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Ascorbic Acid Content and Antioxidant Activity of Juice in Various Citrus Accessions
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Abstract

Specific and varietal differences of ascorbic acid (AsA) concentration and DPPH radical scavenging activity of citrus juice
citrus were investigated. In 2006-2007, 41 species and/or cultivars (accessions) were used as materials. Their AsA concentra-
tions ranged from 8.2 mg * 100 mL™" (Shiikuu) to 50.0 mg+ 100 mL™" (‘Amakusa’); the average was 26.6 mg* 100 mL™". Their
DPPH radical scavenging activity ranged from 0.64 nmol-Trolox equivalent * pL™' (Shiikuu) to 3.49 nmol (‘Amakusa’); the
average was 1.96 nmol. There was a high positive correlation between AsA concentration and DPPH radical scavenging
activity (r=0.859 (significance at the 1% level)). Correlation coefficient between AsA concentration and DPPH radical
scavenging activity of 2006-2007 and those of 2007-2008 were r=0.843 (significance at the 1% level) and r=0.951
(significance at the 1% level), respectively in juice of 13 accessions. Seasonal change in the AsA concentration in juice and
DPPH radical scavenging activity using ten accessions was investigated in 2007-2008. AsA concentration of six accessions
increased during fruit maturation, but that of three accessions was decreased. In particular, a remarkable increase of Keraji and
decrease of Sakurajima komikan and ‘Nova’ was observed in their AsA concentration. DPPH radical scavenging activity was
increased in general during fruit maturation, and the activity in January was higher than that in October in eight accessions.
Increase of this activity was very rapid in Keraji and ‘Shiranui’.
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Table 1 Tree variation of ascorbic acid concentration and DPPH
radical scavenging activity in satsuma mandarin ‘Otsu 4 go’.

Tree No.
Year Significance”
1 2 3

Ascorbic acid concentration (mg * 100 mL™)
2006 263+14" 256+13 23.0£05
2007 264+0.7 255+1.1 265+ 1.8

n.s. (P=0.17)
n.s. (P =0.84)

DPPH radical scavenging activity (nmol-Trolox equivalent * pL™")
2006 1.54+0.04 1.45+£0.03 1.38+0.11 ns.(P=0.29)

2007 1.76+0.03 1.67+0.09 1.68+0.03 n.s.(P=0.50)

“ Results of ANOVA.
¥ Standard error.
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Table 2 Fruit weight, brix, titratable acid, ascorbic acid concentration and DPPH radical scavenging activities of juice in 41 citrus accessions
(2006-2007).

