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Development of a Non-destructive Near-infrared (NIR) Spectroscopy
Method for Determining the Internal Quality of Melons
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B2 REY O SR & IR T 2 AuE, BRI L 72
EREMEZOT EHEME LCHTTE, FMZHE ST,
BRI 2 H S e WA F S H B

FEPEW) SR O IR R A T, BRI
FIE AT, X RIS ISR SN B, B2 FI
AT, 2 B IIWENY 2252121 < (Watada, 1989 ;
1995 : Hakim 5, 1999). ¥T&MATIEL & OFLRE A IL0S
PUXHE IR 2 ZE L, 2T, SRR E A
BiiCh b, —F, MAHEORT, EIEREEIIRE~
2 5T DWIADEAET B 1202 1557 % &t EEEY O Ik
BAEFHINCIIARM X TH S EEZ HNA. TTHEENIZ
HaF A FRrana 7 4 VEOIERIES AT RETH
% (Watada %, 1976). 2500 ~ 25000nm D734} sk 1&
FIEWSIHH S NG, TR ek R 21, %

T 514-2392 = EIREETZEENT FA 360
YP3E - RO ARAR - ZEUDRT — A

T ARG SUIIRE R R A ALK S R INEESIE L 72 b O Th B, AL D —#1d Acta Hort. 566: 483-486, Acta Hort. 654: 229-234 |25\ THEFHE
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ilfi 22 FGH N SR FERE SR 0 R EY) O B & JERE RIS
LI ENHRETH D (AT, 1980 ; I, 1998; Kays &,
2000). HHIZIEBHERIHIITE 2O THIUL, EED
BOEEREIREEL %2 5.

AR ESIE 800 ~ 2500nm & EFE S, Ji R
TORIIV R LB D T < > 536k ik
SRS a2 b EH0s, 2 2 TIRmRYEIRI E
WHSE O AR E R E T 5. THRIBEEEBIE K E 21
$EI% 1 (800-1100nm), FEHIK I (1100-1800nm) B L O
FHILIT (1800-2500nm) 2431 A 2 &EASTE L. e
NOFEIRIZIE, TN RYMEELBI S 5 55T O HHER
Bog 2 e (B 1), % 15 (B, #5465 (3
WD) (C& 230 RS IAG . STHRIWION Y R
KD &9 R RO,
ORI S, 135 2IMITTH 5.

QL BOBERHET L AN FHREL-2), 7=
WIHIBIZ L BNV RSB SND.

@kFH &L ERI (OH, CH NH & &) R4 TH
B BRI % 52 2 BResk (C=0%L) LB
a0 537 K%,

LRIV R b HsnTwizicd b s
¥, FOMESRDH DL CIICHIEIFEE TEL L LZLDT
Hot. FOREMITERLZHEMODD AN I VAT
BMETHH I EITERT S, 2 OB IEEICHIT
ENT-DIZ1968 D & ThHDH. D4, KEEY
B D Norris H1d [ AT MVOKHES LT ORE L X
L) MR A MRS X o T B R IR L 72
DTHDH (BIFS, 1996). 1965 FEEHA B/ E, v E
Oy, TN, K EO5REHR A HIE S,
1978 R IZII/NED ¥ v 73 7 BEEIZ B W T FGIS CRE
HHBWRAR) ORNERE LTRHSN A ICE 72 (A
JC, 1980). HHEIZEI L T, 1975 4E12 USDA 12 B W\ T
WFE STk, HELC, 74—V T A MNHO IV —
F ootk LTL RSN TW S (RBIFS, 1996).
DL, RIS & B IERIERHIE IO
WNE, EARAIEBEEE L RED TH o 7.

FZ= 0B B B0 ik & 2 IRt ic i
W, TR A VD FESEIE Sz TR
EEHICBWTZ ar /A R 74 vBLUT
YRNYT VOWINERET S EBRBNES THhH o7z
72002, W T Lz o L HEE SN S (Watada 5,
1976 ; Czabaffy, 1984). RO IEMIEFHAE O IEICH
WThH, ORI OF DG S zhs, #E
& OWIN A EHBIE DT 5 b DTk o7z (Birth 5,

1984). L& L, ZTOWFETIV—FIEHBEIC [EFRIS
W & B &~ A F O L HERE OIERIERTINE] &%
FL, BEOFHINICBI 2 RENZERERE L. 2
DPEN L FER L L, PEEIFRERTIROX 1 L 25 2
W GERIVEREM) 2RBL, ZoFAEEO—
S TH A 904nm fF ¥ KA ORILTH B Z & %5
RL7zZ:Thb (Birth 5, 1985). Dk, %< O
TENINS 2WREPIMAGDLEZEIRLTEBY,
A0 R (Dull &, 1989b), /NEA A #HEEE (Tto &,
2002), A1 FIHEEE (Tto, 2002), E-TEHEEE (Kawano 5,
1992 Peiris &, 1998b), EE & %7 # ) 4 (Slaughter,
1995), I 4 Y HEEE (Miyamoto &, 1995) B X U341 F v
T IVHERE (Guthrie 5, 1998) (233> C 904 & 880nm fi
FOWEAMAGDOEDERNSN, INEHfEE L TRE
OWEFEIEWBEFHE IR L CETHY, xu s ilEs
A A=V TFFIC LY FHIT BB RO A
A&7 (Tsuta 5, 2002). 5 OWFFE CTIERBIERA
FiI M A 2 1 A O B A A 2 ~ 4 & iy 7
Motz —), ERFRGHTIER L, SROFAEKY
FIH$ 5P L SEYRGH & #BH L7728 % BT 5
A X )27 -7z (Carlini &, 1998 ; 2000 ; Guthrie 5,
1997 ; 1999 ; McGlone &, 1998 ; Moons 5, 2000 ; Peiris
5, 1998a ; Peirs 5, 2000 ; Slaughter &, 1996 : 2003).

AR NI ARAME D B ARIMEA~N &G B ) & 7%
D (BOLENEL 2 5), REEMIIRED X REH
DB % KGO ERGHTIAE v —T, K
BN T2 E /IS5 L S 1D (Fraser 5,
2001).

LA ANRT D VEEE— RIS, 159525 >~
A (BEEUE), BE#EO 3O s, EHEEICH
REVEL, B E IR TR RS (800-1000nm)
o T, ZARGEE (B R%E) oFHINICHEE SN S
ZENL, BEHE— FIEEUERFIISE LT 45 BEOfTE
ICHEHERASRLE S /- b D% TH D (Figl @). 1%
T8 v AE— F EALSGHGHS & AR RS — T A
i S n7-b D TH A (Kawano 5, 1992 ; Slaughter &,
1995 ; Tto, 2002) (Fig.1 (c), 2 (b)). Z»E— FiZFEHC
JEHRSIER & M EB R R Ly M35 2 LA RETSH 5.
HE — NGRS L C 180 FED AL B I f
MELE ST 5 (Miyamoto 5, 1995) (Fig.1 (b)).

INHD3IDODOWEE— FaflioT, WH - EiRYME
R TE T4 70— OFEE, REBIUCRAGEIE
WIEFH L7258, A2 7525 v AE— FAUR b RE
ME D> 72 (Schaare &, 2000). WTARIVIGEIZ X B 2
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{a) Reflectance

{b) Transmittance

(c) Interactance

()
()

Eig. |. The apparatus used for measuring (a) reflectance; (b) transmittance; and {c} interactance spectra of kiwifruit, showing (i) l.l.l.E
fight source; (ii) fruit; (iii) Gbre bundle aperture; (iv) black foam holder; (v) light seal; (vi} condensing lens; (vii} glass top; and (viii)

Mirror,

Fig.1 Modes of near infrared spectra measuremant

(Schaare et al., 2000)

(areflectance, b:transmittance, c:interactance)

JE W it L D FERBEFTHI L S UHE 1% 0 B RE D % 5ok G T
HIEH T OFEBRENTHE SN TEZ0E, THRFARY

MVISIREDORE R Z T A720TH 5. FERMICILIR
BOREYZ T R WHEORBILETH), RERE
B CERIMERESEFIHS 22 8T, O
iR &N Tw b (Miyamoto 5, 1995 ; Morimoto 5,
2002). F7o, ROSNGEFTONRAL T REL 2D,
TS EE & 72 o 72 (Morimoto 5, 2001). LLE® 3 B2
AR IUS, AEE PR REY OIENEIESHISTT R L 7
Zhh Lk, 2 u r REOUFEREINI /MR D & HIT
TH2ZENHEETH Y, KEHE (g 1987), &
HIRE (AR5, 1993) B L REIOEHGEE (Tto 5,
2002) 25 IEBEIRMIHIWTT 5 2 EATRETH L5, 2
OIS ZEEIT2 00 Tid% <, B RIS
R EARIEIERH S 5 & & CIRBEE S o Fmb ik o i A
WAL —BEEs b0l ifishs. T/, EHEER
OEFLHFEO MRS L) —BEmE 2 b0 L HfEs
ns.

