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Abstract

Flavonoids in juice of 67 citrus genetic resources were analyzed using LC-MS/MS, in order to
increase utilization of genetic resources as both breeding and functional materials. Analytical condition
was established for ten kinds of flavonoid components known to exist in citrus fruits such as
hesperidin by LC-MS/MS, and the analytical method was verified through specificity, linearity, and
detection limit. In citrus juice at 80% coloring stage, content of hesperidin and narirutin were
generally high, but in sour orange and grapefruit, naringin contents was higher than hesperidin. Total
flavonoid content was high in ‘Hayaka’, ‘Sanguinelli’, ‘Grapefruit’, ‘Morita navel’, ‘Kinokuni’ and
‘Mihocore’. And ‘Dangyuja’, ‘Jigak’ and ‘Byungkuyl’ which are Jeju native citrus, has specifically
high content of certain flavonoids. These resources could be used as not only sources of functional
materials but also breeding materials.

Additional key words: analytic method, breeding material, functional material, Jeju native citrus,
LC-MS/MS
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ZraEofl= 600] Fo] Z2HE 0] =7} flavone, flavanone, polymethoxy flavone HEZ 451
(Horowitz and Gentili, 1977), 715 Foll= 44%0] ZatH L o] E7 EAJ5H= A 0 2 H 11 5|Ql=t), 7+

T5ol whet e} o 2ol AfolE BRItk sFth(Gattuso et al., 2007; Piao et al., 2011).
Flavanone-= 711 0] 912 314 L9191 QM| &= (albedo) 501l 7F &1L, flavone- 7] ] A FLEO] &
2| & (flavedo) Sl o] EE MK Nogata et al., 2006). Polymethoxy flavone> 71 £0| S2tH

an
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o= & wu| o] AGol| 4 F2 HEH K Gattuso et al., 2007; Han et al., 2010). A 7-290] Zabi o] & Gk gt o7
2= A5 A (Kim et al., 2009), THHHLee and Kang, 1997), 23347 (Kim et al., 2001; Park et al., 2015; Han et al.,
2019), 72 252(Yang et al., 2008), A2} Han et al., 2012) 5] R |11 It

LR o] E 9] Gi5of = St 28 Mokbel and Hashinaga, 2006; Mumivand et al., 2017), @28 Yoshimizu et
al., 2004), <=817]4] A gte] ol Benavente-Garcia and Castillo, 2008), H 57} 2-&(Park et al., 2008), LA+ 735} 2}
S(Son et al., 1992), 7|57 2-8(Kim et al., 2016), A73A|ZE B S §7K(Kim et al., 2019), B THZ 7§ G (Lee et
al., 2018) 5] B E] 11 Qlt}. £3] Polymethoxy flavone 5 sinensetin™} nobiletin 217F0] 2L -S4 7F 413 A 0] H]
& PAA7]= 2-8-2 SHH(El-Shafae, 2002), tangeretin> W& A 2E0] A4S Aofioh= 2H8-5 ok A0=2 defA 9l
Th(Hirano et al., 1995).

2 A= AEF A B9 v § St o] o] EAH
R Y] E8 7HAE =ol At 35t

shest

o
gk
olt

1 242 501 71678 2 S5 A=

o

AFEEAA 57 e ol BE S 257 5 2724 (Citrus unshiu Mare )= A| 2t 74 6770E TV .= 5}
HKTable 1). AlB= A8l & ALFARLA 7|50l Wh2HRDA, 2012) AHFLE A7) 2 Tdsh= 2Ho] 80% 5= A
710l FF-9] 7t =olol A ApTe & Il A E s34 A Foto] Tl E A A 1hs 918 S, AEAE-50°C
oA B HitolHA ZetE o|E A8 Alg 2 ATt

Table 1. Citrus genetic resources used in this study

Taxon Plant name IT No.” Abbr.
Golden Special 233903 GFO1
Grapefruit Grapeftuit 234069 GF02
P. Star ruby 256264 GF03
Gamja 233657 MAO1
Kinokuni 233670 MAO02
Yosida ponkan 234077 MAO03
Nova 233768 MA04
Dongjungkyul 233658 MAO5
Ponkan 233839 MAO06
Mandarin Byungkyul 233687 MAO07
Binkyul 233672 MAO8
Orlando 233765 MA09
Inchangkyul 234072 MAI10
Nagano No.3 282104 MALI1
Page 233823 MAI12
Kousyun ponkan 233898 MAI13

