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Characteristics of Flavonoids in Juice and Cluster Analysis of
Satsuma Mandarin Germplasms
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Sang-Hoon Kang and Jong-Hoon Kang
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Abstract - This research was conducted to analyze flavonoids in juice and to investigate correlation between 60 germplasms
of satsuma mandarin (Citrus unshiu Marc.) on the basis of the result of flavonoid analysis. Juice of satsuma mandarin
contained 6 flavonoids, 2 flavanones such as narirutin and hesperidin, 1 flavone such as rutin and 3 polymethoxylated
flavones such as sinensetin, tangeretin and nobiletin. Hesperidin content ranged from 41 to 196 mg/L. Narirutin content ranged
from 25 to 230 mg/L. The average of rutin content was 2.2 mg/L but it was not detected in some cultivars. Polymethoxylated
flavone which is known as a citrus specific flavonoid, was detected in all germplasms in small quantities. Cluster analysis
using R program (Version 3.1.1) was carried out with the results of the flavonoid analysis and harvesting time of satsuma
mandarin germplasms. All germplasms were grouped as A, B1 or B2. But all 3 groups contained very early-ripening type,
early-ripening type and commonly-ripening type cultivars. This showed there was no correlation between flavonoids in juce
and their harvest time.
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Table 1. UPLC-ESI-MS/MS analysis conditions of flavonoids in citrus juice

Parameter Conditions
Instrument Acquity UPLC & TQD Triple Quadrupole Mass Spectrometry (Waters, USA)
Column Kinetex C18, 2.1 mm x 100 mm, 1.7 ¢m (Phenomenex, USA)

Column temp.
Injection volume
Flow rate
Mobile Phase A
Mobile Phase B

37.5C
5l
0.3 ml/min

Methanol with 5 mM ammonium formate & 0.1% formic acid
Water with 5 mM ammonium formate & 0.1% formic acid

Time (min) A (%) B (%)
Initial 13 87
6.0 15 85
10.0 25 75
10.1 47 53
Gradient program 10.5 47 53
14.0 58 42
15.5 95
17.5 95 5
18.0 13 87
20.0 13 87
Ionization mode ESI (Electrospray lonization), positive & negative
Capillary Voltage 3.0 kV
Source temp. 135C
Desolvation temp. 450C

Gas flow
Scan type
Collision gas flow

Desolvation 800 L/hr, Cone 50 L/hr
MRM (Multiple Reaction Monitoring) mode
0.15 ml/min (He, cell pressure 3.5 x 10°~4.5 x 10~ mBar)
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Table 2. Standard groups of flavonoids and MRM conditions with UPLC-ESI-MS/MS

[Unit: mass/charge (m/z)]

MRM condition

MRM condition

Flavonoids Flavonoids
group (FG-100) Precursor Product ions group (FG-200) Precursor Product ions
ion D1/D2 ion D1/D2
o ESI+ — 597.2 289.0/153.0 . ESI+ — 611.1 303.0/465.0
Eriocitrin Rutin
ESI- — 595.2 287.0/151.0 ESI- — 609.1 301.0/271.0
o ESI+ — 581.1 273.0/418.0 o ESI+ — 597.2 289.0/153.0
Narirutin Neoeriocitrin
ESI- — 579.1 271.0/150.9 ESI- — 575.2 150.9/135.0
. . ESI+ — 609.0 301.0/200.9 L
Diosmin Isorhoifolin ESI+ — 579.1 271.0/443.1
ESI- — 607.1 299.0/284.0
o ESI+ — 611.0 303.0/152.9 o ESI+ — 581.1 273.0/152.9
Hesperidin Naringin
ESI- — 609.1 301.0/163.9 ESI- — 579.1 150.9/271.0
o ESI+ — 449.1 303.0/128.9 . ESI+ — 611.0 303.0/152.9
Quercitrin Neohesperidin
ESI- — 447.1 301.0/271.0 ESI- — 609.1 301.0/163.9
Nari . ESI+ — 273.1 153.0/147.0 ] ESI+ — 303.0 152.9/229.0
aringent ESI- — 271.1 150.9/118.9 Quercetin ESI- — 301.0 150.9/106.9
) ESI+ — 303.1 177.0/152.9 o ESI+ — 271.0 152.9/90.9
Hesperetin Apigenin
ESI- — 301.1 163.9/135.9 ESI- — 269.0 116.9/150.9
Tangeletin ESI+ — 374.0 344.0/182.9 Diosmetin ESI+ — 301.0 258.0/286.0
Noviletin ESI+ — 403.1 372.9/182.9 Sinensetin ESI+ — 373.1 343.1/152.9