FHID SIS 2 LSRR S T & 7272012
HEEOIFPIEFHIER S ITEN T e, BZESHICE
W, BB EZE TRV ORI & B R E A
TWEPHRE I N TWED, Y v T A F (Tsuchikawa
5, 2002) B I URERAR (Clark 5, 2003) FHHIED
DR T AT ¥ % & 72 B3 2= C A B E O JEpi
FHIEE R S Tn e,

RIEYOHRTIRERE LR L LWl BN TEY,
Bl L) b WFZEATEAT L 72 (Birth 5, 1985 ; Dull 5,
1989b) b DD, FEHMHWIFTIETEIL Tz,

PRGN & O RFENERE %IRRT 2354
FENEE OB TRELRBELTELDZ LDV H D (Peiris
5, 1998b). B2, AT DX HIRENEL, KIS

M2 B RFETIE, SHICEELELRPTVL DL
Wz, 20 iZRYHNBETHY), HEofEE L
THEEPEZEMH SN D KA G, 1982). 72, RA
WKBRIRIEIRD LT B 2 E03H ) (N, 1985), =
DIERPMZ T REICZO2 5 L, 200y b OFHGiE
NS DOFEIZIMVERD S OHW R EE (1] 1S
1994) TH Y, HEHB L OWEE NI O 505 I
BEHIEORFEPE TN S,

F T, IRV & B X 0 R IR F N
DHEERBEM ED7202, £ 25528 v AE— F%EIG
L7238 LWk Ax 7 M VIIEFEZ BT 5 &3
(2, T Ex o R oJEERHIE] BX O [x0 Y
AR D IR L] 2RSS L 72

Ew

0 3EEMANYT MVAIEEORF

1 &
PEARIV RN & O SRR & IR 2 5 &
FUE L OMTRERBELZELD Z LD H S (Peiris
5, 1998b). AU VIFRYMBHETHY, HSOfEL
LCOBEPEEMRINS (RFIH S, 1982). HFiZ,
00X ITRENIELS, REMMDH L5 RFETIE,
SHICRAEXRELR TV O LN SN G,

FNHRARI L )12, ERIMREEMIERED &9 %)E
KD B b LR ABOERSITIAMEN . —F,
PRI 2 8T 5 & S5 (Fraser b,
2001). ORI & T3 oDl T — F (L4,
18525 A, &8 (Figl) 2fi-T, ¥7147
V= OFERE, IWEB L OCRAEEFHI L 228EE 1 >
505 AE— R BHEENED -7 (Schaare &,
2000).

il
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FEM = R EY OB IEREER I BWT, A1
BERE (Dull &, 1989b), /NEA A AHEE (Tto &, 2002),
A F THEEE (Tto, 2002), E-EHEEE (Kawano 5, 1992 ;
Peiris &, 1998b), EE & & 27 ¥ 1) v #EE (Slaughter,
1995), 3 % »#EE (Miyamoto 5, 1995) B X UVSA F v
7TIVHERE (Guthrie &, 1998) T 904 & 880nm fi ¥t @ ik
FHAEG LRI S 172, 904nm I 1T AR DT
IXCTd % (Birth 5, 1985). 880nm i1 Z ALIZ A Fifi 3
LHIENZRIEFETH S (Miyamoto 5, 1995).

ZZC, DlkomAefic, wilkibatgick s 20
YRR IEEER IR O BB E N Eooll, 108 T
78 Y AE— FERIGHLH LEib 2~ s b VillsE
FiEER L.

2 K &

AEHImE T TR (A IO R), T—VA
T4 MNER2E (FAHIDIR), T4 T 7 =—328 (H
PAEA) (D, DLl 2 @fliz [7— VA xa v ] LIfESR),
‘LHWwEEL (KAIER) B XU PMAR Nos & %% 3
T ORBHRL (LI, [RRHRR] LIER) % BMKE
B - FEABRY (2001 4 4 HIC [HOTAT B AR
SEFAGIFFEREHE B SRS ZERT 1, 2003 4F 10 A L2 [Hhar
ATBCE NS - AW IR 78 i SE BT T e B A AT 328 S
ZeHT) ISR BETE) WY WA A CHEE L. 7

TR FEHOERTHE TS ), ENTEED
LR TH L. IS MEREE oW % Table 1 127R

L7z 7z, Bl3& 2003 45 10 A LIRS L 723l a1t
BLOWH 2 0 > OFEE% Table 2 IR L7z,

fEH L 720 d/b o ot R HE G 7 7 A N — 235 L7
NIRSystems 6500 (NIRSystems, Silver Spring, MA, USA)
Thb. O IOERAEIIHAYIHEE SN TEY,
ST 7 A N—= KGO D S T ARAEATEEH FE 5T
i, WENZEARYDE %R 2 2 55058 4 (REEDE 7 7
AN—=, 428525 AE—F) (Figl6 (a). K77
A IN—= KGO A B FFEIZ IR & 2 aRs LR
EHEAERL, WSR2 W RoES MRS s T
REXHT, K7 7 A=K HOFLH Eos
WIZL o TED SN L (Slaughter, 1995). HH, HE
R ETOWEESMIIA—TH Y (Peiris 5, 1999),
A0 2 TIERFEACR TR AREE S R OKEF S,
1971). F7-, BEMLEIBIIABICL Y BEDICHERTE
DT, AN MVIERZE LTy M52 EP%E
5 ThhH. TIT, REOIMREHZ A7 MVIHIERSA
ELAVE T AE—FIZBWT, BT 7 A4 3N—
K DZIER L SR R L oM ERb IO TAN
7 PVERBIET L ESERDE ([Hih A ~<7 b VillE
#1) (Kawano 5, 1992 ; Slaughter, 1995 : Ito, 2002) T
HY, K77 AN—KI L RELDMZ 2 ~ 3mm BET
AT PVIIEEAS IR S 5 [FEE A~ OVl
EE] ThDH (Fig2 (b)), M7ETRIEMLFH O AN
7 MVERE (FRAXZ M) L, HEEIEREIERHIE
HeEXEEM EICEE LT A2 F 10, ¥ v 7 0nm

Table 1. Melon samples cultivated at NIVTS

Samples (n?nz:;ce : Numb((er)of fruit Brix (%) Note
yy n Range Average * Std
‘Andes 06/98 23 9.3 — 181 14.31 + 3.10 For calibration

‘Andes 10/98 24 99 — 144 11.74 = 1.24
‘Andes 06/99 19 10.0 — 17.0  14.38 = 2.26
‘Andes 07/02 18 10.4 — 18.3 15.76 = 1.95
‘Andes 11, 12/02 10 11.8 — 20.2 16.64 = 2.77

""" Progeny® 06,0700 71 52-160 1050 =236  Forcalibration
Progeny 06/01 26 82 — 158 11.61 = 2.25
Progeny 11/02 14 55 — 156 11.57 + 3.28

(Barlsmelons)
‘Earl's knight Natsu No.2’ 07/99 12 85— 152  12.63 + 2.89
“Tiffany 328’ 06/98 10 9.6 — 14.0 11.24 = 1.39

(Nonmnettedmelons)
‘Shirayuki EL’ 05, 10/00 24 7.1 — 16.6 11.99 = 3.58

* Progeny from the cross between PMAR No.5 and Harukei No.3
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Table 2. Melon samples(Progeny * and retailed melons, per flesh color)

Sample Production (mD;;;y) Brix (%) IS[ampleichhapte\r] Note
(Yellow flesh)
35 NIVTS 06/03 154 O O O
45 NIVTS 06/03 13.8 O O O
84 NIVTS 06/03 14.3 O O O Water soaked flesh
25f12-2 NIVTS 11/05 54 O O X
45f12-1 NIVTS 11/05 4.5 O O X
45f12-2 NIVTS 11/05 4.8 O O X
64f12-2 NIVTS 11/05 4.1 O O X
33f11 NIVTS 11/05 3.9 O O X
76f12-1 NIVTS 11/05 4.6 O O X
25f12-1 NIVTS 11/05 9.7 O O X
77111 NIVTS 11/05 10.8 O O X
‘Otome’ 2 Ibaragi prefecture 06/03 13.8 O O O
Andes melon 1 Ibaragi prefecture 06/03 12.7 O O O
Andes melon 2 JA Kashimanada 06/03 19.1 O O O Water soaked flesh
Andes melon 3 Ibaragi prefecture 06/03 135 O O O Water soaked flesh
Prince melon 1 - 06/03 17.0 O O O
Prince melon 2 - 06/03 17.1 O O O
Prince melon 3 - 06/03 11.9 O O O
Andes melon 4 JA Shounai midori 10/04 5.7 X O X
Andes melon 5 JA Shounai midori 10/04 13.7 X O X
Andes melon 6 JA Shounai midori 10/04 10.2 X O X
Raiden melonl JA Kyouwa 10/04 14.1 X O X
Raiden melon2 JA Kyouwa 10/04 11.6 X O X
Earl's melon 1 JA Tosashi 11/05 14.1 O O X
Earl's melon 2 JA Miyazakityuuou 11/05 13.8 O O X
Earl's melon 3 JA Kamoto 12/05 10.6 O O X
Earlsmelond JA Shimabaraunzen 1205 01 O O X
(Red flesh)
29{8-2 NIVTS 06/03 6.8 O O O
76 NIVTS 06/03 7.2 O O O
20f11 NIVTS 11/05 7.3 O O X
‘Quincy’ 1 Kumamoto prefecture 06/03 15.9 O O O
‘Quincy 2 Kumamoto prefecture 06/03 15.4 O O O
Rupia red melon 1 Ibaragi prefecture 06/03 114 O O O
Red 113 melon Hokkaido 10/04 10.0 X O X
Rupia red melon 2 Hokkaido 10/04 15.3 X O X
Earl's melon 5 JA Kobayashi 11/05 15.4 O O X
Parismelon - 1205 48 O O X
(Green flesh)
‘Takami' 1 - 06/03 12.6 O O O
‘Takami' 2 - 06/03 6.5 O O O
‘Takami' 3 - 06/03 14.2 O O O
“Takami’ 4 - 06/03 12.4 O O O
_Takami 5 JA Kumamotoshi 06/03 65 O O O
(White flesh)
Yellow king melon 1 - 06/03 13.0 O O O
Yellow king melon 2 - 06/03 12.7 O O O
Homeran star melon1  Ooyodo 06/03 - X X O Browning flesh
Homeran star melon 2 Ooyodo 06/03 - X X O Browning flesh
Homeran star melon3  Ooyodo 06/03 5.5 O O O
Homeran star melon4  Ooyodo 06/03 9.2 O O O
Homeran star melon5  Ooyodo 06/03 11.2 O O O

