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Caviar is one of the most luxury foods in the world. In addition to the traditional method (using salt 
and preservative with low temperature), there are various methods to extend the shelf life of caviar. The 
main objectives of this study were to evaluate the capabilities of Zataria multiflora essential oil (0.03%, 
0.06%(W/W)), nisin (9, 18 mg/kg), potassium sorbate (500 and 1000 mg/kg) and LDPE package contain-
ing 0.4 and 1%(W/W) nano-ZnO on the shelf life, as a new approach in caviar. Total aerobic bacteria, 
molds & yeasts and color of samples were evaluated immediately after packaging and after 30, 60, 90, 120 
and 150 days of storage. Results showed that LDPE package containing 1%(W/W) nano-ZnO have the 
most capability to control total aerobic bacteria. While for molds and yeasts count, 0.06%(W/W) Zataria 
multiflora essential oil had the most significant effect on the caviar samples (p < 0.05). For color changes 
analysis, there were significant differences between all of the treatments except 500 mg/kg potassium sor-
bate and 18 mg/kg nisin. Minimal color changes were observed in caviar samples packaged in LDPE film 
containing nano-ZnO. The results also showed a considerable Zn migration from package to caviar that 
its rate increased after 40 days.
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Introduction
Caviar is an expensive delicacy with high nutritional 

factor full of vitamin A and complex vitamins B (Altug 
and Bayrak, 2003; Bledsoe et al., 2003). The caviar from 
Russia and Iran, produced from roes of Sturgeon fish, is 
known as the original caviar. There are over 20 species of 
sturgeon, while the Caspian Sea has six commercially valu-
able sturgeon species, four of which produce 90% of the 
world’s original caviar. They consist of Acipenser Huso huso 
(Beluga sturgeon), Acipenser gueldenstaedtii (Ossetra or 
Russian sturgeon), Acipenser persicus (Persian sturgeon), 
and Acipenser stellatus (Sevruga sturgeon) (Hosseini et al., 
2008). Iran is the most important exporter of sturgeon caviar 
in the world (Jelodar and Safari, 2006). In the conventional 
processing, caviar contains 4 − 8% salt, which is added after 

sieving the eggs from the ovaries, with the better varieties 
generally containing less salt (Wang et al., 2008). Although 
the caviar production is carried out with the highest hygiene 
level, it is still possible to observe microbial contaminations. 
Altug and Bayrak (2003) analyzed microbiologically the 
caviar samples from Russia and Iran. They detected coli-
forms, Esherichia coli and yeast in the samples and reported 
that the standard plate count and yeast counts were beyond 
the desired levels (6 log cfu/gr). Because high levels of salt 
and sodium borate (borax) used in caviar processing and the 
possibility of contamination during conventional process, it 
is necessary to replace them with other safe preservatives. 
Zataria multiflora Boiss. (Persian thyme), a native Iranian 
plant (Amin, 1991), is used traditionally as a flavoring agent 
(with a strong and pleasant aroma) (Mahboubi et al., 2010; 
Zargari, 1990). The main components of Z. multiflora oil are 
phenolic compounds such as thymol and carvacrol (Mahboubi 
et al., 2008; Mahboubi and Ghazian Bidgoli, 2010). Phenolic 
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Zinc oxide exhibits antibacterial activity that increases with 
decreasing particle size (Yamamoto, 2001). However, the 
mechanism of toxicity is still only partially understood (Li et 
al., 2008).

Several researches have been done on caviar with differ-
ent subjects, such as determination of chemical composition 
(Duyar et al., 2008), proteins (Al-Holy and Rasco, 2006), 
fatty acid and volatile compounds (Caprino et al., 2008), 
organic and metal contaminants (Wang et al., 2008), and mi-
crobiological aspects (Altug and Bayrak, 2003; Jelodar and 
Safari, 2006). Al-Holy et al. (2004) studied thermal inactiva-
tion of Listeria innocua in salmon caviar using conventional 
glass and novel aluminum thermal-death-time tubes. Also, 
they determined dielectric properties of salmon and sturgeon 
caviar for microwave pasteurization (Al-Holy et al., 2005). 
However, little research has been published on the shelf life 
(Al-Holy and Ruiter, 2004) and application of new preserva-
tives in caviar processing (Al-Holy and Lin, 2005).

The main objective of this study was to evaluate the ca-
pabilities of Zataria multiflora essential oil, nisin, potassium 
sorbate and LDPE film containing nano-ZnO as a new ap-
proach in caviar processing on the shelf life extension.