“Plant germplasm’s accession number in National Agrobiodiversity Center in Korea.
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Table 1. Citrus genetic resources used in this study (Continued)

Taxon Plant name IT No.” Abbr.
Dangyuja 234071 POO1
Matou 282108 PO02
Sadugam 233688 PO03
Pomelo
Hyuganatsu 234009 PO04
Hassaku 233664 PO05
Benihasaku 233718 PO06
Kawano 234068 SS01
Shinamanatsu 233679 SS02
Tachibana orange 233680 SS03
Sour orange Joadung 233655 SS04
Jigak 233656 SS05
Natsudaidai 233682 SS06
Hwangkum hakyul 233684 SS07
Yoshida navel 234053 SWo1
Oomishima navel 234056 SW02
Sweet orange Valencia late 233732 SWO03
Shirayanagi navel 233726 SWo04
Fukuichi navel 234055 SWO05

“Plant germplasm’s accession number in National Agrobiodiversity Center in Korea.

BZE 9 Alot

SetEo|E0] BEE FolA hesperidin(Hes), neohesperidin(Neh), naringin(Nag), diosmin(Dio), nobiletin(Nob),
tangeretin(Tan)< Sigma-Aldrich(USA) Al#-2, narirutin(Nar), eriocitrin(Eri), neoeriocitrin(Nee), sinensetin(Sin)<
ChromaDex(USA) A= st AFESIATHFig. 1). 35 9 B4 A|9FO & methanol 7} water= Burdick & Jackson
(USA) AlE-&, ammonium formate®} formic acid-< Sigma-Aldrich(USA) Al &S T-¢oto] AM8-oFST.
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Fig. 1. Chemical structures of 10 flavonoid standards. Eriocitrin (A), Neoeriocitrin (B), Narirutin (C), Naringin (D), Hesperidin
(E), Neohesperidin (F), Diosmin (G), Sinensetin (H), Nobiletin (I), and Tangeretin (J).
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771848 Holo 2 Agsterk

LC-MS/MS M2

o] ehfohe ZetH o] & B4 915k WA Z 2 npE T2 T ZAEHE A 7| (Ultra-Performance Liquid Chromatograph-
Triple Quadrupole Mass Spectrometry, UPLC-MS/MS)+= Waters ACQUITY & TQD(USA)E ©]-8-5F3itt. A4 7]
(Mass Spectrometry, MS)2] 0]-23} ®4]-2 ES](Electro Spray lonization) <] positive ion mode S AF861%.0.H, ZF7}9]
SetEo|E FRE sk AHE™ (mass spectrum)S 5145t MRM(multiple reaction monitoring) mode2] H&2}
(precursor ion)e}t 2K product ions) ]2 AAsIAL}E B2 02 Kinetex C18(2.1mm x 100mm, 1.7um,
Phenomenex, USA) UPLC column= AF8-519] SmM ammonium formate®} 0.1% formic acid-S &-75H= methanol 7}
waters O340 & ohi= 7127 88 HHAL0 2 Hefolgirt. LC-MS/MSE o83t Z=fE e o] E0] A 2702 Tables 2 and 3
of aoFstod AAIsIGIT. 18] 11 EvfE o] Erp RS s slet 2} the o[ A Al B EAlok= B2 11 =5l
Al 50] A =AtE T3 SRl S 2 A3tslr] flote] F 150 & Utro] 29t B80S ZAlsto] 717 Aol ARE-st3iT:

Table 2. LC-MS/MS analysis conditions

Parameter Conditions

Column Kinetex C18, 2.1 mm x 100 mm, 1.7 pm (Phenomenex, USA)

Column temp. 37.5°C

Injection volume S5ul

Flow rate 0.3 ml/min

Mobile Phase A Methanol with 5 mM ammonium formate and 0.1% formic acid

Mobile Phase B Water with 5 mM ammonium formate and 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
18.0 13 87
20.0 13 87