* Progeny from the cross between PMAR No.5 and Harukei No.3:

DEMET 2 K AR P IVIZER L7z, AT NVl
ER, RFEMEIE T 7 A N — KGR OBER &
FIEFALTHD 1I8mmEDIN T K—F — %o TY)
DI BN RAZBA Ltk o THA LIz,

HGTEE L, S T ORERE & IR E AR R (7
% I, DBX55) % flio THllE L7z

FEIEIRH 2 R A2 bV (750 ~ 1100nm, 2nm
MIRE) OWOGEE & 28 8, FEIR SR AHE B o F2 I fiE
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OB L A EEFRE R L7z WSS X
HBFGHRZ BT, A T AR AT — T D54
BRSO TEMBERE MR) B L OHVEKO
¥ % % & |7 Standard error of calibration (SEC), %15
BEHIREIZ BT, A EOHEERE 2R 72012
Root mean square (RMS) (2 & V) 5Flli L 7-.
SEC B X U°RMS DA% FIZFLT.
SEC= ¥} (¥ (XY)? (n-m-1))

X= HEEE D IR

Y= HEREDHEEfE

m= HEEUFUERA L 72807250 %

n= B
RMS=‘FHiR (£ (XY) ’n)

KB O Mg % Fig2 (a) \RL7:.

A ANRT P VIlER L OCEERGHTH Y 7 b
7 & LT, RRLEARIMEGEEEHIATE L 72 NSAS (Near
Infrared Spectral Analysis Software) ver. 3.27 & i L 7-.
W A7 POVIZEEC X 2 HEEME O P ME R O B
EE t BUEER TS 7z

BES, (AZ70—RA, Z)Va—RA, ThVr h—2R) &
L THEOR RS L, MR T 2idehzivhiok
BN LD D% LT 7 Ly AR EDY Y TV v T
AN, A28 5 0% AE—FTARY PLEHIE
L7,

WEoOEEIEEREA s O~ NI 74— O TER
L7z. §7Z%&bbH, # 7 2Lt Shodex Ionpak KS-801 % fifi F
L, mERIRLER T — 7 2/l L7z

3 HBERPLUER

a SEEEMANT NVAIEEDRF
#2155 72012, T U F A TIERBD
LRl RELERALL. —FH, REBROREFED
WCHE R AR B L SR B D B L BERE TS 20 & I T S
7eDT, TYTA OREEITRLR o THLIZREL
L EREHFDIL S o728 F z btz Lz aehc
BT, FEEE L 72 R AT SOV OWGEE (33
ELIEANRY PVOBEL D b BTIR o7z. &
72, 2RO ARY PVIZBWT Y, 5 O 2SR
DOAERIEDNE { Tp o7z, BGARZ MVEIEFEIZBWT,
832, 858, 950 1 & 0" 1018nm 14 TG D A3 1
WA EH L T/ (Figs, 5).

WERE & KW EOWIGE L OMBREE L% &, 980nm
fHEE BT, FEEMA R MVElESO A O
RHDE L R HEIN DD o 72, T D 906nm UL

bEVAEOHBRKARL, Ty TR TEEMANR
7 MOVElE CHBIREUL -0.24, FEEEML A~ 7 POVEIE
T -0.46 (Fig.4), &KFHAL TIEZN2E -0.23,-0.28 TH -
72 (Fig6). 2 R AT PV TIEEANRY bV e R
D, B E L ORICIETIZ %R S BOMBED T 5.
CD XA, Ay PVEERE T TR
BV THER AL DML & bt T % 906nm i
¥ (Birth 5, 1985) OAHBRE & LT 5 2 LhsHiskz.
ZEHEARTIRFEBE RSB 2 HBRKIZIZIZFRETH -
b0, Ay PIVIIGEIC X B R O B
e R AR S 7z,

RELNT 74 N— L OHBEORIZOWT, K77
A N— K & FE L OEEDEEN S 12O N TRBE o
KHEDNEL B ZEDHO N E R 572, A0 Y OEH
EMMTH Y, kT 7 AN LB E OO %
ICERET S EDWEETH D), MM T Imm FEEE 1T
b IDB. F0h, WHREOHEIFEEZZITLEELD
nrz. I, K7 AN—KimE RELOHEY 1~
6mm HE L 7234 b, 832, 856, 950 F & U8 1020nm fi 3T
THOEEDOES O~ PO LTz, ek, A
7 MVEEISRERNICAE R 2y PLTBY, Lol
WZBWTL /A XAV DZ &3 hh o7z (Fig7).

b FEEREROIEMN &5

Ty TAT THANRY MVEERIZB W CERER
AR L72RER, € OMSIZEE s LT 906, 884, 762nm
AEH L. UTIcZoX%RT.
FEREME A =y N OVEISE
PEEEHESEME (Brix%) = 7.397 — 3008493 X 906nm+11950.57
X 884nm+198.881 X 762nm
Befii 2~ 7 b OVIIGE
PEREEHEEME (Brix%) = 10062 — 1820161 X 906nm-+6063.542
X 884nm+195.532 X 762nm
RLZZERE, SERICBITS 2 KMGART MILOW
TR IR

GB, TyTRA OFEMME LI AT Vb
YRR L 72 EAJRAUTIE 1998 4 10 A1 v %2 ffio
T, WA T A%RFHIERICHEHE L7,

B THA RS P VRIZEEIZ B TR L 725 ]
JEx ITISRT.
FEREME A s N OVISE
WEREHEERE (Brix%) = 14488 — 5308838 X 902nm+9930.148
X 876nm — 4091.25 X 856nm — 531.028 X 828nm
Befpi 2 <27 D OVIIGE
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fnl utline

(blMeasurement of spectralin a interactance model

Fig.2 Procedures of experiment
(a) Outline
(b) Measurement of spectra (in a interactance mode)

BEEEHEEME (Brix%) = 10819 — 514274 X 902nm+5595917 MLEIR U728 9102, FEEAE L7z AT M v g
X 876nm+382.004 X 954nm+1224.188 X 1012nm > TR L 72 mm 0, 37 L 72 &2 Ui A,

TLAWED, GEEICBYS 2 KB AN ML Ol BT AEEOMAIKE ok £ FOERFR
JepE & 455 ZBWCh, #1HEE LT o04nm f45F, 2 EE LT
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speettral measurement
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(b} Contact speetral measurement

8367
o L3
RN 3] Kt PR
= R
i
= .onan

‘B316H4

6547 el

758 2A0 856 Em TR 1060 150 110
Wavelength (nmd
Fig.3 Second derivative spectra of melons
(a) non-contact spectral measurement
(b) contact spectral measurement
(n=23, ‘Andes’, a sample set for calibration, NIRSytems 6500
spectrophotometer)

1
non—contact
BT = contact &84
]
6 —_—
4
9
0- —
75 (nm) M1 850 T R2-0. 24 ! 10
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Fig.4 Correlation coefficients between Brix of blossom end and absorbance of second derivative spectra

(n=23, ‘Andes’, asample set for calibration)
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Fig.5 Second derivative spectra of melons
(a) non-contact spectral measurement
(b) contact spectral measurement
(n=71, progeny from Hrukei No.3 x PMAR No.5, a sample set for calibration,
NIRSystems 6500 spectrophotometer)
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Fig.6 Correlation coefficients between Brix of blossom end and absorbance of second derivative spectra
(n=71, progeny from Hrukei No.3 x PMAR No.5, a sample set for calibration)
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Fig.7 Second derivative spectra of melons influenced on the distance
between a sample and the end of a fiber porbe
(‘Andes’, NIRSystems 6500 spectrophotometer)

880nm {31 % BRH L 7=

INHEL 2HEEOHMAE DRI, RWIZ, ¥~
A FEZ B & OWEEE O JERIERHINE R S O BR ICBR A &
72, 904nm 35 13 R AKALH DI T & % (Birth &
1985). % OB INS 2 R LU MAE DY
FEIRLTHY, M2 4o 8 (Dull 5, 1989b),
INE A A K HEE Tto 5, 2002), A F T4 EE (Tto,
2002), “E-EHEEE (Kawano 5, 1992 ; Peiris &, 1998b),
XL A7 F ) UHEREE (Slaughter, 1995), 3 71~ HHJEF
(Miyamoto &, 1995) 3 X U834 F v 7 VHEEE (Guthrie 5,
1998) 128\ T 904 & 880nm 3T D Ik KAl A b 78
FEIR S 72, 880nmAF T 1L F IEAY 72 i & T d % (Miyamoto
5,1995). 4tk b O E (904 & 880nm 13T )
DHAGDE % [HEEHEEDOF A PE] LIER 2B,
Kawano & (1989) (%, 906nm ff ¥t ™ /N> K% C-H f# i
DEIRFEHE L.
ZRHERTRERFEROE S, 4R L LT, Bk
AEOAEICIR ST 2 BRI SN Thbb,
et A <7 N OVIlIE S B W TR 0 856,
828nm, Ffih A7 bVl TILEEEM O 954nm 7°
WA &Nz (Fig3, 5). Mz T, 830, 858nm {313 IEHE
e L7z 227 b VIZBWT, HEEE AR (FHEE AR
BAXOfE) OE, 1008nm (ZFEALHE L 72 2~ 2
PIVZBWT, B L AR O R TH o 72, 954nm ff
VLI 2 KM AR NIV OWRIGEE & HERE & oI Hiss
EWIEOMBIREZ R L720T, BEE & IIEHEBRO %
WERETHE EEZ LN (Figd, 6).