Table 3. The equations of calibration curve and coefficients of determination of standard groups of flavonoids from MRM conditions

with UPLC-ESI-MS/MS
Flavonoids . . 2 Flavonoids o . 2
aroup (FG-100) Calibration equation R aroup (FG-200) Calibration equation R
Eriocitrin ESI+ y = 941.22x - 5.1667 0.9998 Rutin ESI+ y = 2,794.9x - 902.33  0.9959
o ESI+ y = 1,499.2x + 64 1.0000 L
Narirutin Neoeriocitrin ~ ESI+ y = 595.19x - 15.25 0.9995
ESI- y = 2,714.8x - 295.67  0.9999
Diosmin ESI+ y = 7,094.1x - 1,465.2  0.9993 Isorhoifolin ~ ESI+ y = 5,620.6x - 902.33  0.9986
o ESI+ y = 2,2489x - 361.83  0.9991 Lo ESI+ y = 588.05x - 164.33 0.9968
Hesperidin Naringin
ESI- y = 1,554.8x - 290.83 0.9999 ESI- y = 1,377.9x - 4,612 0.9940
o ... ESI+y =998.08x + 2,513.8 0.8951
Quercitrin ~ ESI+ y = 2,491.9x + 50.833  0.9983 Neohesperidin
ESI- y = 1,736.7x - 147.83  0.9990
Naringenin ~ ESI+ y = 6,897.5x - 13,241  0.9251 Quercetin ESI+ y = 435.73x - 45.667  0.9958
Hesperetin ~ ESI+ y = 14,580x - 664.17 0.9992 Apigenin ESI+ y = 1,1525x + 1,578.8 0.9954
Tangeletin ESI+ y = 176,871x + 1,183.7 0.9995 Diosmetin ESI+ y = 6,2678x - 28,766 0.9653
Noviletin ESI+ y = 434,038x - 3,265.7 0.9997 Sinensetin ESI+ y = 259011x + 77.417 0.9999
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Table 4. Sampling dates and fruit qualities of satsuma mandarin cultivars

