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Investigating the Effect of Calcium Chloride, Ajowan Essential Oil and
Seaweed Extract on The Shelf Life of Strawberry cv. Camarosa
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Table 1. Comparison of the average effects of coating material and storage time on tissue strength and
strawberry decay Percentage.
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In each column, the letters inside the parentheses correspond to shear analysis and the letters outside the
parentheses correspond to the comparison of the average of the total composition. Different letters indicate the

significance of the averages at the one percent probability level using Duncan's test.
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Table 2. Comparison of the average effects of coating material and storage time on TSS and TA of strawberries.
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In each column, the letters inside the parentheses correspond to shear analysis and the letters outside the
parentheses correspond to the comparison of the average of the total composition. Different letters indicate the
significance of the averages at one percent probability level using Duncan's test.
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Table 3. Comparison of the average effects of coating material and storage time on anthocyanin and vitamin C
of strawberries.
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In each column, the letters inside the parentheses correspond to shear analysis and the letters outside the

parentheses correspond to the comparison of the average of the total composition. Different letters indicate the
significance of the averages at the one percent probability level using Duncan's test.

fEA



(VE-F) FYY G FE) sloamio Foylass 1O ale syl LEL 558 5 psle aloee

O]
FY Sl 4 ool | L5 & G 45 48 S S A0 slbogme 55 ol (2305 35, VY GbL 0 456 sk
LS al ol Sloylil 5oy 5lez 50 meadSau S 2 po 08 @l Clle @ bgpo (uilowsisl Glie 2 45 052
d)losz_uJ)t_&ltg)u—ljléj)‘lumw)o;&l?g)algyslﬁ\H LSy o olsy yod o ol e G clale
5 Ve 50 pS ke ITY e 4 (55005 59, VY 0 sl les 4 bgsye 55 ileassl (i (2 58 ol s
B oSy IS Y 5 e 5 o 5 555 ) 5o iddon S e oSl S 53 5 1 45 331 a9me 5 39
10 Bl b osd sl laoges (g l0aSS Sae 1 5 Vsb 5 ny T Dlyie 4 Gleylil eaoslss 59, 50 B (g lo e
AT 53y losiil (n Bt 5 0 el Jlad 4 o (piliassiil (5000 AF bl Cge (55 5 5o 2 e
(V' gz wisls s Sle Ll 5,

(Sl plez G5y 50 WS Latie alle jsbay Jsaz )0 e o sl oBn 5eSke anlie Y Joaz o
w55 g TSl wald lajless g (n potn TSulz #7055 (oS 5 Lo 9 (2l @ rendS 05 b 00l Lo (slogee
Ggles 095 g 50 bajlesd plo b aS wisls olais! 0g3 @ 1) uilewsil Glie o 5nS medS oy JI5+) Sl +\ LS5
peedS 0 IS e a5 0gs ()l ouiS Lo (6,045 i g, gt 5 s el dslie s Al (g )le cixe
o S 5055 a3y 53, 59 5ol L5 | sl (2 505 anlS IS 4 6 5 Yol cslalass 5 e
38 Olemgil (p S a5 J 50 39 bl Gliae 2 panlS o IS+ Sl +Y (L35 e 9V s YL L8051 (Sl
Y Jg02) el Casddy muandSau IS +Y LS5 9 VS b lo sixe (g5Lel OO 50y aals jles 4 bgoye 59, (et

