S91 Orgmlgalgili 51 ookl b 5T o8y (WS (K 84205 agm0 (5,5 0k 5 CondsS 39042

(Origanum vulgar) uvgbv)).o u.wl.w‘ 9 (Plantago psyllium) b))&wl )Mz.w%

dAS>

alex 5IYL slie (55 g sllas wabs « S5 oS ojll Jdoay (Solanum lycopersicum cv. Azar) wAS (55,8455
SSo e Liwly pl 3 0l abeS jes 09Kk dlud Jdods ogee (!l J0y58 1 oYL lais g (okaiBl Couonl I C elisg
B 8le Gl g CudS bis (gl e (6,509) Slgi e lopigmdgelpll (59l 5 (b (29)Se0bd SluS i S lagidy,
255 95 il 9l Lamdaelsil g 9350 il o)yl Hlinge 3B (pyp Ban b gy cnl 398 Cguone Joae oy
b B 5> JysS b B 5 tlefl cul b pll 31 05) S (S5 sS e 5 295 carbhordsSend sla S
SleS 5 jl baas Ugomjye bl o L5 guls 0,3 1l 0,5 b a0 ¥ clod 55 ()15 s, YA e 4y dabas MlS
05yl $Mewge (sl gmdgalgil s JSis (VE/R) JgyS1gyl8 g (Vo7/N) cyommo] (VETIY) oy i~ il (72 SV/D) o gige
ol ol |y YU sl o /NAF LSSy sl g eyl —F+/ (65 Juilty eytosih VAUY ol a5lsl L zsijpe Lplisl g
5eS (e WIF) ogo O (J&e 208 (VL) 050 T liee oVl g (VAZIY) (39 G0l 028 ecsylaisine sy o
(5 039 35 2 p Sk YY) € (peling Olise cnlpogdle 3l ()L 353 jlanlid 09,5 b dualio )3 1) (09)Se 5l 9 g sl et
oAl Jd @ osllae Sl ey (g e CatS ()M 0y93 b 3 g 3908 Lain |y b 5 (3oyd +/FY) Al
39 0gs0 (59 gl e Ladlome Y Sy ol 53 05yl Plsge (B (ppien 9 (295550 il G58 (s29)Sse 15 5 (SliuST ]
bl (g5l 05yl Ssge (ysandselyil ) oslisial g > 10,5 (9See Jelse Clled g O g e halS el &S
P oo Moy (oS (34255 CusS bais 5 ()l o Gl Sl e (b GRS S e e

& by sy S i sy 5] g S iyl eyl pas 1GAS” (SlB0 3



5 @l my Sl O (Faxe dlge 5 bapelig (alerdgnd GlaS 5 392 9 Yl (2138 (3551 S5 & o)l i g oges
S lp el Sl oljl luwgs @iljgy Cyaw 4 Y game cpl 5l 5 Frr JBlis B pas aiS o ) lus] cdas
21y el (S slocdld o Y cugb) o 4 ¥ game ] ipolud Comle (Jlo ol L sl 005 dogi (050 (slacs lony
2 it g 2y Jelse ol 35l oo sudysl a8 g o 05 g o> Sllog (SIS slaaul (e il Jolse
Sl ) loses s a5 Lgd go (AF B Y+) cudlyy 5l Slals & oxie g 42ili8 136 Y g cudldy 5l oy yos g S

{Lycopersicom esculentum L.) 5,84>45 (Umeohia & Olapade, 2024) sa3 o JoSis |y e 55 (65,0liS &Y guaco

yoe 5518 canle > 4 g Cons  same 008 51 sy lagnS] 5T i mie 9 e pdaws 5D Sl (et S lgie @
s Rhizopus nigricans, Alternaria alternata o ooz, ;| 50 Sowws Jolse JuuS o)b abeS cullhy |
i om Capde 5 Blual fp pere )38 o il ogee tbw 5 plotinl «usS 1 puiitune ysb & &S Penicillium digitatum