T TR CIRERRR OMITZEBAHEEEHEE D *
AWROADEEZ, EREY STy 7127
FTAHEHFTHY, I, #ARZ MVHE L725E1C

ZFOMNIIR AT TH -7z (Fig8 (b)), THZ &1
YRR OB % 1A LS5 202 hoEH e ) A
BUNEL W & &R

FRRoEMER AT, ZNEIET 5 KA
BOMEEAHEE L7z, ToORE, A< bVllE
L7z 2 u » Ot IEMHES/ NS wb oD, T T
A" BLUORRHEROMH L 722ToT y MZBWTHE
EREEAYE L. Thbb, AT PVELD
b SEC 13K <, BRI E < &) (Figs, 9), 1EH,
HEAERDE 7 B A1 >0 RMS 13K < % - 72 (Fig.10,
1AM, 72720, Ihoofuy boFIZiExngT 5
TTHEE MO % t BOEIZ T 724558, A B0
ST, WM O HEDFHEOT v b RBO SN,
Lk X iz, BEEEHEER:IC 906nm & HA G D INT
bz 884nm T DWW RIIMIEN LR L 1575,
TUFA TRIOEEICLST, A TNHNAT A
AREL Y HEREMRTT 20y MO LN,
FZ T, —HBow vy TlX 906, 762nm @ 2 I E % H
L7z, &Ftsay NPT, 8iA~7 MVillsED 3y
NCZO2WED T HHEREN R o7z, —T, I
filt 2227 FVHIEETE 02 EEDO D HEEREH A
MolzDIIE&D1H Y bOKRTH-7: (Fig.10).

SR 2 A 0 DU R 1 VAT 1 L SR B2 o0 B AL R0 e g TR
ENPSHEESNOT, TryTA ORELITERS
THLZRFEICL Y REEHIFESIL S 7- e E 2N
A, ZORBIIBNTY, AT N OVlE I R
AT FOVIEORERESEERE 2 U L, M ERUH
AEHCIRR M A < 7 N OVIE RO T SKEEE DS R o 72
(Fig.9). L L, RILETIZ RMS OfliiZIZiZIE LT,
XG5 MHEEM % t MBS AT 765 R b A B0
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Fig.8 Plots of actual Brix v. NIR-calculated Brix
Comparision of non-contact spectral measurement (left, O) with contact spectral measurement (right, @) . (n=23, ‘Andes’,
a sample set for calibration)

SNz horz (Figll 72).
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Fig.9 Plots of actual Brix v. NIR-calculated Brix
Comparision of non-contact spectral measurement (left) with contact spectral measurement (right) (n=71, progeny form

Harukei No.3 x PMAR No.5, a sample set for calibration)
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Fig.10 Accuracy of NIR — calculated Brix.
Comparision of non-contact spectral measurement (open plots) with contact
spectral measurement (close plots) (‘Andes’)

OHEFEHEEREZUE L, tREOKR I AR L o7
DEEENL A Y P AT VORERTH 72205, /— %y
MATrThsb LowEEL BLUOREELE TR
A0y CHE#HAYROILC LTy MZBWTHIE
Fefil 2~z N OVIIGE B A RS OV ISE O B A S R
BErtE L. T bbb, FANRT FVEEREL D b
RMS (< %2 o 72 (Fig.11 fi~1f).

Figl0 BL U112 A2 EHIS AR L9112, HhkA~
7 M VIERF O RMS (FFEHEAR A <=7 P OVIIEREO Z
EHBL T, BEIEAKE o7

Pk A <7 PVIIEIZ BT, FEHflA RS POVl
FEOEMIFROMITZERHE LTHRHA L0 LR LER
(902, 876, 856, 828nm) % #RH L CHERIGEA 2 1EM L
Th, BICHRHALCABRRELIBTSE, 4110y b T
RMS MRV DHTH Y, Mz T, AT RVl
EOEMEFNR L T 2L, &£Toay +TRMS 2%
K Tpotz (FT—F ).

e 2 <7 N VIIE R RIS 25612, EREL I
B L CHEEREA RS ETh UL, ekl L CHfEEh
JE EASHIFECE, 7 7 AN —Kin L alpt A H s
BUBEIIR DT, 7 7 A N—=KIIHEIUI L 2 b,
F7z, LUV ISR L IEHEATH S DT, JEE
DIWEERTH S [HRE T 0L 2EH | 2 fes 2 5
(RIF 5, 1996).

TrTA REREE LT 7 A N — KGO HEHEAS
2 & 4mm O & X2, ISR L2 ERYRAIC K DR

HEEMIZE N 2155142 15.031CH D, 1ZIFF L TH -
72, FZC, 5% 2~3mm IS ETLHIEE LT
ko X912, mARALY 28 OWIE CTd % 904nm
fHEOEEEERFROMVEH L LTEDL I LIZK
D, BEki GEfh Ay OVIllE) &R L TR 2
N7 N VIIGE IHE FEHEE RS DS S 2, ST A T AT
TE, RELZFHIDSTREE 7o 7z

c MEESmZAVEE

BHEL (Arz0—X, F)Va—RA, TL7 =) B
KOARYZ M NVEATQ VRIS V5 T0 85 v AE—
RFCHlE LS, AZ70—ATIE916, FVa—RE&
TN P—=ATIER20mEE—2 by T 3570~
R 278D 5 Z ENTE/Z, AT YDANRT ML
ZE L2 RYMER BBV T, ThsAnryoE
L7 W HERE OWIN 25— 3 L CRRD H M7z D1x 2 WL
WOKRTHo7z (Figl2). I, FEMEEHIH =R O
M7 E LCRA L7, R AR OB & b
TV % 902nm fF3F (Birth &, 1985) 1 Z OWLINH @
PEIZRET 5. Tto (2002) 1ZAZ O —A, Z)Va—2AB
L7V 7 b —=AHRIZTRED AR M Vi
oI, MR N EIRRICERR L CTARZ ML
FRE L. BHEOEEII AT IZBITLEEY ZE
(TIto &, 2002) L CHE LR 2KMGTARZ PVIZB
V7 % 902nm DOWLIEREE & EE & OFBIREIZA 7 10— 2 0
~12% TI-0.999, 72— A0~ 5% CTiE-0994, 7
W7 F—=Z0~5% TlE-0.99 &I dEuiE %R
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Comparision of non-contact spectral measurement (open plots) with contact spectral measurement (close plots) (progeny from

Harukei No.3 X PMAR No.5 (P), ‘Andes’
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Fig.12 Second derivative spectra of sugar powders

L7-. F7-, 831, 861, 951 3 &£ 1" 1013nm TG I £
OREE > THY, A0 EFEEC, 832, 858 B L O
950nm 1 ¥ TOWLE X P affE T - 72 (Fig.13, 14,
15).
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Second derivative spectra of aqueous solution of sucrose
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Table 3 1278 L7z & 912, MEEE oM e & FEmIC
BHLZOERELES»oTy FEMERA L FEED
70 ~ 80% IIMEE R CTHATRETH Y, FWTIIHETH
HIERMERTEL (KNS, 1982). fEOMEMR (E
) DM E LT, 2 RS AT FIVD 902,
876, 828 B L U 856nm OWILEARMA L. I oD
AN RIS OB IR L 7o A e M T
5. e O BEAHBEAREULIEEM A <7 bV

Second derivative spectra of aqueous solution of glucose

BEET 091, FfiA<Z bVEIEET0.75 TH -7z,
902nm D WEGRE & FEFEBILE & ORI BT IER A <7 b
JVIISE T 0.45, B A <7 MVIIERET-024 TH Y,
i BE R AR E R & [RIRR IS T O T AT\~ A F A D
AR L7z RABEE LT, MEMERHRARCE
Ny 7TrFA BIUOT— VA AT Y 23
R, WE/BEEOMS 9% BEOT Y M TIEMARY b
WVHEFEICBWCHBEDHEEFELRL, Thlito
Oy b CIEIEE A X7 MVIIEEO T s HE 2 RS B
<, 200247 HIZIWHELZ: 7 7 A CRRIEHEEMED
PRI A EZEATFED S 17z (Table 3).
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Fig.15 Second derivative spectra of aqueous solution of fructose

Table 3. Calibration and validation for sugar content in melons

Date . SEC or RMS
Sample set (mm/yy) Sugar/Brix (%) Non-contact*  Contact *
(Calibration)
_Andes’ 06/98 756 47 123 199
(Validation)
‘Andes’ 10/98 83.3 £ 4.0 1.39 1.52
‘Andes’ 06/99 787 = 34 0.96 1.01
‘Andes’ 07/02 729 £ 1.6 1.08 2.92
‘Earl's knight Natsu No.2"  07/99 796 £ 5.1 1.54 1.55
‘Tiffany 328’ 06/98 79.6 = 2.7 1.46 1.45

* Indicated values mean SEC for the calibration sample set and RMS for the validation

sets, respectively.

