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LEEREETEECAREL

{+]] %IIII
ARMIRA

RSB w T HRI- FE4% SR EMER O OBRERSS

R

R E BT bt

W R

EHREACIHN S £ B A A C3FoCAM M HE 2 3% FIA% & AL 1 7] 09 4
M T AT R T S CAML M NE X S F R B R B o ABFRAH L& AT/ R AL &
18 4 %4k (elemental analyzer/isotope ratio mass spectrometer * EA-IRMS) 4 #7 ¥ % 2
FFAL & AN B TG A B CAE AR AT & o AT F A 5 ) H (USGS-40)
A fructose  maltotriose * melezitose * turanose * raffinose * maltose * glucose & sucrose
FAERAERAREZLE 0 BB N RE B R E R BRCERE R AT R £ A
0.3%o * #EFEFE1£99.93% A £ o HEEAFR TR~ 7 > 14R30RHEATAR MR
% RS CHLA-25.83 - -25.89%0 2 R » it B AR E L o A5 ] P p] AR e 3 9 1 HE
IR B AL & T+ R E CARIERmE 510%0 » HCA4ES A 1H412.92% (K
WT%) T HI R BB o NmC3RAEH B Sk ik A R AR o A Ll ik AT

& 5 AT SRR BRI AR BT LR L S BT X B AR Y83 AE AR
RIS 047 0 AR5 45 KA MR 21 1358 5 4R 82 2 8 Cyfl - A #4-29.53 - -18.18%o * T

A 25-25.66%0 * F P O 828 Coft K58-24 %o »+ HLCAHES B XAT % © L& F 38 ¢
3 831 K A B 2 8 C AR AT -26.80 - -12.04%0 * FIGAE 5-24.23%0  H 1944
BESC M K 3A-24%0 » HCA¥ES B KA T% © PAS M H B IIF X B 4 R 4T 5
o 8P C M K A-24.00%0 % FLCAYE 4% 2 48 Bl MG EF 541 » PRAF4ME A BR 4
0.8263 AT W H LA BAF MMM o AUF A B EARR A E - AR
SR R R B P R BER T AT o

RABEE ¢ 42E - 26 - RO - FIRILEEREE
5= By o H R e A R A A [ 17 H A R

R R #E RS B ZATHECNS 1305 N5024 -
W AR B M PR SR W) 2 TE 2 (nectar) BUZE 75
(honeydew) » FEIENTEE  BEHERAYE
HELTHEAL « fEF > IRKEIBNE 2 KRR Y
B o FERTERENEERE  BEEEE -
B 32 R ok A B I R SR 1 [E R FE R M A A P A E

o —fi% 2RFTREEAR - B R AR R
B A PTG 43 B A A i+ HLRUBR R SR
LR EFIEY) R R R - 28 E B
R4 -5H) 7RG -4H)  KACEEE(6 - 11
A) ~ HER(2BEXRF2H)EY  RE1034FA7
A BRI R 12,7580 HY - BEIRER © 7t

BHEOEEERTSEREM - HRBENE



105

DICsR oAb R A R L B R B T Cabl A

=N EMEANTE - AR B R AR
PEPEAE RO AT EREARIRE " &
o MR AN EINE - B HE SR
el g B TR | A M T 8 -

CNS 1305 N5024[H] fRf 1 A 4 % 5B AH R
SRR T ENAREKSEE
Mo E - BEES SRR AR ) ~ K
NEYEE -~ BRE ~ B B S 1 R R
F (hydroxy methyl furfural, HMF)%" ; [fELH
(2006) A BAZE R I RSB Y E Tk - B2
DU 78 L e e ~ S0 B e A8 0 2 TRAEL(F/
G) ~ 2N SR B 1 S S TE AR E B HL E B
RigE2%E  ERE T E KRS E T
% IPERI10%IRR AR - AIF BRI ALYME
S EE R I - BUYE T%IRRAIRY > HEED
vark 3 AN=R)ILE RS I OB S i iR
B E TRy - Rt —EREB b
Emiiilr - DAORFEVH B 3 RE R I A R I 1 Mg 7 =
Wi e

HARETS & & > METEZ
[EINLZ BT EFAE - FEHRE - ST
R FMEE S ES T - TR YRR
RBE - AHERZERNTRERRBERME
PRSI ZRS - U e A RS R BB BT 2
P53 T+ DARI 32 PO (B B RS E g2 2. C4
FEEIE—0 - Y LG E REY LS
TER T ETRS AN FEIME - &5 /C3 ~ C4
Fe R A (crassulacean acid metabolism,
CAM)%3 %! - C3RIEYFIE®K 2 2 "CAfL
% CAMIMEE . THEAERS ZCRME
C4tE Y e/ PCLLE SR C3FEY) - BEAC3
REYHA RS LE Bt HESERS
SRRV » A 2 i[R3R L E T C3
RITEYINE - T HE S E K BCARIIEY) -
P HERE ~ R ORBESE 2 ik [F] 7 32 LU (B B B B
C3AUFEYIEANE] - WINzk B H 7 b e F oK b
SR E IR E R E (13 "/ CRY LA
FEHE R BB E ST - WS R R E

