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Peak No. | S.P.Area Ratio Mean S.D. Mode
1 0.50 142.6 nm 38.0 nm 127.1 nm
2 0.50 573.8 nm 168.0 nm 548.7 nm
3 == === nm - nm = nm
Total 1.00 359.3 nm 247.7 nm 127.1 nm
Cumulant Operations
Z-Average : 242.4 nm
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€ 107 0 €
> 8 =70 )
¥) 6 = N
(= = =50 )
1] 4_ e v
= 5| =30 -
o 2_ = (]
o q =10 2
w 01 1 l'f‘l"l'l'l‘l‘l"‘"I"1“|"1‘ t°1 ll‘r :
0.1 1 10000

Diameter (nm)
SIE 5 &5l g}*i'*:‘.ﬁ—‘ Sl milal ol G558 (gmd 9ol jlas )3 5l ) S

5 el 05,5 oy Ll AIVE log CRUIG b s sleo
595 P MV PIVE 5l Gao 59)) el jlam ol o2 )8
o=l 099 B9, Sals s A as o, 8 oy GRals Y
alllas 390 slog,5 (soled ;o (625 ) b oo S
b A el als b a8l og)S 4y Cad (0)5,1Y)
Slert 6,55 slaas Jilas 5 iSTas aalllas opl o S
) gy w86 ladiges ;0 i 5 4 eadjlss 59, 40 0ad
oS gadgolail sladigas 5 (MYF£-+/+Ylog CFU/g
£ -V log CFU/G) S55SLS g (g5l cpiag] uilisl (5ol
A odsliwe (F/TA

S sl rals (oSl Sl SV Josr
0 (L 09,5 99 4 99 duglio & j90 ) Mgyt wlisos 57
LS e o e 980 e i el il (gla Lo
Og—dgal 0 Jlod an bguye J 08 Jlaes b analia o
Ol 3l S5 5 Gl rtasl il 5l (55
Oyl il solo 055 e salgil Jlos 4 Loy

RYYIT3] Jo0:

50 G5l gl bl oL iSL as cdled il

o MBC 9 MIC )J»)LD.A u)s_{:brn csal_in O Ja.\_‘>
3wl Sl 5l (gl bl g g4l
ol gal gl 29,800 w udlad molidl o IS le 3G
SIS ilwl crdlad b asb g5l gl il
osnlin O Jouz 3o 5 My dup wlios il s yS| arle
MIC i 5 ol S5 (ygdgal 51 35 ol 55 35518
MBC ladie Lol ol eSS (651 (gl 5 (S5 uilal
aS ol oaslice b yuilul jgundgelsil MBC g MIC aslis
3eS 3l gl Gl (g5l (sl paolie !
AL ad) (55, » iz slajloss b F Jour o

el oo ool lis anllas 0,98 (b Mg, wligeg 5/
oliseg Sl ySU slows aS ols lis pol> alllas gl
32039 VY (6)l0eSS 0590 (o J S Asged ;0 Mty b0



10 Ve e lanls X o)lad @3 5L5 Sl (olpl (ol @lio 5 4,355 pole aloxe

Mg e wlisos 5T 5 7S adle G551 5 53l (gl Slo il sed5alsil g il MBC s MIC .0 Jguer

MBC(mg/ml) MIC(mg/ml)
¥ \ il gl il
A f S5 uilul
v | 3l rtagl il (g gl
\l Y S5 il gl galsil

039 V¥ Jsbo ) Modg st lios, i (5 7S b onds ili slaaisad )3 625k s Slpis £ Jguar

oot 5958 Ggendgalgls g gl Ozl Osedgalil Ol J=s 39
ool g3l ] orlshrlignS Guileb gl oS
S S 3l ]