:Significantly 5% level between the values (t-test) .

PLEIDRLz & 902, JEEm A~ bVIHIEEOREHE
SE R E | IHE BEHE 2 e &[RRI, $Mh 2 < 7 M OV HIE EE (T
R LIRSENYUGE L7
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PRIV I X B A 1 s IR R R R O HE 2
EREDDIZ, 48505 v AE— REIGH L7
LRI A~ Y b OVIllE T2 BHgS L 72

A5 T8V AE=FIZBWT, 7 7 43— Kii
R E OEEDEEN B 12D N TWEEE O AR A5/
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W A7 MIVOBSHEDOEAE B ENE PO L Tw
oo B, AR MV IZREFENICEE Ry b L
TBY, COEHEIIBNTL /A APEYDZ L E%
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AU RELIT 7 A N—RiDOHHEA 2 & 4mm D
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JiDSHHBIRE & S B @A o 72, T OIS
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PR EIZL, kT [~ PVIlED] LI
ATRBIL72. F72, REEIEERCcHlETE UL, 78
WMOMEEHETH 5 FHE T 0 ZEEIEEL 40 5.
HRIRAL R0 B O WL T dp % 904nm A+ 3T O i & %
R OMIEE LTEDDL I LIZLD, A~
7 MOVIIE & B L CIRREfm A 2 N OVIIE [0 A
FEEED SR, ET A EDNTE, L5%E LRHIAN
WREL e ofz. TORZR DL E - WUHERE - S4B - (ER
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876nm) DIz, 856 B £ 1¥828nm % FEH L 72. 830 B
£ O 858nm 3T 2 R A7 bV OGO E DS
YOO L, M5 & OB Y o0l ETH - 72,
PEREEDANRY b NVEA Y555 2 AE— FTHl
7E L 72458, 902nm {3t DU & MR EE L OB IE R
<, WBROARY PV ERRELHERD, Zoffao
WRIIHEOWIN L R H D 2 & 2R TEl. F72,
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fHEcEufiiTh o7z

FEHEAR A AT VI E R OREHE R EE  WEEEHE e e &
FRRIC, AR MVEEDE ek RS TaE
L7,

I kX0 EEOIERETAIEDRR
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PEARIV NN & B BEREY) L O IR R I AU
O EREY % 0t SAZIRE R T O EERE PN TR ST
720k, WHRIANRY M VHIREDOEE R ST 5720
Thb. FHMIITEEORELZ T W HEORSEE
VETHY, TOWMEEMIIRSN TS (Miyamoto &,
1995 ; Morimoto %, 2002). F 7z, ARG ERT O /N
LA HE L 72 o 72 (Morimoto &, 2001). ZH 512k D,
BSIREOREY IR T ORI BT, iR
128 EWNT THEB PRI ORISR L 72 5
ZEDHIEEE R A a s BEOIERIZA B S
s 2 2 E0WEETH D, KRB (1, 1987),
FEEIRE (AR5, 1993) B L CIRBIOEHRE (Tto &,
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AEHEEE T VAT MERESR (FH ISR
% 2000 F 12 RMOKEAESE - AR BRGNE = vy
A TR L 7.

L 7B/ e R 7 7 A N =2 B L 72
7 K% K-BA500 (IV#H CTHEH 3 % K-BA100 ® 7’1 | ¥
17) THDH. EFRNART MVORES L 02T
NEDV T v 27 RV VNIAL VA=V LT To
72, ZONT 7 A N—KImONHGHBOBE L, FEN
HMOBHRSEONL L )12, TECTHH LaRkat
FHEEREFO Z & L T 40mm & )5y (Dull 5, 1989a)
(Fig.16). ¥ =\ AN TIIAEDEE % #IT 5720
12, A0y 2B TEVRELRMOIE A7 MLl
EL HANRY MV 13 RA ¥ b OSMT 2 kM
ARG NVIZER L7z, AT MVvaillEfk, RIELE
a7 7 A= RO ER L 1ZIZF U 40mm F
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Fig.16 The end of fiber probes
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THIE L7z, 2000 4F 9 1 HIZIUE L 72 16 5 % #iiw:
BB & L, RIAEIRER 2 IRy A7 M Lol
TORE & TR, AT AR ANE EE O FERIE & TR A &
T o EMEGREVER L7z, E L 7z E R %2 o T,
1 6 REOIIREEEL ZHEE L, Z 0o 1 RFEIIHE
JEfEEfE =5 ) v Lz ERJRGHB L Ot e
CRPIE 3 2 Wl EESE RIS & 02 1 0 FIg M O F B 2E0E)
I% Microsoft Excel 97 % f#/{ L 7-.

PEEEHE E A B EEF RIS BWT, N T A
RAU =T OFEENMEL 55 v TEMBREK
(MR) B X OMZEH O %% % 58 L 72 Standard error of
calibration (SEC), ARENFVERFAMEEIZ I\ C, HEEEAE G
fEDHETEREE % 773 72 12 Root mean square (RMS) (2
L YEHIL 72,

SEC B L U°'RMS DA% TIZELT .
SEC= P/ (£ (XY) ¥ (n-m-1))
X= HEREDZEHIfE
Y= B OHEENE
m= EEUFUIERA L7272 80 %
n= B
RMS=F/iiR (£ (XY) 7n)

Photo 1 {248 £ A 1 > & IR EEEHAI B O KR+ %2 7R

L7z

3 RBRPLUOE=E
Vo ZNCHIGE L7288 B AT > o 2 IR AR

7 MVIE, TGER AT DAY PV E RTERGED
BENA K E 2o 72 (B2 906, 874, 950nm 1), il%E
BrO B =)y AN OIREIL 40 Rz Tz, —,
IR A T T ZEIR T CARYZ MVvaEflsE L7z (FEEEE
ifE 23.8 £ 03C) 720, #Lxnoy LU#ER AT ST
IR > Tz bz bz B, AT YOk
FERPHIE Figl9 B L OF20 1R T L9 ICIEIEFM L TH -
7z. METRLZEIC, TRV IR RO FE R )
ELFTAERZ - Ch, 832, 856nm FHE T 2 KM A RS
MVORSHEZE BT POE L Tz, £/, TED
FER & B LT, 2 K AT IV OWRIGEE O Hkf
& 52—/ & D o7 (Figl7, 18).

M AR E Ry O FAHBI R BUIHE I E O X A R TH
% 906 & 874nm T 0.923, %3y HE & L T 830nm % £
L7228 5120932, 2512, B4R L LT 856nm %
L2 X120937 THo7z. DO LIS, 8H3 H
4R LTHOUEA Y I TR 2l EE A L
7oA, WUHEfR A 1 OFEREHEEREE 2 RE (ETH 2
EiE o7z (Figl9). DEOKEIIBWTYH, 828nm
REAWREE LTRHETAZ LT, MESERHRE O
WEEEHEERBE A RS CUET L2 Lidhh o7 (Fig9).
DR WAERL L2z E R %2 7R d .
TEREHEENE (Brixds) =6.967 — 28714.585 X 906nm-+99469.508
X 874nm+72413.86 X 830nm+83480.983 X 856nm

R L7 RII BRSBTS 2 RBGr A7 bV Ol
T AR

Photo.1 Non-destructive determination of Brix in a growing melon using
Near Infrared spectroscopy (image)
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Fig.17 Second derivative spectra of harvested melons
(n=16, ‘Earl s knight Seika’ , a sample set for calibration, Kubota K-BA500

spectrophotometer)
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Fig.18 Second derivative spectra of growing melons
(n=5, ‘Earl s knight Seika , a sample set for validation, Kubota K-BA500

spectrophotometer)
B ERERE & 35 L 7o R, EURROM A E LTl Zdhor. TOXIIE, BELCEZBZIZE= LY
FEHEE D ¥ A P R12830 B L UV 856nm 25 B &, HE AT, RMS 28 £ 0.829 Brix (%) &\ 9 51 T I £
BEHEEDOF A HETHEELZEUEE OFREL KEL O B OIBIERHIAREL 072, TED TV T
gL (Fig20), tMEDHRER, INH4BREIILS A OFRERIZB T HPEEEHEE O F A PR THEW
PEREHE M & FEHME L OFHEMICHEEEIREO LN KRERNA TANEAET D Z L0 LN, MO
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Fig.19 Plots of actual Brix v. NIR-calculated Brix
(n=16, ‘Earl s knight Seika', harvested melons for calibration)

18
® @
16 ¢
=
o 141 PY
E
= 12T L
Q
= "}
2101 AN
§ n=5(8~-9/2000)
=g Al
= . 906, 874nm
6 B 506,874, 830um
L A 006,874, 830, 8560m RMS=C. 829
4 } } f ] ! ] |
! [ 3 10 12 11 16 18

Actual Brix (%)
Fig.20 Plots of actual Brix v. NIR-calculated Brix

(n=5,

4 P RIF T EOKEAEA SRR L 72 EBER T bR
S, Hp B AR - B - 2 - RO BN L
TOEfA R MVEIEROHEERBE X E L 72D T,
830 B & U~ 858nm AT 1L I A <7 R OVEIEREIZ F A
WROHEREHET 2HEFHLbDEEZ LN &
B, KBA DO CTIZFigl7 BL O 18I1I/R L7z & 9 12,
980nm LA CTHR = FHIASATRETH - 72D T, 1L
FEDOWRIIMETTE o7z,
FREMFREH ST 1B EREOHEEFE=S Y ~
FUTRER, IR CHRESAER L, ZORBRY