. Latin name . Fruit weight . Titratable Ascorbic acid DPPH radical
Accession .. Sampling date Brix . B . ..
Cross combination () Acid (%) (mg+ 100 mL™") scavenging activity”
Mandarin and its relatives
Yoshida ponkan Citrus reticulata Blanco Dec.4,2006 127.9+42Y 10.8+0.1 1.40+0.03 285+3.1 1.57 £ 0.09
Otsu 4 go C. unshiu Marcow. Dec. 4,2006 143.9+6.1 12.0+0.1  1.24+0.02 263+1.4 1.54 +0.04
Okitsu wase C. unshiu Marcow. Nov. 15,2006 132.6+5.1 10.0+0.3 0.83+0.01 264+2.8 2.10+0.09
Clementine C. clementina hort. ex Tanaka Dec. 4,2006 120.2+7.6 103+0.1 1.33+0.01 347+22 3.27+0.21
Kunenbo C. nobilis Lour. Jan.9,2007 203.6+10.3 9.7+0.2 1.34+0.03 28.0+2.9 1.82 +0.04
Keraji C. keraji hort. ex Tanaka Nov. 15,2006  68.8+2.3 9.8+0.1 0.92+0.20 305+ 1.7 2.04 £ 0.04
Kikai mikan C. keraji hort. ex Tanaka Nov. 15,2006  55.7+3.2 9.0+04 1.31+0.08 16.5+0.2 1.46 + 0.07
Usukawa C. genshokan hort. ex Tanaka Dec. 4, 2006 58.6+2.5 10.0+0.2  0.82+0.02 25.1+0.5 1.84 +0.05
Sakurajima komikan C. kinokuni hort. ex Tanaka Dec. 4,2006 64.5+4.2 10.3+0.1  0.82+0.01 242+0.8 1.51+0.11
Shiikunin (Ama) C. depressa Hayata Jan.9,2007 252+0.9 10.5+0.2 2.81+0.03 133+1.8 0.85+ 0.04
Shiikunin (Kara) C. depressa Hayata Jan.9,2007 244+1.8 84+0.3 1.80+0.02 10.6+ 1.0 0.93 +0.02
Shiikuwasha C. depressa Hayata Jan.9,2007 23.4+1.6 8.6+02 1.67+0.07 11.6+1.4 1.35+0.01
Kimikan C. flaviculpus hort. ex Tanaka Feb. 1,2007 83.6+7.5 9.7+0.1 1.46=+0.03 23.0+1.0 1.64 + 0.04
Hayaka C. unshiu x C. reticulata Nov. 15,2006 181.4+5.7 11.5£02 0.97+0.04 207+ 1.5 1.60 +0.12
Kara C. unshiu x C. nobilis Feb. 1,2007 120.2+6.0 11.2+02 2.68+0.01 16.0+ 1.6 1.23 +£0.06
Nova C. clementina % Orlando® Dec. 4,2006 140.2+8.4 11.3+£0.2 1.19+0.03 395+24 3.03 +£0.05
Saga mandarin C. unshiu x Fairchild™ Dec. 4,2006 1252+52 11.9+£02 1.47+0.01 293+1.0 1.77 £ 0.05
Fortune C. clementina % C. tangerina Dec. 4,2006 114.6+4.4 12.6 £0.1 1.70 £ 0.07 21.7+1.6 1.48 £ 0.07
Shiranui Kiyomi* x C. reticulata Feb. 1,2007 356.8+16.7 15.0+£0.5 1.27+0.04 375+1.2 2.38+0.09
Amaka Kiyomi* x Encore" Jan.9,2007 264.0+24.6 88+0.2 0.48+0.08 253+0.7 1.73 £ 0.07
Amakusa KO14'x Page® Jan.9,2007 173.8+14.6 11.3+02 1.03+0.03 50.0+1.2 3.49+0.10
Sweet orange and its relatives
Hamlin C. sinensis (L.) Osbeck Jan.9,2007 110.9+3.9 11.9+£0.1 1.14£0.05 36.3+3.3 3.44+0.13
Tarumizu 1 go C. tankan Hayata Feb.1,2007 164.2+11.1 11.0£0.1 0.86+0.03 19.1+2.6 2.28+0.12
Pummelo
Chandler C. maxima (Burm.) Merr. Jan.9,2007 11543 +117.7 9.9+0.2 0.91+0.02 31.9+22 2.81+0.25
Tosa buntan C. ootachibana hort. ex Yu. Tanaka Feb. 1,2007 461.5+29.2 104+03 1.14+0.03 145+0.8 1.80 +0.02
Pummelo relatives and tangelo
Kawachi bankan C. kawachiensis hort. ex Yu. Tanaka  Feb. 1,2007 365.3 +30.1 8.7+0.1 1.46+0.02 422+2.1 2.90 +0.13
Hassaku C. hassaku hort. ex Tanaka Jan. 9,2007 3654+313 104+0.2 1.28+0.05 20.0+1.5 2.07+0.11
Kawano natsudaidai  C. natsudaidai Hayata Feb. 1,2007 347.6+15.5 9.1+£0.2 1.67+0.09 29.3+0.8 1.75+0.05
Miyauchi iyokan C. iyo hort. ex Tanaka Jan.9,2007 231.0+11.9 102+0.2 1.21+0.04 254+22 1.81£0.11
Sanbokan C. sulcata hort. ex 1. Takah. Jan. 9,2007 192.6+10.1 9.0+0.1 1.24 +£0.05 37.1+1.0 2.59+0.06
Keraji (Shodon) C. sp. Jan.9,2007 753 +6.5 102+0.0 1.83+0.04 17.7+2.6 1.52 +0.06
Sweet spring C. unshiu x C. hassaku Jan.9,2007 269.1+13.7 9.4+0.1 0.47+0.02 222+1.1 1.35+0.13
Yuzu and its relatives
Yuzu" C. junos Siebold. ex Tanaka Dec. 4, 2006 79.5+4.1 10.1+£0.3  5.41+0.06 443+1.5 2.50+0.23
Kabosu" C. sphaerocarpa hort. ex Tanaka Nov. 15,2006 120.7£8.2 85+£0.0 4.61+0.04 343+1.8 2.38+0.09
Kawabata mikan C. aurea hort. ex Tanaka Dec. 4,2006 171.8+8.9 8.3+0.1 1.42 +0.02 11.4+0.3 1.03 +£0.08
Orange hyuga C. tamurana hort. ex Tanaka Feb.1,2007 214.6+21.2 10.7+£02 2.01+0.19 18.8+1.2 1.59 +0.02
Sour orange and its relatives
Kabusu" C. aurantium L. Jan.9,2007 246.8+159 94+0.1 4.04+0.15 26.7+0.8 2.18 +0.05
Rokugatsumikan C. rokugatsu hort. ex Yu. Tanaka Feb. 1,2007  67.9+4.0 10.5+0.1  2.61£0.02 322428 2.08 +0.04
Shiikuu C. sp. Feb. 1,2007 46.7+2.6 10.1+£0.0 2.48+0.09 82+0.8 0.64 + 0.02
Lemon
Allen eureka" C. limon (L.) Burm. f. Nov. 15,2006 111.6+4.9 9.0+£0.0 6.67+0.09 46.6 + 0.4 2.95+0.03
Miscellaneous
Hedzuka daidai C. sp. Nov. 15,2006  82.1+4.6 79+0.0 3.71£0.08 33.0+1.8 2.224+0.06
Total — — — 26.6 (10.2)¢ 1.96 (0.70)

