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1- Hesperidoside naringoside and flavanones
2- Rutin, diosmin and neohesperidin
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Table 1- Physical and chemical properties of soil related to citron tree orchard located in Jahrom city
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A: GM

E: Drying at room
temperature

F: Essential oil
extraction by Clevenger

93908 Cawgy 31 (638 (bl g (43,5 SWis (9l iliSeo Jol 0 43 (C. medica var. medica) jie z 51 0ga0 Cowgy (5B Ol i - JSUS
F g BUI slod ;3 Laiged (15,5 Suid iE dipw )yl dls o 1D codpwy 3,5 Als w0 10 S5y i Als g0 B (HU s dls po 1A) 290
(y20ials 51 23liw! b (bl 1 ySinw!

Figure 1- Superficial changes of flavedo from citron fruit (C. medica var. medica) at different fruit maturity, drying and

essential oil extraction from flavedo (A: green mature, B: intermediate, C: ripe-yello, D: over ripe stage, E: drying at room
temperature and F: essential oil extraction by Clevenger)
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Table 2- ANOVA for the effect of fruit maturity stage and different fruit parts on biochemical traits of citron fruit

Ol 2o @315l a3 Joigdd 9 (i Js g Mg ol (FlawnST T cllad
S.0.vV df Flavone and Flavonol  Total phenol Flavnoid content  Antioxidant activity
Sok 3 0.00024 0.12634 1.0256 23.220
Block
é_’l* doye 3 0.00209 ** 0.23102 ** 75.852 ** 1925.8 **
Maturity stage (A)
o e oz 0.26993 ** 4.7855 ** 281.20 ** 2500.3 **
Different fruit parts (B)
o9t L"’; Xé’lf e 9 0.01149 ** 0.74810 ** 28,164 ** 73250 **
X
oot - 16.89 22.03 20.73 18.15
C.V (%)

**: Significant at 1% of probability level. 2oV e pdaws j3 Iy xe s
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Table 3- Flavone and flavonoles and total flavonoide exist in different parts of citron fruit during fruit maturation

Flavon and Flavonoles (mg/g dry weight) IS 09gMd g oMb
ogee okt Uy S S P s dgn] ke
Fruit maturity stages Flavedo Albedo Pulp Fruit juice Mean
o 03 0.232d 0.196d 0.039fg 0.010gh 0.117AB
Green mature
=) ’“” 0.257c 0.102e 0.025fgh 0.012gh 0.099C
Intermediate
29303 0.324b 0.115e 0.045f 0.017fgh 0.125A
Ripe-yellow
o) )t»» 0.377a 0.039fg 0.014gh 0.001h 0.108BC
Over-ripe
Mean Sile 0.295A 0.113B 0.031C 0.010D -
Total flavonoid (mg/g dry weight) IS 1359M8
e 0% 4.28¢f 7.93d 3.14f 0g 3.84C
Green mature
) 4.58¢f 5.48e 1.24g 0.088g 2.85D
Intermediate
293 0% 9.49¢ 11.24b 3.22f 0g 5.998
Ripe-yellow
o) )Lw 16.38a 9.14cd 4.91e 0.385g 7.70A
Over-ripe
Mean .Sl 8.68A 8.44A 3.13B 0.12C *

A (p<0.01) (So5 905l 4 dogi b pdlie (ke I3 ime coglis odims L5 Cndy )3 g (ygiar i 5D gliie oy y>
Means followed by the different letters in each column and row are significantly different at 1% probability level using the Tukey
HSD test (P<0.01)
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Figure 2- The effect of sample type and fruit maturity on total phenolic compounds (a) and antioxidant activity (b) of citron
fruit (C. medica var. medica)
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Table 4- The effect of fruit maturity and different fruit parts on total phenolic compounds and antioxidant activity of
citron fruit (C. medica var. medica)

