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Abstract

In this study, the hydroalcoholic extract of Quercus persica was extracted using the maceration method.
Subsequently, the total phenol content, total flavonoid content, radical scavenging activity (based on DPPH
and ABTS free radical inhibition methods), and antifungal effects (based on antimicrobial methods
including agar disk diffusion, agar well diffusion, minimum inhibitory concentration, and minimum
fungicidal concentration) were examined against fungi causing fruit rot in strawberries and grapes (Botrytis
cinerea, Aspergillus niger, and Rhizopus stolonifer). The results of this research indicated that the
hydroalcoholic extract of Q. persica contained 101.38 mg GAE/g of total phenols and 37.41 mg QE/g of total
flavonoids. Additionally, the antioxidant activity of the hydroalcoholic extract of Q. persica, in terms of
DPPH and ABTS free radical inhibition, was 68.59% and 63.32%, respectively. The findings of the
antifungal activity based on disk diffusion and agar well diffusion tests showed that the antifungal effect of
the extract was concentration-dependent, with an increase in concentration resulting in a significant
increase in the inhibition zone diameter. Rhizopus stolonifer and Aspergillus niger were the most resistant
and most sensitive fungal strains to the hydroalcoholic extract of Q. persica, respectively, with the minimum
fungicidal concentrations for these two strains being 256 mg/ml and 64 mg/ml, respectively. Therefore, the
hydroalcoholic extract of Q. persica can be considered as a natural preservative to increase the shelf life of
horticultural products.
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Fig. 1. Total phenols (TPC) and flavonoids (TFC) content of Ferula persica extract.

70 1~

68 -
66
64 -
62
60
38 -
DPPH ABTS

Lo (AUl yuun o jbas il T 26T cadled - JsCi
Fig. 1. Antioxidant activity of Ferula persica extract.

Radical Scavenging (%)




W ol g oligi SHpS JBQ0l) (Ul (JS adgigdld g Ji8 et

o il oud GBI Y USE BT (gaais Sans (s, oebol e (JSUlgyaum o jlae (o) ws culled il
s T p 7B as B a8l ojlac b MOIMI clale )0 55 el )l Soo g5 5 0)lae cbile 4 anly ()18
MM a4 YIY MM 5l o) pas dle jlad lolas (iol338l o Yo M/MI & 0 MO/IMI 51 lae cdale ol58l 0g) dog/sin/
B8 e § 0 7S o A szl gl 5 pislit] usaiy Sadge o las glacdile plei ;o 00,8 VYA
T8 Sagn (S les 5 (nfpglie cod S A digw 99 (nl AT (e (nl 4 saisly elatBl sgtu ) wl) pue glaalls
Sl g WY MM U ol jdislatn] jusmsi, digw §lp od, pac dla Jhs Yo mg/ml clale o wog ojlac ply jo

oy VEE MM Jobes o0l ugls o]

Inhibition zone (mm)

5 10 15 20
Extract concen. (mg/ml)

W Botrytis cinerea W Aspergillus niger  © Rhizopus stolonifer

BT (5aehed Saand gy aly 2 ko (ASUlg joud o jlas o2 )6 s cdled Y IS
Fig. 3. Antifungal activity of Ferula persica hydroalcoholic extract, based on disk diffusion agar.

JSL 0 )lfT Sal> 29,00 (o) Al g F)B Gladgw plp 0 Kk ISgjaue olac > ,B 0o Sl glaassl

29,5 axdllas 0590 (2,8 sloasgw gl ol pac Ao Jlad o e (iol38l 4 e o lae clale yiolidl.cal sals &5l F
b pdeisloind umaf) 5 o)las & Cons g (npomlas il pae dla b8 0 VL b zul sl el ool g ogdle
“)“j:’) PJ& dla ).]a.§ aS Col )50 « f)y Ot '“)‘309'3 o)La.c Jfl)‘f ° (f)ls A9 u-.’.)"u“BLM “3"5’) Pd‘c’ o )"49 U'.");""S
(529,520 $Bg b o las puitns oled 5| (5L Sl (pl a8 09 BT 5gnins S (i) 5l 5555 5T Sala g o
9500 SlBwS jge s 51 gm0 jlas BT (yjanind s by, 0 A o taitb o BT Salx g, 5o
Alizadeh Behbahani et al., 2021; Barzegar et al., 2020; Ebrahimi Hemmati Kaykha et ) sas oLis |, o935

.@l., 2020; Yeganegi et al., 2018



)Y @ @La.g‘ 0Lol) 1F+Y jLs ) o lols ) 090 ‘sbbf scudgln o Juagh alxo

16
14

10

Inhibition zone (mm)

S N e S @

5 10 15 20
Extract concen. (mg/ml)

® Botrytis cinerea W Aspergillus niger = Rhizopus stolonifer

BT Sy gy wly » Wi (ASUlgy0p o las o2y b cudled —F JSo
Fig. 4. Antifungal activity of Ferula persica hydroalcoholic extract, based on well diffusion agar.