Materials and Methods
Preparation and storage of caviar samples    To assess 

the effects of Zataria multiflora Boiss. essential oil, nisin, 
potassium sorbate and nanocomposite ZnO packaging on 
the shelf life of caviar, two levels of essential oil (0.03% 
and 0.06%W/W), nisin (9 and 18 mg/kg), potassium sorbate 
(500 and 1000 mg/kg) and the LDPE package containing 0.4 
and 1% W/W nano-ZnO were applied at this study. Control 
samples contained no additives.

Raw caviar was obtained from Iran Shilat Company. 
Nisin containing 2.5% active nisin was purchased from SIG-
MA-ALDRICH Inc. (United Kingdom, N5764-5g). A stock 
solution of 1 mg nisin/ml was prepared by suspending 0.4 g 
of nisin in 10 mL of deionized water. The stock solution was 
then sterilized through a 0.2 µm-pore-size filter and stored at 
4℃ until use. Zataria multiflora Boiss. essential oil was pur-
chased from Zardband Inc. (Iran) and potassium sorbate from 
SIGMA–ALDRICH Inc. (United Kingdom, 85520-250g). 
The LDPE package produced by Emamifar (2010) with oxy-
gen permeability 2.5 − 3×10−10 in cm3.cm/(cm2.s.cmHg), was 
applied for nanocomposite packaging.

The preparation of caviar samples was done by a series 
of stages that include roe extraction, salting (3.5% NaCl and 
preservative addition), packaging and storage at 4℃. For 
caviar treatments with Zataria, nisin or potassium sorbate, 
the preservative was added to caviar at the salting stage and 
then, the caviar packaged in the 50 mL conical bottom sterile 

components have been known to possess antimicrobial activ-
ity and some are classified as Generally Recognized as Safe 
(GRAS) substances and therefore could be used to prevent 
the growth of native and contaminant bacteria (Sharififar et 
al., 2007; Singh et al., 2001). Basti et al. (2007) reported that 
the Z. multiflora Boiss. essential oil had inhibitory effect on 
Salmonella typhimurium and Staphylococcus aureus in brain 
heart infusion (BHI) broth.

Nisin, the natural antimicrobial peptide (produced by 
Lactococcus lactis) was discovered in 1928 (Hurst, 1967) 
and belongs to lantibiotics. It shows the antimicrobial activ-
ity against a broad spectrum of Gram-positive bacteria be-
cause of its cationic and hydrophobic peptides (Cleveland et 
al., 2001; Driessen et al., 1995). Gram-negative bacteria are 
generally resistant to nisin (Lee et al., 2003). Nisin has been 
used in the food industry as a natural preservative in over 40 
countries for more than 50 years. It has a GRAS application 
to inhibit C. botulinum spore outgrowth and toxin forma-
tion in certain pasteurized cheese spreads (Federal Register, 
1988). The application of nisin, in food systems has been 
reviewed by different researchers (Abee et al., 1995; Wessels 
et al., 1998).

Organic acids and their salts are widely used in the food 
industry for their strong antimicrobial activity and are GRAS 
approved as food additives by E.C., FAO/WHO and FDA 
(González-Fandos and Dominguez, 2007; Surekha and Red-
dy, 2000). Sorbic acid and its salts initially thought to have 
only antimycotic activity, but they are now known to inhibit 
a wide range of bacteria, particularly aerobic catalase-posi-
tive organisms (Thomas, 2000). Potassium salt is commonly 
used because of its stability. In food, the effective concen-
tration range (that does not affect sensory characteristics of 
food) is 0.05 − 0.3 g/100 g by weight (Yoshida et al., 2010). 
The ability of potassium sorbate to inhibit L. Monocytogenes, 
Salmonella or Staphylococcus aureus has been studied in 
laboratory media and in some foods such as cheese, meat 
products or fish (González-Fandos and Dominguez, 2007; 
Moir and Eyles, 1992).

Nanotechnology has been recently introduced in the food 
packaging industry (Chaudhry et al., 2008), because one of 
the many diverse characteristics existed in nanocomposites 
is bactericidal properties (Hu et al., 2011). Indeed antimi-
crobially active packaging is based on metal nanocompos-
ites, which are made by incorporating metal nanoparticles 
into polymer films (Chaudhry et al., 2008; Emamifar et al., 
2010). Zinc oxide has strong antimicrobial effect on a board 
spectrum of microorganisms (Jones et al., 2008). Zinc oxide 
has attracted wide interest because of its good photocata-
lytic activity, high stability, antibacterial property and non-
toxicity (Cohen, 2000; Li et al., 2010). It was reported that 
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were converted to logarithms prior to their statistical treat-
ment. Duncan’s multiple range test (DMRT) was performed 
on the treatments means data. Significant differences among 
the data were represented as p < 0.05.