I8 L bS5 JEEW = ON(PE

Total phenolic compounds Antioxidant activity
Green mature o s, 2.91a 53.60c
ogme Esb Jnlye Intermediate %, o 2.63b 68.70b
Fruit maturity stages Ripe-yellow »); sau, 2.74b 78.35a
Over-ripe  sauw; jlus 2.70b 75.05a
Flavedo 59y cavg 3.13b 73.80b
ogpe ilisee sl isg Albedo i 3.2% 83.35a
Different fruit parts Pulp Al 2.28¢c 54.13d
Fruit juice sgsac 2.27¢c 64.48c

Al o (p<0.05) (S5 g0l & a5 bl pSilio o I gxe BB Do g pie oaimdyLis o ja b abaly 13 oiw y2 ) alie Ly y>
Means followed by the same letters in each column as relation to each factor are not significantly different at 5% of probability
level using the Tukey HSD test.
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Table 5 - ANOVA for the effect of maturity stage on fruit juice properties and physical changes of different parts of citron

fruit C. medica var. medica
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*, ** ns: Significant at 5% and 1% of probability level and non-significant, respectively.
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Table 6 - The effect of fruit ripening stage on the juice characteristics of citron fruit C. medica var. medica

) B @ sww! .
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Fruit maturity Fruit Juice ) |_"| TSS r JeR A EPVIRWW Vitamin C
stages (mi) P (%) T(gj) TSSITA (mg/100 g)
0
o O 36.92 ¢ 2.88 a 10.23 a 2.48 a 416 a 36.81a
Green mature
) e 3920bc  2.97a 9.47 ab 243a 3.94a 30.04
Intermediate
225 0 51.61b  291a 9.10b 2.00a 461a 28.32b
Ripe-yellow
s S 7313 2.65b 7.83¢ 190a 417a 2053¢
Over-ripe

2l e (p<0.05) (S5 cygoil bl I sime OMB] 3439 pie oaimd LS gty p3 S jide g y> dgag #
* In each column means with similar letter are not significant using the Tukey’s HSD test (p<0.05).
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Figure 3- Physical fluctuations from different parts of citron fruit (C. medica var. medica) influenced by fruit ripening (F.W.:
fresh weight, D.W.: dry weight)
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Figure 4- Change in essential oil content, essential oil yield, chlorophyll content and Rutin amount of citron fruit (C. medica
var. medica) at different stages of fruit ripening



¥F

o0 T 31 0950 SIS 5 (2 Lo g 1ud o 09 2 0gme Eal Alo po i oy San 9 9,8 g

0.25

Urams-ferulic actd g

il

0.2 b
0.15

0.1

mg/g dry weight

0.05

S U39 T 00 S e

a

Green mature Intermediate  Ripe-yellow

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Hesperetin

@

b

(¢]

mg/g dry weight

S 09 P 0P (e

Over ripe

C

Green mature Intermediate Ripe-yellow  Over ripe

Fruit maturity stages gm0 &g o150

2.0

a Hesperidin
4 15
Y o
c b b
2§
2 10
g ¢
e
1S
q 0.5
0.0
Green mature Intermediate  Ripe-yellow Over ripe
18 a Quercetin a
1.6
_39* 1.4
? % 1.2 b
A~ g 10 b
2
35 0.8
A
22 06
d o
0.2 d
0.0
Green mature Intermediate Ripe-yellow  Over ripe

Fruit maturity stages ogm £k o1

(C. medica var. medica) pheo g5 gm0 Cuwgy 9398 yidw 43 39390 (WIS b (yl5m0 3 Do Eobs dls po w0 UK
Figure 5- The effect of fruit maturity on polyphenol constituents of citron fruit (C. medica var. medica)