$lok-[-q SIE0EN D SIE5E- I\ ¥ SIYAE-\$ SI0FE-/14 SINFENE
BIARE- /YA O/ V£ /YE SINYEIVE $1-AE- N A AT FIVEE-/+0 \
BIOYE-/+Y BIFAE- /N Y N ZE OIA-E+/+1 SI¥VE /YO $1AAE- /14 \
BIYYE:] -5 BIFYE-[-Q OI¥AE-[-4 OIOAE [+ A SIVSE- Y] \aEIN ¥
FAAE-NY AGETIERG BNAENY BIYEE/1 BIAYE- )Y AIYYE- VY A
FIFAE)) FIANE- )+ A FIA-E-/-f BINOE-NY N2 AN [y VY

axJlao ¢)9.A liseo ‘51.205; )-) )L.qjjul.ub L)“L}A}jjiksfSlJ Slass w.o.l)lil u,....aslf u.».iLaA &_B)L." V Js»\?

rSSPE S el rlieS Bl rglenS G Qe $U VolenS 055 eSbe DS
S5l o] Siled sl S Lo ) I-J
(D55

Yy “YIAY VA "\ VY Jyus
A RN - AT RS Bas
v “eA "0 SlsS ob
v g S5 58 b
“NA Sl oaslr oS s

pya> dn (2lie Sy ) Busle lBl cage 55535
Dl 2y lees sl 3

eaie 31,5 silog S olfiws Lasss b il 5 JUT ls
4 azgil a5 el osel Y o Y Jolaor ;0 ooy i ek &
SIS 1y 3l (e il sae S5 Jshi
55 598 1) G5 il odes oS 5 g JeS
@ lizes Ol 3l g OLuS 5 g9y p (BB Dldlhas aps o
g (alialojl Lulyl jo G5 5 (5led gl obS
ol 5 00nd 15 gl Ly a8 el sudpll i
dyle SGop callas gy

@lslidg glpal g, b (V- A) ohlSen 5 0l e
olS alidee Sladiss p5 el 15 9250 (ploond OLS 5
@ lizs sleolKisg, ,o (Ziziphora clinopodioides Lam.)

Al o pSiloe BB 04 I Line oazas ylad™

- e
omibl gl 0195 g9l Giligy Sl oslal
6L sl el cuw ( S95LS g (55 g
od (5SS el ale My, n wligog g1 S oy
omibosl 59 S5 )0 05y dn Azl Gl s )S Jl o
la il gl 358 cllan y0 suiylo Sl .09 Sspiee
Sy Jdo A aly oo bl )ls e (59, 2 R
2l g o3 5 Jyerd «Js,S19,l5 Je SGIsid OlaS
Ol o Slo 5L o, JyS b 5 gogl crge oS
ol glis B,k 5l 05 o0 Moy e wliges 5T gzeen
4SS Slygs slo ids api ;o ol 5,0l 5l oolazul slo
o5k d Wl oo aites (b (09)S0 05 BLS 5 (59l



S 5 BT o o SIS 5 (53l (gl ol il limsd e 5 el o5

s 23bse 625U crl Oog Bo g Sale s 4y a5 Ly
09,5 3l ;e adlllae 5 )50 (slwog I plad ;5 (5,551 o,
oL ¢ Severino ,—da o L ladzo . 090 J a8
St Ol i (9,50 9d ;34 (V410)
53 01577 Lo 3/ (6 S aely Gl (ygand ol
iy 45 033 ,S (asuise Wiold 15wy p 3550 o Lol
SIS (g9,5eeand Sl il L ol oo 5 (e 4 ligeS
V)

s g Sae a1 45 (Y1) oK 5 (g0l
Slamlio ©)90 4 ) (li5S Gemdgaleill jles 9 Olig5S
8 )l 0,90ns7iHr (A L 15/ (6 7S 025 (59, 2
O galgil Jlass ;i (9,80 ad ST Az gie ool
(YY) wiads olyeS

SIS ojlas (09,50ad ST (Ve - A) ,5en 5 ()l joe
L @litslye sl lom 9 old Wse slos Sk 2 (295
= S S LS ojlac aisly Lis g 00g—ai asllas
Sd g (SaiS e Sl cie 0,5y e )5 slas SL
(Y8) 0,5 (29,500