2nmol-Trolox equivalent * pL~'.

¥ Standard error.

XC. paradisi x C. tangerina.

Y C. clementina x Orlando.

V' C. unshiu x C. sinensis.

" C. nobilis x C. deliciosa.

‘Kiyomi x C. unshiu.

*(C. paradisi x C. tangerina) * C. clementina.
" Acid citrus.

9Standard deviation.
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Table 3 Fruit weight, brix, titratable acid, ascorbic acid concentration and DPPH radical scavenging activities of juice in six citrus accessions

(2007-2008).

. Latin name . Fruit weight . Titratable Ascorbic acid DPPH radical
Accession L Sampling date Brix . - . A
Cross combination (g) Acid (%) (mg * 100 mL ‘) scavenging activity
Mandarin and its relatives
Clementine C. clementina hort. ex Tanaka Dec. 19,2007 103.9+3.5¥ 109+0.2 1.33+0.01 48.6 +2.1 2.75+0.14
Harumi Kiyomi* x C. reticulata Jan. 22,2008 1442+6.7 133+£0.7 130+0.14 29.7+£0.9 1.51+£0.04
Murcott Parentage unknown, probably tangor  Jan. 22,2008 141.5+3.5 133+0.1 1.36+0.07 23.1+£0.7 1.38+£0.02
Setoka (Kiyomi* x Encore™) x Murcott Jan. 22,2008 154.8+7.5 11.9+£0.2 1.07+0.01 42.8+0.3 3.97 +0.03
Amakusa KO14" x Page" Dec. 19,2007 167.2+5.7 108+0.2 1.13+0.03 509+14 3.47+041
Pummelo relatives and tangelo
Kawachi bankan C. kawachiensis hort. ex Yu. Tanaka Jan. 22,2008 388.9+157 9.0+0.0 1.62 +0.07 438+ 1.1 2.60+0.10
“nmol-Trolox equivalent * uL™".
¥ Standard error.
XC. unshiu x C. sinensis.
Y C. nobilis x C. deliciosa.
VKiyomi x C. unshiu.
Y(C. paradisi % C. tangerina) % C. clementina.
4.0 4.0
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£ 30 | 3.0
3
2 %
& =
5 I
2} - 20 f
s 20 p =
z o &
8 1=0.859%*
B y=0.039x+0.374 10 kb o
Z 10 F
& °
[} [
OO 1 1 1
0.0 1 L 0.0 1.0 2.0 3.0 4.0
0 20 40 60 2006-2007
Ascorbic acid concentration (mg - 100mL™") . . . . . o
Fig. 3  Relationship between DPPH radical scavenging activity

Fig. 1 Relationship between ascorbic acid concentration and
DPPH radical scavenging activity in citrus juice.
“nmol-Trolox equivalent » pL™".

** Significance at the 1% level.
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** Significance at the 1% level.
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** Significance at the 1% level.
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Table 4 Seasonal changes of fruit weight, brix, titratable acid, ascorbic acid concentration and DPPH radical scavenging activities of juice in

ten citrus accessions.

. . Fruit weight Titratable Ascorbic acid DPPH radical
Accession Sampling date . . ..
(2) Acid (%) (mg » 100 mL™") scavenging activity”

Yoshida ponkan Oct. 22,2007 1244+ 547 8.6+0.1 2.36+0.19 21.3+0.5 1.48 +£0.05
Nov. 20, 2007 168.0 £ 3.5 9.4+0.2 1.30 £ 0.06 27.8+0.5 1.59+0.03

Dec. 19, 2007 176.2+5.3 10.0+£0.3 1.02 £ 0.06 30.8+1.5 1.92+0.07

Jan. 22,2008 209.3+£7.1 12.1 +0.1 0.99 +0.09 32.0+£3.0 1.80 £ 0.04

Otsu 4 go Oct. 22,2007 1457+7.3 93+0.1 1.85+£0.19 24.6+2.6 1.58+0.09
Nov. 20, 2007 167.7+8.3 10.9 £ 0.1 1.16 £0.05 29.0£0.8 1.68 +0.03

