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Article Info ABSTRACT
Article type: Background and objectives: Rainbow trout fillet is very vulnerable
Research Full Paper to adverse microbial and chemical changes under storage at
refrigerated conditions owing to the rich nutrients, including
unsaturated fatty acids, high protein content, high moisture content,
and autolytic enzymes. Although traditional food packaging is a
crucial part of the suitable delivery of fishery products to the
consumer, it cannot protect them from microbial and oxidative
degradation through extended shelf-life and transportation.
Biodegradable nanofibers prepared by electrospinning technique can
be used in active packaging of perishable food products due to
improved stability of encapsulated antimicrobial and antioxidant
compounds. The aim of the present experiment was to study the
Article history: application of zein nanofibers containing Heracleum persicum
Received: 2025-04-04 essential oil 1% and cinnamaldehyde 0.5% on the chemical and
Revised: 2025-08-07 microbial properties of rainbow trout fillets during storage at
Accepted: 2025-10-15 refrigerated temperature for 10 days.

Materials and methods: In this experiment, zein nanofibers
containing H. persicum essential oil 1% and cinnamaldehyde 0.5%
were prepared using the electrospinning technique which was set as
follows: nuzzle number = 5, flow rate = 0.8 ml/h, tip-collector
distance = 20 cm, and voltage = 25 kV. The treatments designed in
the present study for rainbow trout packaging were as follows: 1)
control group, 2) zein nanofibers, 3) zein + cinnamaldehyde 0.5%
nanofibers, 4) zein + H. persicum essential oil 1% nanofibers, and 5)
zein + Heracleum persicum essential oil 1% + cinnamaldehyde
0.5% nanofibers. The chemical (total volatile basic nitrogen and
peroxide value) and microbial (total viable count, psychrotrophic
bacterial count, and Enterobacteriaceae) of rainbow trout fillets
during 10 days storage at refrigerated conditions were evaluated
based on standard methods. The culture media were used as follows:

Keywords: plate count agar and violet red bile glucose agar. The experiment
Electrospinning was performed three times. The analysis of microbial and chemical
ii’t?ve packaging properties was conducted by employing a Tukey HSD test.

Heracleum persicum

essential oil Results: Butanoic acid, 2-methyl hexyl ester (36.18%) and acetic
Cinnamaldehyde acid, octyl ester (22.94%) were the most important chemical

compounds identified in H. persicum essential oil. In all designed
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groups including trout fillets packaged with pure zein, zein +
cinnamaldehyde 0.5%, zein + H. persicum essential oil 1%, and zein
+ H. persicum essential oil 1% + cinnamaldehyde 0.5% nanofibers,
microbial growth and chemical properties had an increasing trend,
but this trend was greater in the control group than in the other
groups. The designed groups, including trout fillets of the control
group, packaged with pure zein, zein + cinnamaldehyde 0.5%, and
zein + H. persicum essential oil 1% nanofibers, spoiled on days 4, 6,
6, and 8 of storage at refrigerated temperature, respectively.

Discussion: The findings of this study showed that electrospun
nanofibers with antimicrobial and antioxidant activity can be used as
active packaging to increase the shelf-life of rainbow trout fillets at
refrigerated conditions. It is suggested that the physic-mechanical
properties of the designed polymers and the stability of H. persicum
essential oil and cinnamaldehyde at different temperatures should be
considered in future studies.
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fillets. Food Processing and Preservation Journal, 17(4), 45-62.

© The Author(s) d 10.22069/1ppj.2025.23490.1875

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

£


https://doi.org/10.22069/fppj.2025.23490.1875

SIS g0 (5 31g g 5397 5

- YLYr-rois gl Lyl s
A Gy s s TEYF_TACY 1 g il UL v i P
- 4 gl D

(6214655 33 Al lobinw g o il S50 5 (510 b i
Ol oSy SUTJ 5 ol abd

A . *Y 5 ) .
PSRN el e ¢ Sk =
Ol olisle 8 (g3l olzils (K sals 0dSLls  pldd 3l g0 il 0,8 il ol ) axt pol 205"
(nassim.shavisi@yaho00.com :J s sl 5 4abl1,* ) 015l elile S (g3l ol ¢ Kb sals 0aSCiils ¢ o6 ol ity 05,5 Ly

