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Investigation on the Physical and Phytochemical Variation of Different
Parts of Sour Orange Fruit (Citrus aurantium L.) During Maturity Stages

J i dlie

" geiizme o § oo Lok i S

oNS>

2 JosiSh & ppons ctalejl @l ogen oloondisid 5 (Su5d Sl Sy 2 ogee (k) Al ya I gy pslaten;
o) > o oz 53 ogme Eob Jolre Jolts Jol )9S o plonil 1S5 ez 9,556 90 b (Bolas oS slaSoh 251 4y
e 999M) (S5 Camgy ol )b ogee iliSe Sla it ipgs 15T S (o) Sl g 0 ) s jhed o)l
00 (5 Sl (sla T 3l 5 et 2 0500 ol Al o Jlo sime o3l oaima ol loazeiti agy 40y 5 A cogee ol (D)
5 I3 S 5 (JS w58 (Jegdls 5 (O (s coge Sla it SS9 5 (59 Sl (bl 9 Ses 5 o))
ke L IY e 5 (5 maz) YT odgame 5 )l Caassy 53 il 5l (6l yeis 52 ((ShimeST 5T edlla s o
Oliee 53 (smgmime G20 5l (b )3 5 (Go)l s alopo g 00y Hlows Al po )0 ol Fa Gliee G i 5 (2 eS) S5
O e® 09 00w ydowd Al 1o 1 0gus il ZBL 4 bgy e (s, YOIVA) laeST il codled o 5YL Lol caslins
(Sas oole )5 3 ansl S 05 (oo PITA 4 VYITA 5D 28l (205 26,6 o5 (J3id (slocaS 5 Gl oh S8 L
g Jbd Sy Sl 5 e (VL bl da Shg fiae a5l o)l e al>ye )3 93938 8L (S j5bo
@)L ouSgiadl «js (sl (98 slaceS 5 sk mlul 1 gualS el

o

400

silisee Gblio 10 0)9,el a5 Lewl 5,5 Ggix cage 9 LS po 0,5 5l canl 5,0 Citrus aurantium L. _ole oU L =,

Sl Syl 4 )b g ohasile (IS slagliul abox Il pl 51 (bl o (mizer 055 0 JE S 0550 ez
Mol s 2alS 53 (s (5 o Joib sloosle 5 Loy alom 51 SLS 1o 5 39750 (ST T locaS 5 0550
Cadb p s3by b 5 T SlacaS s o)k (ol slaglen 5 plbpw alex 5l sl Glaslen S B &
05).5‘ w‘ 03U 6.)[)) 4.?'9) UL‘”"‘ WMM’ r LQMS).: Lﬁ‘ J..dbo Lg[m).;l Q 0)5).40| (YV) AS)L) Liboeu )O JS f‘j‘w“sg"
SBeuS 5 (Y8) Canl oo (3,155 laeuS 5 cpl 10 5w Camlar 0 g (09,5 2o slacalld  SlosST 5T caols
S8l i LS pe 50 Tl jsSlS audsiadls Gl cal )0 g sl (J5tb slaael 5 PlaasSgidls Jols LS e ogie J5id
9 L519’“3 LSLQ;NS)J ¢u>_a».\.uo 6L®0$Lo J.Quwol.uj 615 )5.19 O G)L: 0guo O Og>ge u’_aLM 6[.@;.,95).) (\f) "‘"5""‘(5‘
6[.@;.,9.]5.&».4 )| LS’;L; &‘y‘ 6|)|~> 090 6Lmu~9u )JLw L: MLO.Q )é G)L: 040 wy (\‘\) ».\;}u:b.o L)dQLAJ |) VLQ».\.S}».:).)
olondigid cwyp (V) abb oo YU SlaST ool el b Joib slacaS 5 5 Lo ogue 5l s (pl ol 4396

NS oy )b 9/V/4 228l 0 &b -)
ul).:l > JEAYO-VVY (o, (B9o P o> oKisls ‘L;})SL:;S saSiily ‘syL..cL |a5l.c 05; QI)LJL....;I [y -y
J(askar.ghanil 1 @yahoo.com) : g 2SI Gy ¢ Jgamms 0diunn g 3