Cultivars Date® Maturing SSC  Acidity Cultivars Date  Maturing SSC  Acidity
(MM/DD)  Type®  (Brix) (%) (MM/DD)  Type (Brix) (%)
Aewoljosaeng 9/25 VE 8.2 1.54  Iseki wase 10/14 EW 9.8 1.23
Akimitsu wase 10/01 VE 9.7 1.30  Ishiduka wase 10/14 EW 9.5 1.24
Cyahara wase 10/14 VE 8.5 1.00  Matsuyama wase 10/14 EW 9.4 1.18
Dowaki wase 9/25 VE 9.2 1.25  Miho wase 10/14 EW 9.1 1.31
Fuji wase 10/14 VE 93 1.19  Miyagawa wase 10/04 EW 7.3 1.19
Haraguchi wase 10/04 VE 8.4 1.75  Okitsu wase 10/04 EW 7.5 1.36
Hashimoto wase 10/04 VE 8.6 1.66  Paljungguengchun 10/14 EW 9.1 1.50
Hinoakebono 9/25 VE 7.9 1.20  Taguchi wase 10/10 EW 6.9 1.42
Hinosayaka 10/14 VE 9.4 0.86  Tamnajosaeng 10/04 EW 8.2 1.11
Ichifumi wase 10/01 VE 105 191  Yamashitabeni wase 10/14 EW 8.6 1.38
Iwasaki wase 10/01 VE 9.5 1.08  Aoe wase 11/12 CU 9.2 1.26
Kitaguchi wase 10/14 VE 11.5 1.44  Aoshimadgou 11/12 CU 106 1.88
Kuga wase 10/04 VE 7.8 0.97  Chungchon unshiu 11/11 CU 9.2 1.20
Kusumoto wase 9/25 VE 10.1 1.51  Hayashi unshiu 10/24 CU 6.9 1.36
Miyamoto wase 10/01 VE 105 134  Imamura unshiu 11/26 CU 114 131
Mori wase 10/14 VE 8.1 1.11  Ise unshiu 10/24 CU 6.6 1.23
Nichinanlgou 9/25 VE 8.2 1.17  Ishiji 10/24 CU 6.2 0.77
Okamoto wase 9/25 VE 9.4 1.30  Katayama unshiu 11/12 CU 100 197
Ooura wase 9/25 VE 8.0 1.73  Kuno unshiu 10/14 CU 8.9 1.27
Rikitake wase 10/14 VE 9.8 1.25  Morita unshiu 10/04 CU 7.0 1.31
Sangdojosaeng 9/25 VE 7.7 1.11  Mukaiyama 11/12 CU 9.5 1.11
Sinikjosaeng 9/25 VE 7.4 0.95  Nankan20gou 10/14 CU 9.4 1.38
Takabayashi wase 10/12 VE 8.7 1.59  Ootudgou 10/24 CU 7.7 1.00
Toyofuku wase 9/25 VE 9.9 1.19  Sasaki unshiu 10/10 CU 7.8 1.04
Ueno wase 9/25 VE 83 1.20  Sasebo unshiu 10/10 CU 7.6 1.44
Yamakawa wase 9/25 VE 7.9 1.07  Shinyonezawa unshiu  10/10 CU 7.6 1.25
Yura wase 10/01 VE 11.9 134  Silverhill unshiu 10/24 CU 5.8 1.50
Achyang 10/24 EW 6.9 0.97  Tanigawa unshiu 11/12 CU 8.9 1.11
Haraejosaeng 10/4 EwW 7.8 1.32  Yonezawa unshiu 10/10 CU 7.3 1.03
Higo wase 10/14 EW 11.1 124  Youngjun unshiu 10/14 CU 8.6 0.96
“Sampling date when the fruits were starting to turn yellow.
*Maturing type: VE (Very early-ripening type), EW (Early-ripening type.), CU (Commonly-ripening type).
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Fig. 1. Chromatogram of flavonoids in juice of satsuma mandarin cultivars.

Table 5. Flavonoid composition in juice of satsuma mandarin cultivars (1 = 5)

(Unit: mg/L)

Culfivars Polymethoxylated flavone Flavone Flavanone
Sinensetin Tangeretin Nobiletin Rutin Narirutin Hesperidin
Aewoljosaeng 0.09 £ 0.00  0.54 = 0.03 1.01 £ 0.07 4.03 £ 351 10574 + 400 85.89 £ 4.75
Akimitsu wase 0.03 = 0.02 0.16 £ 0.00 039 = 0.00 256 + 444 11033 + 18.71 111.98 = 2.34
Cyahara wase 0.02 = 0.01 0.04 +£ 0.02  0.08 = 0.01 095 £ 1.65 5035 £ 320 101.66 = 0.70
Dowaki wase 0.08 + 0.00  0.42 + 0.05 0.87 £ 0.07 3.69 £ 320 89.89 £ 3.03 61.37 £ 3.66
Fuji wase 0.02 = 0.01 0.13 = 0.03 0.23 £ 0.03 1.07 £ 1.85 57.03 £ 8.12 98.59 £ 0.51
Haraguchi wase 0.14 £ 0.01 0.03 £000 016 000 358 056 4195+ 207 71.75 £ 4.10
Hashimoto wase 0.04 £ 0.00  0.27 £ 0.01 0.49 £ 0.01 335+ 291 8203 +£426 89.14 + 5.06
Hinoakebono 0.09 + 0.00 041 + 0.03 1.07 + 0.05 545 £090 79.25 £ 6.61 53.73 £ 2.99
Hinosayaka 0.01 = 0.01 0.07 = 0.01 0.15 = 0.01 ND* 77.02 £ 11.40 81.40 + 0.43
Ichifumi wase 0.06 = 0.01 0.25 £ 004 057 £0.04 377 £ 328 10523 + 1.83 196.18 = 2.39
Iwasaki wase 0.03 £ 002  0.24 £ 0.03 0.30 = 0.02 1.73 £299 5798 £2.65 9697 £ 1.79
Kitaguchi wase 0.01 + 0.02 0.04 £+ 0.01 0.09 £ 0.00 070 £ 1.21 5134 £ 242 66.69 + 3.78
Kuga wase 0.04 +£ 0.02  0.22 + 0.03 047 £ 0.04  2.83 £ 253 14146 + 434 100.11 £ 0.74
Kusumoto wase 0.06 = 0.01 0.36 = 0.05 0.75 + 0.09 1.45 £ 251 5097 £ 479 115.84 £ 1.62
Miyamoto wase 0.04 = 0.03 0.18 = 0.01 0.51 £ 0.04 620 + 538 113.19 £ 9.23 123.16 £ 1.59
Mori wase 0.02 £ 0.01 0.05 £ 0.02  0.10 £ 0.01 3.12 £ 273  41.02 £ 553 81.63 + 0.21
Nichinanlgou 0.06 = 0.01 0.19 = 0.01 048 + 0.02 426 + 1.01 121.30 £ 5.10 5298 + 2.92
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Table 5. Continued

