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Analytical instruments which has been gradually improved are widely used to get various property of analyte.
Those techniques give analysts much bigger data that makes complication to analyze the property of analyte. Moreover,
those results indicate different intensity and dimension when various analytical instruments are used, it often becomes
the cause of their complication to get detail of property of analyte. Recently, informatics become convenient tools to
analyze big data which can be extracted various target property. This report offers a topic of informatics to analyze
relation between gustatory of honey and analytical data using DSC, FTIR, ICP-MS, ICP-OES and GC/MS, which include
how combine and normalize data which indicate different intensity and different dimension.
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BONS, ARFEBIBSHHLONETRL, EEOSHHE
WETERABRTRIZDOHEMETFLE LTHETLZ L
RN TZ&E T2,

IINTHERRIE, ARB OSSR R AT L, T &

L 7= o Bt S I 0 a R 215 5 -0 I v b s,
BUAECITBVERIE, MEIERENE, J02R4ErE 72 SRR O Rl & A2
FTD N6 ORMMRIT 2 B E L CHESBOT 2 VW i=E
FEFREAT FIEDNRE SN T WA, =& 21F, RIS EIEI
BT AEAGEIR DO AT fl< v B 7D 7p PEKOH S
EEREE L S STk, REEEAEH (DSC) SEEE
HE (TG) 72 & O RIEFIRED 72 ERPHE SN TN D, #1
SPRTIE, RE & & BITIRENZ LT 2B Th > TH ERR-
TR 72 B3P S DIk fe % R 3 BV E MR C & 2575
Y —NVThDH, —5T, BRIV B D BT
X, MEOS FRESICHEET 2RERE DRV, o
M D T2 DICEDHT LB ERHE DA, HRRHEIETO
FENTAE R D 72 B IR TT O IEH % R 1G5 RIRHIIESE DO
TG-MS’E. & 43 47 [ IRe I8 15,9 DSC-XHR B4 [H] e I 8 1,9
DSC-7 ~ 43 WIERBFIE LD NFHA S TCnD, 2O
R ESEE, REMR O ICE B 7e Yy — v & LTI
&, W& CIRFICRIRA SN TR Y, o A —
=1, BN - SRR LR RLE IR DB % A ki L
TW5, e mgiEl, SRELICE > TEZ L OF®RR
IS DN DERIC IR o T TR & IV, EREfE R %
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BAHEDITITBRZN TN OBRNICEAR LI L S5,
BWL S OBBIFME AL E B OHT 72 @mfE 67 #d i
TR ENTARITHERR A B 9 0TS & > TRREE -

ESREAL L= T aR oG SR, BERD, Bhdk, REAR PR
72 DI TEE R T HRE RS 25 5 A3 HT et G O A B 72 Rt
DMLE L XD, AT Y FIIERERZICB LT A
KD B, HREOB KN, fiflr 2 Wz 5, BIETIE,

Bix By 7 T —2ICB 8T — % 70 EEERFE LM
DAY HHE SN THDEHOD, MEOfENT IV T
FBINFEOBUG N T & 2 0 igs THE O - Rot s i /e
DFERE R — Wt O TR & L CRIBHCMIT L, 2
N HHEZRIHT OFE T & k7 Y EBUC S < FRE oM &
W5 Z EIXREECTH o 72, T 2 T/IMRS DBER'Y T,
TEOME, RUR, FEMZR ERRRD KRB THHBED
MR BREFERES T 7 A<E Ry E (ICP-MS),

ICPHE Ay e/ (ICP-OES), H A/ nu~< k7T 7K
BOMEE (GCMS), 77—V 2RI 6o 3 &
(FTIR), DSCZ VY, “BEORMEEMIT 27 Lotz
&R B L &, MEEFM L, %% OIS -
REZLEEMTT 2 L MESBICAENTHD Z L ER LT,
“BWLE” ORICEBDNEROBERRBRORME & Ak
BT HGEORMEE S LR T 5 HiEEHEL
7o 1920 KRR TIX, T OKRIKA G O ORI 2 BLY
R, BT A T~ T 4 v I R, EEHT~DISH
DRLBEIRT,
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[F8H]

Bt e L CIEmfEsE, EHo RS HROBE O (&
M, Loy, BE, b, A, UFETRH— ) TE,
TIVRET N —, REET AT, ShFTLAETA T
FPIPARIERT) A E(E Lo, WM ORI PEHY + i
DIEDOFERE” & LTHKFL L (Tablel),

Table 1 List of producing district and flower kind.