Terpenoids -Y  Flavonoid glycosides -# Flavonoids -6  Antioxidant activity -f = Phenolic compounds -Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1399.21.4.19.9]

Ohlas 5 if

P35y 9 P 0 )b T a8 Ty e ol Snie slaaSgigdine: 5 T rgen) Wit 2575 42 g,U 0gpe Sy
S ogen 5 S oS (oS T (Shs 5 alrord laaaS S S 0k sl sl sBeek 5o (TY) )5 o)Ll
QS e 1y i ‘LmQT s wlal .28 5 18 w0 50 5k al> 5o g0 ;o (Citrus medica L. cv. Diamante)
Clld prizen sl Glas 2alS Wy, lacaS 5 nl ogee ey sk 50 gl L S g S 0 S s
wads plil glatagsy gloazs ool (V+) o5 lajion plo 5l 2ty ogee Vpig)e (ide 5 S 5o (SamsT
ottt e i e 3| 35S iigdls (oS g 4 5 Jpih sl 5 ol e LS e 5 open o
sord Jolis LS je @355 a ogee Cugy 53 (i)l 5 a3 Glie (V) Sl i s 5 a0 b
JWs o (Citrus aurantium) 5,6 ¢ (Citrus sinensis cv. Thomson Navel) JsU youcs JW&5 5 (Citrus lemon) (s ps
5 07) b allid 766 ogae Camgy )0 et Ul 0 SVL 5 S35 B (p) 9590 (RIS Ol g 5o 5 Ol
Sk S 5 e 5l el 00l 6ySojluil @l 0 50 agil 5 leaSeidls (U sl s ke «6,5es iRsh
J5l 5% 50 0gzge Slaaisigdld (e Sl aiis Lo 1) j0 50 0gzge Jlade (o ylin ladeigdls 5 Lol conls (S ojlul
5l als 5,6 o3me atlimnd oS 5 sl Sy 5 (5) 39 oo Lo 41 SheaST 5T el e e
ST slacll 5 s slansS 5 (F) i gl agen o J o slady 3558 gl | i a5 59 5
3,90 loed, oled ;o g ad S 13 oy 5,50 (Citrus paradisi Macfadyen) &g 8cg S oges alizes sla isu jo
(FV) Wiogy o500 50 Sgzge hol (J5id oS5 Ml SIS 5 a35igde £53 (n yhates pde e 9 a7y U o2
2l 5l i Gty 9 o3 Jake 5 ST B sy 3)50 LS o glgil Sl any g Yo ogam y0 oMl il o jlas
bpd, swyy o (Citrus unshiv) gl (5,6 (V) 5l )Ken 5 58lB glaaidl, olul 50 (YF) ad 35,155 assigdle glyl
G359 oS 3zl Sl a1 ogue ( iceaSh (SO,U Al coe oo o (Poncirus trifoliata) (s yewse 4k g
5 e (S50 Jolds OLS e elsil 5l aisS Jlaz slagee Gialejl G 5o icaalyls (rzn )b 5 (e aloz 5D
3 ol Sl g 0, 4yl Jole 15 5 0 € i e ez 55 Shile ivedd 5 il «sbne
OF) 0l (Byme (i )6 2l 5l jalate 4 4565 0 i Jlods Cg 50 (b igend g atid )5 )18 eolatul 5,50 (3 e

oS 5 bl Sl (Soe )l (S B ras oS (placiend S (LS 1o 0gee il sla it Sl 4 axg L
Slule 5l oS 5 g0 ORlBl Glisly jo Wl oo oS 5 ol gilulaz 5 plulid wiil oYL Jhécun;
gl pas g o)l bl 5o 75,6 ade (YL Cad 4 (e @ a9 b iz e 0Bl el s SLEL sl Jgame
ogan Alids la fdu Jdiun ) GlacaS 5 plo g Gl Gliee o cdlsy al>po 236 @ 4z g5 pas g Sy 5o il
R i )90 (9L il ogee Alidee sla A 53 (e 5 B9k > 50 (lrerdion oS 5 Jlade (sle i) U
2 @) oge altee o i ;o Jldcew; SlocaS 5 (P n g (N Sl (opp Boo b Guiod (nl (Sl 48,5
el s plol by b