529 3 Dt el pis slag B () Jgoz) e (ISlg o o)las  SaiS e cdale Bl mll Gillas
olis 1y o)las 4y Cand (09,500 lodsgu (pl (5,laul a5 Wog 0l 4 0l o)lac F MO/MI Clile jga> (o dus/siu/
Sils a5 00,8 ol ugliew] (B a0, 5l 6,8 gl s oylac Y MO/MI 1 iy slacdale ax ST .ams o
olas VL glacdale jpa> 0 59, Kee Gladygur (ooled aly Al co K (MSlg 0 05lac ply 0 a5 (ol Sl
20,5 dibgie (P Mg/ml 51 cz)

SLE B 5 Sl rbiglilog Sl gy &1 o (AUl 0 o 5lac (MIC) i) (FoioS)lon cdild Jiloo gl -) Jgur

39551 9 (S5 97 om0 SLud Jale
Table 1. The results of minimum inhibitory concentration (MIC) of hydroalcoholic extract of Ferula
persica on microorganisms tested, based on microdilution method.

Extract concentration (mg/ml)

Control 512 256 128 64 32 16 6 4 2 w59 S0
- - - - - - - - + + Botrytis cinerea
- - - - - - - - - Aspergillus niger
- - - - - - - - £+ Rhizopus stolonifer
Gy pde = Ay

w}bjj_w/'@)ls S gw ol oal 1)1 0 SKS jo Sawas clale BBl b, glas ojlas > B as Sl mls
Loy gms G ipslie 5 2 3ol YOF MOIMI 5 #F ME/MI Saiss clale Jolao b od 3 s pdeislotl umainy 5 o2l

oo (LB slaisn ;o oud Al 9,Sens slats; ple laadl slinl) )3 a5 wsg (ISlgyune ojlas ply )



¥ ol g oligi SHpS JBQ0l) (Ul (JS adgigdld g Ji8 et

300

256

250 A

200 A

150 A

MFC (mg/ml)

100 A

u Botrytis cinerea u Aspergillus niger = Rhizopus stolonifer

WSS e Blas gy el g B AUl au oylac (2B ws cudled -0 STl
Fig. 3. Antifungal activity of Ferula persica hydroalcoholic extract, based on minimum fungicidal
concentration (MFC).

2 Ul (Jpligr slinl T oo5%m) o Coalad 5 (Al g g Wigewl gl yilacs) gl il (slosby, il

Slgize .l 00l cwy p (VYAQ) ) Ied g ploumme Loy e olgn plasl g a ) Sl 6T codlad 5 Jg8 b gime
DYV YD MY QE/G s 5 &) gD glyiome 5 (V¥ 5 VENA YOI AYYIO MY GAE/Y o 5 ) Joid
1) asesdls 5 VOV 5 F) /0 AAFA AYAIY MY GAE/G (o5 ) Joid (glyiome 5 i, o)l (F+/% 5 O+ /A
Ul 55 gl M b o 5 45 o0 gl il 2o _lsm plasl o)las (VE+/F 5 YYE/8 Y5+ /A Y- -/ Mg QE/Y s 5
b olgp oIl Al s DPPH 5ol o el 1o 5 53155 oo ol s i Jili obi
|y ST T b s YL aln plail Jgilie o lae el laoylae s by (6l sine oglis oS ols Lt |, (g yiion
SaS 4 olae g ady, Swiglys) sloolas dbojlas plo b deglie ) o FailS lg Liomiw 53 ol Bl 095
S ()5"’)'1 Ol ooy cldled G iian 2lse el (gt ojlas 5 wisls plas ) c_s"‘d"-‘“s‘gs“‘] Celled g iy S g
(o 51 o g ol5T (GauSgigs 4 Sod olaS o zlmenl gl s sladdlas o (Majidaee et al., 2020) sls _olais|
aals 5o sdaliawmsds e ((J5ill) ojlas a5 ol oylid guls .ol oolaiw! Wgwl gl S @ zl Sl § Gailaws g, 5
a8 5l (s polie lls yailus g 0,0 00 Dgol 8 aials o o..\,zcl):‘e;...;] o las 4 Cad vo 0 YO Sigol s
Sgol s aials 4o odel Caws 4y of5T 10 o,lae YL Slous] 5T codled s 4 ol Juate g o131 (s0S43gdlE LS 5 4
Slade STy sae ol aBlol bgw eg, o] (SlawaST BT SUls b5, 6l die slas lae plo 4 Cocns o )0 VO
4 ol 5 (Bl 4z )0 £4) 0 e (ygemilienST AT 8 Co 8 silannST 55lk 5 @eoie sl ol 6 Slawi (s S