(Abdel-Rahman et al., 2020) cusl cuils

b g 5 o3l 13,59y ¢ obowd (sl iz 5l 03 oalitul j 56 amecin) g blige OMSUke 4 guwly y
sloiol Uy sl oYU Jewily 5l lane LS 5 5 a9l scglio flgic 4 aLS (cla juilul 5lai3 )5 )),3 ds g5 590 Cunsj
Jos b (slrok oS lgis 4 Wl oo 95 ST T 5 29y 15 (ol 3 4 LS 5 ol 5)15y55 1 il I e
SIRkL YL 8 gman placadgize b bauilul jl pudins odlitul (Jb cpl b aimd (hal38l ]y &Y gae ()5 aike jos 5038
olie 5 oolatwl g dad o Hials' |, lzza(j whlS & sl ol yor Y gaze SzJgilS )l olsd  Collasls ).ul; s Sl s 055 il o

(Yang et al., 2023) 55lo s g3 |y  ixio
3 0 L8 35 51 oS g8 SISl 5 (B3 ol «J5 ST wile 395 (Jib S 5 > 4 0g 4 (B35 oS (il
B job 4 g uS Jos cudldy 3l e g8 ) b 050K K lgis 4 Bl e will ol &S wimd e Gl lisdss

s g ey Aoly3 59,8 w8 L uill o) (Paudel et al., 2022) sa> ialS b g (oS sl olmoges 3 ) (Showsy 429

> )Bas cyled S o S (65 Job 53 agae (65805l il 38l s o Sl 5T clgie g Al o e dle &S cla Shg
ol &8 Wlooly L cldlles cCunl She clitud ogre (Sdowgs Jole oS alisee sl 55l plp 30 (ogad & Jied;pe Guilwl
g colio (350l 4 1y o el ol &S S Sl |y Aspergillus niger o Candida albicans sisle olag B 15, L1y o  wilul
I rSslr b3 ol sl Bl ol cnl ogde il s pde alesd 025,l1055 dlse (gl Canj b 5L

(Kaskatepe et al., 2022) xS o oS lmogee CutS Lais & couilinS] slacan]

Sl (3,8 g S Gl ol 01 gylas e 5 cng Sl S Glgis 4 (35 oS 9l ()0l cudgie ul y ade sl

Oyl> (e3xie sblze (6ygld pl Wgd o yquame odimd iy e3le SO ygyd (6 kegil dlul 4D (Ll aile) b dlge ] y3 a8 ol



ST 090 o Vg 1 ol (i il Gl g ()b Glaley S8 agme Jelge pl 50 puilal (5l taldl alex
b daJyusS sl 5l (o5 olgie 4 opadselsl oo cal 1 Jgmame 50 5 b 1 b L) JBlio 4y g o (slalame 5
Duong et al., ) 35,15 [ low Jolge 558 50 oStz 2hl8 g YU (o)l ol Lo j3 uill oy @l yad 5l JSize (¢ ls b
(2024
olyats 4 y9mmdpaloil (S 5 o3lisol b deluols Ll 1> T L 28, 5 om0 e bl oLlS Sme CBim b bl sla g,
Wlo Slel pdplud O guame cutS b o ()8 lics)lon Jelss JyuS jslaie 4 o) bl owge pli (glosiiS j5uaxe 03le
sl ok plol S jhde oS
L 595 9 3lge

iS5 ye bl g 05 el uwge (531 (igmdsalals 5 3925550 bl o)yl Mwse z3b )l pokatods Shmg3 )
Sl psle oBislojl )3 oS s 42> ¥ Led )3 )3 o8y WS (K8 dr S (,Bule (I3l 5 alesdsSosd Dluogas
i plol Agudio awed b olKisly ¢ gyaliS” 0aSLisl
8 ! $Yaawgo -

5 s el b9y 3l 0 yhel il ) PHwge glyinl sl b syl y3 s)lae Sl (Plantago psyllium) ojyaul )53

s a3ld 5 Sy oS Jolis 0,000l il sl aBU Lol .o oolatwl &l sy Sl L (Amiri Aghdaei et al., 2012) -, Kon