Results and Discussion
Microbiological analysis    The mean initial population of 

the caviar samples immediately after treatment by potassium 
sorbate (500 and 1000 mg/kg), Zataria multiflora essential 
oil (0.03% and 0.06%(W/W)), nisin (9 and 18 mg/kg), pack-
aging in the LDPE package containing 0.4 and 1%(W/W) 
nano-ZnO, and/or  control sample was between 1.18E+03 to 
1.31E+03 cfu/g for total aerobic bacteria and 1.10E+03 to 
1.25E+03 cfu/g for yeasts and molds.

Figures 1 and 2 compare the effect of two different con-
centrations of applied treatments on the total count and fungi 
population (log cfu/g) of caviar samples during 150 days of 
storage at 4℃.

In all the treatments, it can be seen that the microbial 
population increased with increasing storage time to 60 days 
and then decreased during remaining storage time. Also, it 
can be indicated that the antimicrobial activity of the treat-
ments increased by increasing the concentration of applied 
treatments (Table 1 and Figures 1 and 2). This result is in 
common with the results of several studies (Al-Holy and Lin, 
2005; Fazeli et al., 2007; González-Fandos and Dominguez, 
2007; Emamifar, et al., 2010)).

Total aerobic bacteria and fungi population changes in-
fluenced by high concentration of the applied treatments are 
presented in Figures 3 and 4, respectively. As can be indi-
cated, the LDPE package containing 1%(W/W) nano-ZnO 
has a slightly slower ascending phase in comparison with 
the other treatments that has continued to 60 days of storage 
(Fig. 3). As shown in Table 1, there were significant differ-
ences between all treatments with different concentrations on 
the total aerobic bacteria population, but minimal microbial 
growth was observed in caviar samples packaged in LDPE 
film containing 1%(W/W) nano-ZnO. After that, 1000 mg/kg 
potassium sorbate and LDPE package containing 0.4%(W/
W) nano-ZnO had more significant effect for decreasing total 
count in the caviar samples. It seems that packaging in LDPE 
film containing 1%(W/W) nano-ZnO has more capability to 
control total aerobic bacteria than other treatments (Figure 
1). This is contrary to the result reported by Emamifar et 
al. (2011). They reported the higher total aerobic bacteria 
population for 1%(W/W) nano-ZnO than lower concentra-
tions. Antimicrobial effects of nano-ZnO may be caused by 3 
mechanisms: 1) induction of oxidative stress (Adams et al., 
2006); 2) membrane disorganization (Brayner et al., 2006); 3) 
release of Zn ions and binding to the membrane of microor-

propylene tubes with oxygen permeability 1.1 × 10−10 in cm3.
cm/(cm2.s.cmHg). For nanocomposite ZnO caviar treatment, 
the caviar after salting with 3.5% NaCl and without preser-
vative, was packed in LDPE package containing nano-ZnO.

The samples were evaluated in duplicate for their micro-
biological and physicochemical characteristics immediately 
after packaging and after 1, 2, 3, 4 and 5 months of storage.

Chemical and microbial analysis    Chemical composition 
(moisture, proteins, lipid, and ash contents) of caviar samples 
were analyzed according to standard protocols established 
by the Association of Official Analytical Chemists (934.01, 
960.52, 948.22 and 942.05 AOAC Official Methods). The 
chemical composition of the raw caviar on a wet basis was 
57.08% moisture, 19.96% proteins, 21.57% lipid, and 1.39% 
ash.

To count the total aerobic bacteria in the caviar samples, 
10 g of sample and 90ml peptone-water were homogenized 
and further 10-fold dilutions’ were made. One hundred mi-
croliters of the diluent were plated onto Plate Count Agar 
with incubation at 37℃ for 24 − 48 h to enumerate total 
aerobic bacteria (Shin and Rasco, 2007).

To count the mold and yeast in caviar samples, 10 g of 
sample and 90 mL peptone-water were homogenized and 
further 10-fold dilutions’ were made. After incubation for 
5 days in Dichloran Rose Bengal Chloramphenicol Agar at 
25℃, molds and yeasts colonies were counted separately 
(Altug and Bayrak, 2003; Pit and Hocking, 1997).

Color measurement    Color was measured using a digital 
imaging method applying a combination of a digital camera 
(Sony, Japan), a computer, and graphic software. A Petri dish 
containing 5 g caviar was placed into the lighting system 
that consisted of two CIE source D65 lamps 45.0 cm long, 
mounted on the two sides of a frame installed on either side 
of the Petri dish, 30.5 cm above and at an angle of 45° to the 
caviar sample plane. Images of the caviar were taken and 
saved using the digital camera with its lens facing down-
wards towards the caviar. Finally, the color was analyzed us-
ing the Photoshop software to obtain L, a, and b values and 
the total color difference (ΔE = [(ΔL)2 + (Δa)2 + (Δb)2)]1/2) 
was determined (Yam and Papadakis, 2004).