‘Earl" s knight Seika"

growing melons for validation)

ETAHF R ENTE (Fig2l).
PLEIDRLZ2 K912, DHERRFEDO AR PV EZD
B S 20 SRR L 72 R A T, 1 RS
JERHEET B Z EHTREE 7o 72
4 1 =
EMEICBWTEEIEICBNTEL N
(2, T ALE ARGV EEEE 7 R 4 K-BAS00 (IVE# Tl
M35 KBAI0® 7’1 b A7) VT, #fLEEFE
OHEREIEBIER I O 7] B 2 AT L7
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NIR-calculated Brix (%)

n=1(8~9/2000)

35 40 45

Day aller crossing
Fig.21 Monitoring of Brix in a growing melon

(n=1,

BRI XV ESN AT YD 2 RIS ARY VG
HEBREEL D OB ERETEBIRE L, TEOAT Y
2R AT PVERET B &, WG —HTN S
WHDTHo7z., TN hhboT, WHEERERED
R NV ZOFERE IS SRR L 72 ERFERE v
T, B ERFEEAIEE T 5 2 L AR, RMS 27+ 0.829
Brix (%) &\ ¥ TR B X 0 U HERE O JER I ET A
WEETH o7z, AT, ARFEI X PRI RERERE
PHRALAL, TOBREETHETAE=S) Y 7T5HZ
EWRTET B, REEFROMZERE LTHRAL
729 =13 906, 874, 830, 856nm TH V), M FETIER L7
TNFRREMROP B E VT2 Tz, MERIER
FHONHERA T & GHIH OB AR FETIHIRESE R - T
W72 O EHERE S NI-AY, 830 B L UF 856nm (348 I 5
OHT 2 W (THEEEOF A HE] THRELLKRES
INA T ARYETET.

NV K2 K-BA100 (L&D AOVHEED
FERRIRETA

1
BEESOHMTRRICB VT, NI 5
WS, FEICEL T TIETAL, HIFOBELEISIZY
V7 LTI % 5 R WEENIFEIET 5. AWIZEIC B
THETB LT TR L 72 FERE 0 2 Bl & 2 b+

[

‘Earl” s knight Seika' )

Blzwlz, (RR) 7 A% & K-BA100 FIO 1 > fEEE i i
MOIFFSE % 4T > 72, AWFFETIL K-BA100 % L
FERTHIS & O L7z 2 0 o & 5H L OB e e RS
JERFHIIT 2 2 & & L, BRI A T RGO
MRS UCHRA L7zl R A RAE L 72

2 B &

AR A T I AT B N SR I SRR T S
SEWFZEAT (2003 4F 10 H S [HOZATEOE NS - %R
TR I8 E SE AT I JE AR B SE AR SE R 20T ) AR AL AR )
WY = )by A THEE L 72 PMAR Nos & HEHR 35 DOK
Fefaft (D%, [sCResi] LIER) B X Ol % 4t
A L7z (2003 ~ 2005 4F) (Table 2). W&, A8 b FIHE
JERHHI R LT, 2002 412 ST T L 72 T >
TR (M AFDY ) L

B L7z R/ 0 st 7 7 A N — 2 EE L
7227 K% K-BAI00 TH 5. ZDH A X3 S 240, &
300, #4T 118mm T, EEI/Nv 71 — &R\ TH Skg
TH 5 (Photo2). ZDH7 7 A /N—KinDJLIREH O
B8 K-BA500 & A2, BPEEDOEHRAES D
£912, TETHER LG Ra bRt o 2 L g
LC40mm &Ji < (Dull 5, 1989a), METHEH LD
DERUSA XA ThD. IHIEFHINIL Y T > % e
FIA Y A b= S Ef (ERFER) 2FHLT
ROFNHEFT OGN E— FTiffo 72, By
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Photo.2 A portable near infrared spectrophotometer
(Kubota K-BA100, Japan)

AT O R FEIEMIEFHRE (2 XA R O/ 2 b
THDDT Y vF AL M7 7 A=Kl EHE L
7o AT My a e, RELEHZ 18mm F0 2
WIR=TF—%ffioTY i HONRRETES
LigaflioTEA LK, mOOHEL, HoNmiEo
B E & IR EAURE e R (7 4 I, DBX55) % fdio Clll
EL7
8 P2 HE S G B W FE A D HE ARG E R R T 728012
Root mean square (RMS) 2 X 1) ZFffi L 7-.
RMS= /i (2 (XY) */n)

X= gD FAME

Y= HEE O EE

n= #AEHK

3 BRELUEER

e BRI bR 7 R 4 K-BA100 % i - T
EREE (TUFA) BLUOPHZREEOANRY M VE
WE LA RICBW T, BIBLCMEORE L Mk
12, 832 & 856nm i3t THGE I X 1 12U LT\ 7z,
F7z, MEOFE LIS, TEOKEEL TR
=i/ E o7z (Fig22, 23).

K-BA100 % ffi o THEIR EPHE B & FEOREETHI L 724k
PEREEHEEM 89 LTI 7 vy F A WEEE (n=11)
CHHBEFR%00.95, RMS 130.75 Brix (%) , U #% 5 (n=35)
THIRIAREL 0.93, RMS 1% 1.09 Brix (%) T& 1) (Fig.24,
25), HEABLIVCMEOHKFELHENTRWHEREZHESL S
EDSTED, RNERE QIR R FE TIRHEEME PR
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Fig.22 Second derivative spectra of growing melons
(n=11, ‘Andes’, Kubota K-BA100 spectrophotometer)
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Fig.23 Second derivative spectra of harvested melons
(n=45, Kubota K-BA100 spectrophotometer)

D

Bl ol 612, L DHEEORWEEL G L7
B BEHROAT—TORENHL N E R o7228, HEE
fili & S & OABIRENT 0.97 (n=45) &< (Fig.25),
AU—THBIET LI LT, RABROBEAHHEE 25

TV EMEE R B IR R ST RE T H 5 (Fig.26) 2
EDHLRE RS, AU—TOFRERKE LT, HEE
FMEAZ BT Y2 7)) v FOECHEZ SN T
B, K-BA100 O X 1 >l R f O R 1 SRR AL &
HT 7 AN KRG OEE (40mm) 12E&bET
WA, AL 18mm NS LA AT — 75
HEOFERO—DEEZ bz

K-BA100 121 ~ A b — )b SNz Mmiiid,

O SE oy B
nn{m O

22

— [\l
[ead =
1 1
] 1

NIR-calculated Brix {%)
=
L
]

O
S p=1
144 . R=0. 95
RMS=0. 75
124
10 } } } f }

10 12 11 16 18 20 22
Actual Brix (%)
Fig.24 Plots of actual Brix v. NIR-calculated Brix
(Growing melons, ‘Andes’ , Kubota K-BA100
spectrophotometer)

LA EHALTERLZLDOTH 205, ML
ELTHHALZWERIZR SN % 2> 72 (Morimoto 5,
2002). € 2T, KROIOGEE & AR, HEEE
EDBEOXF A WETH S 2 E (902, 876nm) D1l
%&%mm#%méﬂfwt._ﬂ%tMt4ﬁﬁ
Fl, TEOREBENRL» Ve L2ERGEA (RVF#H
B BXOMZEORB A O o HEEE O A RE 7 EH
JERICERAENTE Y, MEOFHREL S arinfliiE o1 §E
PeD3ds 5 Z EAVRIE ST/ (Tto 5, 2001).
Banmff D P b, MIEMRKEEL SN LD
(Miyamoto 5, 1995), ‘7 ¥ F A Tld, ZOKEEIC

20

181

—
=
[
L]

—
i
[
I

]
1
L]

fan}
]
|

i
1
:)}5‘:’

NIR-calculated Brix (%)

L]
1
1
-

i
1
L]

2 : : :

2 7 12 17
Actual Brix (%)

Fig.25 Plots of actual Brix v. NIR-calculated Brix
(Harvested melons, Kubota K-BA100 spectrophotometer,
2003-2005)

(circle: more than 8.9 of NIR-calculated Brix, triangle: less
than 8.8 of NIR-calculated Brix)
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Fig.26 Plots of actual Brix v. NIR-calculated Brix
(Plots of each flesh color, Kubota K-BA100 spectrophotometer, 2003 ~ 2005)

Lo TR o TNATANKREL R, HERBEDOIKT
T50y bARED LN TEOKFETIEIZ OUEIE
FNT2A, IR Ay MOV 2 B L 72 S
(&, — O OBEMRTRERFEEE b3 IAHBR D <
TRMS 2¥ME<, L) BWIEEREDSTREE 2o Tk
(Fig.24, 25). %2 E L LT, 880nm &£ 1) R R EEE
2B, 43, 49K & LC 830, 856nm {3t % j#H
TAHILETRERBMELREL VL) I ho72b DL
EZbND.