9938 35 g phiy S o)las g Cowy )3 39250 caASgigd
oylac ;3 Lol 3 )5 dg3 g 0500 Cauvgy 53 gy &S 2l s Ll guls
2l 3929 gy il ey p)Sidee VY Gl 4 0gee
Sl Jolpe 5l o g ) @Y ogme gy 3 3 (~dngh
lold (539) a5 (ogue S 5l Jgy A 5 Ve @0 )
ogen Cowgy )> (b o 569N (e (i (imen 203,50
9 090 JS—t5 1 dm o) Vo )3 (S—id (g o) VYY) Y
3o 39y A0 4 bgrpe (S 539 203 /VY) ol i (258
Olie (2l e lajs) CBIS L &S (g psbody g 050 JiSiS
Clale 01 pll (gl i (V) 28l [l layad
2l ocdl )b (K oS w4 LS jo ) 43539 M8
daw oVl b (ol gloedl) i ol meds oo
Slogenp 2 3 (V) O 5 5= J3 (FY) din baadsigge
e 53 9ed 985 93 090 13 5290 (SlasdigWs (55 g &5 395
1555sM ima oy yiis 45 50,5 L3S ool plo] iy ilisea
o oy ¥o dsge 3 (S—iS 059 30> YAP) (pd e

49,5 )15 iy o yo 3T CoB GAS & (e 3

P55 2 el ke HIYN) (e (e Cpyidin oS (5ot o]
Oljee Eob Coptin L g 092 0dems) S dl o 4y bgyye (Sutd o3le
£y eSuke 1W0) Glie (%S &S (gygbas 8L il
k5 (0C US5) 1 (oS0l sdus s Al o 5 (S o0le
oo p)5 2 p)S e VFND) (it 35S (line (i oS 0l L
Ol ol iz Esl Chptin g 091 Sam o) o po 5 (Sts
P Ao dls o &y (S0) i) ey 9> Al po 1 Jg o8l
o3lo p)5 2 p 5 oo VOYA) 8l Ll ] ko (eais) 3)5)
8l il w58 Gl o)l Ao 53 base o (St
TADA) 0ty Sy doyo > o Glie (568 &S (g gy
S po )3 (B-d JS5) 43 gy Sojluil (Sis odle )5 0 p)S e
SLS 5 load lulis basgis¥ 09,5 I oS 5 g5 5+ 9>
G 9 OB B8S (nhp—s (e (2800 (o2
oasgisds et il (S5 oy )3 392 90) iyluwgal
S92 () ohlbser 5 90 (¥T) diws Sl pe 13 39290



YFoe 3l oF o lody (YO wl> (55 y9lins xsluo ) SLEL wyii FFY
8T 8 Siygles galus g pele) Slelb o g

Ol Cgi )3 45 23l oo S yo SladieS | (S o gl

Cusgy 3 455l opecc 3l oolitil yy ogMe g 23,5 (oo S 06
g 208 o gsao jas > 40) (68 bl g ol oge
Sr5 305 9 (Mol slagi b ofg & (i @lioe
Ot Sl 2B o odlaiwl (3 g 29)> a2 p)S Cux
Jga> > (ol G sy loj (n Fomnlie g (LS 350
et Olgie 4 adgigd g (uilul) olS cpl o dge o3le ST
9 (999M) (Sgym Cuwgy (Sladiged (IS yobo 4 303 (gl Clgilie
@Vl clale (gl )l oo Sliio it )3 (sael]) pasp
Olgie @ (S0) yud dlo g g o 0dew)) Eslb ool Jolye 5 209
ol 22 e (29> Sl 5 e 4 alied Caa Jolpe oy

(S5 059 2opd TAY) sy (e (208 g 090 oSl
P () e 5 Slg .as il oo JSi Gl s gy VO 40
ioly plsl el o sd b Al Bl LS e (gg) g & Abod
PRYC 7| PR VEVEIWY- S K SV OO | PG W SV IP LS PRI S S
@l 235 sdalde & jolailen Al (oo (mo—wgnd 9 JgyielS
s bakly o oS dagl 5l b @l b ol s
boasgsdle clalé gob cdptn by coil gllas olS e clodiss
B85 ol 3 S5 45959 M liee L8l sl (Sen Bl oS
SLadgigMs 5l (glas garme s 395 &) Laiei IS Llidl J)s o

A3l loadgig M plo 5 (1Bl oo ()