P2 95 9o LS (VY) GLSen 5 (SS9 xS
Slys a0 009381 (53l gl il (ygendyalgil
@l 9 9505 (cyp |y S esdy Ol n (e Gann
sl U 3 5l (2alS b oS sgei e o]
e @l b g aobior Gl puilal (02950 0 il
wrge S G3led sl bl sl Gl g salsil
Cllas ol My n lies i 553l 6 S Slaws rals
(V) 94l

4 ol (et de Laog ;5 50 dn g9 dlio 4y 4z g b
ool jlos & bgrye (6581 ) 25 (e (it
01355 O3edsolsil slags G151 oy g L pilil 1 oo
5 Olsbezs,e mbos b aS o9 (g5l Guilsl ssl>
RUP-S ) (W v Lzzao] aS oyl callas (Y0 ) +) o, e
e @9l oS an uilal () e Sools 5 (2L S
O—9klog See (g 4 (2138 Slge mae Slaygl 5l (S0
S,LS aSosly s Gadod pl gl faamme 0 g oSl
e o5 Slas i adde ohyg 4y (il 9ol lojen
LEY) ol 0393 drgi LB 003 lo30s gl il gl o
—aass oS iils Jlo Colem l aliwsinas 16l iSamwlbow
5 555 JLoS Gl ml plal jo ol (ngi (slags yslid

Pyl glo,ad

S 5 aS asely flis g ool 1,8 dslllas 050 |y lpl 4o
YOU¥e 5009 g 925 blie 25150 olS cnl (Lol
(Y8) a2 oo JoSis |y Jol> il 5l oo o

Jdo 0 g5l s cpiagl bl (V4VY) ) S 4 Eliza
BV PN PSR I [ TP ) - B I { ARV [P
A2 e ol Sl .ol Ol (25 digy by g SSuw
e @2l dlse slagisily ade lauilul (nl (il MIC o5
&3l omagl il 55 Jg,ST5,LS 51 (Wl S e
S-S (95w sLid Gl erse S cul &5 ol
(YY)

ol (S 5L ST (YY) LS 5 Govaris
ol 50 o e Jub aSols i (asS sy 5 (o]
(VA sl Jgouiy J5,519,8

ol 5 a 355 g0V +0) o)l,L Se g 5L o>
5 =, o9 |, ( Z.clinopodioide s Z.taurica) ssSLS
ol 0 S SYY g VA s s ay ol ), 8 P WE)
oad glwlid OLS 5 o yiin a5 0503 glolils la !
(V) 292 9e 5 98

oS sy ol el (g, o3l aalllas oyl 4o
ads o ol)d plw (Kl 45 ol plol DLS’eLi';_wo
oHlSen o Hatanaka .ogn yiegils 0« 31 S Lo lous
iy S (Y21 0) o) Kan o Severino pores 5 (Y ) +)
3 S ogaore liilallas o 50 IS plw (g S0l
O AV as,8 Ll o gl leie 4l ogili - -

Godas )i &S MBC s MIC i islss] o
Omiag] Gl bl (g 5ol g Lo puill ke JBlos
olizos 35 55k o5 b o) o oz S 5 (5l
Lo ilol (y5mdsalsil sy MBCs MIC sl o Moo
3 e 50 saums las Wlgr oo ba wilul b avlie o
el Lo puill yaaed olgil s Seoids Cegllad ial3al 4o
Bz 0,90 )3 (hlSen 5 (295 alllan b ol ls
s,)Las (MBC) 25 s, Sus 5 (MIC) FoisS oo il
5 ke 05 5 Cte 0,5 slacs SSL ade (gl (na]
S Sl cdale Jlas 5550 0 LSen 9 b jee arllla
Sl 5255 S5 o lae (MBC) 35 s 5 (MIC)
(V7 X) ol cinlhas ¢ e 0,5 slas 2SL

G9) = e Las 7 Sla Sula e 2ol
ol aalllas gl s (o) 2 Moyt wligos s 1S,
Wged )d Mdg s wlizey s S Slass oS sls plis
ol Sl sled 59 059, VY (5 IS5 090 (b S



AR

e References

1.