Ol colizile S (gl ol ¢ S pals 0dKls ¢ 106 3l 50 Sl o5 ST

oS e Lol
e 5l b gl sl il s an 0L 55, VT3 ale 4l iOua 5 Al Wl g g
Lol 0 Sl 5l a5 Ul by U s 5 (sl pms gl o sl SRl L8

sl Sl et 5 5,Sn llanl Skl s gy sles L3 SIS
o Gl Dl gaams Clin Joo Sl page e N 3lse e St 4 ST
SIS o ST 5 s Se g 2l 5 1 0T 15 el Lol e oS S e
G A el s Ay eyt SU A8 Chil 185 e 5 e SUSL
A3 5 gn 0] eSSl OneST ST 5 515,50 LS 5 (65l 350t IS 4 i3S

. . . . L . . . .. . \f.'i/\/\O:;JLl):'CQU
alas ol agin 5l da 1L sd eslatal pdisles lde slge Jled gdatag 5o

VEL/ON T 1 s G
S = 1010 dallibis 5 ) IS LS el 5l 05 S oS e

Sl 4 dlasy sles 53 (IS o 0leS K55 SUTUB ol s s Ko 5 slian

.bj.!j))\'

'/.~/OJJ_?J§J,JL.AI'/.\ LS)L"Q':—:J A_iLgﬁéLAﬂ_\éjjU‘Ji.Ajji Q-i‘)’ :lAui‘”jﬂy
JJLJ\M.LM%J{‘DOMM k{‘ﬂ@?ﬁ‘w)}j&ﬂj‘}))\a;w‘b@ﬂuw
SLJJJJY' cm = A.)\_.S('-_a.}gs_hlﬁj‘d;”));&ﬂfﬂwb"//\ml/h=uli}>-cfgo=

U5 ale vtz gl ol andlas 55 odi > b slasles YO KV = 5,5 =

s e FD et gty o5 8 (V28 05,8 () g i3 3505 Juld 0laS 55 s S (slaosls
sl Sluaton 0,5 (& /0 dadllaliows + 5 85U L odd (duatn o5 5 (7 (alls 23S
TN IS ol 4 8y b U Lol (ghoaten 0,8 (0 57 LA b+ 55 8l L 583
5 (ST s 5 S S5 55 sl Olsme) aliand sl el /0 dallebine + I
U5 ale e (slas god (anly Sy 51 5 G35 5,500e o JS (slags S sland) s S ’L::j

330 SEES e A3 8 s b oz 53 (I Sa) ) Dde 53 OLS S,
Laesls (gobel 530155 ST S 08 Blsy s 5 58T Cols ey Jold o 5 a4 oalina
L s S 5 b Sla S35 108 S oy po VY a5 SPSS i3l 5 3l oslisd |

A3 5JUT Tukey HSD | oslizal

Ly



s (/¥/\A) Butanoic acid, 2-methyl hexyl ester « s> asllas glaa sl 5 b :baasdl
LS il s et plalis slewd LS 5 0y 2age (AYY/41) Acetic acid, octyl ester
e U L etisnann ale sladd Jold ads b slaes S sls 53 3y IS
+ 1) IS Gl + sy 5 Y IS il S /0 dadlbelw + ol el
o3l pl 5 55 Sl lags SL IS slas 8L oled) (o5 ,See a0 /0 A dllelis
el B A g, (AT sde 5 LS 518 555 50 sbasl) plend sld 5 (anly Sy
sl b Lo, S s i baes S sle s ol J5S 05 S 55 gy onl Lol il
dea ol + i3 Al 55 b Bl b el (J 1S 05 S ol slaals Jals
sy Loz 53 KA 51 Glass, s o s 4l IS Sulul+ (55 57070

s AL

ol glls ol e 55,51 (gls b 5 13 OLES andllas ol glaail 1 0S5 S s
Ol ods i3l gl o Jlad (glivatns Ol e 40 Sl 55 o SlaanST o1 5 o5 S
o=l LS 18 eslinad 550 oy slos 53 0S5, GUTU 3 ale abd (6,16
Rl oMl 5 e b gl ey (SOl (S sl S5 03 8 e sley 35

