T 'ON / 0Z ‘IOA / £202 481UIAA / uoniiny % ABojouyos | pooo

Cuwgy 31 00wd g1 ySciw! uslw! Jlad G 5 S 5 9 Soguol )8 56
Oyl 03, JW5 5

d | c 5104 *b . . a (ol - a . T |
] AlS g RIS AR ¢ (60 po) ot ¢ |y (p gy 09yl plod

i lojls q598) Glolt anb qolio g ppliS J3jgel clision jSho puodigo 5 o8 Sl i imgy jluiil®
Ol o psliS sy 5 sl
il i o] e ol 5 gl sl 5 i o i 5 (35 lidins ity ity iy
el soy] csipaliS g 5 gl ol
! s oM ST UKD Yy s A3y o LIS molio 5 pale 09,5 i) | aoliid )l aisgol il
il sl o Mool ST olSi s 3l Ay i3St p S 05 i el IS 4 gal 2"

VENCFNY i iyl gyl VE Y/ rallie clyys b
DOI:10.30495/jftn.2022.63466.11153 https://dorl.net/dor/20.1001.1.20080123.1401.20.1.2.6

VO

SRS 30| 6 arriv ] Cowm@ (o3 [ e[ Fed [ en(o

2SS

8 d g D90 (glod S jobo 4 I3 Dlge 13 aub 015l laie 4 LS e Cang uilul l edlitel w31 la Sl ) dosRe
silye polyd ool 31 oolial by cpl i1 LSe &5 35 39y Jy sy (sl gyl (sl (g300in (sl by, conl 4355
ol o gy ) il U s o8y sy, oy ol gy b il il Ly (5ot a3 sl 5
il

W g Ve oy Veor g8 X o du 0 i ald gled g ploj whgold Gud ol it (sla e 1 yig g Sgo
SB5L 1l g bl ol5T JSGsly (S5,8 a8 g JS Jib bS5 gl el o]y g 3,5 le a3 O 9 YO YD g aibs
A e 2l sl o] S g

3,8 Bl 4 )3 YO (glod 9 4iB> VA UulE loj g doyd £o Sigolyd s (B Congy il gyl (ly aigo balys a8l
o5 o FYNE oy WA 3 o olj] JISonly LS55 8 g i OS5 liwe eelyieinl ol Lulyis iyl > o cyesd
2oy pae Ao s, Sibe piomen .l 9> Cllas odd s i pdlie b oyo0 polie el Cunddy 1o 3 OO 9 p)5 Vee p
A5 IS ok W 5 WD sy 4 gl Slygor 5 st by 3 iy Congy il i 0yl ] S5
D9 ()8 48 Cols (Gl (s p p)S e Ve e e) mawly Sljgu b plp clalé > Jy gy il ol

ot 355 AT ol s oy 45 ol o 5 s5le Jd Sge ) sl e sl g, oy ool 5 5 400
2l Blge 6yl > Jy Cangy il Sl (i o0 (izmen el LS 5 cnl gl Sl Sge (be) o gl ) it
g ol (s 5 (alosd look eSS b &

gy o 2y ls 0)350 OluS ) o iy Cuugy 3545 s1OOS g

email: s.zomorodi@areeo.ac.ir Sl Jgians oy


mailto:s.zomorodi@areeo.ac.ir

Ol o) JUS 5 Congy 31 ood gl poianl il JUad Caumn; SLaS 35 g1 gl 3 13T

838 s ols Ll 58 e (g S Vo) )
455 93 ogee Cowgy I 0ad gl Sl uilul g o0 oS
305 B edlatl 3j9e whdsn ans 1) JEp
.(Rezende et al., 2020)