10.

11.

12.

13.

Cagri A, Ustunol Z, Ryser ET. Antimicrobial edible
films and coatings. Journal of Food Protection.
2004;67(4): 833-848.

Higdon JV, Frei B. Tea catechins and polyphenals:
health effects, metabolism, and antioxidant functions.
Critical Reviews in Food Science and Nutrition.
2003;43(1): 89-143 24.

Simopolos AP. Evolutionary aspects of omega_3 fatty
acids in The food suply. Prostaglandis Leukot Essent
Fatty Acids.1999; 60: 421-429

Fan W, Sun J, Chen Y, Qiu J, Zhang Y, Chi Y. Effects
of chitosan coating on quality and shelf life of silver
carp during frozen storage. Food Chemistry.
2009;115(1): 66-70.

Peniche C, Argielles-Monal W, Goycoolea FM. Chitin
and chitosan: major sources, properties and applications.
Monomers, Polymers and Composites from Renewable
Resources. 2008: 517-542.

Sathivel S, Liu Q, Huang J, Prinyawiwatkul W. The
influence of chitosan glazing on the quality of skinless
pink salmon. 2007.

Burt S. Essential oils: their antibacterial properties and
potential applications in foods—a review. Int J Food
Microbiol. 2004; 94(3): 223-53.

Azizian A, Khanzadi S, Hashemi M, Azizzadeh M.
Inhibitory Effect of Nano-gel/Emulsion of Chitosan
Coating Incorporated with
ZiziphoraClinopodioidesEssential Oil and Nisin on
Escherichia Coli O157: H7 Inoculated in Beef at Cold
Storage Condition. Journal of Nutrition, Fasting and
Health. 2019; 7(2): 103-109.

Kazemeini H, Azizian A, Shahavi MH. Effect of
Chitosan Nano-Gel/Emulsion Containing
BuniumPersicum Essential Oil and Nisin as an Edible
Biodegradable Coating on Escherichia Coli O157: H7 in
Rainbow  Trout  Fillet. Journal of  Waterand
Environmental Nanotechnology. 2019; 4(4): 343-349.

Hatanaka J, Chikamori H, Sato H, Uchida S, Debari K,
Onoue S, Yamada S. Physicochemical and
pharmacological characterization of a-tocopherol-loaded
nano-emulsion  system. International ~ Journal  of
Pharmaceutics. 2010; 396(1-2): 188-193.

Severino R, Ferrari G, Vu KD, Donsi F, Salmieri S,
Lacroix, M. Antimicrobial effects of modified chitosan
based coating containing nanoemulsion of essential oils,
modified atmosphere packaging and gamma irradiation
against Escherichia coli O157: H7 and Salmonella
Typhimurium on green beans. Food Control. 2015; 50:
215-222.

Asadi  GH, Hosseini SE, Mogadam  AD.
Nanotechnology and the future of food science,
Congress of Innovation in Traditional Foods
(INTRADFOOD) Congress Proceedings,
UNIVERSIDAD POLITECNICA DEOzturk S, Ercisli
S. Antibacterial activity and chemical constitutions of
Ziziphoraclinopodioides. Food Control. 2005;18(5):
535-540.

Yogananth N, Bhakyaraj R, Chanthuru A, Anbalagan T,
Nila KM. Detection of virulence gene in
Aeromonashydrophila isolated from fish samples using

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

PCR technique. Global Journal of Biotechnology and
Biochemistry. 2009; 4: 51-53.

Shibamoto, T. 1987. Retention indices in essential oil
analysis: 259-274. In: Sndra, P. and Bicchi, C., (Eds.).
Capillary Gas Chromatography in Essential OQil
Analysis. Verlagsgruppe Huthig Jehle Rehm GmbH,
New York. 435 pp.

Zangiabadi M, Sahari MA, Barzegar M, NaghdiBadi H.
Zatariamultiflora and Buniumpersicum essential oils as
two natural antioxidants. Journal of MedicinalPlants.
2012; 1(41): 8-21.

