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Abstract

This study was conducted to investigate total flavonoid content, flavonoid composition, and free radical scavenging
effects of by-products from five orange cultivars during the period September 2015 to February 2016. Total flavonoid
content was highest in peel extracts from immature fruit harvested in September. Total flavonoid contents of all
cultivars mostly decreased while ripening. Among the five cultivars, total flavonoid content was highest in Hamlin
sweet orange (21.66 mg/g), followed by Sanguinello blood orange (20.39 mg/g), Shamouti orange (18.49 mg/g),
Tarocco blood orange (18.46 mg/g), and Olinda Valencia orange (17.07 mg/g). With regard to flavonoid composition,
all cultivar materials had high levels of narirutin and hesperidin, but naringin and neohesperidin were not detected
in any of the materials. Nobiletin, as polymethoxyflavone, was detected within a 23~40 g/mL range in the immature
fruit of all cultivars. Among all cultivars, antioxidant activities were higher in peel extracts than in pulp extracts.
DPPH radical scavenging activities of peel extracts ranged from 40% to 58% while the ABTS radical scavenging

activity range was 90~94%. The results indicate that orange,

by-products, especially peel of immature orange fiuit,

could have application as natural materials with antioxidative effects.
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HE-S-A]7]aL  UV-Spectrophotometer(Molecular ~ devices,
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(20.39 mg) > Shamouti(18.49 mg), Tarocco blood(18.46 mg)
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HsA sted & STheolEe GGGl 71 2

A& 72 gtk ZetRwolse B Fxd o8
flavones, flavanones, flavonols, isoflavones, anthocyanidins
and flavanols 67 152 2 EFHTQ21D). 7oA Sei
o|lE Ao TR S F5 wEt vh2a22), 59
g Aolel] @ol FHrEo] glom it SethelE
3FgHE< naringin 3! hesperidin©. = vl SAH| FEj = EA
T}23). Tarocco blood, Sanguinello blood, Hamlin, Shamouti,
Olinda valencia S ##A] 5%F 79 FEE] A5A171E
Zateco|= ek W3l Table 29+ 2t 5% 2% A
A1717F 9991 mlsatel] et ol FHfo] 7Y o
% 4 glglom), A%o] APD5E o] F Eow Za
3} t}. Flavanone 79l 4] narirutin® 73 - Hamlin®©] 171.24
ug/mLZ 71 Wol a3l 9o, o522 Shamouti
135.13 pg/mL, Olinda valencia 77.83 pg/mL, Sanguinello
blood 71.44 pg/mL, Tarocco blood 54.86 pg/mL O 2 $Hr
o] 9131t} Hesperidine Hamlin 92.80 pg/mL, Tarocco
blood 70.50 pg/mL, Sanguinello blood 69.36 ng/mL,
Shamouti 63.79 pg/mL, Olinda valencia 41.95 pg/mL TO- 2
gol¥] 9}, 12U, naringin ¥} neohesperidine LE A&
oA ZHZo] ¥%] &JTh Elisa 5(24)2 glycoside 3 )<
flavanone oA = 72491 xjo]&2 F 7o aFo =2 A
& B578 4 &, neohesperidosided]] <55} naringin
I} neohesperidin, ©] F A ¥ 2&ulef|] Fojsles RO R

Table 1. Total flavonoid contents of peel extracts (A) and pulp extracts (B) from five orange cultivars harvested at different maturation

stages
(unit: mg QEJg dry weight)”

4
Cultivar September October November December January February
Tarocco blood 18.46£2.37 12.86:0.6' 15.08+3.6' 11.55¢4.7 9.68:0.7° 9.170.4°
Sanguinello blood 20.39+1.4" 13.29+2.4% 11.87+1.9% 9.06:0.8" 10.19+4.2° 9.40+2.0"
Hamlin 21.6612.2° 20.52+4.7 14.17:2.4° 11.40+2.0° 10.90+0.6" 11.03:3.0°
Shamouti 18.49+0,1° 135216 11.59+5.9° 1141455° 928+1.1* 1139:0.6"
Olinda valencia 1707837 16.04£18" 12.81£04° 11.50£08° 1011£1.7 10.55£03°

