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Fig. 1.1 Change of annually imported amount of blueberry fruits

(Source: Trade Statistics of Japan)
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Fig. 1.2 Change of annual production amount of blueberry fruits

(Source: Compiled from MAFF “Investigation of production dynamics of special fruits”



Fig. 1.3 Typical cultivars of blueberry in the plant factory of TUAT

(Source: Presentation of plant factory in the TUAT)
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A

Reflection Plate
(a) (b)
(c) (d)
Fig. 1.4 (a)Transmission method, (b)Transmission reflection method,

(c)Diffuse reflectance method,  (d)Interactance method
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Fig. 1.5 Image of the integrating sphere to be used for diffuse reflectance method
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INA IX—= AT N LA A—3 2 7 (Hyper Spectral Imaging : HSI) 77 A 7 & 1%
HE LT B W RS TR LB 2 i o R—=2AXT NV ERD T
DDOH AT THD, NA =AY MR, FEBDPNEBFROMIC AL
MAEREZ RO, TUF N AT THRE LI GHIIAEHEL RGB OIFR L
O, ZOFEHN RGB 7217 TR AT MAUFHRIZZ>T0WEHDTH D
EBERD LD RT UV GBIONER ] E 2T MFHRONTT Z2FF> D T,
PUHBE RN S EE R TG DAV VWME R Z 5 & 3 2 L 3 FTREIC 72 & & %
Ehd, ., BWRARESREZNE L VMBI LY T2 0ERH LD T, A
N2 RV ER DT, TER &1L E 7R o T E BRI BAR 3 BE & 7
25

HSI I A ZI21E, B AT DL ZOFNIHZIEEE JEDNFT 4V H — &%
ELTEIZZRIEOEREFEDLI OO L0, — IR A T TIETA 5
HHFREMIND FIERHWLITND, T4 oA TiE, WERO—
KFET A BB DNZE T AZIZHEANL TENETRED S AIZ5E L, CCD 72
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E O ZIRIukR R THRPEZERIGLERF ) & o tEmE R ES 2, KFET A o DfL
Ex2DLTOTHLTHEZBRVIRT ZEICE D NS N—AXRT MARELR
%o WETDHKFET A BB SE D HEICIR, AT ERAERZR O E
BRI DHELE, WATOL U AOFICEEBEWCEDAELZZILIED
TED2ONHLH, WTNDLHAE TS, KEICHEON D DITZEMIFE#RZ LT
X, Y FEIEOMH L AT b AAERER T RIS 72D ZRICDNA 73— A
7 RJV% 2 —7 (Hyperspectral Cube) & 725 .

HSI 1 A7 CHIET 2 D%, BEMALY b ThD, HHHICHGD DITK
Bt 2T RVBOOEREE AR MV D T, BEFEE AT bV B RO e
(X IEE D AR NIVICEWRT D, TDEIT, RFRMEIE 100%DFERER &
OB Z & 572 CORIE L T &, RO AR IO %
RO ZLEDPMETHD, AWZETIL, AT BRIV E TOFELD A 73—
N7 MVERELIZOT, KRE L TIne sy oI 72 vz,
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1.3 AHZEDOBH)

BT O F RSP AETE K HED [A] FITHEV, RIS E F A D R T Aoy % IR
FNZEHIL T B2 Z &R REL 0D . T TIZEM LS TV DAl &
%,

AARTH, 7=V —[THHEWNREME LTIRE->TEZ, Ll TD
NER B T 53 2 KRB 2 FRRIERNC o9 5 FiElL, EREML ST
RN, AWFFETIZ, FRREEDATIE & 72 DRIV tiEZ VT, 71— —
RECEENDIHE, ARBEORT v N7 = BE ERIITT D FIEOR%
ATV, 2D D 3 B & FHMELL EORSE CEESIT 5 FELZ ML L T,
AT OER DR A EAPEBIGIZHWD Z & S ATRE 7R AT 2B S LB AR M RE & ]

MZTHZ EHHE LT,

Flo. RO NFHZE DTN —_Y —REOEEMMTTIX, RFEEZ—D2—
OHIE L CTRIREZ TRIT 2 0ENH D, LavL, HIELFXBIERD G
ENTRIRDNANR—=ART NA A= T I AT EZHOGUL, A7 b
&G RE FRFICED Z &N TE LD T, ZHORED AT h L% Ak
(ZHE LR IRE 2 PRI 2 2 L aRe & 2D, ABFZEIZ. N A/R—Z7 |
WARA=D U THARAT RN T N—_Y —REOREE, BELRT > N T
=UROERSFTOFEMEEL ARV E Lz,
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1.4 AELRICOBAK

AT, AT O XS e THENN TN D, FH—F T, im0 LD
REFR T N—_Y —RECOWTOMREKL O HBRZMH L7z, o, K
I AW FIESCIITIEIC DWW T b B R/ NROFEH A2 F & o TR L 72,
HOETIE, RO NEFH AW T LR —RECE TN DO, A
MRIREE LA T b7 = BDERBGITFIEORIE LEK Lo E&ET LV OFE
I ONWTIHRD, £, EROSNICEFORET —F IS T—F 2
2 b= a CORRITI Y . REREBS T D53 CHEE OVEREIZ DV T~
Do HBEETIE, NAN—ANRT bIvA A=V 0 T DFEE W20 FiED
B%E EMERR LT BT AV ORMBIZ DWW TR %, SBINEIFHRE L LT, ARF5E
HonTEOEREE LD D,
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21 XC®IT

T N—_ Y — BLEOIHEC AT OB O E ORI L, BUk CidsME (R
) OBIEICIZEE > TS Y, L LEEONEREE 2 E+ A5y
DEFREAE N EOSNE T A=W 5 & FRIEICKE Aeiis
PWEEND ARGV, — T AL IO i 2 iU b2y O &
AEEZEMICHET S Z LN ERDN, REOHMO X 5 AERLGICZ
NODOFHEZISHTEL r—RIROENT WD, LTeB-> T, ENLE LI
TN—_Y —BEEHT D To O, IR DI A ST FIE DO BAFE 39
HICHELRRETH D,

A FRILIEEE S HED—DTh 2R HIEIC L0 7 —_ ) —RED
FHERANTLETHLIME., ARBORE LR v Mo T = Bx ERRE

(R>>0.85, RPD>2.5) Lh FOWEE TN 2 FIEORBE ZIT -7,

REOFRIN AT SAOREITIE, F—REIIB AT L5 I2FE 2 ORIEEDR
Anbisg, ABFFETIE, b - BIICHO SR TV D BRI & R EN
TN—_Y —REORS OEESHTITICH ATREDE 9 . ETWTHORIEE
PEGL D ERF LT, £2. Rl—07 0 —~_U —RETHREEAL (B
W HEAL) 1T R 2 TARY MVOBRBENT D, PIETBALIZ LD AT K
IVOTEREALISERBIHTO THREEIZ ED L D e Ba 52 50250 T HiR
L7,

TR AT L DB EoTiE. OB BIRS O EE A AL P T L 0 E
L 7oA DT RN AT FVIZESWTERET VEER L. @QFDEE
ET NV E AW TRIBEELOFIRIN AT M GRGRELZ TR 5, L7Ieh
ST, EEET/NVOMERIC W D EEAEREL D H AR5 DU EE O FERIE O IE il =

24



(Fef) NERETNO TRNGEICKE BT D, R TIEL, B AR
DL LT M T =V BEIZODOWTTE LT W TEANEAZ G5 &1,
PERLGHOMR LR 2 W RIE 7R & DTERN D DB A T, mndikik 7 o
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YRS 5 EEET VEER LT,

AWFFETIL, T—_Y —=REICEEN DG DENZIITK L THIERE &
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RBA. DHIBLDO1IOEERL, TNENICOWTERETAVEIER L, €T
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VDA ZE TRV D O TIEAR <, PRC AR 228 4 0% A THW
Tco TNENDERET NO THKEEZFN L, Ao OIREZEZMEEL E
DFERETTT 2 AORIEE, BIEBM., FHENZHW D EEIRE R L, &
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LTI 2 8 LGl e GUESATICH s Lis) ERET A E2EAT 5%

T D,

25



22 EBR

22,1 HERE

FORR LR R X v A0 Y T 25 ShTund
RFEW 227 N—_Y — L FECTH 5 Blueray, Cooper, G-113, Sharpblue, . Baldwin
ZRERELE LTe, (P otr OOl & AR ofitEL BT o ho 7 =00
MHER R D 0T, B - BRI ROREL BT v T =T O
BHIZNZENHE Lz, FEEAHROERTT WVEMRAIZ, 3 MFE (Blueray,
Cooper,G-113) &t 30 RiD T /L —_ Y —FE A 2013 4 6 AIZULFHE L 7=, — 7,
W7 v M7 = OEREET MERAIZIL 3 §hfE (Sharpblue, Baldwin, Blueray)

BEFTORIDOT N —~_Y —REA 20124 6 A L 12 HITIGE LT,

222 SHNEHOEB /T A —F LEFRNAART MVOBIE

LiEL 7 — ) 2 EBEE RN OEEERE MPA Y (Bruker,Germany)

e BCREK : 12500-4000 cm™

SYBREE : 16 cm™

FERRL : 32

AR © PbS (BEHUSCHTE) . InGaAs (F1E{E)