-

0940 (S dwigs

o las Sli 5T sl g g0 gy o 090 L mlans 3l eaisS agdss I Jelge codlad Gi;).euy 0 gue G?.\Ms.;
Bahammou, et al. ) col alal 20 a4 1) ogen (Sawwg 9 alil 30 2B Comex (ials 5 da Sl 5 o)l
ab Jyaze Sllbp 5l g (2B Jelse 8l Cel (D 59, Sl g9 @y ol b ple gk 5o (2017
sl jo bl pds Pl g epSol caols 4 alS gleslac o5, a5 L5 (Toledo, et al. 2023)
blagl (b LS by (5,0n ol LS5 L 655k b 5 Sl dnly LaponnndlSly S (candlysiw
olac b oo e JW, sleoss 9,5 (5,135 Kamel ls ) ool o (et al., 2015; Fan & Hodges, 2011
5o (Kamel, 2014) slo oylis sals jles b dunlio 10 1) ogue (Sduwgy 3oy (0 530S o (uilul ol jod 4y oL 0 S0l
Slgeas LS sloo,lac b ool Jlows 545 Slo,lil (5 S S Sowwy 63, 2013) ) Sen ¢ Fatemi iolo]
el cilhae Gubod ol 0 (Sawwg yeS b oldy puilel 05 L aS ol csnlie alie mls 5o Jids olge
((Fatemi et al., 2013)

C.’/-él-j ..i

ol slie B ulj.a.uu 9 0G0 4O Og>g0 g.)—| w.a:lf ‘me_')j u.».mgm o~ O J.Jo a4 cu;'Lo)Lu‘ Jﬁla o LSM u...aslf
g L BsSTy sl ooy ,Slo b g (i n om0 4 diuly «dl ol Ko B,k 51 .(Mohammadi, et al. 2022)
05yl Phwge STV VY) o] Ken g Banasaz slaslas ,o (Modares, et al. 2014) el glasb o slas o o xS
Pewga 5l oslitul sls (Las gl 5 03,5 (o p ) 72do 35 08) o oge ) ot 9 (L Sloogas p plugia
A sl e sl pe Jlos @ Ll jiiwgn g slid o B8 00 (Gam 09 s o 8L alSuinl Eely o) pa]

54



Ohles 5 550

2o go 2ol 1) Gl adgi (ol oSl ools lis gm0l Wogee 6y 50 (oot 9 G lS A ST Sy o0
S g Y ghe Bg xSV L Juid 5l Gl o)les ot slaps 3l dled 5l Wil o e Sl (Toledo, et al. 2023)
(Fan & Hodges, 2011) &S (5,5 sl> 03,5 o0 0500 Sl (a5 Cae oo (S g o )0 BB o a5 5l e
1y (st pamndS 0 IS b s 4250 ¥ Lo 50 gfl ogae (5)9abge wio )57 (3158 (V- oY) S g Valero yizen
Cely g 00,5 CS > 05 Gl o 4y Cewgy S Glo, il Do (o ppndST a20 o oS ) gae 8l JSChay 4 2ol

Syle SlaFep pol> jiogh L aid, ISay olge 506 4y a5 L YL gloaidl ogd oo 8l Saw
TSS

et Sy oo Sl 08T (b ) (i3l gy (Sleylsl easslys 59, BTSS plime slo (Lad b ruSiloe annslie gl (o) 2
aib Lo ye ogee Of (1alS iz 5 ogee ojlas ad Ladé 5 Loy, Slo 55,0 b cadloy 5l g 090 50 TSS
w1, TSS al5dl ool SlaS 5 4 bar)] o 5 ooy ) Slo y (resis b 5 ogue i 5 slud axJl (Kamel, 2014)
69y eSS o Sl Jliaul 5 515 (2018) 1, Sen ¢ Moradinejadi yiag3 ,o (Rolle, et al. 2009) o ,ls of on
Ll ols oylis g el (g lo cme ciglas 5 (2ul33l TSS Jlade wisges sadlive Sloylil 59, A+ b ails & Sy 055 ogue
ol sy ciloyy oy g amld 4 Cond Selenlosinsl 5 oS0 ,lS b oad )l lmog e 0 Sl ieS
22l 4 s Sleylil 5T a4y s Lol el iol38 ¢ Slo, il loy el b asls cpl ols olis pol> ragh b
S 5 ol Sloatily 5 3k gl b aad S5 slaiagsy aslod,S i (65T fis & VSl +) o5 Jlas 53
5l 18 L,