Zinc ion release measurement    The release of zinc ion 
into tow caviar samples was determined by a graphic furnace 
atomic absorption spectrometer (PG990) operated at 213.9 
nm wavelengths based on the standard method (A.O.A.C. 
974.27, 2002) slightly modified by Bings et al. (2006).

Statistical analysis    The experimental design was a 
split-plot (8 × 6) arranged in randomized completely block 
design with two replications. Analysis of variance was car-
ried out using the SAS statistical software release 6.12 (SAS 
Institute, Cray, NC). Plate count and molds and yeasts data 
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Mahboubi et al. (2008) reported the high antifungal activity 
of Zataria multiflora essential oil, while Sawai and Yoshi-
kawa (2004) have concluded that ZnO powder has a poor 
antimicrobial effect on Saccharomyces cerevisiae and other 
yeasts and molds compared with bacteria. In agreement with 
these studies, it appears that antifungal activity of Zataria 
multiflora essential oil is significantly (p < 0.05) higher than 
nanocomposites containing nano-ZnO. Treatment with 18 
mg/kg nisin showed the minimal capability to decrease the 
population of total aerobic bacteria and fungi. Misaghi and 
Akhondzadeh Basti (2007) reported that Zataria multiflora 
essential oil in comparsion with nisin had the better effect on 
Bacillus cereus ATCC 11778.

The shelf life of caviar is defined as the time to reach a 
microbial population of 6 log cfu/gr (ISIRI, 186). The mean 
population of total aerobic bacteria increased up to 6 log cfu/
gr after 30 days of storage in all the treatments except for 
the LDPE +1%(W/W) nano-ZnO. The study revealed that to 

ganisms (Gajjar et al., 2009).
Figure 5 shows the evolution of Zn ion quantity in caviar 

packed in LDPE film containing nano-ZnO during storage 
for 60 days at 4℃. As can be seen, there is a considerable 
rate of Zn migration from package to caviar, but as Zinc is 
classified as a GRAS compound for food applications, its 
final concentration is still in the acceptable level for food 
consumptions. It seems that the Zn migration rate from pack-
aging to caviar increases after 40 days. The initial amount of 
Zn in raw caviar was 8.126 mg/kg that approximately is in 
compromise with results of Sadeghi Rad et al. (2003).

Table 1 shows the significant differences between all 
treatments on the molds and yeasts count. Among them, 
0.06%(W/W) Zataria multiflora essential oil showed the 
most significant effect in the caviar samples. After that, 
LDPE package containing 1 and 0.4%(W/W) nano-ZnO and 
0.03%(W/W) Zataria multiflora essential oil had more sig-
nificant effect for decreasing fungi count (Table 1 and Fig. 4). 
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Fig. 1.  Effect of two different concentrations of applied treatments: a) potassium sorbate, b) Zataria multiflora essential oil, c) nisin, and 
d) packaging containing nano-ZnO) on total count (log cfu/g) of caviar samples during 150 days of storage at 4℃.
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Fig. 2.  Effect of two different concentrations of applied treatments: a) potassium sorbate, b) Zataria multiflora essential oil, c) nisin, and 
d) packaging containing nano-ZnO) on the molds and yeasts count (log cfu/g) of caviar samples during 150 days of storage at 4℃.
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Fig. 3.  Total count (log cfu/g) of the caviar samples treated with 
potassium sorbate, Zataria multiflora essential oil, nisin, and pack-
aging containing nano-ZnO during 150 days of storage at 4℃.

Fig. 4.  Molds & yeasts count (log cfu/g) of the caviar samples 
treated with potassium sorbate, Zataria multiflora essential oil, ni-
sin, and packaging containing nano-ZnO during 150 days of storage 
at 4℃.
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distinction between them is not very clear (Table 1). In con-
trast, the ‘a’ values of caviar samples increase during storage 
(from a = −13 to a = 0) (Fig. 7).

It indicates that the greenness of caviar color has been 
decreased and the color has been closed to gray. As shown in 
Table 1, there were significant differences between all treat-
ments with different levels on “a” values except 500 and 
1000 mg/kg potassium sorbate, but minimal changes were 
observed in caviar samples packaged in LDPE film contain-
ing 1 and 4%(W/W) nano-ZnO, respectively. It can be seen 
that the ‘b’ values of caviar samples decrease during storage 
(Fig. 8). It indicates that the blueness of caviar samples has 
been decreased and their grayness has been increased. In cor-
relation to the ‘a’ values, there were significant differences 
between all treatments on “b” values except 9 and 18 mg/kg 
nisin and minimal changes were observed in caviar samples 
packaged in LDPE film containing ZnO (Table 1).