SUCHE - W HIRE R T IRBCIREIEY
AFATBECT » fIEAOAC 978.177E 3 » 5"C(E
J2-23.5%0 FI E R IR » S HA-21.5%0 F) T Ky
BB » THN-23.5F2-21.5% [ HIl R T 58322 (B
EY o AN REFTEEHEN IR Y
2 KL EREE R EG R A E R T 2 AER
T T B R IR R AT & CAEYIE &
& o MAOAC 998.124R 4% Ll =¥ - 73 Hl53#7
e K [ iR AR YT 1S B 2 R E i FIAL
FHE - BN E— % T RBESE 28 CH-9.7%0
ME o BHETESCAEYEEEE 5
Fb o AR EERR AR % R & CARE® - SR B
BEHESENGRE  NSHEERELE
B AEHAE FRORIREE o LN - TR
HPrig B 2 5B ACIHEY AR Z HEATE - a0FH %
B ek LR "% -

AR EFA 10327 LEA/IRM S 43T 84
ERHEEHEZBEREMNRILE SRS
% A SERR22 A T EE MR A 2 h B o 1045
105FE#E—F DA A il e E i e (T
TR R BRI REEE
JeEEE LT ILEE) R it 2 T E
B3 -

MFERTTE

—  iRBEAIR

CEAtEER i SRR 3 - Tt
fREEREA, - FrE R RN E RS R -
bt R ER (gt - AR R R E

ERIEE > 211 EERE - REEM

KERDE > mEKEGT > 5/ 16

o R ElE - R B BRE
» ERFIOMEFRRT - EEEFAER
RO REEFEAILES - Rl iaies
i Fra e BN E IR R -
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RALSEVIITEE R ST

=

() B ZE - S5 SN (S5 R8N — /K > sodium
tungstate dihydrate * 99%) & fii &
(sulfuric acid * 97%) (Merck, Darmstatd,
Germany) °

CHIEAZ2EME
IAEA-CH-6 * RM 8542 ~» USGS-40 * (RM
8573 ; RMA) (IAEA, Vienna, Austria) °

(E)sucrose * maltose * glucose * turanose

fructose * maltotriose > melezitose »
raffinose  trehalose dihydrate (Sigma-

Aldrich, Munich, Germany) °

= =8
HELE (50 mL - PPATE) ~ [AIRLRILEE
AR SRR AT IR R BEN -

)y~ 2fim

()8 0 HE (centrifuge 5804R, KN-70, Kubota,
Japan)

(D) e #E % %2 28 (Thermolyne Maxi Mix 1II »
Dogger, USA)

(E)HEFE(DENG TNG DOV-40 ONDA, [,
Taiwan)

() [ 7L 7K 18 (WBS-S, Wah-fu, Taiwan)

(B) 7C 38 73 A7 & Wi [F] 67 38 b (E R &
(elemental-analyzer/isotopic reference mass
spectrometry, EA-IRMS) : &TTEHTE :
Flash EA 2000 ~ 777 : Conflo I » Bl

(Delta vadvantage, Thermo, Germany)

5~ EREHRASEY Bt iR

DABEAJIUAIR 257502 - 0.4 mgEd
Preh o AETEREE - AR REB K2 mmZIL
HtgrER RS - MEEZSSRAZS
Ve Rk -

AN o
(10%55 B Sh A TR © TEEUER R — 7Kk 11.2
g DLERET /KA R 100 mL -
(7)0.335 MWiER AW © HL98% =T [ 1.82
mL - FEFE A ZBET-7Kk80 mLAT » FEANZE
B+ 7K R 100 mL <

T iRz B

()i
DABEATHURG%0.5 £ 0.2 mgZE$HHeh » fE5HE
TBIE » KRR A2 mmZ 37 T8
Eitteiaat - R -
CigEfEAE

HUEERGHE10 - 12 gEHAS0 mLEELE T
MAZEBEF /K4 mL - BETE - FEUL0%
SEEESATATR2 mLF0.335 MIREEA T2 mL
BEtk - MAKEKRRESSS - KEb
EER80T /K R INEVE B EHR Y
B - AEEEREEY) - FA00.335 MIRIRVA 2
mL - FF BRI BV o DLEEET
IKEZ 240 mL » L1500 xgifE (35575
A FEZE B - VOBV EE Ll g s B
OK¥E ~ BEC ~ BEEER) - WEREX
BUEEASEE - BELBIUBRY 28 A
/N B - LA75°CHEEZ3/NRE DA o DLEE
AL RZ 2 3 VB DUBPI$90.5 £ 0.2 mg
EHITT - FEHERE - R IR T2
mmZ 3SR E R e E - fHEER