Cae ol 4355 30,5 oo dlpiidy Cpiomen A anlid 455 d)ﬁfd"‘;"
D35 )5 angi 590 o] lidss 3 3 o) GluS ) cudsS s
&l

10-

11-

12-

13-

14-

Ahankoub Ro M., Foutohi Ghazvini R., and Fattahi Moghadam J. 2014. Investigation biochemical diversity of peel
and pulp from some natural citrus biotypes. Journal of Plant Production Research 21(4): 81-98. (In Persian with
English abstract)

Bhuiyan M.N.I., Begum J., Sardar P.K., and Rahman MS. 2009. Constituents of peel and leaf essential oils of Citrus
medica L. Journal of Scientific Research 1: 387-392.

Bhuyan N., Barua P.C., Kalita P., and Saikia A. 2015. Physico-chemical variation in peel oils of Khasi mandarin
(Citrus reticulata Blanco) during ripening. Indian Journal of Plant Physiology 20: 227-231.

Boudries H., Madani, K., Touati, N., Samiha S., Medouni S., and Chibane M. 2012. Pulp antioxidant activities,
mineral contents and juice nutritional properties of Algerian clementine cultivars and mandarin. African Journal of
Biotechnology 11(18): 4258-4267.

Bourgou S., Rahali F.Z., Ourghemmi |., and Saidani Tounsi M. 2012. Changes of peel essential oil composition of
four Tunisian citrus during fruit maturation. The Scientific World Journal 2012: 1-10.

Carmona L., Zacarias L., and Rodrigo M.J. 2012. Stimulation of coloration and carotenoid biosynthesis during
postharvest storage of Navelina orange fruit at 12°C. Postharvest Biology and Technology 74: 108-117.

Del Rio J.A., Fuster M.D., Gomez P., Porras I., Garcia-Lidon A., and Ortuno A. 2004. Citrus lemon: a source of
flavonoids of pharmaceutical interest. Food Chemistry 84: 457-461.

Dere S., Gunes T., and Sivaci R. 1998. Spectrophotometric determination of chlorophyll a, b and total carotenoid
contents of some algae species using different solvents. Journal of Botany 22: 13- 17.

Dong X., Hu Y., Li Y., and Zhou Zh. 2019. The maturity degree, phenolic compounds and antioxidant activity of
Eureka lemon [Citrus lemon (L.) Burm. f.]: A negative correlation between total phenolic content, antioxidant
capacity and soluble solid content. Scientia Horticulturae 243: 281-289.

Ebrahimzadeh M.A., Hosseinimehr S.J., Mahmoudi M., Ghayekhloo M.R., and Hosseini M. 2005. Measuring the
amount of vitamin c in citrus fruits by a two step oxidation-reduction titration method. Journal of Mazandaran
University of Medical Sciences 48: 26-32. (In Persian with English abstract)

Fatahi Moghadam J., Seyed Ghasemi S. E., and Najafi K. 2018. Evaluation of fruit physico-chemical characteristics
of new Mandarins Noushin (Citrus reticulata cv. Noushin) and Shahin (Citrus reticulata cv. Shahin) during different
harvesting times. The Plant Production (Scientific Journal of Agriculture) 40(4): 77-90. (In Persian with English
abstract)

Fatahi Moghadam J., Seyedghasemi S.E., and Madani S. 2017. The effect of five rootstocks on physical, mechanical
and chemical characteristics of Yashar fruits -a new Mandarin- during ripening stages. Journal of Plant Production
(Journal of Agricultural Sciences and Natural Resources) 24(2): 109-123. (In Persian with English abstract)

Fattahi J., Hamidoghli Y., Fotouhi R., Ghaseminejad M., and Bakhshi D. 2011. Assessment of fruit quality and
antioxidant activity of three citrus species during ripening. South Western Journal of Horticulture, Biology and
Environment 2: 113-128.