T#it : 74 A2 b7 U— RockSolid™

ABFFE T, @ik & IERUOE 2 IR A7 RV ORIEICH Wz, Zh
B 2ODHETHOND AT MUVI EENDIERDELR D FZWIEOSA
BEND T N—_Y —REZBYRKITHDOT, HEENELS 2D | REEIZE
ETHNOMENIEFICHS DI EenbH D, LIenoT, BHUVIEZEEET
BT & % InGaAs W &R % AV 2, BiliET 7000 em™ KV BRI ONIE %
T8, WEXDIZEAENRT N—_Y —=RECRINEATLEN, 2o
WMOBELER DL T L2DT, AERERNART "T —=F 250 2 EREEL
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VW —FIEBSEHE T, TR — RIS S LR L CE A
FOERIZEVHIET 200, T—_Y —REORMITFEOHEREIFD Z &I
2%, BMETLIET N —_Y —REOHANCE IV A—FVERELAZAT
O LT D, Z D7 DITRIZHIBIET 2 0O LF I LI TR,
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Fig. 2.1 |Z/R T,

RSN I EFHCT N —_ Y —REBOIHRINART MV ERIET D56,
TN—_Y — R ETERND YT DI RN H D, T —_Y —
REORMITIX, [Fd) (FE, calyx) EFFINDEN FEFRB DN TN
ATZEND) 38> T, OB EIXH SN ER Y | RSV, RFEOIHR
HAXT PERET %6, MERERED EDOFAIZY TTRET 5720
Ko TRONDERINANRY MABRER L Z RTINS, H—71—xY
—REDOBH IR & LS OEBAATHNE 2 2 T THIE LIERIA A7 B
Nl FNLDFEANSY FVE Fig. 2.2(ab) (R T, B AT S Lo
B BHLS O TRIE Sz AT R VO IERET S S CRIE S iz
WHFEL 0 HEV, S5, BEHEATHIE Lz A7 ML TIE, 5360 cm™ f+F
TTCR=ZAT A OEEPREL 2D, 2O X REMDJHK & LTI ks
KD DR — AR RER IR OENREZ HND, 2O XD R lEE
MLDENZ LD AR MV OERPERET VO TRNGEIZREL 52 2 D0
Eoh, EOREETEETLONIOVWTHRE L, MET—# & LTI
—ODT)N—_Y —=REZOWTENL & AIEIEDOMAEDOENRRR D 45

DAY M VERIE LT,
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AR MVERIE LT RIEE, 5l &m0 TT 2L F oo 412, BIEERIC
HEAED B AERBOSHICHW D RFEIZ-30°COEHEIZ, T b T
= BEOGHIZHAW D BFEIL-80°C O EHEIZRTE LT,

Fig. 2.1 A photo of the NIR spectrophotometer (MPA) used in this study. A
blueberry fruit is put on the window pointed at by the red arrow when its spectra

are measured either by the transmittance mode or by the diffuse reflectance mode.
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Fig. 2.2 Spectra of a blueberry fruit measured in (a) diffuse reflectance mode and
(b) transmission mode. Spectra were measured at the calyx and at a position not at
the calyx in each mode. In (a), a difference spectrum between the spectrum

measured at the calyx and at the other position is also shown.
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2.2.3 ARGy DALY

2.2.3-1 BE L AR

B & BRI IOKEMEME 72 0 C, T2 T L ITEMIK A IV Chil e L L HPLC

LD ERINEITo 7Y, M & RTELE, BLFOFIEICHE > TIT o 72,

1) 7A—_RY—REZNONIEIY, 50 mLOE—I—IZAND,

2) DEOBMKEMZ TETL V220 DENT, BRe2HbsEs,

3) B—Am—llY e mOEMAKE ML, 5 oRARE YA X L%, 3000 rpm
T 10 5[z 0B (Kokusan, Japan) 9%,

4) L BERZ 5B O AR X0 BT L, iR 2R 5, REICK LT
3) MO OEMEE B 5 —IKITWV 15 DI D IR IR & i Al OTRIETK & & D,

5) IO pH & 7 IZFRFEE L, EMAKIZEY 50 mL IZERT D,

6) tAsk, WFF . T=F 2R BT, EiRE%EZ C18, CM, QMA O SEP
717 2 (Waters £, sep-pak@plus) (Zi# L, #EoHTHOBKREZBHINT 5, %
D QMA BT L&A L, C18 & CM @ SEP 47 A2l L., FHHEER AT H
DY & BT D,

7)) FONTIEKEZ 045 um D7 4 )V Z —ftE D~ A 7 1 F 2—7 MCF (LMS,
Japan) (2 AV Cim 050l L. HPLC /o4 H ORERRIR & 9 %,
WA, ATALER A U 72 3EHAR 12 DV T, Prominence HPLC (SHIMADZU, Japan)

Ze TR & %R O 8 &0 T %2 1T > 7= HPLC 70T D& S 2R DO HIZ R T,
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(1) BE#BEED HPLC 4347

> TR - R

SSEED T A VR — R
Metids « JErRmR

BT LEDOIRE : 40°C

YV Vv VYV V

HEARE 20 Ul
EEEEYE L LT, AZu—A, Jha—RA  TL7 h— 2RO
(Wako Pure Chemicals, Japan) %\ 7z, 3FEFHOHER/IIZOWT, THEh
IREENNE 72 2 3 DOEEEIKZAEY  GUBHAIKH DRy i B O FEFH 4 71 /83—
D E DT %) . BEHAK D HPLC JIE & [Rl— D&M TRIE Uiz, S
BRI TR OIS B — 7 i & RO B BUR R 21T R ERR 2 1ER L 72,
Z ORI FEHEIKIZ DWW T O HPLC ORER R EZ Y TEDHDH Z LI L v bk
AR, 9 AR E— 7 (0@ & RBRAR O v — 7 ([ & T
HZ LRV EMESHT AT, WIC, BUBHAR D v — 7 HfE 2 FANAER S
ToRREAC Y TITD D), R EELZ SFOFEIC YN TENENTV, b1
TRPEDORE A AL, 7 —_Y —REOPHREICHHE T 5, Fig 2.3 & Fig.
2412, TNEHEHATE (BTG 2D 7 N — U —REORHhIHT) &g

Wik (7227 h—A) OHPLC 7 u~ 7T LAOH %z,
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Fig. 2.3 An example of HPLC chromatogram of sugar of blueberry fruit
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Fig. 2.4 HPLC chromatogram of standard (fructose)
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) AHERIREE D HPLC H#7

> IRBER : 0.1% Y R (HPLC F)

SYBET T I 0 2 KOESNEE DA A 2 2T T L
fetigs © SRR AR (KRR © 210 nm)

BT LEDOIRE : 40°C

YV Vv VYV V

HEARE 20 Ul

TEEEREYE L LTk, &7 (AlfaAesar, United Kingdom), 7 = g, Y
v g, a7 BROFRIEKHL (Wako Pure Chemicals, Japan) % H\ 7=, HEOHT
& [ARE D 51k TRBHAIR OB IR DR 2 TN ZIRO THEEHL, 74—
—REDORRIEIE I T 5, Fig. 2.5 & Fig. 2.6 12, T EREHATR (RiALHE
EHDT N—_) —REOFEIRIIEIR) &IEERK (7 =) © HPLC

sa~ N7 LORERT,
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Fig. 2.5 An example of chromatogram of organic acid of blueberry fruit
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Fig. 2.6 HPLC chromatogram of standard (citric acid)
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2232 W7V hU T =V EDHPLC 54T

TRV T = VEEETALERDT, T—_) —RECHENDIHRT
N7 = &% HPLC IZ X W BB T 2561213, EREMET T o7
=V DONIRRCIAKE TEDRVMZ D Z ENMETH D, BIRAR TR, L
TR FNEICHE > TIT o 72,

1) FEERSZICH U BE SR8 FRD-82M  (Iwaki, Japan) (22D 12 FF

o

RIEZERR LT,

LIERE DT LR LT, BHAEELE (72 b7 = BN

il

2) Hik
LENAFAETE D) D 2% U ZIVFNAVERED A % ) — VIR 2Rk L L
T (RFERERE gHRAR mL = 1/10) . 4°COBEEFIZ 12 FERKE LT
TRV T = EHE L,

3) HhHi%E 2 mL O~A 7 vF v I ANT, (KiEE OB CFISRXII
(Hitachi Koki, Japan) % AW TELoBEL, BEAHKZ 045 pm D7 1 )L
4 — (Whatman, United Kingdom) % i# L7z,

AL AT o 1o BRI DWW T T v b7 = DE &3 HT 2 HPLC %S,

Prominence UFLC (SHIMADZU, Japan) (2L D 1T-7=

HPLC 73 DA RIFIZLL T O Y,
> WRBEG - AVABERIE 0.1% b U T VA VEERR D KT
B IABERIE 0.5% Y Z VA AVERRD T & b= b U LRI
PECA BRI D HPLC o & 72 v | 2 FFEOERBER % vy, HPLC JIE D&

HCIRBER DR B X RIS BT 2D 5 7T 2 = MExZ W,

> yBfEH T 4 0 OP-DOS GEfHl 7 )

> g X144 — K7 LA (Photodiode Array: PDA) &4} ] it Hi 25

(7 b7 = DR ERINA BN D 520 nm Z R E & L)

> T AEOIRE : 40C
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> FEAE 10Ul (A— b Yo T VT A V= X =2V EN)