00,5 L 4l jie ) dgy ¥ e S L g Ol (Jde) (aBilojl Clawl 51 oslizul b o il (caild I p)S Voo (s 05
503)5 Clo Ol g & ladtwg b o ool )5 Lae (clod 13 Cacles YF ko 4 g bglieo LI L 0+ 0 ) i b Jools (gatogy
b alBl .ab (Jso) 5ot yiilw adudd )3 ;93 1O+ ++ Ceepuo b 315 il a3 YO (slod ;0 4dBd Ve Gl &y Juols bglses 555 pygi0

S e 551 b sblas o
e omil! =¥

S & Jlog G150 b o] il (il (&S g 08 LT 5 alulid (gl A o)l 3 )5 €855 ) Jgomjye il
ol 0kl S 3 b 05 55 (GO-MS) oys siog S 655 GBS 5ilog )3 olSiusd dy ympms 00535 b (2l A3 325, Vo) +

a3l a3l ()3l ploj bl 2 il LS 5 (S 5 (o ol il Cnaay gl Silog S g o2 (slociels 5 (5Ll

GC- o&wd 385 byl .8 )5 & yg0 (Adams, 2007) yixe mbio g 35lb5kinl LS5 b duwolio 5 oy slacal o)y ¢ wilsS

Caol o 1)1 Y Jod> ;o MS



GC-MS oKiws Glasuiie 1V Jgd>
Table 1- Specifications of the GC-MS

Finnigan-Thermo Trace GC sl&iwd
HP-5MS Ogw £
35530 1Y bl 5 ia Lo +IYO b a ¥ i RENEN
YV 2l b ¥ °C/min oled Lal,5 (4ads ¥) £+ adgl slod Ogww 2led (53 aoly
(Ve &) Cauws) Split/split less Gup Joee
va- G0y Jore slod
4883 3 il (oo V gl oAb L pole Job 56
DSQ Mass Spectrometer mass o8
<y eIy s 855

Ol Glogas (ow) 2 9 Ggmmdgelgili-Y

gl glgel (o) b (Bolai Mol )b B )3 ogojye il (59l 0)yhusl SMomga (Sgmdgolyil (sl ygunsY g0, St
bk wal (550 (55525 (585 25 ) i b o3l 3o o5 +10 ok Ll oy peadsalyls Joons 5 oo 0+ 43 sl 1 s
535 ol il o O o 4 Jlalio O L g Lol bloe 4y Ghgonisye uill g Sen Yo g Ac (g p)S <10 Jae ugs 333)5
QLIS gy Fu (ggl 48T 5855 Bl 1950 Ly K5y (£ ymed (ymandgol A 0050 (42,80 ¥ o 9V ¢ 90) (cammblize yien 5l oolawl b
GBI Y G ¥ Cygo & Slg Feoo s g 35 ,m 6liST VY uilS )3 s gy (UP 400s— Hielscher) Sgul gl olSiwd 51, )b 4
5 Ad emd el Jslone g 058 sl 0355500 b ol )8 cSo 4l ¥e L

VYUl JSS,L ¢ olSaws 5| (Z-potential) b} Juwsly o (PDI) SusSly jasls (Z-average) (loy> ojlul wyp (slp

G g ez e caws o 1y @l ol oKy ) (Vakili-Ghartavol et al., 2024) wi edlatol 3,5 ol 430 YO (sled o

S (o Ol 9
P By WS (K3 a2 o910 (55, 52 Bliie 51 jlosi 1 oy -F

Omedelgil e puilol ald) Jlos ¥ 8l byl pskate 4 (Balal MalS’ oo B > sl alejl g gy )
oo b Slao &5 €8S el ol Ssle a3 ¥ (glod 13 )15 pa )3 sdalie Ve g JIST YL (o] yhesl Mg g wilusl (g9l>

K)S )L8 byl ayse (5a) YA 9 YV A &Y o) Slojoy90 0 5

! Particle size analyzer



Jslore sl dlge o3Il 5y slaaslis )> Cgllas s &) (s L egdans /YO (05 30,8) (ool s als po 3 laogee