Rabiey S, Hosseini H, Rezaei, M. The hurdle effect of
Buniumpersicum essential oil, smoke and NaCl for
controlling the Listeria monocytogenes growth in fish
modelsystems. Journal of Food Safety. 2013; 33(2):
137-44.

Ghosh V, Mukherjee A, Chandrasekaran N. Ultrasonic
Emulsification ~ of  Food-Grade = Nanoemulsion
Formulation and Evaluation of its Bactericidal Activity.
Ultrasonic Sonochemistry. 2013; 20(1): 338-44.

Sharifi F. Effect of Sodium Alginate Containing
Lactoperoxidase and zatariamultiflora essential oiles on
Listeria monocytogenes and Escherichia coli O157:H7
inoculated on rainbow trout fillet. mashhad, iran:
ferdowsi university of mashhad faculty of veterinary
Medicine; 2016.

Moshafi MH, Mansouri SH, Sharififar F, Khoshnoodi
M. Antibacterial and antioxidant effects of the essential
oil and extract of Zataria Multiflora Boiss. Journal of
Kerman University of Medical Sciences. 2007;14(1):33-
4,

Iturriaga L, Olabarrieta I, de Marafién IM. Antimicrobial
assays of natural extracts and their inhibitory effect
against Listeriainnocua and fish spoilage bacteria, after
incorporation into biopolymer edible films. International
journal of food microbiology. 2012; 158(1):58-64.

Ehsani A, Hashemi M, Naghibi.S, Mohammadi S,
Khalili Sadaghiani S. Properties of Bunium Persicum
Essential Oil and Its Application in Iranian White
Cheese against Listeria Monocytogenes and Escherichia
Coli. Food Safety. 2016: 36(4):563—70.

Fu YZY, Chen L, Shi X, Wang Z, Sun S, et al.
Antimicrobial activity of clove and rosemary essential
oils alone and in combination. Phytotherapy Research.
2007; 21(10):989-94.

Rafati H, Moghimi R, Ghaderi L, Aliahmadi A,
McClements DJ. Superior antibacterial activity of
nanoemulsion of Thymus daenensis essential oil against
E. coli. Food chemistry. 2016; 194:5-410.

Zainol M, Abd-Hamid A, Yusof S, Muse R.
Antioxidative activity and total phenolic compounds of
leaf, root and petiole of four accessions of
Centellaasiatica (L.) Urban. Food Chemistry. 2003;
81(4): 81-575.

Hao Y, Brackett R, Doyle M. Efficacy of plant extracts
in inhibiting Aeromonashydrophila and
Listeriamonocytogenes in refrigerated, cooked poultry.
Food Microbiology. 1998; 15(4):367-78.

Mehraban M, Karazhyan R, Beyhaqi B. Ziziphora
antimicrobial effect of extracts of radish (Ziziphora



lSan g UL po L S5ST 5 il gl oS il Lislhords i 3 adllas VA

27.

28.

29.

Clinopodioides) the bacteria causing food spoilage and
disease. Journal of Food Science and Technology. 2008;
4 (3): 9-13.

Elizaquivel P, Azizkhani M, Sanchez G, Aznar, R.
Evaluation of Zataria multiflora Boiss. Essential oil
activity against Escherichia coli O157: H7, Salmonella
enterica and Listeria monocytogenes by propidium
monoazide quantitative PCR in vegetables. Food
Control. 2013; 34(2):770-6.

Govaris A, Botsoglou E, Sergelidis, D, Chatzopoulou,
PS. Antibacterial activity of oregano and thyme essential
oils against Listeria monocytogenes and Escherichia coli
0157: H7 in feta cheese packaged under modified
atmosphere. LWT-Food Science and Technology.2011;
44(4):1240-4.

Chitsaz M, Afsane P, Mohseni, N and Kamalnegad M.
Hydroalcoholic extracts and essential oil composition
andantibacterial effects Thyme narrow

30.

31.

32.