> YRR K

TN—_Y —(ZiE Table 2.1 IZRT K OICEEDT » Mo T =0 BEEATD
5o FELEMIRO L IICHOLDLMIEDT » by T =06 L TENZE RO/
BRREERT 22 LT LV, 2 TARIFE TR, —BEIICHW R TV SR
F W72 E EAEYEY)E @ Cyanidin-3-O-Glucoside Chloride (Fujicco All Rights
Reserved, Japan) DA DWW THREMRAER LTz, AT > F 7 = OFELR
TARBR Z DIEEWE LR L ThH L AR L, MEBRIZIVELxDT o T
=vEERDT, AiteER T by T =08 E LT, Fig 2.7 & Fig. 2812, %
NZERLRBER (MLABRELOT > M7 = U iik) & RIR
(Cyanidin-3-O-Glucoside Chloride) ® HPLC OHIEFEE (ru~ 7T L) O

Bz 7:9,
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Table 2.1 Anthocyanins analyzed by HPLC, listed in the order of

retention time

Anthocyanin Formula

Delphinidin-3-O-galactoside Cy1H21012
Delphinidin-3-O-glucoside C21H21012
Cyanidin-3-O-galactoside C21H21014
Delphinidin-3-O-arabinoside CooH1901;
Cyanidin-3-O-glucoside Cy1Hy101y
Petunidin-3-O-galactoside CH23012
Cyanidin-3-O-arabinoside CooH19019
Petunidin-3-O-glucoside C22H23012
Peonidin-3-O-galactoside CoH2301
Petunidin-3-O-arabinoside C21H2101y
Peonidin-3-O-glucoside Ca2H2301;
Malvidin-3-O-galactoside Ca3H25012
Malvidin-3-O-glucoside Ca3Has012
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Fig. 2.7 An Example of HPLC chromatogram of anthocyanins of blueberry fruit
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Fig. 2.8 HPLC chromatogram of standard (Cyanidin-3-O-Glucoside
Chloride from Black Soybean)
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2.3 EEETNVOIER LM

TN—_Y —REOR G DOERGHTTIL, EOMFEOREIT L TH TR
FEDIWERBETNVEAERT A EDNERETHDH, £ 2 TAMETIE, SfEE
KP4 52 &7, BEMED T L—Y —REICHEF R ERT T L2 1E
T DTt oo, 7A=Y —REOHB AT A —F ThHDHRE S HE,
72 EIIRECIESE DL, ZNHDABINT A—ZBNERET VO TR
WZHR DB TELRT/NEL T8I, HMMINRTA—FZDITHLOENRKRE
RREEFBAOICHE Lz, R CTHW 7 —_Y —REOHE T A —
B LB, BHRRIEE R O T v b7 = BOERE (HPLC (2 X 2 RIE )
& DOHUEREEE % Table 2.2 & Table 2.3 (2% & D7,

ABFFECIE, B RBEERERIED —>Th D PLSI BRI Y% H
W, TEARINARY SV EALESHTE T DT RRNME OFEBI 2 e KiIc 72 5 &
INTWAEREE 2RO T, FNCES S BRFHRICEV ERET LV Z2ER LT,
PLS1 [FR 3 HTIEIC K 2 T ERE TV OMER T IEAEIT R L CEHEREYRRIR 217
STWDHDT, ¥ F TOBMELESE AW CERIFETIVURRE RO THIEE
DEWETABTELN DD ZRORITIITR B2, EEVFIZHWDIEIEEL
BOIRIBE D & ERET VOERICHLERRIERBOFHRIFN 2550
5o —J. BEENFIZHWOBIELEBNZTED L /A AL ERET VOMERHKIC
AnbinT, THERE DL ZENEZBND, Fo, MEMRLEEBR
Ry E 7R D L BRIV DT EA B O R 2 B BT D, LTzid - T
2 7R LA D (BEAER 140 2Rk D A\ FEYE TR E 2RI & LT,
IETER TR 180 L7203 b Z L E AL OB TER T EUT e i3 D R TRIRAE R
DT, FETHFRZEDED RN R DE8WEH E DV E LR R DREE TOWE
TER T a il L RO D

ZERPLS ET NEERT 2812, HIEART "V EIZEND T —_T —
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REORE SRRERILL EOERIZERNT 5 ERET MUICARER AT K
IEIREZ TE LMY RS LERH D, AFETIX, BIEA~Z MK L
TN DD AT MVHTLEREZ FAT LIz, A L— 7 (Savitzky-Golay:
SG ) V. —WdH DT &My (SG ) Y. Multiplicative Scatter Correction
(MSC) i 9., Standard Normal Variate (SNV) # ©. Min-Max Normalization
(MMN) £, Constant Offset Elimination (COE) k% B rCREEICZA
OET, ZNENICET LT, £2, LV EWTHRELFF ol EERETT v
VERE ™% %12 . Moving Window PLS £ 7% I TH N 2 I EIR O #IR 21T - 1=,
ER LI EEBET VO THIREEZ M 2EEE LT, R, RPD &

RMSEP(RMSECV) %MW, DRk J5 % Equation 2.1~2.4 (2777,

R?=1- % Equation 2.1
RMSEP = \/%Z?zl(y{ —y;)? Equation 2.2
RMSECV = \/%Z?zl(y{ —y;)? Equation 2.3
RPD = 5D Equation 2.4

RMSEP or RMSECV

yildi FHORBIOREME, y/13i&FEHORBO FHRIE, v, (THEE DY)
flE, n 1 3ECEHE, SD IZRIEMEDOIERERZETH 5,

W7y Ry T = RICHT 2 EEET VO & FHMIL, MPA BT IR
DHSEFHAMBRL T T =Sy 7 b =7 ZHWTEIT L, B
AR O EEE T VOER & FEAMIEL. Microsoft Excel ([ZH# L TW5
Visual Basic for Applications (http://www.microsoft.com/) & Freemat 4.0

(http://freemat.sourceforge.net/) ZHAWTHEIT L=, /-, TEETTLDOIE
FRAHE D A7 BVATALEE R RIS Bk Y 7 b o = 7 & fVTRAT
L7,
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Table 2.2 Results of analysis of the sugar content and organic acid content of 30

blueberry fruits by HPLC, together with their weight and diameter.

) Diameter based Diameter Total Total
Sample Weight . L *a . 1 %b .
number:30 @ on height based of width sugars | organic acids

' 8 (mm) (mm) (Wi%) (W1%)
Min. value 1.0 10.0 12.7 2.9 0.6
Max. value 2.6 14.4 17.2 10.2 2.3
Mean value 1.6 12.1 14.5 6.2 1.3
SD 0.4 1.1 1.2 1.9 0.5

“Height measured in the calyx direction.

®Width measured in the direction orthogonal to calyx.

Table 2.3 Results of analysis of the anthocyanin content of 70 blueberry fruits
by HPLC, together with their weight and diameter.

Di Di

Sample Weight 1amet§r *a 1amet§r s | Total anthocyanins
number:70 @ baser on height * | based of width (mg/100g)

. ' £ (mm) (mm) giove
Min. value 0.9 10.0 11.7 37
Max. value 2.2 15.0 15.9 299
Mean value 1.3 12.0 13.5 159

SD 0.3 1.2 1.0 71

“Height measured in the calyx direction.

®Width measured in the direction orthogonal to calyx.
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I — 27 OEEEBIE, 24T, Z< O =7 PERS>TENATNDH72HT
85, FEDTOIT AT ML BRI ZICRBT 58— 27 2 Ao LT,
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7 A

~Y BIZ L0 ZEERT 2 AW TERSIT 21T 9 OB — K TH 5,

42



Absorbance

0.0 T T T T 1
12000 10000 8000 6000 4000
Wavenumber/cm-!
6.0 -
(b)
(O]
O
C
®
2
(@]
(2]
o]
< 20 -
0.0

12000 11000 10000 9000 8000 7000

Wavenumber/cm-!

Fig. 2.9 Near-infrared absorption spectra of blueberry fruits measured in (a)

diffuse reflectance mode and (b) transmission mode.
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B & AREIE 2 HPLC o413 % & & ORI @E L DT, Z OMIRLsy ORIE
(ZFE— o0k » FERESG L L,

HPLC T DR, 70—~ —REICEZENDHERT D 90%LL L3 7 v
=27 a—2 (1:1) ThYH, FNLSMNAEOA 7 n—2AbEEND Z
EMPMoTe, TOMEIEL, WEOHETHRE SN TVWDLERT —Z LIFTF—
HL T2 Y, HPLC /i DR & JRBEUE S 2 W ITERIEIC L W lE S
TR RIN AT S D AR LT E BT 7 /L OGRS S % Table 2.4 123, K
EBRIZH W= 7 N —_ Y — BRI 30 ki & LA D 72 o 7o DT, 7 1 AR
U7 —3 =3 (Leave-One-Out Cross-Validation: LOOCV) (Z X Y &7 /L DA %
117,

Table 2.4 (21X, 7 B AN F— 3 KV EBEET VO TRIEE 2 3-0 L
TR R AR Llc, THNSEN R ROEROLR LIco T, JIEECHIERNIC
£ 0 AT R OVETERIECREAT I W T RIS 72 5, Table 2.4 1278 L7
Rinb . EEET VO TR REECRIETAIKGE T 5 2 LR bnrd,
T, HIEEN R D LB ORENRILOR ) DIRE 578 E OV K -
TCEARI AT S ZEN DB DAL BT D IS/ A A ORHEN
b2 LITERTS2LEALND,

