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Abstract

In this study, we compare the quality of the mango cv. Irwin cultivated in Jeju and Okinawa by
evaluating the total soluble solids (TSS) and antioxidant activity (AA) from ethanol extracts of
the fruit. TSS and AA were higher in fruit cultivated at the Research Institute of Climate Change
and Agriculture in Jeju (RICA) and Okinawa farm, where the low tree height cultivation method
is used, than in fruit cultivated on farm in Jeju. Also, the mangiferin content of the Okinawa
farm was higher than those produced on the RICA and Jeju farm house. These results suggest
that the lowering tree height cultivation method improves the quality of the mango cv. Irwin.

Additional key words: antioxidant activity, Institute of Climate Change and Agriculture, farm
house, lowering tree height cultivation, total soluble solids
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3} 2L ZAA0LE == gRils B4 o] ZHSHCHFeskanich et al., 2000; Gordon, 1996; Halliwell., 1996).

B Aol 7}7] Tk HpH 0 = AT5HB7 1 Ho] el ZAkelo] $tekimenez-Eserig et al, 2001 Leong and
Shui, 2002; Someya et al,, 2002), £5], ‘We]|o| A|o}2] Meiean and Mohamed 2001)-2 A]A1-8 AdjAlE]| tff5f| flavonoid $H
2 ZARACE Suda et al.2005)2 @ 7|UtepAE IHAE W 2| A20] tjsl| polyphenol S} A A7 @A (free radical
scavenging activity)& ZAF§HHEZ} =t 2} of| thgt 1,1 -diphenyl-2—picrylhydrazyl(DPPH) A AtAA| A 535S XA
ot A} Ao PAel sapoilla, sanistel, guava®} starfruit”} 614.7, 574 X 17 Opmol(trolox equivalents-g FW )40 & L}ERH
CTHSuda et al,, 2005).

W1 (Mangifera indica L ) =-25-(Anacardiaceae) T A I 5= Q Gt A 2 ook} o] g 2191 Hol|A] 71x]7 =& Aol
oltt. Walof= o2 E7-2] polyphenol 21tz Fofl mangiferin®] thg:0 &2 Q-0 QltHLuo et al,, 2012), o] =22 4
e, V1o 277 )5, 9 SIS 5| clafeh MBS 71713 e A1) S18kE ol chCarvalho etal, 2009
Dar et al., 2005; Guha et al., 1996; Muruganandan et al., 2005; Noratto et al,, 2010; Rajendran et al., 2008).
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Table 1. Mango fruit used in the present experiment.

Tropical fiuit

Cultivar Location cultivation

Mango (Mangiferia indica) TIrwin RICA, Jeju and Okinawa farm

“Research Institute of Climate Change and Agriculture in Jeju

steLo| 2| 3 AEjR

Aol AelE] B 20134 o5 el IRCAS] 4411 5 Q1AM 5205 7441 B - Q1A 2 620 712 7
26) 05 AR 0] 83T 39250) h& Trel S717Re Al 1 920 7He-S Alte) HA7He 2000 SR,
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A7 51 079l A B AR B oF 10021A46] 0] £ 48p1o] 2L e e A g
o] O A|E A (digital refractometer, PR—101, ATAGO, America)= 784 T H kS =29t 11 5of vhr) @ vks-
=AU S oW, At HEA me = A H-2 ol @7 [Hebd 717 Hio] @ATE ] @ 7|uiet (Al &= HUi ek &
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—20°C Y5aro]] Bykstoirt.
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1FEES oS A7 Tl 10mLA 1 el § K80 S S 1 10mLe] $294L 40CE 2T 2AY 03
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Z Ijl=3ietE =M
Z vl =53kaE k2 Singleton 1} Rossi(1965), Folin—ciocalteau B2 22 HA6] E4-& Sict S AR H &5+
Z5-2 ofgk2 2mL 2 8354|171 Th20] 100uL 2] A= -3 5t 2] 300uL 20% sodium carbonate2} 50uL Folin—ciocalteau
E Y 1587 Aok BESAZ] Fof ImLe] FHFE F7IRE 9F thaoll UV/Vis B33 A|(Jasco V=570, Japan)=
725nmof| A S8 S ZACE F glmdThe gallic acidE ©|-85 A4S 2510 GAE(gallic acid equivalents) = 3EA]

ek

N
~

ZF N =9 ofghg F5520] A} -5-015-2 Blois(1958)] Wi Hadste] 75Tt Methanol 400uLE w5 = 7F
O A|z0] 4715 S0.15mM 1,1 —-diphenyl—2—picrylhydrazyl (DPPH) 100uL-E 235}0] A0 4 3027 QP SIAI ] Tk
UV vis 223735 A|(Jasco V=570, Japan) = 51 7nmol| 4] 52352 ZA45}19]ct Sample A7 Lot 471 Le] S 2ol 2
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o

= d

EDA %)=(1-ABS__/ABS ) X 100

sample’ control

ABS_ . Absorbance of the experimental sample

sample
ABS . Absorbance of the control

control*

£ flavonoid &A1
% flavonoid 2F->Muhammad et al.2011)2] W& HEdoto] BASIS) b xH d38 258 o8& 2mL2

-olfet tha 100uLZ 5o 901 300mL ©] 5% NaNO, & 7 et o]l 2ol A 1027 ATt 71 5o ThA] 300uL.2] 10%
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AINO,), E11 107+ A-20f Tt 400pL2] 1% NaOH-E F47Fol] 30427t A-2of| A 'S A|7]1 1 UV /Vis 3285
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Mangiferin &4