RENZ BT L 725795 66 EEF K-BA100 T
R WE O 20W DN 7 v 5 v Fh LT
WA, ZOMIZ, AR IRERT TR BT v AR
70 A — % — EAEER] L 72 EI R 2GR L 7o
HEZEDSH W SN TEB D (Morimoto &, 2002), HEREEHEE
WX E Do 72,

Db X912, MEHEREOWHEIIBWT, AR
MVHlE R ERRIC B A EERE Y 7 ME/Zg T
%, HFERE yEN— FHTOHRI O EET HE
TH» 9 (Morimoto 5, 2002).

Photo 31Z/R L7z & 912, AEDOAH & v 712l ()
SR e 27 SE A ST ZERT O WF e R & 2512 B3
LR LTH 5.

4 f =

I & THFE L 72FRFEf 2~ 7 b OVIsE s 33 Bk
LB EERE 7 AR 4 K-BAL00 % 5 X 1 > il i
FRCEME L7z, 22T, FEBICHIE L OHE: L7z
A0 2R L TR EREZ T2 2 &L, &
Iz A 0 HEEE AR OMT AR L TR L 720k

BEMAL7-

RERBEE VOB LB X OISR FE 2 510 L 728
R BWIEEREDE SN, Z OIERIER B
(EAFR) I ZMROEELZIFIZ wE ST, ZoM
SR E UCER L 729 1E 902, 876, 838, 862nm O 4
OTHY, LT ELFEMFERS L O =R -E
FEREREHEENTTRECTH - 7 EMRAX TR L 2R & U
Tz,

ARETHM L 7280 R4 0 6B E R K-BA100 13 7] B0
DEGEBELRE) o TWA, TDLHZ, AT b
WVHIEER IR v o /oy 7 My 27 457200 T
%, BERTE W I N— B 7 O b HEENEE
DM FIZHEGLTWAI L EEZLND.

V. XOYKRIRROIEBIRIR L EDFF

[=]

1
REVINEOAEFEEE I, S S 2 D JkfEE & H T
ERVIRY, JHHENICHBET A LIAREETH L. B2
EWME Ay PLTHAET AL, 1y b LAZIKETONE
LCanled, T, EVHEZRET L EZD
. EREMIATIRI S NS Z L2k B, A0 Y TR
Ay MRFBIZENTBLT, MFLEEC RT3
L, By FENRTHFRSNLEENDH L. &L, I
PIECTEERRET LI LT L.

A0y OAEBEED—DTH L AKIERER LI 2
SOBWSHEET, ZOMmEIRIERZHAE LS O,
1985), M AE o & B ICHESNDL &, WEOI]
S 1N NGRS

o
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Photo.3 A pamphlet of a near infrared spectrophotometer

LE

e
emea———

(Non-destructive determination for Brix in melons using a near infrared spectrophotometer made fit for practical use. Then,
the spectra are measured by developed non-contact spectral measurement.)

PEAIV N & 2 IEHEEFHIEE O B 8 1M LS N2
1555 % H R S T & 72720 | AR E O JERERT
WERSITELTW, AT, EZEREDOT T
B R E LCHZEns R & ) D547 L7z (Birth 5,
1985; Dull &, 1989b) L DD, FFIZEN TV,

FIZEEIC BT, BT RV eI & 2 A
EIRBIERHIESRE SN TV LD, VY ITOEAD
H (Tsuchikawa 5, 2002) B L OEZELAE (Clark 5,
2003) FHIFEOHE DA TRA T ¥ % & 72 3o
EOIEPIEEHIEIHE STV,

F 72, ARV R IV B L HEEE & oo [RIRERHI & T
REL %%, NOtEERT /N LS L OFERLAEA T
20T, B EREOKZIRRABIE D TREE 20, AL
& BRI HAMT S T 5 2 & T, KIRIREA % 564 L
WY AT AOMFESEIREES NS, £2T, KREIZ
BOTIRMES AL E RIS, TRV
12K % A1 L IREIRE O IERIEFHINE B O W Relk % 1
Ferz bl

2 B &

SRR I T R N SR AT W 7E A B 3 2 2 5
WNEZNT ATEE L Ty FA (P H 508 1),
REHBAB I OB A 0 23R L7 BTN TR L

ZAWHE L7 T T AT 8 R A B AR E R R
Be L7z 2ofidbsE el mase GRS &L
7z (Table 4). 2003 4 1213% < OO x 1 > & KA
LR Lz0T, jlE Zhboxor okt
Table 2 |27 L7z,

R L 72 i RO Ot EEEH A 7 7 A N — R 5 L
72 NIRSystems 6500 (NIRSystems, Silver Spring, MA,
USA) TH L. WA ARY FVIIE - B X Ot
My 7 b7 e LT, LEiRsbrlerEsticfitE L
72NSAS (Near Infrared Spectral Analysis Software) ver. 3.27
AL o7 7 AN —FKim & RERB L O = 2
~3mm#EL TARY bV EllE L GEEMA RS b
WHIGEER). Ay PVIIER, RFEZHEHTN 2 55
L, RRKIZEIZ025 5 TEHliT 2 6 IIAEETBEA
ERDIKRIR) LR, BEEE L7z HE L72E A
K7 ML, 27 A2 120, ¥¥¥ v 7 0nm OFEMAET2
UG AT MVICZEHL L7z RFEICIRETE 2 ki A<
Z M)V (750 ~ 1100nm, 2nm fIFE) OWGEE % Sl 2
B, ACIRFRAKIRE 2 (ERAR L 3 2 EREA 2 1FK
L7z, TR L 72 EREGERZ o T, RABEOKRE R
HEd 5L L b, BERNROIERIEMH b A7z,

3 BRELVEE
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Table 4. Melon samples and the results of non-destructive detection of physiologically disordered flesh

Normal fruit

Disordered fruit 1)

Date Samples Note
normal or disordered (n)/ total (n), %
Summer/02  Progeny 2) (including storaged) 8/8 100% 1/1 100%
Progeny(including storaged) 9/9 100% -
Progeny(including storaged) 6/6 100% -
‘Andes’ (storaged) 1/1 100% -
‘Andes’ 18/18 100% —  Different maturity
Winter/02 ‘Andes’ (storaged) 1/1 100% 4/7 57%  For calibration
‘Andes’ (storaged) - 3/4 75%
‘Andes’ - 77 100%
06/03 Progeny, retailed 12/12 100% 33" 100%  * Browning flesh 2
Progeny, retailed 10/10 100% 1/1 100%
Retailed 2/2 100% 11 100%
”””””””””””” Tw  emer 0% wma s

! A disordered fruit means a melon having water soaked flesh except for 2 melons having browning flesh.
%) Progeny from the cross between PMAR No.5 and Harukei No.3

20 YIMIRIOEE % Photo 4 IR L7, 2D X I,

TryTA OKEKRRABLY A—L2F A5
DERRT AT P VEIETETdH 2 IERFRADIE
FE\ZN T 20 HAERAFEAE L T/, Table 4 IZ7R L7z &
A, BEEL T yTA T8, KRB T2, Wik
RET2REZENCIVKRIRRAD» RO bz, —TF
AR 2 FRBD Sz

TUFA DA PVE Fig2? (@) (RL7e TE
JEFRHARIZFE D B\ A 11 2 1% 810nm i O WG RE 7S
KR LTz,

EERNOMZER L LT 810 B X U 942nm DG
FERSRA L7z, DTSR L 72 Amdi & 7R 5

TEIR R A AGR EE =2.310 — 312.204 X 810nm+226.786
X 942nm

RLEEE, BERICBITD 2 KMG A7 MLO
WOtEE A HR5.

PRIV RN & 2 IEREEFHINC BT, [ Labdis
L ORI 0K & o THEHRIER S X OFHli 2 175 72
LA TREVWRERSH S LR (Peiris 5, 1998b). €
T, EMICERL Au R MRS E L, BT
WTHEE L7 Try7T A TEREBLIOLICIHELZD
DORNWHEREDO R L b OB L OB 4 2 HE % Fro5hid
B, WA T Y TR RABOR L A0 0 %

B L7z (Table 2, 4). T2 Hhb 6 $, EAFNK
12 & 2 AREBEOHEEMA 2.3 DL EOFFIL 100% AKiZ K
RATHH (Fig2s), e L7-MmEMHOUA L2310 T
bHotz. —Ji, EEREROKZEOHEMILH IHERD
WHERGOEE o7, ZoERFERIZ, ToFx
EREBIVORACMOELD R—LF A5 =" O
BERAIHRNT 22 &5k DlokHiz, —>
DFHEL LT, KEEOHEM231IEET S L, 2
OELEDOY A EMEE OKIZIRE L 018%) RAD
EERIZEUTHY, ZOMEKHTCIIEFROIELEE
12 100% T& o7z (Tabel 4). BHERAD AT ML &
Fig27 (b) IR L7z, FRIEEHERREBEE R 2T
%72, 810nm T DWICEEAMET L CTwv/z. A 1 v Kz
WRAB L) v TEERRTEENRT DI LEHEL
%9 < (Toivonen 5, 2003), 810nm %L 1) ¥ TH%
REAOMHIS S AR TH 5 (Clark 5, 2003). 7B,
R—LTF A= TRAL Y VBEIZEBRLEZEAD
RO NI, IEERAEBERR SRR, KEICLS
HIREHEEMHIL 1366 LT CTH-o72. 2o Eid, F—
KT VALY =" TIZF Ly ImIcES L RAIELES
L OKRBREAOBIL L IZBARDO BN L E2RTI L L
Zz 5Nz