3,8 o5 e sdol Slllas s Cilises glales 3 dadlbolbow 5 A8

53 el 5 S Ll (gsl s la s U080 E) oK (oSt (ot 3L £ 50 (S can i 3lituad

d 10.22069/fppj.2025.23490.1875 sy 5 ©
u@;@fbcujdj))w(ajba&glbﬂb BY

A


https://doi.org/10.22069/fppj.2025.23490.1875

Oly0 9 S 018 o2 g0 [ (5514 y3 dpWlolisws 9 5ol puiluo! (G9ln (35 (1 yundgil

oslaal (4) oo 'CM;—&::UJ‘ 5 (A el SSU L
RGPS W

i g olinta Sl edeliwsay (s sla ey
ol o 3a 5l ol o Shs orils L
5038 sy bas obal a5 5 Gl OS]
(V) 2,5 o 13 ealinal 3550 e sl g (et
oy 5> SIS 5 prsee (AT SR L
S S sl ey e S L
22 3 Glaay i Jals g0 5 S sl
S Sl Gin i s (IS Sy
ol o 3 i SE ) ity 3l s
A Dy Gl g Ol a5 (V) cl
el Gl Gleslld b il ol b
Olge 0 O 31 o5l oslizal 5 3505 (655 (sla ok
clas 8 53 LaSauly ol e S
Sl ol aalllas (glos 1S 55 b 4 (Sl
il lad il b o a sy (V) E)
el o b ST (s aly Ol 4 e
pslie 035 ST madlid (ol I 1 o055
35 mlis 5 S B 5 s, 2l s
00\ sl 4 S 5 3 ax g

slaoslas 5 b pulul 5les 28 5k 40y 5l
A G XY s b e el 1 Cais js alS
a1 5T 5 s Sl DS 5 31 (sl
V| PL i P SV o S lls Ol sdal s
Ay J S s Lag sl dlagg s ol o
oslatal 4 e el ol 5 s s o2 O gl dn S|
BRI W RNV | PECAPIRCH g |
e pU L IS LS (1) 25,5 e 28 5l
Sl 4o Ny &5 Heracleum persicum
Sl sles 55 (VW) ool Apiaceae o5l 5L
o s JSIT i sle LS 5 08 b sgd

£4

Aol

S S Ol S5 U35 ale aLs

Olgr il 53 s Sl pame o 56 12
505 5 Ul o il s 45 e
O3 OEAS S e a5 35 50 lin ol (imas
(S el 4ol Coales (1) ol 48 8
B A 5 e Sl lenSt 5 5 o A5
o=l GOES e 53 slad Wse (slapilE s S
b ab M8 Gler sl ddlmy los 55 J sames
() Gl ] oty g 55 B oy
Ll o 5 ,Sded o (g doatan 3l g0 3l eslizal
L okS 55, ViU ol s 58k 5 coiS
() iy 55 Jlosy sles 3 (IS
Jled glsainn gy So 3,5l (Sluding
Jelse Llg o aS ol S8 3l g Lo 53 s
Ay 5 dbad o2 ) (ahs slpe 51 iz i sben
Sl gz C}a.w)) Iy sled Wy Lgl.ar.mglf)\})i:a
RO CET IS | K WENE P VS WX WL EPIFS VR T
Lis 1) Jyams e 5 slodss g S5 J-
S8 sy 5L skl 53 05 Sd e SOLLO7) Ll
3 s ol Il 3 6l ke
OIS 5T 5 s S LS 5 Il ol
A5 Sl s s o S () AL
3 Sz sl 5l 50 ulie o La
a5 (0) Ll o il S
Wb e g mlas Cd 51 0l 55
Oy Sy o S (S o5l
Sl 5 S b sl 5 gl

05 (V) Al e slse 50 L baslie 55 UL

(0) s B g A Gl ey



Y€+ 8 & D)Lows dY 8,92 ‘dld& 3'90 d)‘-\ﬁjﬁg LS)B‘)‘é

DLaS oK) U 53 als akd (551065 0o
Gt i Sl Gas 1 ol 4 o) 4o
LS el 3l 3 slo i 5t 3,28 el
bt sla Sy 7070 aadllabiws 57 IS
e OlaS S5 sUI 5 ale b o5 Ko