Ligy g 9lge

L,k g wl.oﬂ sooke

ol 55 a5 555516 53 U iokes S slaSsl oo a1 Sl oty ialef] iags ool pldl
b oy 0900 () ks al> 1) 00y 0900 ()l s 0900 al> 10 Jloz 50 0900 5l ol Jals (3l y9sS
g A ogee T Tl paas g0 L Sy gy Jold elas ity STyl p0 5535 05 Mook s 0520 5
JPe 5 o Glime wgee Alide la i SAS 5 5 09 Slayts Jold ond 65 ojlail sla Sy (n iete S92

Endocarp-vy  Routine -# Naringin -6 Neohesperidin -f  Hesperidin -t  Limonene -Y Gallic acid -)
Flavanone -\Y Flavedo -\v Gallic Acid -1\ Ethyl acetate -\ - Tannins -4 Narirutin -A
Albedo -\0 Over-ripe -\¥f

Y¥E


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1399.21.4.19.9]

widlizo glo ity leolsls o 558 (sloy ki o)y

Slaalass, 5 bl 0 Shae 5 a0)d Geizps g G| Cllad woys 5 Jod slacaS S Gl (JS asindle
e o)L Sy (i xS oil by, 4 dalsl ool 6 S ojlal g5l Jolye )3 oge (Sgrm Sy (s
cbloy pboj g (BLS osls angd

J>le 50 @,6 sleogae b plxil o olKiils o9, Hlals olKisle;l )0 YYAB-YAE el Jlo jo idgh ol
Voo az,0 VA 5 oldlaz Job aido YT 5 az )0 OF) j0d Ko fp e Gliw gl 5o @dly LS 5o EL 51 Eob iliske
OLB 50 o Bl Clloy PP cuiS alold 5 )LSe S ol L (L0 mhaw 5l gl )] e Vo0 (oLl 5 e adds
s by Bolas sy olS aulS oy s sl LSy 39, 8 Y o anldl Lyl a4y aiy oyl 5 (o)ds sl 4l 1Y
Solas o)l o al>p0 090 25 Jolie Jold iz Jol o babal) o cblop loj 9 092 (ole (23,98 TO) (23,9,8 pom
0wy 0ga0 Al 1o (BT 31 s 55, YYY) ole LI Yo b CBolias ogpe S5, pis alo o (2005 5l 0y 59, VAY) e Yo L
(25 51 s 59, TYP) ol aial YE L Colias oty Jles > o 5 (02005 51 e 59, YAV) olo age VO L Bolas &L

AV B 00) Gl glas)law ;0 (98 9 G0 wrgiz (Jlod) S350 Sy Jloz )0 i slaple) ;0 ogae Culils 5y 04
Slas al belee JolS o2 b ladiges g ploxl ogro sae Yoo VO o, dlows 4y (o Bl YV B Y- g Ve LAY
Sloslewl b ciws (g, 4 ailBlaz (999MM8) 519, S35 gy g o0l el Sl L oS & 50 4 bogas olSiglojl a4 Jli]
3055 Ve B Y Soe a4y 5 B0 ol (o il Y U Y) S 68 sloaxdad 4y ogae alises slo i ol o 55 s8>
GlBlax plas 2 ogue alitre lo sy (0,5 Sis 5l o (F) Wad iz (Gugsmades a2 50 VoEY) 61 gloo o il
88 (6 IS (gl 4250 ¥ glod) Jlnsu 50 chanzme ) (56 (slo s I (6 5t S g S0
ol Z! 5wl