9 39Sy b slaogee QLKL g (035 b o 0dedl3) Cogme slaogee Bl c(odar gyl | g 0D Bl (3l
Oglpmges |t ogeo (s3lodgll g 505 Sgaenid (Y1) ates o plS guam Jolono 53 48 S5 oo 4 5 At O b ] (o
8 oStglejl e 3 csls 53 b Sy )l sl s 9 003 pgabgt 4B S e & (ke 2 5155 0Y) (28
S9y oMb Sl ey Wogee «olpd )3 B Hlasd (5ygabge B9y 4 4l Ve e 4 Yl 590 (slajled b logre (g MBS
(stlhorisS b Slio b 05 (50855 Wla s )3 9) YA Godo sy g 0y oo (Staodly By b 53 00 (Jghens sogiizesl] 46

{(Vakili-Ghartavol et al., 2024) 3,5 b)) jascie gloj Juolss 1 )]

d9m0 (339 iRl -0

2 Sloogee (YA 5 YV AF I (lajs) 3) (bl ey95 10 Sol 3 iz 5 dajlo sl | Gt (o 59)) ptalel szl 5
o3l b 59 LiolS Moy 18,5 Gygo p)5 o) i b Jlioud (go3l5 ol ookl b ) ol s e < b adulejl sslg

:((Razzaq et al., 2014) 1,55 al>e 5 Jge,8 5l

. gl 0jg — 45l 0
(M).s)o)‘9u;;ml§= o X Y.
9 0J9

bw ‘,—’i M)b -7

3,5 L5 oyl 11,5 il as 3 Ve (cled (D sl FA oo & g b oo @9““"9” Jogd 30 )1yS5 s 090 51,5 Y (500
W d)ﬁfo)'l.\.il Tb.b;.n Lmd..iyg.} 339 60y S )‘l o
sl 09 — sl 0o

o%pJ,\p)a = X Ve
Aol 0js

9w & (J&s -V

om0 ) S (e A5 32385 (255 pol5 Sy 85 L) 385 ool 5] odlisol | cogpe 005 GBlos oylas 1 42 Lo Y daz

:(Gbarakoro et al., 2020) 15,5 ausle b3 [bgy 5l (spSome b

(.*:‘7') sz ol s

(—J_#-hﬂ)ﬂhm ol poes

D=



i A
o051 5 ool (e e ¥ 5lad) Blo (ol gy b lell il Zwick Lid- (S olSiss ) acdly b b)) sl
5 oS gl (5, Wogse 8,5 plosl FPAYASAE S 5)lulil b el ¥ La8 (Lo 5 ald> o yiobee Vo ol s pus b

Olgreds (JSS pousd Cap 0 D)lg (S5 (pyiiir (8 )S Oy Sludl slad JialS (gly )8 S bawgs g 503l pled g aiisls

(Tian & Xu., 2023) & cud ow Lasld

-4

3,5 5 Sy 43 cons ol g A5 (6S0jll yiegiSTis, S 5l eolitl b oguenl (cladiges Jole dals dlge
@l g o 13l s 0, VYYY (6, LusSl Lasls ol o8 ko a3 Vo (slod slod 55 jlaiie T b oolisl b o 51 LB olStuws
23,5 Mol J8548 Cyao 4 0lSiwd (ATC) Syl )5 oilp o 31 oolaiwl b

WRE

D)JQBY'LY‘W W) Ls,d)).'a.u:k_j )Jwabawui g0l )] ).«.JU.L.AY/O ‘J.u‘ c(TA) uw‘).u) J;ls d“-’"-‘-“"g)“‘"d‘)’
b as 5 Jloy /Y (NaOH) denS g psud modes 3,05kl Jgloo b o 58y d5ges .05 03938] o] 0 ,Slolis lgie & opillid Joid
5 a1 Jseyd il eolitwl b sl cldale ol 50 00,8 cuilbal 8 pae NaOH (5,85 pze> wdowy MY DH )3 (65,lon dlads

_ (VN<EXE)