Ionization mode ESI (Electrospray lonization), positive

Capillary Voltage 3.0kV

Source temp. 135°C

Desolvation temp. 450°C

Gas flow Desolvation 800 L/hr, Cone 50 L/hr

Scan type MRM (Multiple Reaction Monitoring) mode

Collision gas flow 0.15 ml/min (He, cell pressure 3.5 x 10 - 4.5 x 10" mBar)
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Table 3. Flavonoid standard groups, retention time, precursor and product ions in this analysis by LC-MS/MS

. P . . Collision energy
Flavonoids Analytic  Retention time Precursor ion Product ions D1/D2¥  Cone voltage DI/D2
group” (min) (m/z) (m/z) ™)
(eV)
Hes A 5.06 ESI+—611.0 303.0/152.9 23 20/47
Neh B 523 ESI+—611.0 303.0/152.9 25 20/45
Nar A 477 ESI+— 581.1 273.0/418.0 23 23/13
Nag B 492 ESI+—581.1 273.0/152.9 23 20/43
Dio A 5.86 ESI+— 609.0 301.0/200.9 27 30/30
Eri A 432 ESI+—597.2 289.0/153.0 25 23/45
Nee B 4.40 ESI+—597.2 289.0/153.0 25 15/45
Tan A 12.63 ESI+—374.0 344.0/182.9 40 30/45
Sin B 10.28 ESI+—373.1 343.1/152.9 45 30/40
Nob A 11.21 ESI+—403.1 372.9/182.9 40 33/45

“Two mixed standard solution was prepared and used for analysis in order to optimize the chromatogram identification and quantification in
the light of isomers.
DI target ion, D2: qualitative ion.

LC-MS/MSE °o]-§¢F E2tH o] = ZAH2 o] (specificity), 2141/ (linearity), HEHA|(limit of detection), et
Al(limit of quantification) & 7019 §-843-2 ASILE o2 St o & Zizto] JHH g 2-gollo] 3 2nlk 7Y
I} Awf A9 E (mass spectrum) 2 & 15 241402 5SmM ammonium formate@} 0.1% formic acid< ?H-75H=
80% methanol-& AF&5To] Z}2E0] AR B = 0.2 - 20.0mg- L 4-5F0] B =2 ZARE #3898 LC-MS/MS 2 FA5}0] A
o7 27k | AAH 0 2 RE BFE PSS 24 B 0] AE o] /Mt AAEEE BRIsH| 915 <ok
A o Wiz do] Ao gt 7Fo | E2FRI(KFDA, 2004)2 21-8-5H] HESHA(LOD) 2 H#HAI(LOQ)E +Hst3iH. A
ETAELOD =33 x ¢/8 A&, FFRMAELOQ =10 x ¢/S A o] 8313t 7127] S& HFFH o2 HE F519.0mH,
AR y AR FFHAE 0 2 E-85I50H.

=
oln

ot

o s
Zot g

AFR SR Fehulzol= RS 24| Slato] Sol st el ol SHUH LCMSMSE o} §3fo] st &

&2 T3 SA 242 ghstarat sFlth. Hesperidin 5 2124 —’%E’r ]E /30| thote] ZEF-891S ESI mode
A tuning & AAsto] A AHE S RUE| oA BiAte] o] 23} 9l AkiA7]9] 2|4 MRM Z71& A7kt
MS scan®| A= REA}0] 0] 2515 |4 Sk = precursor ion 2] capillary Voltage9—} cone voltage Z71-Z, daughter scan©f|4]

fragmentation= --L=51] product ion2] 24 collision energy-= 75Tt Product ion 0 2 AJ&Fo]-(target ion) D1,
“8/d°l:X(qualitative ion)> D22 FASFT. HIF-20] Stk teo] = /-2 ESI positive | negative mode A R 0]
She= 548 Byl o, 2 Aol e H 7t F2 R ESI positive S A5, 01281 5/4J¢] adduct= M+ H]” FH|=

