pseudomonas spp. bacteria and 
increasing the concentration of the extract had a positive 
effect on this process. On the 12th day of storage, the lowest 
value of Pseudomonas spp. was in SA + GG + NE 1% (6.57 
log CFU/g) (p < 0.05). This inhibition of bacterial growth is 
probably due to the low oxygen permeability in food films 
and the antimicrobial properties of plant extracts. The results 
of the present study were consistent with the results of the 
study carried out by Hamedi et al. [25] concerning the edible 
coating of SA with GG and the combined coating of SA-gum 
and Iranian Ziziphora essential oil on Pseudomonas spp. on 
chicken fillet as well as the results of the study carried out 
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Fig. 2  Changes in total viable count (a), psychrotrophic bacteria (b), 
lactic acid bacteria (c) and of fish fillet coated by sodium alginate 
(SA), galbanum gum (GG), composite coating of SA + GG with nettle 

extract (NE). Values on the same day with different letters are signifi-
cantly different at p < 0.05
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by Bazargani-Gilani [50] concerning the effect of SA and 
dietary supplement on the amounts of Pseudomonas spp., 
so that the use of these coatings slowed the growth of Pseu-
domonas aeruginosa.

Enterobacteriaceae have been reported as an important 
part of the microbial flora of rainbow trout spoilage during 
storage at 4 °C [57]. The amount of Enterobacteriaceae 
(Fig.  3b) in all the treatments significantly increased 
with increasing time and these changes were higher in 

the control treatment (p < 0.05). At the end of the stor-
age period, it was equal 8.28 log CFU/g in the control 
treatment. The use of edible coatings and extracts slowed 
down the increasing process of Enterobacteriaceae bac-
teria and increasing the concentration of the extract had 
a positive effect, so that on the 12th day of storage, the 
lowest value of Enterobacteriaceae was in the treatment of 
SA + GG + NE 1% (6.89 log CFU/g) (p < 0.05). This indi-
cated the synergistic property of SA–GG coating and NE. 

Fig. 3  Changes in Pseudomonas spp. (a), Enterobacteriaceae (b) of fish fillet coated by sodium alginate (SA), galbanum gum (GG), composite 
coating of SA + GG with nettle extract (NE). Values on the same day with different letters are significantly different at p < 0.05
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The results of the present study were consistent with the 
results of the study carried out by Hamedi et al. [25] about 
edible coating of SA + GG + Iranian Ziziphora essential 
oil on chicken fillet, the results of the study carried out by 
Bazargani-Gilani [50] about the effect of SA and dietary 
supplement on the levels of Pseudomonas aeruginosa of 
trout and the study of Nagarajan et al. [1] about the effect 
of edible coating of chitosan–gelatin with longkong peri-
carp extract on Enterobacteriaceae values in black tiger 
shrimp, so that the use of these coatings slowed down the 
growth of Enterobacteriaceae.

Staphylococcus aureus is one of the most disturbing bac-
teria among food pathogens [58]. The number of Staphylo-
coccus aureus (Fig. 4a) in all the treatments significantly 
increased with time and these changes were higher in the 
control treatment (p < 0.05). At the end of the storage period, 
it was equal to 5.41 log CFU/g in the control treatment. 
The use of edible coatings and extracts slowed down the 
increasing process of Staphylococcus aureus and increasing 
the concentration of the extract had a positive effect on this 
process, so that on the 12th day of storage, the lowest value 
of Staphylococcus aureus bacteria was in SA + GG + NE 1% 

Fig. 4  Changes in Staphylococcus aureus (a), mold and yeast (b) of fish fillet coated by sodium alginate (SA), galbanum gum (GG), composite 
coating of SA + GG with nettle extract (NE). Values on the same day with different letters are significantly different at p < 0.05
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(3.99 log CFU/g) (p < 0.05). This indicated the antimicrobial 
properties of NE against Staphylococcus aureus. Antimicro-
bial properties of NE against Staphylococcus aureus have 
also been reported in studies by other researchers [11, 40].

Mold and yeast are effective in spoiling fish fillets while 
refrigerated. The values of mold and yeast (Fig. 4b) in all 
the treatments significantly increased with increasing time 
and these changes were higher in the control treatment 
(p < 0.05). At the end of the storage period, it was equal to 

4.71 log CFU/g in the control treatment (p < 0.05). The use 
of edible coatings and extracts slowed down the increasing 
process of mold and yeast and increasing the concentration 
of the extract had a positive effect on this process, so that 
on the 12th day of storage, the lowest values of mold and 
yeast bacteria were in the treatment of SA + GG + NE 1% 
(3.26 log CFU/g) (p < 0.05). In general, food coatings are 
an important factor in increasing the shelf life and prevent-
ing microbial spoilage of meat products, and their good 

Fig. 5  Sensory evaluation of 
fish fillet coated by sodium algi-
nate (SA), galbanum gum (GG), 
composite coating of SA + GG 
with nettle extract (NE)
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inhibition of oxygen has led them to be an anti-lipid oxida-
tion agent that delays the growth of mold. NE improves the 
antimicrobial effects of this coating due to its active terpe-
noid and phenolic groups [59].

Sensory evaluation of coated fish fillet

Food spoilage is determined based on product quality eval-
uations by various sensory, chemical and microbiological 
methods. Sensory evaluation is a suitable method for evalu-
ating the quality and freshness of fish during the storage 
period and is used as a simple and fast method. It should 
be noted this method alone cannot be accepted as a fixed 
standard in the laboratory. Over time, the results of sensory 
properties (Fig. 5) were significantly reduced in all the treat-
ments (p < 0.05). The use of compound coatings and extracts 
had a minor, but adverse, effect on fish fillet samples. Also, 
in the control group, unpleasant sensory properties could be 
inhaled after 6 days of storage at the refrigerator tempera-
ture and the control samples were completely unusable after 
6 days. Changes in sensory properties were consistent with 
chemical and microbial results, so that on the 12th day of 
storage, the highest values of sensory points were observed 
in SA + GG + NE 1% (p < 0.05), which can be because fat 
oxidation leads to degradation and loss of sensory quality, 
and reduces the number of nutrients, including PUFA and 
the production of toxic oxidation products [14]. On the other 
hand, increasing fat hydrolysis and accumulation of free 
fatty acids leads to a decrease in some product acceptance 
indicators because free fatty acids have been proven to affect 
the stability of proteins and cause tissue destruction by react-
ing with proteins. Oxidation of proteins in this state occurs 
faster than fats that are high molecular weight fats (such 
as triglycerides and phospholipids) due to increased pro-
tein access to oxygen and other peroxide molecules. Also, 
the coherence between changes in the process of bacterial 
spoilage and sensory evaluation was already proven by Jalali 
et al., [60] which may be related to the activity of microor-
ganisms responsible for food spoilage.

Conclusion

According to the results, SA–GG coating with NE slowed 
down the increasing trend of oxidative spoilage indices 
compared to the control treatment. Results of the micro-
bial analysis indicated that, in all the treatments, there was 
an increase in microbial load over time, but this increase 
occurred slower in the treatments containing extracts; bet-
ter results were observed with increasing concentration. 
SA + GG + NE 1% had an acceptable condition in terms of 
both indicators until the 12th day of storage. The results of 
the sensory evaluation were consistent with chemical and 

microbial results. However, further studies are needed to 
assess the impact of SA + GG + NE 1% on other meat prod-
ucts with other kinds of packaging methods. This study pro-
posed that SA–GG composite coating containing NE at 1% 
was the best treatment with the highest inhibitory impact, 
which can be used as an edible coating to create long shelf 
life for food products such as rainbow trout fillets.
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