» 1y gl 3l (Ye¥4) ol Kea 3 Zomorodi
Blac Jlb cuwj OlS 5 (A5 5 o5 SR
OP9y & Cubdpe ad)y o8y sl Al 5l el gl Sl
Ao LS Baiod cpl gl 08 (gwyp Gl gdaw
5 b e oal (Suslel o8 B ol
Ll agolyd s Ll b ol a1yl (55558
Slos Ll b a8 b, ol LEnlS s Lol il
oo crl S Iy Jal bS5 ol Wl
S Sl Blowy A 8)las gl 5l (gl ainpe bl
W el 4By AVA Wl 3 loj g o yd Fo gl
S sl gl (gl (Y4)R) o Kea 4 Sharayei
Voo 980 Ve ho ad b gl a0l 5l bl cungs
0,8 odlatwl 42> VO g Ve D slaple; 3 g Mo
4 daady FIY auld loj 5 opd £ Lol ol
s bulpd ) A e gl A il plgie
JS s oluSy clodily b i polie pSlas
aw ol SasSlsl @b g ol K, Sw,S
YIY o WY ey @ )bl Cangy bjlas )l
YAYE/S 5 dopd MIA 0,5 0 SJB wwl p)5 o
el Candty 5 )Y ol Jseg S

2 Ogelp by G ol G
Cungy jload glysaal pilul (&S 5 (o5 Sk
ol (yguael o8 JUE 5,

LS9, 9 3190
ol Lo pped dag 5> (EL 5l gl o8y JW
5 gt oBiylojl &y JU) 5l gy rogeo 13,5 g
i Cennd T bl ) Cannd D (65 Cany
Glod 3 g a8 s B, cavg 5l bl 286 S,
b SISy Ol w35 Sid o > b
ohd 50 odel Cunddy ydgs A5 0313 jgue 9,50 YO o
09w Ve cwlbs Lol A b plsld

o

EVREY)

s (Rutaceae) odlgls ;I (CitrusSinesis) sy,
Mg slade YoV Jls .l (Auratiode) eslgls
S lpl 22 9 o5 s ¥ 5 Gl e 2 JB 2
Yo (FAO, 2020) cuul 015 555 o5 oysaleo YITY
390 JEy Ol ang 3 5588 0 sady S ook
Cavgy (9L Hlade anlyd pl )0 &S 5,5 o 58 eolatul
Congy oS bl Slo o b &y Slawy s & J&yy
g LOMuSgiedy 9 gy 5l s ol
ool b s 505 LS 53 4 w3l e b JISeS g2
Cawgs jl odlaiwl 4 059 axg8 w3 sld Jlo > ases
bbb JWy Cuvgy woilul il oad @lS ye
ol (pyigise (n)Serm Lles 5 0dg )8 CluS s
2 el sl olse 4 oS b 4 b il
S0 Sloyd asuly 9 il mlio (i sl foSs
(Giwa et al., 2018) % .5 o 1,8 oolaul

)3 3529 b puill gl sl il slagby,
gl Glp 6550 5 (np Sagbe) et S
ool Jsb cusl Sgolyp glsel I osliel il
paanilSe ol 5,080 Voo B Y o Yoare gl
L plialS oLy & gl glesl b glysenl Lol
OV 9 ()5 Sz oble (a4 85 2980 by
@aasie LaylS 130 (Vinatoru, 2001) cul Gls
gl ) wgold glel YL Ul L bl 5
BaSggeds  doasdSIT wile Gl LSS
5 Losgls boSsn dosy)Blo b ( 285y Glagulsl
Ghay ol 2y Glls e clagisy Sl oy
el boolSy min e Jlaxul cee
(Vilkhu et al., 2008) ool ois o o29,Suodid

Sy olowd Sy (YY) ol,Ken 4 Rezende
036 JWy Cwg 9 9 5l (2l Gl (2B 15
53, gy ieiglyi] ugiginy posesa 33y 1 1y
S50 nsge (npsbel pised 4o (i il b
g bd o) J&y peolul g JWy Cavgy il
A5y 3l o Ao 5 VA sy 4 Jeblal

cos 93 oYL |y Ldddate] Lusgn, poduse

T 'ON/ 0Z "[OA [ €202 493UIAN / UORLINN 79 ABojouyda] pood

\#

! Cavitation 2 R. stolonifera % Flavedo

* Lima and bahia navel orange > Albedo

I 30| 6 arrie | Comm@ (o3 [ Feerd [ evorfa




T 'ON / 0Z ‘IOA / £202 481UIAA / uoniiny % ABojouyos | pooH

\Y

SRS 37| 6 arriv ] fomm @ (o3 [ e[ Bt [ ey (o

Ol on g 032,51 pled!