A 100

0o C g Jlai 3y90 gl (Yl (STE ogus 55516 F NaOH azle i N o 12 sie) 3 yae NaOH s V g0 o) 53

(Du et al. 2019) )...Juim o> 3 bng

b =)
Salr Olge (e pendi ik 5l 2SS (pl el 0gae pab uhsST i lp )l Glyie 4 b a3l
)@ (b a3li) cas ol g YU (TSS/TA) 6l oo cews & (TA) gl s LB asonl 5 (TSS) Jolma
oLl polie deglie b enl GEAES G pan diny 390 Ygano 45 63,15 (6 %08 aduwl 5 30 s ogue 45 el _ine
s3] 3y30 SB35 ogn (S Sty 53,5 0S5 S 1y Lo Jalogil g il 13T g e cchlizee slajlas 5o

(Duetal., 2019) sls 1,3

pH-\Y

1) g5 ym Gl jelate dy ¢ 3,5 glyScinl (¢ pSoguel olSKiwd I (6pSo s b ogee Ol Ll ciges (gjlwoslel (glp



5 e oyl g (g pS0jlal e pH <Ky 5 onliil b 00 odlel o)las ) PH diylgs 03,5 Bl auol o &y o )las cals
& oeliyg - ¥
(e D W50y Syl e YO+ ple (3] 53 ogaeal diged i 51yl e VO (SpyaSsl dal) & el (e e 512
Olsie 4 anolts Joloco 5l o ¥ (38" bglsen 1 8 039381 ) @ shatie O jd o 00 g Jloys ¥ o0l sl 2 Lo VO
285 pbxl 55 SO gl 5 S @l Como I Lol (gl ad 15 oy /Y 3 b Jalore (s 00,5 ALS] diged 4y Sl

.(Suntornsuk et al., 2002) & yaseie Jub o pi— ol S5 yorls b ygul s SLL alais

@9-1 . :.._\f

‘)iw celo Y¥ )Iu.uuﬁ)f)‘)ﬁ JJ)MI)JQMUT )».JUJ,«.A\' 3 ogx0 diged )I hf‘ﬁ_g,lw dl.w.f— WT Jwe ) LS‘)’
Sy 3l e g oMl 0)S BleIVY (glod j3 ddBd Ve to 4 rdiged ¢y b Cud jie EC olStws b (Ci) adgl (S xSl colan

(Vakili-Ghartavol et al., 2024) 13,5 (¢ xSojlul bl (Cs) oles (S0 colum ¢yas

EL = (Ci/Cs) x 100

950 =18

o 2 3] s ) T s 35 0355508 (1aS) 7+ Sy gt b (S bsbie S 31 eolinal b ogaoyn 55 1+

[(Lastochkina et al., 2022) 151 agS5] 31,5 5l 43 )3 YV (slod 1> el YF e 4 g Jitio (Sye) ,BT s g ggl> slaculy

23,5 duwloes (log CFU/E) £,5 jo 50 sz Sl slo oS o2 )5 g) ol ol

J‘*,’, . .._\?

Coglle a3 yp bl Olise 5 sl Colin il end gl )3 00 bawg ogee sladiges e (b)) sl

w85 a5 gl sl soline Olgie 4 3 4 Lled g 08 (2b5)] egne JSB 9 (SS9 (e (8l ( SiU lul g g0l
e sl g 0350%) cisns jluw U ((6yall cudS o pVL) Jlo 5l clilizel o ) o8 0 plonl glaoys & (obiie b (obj) 0
5 Jrol ol 5 slae 5l Cliliel & (gy5b 4l b)) el ol b 5 Wogue mabo g jlac alls  0gMe g skt (S

.(Lastochkina et al., 2022) 54 yusiio (S 1391 ollacl o uslul (590 ade b gllas

Jhes! Cunlio (g )lal (sl o5 5L ygn 13 9 0 b)) Shgmgymls yg05] 5l ookl b aosls aub @oje5 ¢ Julos 51 i

Sl obne lacglss cyuss cas b 1al (YF ases) SPSS l3sle 5,5 (ANOVA) uib,lg 3UT da uSibe aulio (cly 13,5