Flower kind Expression District

&5 (A ARE) JC Japan

Japanese horse chestnut

FiA (HAGE) M Japan

Mandarin

FAF (RN F LFE) VL Vietnam

Litchi

FGRUH— (T T APE) FLV France

Lavender

FL Y (HAREE) JO Japan

Orange

FTAF (FEE) CL China

Litchi

TR —#1 (A1 | SLVI Spain

PE)

Lavender#l1

TGRS —#2 (A A | SLV2 Spain

PE)

Lavender#2

ZIX (B AFE) JB Japan

Buckwheat

[ & 7E H g

5 FEOSyHTEEE (DSC, FTIR, ICP-OES, ICP-MS, Trap-

GCMS) &V, ZRZNOHMROSHHRYEN, BED

B A TRTREREZSD LR HME LCOEE L7,
SHTER & BB A RIRT, BEORE L KIZERT 0T
ZHEFS % DSC 8500 (/X — 3 )L~ —#-8LA F34i{% DSC),
BE L KICEKT 2 AT FrEa=,"—H)L ATR 77 &
YU & Frontier (VX—F > = )l~<—#H FTIR), I X% T /AR
Gy EPRETTLFE A Avio 500 (/3—F L= —41 8L [CP-OES)
& NexION 2000 (/3—F > = )L~—H8 [CP-MS), #EFEEL
Gy s —% b~ —4E# Turbo Matrix Trap 110 & Clarus
SQ8 (GC/MS) & HWTHHT Lz,

(DB L T — 5 OffHT]

B TR T — 2 X Elith, SEMfpTed, 7
F A MERXOT — X2 Lizt4, TIBCO Spotfire (£ 24 &fif T
ALY 7 Ry =T) T2 IAZSHTL, AL,

[ A mkakER]

BRRBRO 2 WSINE OH I, Bk, 5k, REK &
D, WHnE, B REOFEE S BEEHn L, AWRER
ZINFE O FFAf O - 35 B % W B O Fe AT I L 72
(Fig.1),

3. AR &R
Fig.1 TR L7BWD 5 BpEFHiio L —¥—F v — R T
X, ME IFBZNEIIOAMANELY, RKEEERD S ITE

i, FEOFEEIZHERT DMEM IR TER o7z, AR
A PE, TRUX—OIEDOBRE I IFEREDE U SLVI, SLV2
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(Figl-5, Fig.1-6) 1%, Bl BWH A RT TR TE 5L 090
boP L —F—F v — hORWSH (Fig.1-10) (X572 55
RER LT, 723, Figl OFRITEE LT k- THEs
B TRV D, BREEROLWSINE OB O
RITRBO 2B T, AR LUIZFRRE LT
L—F—F v — MR I AREMED B,

DSC DS DI L KICH KT 5 T AR OFEE, FTIR
O¥E & KRG B A7 kL, ICP-OES & ICP-MS O 3
X7W%‘kﬁgmfﬂmﬂEMS®ﬁ%ﬂ S DA HTHE R

TITIA% 9 FECIEVWVAIMER S NTZ, AR TIETXTOHHT
ﬁ%%%ﬁbfwﬁw L BB X T,
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Fig.1 Rader chart which are consist of tasting results, smelling,
a) sweetness, b) sourness, c) bitterness, d) flower taste, ¢)
softness/smoothness, f) color brightness, g) fruity smell, h) flower
smell and i) medicinal herb smell. Honey of 1) JM, 2) JB, 3) JC,
4)JO, 5) SLV1, 6) SLV2, 7) FLV, 8) CL, 9) VL and 10) compare
between SLV1 and SLV2.
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Fig.2 Obtained DSC of samples, heating at 50°C min~!, 5 mg,
the sealed Al pan under N2 flow 20 mL min™'. a) SLV1, b) SLV2.
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Fig.2 |Z7R L 72 FE3EE 50°C min™! @ DSC fE R TIE, A
NRAVETRUF =2 FOBED T T AEHKN-45C

(SLV2), =35°C (SLV1) &ZNFhi7e b, SLV1 & SLV2
DOEROIA (Fig1-10) NRR D2 L & —% L, EOFEE
EEHNRE L TH> CTHRMENRARD Z L 2Rt 5, =
DFFEDIE T E AT Dy OBV L T TE
5—0T, 9FEDEE TIEET 5 & DSC OfEFIT , —-45C
FHEWC T 7 AdaB 2 R 330k & 35CHREEIC T 7 RAisk %
ATEEE 30 CHTIT R T RENT 2 i D A THERR T
500, Figl R LB L—4—F v — ~ &L DOfHA
SN0z,
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Fig.3 Matrix of elements by ICP-OES and ICP-MS. The Matrix
are aligned from left to right, JM, JO, VL, JB, FLV, SLV1, SLV2,
JC and CL. The matrix shows concentration of elements of Ag,
Al, As, B, Ba, Ca, Cd, Ce, Co, Cr, Cs, Fe, Ga, K, La, Li, Mg, Mn,
Mo, Na, Ni, P, Nd, Pb, Pm, Pr, Rb, Si, Sn, U, V, W, Y, Yb, Zn and
Zr.