Ol lp ol plosl 2o cnl 5l Gl gl 2l (V) o)1 18 a5l e (S Sy 5o hadd ilul oSl 4 4z g L
by y2sls olfiws Lawg cal> o p0 53 (o 9 9 (AlS g9gM) o0l S Cewgy )5 V00 e SIS 2 0 8
o3 a8 ool (5,5 ol Sy Jsamaysbot Lol 59 5 lodipas (oaal g Sl g el 53 ke o T by el i,
Lol o ol Jl el i 59 Jpmno ysb & gl fiee (tier @b ool 5Vl Sl & g b ol 53
- o7 Oygods ldisgel Sis 39 (wlel 5 Guilul ool .8l dalol celu 9o U las 3l (6,80 5 JolS zl5un] cye
Cz) Jo el 05 glainds slad )by ounl cavdy gl il ol dwlre (i digi p,5 Ve 0 i Lo VIW) Jig
o ool 5l puilul o Shee aind (6 IS5 (wgamber 4230 =Y+ (lod) ;58 18 g A as ) (uetd 4555 ;o 3| (6 i
A dloes 0gun j0 i s o g dlm e B 10 050 40 508 St 0ole 0, Sles jo uilil oo
tlondion B SH9 B0 G el

L (i mz) | & 0 S & Jylio Pl Lasd wogno b ik Jolye 9 0 S (sloaisad | s 5o b
hey 4 Jeodld g o8 e (Y1) al pll (Maceration) M= o ailews o9y a0 7 Ve Jgilie P> 5l eolazul
S 539 55 0 G isS CiVlg ST e S (oo & j50 4 ozl 5 (6,5 0lil yis (Sl L (YY) (ol Sen 5 Popova
3538 yf5e (6 Fo 3l (YY) o eolaiwl it 355 il slacdale 1o lalin] coxie pu) Slp iz 0l Lo
oy b s 58 e Socile 4y Qi I ol slaosls o b plxl paitnegll sllST B pxe 5l olinl L S
539 055 5 i3S 05 i ol et 5 0 ol (pligm T v B o Slile) it 558 3 slind i
b s pSeilul iegil VPO zge Job ;0 sl g (elgd By ulul U5 (Jsib slaceS 5 (V) ab ply Sus
25 5o doml SIS 6,5 e Sjgo s bools g cd )8 1,8 eolainl 5,50 o, laslin] Glare 4y sl S el glaclale
Or oS alal b "Zlowwes ol Lelel g be,las SlaasST T cullad g Soslasl (Vo) o oylo Sas 59
(V) 4 ool (o s 1+ ) limmess oo i shoo 0 & o)lae ) s S

DPPH, 2,2-diphenyl-1-picryl hydrazyl -v Folin-ciocalteu -¥ Quercetine -\

Yfo


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1399.21.4.19.9]

Ohles 5 if

(TSS) Joloxo vl soole g (PH) gl o o) w0 «(§ powgid (sailasS ) (5 S0 1l
Jsb 1o @iz (e (il 5 Jgile Pl jleslinul b (1) o) g Dere gy (ol 2 Jid9,lS" (slymome (6505051
(AZ86P3 Jos) 2isle;l o pH oSws 3l oolawl b oogee ol glg ol plxl egils #2525 £OY FY. slozge
250 Jole sl sleosle (5,5 05ll gz ol plol Giiles an (1SS e 0 i slacdlo o ol (g S oslall
MA - Jao) ez mhwaid olSiuws (g5, (315 glocaS 5 (g0 5 0 Blo) ogee o 5lo,lad S (e bl 5l al> 5

28,5 el ST je 50 ilgm dw b el p cuns  dged dae ol Col ) e o ol adlal (871
bl 59519

Tukey's 3 . Ss5 o905 oobol g baepaSilis dslio g o alosl (4 aend) INP 5310 5 5l oolictal L Laosls s Lol (54l5T,
A plol L jleis | mlaw jo (st

o g

@)U ogmo ojlas (o looibicann ) g S g lylg 4132

Sl Shs aen plale 136 aS ols L )l ogs o las abiorlign sla S wl)ly w3z 3l ol slaazes
T4 et i o 45 agigs g SlaaST 5T e doj (5 Joid slaeaS 5 dapygids g M) sah (5 S0l