TR HIEZ T T —_Y —REICHEENDHEREZ T 525581203,
LW STHE & ZEEOWNT A TS FZEARELL EORE TTHINAFIRETH
DT EMOND, WESNZRE LT, BFHIL L HHLS DI L TE
NEIER LT ERE TV Th, BIERML 2 FrE T 87 2 MEHALIZ DT
HESNTZAXT Mk U THERR LT EEET LV CH, ERAKEL EOKE
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ZETETHIE LT AT FVICHES S EEET VOTRE TN % 550k

I O-H MHAEIRBI D5 2 (55U DIZH KT 5 10500 em™ 30T, JEHUS SHE Tl
TE LT AT FVICEE S S ERE T /VOUREE TR 2 50kl C-H fE iz
O 2 55N 2N #1335 8000 em™ f15T & 72 5 7=, Fig. 2.10 2% L 7= B
(AR OHAIEIZ DWW T, JEHBUEIC KV JE) OIERIAST R T,
IS DOWEHBITRINE — 7 BB TS, LIeh> T, IlRAIEIC L ST
SR — RO O E TN 1T O-H = C-H OMfEIRE O 2 53512 &
LR G LTS EEZBND,

B BHEAL T ORENT R U THERR L 72 E BT 7 /L O TR EE 23 O T D
TENTR UTHERC L 72 E BT T /L K0 SRS K, BH L2 ZiEiE CHIE L
Tyt WET 206008 5 Ml OEE) 2O T (Table2.2) . fHERICE
ETAHOBENRKEL 2D, EBETNLVORBENRMELLEEZDLND, &
BN Z JLBCIHE THIE L7256, BHINLIT T L—_ T —REDOHE L
EHANTESHM IR EWHLNIRLR D, AIESNDERIANRT FDN—R
TA PRS2 D, IRNWAR—=2AT A D%, JAXBES T, 7—FDFAF
VI AV VB RELSBRDLIDTERET VO TPANREEZ R ESH- B 25,

ULORNEFEEELEHD L, JLRBANE E ZBimEO TR EHWTS, RFE L
D EDENMN THIEEIT- T, TN—_ —ZEGEN D2 ERAEE ED
BETTYHTEDZtRbnotz, TN—X_U—BEDLE, FEOEGHENL
AR (B s—t > F) OT, ERSN AT RRE TR OSNRELIR D 52 &
ZAFIZKWEB R D, Fig 211 RSN EEIZ L D HEO THIfE & HPLC 12 &
LEEOREMOME L ~T, TWHERELATWD Z Enbnd,
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Table 2.4 Results of cross validation of models predicting sugar content of blueberry

fruits constructed by PLSR.

Mode of Measure- ‘ Wa'venumber RUMSECY )
ment Preprocessing| region used for | RPD R
measurement .. . 1 (g/100 g)
position analysis (cm™)
Calyx 2"D + MSC 8925-7390 3.4 0.5 0.91
Diff
Huse Other |MSC+2"D| 85397775 | 2.6 | 07 | 085
reflectance
Mix MSC +1°D 8315-7706 3.1 0.6 0.89
Calyx MSC 10738-10128 | 3.3 0.5 0.91
Transmission Other None 12500-7000 3.1 0.5 0.89
Mix MSC +2"D | 12500-7000 2.5 0.7 0.83

Other: Position not at calyx

Mix: All measurements without distinguishing measurement position

MSC: Multiplicative scatter correction

1°'D: First derivative

2"D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 51 points (for

diffuse reflectance mode) or 71 points (for transmission mode) was used for the

calculation of each data point.
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Fig. 2.10 Near-infrared absorption spectra of three sugars measured in diffuse

reflectance mode (a) and transmission mode (b).
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Fig. 2.11 Correlation between values predicted by near-infrared spectroscopy and

sugar contents determined by HPLC.
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Fig. 2.12a (278 L72 K 912, SERSHE CHIE Lz A7 b L& V-G
IREEOTHIE & HPLC 12 X 2 EHHEDOMIC L WAHBID /L 545, — 77 Fig. 2.12b
IR LIEE 91, BEETHIE LAY brZ2 AV 5aiE. AR E o
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e EAREU EORE CIREAZ THIT 5 Z 88 LV, IEESEIC LR
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TN—_Y —REN OBy DAL= NEZ HND, REDRE—5)
AL, WEEALZ KB TIER LI ERET VO FRIREZIR TIE 5, L
U, BIENL AR E U CTER LT EEET VO TR EIZEE 2 5 2 720,
L7eid o T, AHEEREZ TIIT 25 6120%, IEBRKHHEIC XY 27 MLk
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Table 2.5 Results of cross validation of models predicting organic acid content of
blueberry fruits constructed by PLSR.

W b
Mode of | Measurement ) 'fwenum °r RMSECV | ,
.\ Preprocessing | region used for | RPD R
measurement |  position . 1 (g/100 g)
analysis (cm™)
7235-6857
"D+ ’ : : :
Calyx 2""D+MSC 5070.5345 33 0.1 0.91
Diffuse 7505-5446
Oth 1D +MSC ’ 3.6 0.1 0.92
reflectance e 4605-4242
8369-7606
. st )
Mix "D 6935-6171 2.6 0.2 0.86
11039-10545
+ond ’ : . .
Calyx MSC+2"D 8678.8045 1.9 0.2 0.62
Transmission | Other 2"D 12500-7000 1.7 03 041
Mix 2"D +MSC 12500-7000 1.7 0.3 0.41

Other: Position not at calyx

Mix: All measurements without distinguishing measurement position

MSC: Multiplicative scatter correction

1°'D: First derivative

2"D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 31 points (for

diffuse reflectance mode) or 101 points (for transmission mode) was used for the

calculation of each data point.
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(a) Diffuse reflectance not at calyx
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Fig. 2.12 Correlation between values predicted by near-infrared spectroscopy and

organic acid contents determined by HPLC.
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Fig. 2.13 Near-infrared absorption spectra of four organic acids measured in

diffuse reflectance mode (a) and transmission mode (b).
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MBI AENLEICRRD, ZOXIRBEVDOERIT, BAFELRDLT
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Table 2.6 Results of external validation of models predicting anthocyanin content of
blueberry fruits constructed by PLSR.

Mode of
measurement

Measure-
ment
position

Pre-
processing

Wavenumber region
used for analysis

-1
(cm™)

RPD

RMSEP
(mg/100 g)

R2

Calyx

MSC

12489-7498,
5454-4598

2.8

25

0.87

Diffuse
reflectance

Other

COE

12489-9997,
8296-8270,
7984-7915,
6449-5863

33

21

0.91

Mix

None

12489-7498,
6102-4597

3.1

21

0.90

Calyx

1°D

12489-11440,

11216-10853,

10537-9935,
9141-8439

2.9

24

0.88

Transmission

Other

MMN

11672-10846,
9172-9087,
8963-8917

3.6

20

0.92

Mix

SNV

12289-11448,
10653-10592,
9157-9071,
8802-8640

3.1

22

0.89

Other: Position not at calyx

Mix: All measurements without distinguishing measurement positions

MSC: Multiplicative scatter correction

1°'D: First derivative

SNV: Standard normal variate

MMN: Min.-max. normalization

COE: Constant offset elimination

Derivatives were calculated by SG method. A cubic function fitted for 17 points was

used for the calculation of each data point.
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Fig. 2.14 Correlation between values predicted by near-infrared spectroscopy and

anthocyanin contents determined by HPLC.
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Fig. 2.15 PCI1 vs. PC2 score plots of PCA results for spectra of blueberry fruits
measured in (a) diffuse reflectance mode and (b) transmission mode. . and ®

correspond, respectively, to the results of measurements at the calyx and at a
positions not at the calyx.

59



25 F&¥

PLRAE ARSI SR 2 D TR D 7 1 — ) —RBTH £ 5 bE,

FHEERIRE, 7 v b T =852 THIT2EEET LVEERL, TOERET
TNDTRREEZFHL LTz, SoN/REUTIcEED D,

@

@

BRI O TR L, TR ART ML ORIEESCT L—_ Y —RE
DOPNETBALIZ L - TR B,

FmiEE WL HEITIE, EOFACHEZ L CHHRESRT b T
=V REFEMHEULOETTT L LNTE S, L LiZiEikoH
ETIE. AR IR RN BN DR D AT ML a21RDH Z &
MWTERVNOT, ARBREZFERAFBEUALOBETTHTLZLITTE
N, — i IEBEE WD 5E . B ARBIRE LT by T =
vEAZFEMNRBEL EOBETTHTL 2N TE S,

PEHRSSHEZ VD858 120E. EROITEIC LY A7 R vind 71—
AU —REOPEINLZRFE L, SO ERET NV CRELZ THIT5 2
IR TURELM ESEDHZ ENTE D,

RETHNZHW DI E LT, FEOERET /L TIE, C-H X O-H DF 2
B ICHRT 2NN FRREDO TRICHFE L T D, —HAEIROE
wEET/LTIE, C-HX O-H OF 1 f5EF ITHR T 2N RSO T
IZHELTWbEEZLND, TV M T2VBOERET LTI, &
RTHLT vV M7 =0 FOEFEBICHRRT 2 WIS RO
DS ARIMEIR O m A B, IREDO FRIICTF G L TnD &2 b b,
U EO#REE DD L MEEEZEUNRINT 5 2 Lk v Rt

ETTN—_RY —RECZENDH L ARBROBRER T o T =B

FEHRGELL EORSE T PRI 2 FIENRE SN LT A5,

60



2.6 FIHCER

1)

2)

3)

4)

5)

6)

7)

8)

L)NEE . /INPER . T —_Y —OVEEMERNE —FE- RO X<
72RO i, BT (2006).
I. Ogiwara, Y. Ohtsuka, Y. Yoneda, K. Sakurai, N. Hakoda, I. Shimura,

“Extraction Method by Water followed by Microwave Heating for Analyzing
Sugars in Strawberry Fruits”, Journal of Japanese Society for Horticultural
Science 68, 949-953 (1999).