ICP-OES 5 L N ICP-MS TH7z I 7 /L Ai4rie E (Fig.3)
W, 9 DI Z L IC iR 570, < O E#R % F T ICP-
OES, ICP-MS O 5%, M O & L CTICE LT
D, W U R DORIE, TEMEIOR Y & B0,
W —ETRWVND, FEMERORBMEMHE T2 08N H
%, Fig3 DG, AL VEO TR F— (SLV1) OF b
Vo ABRENKLELS, XMTAET A FIIHRE TRIET
EENIRVFERZ R LTz, BT 2 B3 254121,
B A Z RN OWEALE R D, RE 2L, &
WrT — 2 BT HERHD I EERLTND,

ZIT, BEORMAEBEROMKISTHOM L, DSC DR
I H T AR D7, Trap-GC/MS OFERIT 7 v~ 7T L0
7%, FTIR OFER T AT FVIREE L OE W3 R ST
WA Z L Z 9 72HIZ, DSC, ICP-MS, ICP-OES, GC/MS,
FTIR OFER D &— 7 (1 L REN D UPGMA & HWT%
BT 5 & Figd BNE5NT-,

LA EfENT L2 Figd ov—7 477 ay M2, 7
0y R ANENEEd B AR A R Figda, 7oy FORET D
Fig.lb D=V 7, BLOINLER SEERT 7y b
DGR TE 72, Figda 1, n—F 477y b RITRE
N7 DSC DFERTHY, v —FT 477 vy hOFILIIE
Do et 2 R LTz,

FTIR 7' vy MNX, v—F 4771y h® Figdb IZ
IREN, DENHERINRPoT-Z 8, v—FT 477
2y NARICEEN DN & EERT D, FTIR OfEHRIT
AT NVISBTe 5 TN T Y, HELOZENMUO ST & b
L ThRNWI EE2EWRT L, —FHT, T—XHREEDK
Z UV ICP-MS, ICP-OES BLUXGC/MS D7 1ty MI7m v
MBI B HEGR S L2 Z LS, Figd 1L, SREECHE
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Fig.4 Loading plot of honey samples with a) DSC, ICP-MS,
ICP-OES, b) FTIR and GC/MS.

ZDOREIRFERORE LT, LoD 720 DSC 05 E D
9\ FTIR OfERIE, v —TF 4 > 771y NERIZEEN
INENWZ L EBIRIET BRER L Ir o7, TR ICP-MS O
RO L DITHED 10° PLEOIEA R LIk i, DSC
X FTIR DOERIZH 54 D EUENE O/ SR & [Rl— ST
LTIERLRNWI EE2RT, T XTOHHERILRE—3E
DR DEEERTHERTHL D, ThbZR%ERE®R
& LT D 7o DITITRUBHE B Rtk & LTI D 872 2 5547
FEROHMACPMBIE L 2B, T 2 TEHL ORI DRt 5
i, RRRSEMT UREESL 2 LICER L, BRAORE
JE & AR O 8 2 R T, B L TE 5, Fig.2 @ DSC
DOFERIL, Figd (R LI-RRICEBRE R S LCRBE S0
5, DSC DR RAZKRA L LT O 120ICH 7 AEBOH
BHEE L AC, & LT,
ENENDH/NT — & &R EREHHERFRORTH 5 7
FTAL L LTCHEZ, WhZE R, & iR ORGSR
FREE L LC, s %E —EDIEIC ~NEZ-0h, B
WEERHT D, REtOREEZ H 50 CORFED 5 £k
DL ERT D &, MR BREALORER F L TX 5.
x1 = F(x0), Xnp1 = Fxn) &9 2 &, H00x; = Flx, xi40) &
AL, FIXRRER s UCRIigsr & 30U, RREME DSy
WrE2s ORI, BT A2T—4E I % L=G
(Flm)) & LTRETE D, BRI LITRR D ~x DB
BRE AL MK T 5720, BRE 1 LAEex WV, 0,=
tan ((I, — L,—1)) ' & LTHUE LT 5, Z ORIy E%
RETP, F—HZOBENE L TERTIE, F—F Ofitdd
_XTEHIIETE D (Figs),
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Fig.5 Normalize value from quotative results with arctangent as
sample properties for ICP-OES and DSC. M: FLV, @: CL.
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ZOMRKBALERWD & GCMS DR ORI retention
time (X #iONIE) & ©—2 (B — 7 LiRE) Nk &
ICBe D, —ETRVHER (Fig.e) ThoTh, FFELD
HiE L BEh 2R3 8dE s LT b TX %,

0 &HNB L, B —7 OF %, BEHEEE ARIRER (Fig.1)
FHAANTHBILL, ZEEMIT LTt — b~y T ET
v Ru /g A% Figl ILRT,
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Fig.6 Normalize value for continuous data with arc
tangent as time scale properties for GC/MS.