Sygo 4 ol 5008 plol 1S5 aw 3 Giolejl o 00 5 eolal 739 5 730 (jliseb! zolaws ;3 (LSD) ls xe M| JBlas 505

W335 a5 YoV e ST 15800 5 51 oalazal b 55 baylages ol a5 jlse Cilyoul £ . S0ko

2 0lo3 % et e 31 5 ()05 e o sl (sl slas osbs 3145 5l3 (L5 (Y Jsin) Slasye (Sie ] Jools ol
ol (TA) 325 BB sl (2l b oge o Jlio ogee o] (JBa ogee 039 (1l Jold )y 2050 (S sl pasls 418
¥ islod 13 (6)055 59, YA sk )3 (s J) (oner (2b55] 9 29,5 )b g iUl s (C pppaling) dunsl Sy gl (sl
b Jobs ) 55 9 Jitue jobds oyloj cudIS Cpuimmad g baylad 51 SO (m L5090 I xe 70 5 Z) liselo] zolaw )3 5 Kl 4y
Jlize 1 a8l )3 a2l I8 ,55 31 08 (S (K545 0gra > 9 (229,50 c(2bondgSid Sl Shy g Bl S8

A3l (e JB SI(TSS) Jgloxs del> dlge ie 0 (o) 3 slows

)3 ¥ (slod ;3 (5513,)Ll 39, YA Gloj o 53 31 o8 (S (S5 j3e o5 Dgn0 (S g (o8 Sl uily g 415 Y Jga
o gamdan

Table 1- Variance analysis of quantitative and qualitative traits of cherry tomato fruit ‘Azar’ during 28 days of
storage at 4°C

Ol pntd ol ) Slaye (ke
S.0.V &5l Mean squares
Jols ol
df Uiy el s sy o ‘ J;b:’ 5
ose . s S JiSe ke :
i Juice Juice density ~ Firmness Total Titratable
Weight  percentage Y soluble acidity
loss .
solids
o o
;’imi 4 235%* 1613%* 205%* 0.326** 18.2%* 0.405
e 3 233%* 983%* 233%* 0.259%%* 8.31%%* 0.181*
Treatment
clot X -
o )L"*’_ 12 27.2%% 109%* 27.2%%* 0.013%* 0.2230 0.013*
Treatment X time
s
40 0.000 0.037 0.001 0.002 0.410 0.00
Error
S - 0.9 18.8 252 23.8 25.1 0.02
CV (%)
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** * and ns: significant at the 1% and 5% probability levels, and non-significant, respectively
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Table 1- Variance analysis of quantitative and qualitative traits of cherry tomato fruit ‘Azar’ during 28 days of
storage at 4°C
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Error
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CV (%)
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** * and ns: significant at the 1% and 5% probability levels, and non-significant, respectively
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Table 3- Chemical composition of the essential oil of marjoram (GC-MS)

No. Components Argzl)mt Retention time (RT)

1 a-Phellandrene 3.9 8.96
2 a-Pinene 1.7 9.19
3 Camphene 0.4 9.79
4 -Phellandrene 3.8 10.62
5 B-Pinene 0.5 10.79
6 Amyl vinyl carbinol 0.5 10.93
7 B-Myrcene 32 11.22
8 Terpilene 3.9 12.23
9 0-Cymene 20.1 12.56
10 trans-p-Ocimene 1.9 12.95
11 B-Ocimene 3.1 13.34
12 y-Terpinene 242 13.8
13 cis-Sabinene hydrate 0.5 14.27
14 a-Terpinolene 0.3 14.8
15 cis-2-Menthenol 0.3 17.52
16 Isoborneol 0.3 18.08
17 Terpinen-4-ol 1.5 18.39
18 Isothymol methyl ether 0.6 20.46
19 Thymol 3.9 22.31
20 Carvacrol 16.9 22.62
21 Caryophyllene 3.4 26.57
22 Humulene 0.4 27.72
23 o-Farnesene 0.7 29.22
24 B-Bisabolene 0.7 29.34
25 Caryophyllene oxide 0.4 31.67
26 Total 97.1
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Fig. 1- Size of Plantago psyllium mucilage nanoemulsion containing marjoram essential oil
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Fig. 2- The percentage of weight loss (A), fruit juice (B) and the fruit juice density (C) in cherry tomatoes
‘Azar’ coated Marjoram essential oil, Plantago psyllium mucilage and nanoemulsion formulations
containing marjoram essential oil, over a storage period of 28 days in a refrigerator at 4°C
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Fig. 3- Firmness in cherry tomatoes ‘Azar’ coated Marjoram essential oil, Plantago psyllium