_ W =W,

el sl oy = x100
Wl

(V) Jger®

S8 S 5 e —
P g s B3 )l S5 e el
5ogl YOO z50 Jsb )0 badiges cds jlade o ool
chale p» SIE sl gl S ge s 818
b Jpie 2 il p Sl /oo /¥e Bagaoes
k8 Ol 5 e 3)lulil bz 59y j g (V JS)
135 dusle p)5 4 SJB dl p5 s s

.(Zomorodi et al., 2020)

ST 5T Cdlad i —

ool 3 eolil b j baiges Slhus] sl el
A5 gySojal (DPPH) il (ela JISysl, 5,5
Cuto JyiS lgie 4 o SonpgSanl sl 5 Jg 35 il
P &S Ad dwle ¥ Jgey8 5l DPPH s p> o solazuwl
Jsle s ADPPH o diges oo is AS
.(Sharayei et al., 2019) .| DPPH
o _ (AppPH—As .
%DPPH = (=228 x 100 (V) Jgord

JGS)J Cuwgy wilwl ‘ﬁ)@ Mo Cullrd N
crosb e dde i (Sager Laal g 3 030 1 5i)

) .
sl
A el Saawd Ll by 4y (2 )Bas e

2 W gl o lagill g9pd by ity
2 bl 200 aliesd dlse 0 (5SS oIS ol
05 )l ys Gl Spe e85 0 5l glay oo ogls

ohey 4 JWy Cwsy owlel gl -
gl - xigls

(o)l cytlen) ol olStos I gl Jlosl oy
5 FrashS Ve pulyd g Feo pSlas )8 L
Jsb 3 sini ¥ b b s iz 1 Hy 5 op
Voo lads o iolosl pa (lp s odlatwl yio due Voo
A g bobre ol ) S b Sy cussy 35 5l )5
Glises o il cos (1 Jyi) lefl o
o - 030 )8 calisee (slaled 9 laylej jd Cigwolyd
5 Jitio (gl 5 il olSis & Jools sl los
o~ -(Arafat et al., 2020) i plsl (6 S bl Jos
olej B (S5) aded el (S pslal plosl

A5 65 (31,8 ol VA gled) y3u,8 5 eolal

&)yl londly s —
O gl g S Sy Cug (S5 s
ooy 2o cus p gl plasily g 435

S8 Slowy ddgl (159 Wi ol )5 48" 0l dple Vg0

ol glyzswl 51w Slewy 59 W2 g zlysal )
.(Sharayei et al., 2019)

—~ 0.4

% y = 1.0776x%+0.2644x+0.0099

£ R? = 0.9922

.E 0.3

s

g 0.2

[

o

o

o

‘s 0.1

(45

L

= [

O 0+ : . , . .
0 0.1 0.2 0.3 0.4 0.5

Absorbance

Figure 1-Standard calibration curve of Gallic acid for the determination of total phenolic content
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Table 1- Variable levels
quantities
Factors Symbol X) 0 1
Intensity (%) X1 20 60 100
Time (min) X, 15 35 55

Temperature (°C) X3 35 50 65
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Table 2 - Analysis of variance of the effect of independent variables on response variables

Variable DE Extraction efficiency (%) DPPH (%0) Polyphenol (mg/g)
Regression MS Regression MS Regression MS