S. Wold, M. Sjostrom, L. Eriksson, “PLS-regression: a basic tool of
chemometrics”, Chemometrics and Intelligent Laboratory Systems 58,
109-130 (2001).

M. Sjostrom, S. Wold, “A multivariate calibration problem in analytical
chemistry solved by partial least-squares models in latent variables”,
Analytica chimica acta 150, 61-70 (1983).

EA R, @SUIEIE, “Microsoft Excel Z W=7 F A N VU 7 ZFH(5)
— b & BB 5 — . Journal of Computational .Chemistry, Japan 11,
149-158 (2012).

L.S. Helland, T. Naes, T. Isaksson, “Related versions of the multiplicative
scatter correction method for preprocessing spectroscopic data”,
Chemometrics and Intelligent Laboratory Systems 29, 233-241 (1995).

J.H. Jiang, R.J. Berry, H.W. Siesler, Y. Ozaki, “Wavelength interval selection in
multicomponent spectral analysis by moving window partial least-squares
regression with applications to mid-infrared and near-infrared spectroscopic data”,
Analytical Chemistry 74, 3555-3565 (2002).

P. Williams, K. Norris, (Eds.), Near-Infrared Tech Technology in the Agricultural

and Food Industries, 2nd edition,. American Association of Cereal Chemist, St.

61



Paul, MN, USA (2001).

9) X. Niu, Z. Zhao, K. Jia, X. Li, “A feasibility study on quantitative analysis of
glucose and fructose in lotus root powder by FT-NIR spectroscopy and
chemometrics”, Food Chemistry 133, 592-597 (2012).

10) J.C. Tewari, V. Dixit, B.K. Cho, K.A. Malik, “Determination of origin and
sugars of citrus fruits using genetic algorithm, correspondence analysis and
partial least square combined with fiber optic NIR spectroscopy”,
Spectrochimica Acta Part A 71, 1119-1127 (2008).

11) N. Sinelli, A. Spinardi, V. Di Egidio, I. Mignani, E. Casiraghi, “Evaluation of
quality and nutraceutical content of blueberries (Vaccinium corymbosum L.)
by near and mid-infrared spectroscopy”, Postharvest Biological Technology
50, 31-36 (2008).

12) J. Workman, Jr., L. Weyer, Practical Guide to Interpretive Near-Infrared
Spectrroscopy. CRC Press, Boca Raton, USA (2008).

13) J. Che, S. Suzuki, S. Ishikawa, H. Koike and I. Ogiwara, “Fruit Ripening and
Quality Profile of 64 Cultivars in Three Species of Blueberries Grown in
Tokyo™, Horticultural Research (Japan) 8, 257-265 (2009).

14) S. WOLD, “Principal Component Analysis”, Chemometrics and Intelligent

Laboratory Systems 2, 37-52 (1987).

62



BE TA—NY —REOHIFHEIC AV D EAFEBEDOHREDOREY

3.1 I XLC®IZ

LE LT BE O REL AT D8I, TR IR X DR, BREER 80
NS b D FEAMN 2 A2 PEBLE CTISH L TW A 6123, ImFEZ< oitbd Lo ichke-
TE Y, HIREN TV DA RI IR 2 FVIuE, SIN BIERICR
WANRY M EED ZENTED, L, TIRODEIEEFHIRE, 2o
fi72 DT, FOF FAEEB, TREENREICHNSZ LT# LY, £Z2T,
FeE ORI (—Fld 5V MTEEAE) OREOHITITRE LT 0 R &2 %G
FET L ENEHERPELE RS TEL, ZOXH R AN TRESNIEE
LTI, Bl 1L Fig. 3.1 & Fig. 3.2 D XL 95 724> T A URIE S eds-ofE A E
SkEBZET HND,

AR ICHEZ K D BT Tl 3B H BIR ) DL PR RIS Lo T
TRREETOTHOLDICHE L SNHEBOMRENR R >TL 5 Y, #ilx
(X, KO XD NTEARIMEII SRR 22 5RO 22 7R 3R ) D E BT 24T 9 5
BATUE, IR I EFHC B L S D SIN MO E % i § D35 E L 1
NTERLS FHELZ RV, AETIE, WHDOLEFTHE LN T — % EAEK
LIEEREET IMIESNT, T—_Y —RECEENDHE, AHEERIREE KO
W7 v b7 = Ak FEHREL EORE CRIET 281203 80 L 5 pdEE N
WBE L T2 DO ERE LT,

R TCIEL, BRHWERETH D FIEE & I EE T v —_ Y —RED
ERESHTITHI, PRIRGEE 2 2 n 2huiat Lz, ZOfER. @ik AigEE o
RHASITICE NS Z L BNWNEETH D Z ERHLNICAR ST, — T, Jhl sk
ERHOVIUX, B, AEBOBRELORT v b7 = B EEEL EORE
THIETE 2, Lo T, FEAMBEEEIZHW 2 EEITIEBETE L 5~

63
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5

Fig. 3.2 Fruit selector K-BA10OR for
: prediction of Brix produced by
» !‘ﬁ KUBOTA CO., LTD

<

(Source: www.rice-fruit.kubota.ne.jp/)

Fig. 3.1 Online system for prediction of
Brix and Acidity produced by
SHIBUYA SEIKI CO., LTD

(Source: www.shibuya-sss.co.jp)
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Table 3.1 Prediction results of quantitative models of sugar contents constructed by

the spectra of different noise levels

Noise level (LAbs) R’ RPD RMSECV(g/100g)
10 0.87 2.8 0.64
20 0.87 2.8 0.63
100 0.85 2.6 0.71
200 0.77 2.1 0.85
1000 0.43 1.3 1.4

Table 3.2 Prediction results of quantitative models of organic acid contents

constructed by the spectra of different noise levels

. Other
Noise level (LAbs) 5
R RPD RMSECV(g/100g)
10 0.92 3.6 0.1
20 0.91 3.5 0.1
100 0.91 3.5 0.1
200 0.91 3.5 0.1
1000 0.91 34 0.1
1500 0.90 33 0.1
2000 0.78 2.1 0.2
10000 0.44 1.3 0.3
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Table 3.3 Prediction results of quantitative models

constructed by the spectra of different noise levels

of organic acid contents

Calyx
Noise level (LADbs)
R’ RPD RMSECV(g/100g)
10 0.91 33 0.1
20 0.91 33 0.1
100 0.89 3.0 0.1
200 0.91 3.5 0.1
500 0.83 2.5 0.2
1000 0.60 1.6 0.3
2000 0.62 1.6 0.3

Table 3.4 Prediction results of quantitative models of total anthocyanins constructed

by the spectra of different noise levels

Noise level (LAbs) R’ RPD RMSECV(mg/100g)

10 0.91 33 21
20 0.91 33 21
100 0.90 33 21
200 0.90 33 21
1000 0.90 33 21
2000 0.90 33 21
10000 0.90 3.2 21
20000 0.90 3.2 21
100000 0.81 2.5 27
200000 0.72 2.0 35
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Table 3.5 Prediction results of quantitative models of sugar contents constructed by the

spectra of different wavenumber shifts

Shift of wavenumber 5
(em™) R RPD RMSECV(g/100g)

-77 0.72 1.8 1.0
-38 0.71 1.8 1.0
-15 0.84 2.5 0.7

-7 0.86 2.8 0.6

7 0.87 2.8 0.6

15 0.85 2.6 0.7

38 0.81 23 0.8

77 0.67 1.7 1.0

Table 3.6 Prediction results of quantitative models of organic acid contents constructed

by the spectra of different wavenumber shifts

Shift of Other
wavenumber(cm™) R’ RPD RMSECV(g/100g)
-308 0.68 1.7 0.3
-269 0.84 2.6 0.2
-231 0.89 3.1 0.1
=77 0.89 3.2 0.1
23 0.89 3.1 0.1
38 0.86 2.7 0.1
46 0.84 2.5 0.1
77 0.76 2.1 0.2
231 0.77 2.1 0.2
308 0.67 1.7 0.3
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Table 3.7 Prediction results of quantitative models of organic acid contents

constructed by the spectra of different wavenumber shifts

Shift of wavenumber Calyx
(o) R RPD RMSECV(g/100g)
-154 0.69 1.8 03
-77 0.85 2.6 0.2
-61 0.89 3.1 0.2
15 0.85 26 0.2
23 0.82 24 0.2
61 0.79 22 0.2
71 0.80 2.3 0.2
154 0.64 1.7 0.3

Table 3.8 Prediction results of quantitative models of total anthocyanins constructed

by the spectra of different wavenumber shifts

Shift of wavenumber 5
4 R RPD RMSECV(mg/100g)
(em™)
771 0.88 29 25
1387 0.86 2.7 26
1542 0.80 22 32
1927 0.78 2.1 32
2313 0.75 22 31
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Table 3.9 Prediction results of quantitative models of sugar contents constructed by
the spectra of different wavenumber resolutions

Resolution (cm™) R’ RPD RMSECV(g/100g)
16 0.89 3.1 0.6
32 0.85 2.6 0.7
64 0.63 1.5 1.1

Table 3.10 Prediction results of quantitative models of organic acid contents
constructed by the spectra of different wavenumber resolutions