(sl 00ud &1 ldase25) sl 0als Sl e

&)U ogme il sLrplwil 4o JS ddgigd 9 Joigd g (oM (sl o 2 (yobuewy ado yo 0
oad 03,51 ) Jgaz 50 E5b Jolie 10 @il ogee chlisee (slajisy 0 JPge 5 (M (e i 4 bgsye gloazs
el @b osnsy Al 1o B oS 5 nl (e Eob (o (939M8) 0900 (Sgy Cmgy (i 3 290 o0 0alie S polailon Zun
Sg3 I dipdey 4 o) o Al 5o )3 (gdl) o A5 50 Sl SRl (oS odi ) Sl Al ge )3 e 5 8L

o300 Jolre (et 030 ol 5 A Gladisad 10 C8l Gupad RIS Gupes 5 (L2 igad o5 50 05 o VIV 0)
Ohal3l Sud &y e o alo o 53 85 o o Cl vgg bl T g lo siee M Al oy 00 B b
P 5 oM Oliee on it il 53 51 Sl Bro 8L il osie Eob (b Sl 5 (oM Gliee s diges jo 28l
2 S N0 (lie e 5 35 edus jdend 5 sl oge slojled 4 by ()5 50 0,5 e /FYY 5 +/FAA)
Al o 5l Sl B0 2Bl al Bl ojlgs S cnl Gliee ooy Sl Al e 3 g 0l (S ojll Wl oden) 050 )3 (05
23 98 ke Aiged Gl 5l 5 (g ey Cgy Wil s Loy po (0,5 5 0,5 oo HATA) J5igdld 5 (M8 (i (e <5
(O J992) 92y ges 4 by e (25 )3 0,5 oo <1+ AY) (Gl (S a5 J>

Sy diged 3345 (5 9k 4 (1 Jguz) Cewlond I3 gime Cdio (pl 1 lajles Blite g ool (sla 5T JS 035Dl SLas |
oy o al>ye 50 9 28b Bl oS5 nl Glime @b oda; 0gae B o)l G Al o 5l Eoly (o s 5 (S
5 G5 Ll oS5 ol i fsb Sy b oS sk & g 2t oS5 ool slaglags Al digai s il il
b iy s ogen Dl diged )3 (S5 Higad 5 5 hon TYIVO#) S8l Gial33l o Sl 0300 53 5 I3l (08
a> e y0 a5 b 10 (5 10 0,5 e VVAYY 4 VIVEY D) ity (6,80t il38l (oS 5 ol ot ) ogus al> 0 U £6ly
3575 kel S 3l (gl ime Diglas Ealy ol by das ) 5dy diged 10 (p 5 10 0 e JATO) L alS onns ) Lo
WINE) S asgisdls (liee (i stisod g5 51 i B0 8l (il O] Gl ooy o alo o 53 (Jy oot
bl 092y Jorlye b o s ylel 55 o gine IS g 09 00y sl 0500 41 bgiye (0,5 50 )5 e

\hitd


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.19.9
http://journal-irshs.ir/article-1-437-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1399.21.4.19.9]

widlizo (glo iz leaciold o SOpd clopdi o)

Eol @it Sl 0 @)l ogee it slaidu ;5 JS 955308 5 Joigdls oM slacS 5 (e ) Jour
Table 1. The content of flavone, flavonol and total flavonoid in different parts of sour orange fruit during different
maturation stages.