AEE2 15905, Table 30] 22 BAZAE Qobslo] LRI, :LE]jlhesperidinﬂneohesperidinol A Az
7% oA MRM Z:-730] 27| o] o5 1] ke $181A Table 32] A7) BAZ AN SaR ] o]2
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Fig. 2. UPLC-MS/MS chromatograms of 10 flavonoid standards. Eri (A), Nee (B), Nar (C), Nag (D), Hes (E), Neh (F), Dio (G),
Sin (H), Nob (1), and Tan (J).
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Table 4. Linear equation, determination coefficient, LOD and LOQ of flavonoids in LC-MS/MS analysis®

Flavonoids Linear equation Determinatior; coefficient LODy_l LOQy_]
(R) (ugmL™) (ug'mL")
Hes y=2496.4x +59.1 0.9976 0.0709 0.2148
Neh y=4339.2x +84.2 0.9895 0.0876 0.2654
Nar y =3429.8x +287.6 0.9985 0.0404 0.1225
Nag y=1302.4x +196.4 0.9931 0.1778 0.5388
Dio y=18510.9x - 659.9 0.9951 0.0217 0.0659
Eri y=1501.6x +44.1 0.9992 0.0207 0.0626
Nee y=2849.7x+5.09 0.9984 0.0893 0.2706
Tan y =385268.0x +6161.0 0.9906 0.0095 0.0289
Sin y =575440.0x + 6145.0 0.9945 0.0114 0.0345
Nob y =1002155.0x +4320.0 0.9982 0.0048 0.0146

“Instrument linearity range: 0.1 - 10 pg-mL".
YMean value from 3 measurements, LOD: Limit of detection, LOD: limit of quantitation.
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15M0227_Citrus analysis
Citrus juice _ C 1056_21x_1000 5m (SG, 2x3)
430

1430

1: MRM or 9 Channels ES+
597.17 > 289 (Eriocitrin_D1)

1.8%4
ea
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Fig. 3. UPLC-MS/MS chromatograms of citrus juice (PA02).
15M0227_Citrus analysis
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Fig. 4. UPLC-MS/MS chromatograms of citrus juice (TA10).
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2 EHE(ND: not detected) = FAISFATE. 80% 27| E7HR-0] wFofl = 23U 7 E T neohesperidin} neoeriocitrin -
2 Fo] ¢ W2 10 Fo] EA % THPark et al., 2015). HesperidinT} narirutin /3= geFo] 2 EA4-S Hol A9l 22t
IrolE Ao = S0l H ik TR, ZhaollA] BolA o & UeH, 7154 @40l il &2 polymethoxy flavoneS!
sinensetin, tangeretin, nobiletin JEE5E AA A 0 2 Shfol= EAAS Rt E5of et SetE o]E W T o] Z4A 9]
St 2ol thEA| U=z E4J0] QlgleH, Ttk AQIE @ alz|e} o] 5o wgdo] ool m3%H ©E-F+= hesperidin,
narirutin, eriocitrin ZYZ}2] 0] 91 neohespridin, naringin, neoericitrin-S $F-o1A] QA3 ARl @ AIX o A EH=
naringin &%0] hesperidin &t =7 YERK Table 5), Gattuso et al.(2007)0] AIE QA F, T, HlEF+

hesperidin®] 7} @11, 2Fg-F-= naringin®©| 7Pg Bl Hargk Ao} A6k

Table 5. Mean values of flavonoid content in juice of 67 citrus germplasms analyzed by LC-MS/MS (Unit: pgmL" FW)