Dec. 19, 2007 1713 +5.8 11.3£0.2 1.05+0.07 26.4+0.7 1.76 £ 0.03

Jan. 22,2008 166.5+9.1 12.6 £0.3 1.36 + 0.06 293+1.5 1.79 £ 0.01

Keraji Oct. 22,2007 61.4+27 9.2+0.1 1.12+£0.05 33.0+14 1.74£0.12
Nov. 20, 2007 83.2+3.6 104+£04 0.85+0.02 30.7+£0.9 2.05+0.03

Dec. 19, 2007 91.6+3.8 104+£0.5 0.73 £ 0.04 38.1+1.7 2.61 £0.07

Jan. 22,2008 784 +2.7 12.5+£0.2 0.83 +0.04 45.1£0.5 2.91+0.08

Sakurajima komikan Oct. 22,2007 26.6+ 1.1 9.5+0.1 1.21+0.03 209+ 1.7 1.30 + 0.04
Nov. 20, 2007 33.8+0.9 10.1£0.1 0.82+0.03 222+0.8 1.10£0.05

Dec. 19, 2007 347+14 10.9+0.5 0.73£0.04 172+0.1 1.10+0.01

Jan. 22,2008 29.1+1.7 14.8+£0.2 0.89 £ 0.06 13.3+£1.0 0.94 +£0.03

Shiikunin (Kara) Oct. 22,2007 16.2+1.0 7.8+0.3 4.34£0.08 154+19 1.06 £ 0.08
Nov. 20, 2007 22.6+1.8 8.4+0.2 2.65+0.15 16.0+0.9 1.06 £ 0.00

Dec. 19, 2007 254+0.6 82+03 2.19 +0.09 15.0+£04 1.19+£0.02

Jan. 22,2008 26.0+ 1.0 9.7+0.3 2.12+£0.04 109+ 0.5 1.02+0.05

Nova Oct. 22,2007 119.5+4.8 94+04 1.54+£0.02 59.8+£ 6.6 2.77 £0.08
Nov. 20, 2007 150.7 + 4.7 11.1+£0.5 1.16 £0.05 57.8+4.7 2.93 £0.06

Dec. 19, 2007 149.5+4.8 104+0.5 0.97 £0.01 42.7+0.1 2.98 +£0.09

Jan. 22,2008 1752+3.8 11.2+£0.2 1.20 +0.06 41.0+£0.5 3.14+0.03

Shiranui Oct. 22,2007 177.5+8.3 8.9+0.0 2.35+0.15 315+ 14 1.59+£0.03
Nov. 20, 2007 219.1+6.6 10.4 £ 0.1 1.65+0.04 329+0.7 1.91+£0.04

Dec. 19, 2007 216.8+9.8 12.1+0.3 1.65+0.10 358+ 1.9 2.13£0.07

Jan. 22,2008 2222+ 11.1 14.1+£0.1 1.50 + 0.04 40.0+1.2 2.45+0.09

Tarumizu 1 go Oct. 22,2007 1022+ 6.4 7.6+0.0 3.67+0.33 29.7+ 1.8 1.82 +0.06
Nov. 20, 2007 139.3 +6.0 8.8+0.1 1.67 £0.08 32.7+£29 1.98+£0.10

Dec. 19, 2007 157.3+6.6 9.4+0.2 1.57 £0.07 353+1.8 2.06 £ 0.01

Jan. 22,2008 167.2+£5.8 10.6 = 0.1 1.56 +0.12 36.2+0.5 2.12+0.03

Kawano natsudaidai ~ Oct. 22, 2007 280.8 + 6.2 8.2+0.0 2.73 +£0.04 272+0.8 1.57 +0.01
Nov. 20, 2007 325.0+10.7 92+0.3 2.25+0.15 325+1.7 1.87+£0.06

Dec. 19, 2007 377.6 £ 14.5 8.8+0.2 2.05+0.03 28.7+£1.0 1.70 £ 0.03

Jan. 22,2008 3763+ 14.3 9.6+0.2 1.84 +0.00 33.0+0.8 1.79 £ 0.04

Kabosu Oct. 22,2007 154.4+16.9 83+0.2 4.80£0.10 50.8+3.1 243 +0.13
Nov. 20, 2007 187.5+23.6 84+0.1 3.77+0.16 442+2.8 236+0.11

Dec. 19, 2007 167.0+10.3 9.1+0.2 3.79+0.04 45.1+1.8 2.53+0.11

Jan. 22,2008 1449+ 8.4 8.7+0.3 422+0.17 49.8£0.7 2.85+0.14

% nmol-Trolox equivalent * uL™.
¥ Standard error.
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