mucilage and nanoemulsion formulations containing marjoram essential oil, over a storage period of 28
days in a refrigerator at 4°C
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Fig. 4- The PH (A), Acidity( (B) and Fruit flavor (C) in cherry tomatoes ‘Azar’ coated Marjoram essential
oil, Plantago psyllium mucilage and nanoemulsion formulations containing marjoram essential oil, over a
storage period of 28 days in a refrigerator at 4°C
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mucilage and nanoemulsion formulations containing marjoram essential oil, over a storage period of 28
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Fig. 6- Electrolyte leakage in cherry tomatoes ‘Azar’ coated Marjoram essential oil, Plantago
psyllium mucilage and nanoemulsion formulations containing marjoram essential oil, over a storage
period of 28 days in a refrigerator at 4°C
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Fig. 6- Microbial load in cherry tomatoes ‘Azar’ coated Marjoram essential oil, Plantago psyllium mucilage

and nanoemulsion formulations containing marjoram essential oil, over a storage
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mucilage and nanoemulsion formulations containing marjoram essential oil, over a storage
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Improving the quality and shelf life of cherry tomato fruit 'Azar' using nanoemulsion containing Plantago

psyllium mucilage and marjoram essential oil



Abstract

Cherry tomato (Solanum lycopersicum cultivar Azar) is one of the most popular tomato varieties, highly
valued for its small size, sweet taste, and versatile use in salads, dishes, and food garnishes. This fruit is not only
visually appealing but also nutritionally rich, containing essential compounds such as vitamin C, which contribute
to its high nutritional value. However, cherry tomatoes have a short postharvest life due to their susceptibility to
microbial spoilage. Therefore, developing effective methods to preserve quality and extend the shelf life of this
product is of great importance. In this context, the use of edible coatings, natural antimicrobial compounds, and
nanoemulsion technology can be considered as promising approaches. This study aimed to investigate the effects
of Plantago psyllium mucilage, marjoram essential oil, and their nanoemulsion combination on the
physicochemical, microbial, and sensory characteristics of 'Azar' cherry tomatoes during 28 days of storage at
4°C. The results showed that the nanoemulsion containing Plantago psyllium mucilage and marjoram essential
oil, with a particle size of 219.3 nm, zeta potential of -40.5 mV, and polydispersity index (PDI) of 0.184, formed
the most stable system. This treatment significantly minimized weight loss (78.3%), retained the highest juice
content (76%), and exhibited the lowest juice density (77.6%) compared to the control. It also effectively
maintained vitamin C content (4.13 mg/g), titratable acidity (0.61 g/mL), and firmness. Additionally, the lowest
electrolyte leakage and microbial load were observed in this treatment. The major components of marjoram
essential oil were y-terpinene (24.2%), o-cymene (20.1%), and carvacrol (16.9%), which played a key role in its
antimicrobial and antioxidant activities. Sensory evaluation confirmed that the nanoemulsion preserved visual
quality and flavor while preventing the damage caused by free essential oil. In conclusion, the use of *Plantago
psyllium* mucilage nanoemulsion containing marjoram essential oil is proposed as an innovative and effective
method to enhance the shelf life and maintain the quality of cherry tomatoes. This approach demonstrates

significant potential for postharvest preservation while leveraging natural and sustainable technologies

Keywords: Electrolyte leakage, Nanoencapsulation, Perishability, Post-harvest quality, Shelf life



Extended Abstract

Introduction:

Cherry tomato is one of the most popular tomato varieties, widely appreciated for its small size,
sweet flavor, and versatile use in salads, dishes, and as a food garnish. However, cherry
tomatoes are highly perishable due to their high respiration rate and susceptibility to microbial
and physical spoilage after harvest, leading to rapid quality deterioration. Therefore,
developing effective methods to preserve quality and extend the storage life of this product is
of great importance. In this regard, the use of edible coatings, natural antimicrobial compounds,
and nanoemulsion technology can be considered as promising approaches. Recent
advancements in nanotechnology have opened new possibilities for enhancing the efficacy of
natural preservatives, particularly through improved stability and controlled release

mechanisms.

Materials and Methods:

This study aimed to investigate the effects of Plantago psyllium mucilage, marjoram essential
oil, and their combined nanoemulsion on the physicochemical, microbial, and sensory
characteristics of cherry tomatoes during 28 days of storage at 4°C. Fruits were harvested at
the physiological maturity stage. Following visual inspection and removal of defective
specimens, uniformly sized and colored healthy fruits were selected based on strict criteria
including absence of physical damage and uniform ripening stage. The fruits were washed with
distilled water and surface-sanitized by immersion in sodium hypochlorite solution (2%) for
one minute to eliminate surface microorganisms. For fungal inoculation, the tomatoes were
immersed for one minute in a fungal spore suspension (10° conidia/mL) of the most common
postharvest pathogens, then left at room temperature for 1-2 hours to allow fungal
establishment. Subsequently, the fruits were treated by immersion in respective treatment
solutions for 90 seconds with gentle agitation to ensure complete coverage. Finally, the treated
fruits were placed in sterile, well-ventilated plastic containers and stored under refrigerated
conditions (4 °C, 90% relative humidity) for 28 days. Their physicochemical properties were
periodically evaluated at predetermined intervals (0, 7, 14, 21, and 28 days) using standardized

analytical methods.Results:

The results demonstrated that the simple effects of treatments, storage time, and their

interaction had significant effects (at 1% and 5% probability levels) on most qualitative indices,



including weight loss, juice density, firmness, titratable acidity, vitamin C content, electrolyte
leakage, microbial load, and sensory evaluation. The Plantago psyllium mucilage
nanoemulsion containing marjoram essential oil, with a particle size of 219.3 nm, zeta potential
of -40.5 mV, and polydispersity index (PDI) of 0.184, formed the most stable system. This
treatment significantly minimized weight loss (78.3%), retained the highest juice content
(76%), and exhibited the lowest juice density (77.6%) compared to the control, indicating
superior moisture retention properties. It also effectively maintained fruit firmness (85% higher
than control), vitamin C content (4.13 mg/g), and titratable acidity (0.61 g/mL), suggesting
slowed metabolic activity. Additionally, the lowest electrolyte leakage (67.2%) and microbial
load (1.83 log CFU/g) were observed in this treatment, demonstrating membrane integrity
preservation and antimicrobial efficacy. The major components of marjoram essential oil were
y-terpinene (24.2%), o-cymene (20.1%), and carvacrol (16.9%), which played a key role in its
antimicrobial and antioxidant activities as confirmed by GC-MS analysis and in vitro assays.
Sensory evaluation by a trained panel confirmed that the nanoemulsion preserved visual quality
and flavor while preventing the damage caused by free essential oil, with significantly higher
acceptability scores (p<0.05) for appearance, texture, and overall quality throughout the storage

period.

Conclusion:

This study showed that using a nanoemulsion containing Plantago psyllium mucilage and
marjoram essential oil significantly improved the quality and shelf-life of 'Azar' cherry
tomatoes stored at 4°C. Nanoemulsion systems effectively protect active compounds and
enhance targeted delivery, offering a sustainable alternative to traditional postharvest
preservation methods. This approach helps reduce waste and maintain nutritional quality
without synthetic additives. Future research should explore its application to other fruits,
evaluate economic and production feasibility, and assess safety and regulatory issues. Overall,
the findings highlight the potential of nanoemulsion technology to improve food preservation

and support more sustainable agricultural practices.
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