Accession” Hes Neh Nar Nag Eri Nee Dio Sin Tan Nob
GFO01 168.14 94.31 23.93 111.50 0.82 5.04 30.06 0.04 0.17 0.20
GF02 60.89 15.46 387.37  2553.60 0.78 1.50 10.89 0.11 1.02 1.50
GF03 46.79 15.53 296.13 743.39 ND? ND 6.44 0.08 0.22 0.39
MAO1 106.57 ND 23.82 ND 7.02 ND 14.09 0.02 0.24 0.24
MAO02 2377.30 ND 87.19 ND 1.91 ND 424.95 0.31 1.68 4.01
MAO3 1090.45 ND 19.53 ND 243 ND 150.13 0.15 0.88 1.64
MAO4 428.50 ND 14.18 ND 0.89 ND 76.60 0.11 0.12 0.25
MAO5 32543 ND 56.38 ND 0.80 ND 44.80 0.87 0.19 1.06
MAO06 1485.18 ND 55.81 ND 2.77 ND 265.48 0.49 5.46 7.58
MAO07 656.84 ND 104.81 ND 78.75 ND 117.41 099 116l 15.27
MAO8 461.93 ND 12.24 ND 0.63 ND 82.57 0.03 0.08 0.40
MA09 907.55 ND 39.55 ND 0.62 ND 162.23 0.14 0.51 0.76
MAI0 195.26 ND 63.10 ND 4536 ND 26.88 0.28 1.29 2.74
MALI 1258.02 ND 3222 ND 1.63 ND 224.88 0.22 1.38 1.79
MAI2 1277.53 ND 32.36 ND 3.79 ND 228.36 0.67 0.23 0.56
MAI3 1345.28 ND 36.99 ND 1.02 ND 185.21 1.88  11.70 19.46
POO1 64.61 154.37 78.35 201.39 15.98 35.21 8.54 0.22 2.52 3.78
PO02 11.58 3.57 19.19 638.68 ND 5.62 1.59 0.03 0.07 0.07
POO03 9.75 ND 140.46 ND 7.60 ND 1.74 0.04 0.22 0.52
PO04 298.15 ND 45.11 ND 0.69 ND 53.29 0.02 0.08 0.20
POO05 113.51 41.04 88.71 139.74 0.70 1.34 15.63 0.06 0.10 0.15
PO06 139.21 79.14 80.43 227.45 1.11 327 24.89 0.01 0.17 0.14
SS01 43.44 26.09 42.09 162.09 ND ND 5.74 0.04 0.91 0.61
SS02 84.87 ND 176.86 362.03 ND ND 11.22 0.01 0.31 0.22
SS03 86.91 29.47 77.76 189.36 ND ND 11.97 0.02 0.26 0.20
SS04 155.59 93.06 24.42 270.09 ND 148.73 20.57 0.12 0.49 0.69
SS05 231.27 ND 36.95 203.66 ND 138.16 41.34 0.01 0.15 0.29
SSP6 93.32 41.29 57.29 340.10 ND 1.74 16.68 0.01 0.80 0.53
SS07 127.36 4047 65.55 161.42 ND ND 16.84 0.02 0.54 0.26

“See Table 1. Taxon of accession GFO1 - 03: grapefruit, MAO1 - 13: mandarin, POO1 - 06: pomelo, SSO1 - 07: sour orange, SWO1 - 10: sweet
orange, PAO1 - 08: papeda, TAOI - 17: tangor, TGO1 - 03: tangelo
YND: not detected.
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Table 5. Mean values of flavonoid content in juice of 67 citrus germplasms analyzed by LC-MS/MS (Unit: ugmL™" FW)