TA

L3150 peiitons jsb 4 TA il oo 20l5 Slo,Lil oley (il 3 L TA Gl ols Las b uSiles dlie ) Jols guls
S ] 5l gy ce ey ogme CordaS Lai g (6)10455 5 piee sl el )l 5 S A5 039 ogee & JT glaol clali L
Cealo g 5 m Oligs b 3 Sl sy o0 S A i3 a3l la STy (sl adsl Slge Glsie @ JT slased
Jgb o 1) Ol e p Sl o0 Wigh Jparme 63m 9 pd gl A5 el &5 plajles (nlply il GRalS 0gueTA
Oy Syl jee 5 (2014) o)) Kan o Modares sl v, » zls .(Moradinejadi, et al. 2018) was als g,
(2014) |, en ¢ Faraji cpizmo 09,5 o0 Woge JS aliopwl jlade jials cel o (g l0aSS iulidl ols olas (55,8
S (60 mime WS sl Slo )Ll Loy 5 Ly uileol 13U coud TA Ciao wis,S sanliv 16l (59, (95 ;o
b Syl 5l e 5ol ogee TA JieS” falS rge by il 015 a7 (slaigfas g Slo)lsl Gl yo wals 4
Nazoori ) wias salls 4 Cowd TA feS alS Ccoge (3855 (6510,)Ll o S 0,15 5 Scl bl 5l oolaiu!
o go sidg Olge 8,5 awy o Gl il Sler e yolo iegh b Oliass ol sleaidly (& Gheysarbigi, 2019
i Gyl ploy e Jsb y0 meaddgrlie Sl ek gy (0S5

2 Geabing Oliee 8ISl il n (0I5 Galing lime s lo)lil 0590 Jsb Gl b talei] sl b bl
5 420 ST SeyoScnl apnl iyl cdlad 1 s ey cnl il YU i cle 4y Wl oo Sl 5l ey 0,90
WS L ojlas wdly )0 al oo aaldl (g (loy B g 0ol m s (s o0 )0 el (nl GBI 05d e Sy ae
Ngd oo ogre )0 SysSwl il L azips 5 o5 Sl pSalr com g Gy s Oy AuDE 08
9 arSTy do)S )5S 55 jeam )0 45 oo guilanST o] S S jsSwlanl Gials” (Qaisarbeigi, et al. 2015)
S8 g Sleylil (b o 1) Ko a8l sl jlade (zalS (2013) Gao s Wang Liwl, fped 10 05d oo S50 Loy 5
b 4zt (nl oges wall Sl jass ]y Glo)lil (b sl cnl (caals wig) (adigy slge 0,08 Lel cainged (5155 59, VY (b
Ghafouri glaaisl g cpuz o wilul b ooy jles ola j0 (2012) Aminifard 3 Mohammadi iolejl 5l Jol> slaazsl
el Ll y G50 Sloylsl (b & cpsling zalS 5l 6. el> o cpdugl uilul b oo jles sla Ul o (2015) )l ISen 4

fv.



(VE-F) FYY G FE) sloamio Foylass 1O ale syl LEL 558 5 psle aloee

A8 1y & el g guilonnST o] )8 Wig, (Lo 5 pemndS oIS ales 51 Ltiigy Slge pled Widges Lasine o iagh (ol s
Ayl cillhae yol> agh L aS WS

il g |

Sl i gy gm0yl Ghgh soatly b el (Sems) (e Ghoni 61y (oot Jlere (K2 D5 0 puilagi]
L LQOB.:.A wa )l o u.ul.....u}u] cl MT Cowddy u.ul.....u}u—‘ U‘)’““Q )9 (W u..«.:alf 5@LA)L..>| 39y V'Y ‘5‘0 o
(Pelayo, et al. 2003) wb oo il Slo,lil o jo a5 awsls bLs,l 5Lsgel VT L e olop 5l culled
0,99 b ,0 g cloy 3l (B Oy 0 cwbewgsl clale lss wis,S el (2005) ) Sen 4 Cordenunsi
Oy pll (B o Sl Sgliie Gadien £55 5 unat Hpa> pae b jpax Ll Gles (o) Eg A Aty (5108
Slrogre 53 (bl (2ol oaalive (puiliwsiil (535 s S00 (Fp 00 5 O9re e Oloj CBIS L (S
Sl Ly baye pland loansld o (puilimssiil 28y (s 5l g Libosee )3 (S e85 Jodo 4 Wl oo wals
5 b jesee dacSS a, jl sle by Sl g piagl ojlac iegh o (Qaisarbeigi et al. 2015) ail Lacyisls
(Rezaei et al. 2019) ui 5,8 &g sladiges 0,8 S5, ralS g b ywlawgi] gamlonnST g oy5S] 09,9 5l Calos
Wyl aST 548 @'I%ﬂfl‘s';s—l Cools o 4y piibg ) sloojlas a5 e o ol b iegh gl ggeme o
g pl 5l Jol> sleazsl (Wang & Gao. 2013) oS s uSal> Jle,lil e jo uiliwsi] oo ST 51 i3 oo
W1 L8 Ly 5 s ead 53 b b