(Ziziphoraclinopodiodes) of the bacteria. Journal.2005;
14 (68): 15-22.

Gahruie H, Ziaee E, Eskandari
SM.Characterization of  basil seed gum-based
edible  films incorporated with zataria multiflora
essential oil nanoemulsion. carbohydrate polymers.
2017;166:93-103.

Khanzadi S, Azizian A, Hashemi M, Azizzadeh M.
Chemical Composition and Antibacterial Activity of the
Emulsion and Nano-emulsion of
Ziziphoraclinopodioides ~ Essential ~ Oil  against
Escherichia Coli 0157:H7. J Hum Environ Health
Promot. 2019; 5(2): 94- 7.

MH, Hosseini

Oroojalian, F., et al. "Synergistic antibacterial activity of
the essential oils from three medicinal plants against
some important food-borne pathogens by microdilution
method." Iranian Journal of Medicinal and Aromatic
Plants 26.2 2010:133-146.



Iranian Journal of Nutrition Sciences & Food Technology 109
Vol. 16, No. 2, Summer 2021

Investigating Chemical Composition of Zataria multiflora Boiss and Ziziphora
clinopodioides Essential Oils in Chitosan Nanoemulsion Coating on Growth of
Aeromonas Hydrophila Inoculated in Salmon Fillets

Aghababaei M*, Kazemeini H.R*?, Shahavi M.H?

1- Graduated MSc Student, Dept. of Food Hygiene, Faculty of Veterinary Medicine, Amol University of Special Modern Technologies,
Amol, Iran

2-*Corresponding author: Assistant Professor, Dept. of Food Hygiene, Faculty of Veterinary Medicine , Amol University of Special
Modern Technologies , Amol, Iran. Email: hamid.kazemeini@gmail.com

3- Assistant Prof., Nano Technology Department Faculty of Engineering Modern technologies, , Amol University of Special Modern
Technologies , Amol, Iran

Received 1 Sept, 2020 Accepted 15 Dec, 2020

Background and Objectives: Foodborne diseases have been the most important human health risks and the present
study was carried out to investigate how to decrease these risks. The objectives of this paper were to investigate
chemical compositions of Zataria multiflora Boiss and Ziziphora clinopodioides essential oils in chitosan nanoemulsion
coating on growth of Aeromonas hydrophila inoculated in salmon fillets within 12 days of storage at cold temperatures
(4 °C 1) and antibacterial activity of the essential oils (emulsion and nanoemulsion) against highlighted bacteria using
minimum inhibitory concentration and minimum bactericidal concentration methods.

Materials & Methods: Chemical composition of the essential oil was assessed using gas chromatography and the
treatments were divided into six major groups of no cover (control), chitosan, chitosan nanoemulsion, chitosan
nanoemulsion containing 0.5% Zataria multiflora Boiss, chitosan nanoemulsion containing 0.5% Ziziphora
clinopodioides and chitosan nanoemulsion containing Zataria multiflora Boiss and Ziziphora clinopodioides. Samples
were stored in refrigerator for bacterial counting on Days 0, 1, 2, 4, 8 and 12.

Results: Carvacrol (44.36%), thymol (30.14%) and vy-terpinene (8.31%) were identified as the most important
compounds in chemical composition of Zataria multiflora Boiss essential oil. The most important compound in
chemical composition of Ziziphora clinopodioides essential oil was pulegone (48.19%). The mean logarithm of the
bacterial number within 12 days showed significant differences between the groups (p < 0.05). The present study
showed that the highest inhibitory effects on the bacteria were in treated samples with chitosan nanoemulsion
containing Zataria multiflora Boiss and Ziziphora clinopodioides essential oils, compared to control group.

Conclusion: Results of this study have shown that nanoemulsion of chitosan edible coating is effectively capable of
inhibiting growth of Aeromonas hydrophila in salmon fillets at cold temperatures. Furthermore, the nanoemultion can
be used in food industries.

Keywords: Nanotechnology, Chitosan, Essential oil, Aeromonas hydrophila, Seafood