J5 Ik 5 o2
Flavon and Flavonol (mg g'!' dry weight)

S S JISve. s % oge0 oSl

Flavedo Albedo Dross Seed Fruit juice Mean
oo oge 1.266* 0.895° 0.068M 0.030M 0.181¢ 0.494
Immature fruit
00 Aot 040 0.0903° 1.2002 0.095¢h 0.080" 0.085M 0.474
Half-ripened fruit
& oo 0900 0.508¢ 0.080" 0.016! 0.123¢" 0.023 0.15¢
Ripened fruit
VOV TORI YOO 0.711¢ 0.282f 0.433de 0.360¢" 0.306N 0.378
Over-ripened fruit

Mean ..SiL. 0.080° 0.850% 0.6108 0.150¢ 0.150¢ -
J5 asgiglé
Total flavonoid (mg g'!' dry weight)

oG ogee 14.806 © 16.165¢ 12.373 f 10.823 i 2,743 11.388
Immature fruit
00y dous 040 10.748 ehi 15.003 d¢ 10.373 1 10.030 10.511 M 11.338
Half-ripened fruit
& oo 0900 11.648 f&h 11.928 f& 11.868 f& 10.768 &hi 11.923 f& 11.638
Ripened fruit
00wy Jlons 0900 28.560? 19.770 22.570° 13.823 ¢ 0.8452 17.114
Over-ripened fruit
Mean ,.Xile 6.518 16.44A 15.728 14.30¢ 11.374

Means followed by the same letters in each column and row are not significantly different at 5% probability level using HSD
test. The data including means of four replications that each replication has been derived from an average of three observations.
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Fig. 1. Interaction among different parts of sour orange fruit and maturation stages on total phenol compounds.
IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed
by the same letters are not significantly different at 5% probability level using HSD test.
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Fig. 2. Interaction among different parts of sour orange fruit and maturation stages on antioxidant activity of sour
orange. IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means
followed by the same letters are not significantly different at 5% probability level using HSD test.
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Fig. 3. Change in peel essential oil content and yield of sour orange fruit during maturation stages. IM: Immature
fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same
letters are not significantly different at 5% probability level using HSD test.
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not significantly different at 5% probability level using HSD test.
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Fig. 5. Changes in weight of different parts of sour orange during maturity stages. IM: Immature fruit, HR: Half-
ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same letters are not
significantly different at 5% probability level using HSD test.
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Fig 6. Ratio of changes in weight and volume of different parts of sour orange fruit during maturity stages (F.W:
Fresh weight, D.W.: Dry weight). IM: Immature fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP:
Over-ripened fruit. Means followed by the same letters are not significantly different at 5% probability
level using HSD test.
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Fig 7. Changes in chlorophyll and carotenoid content at different maturity stages of sour orange fruit. IM: Immature
fruit, HR: Half-ripened fruit, RP: Ripened fruit, ORP: Over-ripened fruit. Means followed by the same
letters are not significantly different at 5% probability level using HSD test.
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Investigation on the Physical and Phytochemical Variation of Different
Parts of Sour Orange Fruit (Citrus aurantium L.) During Maturity Stages

A. Ghani, S. Jamalian and S. Mohtashami!

In order to evaluate the effects of fruit maturation stages on physical and phytochemical
characteristics in sour orange, a factorial experiment was performed based on complete
randomized block design (RCBD) with two factors and four replications. Four maturation
stages of the fruit including green immature, half-ripened, ripened and over ripened stages
constituted the first factor and different parts of the sour orange fruit containing flavedo, albedo,
fruit juice, dross and seed built up the second factor. The results demonstrated a significant
effect of maturation stage on most of the measured traits (essential oil percentage and yield,
fresh and dry weight of fruit parts, flavon and flavenol content, total flavonoid, phenolic
compounds and antioxidant activity). Essential oil content in sour orange peel varied between
minimum 3.13 % (v/w) to maximum 10.30 % at over ripened stage and green immature stage,
respectively. This factor significantly decreased during fruit maturation. The maximum
antioxidant activity (75.79%) related to albedo tissue at half-ripened stage. Phenolic compounds
decreased during fruit maturation (from 12.38 to 6.39 mg gallic acid/g dry matter). Generally,
flavedo tissue at the green immature stage contained the maximum bioactive compounds rate
concerning most of the traits.

Key Words: Essential oil, Maturation, Phenolic compounds, Weight variations, Flavonoids,
Sour orange.
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