Fattahi J., Hamidoghli Y., Fotouhi R., Ghasemnejad M., and Bakhshi D. 2011. Evaluation of physicochemical
properties and antioxidant activity of the peel of different commercial citrus species. Journal of Horticultural Science
25(2): 211-217. (In Persian with English abstract)



v

o0 T 31 0950 SIS 5 (2 Lo g 1ud o 09 2 0gme Eal Alo po i oy San 9 9,8 g

15-
16-

17-

18-

19-

21-

22-

23-

24-
25-

26-

27-

28-

29-

30-

31-

32-

33-

35-

36-

37-

38-

Fotouhi Ghazvini R., and Fattahi Moghadam J. 2010. Citrus cultivation in Iran. Gilan: Gilan University Press.
Ghasemi SH., Hemati K., Bashiri Sadr Z., Ghasem Nezhad A., and Ghasemi M. 2011. Quantitation of phenolic
compounds in tissues of lime (Citrus aurantifolia) fruit during growth and maturation. Journal of Food Science and
Technology 31(8): 69-75. (In Persian with English abstract)

Habibi, F., and Ramezanian A. 2017. Changes in Physicochemical and Bioactive Compounds of Blood Orange Fruit
‘Sanguine’ during Ripening. Iranian Journal of Horticultural Science and Technology 18 (4): 365-376. (In Persian
with English abstract)

Hemati K.H., and Omidbaigi R. 2003. Investigation of the naringin flavonoid content during different fruit
development of marsh grapefruit (Citrus paradisii Macf.). Journal of Agricultural Science 10(2): 65-72. (In Persian
with English abstract)

Hosni K., Zahed N., Chrif R., Abid I., Medfei W., Kallel M., Ben Brahim N., and Sebei H. 2010. Composition of
peel essential oils from four selected Tunisian citrus species: Evidence for the genotypic influence. Food Chemistry
123: 1098-1104.

Koca N., Karadeniz F., and Burdulu H.S. 2006. Effect of pH on chlorophyll degradation and colour loss blanched
green peas. Journal Food Chemistry 100: 609- 615.

Kumar, S., Narayan Jena S., and Nair N.K. 2010. ISSR polymorphism in Indian wild orange (Citrus indica Tanaka,
Rutaceae) and related wild species in North-East India. Scientia Horticulturae 123: 350-359.

Menichini F., Tundis R., Bonesi M., Loizzo M.R., Conforti F., Statti G., Di Cindi B., Houghton P.J., and Menichini
F. 2009. The influence of fruit ripening on the phytochemical content and biological activity of Capsicum chinense
Jacg. Habanero. Food Chemistry 114: 553-560.

Menchini F., and Tundis R. 2011. Phytochemichal profile, antioxidant, anti-inflammatory and hypoglycemic
potential of hydroalcoholic extracts from Citrus medica L. cv. Diamante flowers, leaves and fruits at two maturity
stages. Food and Chemical Toxicology 49: 1549-55.

Mirheydar H. 2012. Fruits. Herbal education 2, Ninth ed, Islamic culture publishing office, Tehran, Iran.

Misan A., Mimica-Duki¢ N., Mandi¢ A., Saka¢ M., Milovanovi¢ 1., and Sedej 1. 2011. Development of a rapid
resolution HPLC method for the separation and determination of 17 phenolic compounds in crude plant extracts.
Open Chemistry 9(1): 133-142.

Oke F., Aslim B., Ozturk S., and Altundag S. 2009. Essential oil composition, antimicrobial and antioxidant
activities of Satureja cuneifolia ten. Food Chemistry 112: 874-879.

Pailly O., Tison G., and Amourouxb A. 2004. Harvest time and storage conditions of Star Ruby grapefruit (Citrus
paradisi Macf.) for short distance summer consumption. Postharvest Biology and Technology 34: 65-73.

Popova M., Bankova V., Butovska D., Petkov V., Nikolova-Damyanova B., Sabatini A.G., Marcazzan G.L., and
Bogdanov S. 2004. Validated methods for the quantification of biologically active constituents of poplar-type
propolis. Phytochemistry Analysis 15: 235-240.