S5 4

sos 3 8l ol il i TA s oy s lhe ol oy S L ol gl i
2 peedS IS 55 5V ol slayless 0 (S do s (nieS asmls il (sig) egee DI TSS 5 (Sarws
e 50 TA (p 5ty )l 59y )0 peelS o ISHY SVl slojlans jo 2l plSowinl o 5 s eo3lg0 59,
el 59y 0 Selx e e B0 e 0 & bty Gl (PR eSO ISV SV (LS5 (oS S
5 elS 9IS bgpe bl Gliee (Pt 9 VSl VGl oS 4 bgnpe @203l53 595 50 TSS (lie (2 5 e
5 Olge 5l oolitul 525 g yoiS @) 5 JFIS Brae Sy sl arwgs 5 Laa> jslane 4y ol ssalie Slo)ll 55, Sl
T el Sled 0 ) iy (nl @l bl alend lagts, Sl esliiul gl 4y Sl 5 (el slasts,
ot 5 S sy sl i 5 mnlin 5 s & 1) 5 s Koy 1D ol ol 5 2o 8

30,8 0 dmogi Ll jo (6)10a B b o (K885 0gue

References P Y

Aboutalebi, A.H., Mohammadi, M.J. (2012). Effect of essential oils of medicinal plants on post-harvest stability
of fruits quality and decay management of Kino tangerine. Seed and Plant Production, 27(4), 501-504.
In Persian

Babazadeh Darjazi, B. (2013). Comparison of Vitamin C in Mandarin (Citrus Blanco.) cultivars. Eco-
phytochemical Journal of Medical Plants, 1(3), 82-92. In Persian

Bahammou, N., Cherifi, O., Bouamama, H., Cherifi, K., Moubchir, T., Bertrand, M. (2017). Postharvest control
of gray mold of tomato using seaweed extracts. Journal of Materials and Environmental Sciences, 8,
831- 836.

Banasaz, S., Hojatoleslami, M., Razavi, S. H., Hosseini, E., Shariaty, M.A. (2013). The Effect of Psyllium seed
gum as an edible coating and in comparison to Chitosan on the textural properties and color changes of
Red Delicious Apple. International Journal of Farming and Allied Sciences, 18, 651-657.

Chen, S., Wei, L., Fang, Y (2006). Effect of CaCl2 treatment on the physiological qualities of postharvest
tomato. Acta Agriculturae, 15, 156-159.

Cordenunsi, B.R., Genovese, M.I., do Nascimento, J.R.O., Hassimotto, N.M.A., dos Santos, R.J., Lajolo, F.M.
(2005). Effects of temperature on the chemical composition and antioxidant activity of three strawberry
cultivars. Food Chemistry, 91(1), 113-121.

Faraji, R., Arshad, M. Nazari, M. (2014). The effect of foliar spraying of natural extract of zenian on increasing
the shelf life of grape var. Reshebane. The Second National Conference on Sustainable Agriculture and
Natural Resources, Tehran. 310-329. (In Persian)

A



Ohles 5 550

Fan, D., Hodges, D. (2011). Commercial extract of the brown seaweed Ascophyllum nodosum enhances phenolic
antioxidant content of spinach (Spinacia oleracea L.) which protects Caenorhabditis elegance against
oxidative and thermal stress. Food Chemistry, 124(1), 195-202.