As a result of ‘L’, ‘a’, ‘b’ values changes, ΔE change is 
also predictable. Figure 9 shows the changes in total color 
differences for all the treatments during storage compared to 
initial caviar color. Similar to the ‘L’, ‘a’, ‘b’ values of caviar 
samples, the ΔE changes had a high slope in the beginning and 
a stationary state at the end of storage. Statistical results show 
significant differences between all of the treatments except 
500 mg/kg potassium sorbate and 18 mg/kg nisin (Table 1).

It can be concluded that the storage time was an impor-
tant factor influencing color during caviar storage and mini-
mal color changes were observed in caviar samples packaged 
in LDPE film containing nano-ZnO.

prolong shelf life of caviar, other treatments or combination 
of these treatments are necessary.

Color analysis    Caviar color is mainly due to the pres-
ence of carotenoid pigments and is influenced by caviar 
type, processing treatments and storage conditions (Keyvan, 
2005). Figures 6, 7, 8 and 9 show the evolution of ‘L’, ‘a’, 
‘b’ and ΔE values of caviar samples treated by different treat-
ments during storage at 4℃, respectively. In color analysis, 
‘L’ value represents the lightness, ‘a’ value greenness to red-
ness and ‘b’ value blueness to yellowness of samples; while 
ΔE shows total color difference compared to initial color 
(Yam and Papadakis, 2004).

As can be seen in Figure 6, the ‘L’ value decreases with 
increasing the storage time. Despite significant differences 
between the effects of some treatments on the lightness, the 
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capability to control total aerobic bacteria than other treat-
ments. While in the case of molds and yeasts, 0.06%(W/W) 
Zataria multiflora essential oil. Minimal color changes were 
observed in caviar samples packaged in LDPE film contain-
ing nano-ZnO. The study revealed that to prolong shelf life 
of caviar, other treatments or combination of these treatments 
are necessary. Work will continue on the shelf life extension 
of the caviar by combination of the different hurdles.

Conclusion
In this research, the effect of different treatments by Za-

taria multiflora essential oil, nisin, potassium sorbate and 
LDPE packaging containing nano-ZnO as a new approach in 
the caviar processing was evaluated on its shelf life. Micro-
bial counts (total aerobic bacteria and molds & yeasts) and 
color of caviar samples, and Zinc release from package to 
caviar were determined during storage. The caviar packag-
ing in LDPE film containing 1%(W/W) nano-ZnO had more 
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nano-ZnO during storage at 4℃.

755



M.K. Heshmati et al.

chus keta) caviar using conventional glass and novel aluminum 
thermal-death-time tubes. J. Food Prot., 67, 383-386.

Al-Holy, M. and Rasco, B. (2006). Characterization of salmon (On-
corhynchus keta) and sturgeon (Acipenser transmontanus) caviar 
proteins. J. Food Biochem., 30, 422-428.

Al-Holy, M. and Ruiter, J. (2004). Inactivation of Listeria in-
nocua in nisin-treated salmon (Oncorhynchus keta) and sturgeon 
(Acipenser transmontanus) caviar heated by radio frequency. J. 
Food Prot., 67, 1848-1854.

Al-Holy, M., Wang, Y.F., Tang, J. and Rasco, B. (2005). Dielectric 
properties of salmon (Oncorhynchus keta) and sturgeon (Acipens-
er transmontanus) caviar at radio frequency (RF) and microwave 
(MW) pasteurization frequencies. J. Food Eng., 70, 564-570.

References
Abee, T., Krockel, L. and Hill, C. (1995). Bacteriocins: modes of 

action and potentials in food preservation and control of food 
poisoning. Int. J. Food Microbiol., 28, 169-185.

Adams, L.K., Lyon, D.Y. and Alvarez, P.J.J. (2006). Comparative 
eco-toxicity of nanoscale TiO2, SiO2, and ZnO water suspensions. 
Water Res., 40, 3527-3532.

Al-Holy, M. and Lin, M. (2005). Destruction of Listeria monocyto-
genes in sturgeon (Acipenser transmontanus) caviar by a combi-
nation of nisin with chemical antimicrobials or moderate heat. J. 
Food Prot., 68, 512-520.