Rekha C., Poornima G., Manasa M., Abhipsa V., Pavithra Devi J., Vijay Kumar H.T., and Prashith Kekuda T.R.
2012. Ascorbic acid, total phenol content and antioxidant activity of fresh juices of four ripe and unripe citrus fruits.
Chemical Science Transactions 1: 303-310.

Serrano M., Martinez-Romero D., Guillen F., Castillo S., and Valero D. 2006. Maintenance of broccoli quality and
functional properties during cold storage as effected by modified atmosphere packaging. Postharvest Biology and
Technology 39: 61-68.

Seyedghasemi S.E., Fattahi Moghadam J., and Babakhani B. 2018. Investigation of bioactive compounds changes
of two Lisbon (Citrus limon cv. Lisbon) and Cook eureka lemon (C. limon cv. Cook Eureka) varieties during
ripening. Journal of Plant Research (Iranian Journal of Biology) 31(1): 182-193. (In Persian with English abstract)
Sharma K., Mahato N., and Lee Y.R. 2018. Extraction, characterization and biological activity of citrus flavonoids.
Reviews in Chemical Engineering 35(2): 1-20.

Tripoli E., Guardia M.L., Giammanco S., Majo D.D., and Giammanco M. 2007. Citrus flavonoids: Molecular
structure, biological activity and nutritional properties: A Review. Food Chemistry 104: 466-479.

Venturini N., Barboni T., Curk F., Costa J., and Paolini J. 2014. Volatile and flavonoid composition of the peel of
Citrus medica L. var. Corsican fruit for quality assessment of its liqueur. Food Technology and Biotecnology 52:
403-410.

Wang H.C., Huang X.M., Hu G.B., Yang Z.Y., and Huang H.B. 2005. A comparative study of chlorophyll loss and
its related mechanism during fruit maturation in the pericarp of fast and slow-degreening Litchi pericarp. Scientia
Horticulturae 106: 247- 257.

Wang Y.C., Chuang Y.C., and Ku Y.H. 2007. Quantitation of bioactive compounds in citrus fruits cultivated in
Taiwan. Food Chemistry 102: 1163-1171.

Wojdylo A., Oszmianski J., and Czemerys R. 2007. Antioxidant activity and phenolic compound in 32 selected
herbs. Food Chemistry 1005: 940-949.

Wu Z., LiH., Yang Y., Zhan Y., and Dawei T. 2013. Variation in the components and antioxidant activity of Citrus
medica L. var. sarcodactylis essential oils at different stages of maturity. Industrial Crops and Products 46: 311-316.



YFoe 3l oF o lody (YO wl> (55 y9lins xsluo ) SLEL wyii FFF
8T 8 Sigbs gluo g pole) Slsl p o

39- Xu G, Ye X,, LiuD., MaY., and Chen J. 2008. Composition and distribution of phenolic acids in Ponkan (Citrus
poonensis Hort. ex Tanaka) and Huyou (Citrus paradisi Macf. Changshanhuyou) during maturity. Journal of Food
Composition and Analysis 21: 382-389.

40- Yoo K.M., Lee K.W., Park J.B., Lee H.J., and Hwang I.K. 2004. Vareation in major antioxidants and total
antioxidant activity of Yuzu (Citrus junos ex Tanala) during maturation and between cultivars. Agricultural and
Food Chemistry 52: 5907-5913.

41- YuJ., Deepak V., Dandekar A., Romeo T., Toledo B., Rakesh K., Singh B., Bhimanagouda K., and Patil S. 2007.
Supercritical fluid extraction of limonoids and naringin from grapefruit (Citrus paradisi Macf.) seeds. Food
Chemistry 105: 1026-1031.



Journal of Horticultural Science (532985 galio 5 p5le) (SLEL pole & p03

Vol. 35, No.3, Fall 2021, P. 427-446 e, FYV-FFS o 0Fee sml oY o)l O ol
ISSN: 2008 - 4730 AZA A E Yook — FYT- Lo

The Effect of Fruit Maturity on Physicochemical Properties and Polyphenols in
Citron Fruit (Citrus medica var. medica Proper.)