. Calyx
Resolution (cm™) 2
R RPD RMSECV(g/100g)
16 0.91 33 0.1
32 0.77 2.1 0.2
64 0.65 1.6 0.3
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Table 3.11 Prediction results of quantitative models of organic acid contents

constructed by the spectra of different wavenumber resolutions

Other
Resolution (cm™)
R’ RPD RMSECV(g/100g)
16 0.92 3.6 0.1
32 0.83 2.4 0.2
64 0.84 2.6 0.2

Table 3.12 Prediction results of quantitative models of total anthocyanins constructed

by the spectra of different wavenumber resolutions

Resolution (cm™) R’ RPD RMSECV(mg/100g)
16 0.91 33 21
32 0.91 33 21
48 0.91 33 21
64 0.91 33 21
80 0.91 3.2 21
96 0.91 3.2 21
112 0.91 33 21
128 0.90 3.2 21
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Fig. 3.3 PC1 vs. PC2 scores plots of PCA results for spectra of blueberry fruits
measured in diffuse reflectance mode. . and e correspond, respectively, to the
results of measurements at the calyx and at a positions not at the calyx.
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m, IR OBIE TIE 16 em™ LINO S REEDLETH D, T v
N7 = BORETIE, THREERDREEORELITE AL EZ TR
DT, HIREERFHC TR D MBI E,

U EOVERE 2 FFOZEE THIVUL, B E ML LI FEICLIY 7 —_ —
REOHAS & RRAEEL EOREE CTERSIT T 5, BARIEERE % TET
DRI, SEEEEREN THEEIC G 2 5 B EERAMICRFT L, SHERED A
T 2 0 Y (SRS 2 B B D,
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BHE ANANRXR—RART MNA A=V THATITES
TN—_Y — BED RS

41 ZTHIC

WD HIETH LN D T N—RY —RED AT hUiE, BIENDBHT--
TWDHE (AR Y B) ST 20 HERDOB LR, ZDAST MLi
TAT 2 T2 WS BT IE B Iy OB T D534 72 & D ZE I HITFF 2720,
Flo. REAEI LAY FPIVERNE L TRDIREZ TRIT 20T, 280
REZFRFICHIET 22 L HTERY,

TN — LR A SO AT S B BE O R SV R Tl MRS DR
Ny JEEO SN BORELFRIFRFIC O TE D EEPELFERNTH D, K
THZEL TEINA/N—=AXT fLA A—T 7 (Hyperspectral Imaging: HSI)
DA T HHND &, WREFRE ZRFERZFRICEDS Z LN TE 5, 1ERITY
T bV THEICHONLND Z ERE Do T2, BT TIXRFEONER G
BOHHIChL LIELIEMWSND L Hich-T&72 ), LinL, HSI 7 A T3
[EIHTAS T 2 W20 R 0T S fRREDS 7 — U = S O YL 73 e G
ICHARTE D, Eo, BERBOTRIC L > TEREDEOBELSE 2 0 40
DT, WET—ZIZEHEEND /A AL~ RE <, SN BENZ ERZN, £
DIZOIZ, HSL I AT Z AW T RFEZEDR I 3 TO TR, IO
AFERAWERALD K D Z BBV,

HSI 71 A T Z W2 REOE RIS 2 EDOHMZETIZ, v HITR
SMEB ORI R (1000 nm)  F TOIEFHRAZ AW TR TRE 2 FHl3 2 6
MNEN D, L, Za—_Y —RECEEN D HHIBRO X 5 IR
NV RPERINOEWR RN DO ABN S 5y (Fig. 2.13) 122V Tk, HSI A A
ZERAWCERSNZITo 7o & ICERRBEAL LEID THIRE 2155 2 & 138
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LWeEZBN5, £/2, HSI B AT TIROKFELZRET 5D T, FHEY
WITIEB S E— ROMEEIT> TNWDH 2 &b, 8T, IBXHHET
BE LT A7 Mz HWTERR LT E =T 7 WX ER L EORSE TR
EEZTFRL TS, 20L& ERET /AW ERIT 1250 nm (8000 cm™)
fHETH Y, C-HMHEIREION 2 55 OWIUCHEKT LD TH L, LIhii->
T, EARIMERO R BRI OS5 HAERZ HOIUE, AR O E &5 O T
MRS Om LR+ HIFFCE 5,867 > b T =V EBEOERESHIT OV T,
BRETHRA LD IR (S HoXA FRICHS LTV DT,
BRSO DHERBEFONDLHSIH AT THRT V Mo T =@ BE LT
MTEDHEERD,

AREETIX, ERE (400-1000 nm) & £ KK (800-1700 nm) D43 i
ERHDIENTEDL2BDOHSI AT EHANWT, T—_Y —REOFEE 7
FEROKRT » b7 = a2 EEmRICHT 52 FEORBEIT o T2, A 73—
2R MVERE L, ALFRIETRONDIEE, MELRDRT » 7=
=L OMBEEZHE L CERET VAER LI, BEELMEICHT 2ERET L
OFHIISNBANY T =2 a AL VATo T, BT v ho T =BTk 28 &

EFTIVOFMIZIZ a AN T —2 g 2LV iToT,
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42 EB

421 #RB

FHRUE L RFPFH X v o320 EERY) THFEMR) TR I TnD
RFE 2T N—_Y — L FETH % Sharpblue & Misty DR FEE B EEE LT,
BERE & BRI DAL E T v b U T = BOALESNT Tl S ER R %
DT, BB ZHEELREOCREMEy M7 T =r20REME Y b
D2ODEy ML TN LT, BT v M T = EOERSITICHWD R
FElx, 2012 4F 12 ANZAFE 24 RIINFE U7, B & IR O E B OHTIC W D 15
1%, 2014 4 8 HIZEFF 105 RLIUfE L7z,

422 NAR—RART MLOHIE

4.2.2-1 HSI VAT ADHHH

ABFIE TR, T —_Y —REDKH S O E ST 3THD HSI U A T %
Tz, BEEE L BRSO E BHTICIT, B RO VIO 1 2 7 L RIERH
SIHHD NITE B AT Z2Mnle, —05, 872 b7 = BOERSHTITIE,
TR D NHT 1 AT &2, 3HJEOD HSI v A7 AZWTns, &
AZE, REHEE R OGRSN G2 5, A T I EREIEFIZ L > TR Y
v R DART DAL, RHFE T2 ZRoTICES Lcmibig Tty s 'u
TLoNT —F T D, BERREIC L T, VS EROFRED
2%, KPR, D LR DIRE L TR Hnbs s a s J
TEMH LT, T ATIZE - T, B3 BE % o, Table 4112, A5
THW= ST HSI B A 7 OBUSECMEREE £ & O TORT,
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Table 4.1 Indexes of HSI cameras used in the present study

V10 NI17E NH7
Camera (SPECIM, (SPECIM,
JFE Technoresearch Co.) | JFE Technoresearch Co.) | (EBA Japan Co.)
Wavelength
. 400-1000 nm 800-1700 nm 400-1000 nm
Region
Complementary
Charge-Coupled TE-cooled InGaAs Metal Oxide
Detector ) . .
Device (CCD) Photodiode Array Semiconductor
(CMOS)
Lens C-mount C-mount C-mount
Spatial . ) .
. . 640 pixel 320 pixel 1280 pixel
Resolution/Line
Resolution 9.0 nm 3.5 nm 5.0 nm
Dynamic range 8 bit 8 bit 10 bit

4.2.2-2 HSI T —% OF#I

AAZIZRY T—FOFH EMIEOHE TR D, B & ARERIRE ORIE
(X, DAZEEBE L, T —_Y —REL R LG 2 #5088 R
ERIMSETEETBELRNRLKET A T EICHET 2 A TIT o7,
V10 7 A 7 Z ROV DHEEITE, Ly X0 2T 5 2 Ll X 0 bR I
IDOREZFIHFE L (RHESRORMBELRET D), SO F AT Iy 7 AL
YU EERT DR DD (99%DEEHESURRIC KT LT, BEE A~ vk
DERE— VBN 255 BB RN E D ICHHET D) 7 v o7 = BEORIE

TIE. A TEICHERA X v UHEREDRHBER SN TWZD T, I A T LA
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G EE L, 7 — Y — R FE ARG AR TR IE LT,
> FEECREOFEBESITRICHN D NA /=27 h L

PERE & e D E BT Tl eI RH 132725 V10 7 A 7 (ImSpector V10,
SPECIM, Finland) & N17E % A 7 (ImSpector N17E, SPECIM, Finland) % H\ T
A IR—=ZAXRT FIVERE LTc, INHEER D7 )V—~ T —R%E% HSI & AT A
DOFREFRICW R, HEEZBE LN HKET A TEIZ VIO BATZITED
400~1000 nm FEIKD /A /X=X T NV ER SR LTz, RICH A T E% NITE 7
A FIZEZ T, 800~1700 nm FEIK D /NA /R—=2 T " ILEKET A T L5
Fk UTo, KBt & BN OENAT DR EEZRET 2 %12 FREO N —T 2D,
BREHE L CHEZITo T, 70— —REOSHERIT, £ LD 1 KFE
TAUMWIDT 4Vl avi 77 A NE L THELND, N /8= RS
MVERIE LTZIS, RIETEBEZHY | PEEE & B O 70 D 2&12-30CD
W EIZERTE LT,