(Unit: mg/L)
Cultivars Polymethoxylated flavone Flavone Flavanone
Sinensetin Tangeretin Nobiletin Rutin Narirutin Hesperidin

Okamoto wase 0.06 + 0.00 0.34 + 0.00 0.70 £+ 0.03 6.53 + 1.31 6571 +£9.03 75.07 + 435
Ooura wase 0.11 + 0.02 0.53 = 0.07 1.30 £ 0.07 1.51 £2.62 9899 + 1.17 111.58 + 0.47
Rikitake wase 0.03 + 0.01 0.04 + 0.02 0.09 + 0.02 246 £ 230 3530 £ 242 109.76 + 0.62
Sangdojosaeng 0.18 = 0.01 0.81 = 0.01 1.75 +£ 0.02 1.86 £ 1.62  79.76 £ 5.04 63.28 £+ 3.55
Sinikjosaeng 0.08 = 0.00 0.51 + 0.01 0.97 + 0.03 432 £ 376 5521 £272 70.26 + 4.04
Takabayashi wase 0.03 £ 000 009 £ 000 021 £ 0.01 1.82 £ 1.58 108.23 £ 8.89 48.19 + 2.69
Toyofuku wase 0.06 + 0.00 0.31 + 0.02 0.70 + 0.06 428 £ 0.62 87.77 £ 8.64 54.19 + 3.08
Ueno wase 0.10 = 0.00 0.61 + 0.01 1.15 £ 0.02 3.03 £ 263 78.03 £ 694 57.99 + 3.30
Yamakawa wase 0.11 £ 000  0.52 += 0.04 1.19 £ 0.06 396 + 097 103.66 + 11.29 68.84 + 3.98
Yura wase 0.05 + 0.00 0.18 £+ 0.00 0.46 = 0.01 747 £ 042 8191 + 445 71.12 + 4.05
Aechyang 0.11 + 0.02 0.27 £ 0.03 0.35 £ 0.05 0.67 £+ 1.16 6786 + 896 9596 + 0.54
Haraejosaeng 0.10 + 0.01 0.49 = 0.01 1.04 = 0.04 3.08 £ 2.67 86.06 + 493 58.70 + 3.26
Higo wase 0.04 + 0.02 0.07 + 0.01 0.17 £ 0.01 419 £ 372 69.01 £2.89 61.85 £ 4.99
Iseki wase 0.02 £ 0.00  0.03 = 0.01 0.08 £ 0.00 275+ 049 3738 £ 471 66.66 £ 4.02
Ishiduka wase 0.01 + 0.02 0.06 = 0.00  0.10 + 0.00 0.76 £ 1.32  65.06 = 10.39 105.05 + 0.21
Matsuyama wase 0.01 = 0.01 0.04 + 0.01 0.10 + 0.02 1.31 £ 227 5544 +£ 232 104.68 + 0.56
Miho wase 0.03 + 0.00 0.04 + 0.01 0.11 £ 0.01 232 +£248 2811 £4.62 60.79 + 3.47
Miyagawa wase 0.04 £ 0.00  0.11 = 0.01 0.26 = 0.01 420 £ 078 72.04 £ 417 5731 £+ 3.16
Okitsu wase 0.03 + 0.00 0.19 + 0.00 0.36 + 0.00 191 £ 1.66 6722 + 6.34 55.39 + 3.15
Paljungguengchun 0.03 + 0.01 0.02 + 0.01 0.06 = 0.02 1.16 £ 2.00 38.18 + 4.53  93.57 + 0.86
Taguchi wase 0.04 + 0.02 0.21 £ 0.00 0.45 £ 0.01 230 £399  97.16 £ 17.45 123.77 + 3.10