(Continued)
Accession” Hes Neh Nar Nag Eri Nee Dio Sin Tan Nob
SWol1 462.71 ND 65.80 ND 1.77 ND 63.70 2.19 0.51 291
SWo02 622.73 ND 50.34 ND 3.76 ND 111.32 0.29 0.21 0.67
SWo03 595.40 ND 30.50 ND 0.59 ND 106.43 475 1.64 6.59
SW04 502.97 ND 85.39 ND 1.19 ND 69.25 0.90 0.14 0.99
SWO05 640.21 ND 93.52 ND 2.80 ND 88.14 1.65 0.28 1.97
SW06 2353.98 ND 160.68 ND 10.85 ND 420.78 0.98 0.59 1.98
SWo07 2463.87 ND 178.87 ND 5.15 ND 440.43 2.82 0.79 4.59
SWO08 1011.36 ND 167.06 ND 3.76 ND 139.24 430 1.58 7.41
SW09 484.23 ND 80.93 ND 1.92 ND 66.67 1.13 0.57 241
SW10 760.91 ND 36.34 ND 0.94 ND 104.76 1.41 0.73 2.20
PAOI1 103.73 9.63 27.02 15.70 ND ND 18.54 0.01 0.02 0.05
PA02 125.37 17.92 52.80 31.06 2728 4.98 16.58 0.04 0.03 0.11
PAO3 73.50 9.21 15.42 1487  10.95 ND 13.14 0.01 0.03 0.03
PAO4 27376  33.07 125.58 60.68 0.54 1.86 37.69 0.34 0.13 0.55
PAO0S 331.14  30.86 107.97 59.32 2.16 ND 43.78 0.07 0.16 0.50
PA0O6 95.43 8.59 30.01 15.11 ND ND 17.06 0.01 0.01 0.01
PA0O7 293.15  37.09 122.30 65.06 1.22 2.13 40.36 0.35 0.17 0.54
PA0O8 33844 2231 154.47 5822 0.51 237 60.50 0.02 0.27 0.27
TAO1 1160.54 ND 52.38 ND 245 ND 153.44 0.07 0.25 0.50
TA02 116.94 ND 19.64 ND 0.60 ND 20.90 0.02 0.10 0.15
TAO3 475.58 ND 83.34 ND 1.70 ND 65.47 0.05 0.19 0.37
TA04 391.24 ND 72.87 ND 3.81 ND 53.86 0.01 0.05 0.07
TAO05 2091.63 ND 406.36 ND 3.53 ND 373.89 0.13 0.45 1.12
TA06 295.85 ND 102.70 ND 1.09 ND 40.73 0.31 0.12 0.25
TAO7 50.32 ND 64.73 6.81 229 ND 6.93 0.36 0.04 0.29
TAO08 799.74 ND 80.33 ND 1.36 ND 142.96 0.07 0.47 0.53
TA09 745.00 ND 120.83 ND 1.54 ND 98.50 0.13 0.15 0.25
TA10 2647.84 ND 299.25 ND 4.56 ND 350.09 0.17 1.10 2.11
TA11 644.56 ND 45.88 ND 2.85 ND 11522 0.08 0.11 0.67
TA12 739.35 ND 122.28 ND 9.60 ND 101.79 0.12 0.30 1.34
TA13 57120 ND 76.21 ND 2.72 ND 76.32 0.28 0.12 0.31
TAl4 469.25 ND 54.03 ND 1.07 ND 64.60 0.59 0.57 1.16
TA15 1102.56 ND 55.56 ND 2.06 ND 197.09 0.13 0.40 0.91
TAl6 490.24 ND 44.84 ND 0.51 ND 87.63 0.02 0.47 0.52
TA17 380.56 ND 44.84 ND 1.50 ND 52.39 0.24 0.30 0.81
TGO1 630.94 ND 32.47 ND 1.08 ND 86.86 0.07 0.22 0.47
TG02 877.20 ND 75.37 ND 1.78 ND 115.98 0.08 1.41 1.55
TGO03 294.73 ND 115.96 ND 329 ND 40.58 0.08 0.21 0.31

“See Table 1. Taxon of accession GFO1 - 03: grapefruit, MAO1 - 13: mandarin, POO1 - 06: pomelo, SSO1 - 07: sour orange, SWO1 - 10: sweet
orange, PAO1 - 08: papeda, TAOI - 17: tangor, TGO1 - 03: tangelo
YND: not detected.
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% ZetHlo|C RS <23 (TAL0) E3IM 7P £, A9 (SW07), Teo| T2 E(GF02), “AaY|
£ (SW06), ‘7157U7 (MA02), ‘1| 2-Z°(TA05)°] theE #5l| Hlol w5 =A Uepsith. & St o] E Jlgfo] =205
EZ3} 20 neohesperidin $50] 7P =2 AP (PO01)2 neoeriocitrin 0| 7H &2 <2457(SS04) 5 E-7-2
EetH ro|EE o] § T Aokt S8 4 e A 0 & HEH, 8F A=k o 877t Qs Ao R AL &
5] Al A<l < HE (MA07)S US4 7K (Miyata et al., 2008), F=5Ho]HH 7H4(Onozuka et al., 2008)°l] A7} 21
= nobiletin?} T 1EH 2| 7o G3HE 7|tstal QJa=(Datla et al., 2001) tangeretin &&F0] =0t AAH7IA] S-E L7t -2 A
#2e] ol 7FsAS EY 4 92 7o J|diHeh Rhyu et al(2002)°] 2Z4%= Zu]E NHP-DCO| AE40]
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