Model 9 2.902 26.72" 71.362 1394.24"™ -59.094 4623.64"™
Intensity (A) 1 0.151 19.75* 0.871 108.78™ 1.602 160.38™
Time (B) 1 0.042 25.90* -0.261 156.02" -0.803 2066.60™
Temperature (C) 1 0.070 0.52* -1.249 54.24™ 5.226 440.15™
A? 1 -8.853 7.49™ -3.882 142.49 -0.012 1466.80**
B? 1 - e -0.022 291.13* ; e
c? 1 n 0.011 22.99** -0.057 615.44*
AB 1 - n 6.562 110.25™ ) n
AC 1 -1.458 3.06"™ -0.014 305.20** - n
BC 1 - 50.90* - 207.50 ) n
Remain 5 8.28 6.40 - 1325.62
Lack of Fit 3 6.63"™ 0.000 - 921.51
Pure error 2 1.65 6.40 - 404.11
Total 14 - 35 - 1400.75 - 5949.25
Standard deviation - 0.96 - 1.13 - 12.14 -
Mean - 8.71 44.03 - 65.04
CV (%) - 11.02 2.57 - 18.66
R-square 0.763 0.995 - 0.877
Adjusted R-sq 0.632 0.987 - 0.753

Predicted R-sq 0.288 0.989 - 0.704

I xe e ™ g 0 o )3 Y5 gme® TN o 3 > e

**p<0.01

*p<0.05 "™ Not significant
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Figure 2 - The effect of time, temperature and intensity of ultrasound on the extraction efficiency of the orange
peel essential oil
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Figure 3 - The effect of time, temperature and intensity of ultrasound on polyphenol compounds of orange peel
essential oil
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Figure 4 - The effect of time, temperature and intensity of ultrasound on DPPH of the orange peel essential oil
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Table 3- Predicted and experimental values in optimal extraction conditions

Extraction Polyphenol o
Results efficiency (%) (mglg) DPPH (%)
Predicted values 9.03* 89.99° 58.58°
Experimental values 9.11+0.85° 87.1+1.1° 58.0+1.15°

P < ld b ge3l) 15 FoaS b o) sime glis (g)lel Ll jl S e gy (sl (sla puSikie
The same superscript lower letters beside mean values indicate a not significant difference from each other (t- test, P<0.05).
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Table 4- Comparison of the mean effect of different treatments on the diameter of Aspergillus niger growth inhibition

Extract

Diameter of growth inhibition zone (mm)

Orange peel essential oil (1000 mg/ ml)
Potassium sorbate (1000 mg/ ml)
70% ethanol (negative control)

18.5+0.58%
18.3+0.21%
ND

The same superscript lower letters (a) beside mean values indicate a not significant difference from each other (t- test,
P<0.05). ND: not detect.
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Abstract

Introduction: In recent years, the use of citrus peel essential oil as a natural preservative in
foods has been widely considered. There are several methods to extract the essence oil of
orange peel, one of which is the use of ultrasound. The objective of this study was to evaluate
the extraction conditions of essential oil by ultrasound method from the peel of Thompson
cultivar using the response surface methodology.

Materials and Methods: Independent variables included ultrasound intensity, time and
process temperature at three levels of 20, 60 and 100%, 5, 10 and 15 min and 25, 35 and 45 [
C were studied, respectively. Efficiency of extraction, total phenolic compounds, DPPH and
inhibitory of orange peel essential oils against Aspergillus niger fungus were determined.
Results: The optimal conditions for extracting the essential oil of orange peel were sonication
intensity 60%, processing time and temperature of 19 min and 35 °C respectively. At this
optimum condition, efficiency of extraction, phenolic compounds and DPPH value of the
orange peel essential oils were 13.09%, 42.16 mg/100g and 55%, respectively. The
experimental values were in a good agreement with the predicted values. Also, at the optimal
conditions, the minimum inhibitory concentration (MIC) of the orange peel essential oils was
18.5 mm and potassium sorbate was 18.3 mm. Therefore, orange peel essential oil at a
concentration equal to potassium sorbate (1000 mg/ml) has antifungal activity against
Aspergillus niger.

Conclusion: The present study revealed that the essential oil of orange peel has a potential
source of active ingredients like polyphenols that are well-known for their antioxidant
properties. Ultrasound extraction is an effective technique for extraction of these compounds.
Also orange peel essential oil can be used in foods instead of chemical and synthetic
antioxidants and preservatives.
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