sl 5 oo (55l l3T (J52 LS5 ¥ e PPM (55l (89, (sladiges 28 18 )0 0550 (el VY Se



'O () 2bs o)leds) 1F+Y lee ) oylold ) 0y90 “;bb.f e gln jo dpgh alxo

(S o jlac a5 ol lid bt cplassls (Las TBHQ LoaiseaS 5 g 508 (469, sladiges b anslin jo o295 B jsba
sslanal gl mlio s egman laplanSI il Gl Je a3Rle 5 b Jlb Can ble K oy 4 Wl
(Taghinia et al., 2019) o4

oS Jl g0 0inys bl 1y e atyy (ol o)las 5 085,05 (LS as cld Yo o0 Jlo o o)Sen 5 5990l
oS5 g aalol yo radims (g (29, 5ee0d Sl W8l T ojlae wls (lid b Sl ws clad (o8I5S o lac
ol o i 00+ POMI Cdale b o ylosS ol idged lolids 5 silulam |y "o el JUud e g3 Slidos
A Ll «(Bacillus cereus) wsimw wslewl «Bacillus subtillis)  liogw uslawl ol jo 1, 545
«Salmonella typhy) 45 Misa/lo «Klebsiella ponumoniae) (isesisy Mewds «(Escherichia coli)
okes Staphylococcus epidermilis) o, io/ ws535 3Lt/ 5 (StaphylOCOCCUS QUIRUS) s,/ w35 sluslin]
Shahverdi ) sls oLz (Serratia MarcesCens)  iws,lo Lilpw 59,1y ygmoliilaXn 0o 1 rizmed (i (leal 0l
(et al., 2005

Oomind S b9y Gillae e aty ) (2l 5 (50,8515 0jlas (2 )8 ws colad (Y -+ 0) o) Sen 5 (Sl oo aslllas o
2l sl ] Gy Glagy Bl jo ()8 0 Colad 089 )JS o la (ol ojlae M 0 S sy T
oo St LusSssis s ¢ (Candida albicans) S/ luuils «(Aspergillus flavus) wgsdls uslew/
w9 A ddlgus Sy aiile 3,565 (g9l> LS 5 lgie 4 b sli>l ol Lzs (Cryptococcus neoformans)
S MIC L1, )6 s cudld 56sd B oo Sowp 9 A ailgulSin 0l ololids ojlac o B auilse
o)lac 45 3o 5 asin Ko sladllhs ,o (Mirjani et al., 2005) wols ;jlas glacs ;) slag B 5l 50 < £Y/0 pg/ml
5 S5 4y ;308 a8 g3 5 R cale b Jlab ey LS 5 @b 5l Yaiml 1) 395 (28w il LS slauilal
slid (50 5 6 piydei Gl Colll SLuS 5 ol crizren im0 0 9y idlse o 0 5l 65T sl 5 258 porlie
(Rahmati-Joneidabad et al., 2021) sl o 1yls 1, o)1 Jshos (59098 ,90 Dol 5 2,8 o5lail zalS azecs ,o

85 w3lion sl 5 J5id SLuS 5 a5 B polie (sl Sk Sy, o) oS ol Lt anlllas ol b
S g s e K0 0 L ()5 wds Cudlad e ogdle wiols (yLas ()] (S5 ,8 JGol, cudled 1o oot jlomy i