ZWHED 7T A TEKREERE=5) 7
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Photo.4 Symptoms of water soaked and browing flesh of melons
(Visual score of water soaked flesh;upper : 0, middle left : 3, middle right : 5. ‘Andes’ )
(Visual score of browning flesh;bottom left : 0, Bottom right : 3. ‘Homeranstar )

L7, 385D (ICoNTHEEMBIZTRE (ko7
(Fig.29). Toivonen 5 (2003) & 1) ¥ TIZB W CYUHERY
WIS ENZ T ENEHBEPSHEZ L 2 L 2 L7

A1 VIRRIRRAII AR MVHIHIZBWT, Anr
) Y TORERRNER UGV H Y, A0 RADK
EAERIZAEIZ)  TRADBWZEIEIR E BTz D
DX EAIG R L) 20 v oAFRER (K
ZIRRA B L OBERA) % IEHERN ICRIBTTEETH D,

AN X B IR O REME A TR $ 2 AT E 7
LRIOFEEFIZBNT, RADKIZEE 3 KICTEFHIT
ERPolzOT, 2RI TN L 72. 2 0 B2 YEET UL,
04, WERENSUEIND EEZ LN,

4 5 =
M#EE TICHEONMBZ RIS, ERIEEIZ L 2
A1 KRR IFBIERHAEF FED W eIk 2 4ad L7z,
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(a) “Andes’
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Fig.27 Second derivative spectra of melons
(a) ‘Andes’, (b) ‘Homeranstar (thin line: a normal melon, thick
line: (a) a water soaked melon, (b) a browning melon, NIRSystems 6500
spectrophotometer)

A0 YHFIRBERIZ AR MVAHIZBWT, x0ar FAWETHDLEEZ DN,

CDWEEED T 2 AT

L) TOWERRNER UES DY, Aur FERADOK 2535 (810, 942 nm) 25 4 A EEUFREEK L TA T
RIERIG AR TRAOEEFEIR & Tz, v HEER (RENITIRAET B KIRIREA B L O
810nm 3T id T N SIER % IEMIBICHIB T 280 BRAW) OIESIEME 2 RA R, EEROESEIL
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6
942, 810 nm
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NIR-calculated water socaked symptom
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|
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Visually—scored water scaked symptom

Fig.28 Plots of visually—scored v. NIR-calculated water soaked symptom
(A : browing flesh, broken line: NIR-calculated 2.31 line)

Al

NR-calculated waler soaked symptom

0 20 10 60 80
Days after crossing

Fig.29 Plots of day after crossing v. NIR-calculated water
soaked symptom
(‘Andes’)

100%, A= FEEER DO FERIZE3B THo72. 2D L H 12
VARV IGEC & A 2 0 o A E O IERIESHI O T HE
WaRTENTE

VI #E6ER

AT BT, BOLEOMENED R E W & A HEE

FEOR LICHT LOLETLEWI ERHL 2L 5
oo TOZEEFMATHY, WHEORE LD L EAN
EETHHLILERL TS, SN THL ATV
RELT 7 A NN—KUGOHHEA 2 & dmm O & X213
I3 CHEEMATE SNz F 2T, A0 v RN
% DT, 2~ 3mm |ZFEE L7z, 6mm D & X (ZHEEM DS
SHIETFL2E D12, HEamt L+ X2 & RghlleE &
%o CREINEOERE ST, HEHEMRT T2
(Tsuchikawa 5, 2004).

YRS CTIE7A , P L SEYRGSH % L 725
BEHAZF 5N S (Carlini 5, 19982000 ; Guthrie 5,
1997 : 1999 : McGlone &, 1998 : Moons 5, 2000 ; Peiris
5, 1998a; Peirs &, 2000 ; Slaughter &, 1996 ;2003) 2%,
% OMMEBIFH EN L O T, ERIFSHTO L9 12,
EDWEDED L) \HETEIZT - T2 Dh % BARN
WIS 5 2 L HEETH 5.

ARV ETEEREE LT 2 R % K-BA500, K-BA100 B
& UF NIRSystems 6500 % i L 72 3ABRIC BT, WEEE
IERIEEHA T 2 720 O BRI OMAT AR L LT, HE
FEHESE D % A P F (904, 880nm fi}3) & WLIEEAE 1
FFEICICR S % & (830, 858nm fHiT) & DM AEGH
EDER SNz TEOREIB W TR O E
FIF—EIRNTZDT, Oy FOFEDOD R WER
RAPHR ED 572 b EZ SN0, FARSITFEAH
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Td % K-BA100 % i > THnin D H O % WEEFA %
fERE (Morimoto &, 2002) 35 & X112, A1 ¥ T/ 4
WEEZHRMLZ. Thbb, I 4EEOWIGE %M
VEKE L TRATAZILICLY, RiEOAEST, H
il R - A B X OERI OB O 0 70 WER AR 7o i
ERDSRARIMER SN b o e E 2 Sz, ZhP20T
T L, FARI0EEER & L C NIRSystems 6500 %
flEH L7238 BT, WERAKIREE % JEREEE A3
B 7c0OEAFROMERE LT, ARPIERIC B
59 E (810nm) &, MIEMZEE (942nm) H3EEIR
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Development of a Non-destructive Near-infrared (NIR) Spectroscopy
Method for Determining the Internal Quality of Melons

Hidekazu Ito

Summary

Chapter I: The background, purpose, and an outline of the remaining chapters are described briefly. The
instrument used in this study was a near-infrared (NIR) spectrophotometer with a concentric fiber optic probe in
interactance mode.

Chapter II: The optical absorption spectrum was measured using an NIRSystems model 6500
spectrophotometer. As the distance (0 to 6 mm) between the surface of the blossom end of a melon and the
end of the fiber probe increased, the absorbance approached zero. The absorbances at 832, 858, and 950 nm also
converged on zero for the sugar solution. These measured spectra had no problems with noise. When the distance
between the surface of the blossom end and the end of the fiber probe was 2 and 4 mm, the two NIR-calculated
Brix values were similar. Since melons have an uneven surface, each melon was hand placed a few mm from the
end of the fiber optic probe to measure the optical spectrum. We called this new spectral measurement method

‘Non-contact spectral measurement’ in interactance mode. For correlation spectra, ‘Non-contact spectral
measurement produced better correlation coefficients than the usual method, ‘Contact spectral measurement’ ,
in which each melon was hand placed on the end of the fiber optic probe, except at around 980 nm in the
shortwave NIR range. The absorbance around 904 nm is associated with a broad carbohydrate absorption band.
When this wavelength was included as one of the independent variables in the multiple linear regression (MLR)
equation for non-destructive Brix determination, ‘Non-contact spectral measurement resulted in a more
accurate NIR-calculated Brix than the usual method. Therefore, the calibrations of the non-contact measurement
were more robust than those of the contact measurement. The measurement of samples using a non-contact, non-
invasive process enables the ultimate in quality management. The independent variables in the MLR calibration
for Brix were 902, 876, 856, and 828 nm. The absorbances around 904 and 880 nm are both ‘Key wavelengths for
non-destructive Brix determination” . By contrast, the correlation coefficients between the absorbances at 830 or
858 nm and the Brix in the irradiated area of the melons were both almost zero.

Chapter III: Kubota corporation has recently developed a portable NIR spectrophotometer (Kubota K-BA
500, prototype of the K-BA 100) for field use. Therefore, this chapter determined the potential value of NIR
spectroscopy for evaluating Brix in growing melons non-destructively. The variance in the spectra of growing
melons was greater than that of harvested melons. In addition, the spectral absorbances were small and were
an order of magnitude lower than those presented in chapter II. Nevertheless, the Brix could be estimated in
the growing melons using an MLR equation calibrated using harvested melons. The root-mean-square (RMS)
value was good (0.829 Brix) . Monitoring Brix in a growing melon showed that the NIR-calculated Brix increased

rapidly and became almost constant at a maximum value at harvest time. The wavelengths at 906, 874, 830,
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and 856 nm were selected as independent variables in the MLR calibration for Brix. These were similar to the
wavelengths selected in chapter II. The readings at 830 and 856 nm improved the large bias that occurred at key
wavelengths for non-destructive Brix determination in growing melons.

Chapter IV: Kubota corporation enabled the practical use of non-contact Brix determination in melon by
developing a portable NIR spectrophotometer, the Kubota K-BA 100. The calibration models of K-BA 100 were
developed using samples at various temperatures to minimize the effect of temperature variation. We evaluated
the accuracy of the NIR-calculated Brix and the results were good. The MLR calibration of Brix in melons
identified 902, 876, 838 and 862 nm as independent variables, similar to the values discussed in chapters II and
II.

Chapter V: The objective of this chapter was to assess the potential of NIR spectroscopy for the non-
destructive detection of water-soaked and browning flesh in melons. NIR spectra were measured in non-contact
mode. The symptom of water-soaking in melons has a similar physiological basis to browning in apples; browning
in apples and melons, and the spectral availability, could allow the non-destructive detection of this physiological
disorder. The absorbance around 810 nm was key to detecting this physiological disorder non-destructively in
melons with water-soaked or browning flesh internally. Using a MLR calibration including 810 and 942 nm as
independent variables, 100% of sound melons were detected, while 83% of internally water-soaked or browning
melons were detected. Therefore, we concluded that NIR technology has potential for the non-destructive
detection of water-soaked and browning flesh in melons.

Chapter VI: This chapter offers a discussion of how both the software for spectral measurements, like the
regression equation, and the hardware, such as the spectrophotometer, contribute to improving the accuracy of
NIR-calculated dependent variables.