> T b T = BDEEGHTITHN D NA IN—= AT b L

BT by T = BOERSITIZIE, FERBOSIFERIEFSND NHT
71 #% (EBA JAPAN NH7, Japan) % H\\\T, /A /X—2X7 MLERIE LTz,
NH7 7 A G2 L HA =27 MV OBRIEIT. BEENEIE 100%DFEHER
OB (polytetrafluoroethylene, PTFE) O _bIZUNFEEL 14 D 7 L—~ Y —HLEE
AR, B AT ERERIH S ZEE LT, A TNEICHEHT H A Sy =
THEMTEAWTIT o7, KB & 8T OB A BT 272012, FEBREO I —
TS, BREMELICRICHEEZITo T, NA/S—AX7 ML ORIER,
REFEREZEY RT U M T = BRI D %IZ-80°C D BE 2 17

L7,
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423 AbLFEHH
RECEENIHEREDOEESITIIT, BITRBEEFICE > THIESND
Brix°fE & fli 9 = L N —#%ATH 5, JAS (Japanese Agricultural Standard) TR
FEECBFONE LR E X BTRPEE R LY Brix B2 RET S Z LT > TV 5D,
ZZ T, HSL W ATIZR DT N—_Y —REOFHREDERSHTTIX, ~ A8
— A7 VL BrixfEE AW CERET VEER L, —FH, TA—_U —F
RIZEENDERAMIBILY B THDH Z & VIS T, BRIRE DLy
FHFBREE R (30 v EEMOIGFEROR NV Z TS T KX, ¥/ VOB
KV L IEBNICATER BN, ZORENBREICHHT ) ZHNT, 3
TOHMRRE 7 T il LTS 5 5k TIT-712 7,

T b T =D, B2 EDORT YT = EmOFE

BN & [EIERIZ HPLC 42 FvWi-,

423-1 KEE
TN—_Y —REOEE DL FERHTIILL T OFNEIHE > TIT - 72,

O BOCIRFEL TN T N—_Y —REZF A TITED WL ONTT v b
T5,

@ MEEFETBIC, By bLETA—RY —R1EEF 2 —TRREITA
#—VT-1 (ASONE CO., LTD, Japan) DF = —7|Z AL, 3 mL DA 452
HOKZIMZ T, SHEREDFTA T 5,

@ Hhik % /N iR D% MCF-2360 (LMS CO., LTD, Japan) (24 Y 5 43 fE D
SBEEAT o T,

@ EOSBELT%, EBARE~A 70y NMIEVERY B, A7y b

BEEE 3 PAL-J] (ATAGO CO., LTD, Japan) 2 & 0 HEFEEE (Brix*ff) Z &4

o
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4.2.3-2 FREE
T N—_Y —REDORRE O FE &RE AR 4.2.3-1 0O, @, @%1T->7=
%, EBERAERE~A 70Xy MZIVEDY EiF, % UEERICAINLT, +

MRA L=, Ry MERE R PAL-AC1 (ATAGO CO., LTD, Japan) (2 X Y %

FEAHE LTz,
BERT L BRI DR E BT ORIEE N @ e DT, FR DT —_] —
REITOWTHHE L BRE O RT 2 H1IE LT,

4233 BTV MU T=VE
BT by T = BEOCFEERESHTIXH 2 O 2.2.2 Gl L7 HIEICHE
S THTolz, ZTTHWETZ L—_Y =3, RAORENRE 2 ETHWE
LOLERRY RT bV T = BTN MEE R LT,
ARETLREEOIIC L VIE SN T N—_U —REOHEE | BRE K 0%

T hvT=rmE REFEEOHHAE A A Table 4.2 & Table 4.3 (2~ 7,
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Table 4.2 Results of analysis of the sugar contents and acidities of 105 blueberry

fruits measured by Refractometer and Acidity Meter, together with their weights.

Sample . Sugar content Acidity (convert citric
Weight (g) . . .
number: 105 (Brix°, wt%) acid concentration, wt%)
Min. value 0.8 5.0 0.2
Max. value 3.6 15.4 2.5
Mean value 1.8 11.2 1.1
SD 0.6 2.1 0.5

SD: Standard Deviation

Table 4.3 Results of analysis of the total anthocyanins of 24 blueberry fruits
measured by HPLC, together with their weights.

Sample number:24 Weight (g) Total anthocyanins (mg/100g)
Min 0.6 11
Max 1.9 97
Mean 1.2 42
SD 0.2 27

SD: Standard Deviation
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43 T —ZRNTFIE
431 A7 MVOBTE & 0

HSI v A7 JMZEDMETHOLNDT —FIL, BBV T L OEEEA~Y
NLTh D, BT DERSINCED 2T — 2 N Tk, iR & pBite %
FFOWNEEICAEWS 5 2 L NNETH D, KT PLS BRSO K 5 €T
PSS BRI TIL R O 2 WIS AT 5 Z L3 Th D,
o, HENSFEEBIEREIC R  LORFBEDIXSSE (V7 AM OO/
WIREENRIR D) WERBET VO TRIREICELEZ D2 LITRDHDT, JE
BETNVEERT DRSO LT ICE D EBE[ETILERD D,

HSI 1 A TR EpB L WET —ZITHT HMIEDIE T b RS, VIO &
NI7E B A ZIC L HMETIE, I A FZHEEE L TRELHE 28BS 2 B8
LAERBKRETA L ZEICEEZTHDOT, IATITHLTRIETSKET A
VT T ORI E T 23, KT A v & T 7 J7 10 TOREHENLE O AL
ZTWD, LTzl o T, SOMSFTREIZ K D ZBROMIEIIAKYT A FFm DI
IT2IE+H0Th 2, BAEMRMEDH S % Fig. 4.1 1277, BN 99%DIE
R A KT A HINIBE L2 HKFE1 74 EO/E S 2L TORE
R DBREAE AT MV &35, JET —Z OfIEX, LU FIZRT R 4.1

X421 T, BV BALEE T LICITY,

S—-D s .
R = m(a) or R = W(b) Equation 4.1

A= log% Equation 4.2

RITMEFE (T —_Y — 5 OFEX SR OAE, S 1XHE ko i,
WITEENE N R OBEFE . DXL Y ADX v v I A D T, s
WD R VRIE TOFAME., A ITRBIOWNETH S, NHT B A T 255
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AlZix, REIZHIET 2 & & LR USMH CREERS ARO A ZRIE L, *ST
HEZENLEEEZLICK 41 X422 1206 THIIEZIT- T2,
EmITOT-DOT —Z B E LTiX, HSI =RoeT —Z O HilEHZ Y

TIEEDTXTOE Y&/ (Region of Interest: ROIs) TOWIEE AT F L&
it L, ZOYH AT Sz RO TREHI G T 5 A7 ML e LTERTE
THDERIZHW e, A7 MAT—Z OFIEEfIHIL T v 7T I v T ERED

Python 2.7.8 (http://www.python.org) % FH\T354T L7,

€ Detector

<€——— Spectrograph

White reference standard

Fig. 4.1 Schematic of measurement of hyperspectral imaging camera

KHE DR T ORI« 1 A T NT — X REE— NIZ7e o728, FEWERURAR A BIAAATE D>
SBRETAMEE TP VBIIL, #1714 EOE T vV BO AT MLEHD,
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432 EETTIVOMER LM

PG IR 2 -T2 358 BE & ARSI OIREE D FRIREEE N AT F L%
BIET DENNARATT D 2 & 25 2 HCHE Lz, HSI I A T2 X DHEE L
EDOERSHTTHRRIZ, AESAMAGFIEZRF L2260y, £2T
ARETH, WERN S EICERET VEVER L T, JIETBALOE D TR
(C G2 DR BRI LT,

ERETVOMER EFMIL, 2 o 2.3 BB~ 7 Tk L R AT T
TiToTe. BEEEMEICHOWTL, SMBANY T =2 a VKD ERETLVOT
PG A RI L= T N L REEZ Xy U T L—v a3ty M 70K E N
UTr—a vty M 3SR T 7o, 3BT 1%, 105 Koo R I 2 BEELAE
SOOI O FNEIZAE ST, 3R T &I 1 RIDRFEEZNY F— a3ty b
RO, BYORFEEZX Y T L—varty bE L, PLSICE VIERT S
ERET VT, BEFREM COMBHEO L ERTET 5O T, WEEI KK L K
IMORERFY VT L—varty MIGFENDL LD, 2FE0VF¥ VT L—
gty FOREOREMHIANNY F— a3 vty hOREOHEMEFDEZ
GLEIICHELE, BTV F T2V EIZONTE, Z7aANRN)TFT—r gy
IZL Y EETET VO TG 2 5- 0l L7-.,

V10 & NI17E 7 A T OJETH LN AT MOl (HRIEEMT & &
B REATD) 2D A AR50 T, EEET NVOEKRIZIZZED ) A X

ISR E IEB8 oy RV TV,

ERET VO &G OFF X, Microsoft Excel I[Z#5# L T\ % Visual
Basic for Applications ( http://www.microsoft.com/ ) & Freemat 4.0
(http://freemat.sourceforge.net/) Z AW\ TiT-7-, £7-. EEETFTLVOER

WCPED AT MAVHILE S N HDY 7 b =T 2 HWTIiTo7=,
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44 RERRUEBL
441 TN—RY—BEDNA R— AT R L OB

N17E, V10 57 A Z & NH7 51 A 7 DENZE I TE—DREDZEH LD A~
7 M EBHLUNOEHND AT MVERE LTz, BERREOHZ, £hEh
Fig. 4.2, Fig. 4.3 & Fig. 4.4 12777,