.

Fig.7 heat map of a) JC, b)JM, c¢) VL, d) FLV, e) JO, f) CL,
g) SLV1, h) SLV2 and i) JB.

Fig.7 (EX) OF v Ra s Z anb, BEOREE HHE
THIENTE, 9 MOBRETHLEREOKRE (fig.7i) It
DOFIEOBSE L B DA RT 2 2 Nbn s, [A UHHE
WoF LYot (FigTe) & A0 ADIE (Fig.7b) DI D
SPHIIER Y, TR —OFEDB%E (Figd, g, h)“C“EJ?Jo
THEMI L ICHENRERDLZ 2R L TEY, s
HAR TR I Mo NN TE 22 L 2R LT
%, Fig7 DT v R /T nk v — hvy 7 ClEmEEE Bfig
Lodn—0, EWVWORBZHMARETCHD, 2T,
RRAHIBT 5 BTkl & T R 2 aiE+ 5 PCA
Aar77av bk (Fig8) E1EKLT,

ZOFig8lIt— b~y IMNBHEIZPCA AT Fay b
T&H Y, Fig.8a~Fig.8i O 71 v MIEOHEZNLEND
FEOELERT. BEOBE (Figs8) O7 v h &K<
8 MO ORHYIL, = A cdfi O cdf ITEFEOT v >
Mz Shiz. BROMLEDOKRE (Fig8i) X, Fig7 07 v Fn
75 L LR o 8L Ty MIENERY, 9D
KB O Tl b R R A R T 2 & 3%, Figl-2 @
AR THEWE (Fig.le), EEHOEFD (Fig.li) 7 L3
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Fig.8 PCA score plot of a) JC, b)JM, c¢) VL, d) FLV, ¢) JO, f)
CL, g) SLV2,h) SLV1 and i) JB.
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o7 ey N &N EICIISMER NG TE DL I L B
FIFL, &5 20 0%, EOEMARETE S L 2HE
LTwW5% (Fig.9), Fig.7i 7 > Kua 7 Z A TIEho 8 fED
WHEN O SN2 BROLOKRE TH-TH, Fig9 Ol
BibLENTZT—Z#ED PCA 2a7 7oy h&EHWS EH
AOWEE (Fig9) ([T biL <, 7 ¥ 7 ik pE 0 14 (Figok),
WM HIEE P (Fig.9j) DIRENLEESND Z & 2RI
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Fig.9 Distribution map of a) JC, b) JM, c¢) VL, d) FL, e) JO, f)
CL, g) SL2, h) SL1 and i) JB. Segment of Area j) Spain, k) Asia,
1) Japan.



Fig.10 (24 9 D2 a7 7oy b (@) L7374
oAxAa77ay ks (B) 2R, BWHRBRORANZ
sR7 Figloa |%, PCA A7 7y hOBELNGRA e J7
MHIALIE T 5, H &%/~ T Fig10d 13, BRI YT
HHOBNPERET A F D% (Fig.1-3-a) [TE<, HAH
MTEHT L CHBREDORKRICKRESEB LN EERL
TW5, EEDOFEY 2757 Figdb 1, PCA 22771 v k
DHELAHFIZ Figlla XL OBEDO AT Fay k&
KFBOALBERIMREZ R L, BEOEDBGEEIEN L2 D
BEFMEORRICHEL TN D I N5, Figl0e DA
F AR, SVTREREOA 27 7 my b EHlE LT PCA A
ayray NOELGEL, BEORERIRIZE 2 5 HE
NI LM CE, ZOERE LT, DSC OfEHRE T 7
A HREE E ACp EHWEZ ENTRTEDS, I X7
AT 5 Na 2757 Fig.10g 1%, ICP-MS, ICP-OES Ok F:H
KTHY, FEET A FOROBENTGNRETHL—F,
N NFAFET A FOLDOEE TRV RE S RT (Fig.3),
BIROA A 2T Figd0a (I M LE, PEEDOT A F
DAa7TTay hOHBICET L1 0, BHRICKEE
BLTOWARWEHITE 5, ZoOYIMNL, i v
FEAAENT 2 LB T DN OHIMIEREIC T H 2 LR TED Z
LI, < OTHER & B\ O EERRAT T B A R EH L
THILENTEDELEEZEZTND,

Fig.10 relation between Gustatory and instruments results on
the PCA map, blueline: sample properties, red line: gustatory.
W Property of a) tasting score in total, b) medicinal herb smell
and c¢) Tg. @: PCA score of honey.
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