Fatemi, H., Aminifard, M.H., Mohammadi S. (2013). Efficacy of plant essential oils on post-harvest control of
rot caused by Botrytis cinerea on kiwi fruits. Archives of Phytopathology and Plant Protection, 46(5),
536-547.

Ghafouri, M., Soleimani, A., Rabiei, V., Hemati, R. (2015). The effect of foliar spraying after harvesting thyme
extract on the storage life and quality of pomegranate fruit (Taram red skin number). Journal of
Horticultural Sciences (Agricultural Sciences and Industries), 29(4), 547-555.( In Persian

Kamel, H. (2014). Impact of garlic oil, seaweed extract and imazalil on keeping quality of valencia orange fruits
during cold storage. Journal of Horticultural Science and Ornamental Plants, 6(3), 116-125.

Modares, B., Qobadi, S. (2014). Effect of 1-methylcyclopropene (MCP-1) on the storage and shelf life of
Camarosa strawberry. Journal of Production and Processing of Agricultural and Horticultural Products,
11(4), 253-267. (In Persian)

Mohammadi, S., Aminifard, M.H. (2012). Effect of essential oils on postharvest decay and some quality factors
of peach (Prunus persica var. Redhaven). Journal of Biological and Environmental Sciences, 6 (17),
147-153.

Mohammadi, A.A., Shahabian, M., Ramezanpour, M.R. (2022). The Effect of Foliar Application of Calcium
Nitrate and Potassium Phosphite on Antioxidant Enzymes and Nutrients of Blood Orange CV. Sanguine
in the Storage. Iranian Journal of Horticultural Science and Technology, 23 (2), 437 -446. (In Persian)

Moradinejadi, F., Hasanpour, S., Hassan Yar, M. (2018). The effect of foliar spraying before harvest with
calcium chloride and salicylic acid on the physico-chemical characteristics and quality of fresh barberry
seedless fruit. Journal of Horticultural Sciences (Agricultural Sciences and Industries), 32(1), 61-74. (In
Persian)

Nazoori, F., Gheysarbigi, Sh. (2019) Effect of Calcium Chloride and Salicylic Acid on Quantitative and
Qualitative Features of Strawberry Fruit CV. Gavita. Journal of Food Science and Technology, 15(85),
49-59.

Panji, M., ghajarbeygi, P., Mahmoudi, R., Shahsavari, S. (2018). Effect of whey protein concentrate edible
coating and Trachyspermum copticum essential oil on the microbial, physicochemical and organoleptic
characteristics of fresh strawberries during storage. Scientific Journal of Kurdistan University of Medical
Science, 23(4), 53-66. (In Persian)

Pelayo, C. Ebeler, S., Kader, A. (2003). Postharvest life and flavor quality of three strawberry cultivars kept at
50C in air or air+20 kPa CO,. Postharvest Biology and Technology, 27(2), 171-183.

Qaisarbeigi, Sh., Ramin, A.A., Amini, F. (2015). Effect of chitosan coating on fruit quality and storage life of
sweet lemon (Citrus limetta). Production and Processing of Agricultural and Horticultural Products,
5(18), 153-163. (In Persian)

Rezaei, M., Abdulahi, F., Dastjardi, A., Yousafzadi, M. (2019). The effect of Aloflexosa seaweed extract and
Shirazi thyme on the quality characteristics of Washington Novel orange during storage. Journal of
Research and Innovation in Food Science and Industry, 8(3), 258-245. (In Persian)

Rezaei, S., Amiri, M.E., Bahari, A., Razavi, F., Soleimani Aghdam, M., Beyrami, H. (2022). Effect of foliar iron
application on anthocyanin genes expression during of developmental stages in strawberry fruit. Journal
of Plant Research (Iranian Journal of Biology), 35(4), 745-762. (In Persian)

Rolle, L., Torchio, F. Giacosa, S., Gerbi, V.(2009). Modifications of mechanical characteristics and phenolic
composition in berry skins and seeds of mondeuse wine grapes throughout the on- vine drying process.
Journal Science Food Agriculturae, 89(11), 1973-1980.