Tamnajosaeng 0.06 = 0.02 0.40 = 0.03 0.76 £+ 0.05 093 £ 1.62 8859 + 435 116.87 + 1.12
Yamashitabeni wase 0.03 + 0.00 0.03 = 0.01 0.12 = 0.00 072 £ 125 3598 +£4.89 59.15 +£ 323
Aoe wase 0.03 £ 0.00  0.07 = 0.01 0.15 + 0.00 0.30 £ 052 25.09 = 1.10  50.39 + 2.80
Aoshimadgou 0.02 + 0.00 0.02 + 0.01 0.06 £+ 0.00 037 £ 0.65 4748 +3.12 4579 + 2.65
Chungchon unshiu  0.21 £ 0.00 0.61 £ 0.00 1.28 + 0.09 036 £ 0.62 7235 £ 1.76  59.68 + 3.33
Hayashi unshiu 0.01 + 0.02 0.08 + 0.00 0.13 + 0.01 0.70 +£ 1.22 9597 £ 928 77.13 + 4.60
Imamura unshiu 0.43 + 0.02 0.37 £ 0.03 1.50 = 0.09 049 + 0.85 9320 + 529 7520 + 4.13
Ise unshiu 0.05 + 0.02 0.23 + 0.04 0.44 £ 0.04 0.73 £ 1.27 7134 =557 99.98 + 0.89
Ishiji 0.10 + 0.00 0.24 £ 0.01 0.45 £ 0.01 ND’ 89.48 + 10.11 85.90 + 0.54
Katayama unshiu 0.08 = 0.01 0.09 £+ 0.00 0.57 £ 0.02 042 £ 074 66.16 + 430 40.65 + 2.27
Kuno unshiu 0.04 + 0.00 0.03 £+ 0.01 0.14 £+ 0.01 148 £ 129 37.83 £ 0.67 62.33 + 3.52
Morita unshiu 0.02 = 0.02 0.11 + 0.03 0.18 = 0.02 094 £ 1.63 7247 £ 819 99.30 + 0.92
Mukaiyama 0.02 =000 003 +000 008+ 0.01 0.70 £ 1.21 11649 + 1225 74.27 + 041
Nankan20gou 0.02 + 0.01 0.06 £ 0.01 0.14 £ 0.00 298 + 258 4871 +5.02 89.13 + 1.08
Ootudgou 0.12 = 0.00 0.57 + 0.05 1.02 £+ 0.00 ND 230.00 £ 61.92 93.08 + 0.45
Sasaki unshiu 0.01 + 0.01 0.04 £ 0.00  0.07 + 0.00 1.50 £ 2.61  86.51 £ 5.09 123.42 + 0.32
Sasebo unshiu 0.02 + 0.01 0.08 = 0.02 0.15 = 0.01 1.16 £ 2.01 3937 + 6.17 115.64 + 2.61
Shinyonezawa unshiu  0.03 + 0.01 0.14 = 0.02 0.32 £+ 0.00 3.63 £ 326 103.85 + 10.44 114.50 + 1.39
Silverhill unshiu 0.10 + 0.00 0.53 £ 0.03 0.98 £ 0.05 ND 83.43 + 10.75 119.75 + 0.56
Tanigawa unshiu 0.03 £ 0.00  0.07 £ 0.00  0.15 + 0.00 045 £ 0.79 4121 + 3.71  63.16 £ 3.56
Yonezawa unshiu 0.03 + 0.02 0.12 £+ 0.02 0.25 £+ 0.02 1.14 £ 1.97 8420 + 3.29 125.70 + 0.93
Youngjun unshiu 0.02 + 0.01 0.07 £ 0.01 0.14 £ 0.00 ND 62.59 £ 932 9824 + 0.11
Average 0.06 0.22 0.47 2.16 75.78 84.87