5 erpstie cud Azl usleeil o phislyin] Gusigi, g o9 a5 BB 56l 5 (S5 ASE ogee ;0 Slud Wge 18

2 Umbelliprenin



\# oy Kon g olivgs SH S S0l oblgh (JS adgighls g Job ymns

oS 3 Olgim eolaiul cobld s o las (IS gkay (aing Kle ( ISlg 000 ojlac 4y o ()8 sladsg oy 55 ol
lad.wl.“so ‘)LJ ‘) Lﬁd).»...u 9 l.@o&:.a ).b Q)ﬁ"l" L5'>)l$ (_SLQQJB.M} J....:) 9 LQJ.,.._J uwlm‘ )‘ 6)55-19 u-é‘? JL@ u.......v)

B g Sl 8T eIl gt Jlad Sy SLaS 5 pnd j9baie 40 (6 s LoSS Slallas a5 ol L5 Lot

D58 &g K o)l

P g

Cglae 3l aiild go p3Y 0> Alie Bainsd I bl o VT /YY) WS L siegh b 5l s pols dlie

9 58 dlesos oo 5 ol ool JJo 4 liwss b wlie 5 (55,5laS pole oBiils (5,5Ld 5 (Lighy
iles glo,ud

&L
Alizadeh Behbahani, B. A., & Fooladi, A. A. 1. (2018). Evaluation of phytochemical analysis and

antimicrobial activities Allium essential oil against the growth of some microbial pathogens. Microbial
pathogenesis, 114, 299-303.

Alizadeh Behbahani, B. A., Noshad, M., & Falah, F. (2019). Study of chemical structure,
antimicrobial, cytotoxic and mechanism of action of syzgium aromaticum essential oil on foodborne
pathogens. Potravinarstvo, 13(1).

Alizadeh Behbahani, B., Falah, F., Vasiee, A., & Tabatabaee Yazdi, F. (2021). Control of
microbial growth and lipid oxidation in beef using a Lepidium perfoliatum seed mucilage edible coating
incorporated with chicory essential oil. Food science & nutrition, 9(5), 2458-2467.

Alizadeh Behbahani, B., Jooyandeh, H., Falah, F., & Vasiee, A. (2020). Gamma-aminobutyric
acid production by Lactobacillus brevis A3: Optimization of production, antioxidant potential, cell
toxicity, and antimicrobial activity. Food Science & Nutrition, 8(10), 5330-5339.

Alizadeh-Behbahani, B., Tabatabaei-Yazdi, F., Shahidi, F., & Mohebbi, M. (2012).
Antimicrobial activity of Avicennia marina extracts ethanol, methanol & glycerin against Penicillium
digitatum (citrus green mold). Scientific Journal of Microbiology, 1(7), 147-151.

Banaeian, N., Omid, M., & Ahmadi, H. (2011). Energy and economic analysis of greenhouse
strawberry production in Tehran province of Iran. Energy Conversion and management, 52(2), 1020-
1025.

Barzegar, H., Alizadeh-Behbahani, B., & Mehrnia, M. A. (2020). Quality retention and shelf life
extension of fresh beef using Lepidium sativum seed mucilage-based edible coating containing
Heracleum lasiopetalum essential oil: an experimental and modeling study. Food Science and
Biotechnology, 29(5), 717-728.

Ebrahimi Hemmati Kaykha, M., Jooyandeh, H., Alizadeh Behbahani, B., & Noshad, M.
(2020). Antimicrobial potential of Cordia myxa fruit on pathogenic bacteria: A study “in vitro”
laboratory conditions. Food Science and Technology 17(101), 71-80.

Jadidi, M., Vafaei, A. A., Miladi Gorgi, H., Babaei, S., & Abady, Akram. (2010). The effect of
Ferula Persica L Extracts, (Sakbinag) on symptoms of morphine withdrawal and sleeping time in mice.
Pajouhesh dar pezeshki, 34(4), 225-230. (In Persian)

Majidaee, E., Hosseyni Talei, S. R., Gholamnezhad, S., & Ebrahimzadeh, M. A. (2020).
Comparing the Effect of Different Extraction Methods and the Role of Solvent Polarity on Total



Vv () 2bs o)leds) 1F+Y lee ) oylold ) 0y90 “;bb.f e gln jo dpgh alxo

Phenolic and Flavonoid Contents and Antioxidant Activities of Ferula persica. Journal of Mazandaran
University of Medical Sciences, 30(188), 26-39.