Al-Holy, M., Quinde, Z., Guan, D., Tang, J. and Rasco, B. (2004). 
Thermal inactivation of Listeria innocua in salmon (Oncorhyn-

0

5

10

15

20

25

30

35

40

0 35 70 105 140

∆E

Storage Time (day)

500 ppm Potassium sorbate 

1000 ppm Potassium sorbate 
0.03% Zataria
0.06% Zataria
9 ppm nisin
18 ppm nisin

0.4% ZnO
1% ZnO 
Control

Fig. 9.  ∆E values in caviar samples treated with potassium sorbate, Zataria multiflora Boiss. essential oil, nisin, and packaging 
containing nano-ZnO during storage at 4℃.

Table 1.  Effect of treatment by potassium sorbate, Zataria multiflora Boiss. essential oil, nisin, and packaging containing nano-ZnO 
(Mean value) on the fungi and total aerobic bacteria population, standard L, a and b values, and total color differences (∆E) of caviar 
during storage at 4℃.

Mean value

Source of changes L a b ΔE Total count Molds & yeasts

Treatment

Potassium sorbate (500 ppm) 13.752a −5.140e 3.959c 20.011d 3.97E+08c 8.59E+07b

Potassium sorbate (1000 ppm) 13.200b −5.144e 3.223g 19.387f 1.91E+08g 5.71E+07d

Zataria multiflora (0.03%) 12.930c −4.251a 3.822d 19.627e 3.82E+08d 4.55E+07e

Zataria multiflora (0.06%) 13.830a −4.689c 3.657e 19.310g 3.51E+08e 1.05E+07h

Nisin (9 ppm) 13.630a −4.871d 3.477f 20.487c 6.82E+08a 9.25E+07a

Nisin (18 ppm) 13.590a −4.474b 3.475f 20.014d 4.62E+08b 7.76E+07c

ZnO nanocomposite (0.4%) 12.620d −5.944f 5.026b 23.281a 3.25E+08f 2.61E+07f

ZnO nanocomposite (1%) 13.160b −6.547g 5.365a 22.483b 8.85E+07h 1.40E+07g

a − h Values in the same column not sharing the same superscript letter are significantly different (p < 0.05).

756



Impact of Different Preservatives on Caviar Shelf Life

Emerging Technol., 11, 742-748.
Emamifar, A., Kadivar, M., Shahedi, M. and Soleimanian-Zad, S. 

(2011). Effect of nanocomposite packaging containing Ag and 
ZnO on inactivation of Lactobacillus plantarum in orange juice. 
Food Control, 22, 408-413.

Fazeli, M.R., Amin, Gh., Ahmadian Attari, M.M., Ashtiani, H., 
Jamalifar, H. and Samadi, N. (2007). Antimicrobial activities of 
Iranian sumac and avishan-e shirazi (Zataria multiflora) against 
some food-borne bacteria. Food Control, 18, 646-649.

Federal Register. (1988). Nisin preparation: affirmation of GRAS 
status as a direct human food ingredient. Federal Register, 53, 
11247-11251.

Gajjar, P., Pettee, B., Britt, D.W., Huang, W., Johnson, W. and 
Anderson, A.J. (2009). Antimicrobial activities of commercial 
nanoparticles against an environmental soil microbe, Pseudomo-
nas putida KT2440. J. Biol. Eng., 3, 1183-1189.

González-Fandos, E. and Dominguez, J.L. (2007). Effect of Potas-
sium sorbate washing on the growth of Listeria monocytogenes 
on fresh poultry. Food Control, 18, 842-846.

Hosseini, S.V., Dahmardeh Behrooz, R., Esmaili-Sari, A., Bahrami-
far, N., Hosseini, S.M., Tahergorabi, R., Hosseini, S.F. and Feás, 
X. (2008). Contamination by organochlorine compounds in the 
edible tissue of four sturgeon species from the Caspian Sea (Iran). 
Chemosphere, 73, 972-979.

Hu, Q., Fang, Y., Yang, Y., Ma, N. and Zhao, L. (2011). Effect of 
nanocomposite-based packaging on postharvest quality of eth-
ylene-treated kiwifruit (Actinidia deliciosa) during cold storage. 
Food Res. Int., 44, 1589-1596.

Hurst, A. (1967). Function of nisin and nisin-like basic proteins in 
the growth cycle of Streptococcus lactis. Nature, 214, 1232-1234.

I.S.I.R.I. (2005). “Caviar-Specifications and test methods.” Institute 
of Standards and Industrial Research of Iran, ISIRI 186.

Jelodar, A.S. and Safari, R. (2006). Microbial and chemical quality 
evaluation of caviar in Iranian processing plants in line with the 
European Community code. J. Appl. Ichthyol., 22, 411-415.