“ND: Not detected.
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Table 6. Correlation coefficient among flavonoids, SSC and acidity in juice of satsuma mandarin cultivars

Sinensetin ~ Tangeretin ~ Nobiletin Rutin ~ Narirutin Hesperidin ~ SSC*  Acidity ST
Sinensetin 1.000
Tangeretin 0.603""™ 1.000
Nobiletin 07537 09527 1.000
Rutin -0.042 0.167 0.186 1.000
Narirutin 0.231 0435 04187 0.110 1.000
Hesperidin -0.154 -0.028 -0.081 -0.072 0.202 1.000
SSC 0.046 0.267" -0.132 0.217 -0.189 -0.122 1.000
Acidity 0.035 -0.082 0.012 0.095 -0.137 0.042 02977 1.000
ST 0.231 03087 0215 06417 -0.128 0.183 0141 0036  1.000
Z*SEC: Soluble solid content in juice, YST: The number of days between first sampling date on Sep. 23th and each sampling date.
. p <001, “p < 0.05.

15

Cluster

Dendrogram

10

T

Height

¥
/

!

e
e
u
@
e
u
e
e

F]

u
e

3 F]

mmmmm
:::::

mmmmmmmmmm

inshi

Mukaiyama
Mori wase
Nankan20gou

Katayama unshiu

Hinos

Youngjun
Ishiduka wa

Morita unshi

Hayashi unshii
Aoshimadgou

Cyahara wa

Sasaki

Okitsu wase
Kitaguchi wa:
Haraguchi wase

Matsuyama wa
Yonezawa
Takabayashi wa
Tanigawa unshi
Yamashitabeni wa:

Iseki wase

Miho wase
Ootudgou
Imamura unshiu

— ek

=
=F
—
——
e

9
9
e
e
e
0
9
e

e
9
9
e
e
e
e
e
e
e

F]
mmmmmmmmmmmmmmmmmmmmmmmmm

Higo wa
Aehyal

Iwasaki wa:
Ichifumi wa:

Chungchon unshiu
Aewoljosael
‘Yamakawa wa:
Dowaki wa
Toyofuku wa:
Hinoakebol
Sinik josael
Okamoto was

Nichinan1gou
Miyagawa wa:
Tamnajosae!
Kusumoto wa
Miyamoto wa
Hashimoto wa
Taguchi wa
Akimitsu wat

Shinyonezawa unshi

ds_vd

helust (*, "ward.D2")

Fig. 2. Dendrogram of satsuma mandarin cultivars grouped by flavonoids composition and content in juice.
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Table 7. Characteristic of groups from the dendrogram by flavonoids composition and content in juice of satsuma mandarin cultivars

Group Sinensetin Tangeretin Nobiletin Rutin Narirutin Hesperidin
A 0.03b" 0.06¢ 0.15¢ 1.31b 57.63¢ 81.08a
B B1 0.23a 0.59a 1.39a 0.68¢c 118.83a 72.81a
B2 0.07¢ 0.32b 0.66b 3.22a 87.77b 90.39a
‘DMRT p = 0.05.
AL Qs FAEAY 0] tfE Al FFoI3ith. BakE sinensetin, FhirE Sethlcolt 24 Yl QFgt S50 87| 9e] o
tangeretin, nobiletin, narirutin o] =2 Big-d} rutin, A BASIIA R T2 1 0 & Al R84S AAgHE
hesperidin 0] & B2w-C. 2 U 4= QISIT Blehe 43 i}, S o] & AdEE Sketol Wit A, Bl B2 JHO® S
TUE Z3oh= A2 D70 R FU7IEUolA et Sang - & 5 Yo AT mEFoA] SR, 2AYFY
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