Mehdinia Lichaei, B., Esmaeilzadeh Kenari, R., & Dinpanah, Gh. (2018). Extraction of phenolic
compounds and tocopherols from Ferula Persica and evaluating the effect of the extract on the stability
of sunflower seed oil as an alternative to the synthetic antioxidant. Journal of Food Technology and
Nutrition. 15(4), 81-90. (In Persian)

Mirjani, R., Shahverdi, A.-R., Iranshahi, M., Amin, G., & Shafiee, A. (2005). Identification of
Antifungal Compounds from Ferula persica. var. persica. Pharmaceutical biology, 43(4), 293-295.

Mohammadi, A., Hashemi, M., & Hosseini, S. M. (2015). The control of Botrytis fruit rot in
strawberry using combined treatments of Chitosan with Zataria multiflora or Cinnamomum zeylanicum
essential oil. Journal of Food Science and Technology, 52(11), 7441-7448.

Namazi, P., Barzegar, H., Alizadeh Behbahani, B., & Mehrnia, M. A. (2021). Evaluation of
functional groups of bioactive compounds, antioxidant potential, total phenolic and total flavonoid
content of red bell pepper extracts. Iranian Journal of Food and Technology, 18 (113), 301-311.

Rahmati Joneidabad, M., & Alizadeh Behbahani, B. (2021). Boswellia Sacra essential oil:
Antioxidant activity and antifungal effect on some spoilage fungi causing strawberry rot. lranian
Journal of Food and Technology, 18(114), 25-34. (In Persian)

Rahmati-Joneidabad, M., Alizade Behbahani, B., & Noshad, M. (2021). Antifungal effect of
Satureja khuzestanica essential oil on Aspergillus niger, Botrytis cinerea, and Rhizopus stolonifer
causing strawberry’s rot and mold. Food Science and Technology, 18(115), 171-180.

Rahmati-Joneidabad, M., Alizadeh Behbahani, B. (2021). Identification of chemical compounds,
antioxidant potential, and antifungal activity of (Thymus daenensis) essential oil against spoilage fungi
causing apple rot. Iranian Food Science and Technology Research Journal, 17(5), 691-
700. (In Persian)

Salami, P., Ahmadi, H., & Keyhani, A. (2010a). Estimating the energy indices and profitability of
strawberry production in Kamyaran zone of Iran. Energy, 1(1).

Salami, P., Ahmadi, H., Keyhani, A., & Sarsaifee, M. (2010b). Strawberry post-harvest energy
losses in Iran. Researcher, 2(4), 67-73.

Shahverdi, A.-R., Iranshahi, M., Mirjani, R., Jamalifar, H., Amin, G., & Shafiee, A. (2005).
Bioassay-guided isolation and identification of an antibacterial compound from Ferula persica var.
persica roots. DARU Journal of Pharmaceutical Sciences, 13(1), 17-19.

Sosani Gharibvand, Z., Alizadeh Behbahani, B., Noshad, M., & Jooyandeh, H. (2020).
Investigation of the functional groups of bioactive compounds, radical scavenging potential,
antimicrobial activity and cytotoxic effect of Callistemon Citrinus aqueous extract on cell line HT29:
A Laboratory Study. JRUMS, 19 (5), 463-484.

Taghinia, P., Haddad Khodaparast, M. H., & Ahmadi, M. (2019). Free and bound phenolic and
flavonoid compounds of Ferula persica obtained by different extraction methods and their antioxidant
effects on stabilization of soybean oil. Journal of Food Measurement and Characterization, 13(4),
2980-2987.

Tanavar, H., Barzegar, H., Alizadeh Behbahani, B., & Mehrnia, M. (2020). Mentha pulegium
essential oil: chemical composition, total phenolic and its cytotoxicity on cell line HT29. Iranian Food
Science and Technology Research Journal, 16(5), 643-653. (In Persian)

Yeganegi, M., Yazdi, F. T., Mortazavi, S. A., Asili, J., Alizadeh Behbahani, B., & Beigbabaei,
A. (2018). Equisetum telmateia extracts: Chemical compositions, antioxidant activity and antimicrobial



A oy Kon g olivgs SH S S0l oblgh (JS adgighls g Job ymns

effect on the growth of some pathogenic strain causing poisoning and infection. Microbial
pathogenesis, 116, 62-67.