Singh, G., Maurya, S., Catalan, C.D., Lampasona, M.P. (2004). Chemical, antifungal, antioxidative studies of
Ajowan oil and its acetone extract. Journal Agricultural Food Chemistry, 52, 3292-3296.

Toledo, E., Félix, C., Vicente, T.F.L., Augusto, A., Félix, R., Toledo, B., Silva, J., Trindade, C. Raimundo, D.,
Lemos, M.F.L. (2023). Seaweed Extracts to Control Postharvest Phytopathogenic Fungi in Rocha Pear.
Journal of Fungi, 9(2), 269.

Valero, D., Perez-Vicente, A., Martinez-Romero, D., Castillo, S., Guillen, F., Serrano, M. (2002). Plum
storability improved after calcium and heat postharvest treatments: role of polyamines. Journal of Food
Science, 67, 2571-2575.

Wang, S.Y., Gao, H. (2013). Effect of chitosan-based edible coating on antioxidants, antioxidant enzyme system,
and postharvest fruit quality of strawberries (Fragaria x aranassa Duch.). Food Science and Technology,
52(2), 71-79.

vy


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Yqr9s5sAAAAJ&citation_for_view=Yqr9s5sAAAAJ:L8Ckcad2t8MC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Yqr9s5sAAAAJ&citation_for_view=Yqr9s5sAAAAJ:L8Ckcad2t8MC
https://www.sid.ir/journal/160/en
https://www.sid.ir/journal/160/en
https://jcpp.iut.ac.ir/article-1-2466-en.pdf
https://www.sciencedirect.com/journal/lwt
https://www.sciencedirect.com/journal/lwt/vol/52/issue/2

Iranian Journal of Horticultural Science and Technology 25 (4): 461-472 (2024)
Research article

Investigating the Effect of Calcium Chloride, Ajowan Essential Oil and
Seaweed Extract on The Shelf Life of Strawberry cv. Camarosa

Zohoruddin Nourit, Mohammad Hedayat'*, Mohammad Amin Kohanmoo?, Rahim
Nikkhah?!

1-Department of Horticultural Science and Engineering, Faculty of Agriculture and Natural Resources, Persian Gulf
University, Bushehr, Iran
2- Department of Production Engineering and Plant Genetics, Faculty of Agriculture and Natural Resources, Persian Gulf
University, Bushehr, Iran
*Corresponding Author, Email: (m.hedayat@pgu.ac.ir)

The use of natural materials is considered by human societies in order to maintain the quality
and increase the shelf life of products to promote healthy products. For this purpose, the
combined effect of CaCly, ajowan essential oil and seaweed extract on the shelf life of
strawberry cv. Camarosa, was investigated in a factorial experiment in the form of a
completely randomized design with two factors. The first factor included of CaCl, treatments
(0 and 5 g L), spirulina seaweed extract (0, 50 and 100 ml L), ajowan essential oil (0, 0.5
and 1 ml L) and their combination in 18 levels and the second factor was storage times of 4,
8 and 12 days after treatment. The results showed that the application of treatments and the
time of storage had a significant effect on all traits, so that with the increase in storage time, it
showed that vitamin C, TA, tissue firmness, anthocyanin decreased and the percentage of
decay and TSS increased. On the other hand, the use of coating materials is delayed to reduce
all measured traits. The lowest percentage of decay was obtained in the treatments of ajowan
with CaCl; on the twelfth day, and the highest tissue strength was obtained in the treatments
of ajowan2 (1 ml L) + seaweed2 (100 ml L) + CaClz (5 g L?) on the fourth day. The
highest TA and vitamin C were found in seaweed on the fourth day. The highest concentration
of TSS and anthocyanin was observed in ajowanl (0.5 ml L) + seaweed1 (50 ml L) on the
twelfth day and in the concentration of 5 g L™ CaCl, on the 4th day of storage, respectively. In
general, the use of ajowan essential oil with CaCl, is recommended because it preserves the
shelf life and strength of strawberries during storage.
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