S T o whlo] A 22 B |2 B RS Ak TS AT AR 26 5 Beh Ao S 5859 Methanol
300mL-2 7}sto] 85°ColA] SAZHE2t e WZPEA]E Fatoto] S=E53leh. 202 -89 th2 0.1% formic acid-= 9F
Gh=85% HER2 2 A7 B H Qlof| dub =2 245 S () 2um membrane filter(Ministart RC 15, Satrius stedim, Germany)
2 o)A 7171548 el

Al oATPAT] A= S HAAZREA] 7| (UPLC-MS/MS, Agilent 1290 Infinity, UPLC/AB Sciex Qtrap 6500, Triple
Quadrupole Mass Spectrometry, America)5 AF&5}10] Table 22] B Z 704 AAA] 2Reli} o]l g EAH O & Fig, 11}
7+0] P2(Q1/Q3, 420.9/301.0 m/z) chromatogram 2] peak 2|7} mangiferin FF-8910] 5= & 7|55}10] A akA (calibration
curve)2 2HJ5Ho] mangiferin $F2- A 5190t} ESE ESI(Electrospry lonization).© 2 0] 25}510] negative mode©]| A
mangiferin®] A oFAH E & (mass spectrum)-2- E T 2 Table 22] multiple reaction monitoring(MRM) mode2] R-E-2Hprecusor ion, Q1)

e product ion, Q3)2] 0| A48 Aot Che- BA519ITE mangiferin FE3-8-91-2-0,1% formic acid-S $-5-514=85% 1|
&= 02-837pg L 0] He s ZASIIT:. 124l (9] A& O] mangiferin /32-0] A A =ntE 7S Fig. 30
UERHIC}. Mangiferin E5-2-2 Wako(Japan)of| 4] H[ER2-2 Burdick & Jackson©l|A] formic acid 5 34 A]°FS Sigma—
Aldrich(St. Louis, Mo, USA)ol|A] T18]}o] ARg5}lct,

d
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Table 2. UPLC-ESI-MS/MS analysis conditions of mangiferin in flesh and peel of Mango cv. Irwin harvested from Jeju and Okinawa.

Instrument ABSCIEX Qtrap 6500 & Agilent 1290 Infinity (America )
Column Kinetex HILIC (2.1 mm % 100 mm, 1.7 pm, Phenomenex, America )
Column temperature 30°C
Injection volume Sul
Flow rate 160 pL-min’
Mobile Phase A Methanol with 0.1% formic acid
Mobile Phase B Water with 0.1% formic acid
Time (min.) A(%) B(%)

Condition of Initial 88 12
mobile phase 5 88 12
lonization mode Electrospray Ionization(ESI), Negative ion
lon spray voltage —4500 V
Source/Gas Curtain gas (CG) 25, Ion source gas 1 (GS1) 60,
Parameter Ton source gas 2 (GS2) 60, Temperature 600°C
Scan type MRM (Multiple Reaction Monitering) mode

P1 (Q1/Q3 mass range) : 420.9/331.0 m/z
MRM codition — DP-55,EP-10, CE -30, CXP-17
(2 mass pairs) P2 (Q1/Q3 mass range) : 420.9/301.0 m/z

— DP-55, EP-10, CE -30, CXP-13

*DP (Declustering potential, volts), EP (Entrance potential, volts), CE (Collision energy, electron volts), CXP (Collision cell potential, volts).
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Fig. 1. Calibration curve between standard solution concentration of the mangiferin and P2 ( Q1/Q3 mass ranges, 420.9/301.0
m/z) peak area.
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Table 3. Comparison of total soluble solids (TSS), phenol content indicated by GAE (gallic acid equivalents) and total flavonoid in Mango cv. Irwin
harvested from Jeju and Okinawa.

Location cultivation TSS Total phenol Total flavonoid
(°Brix) (mg-100 mg DW ™) (mg-100 mgDW ™)
Flesh Peel Flesh Peel
RICA’ 134b" 44a 252¢ l.la 60a
Jeju’ 127¢ 2.8bc 244cd 0.8b 460
Okinawa" 157a 25¢ 364a 0.8b 24c¢

“Research Institute of Climate Change and Agriculture in Jeju. *Jeju farm, *Okinawa farm, “Each value is the mean obtained from replicates and columns with the same
letter are not significantly different by Duncan’s multiple range test at p < 0.05 (n=06).
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Fig. 2. Comparison of antioxidant activity inhibition of 100 and 300 g extracts in flesh (A) and peel (B) of mango cv. Irwin
harvested at RICA (Research Institute of Climate Change and Agriculture in Jeju) and Okinawa farm. Each value is the mean
obtained from replicates and columns with the same letter are not significantly different by Duncan’s multiple range test at p <
0.05(h=6).
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Fig. 3. Mass chromatograms of P1 (left; P1: Q1/Q3 mass ranges, 420.9/331.0 m/z) and P2 (right; P2: Q1/Q3 mass ranges, 420.9/301.0
m/z) for quantitative and qualitative analysis in UPLC-ESFMS/MS. (A) flesh (RICA, Research Institute of Climate Change and Agriculture
in Jeju), (B) peel (RICA), (C) flesh (Jeju farm), (D) peel (Jeju farm), (E) flesh (Okinawa farm), (F) peel (Okinawa farm).
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Table 4. Comparison of the mangiferin content in Mango ‘Irwin’ harvested from Jeju and Okinawa.

Location Content (ug-g DW ™)

cultivated Flesh Peel
RICA* 60b" 450b
Jeju’ 5¢ 30¢
Okinawa" 90a 660 a

“Research Institute of Climate Change and Agriculture in Jeju, *Jeju farm, *Okinawa farm, “Each value is the mean obtained from replicates and columns with the same
letter are not significantly different by Duncan’s multiple range test at p < 0.05 (n=06).
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