B ) e g dy sles 3 (5L

L g, 9 3lge
Q‘j—:““—ij?lg°L:§°j:"‘:jA§°l:§ 8 g0 &Lﬂ‘%
sLiile S Oliul caes Oliw gl 3 C;b 151" (’}U
AS) oLS iz 5 458 e s S ol 2
Sl gL Lislesl 5s (YANA = el
el_.so)_;.a gLJﬁQ)H 6)‘) o@d\)dj)}u;s
5550 Sl w5 gixed Jade O Sl eslizal L IS
Sl (6,8 slwasyn Yo £)) GUI sl s
)‘ oslaul b RN al_:§ 0 §meed ¢yt .LLD;
O 5ol ul.;_wi (wbﬁ Moulinex ) 0.5)_1 ul.;.,,:]
JM-\' &J‘j‘)}?"j‘ﬂ")":’);ﬁ:“l';°}:‘fj§
A_ET.EAY' jC,&l_».uV QM@%oﬁoﬂ&b\
- d il ol 5w S BLI sles s
JQ})J)M%TOJ@ﬁMQ&le{bMT
b gl 5 SOLU Gl Lo 5 LS ani; lasd

(YA w5 5 (6l sl 5 sl
0o L s S 53 e S lowe ang
)‘ Mﬂbw}uj_ﬂls YO"'—YA"' J}jjjﬂ
Ao S gl & OlLJi Sigma-Aldrich oS s
Ol 5 033 0350 Geb 5 585 ol
o ay e OGS ml s o, ST
el ea (S9) 03508 5 (Lpeoe/ ez YAY)
ol S Sl ax s to ) gl s (OWJT JKA)

1) S LS il b S e colle ¥ O

SeheSia bl byl S5l 58 dlad iy 5
Skl Ol s (Sdlie O L0 5 (Sl bl
L e e W 5 I STl
Gl ol 55058 olS Calises slacand 55
S il o5 Seeds ol (izman WV Y)
5 sl S iled  AS L s
OA) ol ot )l 8T st soalls s
b LS 5 byl 8 olS a8 sl sl w3l OLLS
5 olls s s OIS sl
3 oLl 5108) il o sl (s 0 Sy 4
Ol s il py i s A8 LS o las
B3yl e i S sl e (5SS
Al s 5 () 5 S S Y o (V)
s sl (V) 0lS 55 VT
3 ol il s Sods DS 5 51 s
L ol S 7=V aS el s sl
aedaseab Sagr Bl Olpe a g das e | S
O3 Al 350 guls 5 1 Oleslu aw g olde esle
el 3, s da bl (YY) Cossl o as S
Bsoben (e 05 5 e 0 5 lag SL il 5o
Slelbl bl (V) cul o3ls OLES 3 4 5
ol g9 AU (gla e U S (R s 5y (nl i
Sl sl bl sl U505 58 b
(Y8) 505 531 o lae (g5l OLSTIS-LIS (YY)
=058 (Y0 e yls il (sl I s L
5 (V) LU ey oyl sl At LSl L
o357 sl Sl sl O s s s
e slee (Bl Ol Se 2153l 5l (YY)
53 Slaallae O 3SU Lal e ol sslinal Cilisa
Sl 05 ek aly et S50 g 5, 50
S Sl e g dadllelan 5 S Sl

1. Escherichia coli
2. Staphylococcus aureus
3, Vibrio parahaemolyticus
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Figure 1. Electrospinning instrument.
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Figure 2. Packaging images of rainbow trout fillets: zein (a), zein + cinnamaldehyde 0.5% (b), zein + Heracleum
persicum essential oil 1% (c), zein + Heracleum persicum essential oil 1% + cinnamaldehyde 0.5% (d), and control

group (e).
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Figure 3. SEM images of electrospun zein (a), zein + cinnamaldehyde 0.5% (b), zein + Heracleum persicum essential
oil 1% (c), and zein + Heracleum persicum essential oil 1% + cinnamaldehyde 0.5% (d).
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Figure 4. Microbial changes, including total viable count (TVC, a), psychrotrophic bacterial count (PTC, b), and
Enterobacteriaceae (c), in rainbow trout fillets packaged with zein nanofibers containing Heracleum persicum
essential oil (HEO) and cinnamaldehyde (CA).
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Figure 5. Chemical changes,
rainbow trout fillets packaged with
cinnamaldehyde (CA).
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