Jones, N., Ray, B., Ranjit, K.T. and Manna, A.C. (2008). Antibacte-
rial activity of ZnO nanoparticle suspensions on a broad spectrum 
of microorganisms. FEMS Microbiol. Lett., 279, 71-76.

Keyvan, A. (2005). “Iranian caviar.” Nagsh Mehr press, Tehran.
Lee, D.U., Heinz, V. and Knorr, D. (2003). Effects of combination 

treatments of nisin and high-intensity ultrasound with high pres-
sure on the microbial inactivation in liquid whole egg. Innovative 
Food Sci. Emerging Technol., 4, 387-393.

Li, L., Deng, J., Deng, H., Liu, Z. and Li, X. (2010). Preparation, 
characterization and antimicrobial activities of chitosan/Ag/ZnO 
blend films. Chem. Eng. J., 160, 378-382.

Li, Q., Mahendra, S., Lyon, D.Y., Brunet, L., Liga, M.V. and Li, D. 
(2008). Antimicrobial nanomaterials for water disinfection and 
microbial control: potential applications and implications. Water 
Res., 42, 4591-4602.

Altug, G. and Bayrak, Y. (2003). Microbiological analysis of caviar 
from Russia and Iran. Food Microbiol., 20, 83-86.

Amin, Gh. (1991). Popular medicinal plants of Iran. In “Ministry of 
health,” ed. by Gh. Amin. Deputy of Research publication, Teh-
ran, pp. 40-47.

A.O.A.C. (1984). “Official Method of Analysis of Association of 
Analytical Chemists.” Published by Association of Official Anal-
ysis Chemists, Inc., Virginia.

A.O.A.C. (2002). Cadmium, Chromium, Copper, Iron, Lead, 
Magnesium, Manganese, Silver, and Zinc in water. In “Official 
Methods of Analysis of AOAC International,” ed by W. Horwitz. 
Gaithersburg, MD, Washington, Method 974.27.

Basti, A.A., Misaghi, A. and Khaschabi, D. (2007). Growth re-
sponse and modeling of the effects of Zataria multiflora essential 
oil, pH and temperature on Salmonella typhimurium and Staphy-
lococcus aureus. LWT - Food Sci. Technol., 40, 973-981.

Bings, N.H., Bogaerts, A. and Broekaert, J.A.C. (2006). Atomic 
spectroscopy. Anal. Chem., 78, 3917-3945.

Bledsoe, G.E., Bledsoe, C.D. and Rasco, B.A. (2003). Caviar and 
fish roe products. Crit. Rev. Food Sci. Nutr., 43, 317-356.

Brayner, R., Ferrari-Iliou, R., Brivois, N., Djediat, S., Benedetti, 
M.F. and Fiévet, F. (2006). Toxicological impact studies based 
on Escherichia coli bacteria in ultrafine nano-ZnO colloidal me-
dium. Nano Lett., 6, 866-870.

Caprino, F., Moretti, V.M., Bellagambaa, F., Turchini, G.M., Buset-
toa, M.L., Giani, I., Paleari, M.A. and Pazzaglia, M. (2008). Fatty 
acid composition and volatile compounds of caviar from farmed 
white sturgeon (Acipenser transmontanus). Anal. Chim. Acta, 
617, 139-147.

Chaudhry, Q., Scotte, M., Blackburn, J., Ross, B., Boxall, A. and 
Castle, L. (2008). Applications and implications of nanotechnolo-
gies for the food sector. Food Addit. Contam., 25, 241-25.

Cleveland, J., Montville, T.J., Nes, I.F. and Chikindas, M.L. (2001). 
Bacteriocins: safe, natural antimicrobials for food preservation. 
Int. J. Food Microbiol., 71, 1-20.

Cohen, M.L. (2000). The theory of real materials. Annu. Rev. Mater. 
Sci., 30, 1-26.

Driessen, A.J.M., van den Hooven, H.W., Kuiper, W., van der 
Kamp, M., Sahl, H.G., Konnigs, R.N.H. and Konnigs, W.N. 
(1995). Mechanistic studies of lantibiotic-induced permeabiliza-
tion of phospholipid vesicles. Biochem., 34, 1606-1614.

Duyar, H.A., Oeoretmen, Y.O. and Ekici, K. (2008). The chemical 
composition of waxed caviar and the determination of its shelf 
life. J. Anim. Vet. Adv., 7, 1029-1033.

Emamifar, A. (2010). The effect of nanocomposite packaging con-
taining Ag and ZnO on thermal processing of orange juice. Ph.D. 
Thesis, Isfahan University of Technology, Isfahan, Iran.