®)
Cultivar September October November December January February
Tarocco blood 8.5£15° 762412 704116 7.09£1.0° 6.7204° 6.95:0.7°
Sanguinello blood 9.25+0.7° 8.2740.6° 74503 7.50+0.9° 6.73103° 7.82+04°
Hamlin 10.14+0.2° 9.1441.7" 830427 8.14+1.1" 724403 8.22+0.6'
Shamouti 8.87+0.9" 8.032.1° 6.95+04° 775+16" 6.940.6° 6.8840.3°
Olinda valencia 9.69+2.0" 8.9810.7" 827£1.0" 798£16" 8.06:0.6" 7.1802°

"Expressed as mg QEfg of dry weight.

Means with a different letter indicate a significant difference (p<0.05). Values are meanstSD of triplicate experiments.
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Table 2. Changes in flavonoid contents of peel extracts from five orange cultivars harvested at different maturation stages

(unit: pg/mL)
) Flavone Flavanone Polymethoxylflavones
Cultivar Date
Rutin Narirutin Naringin Hesperidin Neohesperidin Nobiletin Tangeretin
Tarocco blood 9/15 9.47 54.86 ND” 70.50 ND 23.96 211
11415 313 19.67 ND 14.65 ND 7.68 092
/15 371 20.01 ND 14.87 ND 8.51 1.10
Sanguinello blood 9/15 1132 71.44 0.29 69.36 ND 28.70 4.13
11415 3.46 3135 ND 18.28 ND 13.86 1.85
/15 547 19.06 ND 16.38 ND 6.32 ND
Hamlin sweet 9/15 2651 171.24 ND 92.80 ND 4022 6.60
11415 2041 95.17 ND 34.14 ND 15.08 221
/15 4.82 4222 ND 18.50 ND 5.50 0.60
Shamouti 9/15 728 135.13 ND 63.79 ND 2293 301
11415 577 40.19 ND 20.15 ND 10.20 L15
1/15 3.25 22.64 ND 12.72 ND 571 ND
Olinda valencia 9/15 7.64 77.83 ND 41.95 ND 3647 3.80
11415 3.57 3151 ND 2147 ND 16.50 1.73
1/15 4.64 19.32 ND 14.01 ND 1047 091
l)ND, not detected.
= grapefruit, bitter orange®ll 31 2.1, rutinoside®l] <3h= S mPulp RPed g
narirutin@} hesperidine BHol] G &S n|X|R] = RO g‘ 50 | =
2 QA Wb, o2 Pol Ffuel drtm wm & : :
St B Ade] Asd M ko] gl Luk 44 & £
L @ A]of| A naringin¥} nechesperidin®] &% A] 2L A& g
olegk Hiel A A3 = AT AT FlavoneR % K
02 Ax, FHdde A gln AEFAT e 2
polymethoxyflavone 7+ 99 42t Hamlin V|’ < 2o E I I I I
nobiletin®] 4022 pgmLE 71 Bo] 3-fEo] I, Tk g ; , ,
© 2 Olinda valencia 36.47 pg/mL, Sanguinello blood 28.70 Tarocco - Sanguinello Hamlin  Shamouti  Qlinda
jig/mL, Tarocco blood 23.96 g/mL, Shamouti 22.93 g/mL oad - blewd e ralenc
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Fig. 1. DPPH radical scavenging activity of pulp and peel extracts
of fruits harvested on 15th Sep.

Results are mean+SD of triplicate data.

Fig. 13} 2t} Z} A& 1,000 pgml 5= *2]ol| 2|3 DPPH
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-t A Edo] fe guES a4 o= AA
ST g Ze] 7)ol met ded oz Agate dled
Edo| Ea)5}17] wj&Eol| DPPHS} ABTS 2t]Zt 27 &4
S35t & 04?01] *}ﬁd AlsEe] Pitst G4
w3kt 9¢ 15¢ g ol By FEET A5
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Fig. 2. ABTS radical scavenging activity of pulp and peel extracts
of fruits harvested on 15th Sep.

Results are meantSD of triplicate data.
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