NI7E 71 A ZIZ X DMETIE, WESMLZZEZ TH AT MLOEIZITELIT
Wo, UL, BHEHALDO AT SIVORICEEDR 8 LIS OFALIZ R THIZ
K< (R=2 T4 UPMEL) . BEEREMIZE Z0ERREL RDHEANA RSN D,
DAY MV EGE 2 B ORI PRI R TRIE U 7 BRSO A
AT ML ERER LT 2 A FERRIANY R (C-HOF 2 55X 0-H DF 1
f535) OFIXLE IR I L T D Z EBNbnolz, Les-> T, NITE
W AT &M HSL & AT LT BV DRI AT b Wzid, IS Ot
FFEFC LD ICREZDOREDOHE RN ZTENTNDL EEZIDND,

—J7.VI0 4 AT & NH7 1 A 7 DIIE TR LN AT hvid, JESAIZ
L OTRITENST 525, NITE O X 5 2 IR oo 7o, RN N
RIZADLEEIC BNz, Zhid, REGEFHCEPT L TV BRICHET D
DEZEZBND,

N17E & V10 B A ZIZ XV JIE ST AT MUVZE, TBIRBFFFF LT
BO, JAXLULREN, ZHUL, HSIL AT DX A F I v 7 AL VRNgk
W & & ZER SRR MENZ LI A EBRRO—E03H 5 &2 bivd,
—J5 NH7 I A ZIZ XV PE SN2 AT "D ) A X L~U AR,
NH7 57 A ZIEZ VIO NITE I A ZIZHA_RTH A F I v 7 AL URIRL 225y
FEREDSEIND T, BOFEWARYT N EH/DHZENTEDHEDEEZ LD,
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Fig. 4.2 Near-infrared absorption spectra of a blueberry fruit measured by

N17E camera
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Fig. 4.3 Near-infrared absorption spectra of a blueberry fruit measured by

V10 camera
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Fig. 4.4 Near-infrared absorption spectra of a blueberry fruit measured by

NH7 camera
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442 WEEOTHRR
Table 4.4 & Table 4.5 12, RSN AT V10 L RIERSEH AT NITE O
B FE SN TR L7 EE 12519 5 PLS EBT T VO TS E &2 JIE L 2
I LR A RT, EBHD0N AT ERWCGEIZH, FEEICHTHE
HETNO TRIEEIZE 2 TR0 LR U XK 9 AR FER BN, &%
BRRFEROHFZL TNDHDT, AT MUEPLBEHE I ENENERR > TV D,
BTN THE LT AT FVICKHE T D EEET VD RS @O THIEE & 72
V. V10 & NI7E # A TD R* & RPD BNZNZH 056, 1.5 £ 071, 1.8 1272
ST, BERHEBOSHERZHND Z LI PHKELZR LSE5Z &0
T& 7, L LINDDORRITERN D NIEZERET DO DOEMETH S
R*>0.85, RPD>2.5 |ZIZ 2L W TE LT, AEIOFERIZHNZ HSI # A Z12 X
DHEERIELZERAET 22 IFHLWEB 2 b5, ZORKICIE, BLFD X
HIRERNEZ HILD
© AEIDOFEERIZHNTZ HSI A A T OFREEEORSFHIE 8 bit (0~255 DH DIH
D) THO, AT IV I AL IURNNENWZ &, T2/ 4 AR%
TSN BMENZ &,
@ ZEMIEREME S CTROSICE £ D B 7 B AHB D, Z D=1,
EEJA AT RVIREEIORE L 72 B2\, ROIs ITH 41D B 7 BAHN
X CEBEHREICHWD A7 MAREL e 51F 8, FEIT LY ERLY
ANCHE D BEaMEE 2 BRI D ATEEMERE £ D LB 2 Hd,
@ AT PAVDORREPMELS T, FEEO R L BT 255V RIS R8 A
N7 bV EIZERRNZ &,
@ VE— MRV THEFRILOT, AT MUTEEND /A XD L
~ULEL T, MO () A RVR_AREL 2D EMOTHZ LI L

> T/ A ARG ER S L, ERMIT ORI D560 H2) wED
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AT NOVETERIZ L 5> TARY MVORHIEZEITH T EREEL Y,

® HSI v A7 M XHWEE, RIERE ORI L2 3 5
EHARL DT, FEMTITIEBISE— FTOMEIZR>TWND, OF
0. EPREOREMND EZETHMIIRAL TV DR DbV
D, FED LI ITRERKITIEDN > THMA L TWDHRTITK LTI, E&

TE DI EDRIERN AT FIARGBIZE TN TV D DOPRIET

© BEEEZEITRPELEHC X D E LT, JEIrRIERGTIE. BELSA O A

o=
=
&
a-

BEELE L CHIESND, EEET WERFFCHW AL O

EHNE DR ERRIED E BT T VO TR RO E L 5 2 7 aRerEn
&
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Table 4.4 Results of validation of models predicting Brix values of blueberry fruits by

spectra measured with V10 camera.

Measurement site | preprocessing R’ RPD RMSEP(g/100g)
Calyx 2D 0.29 1.2 1.5
Other None 0.56 1.5 1.3
Mix 2D 0.38 1.2 1.5

Calyx: calyx were toward the camera’s lens

Other: calyx were not toward the camera’s lens

Mix: All measurements without distinguishing measurement position

2™D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 71 points was

used for the calculation of each data point.

Table 4.5 Results of validation of models predicting Brix value of blueberry fruits by

spectra measured with N17E camera.

Measurement site | preprocessing R’ RPD RMSEP(g/100g)
Calyx MSC 0.71 1.8 1.1
Other Non 0.53 1.4 1.3
Mix 2D 0.38 1.3 1.5

Calyx: calyx were toward the camera’s lens

Other: calyx were not toward the camera’s lens

Mix: All measurements without distinguishing measurement position

MSC: Multiplicative scatter correction

2"D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 71 points was

used for the calculation of each data point.
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443 BEOTHRR

Table 4.6 & Table 4.7 12, BRI NI AT V10 L RIERSEH AT NITE O
BERE R A2 W THER L 72 BREE I %S 5 PLS & & 7 /L D TR B % I E 5L
T LRI L7e A R 2 R, FIRERE O A T VI0 DA EEET VO T
REIXIERTALICIE LA CRB SN ho T, THREEIIRbELS TH R,
RPD RENEH 061, 1.6 &L7xolz, —J5, RIERSIEH AT NITE & iz
e, WHS LR Z W56 L FU X 9 ICEREET VO THGEIZE AL
RAEMEDR BT, RITITRBDOERDHEZRLTNDHDT, AT MLFTLE
ENRENENE > TnD, BEHLUNOHOIZKIET DEEET DR B ED
THREEZZF L, R°. RPD BNZENTH 0.67, 1.7 L7roT-, RFEFERONL
HHREMNND Z LRV BEOTPRIEEZ R LS5 2N TEL, Ll
O OTHNEE L IR B E R T 572 O RAETH 5 R*> 0.85, RPD
>25 IFREL BN TW RV, L7z T, AENCHWZ HST A A Z12 X0 g
FEMEAZ KR T D22 ST LW E B2 b b,

JRIR & LCid, BEEDOBA IR AT 6 D HUSMT, REICE T D AR
DIELE N IR = & NZET b b,
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Table 4.6 Results of validation of models predicting acidities of blueberry fruits by

spectra measured with V10 camera.

Measurement , 5
site Preprocessing R RPD RMSEP(g/100g)
Calyx 1D 0.61 1.6 0.33
Other 2D 0.58 1.5 0.34
Mix None 0.59 1.6 0.34

Calyx: calyx were toward the camera’s lens;

Other: calyx were not toward the camera’s lens
Mix: All measurements without distinguishing measurement position

1°'D: First derivative; 2"D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 71 points was

used for the calculation of each data point.

Table 4.7 Results of validation of models predicting acidities of blueberry fruits by

spectra measured with N17E camera.

Measurement ) 5
site Preprocessing R RPD RMSEP(g/100g)
Calyx None 0.41 1.3 0.38
Other None 0.67 1.7 0.31
Mix None 0.19 1.1 0.43

Calyx: calyx were toward the camera’s lens

Other: calyx were not toward the camera’s lens

Mix: All measurements without distinguishing measurement position
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444 BTV MU T=VEBOTHRER

Table 4.8 |, FE R AT NHT TH LN AR bV &EHWTER LT
BT v by T = BICHT D PLS ERT T /L O TS B &2 HIEEAL Z & (2 EH
LI R %2R T, NHT B A T OFERET VO TG, JIESA IR T,
FERILHEL LORETRT >V T = B2 TR TEHZ L2 RLTWD,
ROIs # CX 5V KEBINT DL, RRBARTHRENSEOND, R, RPD
MENZI 087, 28 LGFHLNTERY, EHREL LE->TW5,

TIN—RY —ZEENDIRT VN T = ORBIFHERD 2N D T, TR
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Table 4.8 Results of cross-validation of models predicting Total anthocyanins of

blueberry fruits by spectra measured with NH7 camera.

Meas?rement Pre-processing R’ RPD RMSECV(mg/100g)
site
calyx 2" D 0.87 2.8 10
other 2D 0.86 2.7 10
Mix 2" D 0.85 2.5 11

Calyx:calyx were toward the camera’s lens

Other: calyx were not toward the camera’s lens

Mix: All measurements without distinguishing measurement position

2"D: Second derivative

Derivatives were calculated by SG method. A cubic function fitted for 71 points was

used for the calculation of each data point.
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