Emamifar, A., Kadivar, M., Shahedi, M. and Soleimanian-Zad, S. 
(2010). Evaluation of nanocomposite packaging containing Ag 
and ZnO on shelf life of fresh orange juice. Innovative Food Sci. 

757



M.K. Heshmati et al.

Shin, J.H. and Rasco, B.A. (2007). Effect of water phase salt con-
tent and storage temperature on Listeria monocytogenes survival 
in chum salmon (Oncorhynchus keta) roe and Caviar (Ikura). J. 
Food Sci., 72, M160-M165.

Singh, A., Singh, R.K., Bhunia, A.K. and Simmon, J.E. (2001). Use 
of plant essential oils as antimicrobial agents against Listeria 
monocytogenes in hotdogs. In Program listing, New Orleans, The 
2001 IFT annual meeting.

Surekha, M. and Reddy, S.M. (2000). Preservatives. Classification 
and properties. In “Encyclopedia of food microbiology,” ed. by 
R.K. Robinson, C.A. Batt, and C. Patel. Academic Press, New 
York, pp. 1710-1717.

Thomas, L.V. (2000). Preservatives. Sorbic acid. In “Encyclopedia 
of food microbiology,” ed. by R.K. Robinson, C.A. Batt, and C. 
Patel. Academic Press, New York, pp. 1769-1776.

Wang, W., Batterman, S., Chernyak, S. and Nriagu, J. (2008). Con-
centrations and risks of organic and metal contaminants in Eur-
asian caviar. Ecotoxicol. Environ. Saf., 71, 138-148.

Wessels, S., Jelle, B. and Nes, I. (1998). “Bacteriocins of lactic acid 
bacteria.” Report of the Danish Toxicology Centre, Denmark.

Yamamoto, O. (2001). Influence of particle size on the antibacterial 
activity of zinc oxide. Int. J. Inorg. Mater., 3, 643-646.

Yam, K.L. and Papadakis, S.E. (2004). A simple digital imaging 
method for measuring and analyzing color of food surfaces. J. 
Food Eng., 61, 137-142.

Yoshida, C.M.P., Bastos, C.E.N. and Franco, T.T. (2010). Modeling 
of Potassium sorbate diffusion through chitosan films. LWT-Food 
Sci. Technol., 43, 584-589.

Zargari, A. (1990). “Medicinal Plants.” Tehran University publica-
tion, Tehran, pp. 1-57.

Mahboubi, M., Feizabadi, M.M. and Safara, M. (2008). Antifungal 
activity of essential oils from Zataria multiflora, Rosmarinus 
officinalis, Lavandula stoechas, Artemisia sieberi Besser and 
Pelargonium graveolens against clinical isolates of Candida albi-
cans. Pharmacol. Mag., 4, 15-18.

Mahboubi, M. and Ghazian Bidgoli, F. (2010). Antistaphylococcal 
activity of Zataria multiflora essential oil and its synergy with 
vancomycin. Phytomedicine, 17, 548-550.

Misaghi, A. and Akhondzadeh Basti, A. (2007). Effects of Zataria 
multiflora Boiss. essential oil and nisin on Bacillus cereus ATCC 
11778. Food Control, 18, 1043-1049.

Moir, C.J. and Eyles, M.J. (1992). Inhibition, injury and inactiva-
tion of four psychrotrophic foodborne bacteria by the preserva-
tives methyl p-hydroxybenzoate and Potassium sorbate. J. Food 
Prot., 55, 360-366.

Pit, J.I. and Hocking, A.D. (1997). Methods for isolation enumera-
tion and identification. In “Fungi and Food Spoilage,” Blackie 
Academic and Professional, London, pp. 21-57.

Sadeghi Rad, M., Amini Ranjbar, Gh., Arshad, U. and Jooshideh, H. 
(2003). Determination of Zn and Cu in muscle tissue and caviar 
in Persian sturgeon (A. persicus) and stellate (A. Stellatus) in The 
Caspian sea basin, Pajouhesh & Sazandegi, 61, 51-55.

Sawai, J. and Yoshikawa, T. (2004). Quantitative evaluation of anti-
fungal activity of metallic oxide powders (MgO, CaO and ZnO) 
by an indirect conductimetric assay. J. Appl. Microbiol., 96, 803-
809.

Sharififar, F., Moshafi, M.H., Mansouri, S.H., Khodashenas, M. and 
Khoshnoodi, M. (2007). In vitro evaluation of antibacterial and 
antioxidant activities of the essential oil and methanol extract of 
endemic Zataria multiflora essential oil. Food Control, 18, 800-
805.

758