N. Taghvaeefard!- A. Ghani**- M. Hosseinifarahi**
Received: 05-09-2020
Accepted: 07-12-2020

Introduction: The harvest time and type of plant part have important roles in obtaining maximum amounts of
active substances from medicinal plants. Medicinal plants vary in terms of phenological stages and maturity and
each medicinal plant can be evaluated separately in research. Determining the exact time of harvest and selecting
a plant organ for maximum yield of secondary metabolites can be very important and economically effective.
Othroj-Saghir (Citrus medica var. medica Proper) or Othroje-Kabir (Citrus medica var. macrocarpa) is one of the
most important citrus species. The southern provinces of Iran, especially the southern cities of Fars province, are
the largest areas in which this species is cultivated. In addition to fruit juice, other parts of the fruit especially the
flavedo, can be used for medicinal purposes and in food industries. In this study, for the first time, some physical
and biochemical changes of different parts of Citrus medica var medica fruits were evaluated during fruit ripening.
Also, some active substances (i.e. essential oil content, flavonoid components, etc.) of the flavedo were measured
as the most important medicinal parts of the fruit through different stages of ripening.

Materials and Methods: In this study, the effects of fruit ripening on the biochemical properties of different
parts of Citron fruit were evaluated. A factorial experiment was set up according to a randomized complete block
design (RCBD) with two factors and four replications. The first factor included four levels: different stages of fruit
maturity (green mature, intermediate, yellow ripe and over ripe stage). The second factor had four levels: the
different parts of the Citron fruit (i.e. outer skin or flavedo, inner skin or albedo, pulp and juice). The most
important measured traits were flavon and flavonols, total flavonoids, total phenolic compounds and antioxidant
activity. Physical changes in different parts of the fruit (fresh and dry weight of flavedo and albedo, fresh weight
of fruit, fruit diameter and height of fruit, etc.) were measured.

Assessments also carried out to identify several features of fruit juice such as acidity, total soluble solids (TSS),
titrable acidity (TA) and vitamin C during fruit ripening. Chemical measurements were aimed at determining the
most important phytochemical compounds of the flavedo section during fruit ripening. These features included the
essential oil percentage and yield, chlorophyll content and polyphenols constituents (rutin, trans-ferulic acid,
hesperidin, hesperetin and quercetin by HPLC).

Results and Discussion: The results showed that the fruit maturity stage significantly affected most of the
studied traits. The highest amounts of flavon and flavonols (0.377 mg quercetin/g dry weight) and total flavonoids
(16.38 mg quercetin/g dry weight) were measured in the flavedo at the over ripe stage. The antioxidant activity
initially increased during fruit ripening, but it decreased slightly (75.0%) from the yellow stage to the over ripe
stage. The lowest rate of antioxidant activity (53.6%) was observed in the green stage and the highest rate (78.4%)
was measured in the yellow ripe stage. The highest amounts of antioxidant activity (83.3% and 73.8%) were
measured in the albedo and flavedo samples, respectively, and the lowest amount (54.1%) was recorded in the
pulp section. The highest amount of flavedo essential oil (2.37%v/w) was measured in intermediate stage. The
chlorophyll content with maturity progress was decreased. Progress in fruit maturity was reduced the most
components of polyphenols. The maximum amount of hesperidin, as an important phenolic component, was
identified in the peel of Citron fruit (1.86 mg/g dry weight) at the green mature stage. Its amount decreased through
the stages of maturity, so that the lowest amount (0.68 mg/g dry weight) was measured at the over ripe stage.

Conclusion: In general, the stage of maturity and plant part had important effects on the amount of biochemical
traits. The flavedo part of Citron fruit showed superior medicinal properties. Different active substances react
variedly during maturity and so the preferable composition should be harvested according to the desired conditions.
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The best stages to reach maximum essential oil percentage and polyphenol components are the early stages of
maturity (i.e. green mature and intermediate stages).
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