EUATE
J\ ~ EA-IRMSZBIE &4

EA-IRMSE# 2 S HEE S 2 BEE ¢
RS (A R) ¢+ 250 mL/min © &R ¢ 250
mL/min * Z2%& %8 : 100 mL/min > &5 :
70°C » [RMBET] : 1.2 bar » XIEEEE -
1020°C » ELZZfE 1 1.8 x 10° bar °

SATHIEA-IRMSII TR DU I 22 V)8
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DITEER AT H Bk A i SR PG (B B R s T B Al 2

USGS-40:E/ T 2AR MR - (EsEE A seREh
Mt o AR HTETAUSGS-40 R s & % i
BE PR RHERD » =BT - BLAN - "ottt
MERMALE SR SR EnTE
HRothiEEts - DS EM R
(B 57 BT 65 SR O A 72 P B R e P AR o AL L (i
R E B e 2 R ER 22T /MR 0.3%0)

L BEE

Llmaltose » maltotriose * melezitose »
raffinose * sucrose } turanose B e - FEET A
[EIHEFEAEE H N (intra day) #2122 H [ (inter day)
k(A A7 F L EMHVE 2 2R - SEELE
H70.25 mg » —EHE S - BEMRELZELE
(8"C) HIZHE (R 72 7 SEH{E(SD) » [F] H N R R
H .2 8P CIEHE R 22 /NFR 0.3%0

+ + IR EA-IRMS AT 2 &2

MRS A T B 5 B A (L 3R ELE 7>
s o RPN ERR 3/ MR R > 100°CN
ButEzs/ N > BRI L AR - BRIEHA
i B T T 0 TG SR LR

+— BEEHEIMT

FEHA (DR 10[ERE) A TTEEF 2 -
ERG R BT -
+= -~ fEEAER

BT R S T B R R

TERPELTEE - RRERMERIE - 28R

17 1430 REUESHT -

= TSR IFT
SISV C /NI -24%0 2 W BEK B 43 BRI
C4HEBE R C3EBE - FEEHININEE RS ~ 10
1520~ 405250% > FHIFR &% 2 EAETTHR
[EI07 & LLAE T

HRRER

— ~ DHABIEA-IRMSZ A5

AU IR 25 VB USGS-40 K IR E G e B
RS > DLEA-IRMSSEFT /04 » 5 S BER
TR IEL e m/z 44 (°CO,) ~ m/z 45 (°CO,)
Femlz 46 (“CO,)RIE FTEHEES Y BE - HLEET
ElEHBRANE—) - HIRAZ2EYEUSGS-40
ZIBRE I 5 258.06F) - IR E RS 2 VR IR
F5261.05F) » 2 Y)E Blfg ie R RE 8 R —
B BURDAL AT MG R Rk e 28 2 ik [A]
EIE -

=~ IR EA-IRMS At 2 2r 28

Rt TR FELAG M EER - FL
EA-IRMSHEFTAT » #5045 f2 i iR [F i
RIEZRERBTE - AR5 5I2L(D)EHHT
e () A8 RN R .3/ N 2% 100°C i
MEEZ5 /NI - B 1R B A = IR Al e 5 =
53 Al il fructose + maltotriose » melezitose
turanose * raffinose * maltose * glucose * sucrose
EAEHE S, o HSUCTE-11.8588-27.41%0.2 [ »
HgE G ZE AR Sl fructose
maltotriose * melezitose * turanose * raffinose *
maltose * glucose S sucrose STEFEFAFEAE T .~ [F]
H A5 H 5 R MERE R (n = 3) » #5251
FURIBFRIM R ILEG ORFEH N A EHMZ
FRHE(R 2235/ MR 0.3%0 (R —)

=~ BEEAR

B E B 8 USGS-40 (RM 8573) k2
IAEA-CH-6 (RM 8542, sucrose) * 176 H A
FEAMZ o m=3)  FEREHRZ"CH
I F5-26.37 £ 0.0252-10.92 £ 0.19%0 » £ HE.Z
8" C B Rs-26.37 + 0.05F2-10.86 = 0.10%o0 » 2
wEH R R H R E R AR - BB
HEEGED) -



108

RSV Ul

(a)
o He Ea Es Tk 98
= -y — ™ e 46 {00k = -
HERNE \ Z38 A A
= - W e 44 00, |
s E . L) ! IRMS
- - L, u
e b 258,06
Lo - A,
£ E = [\ TCD
= T - | AY
- - - | B
i [ EEFE—— ! PR e - S
50 100 150 200 250 300 350 400 450
Time (5)
(b)
o I 27170 L
o 1 ) . e 46 000 4
FE I £, 243 (")
E E e ’_-|| ‘j ]\ e 44,700 H h IRMS
= [ [, \ ]
= 26105
g€ o '\ reo
' 5; 100 :1'50 200 25:) 300 350 400 450
Time (s)
E— - LIEA-IRMS/HTE BB 2EH)EUSGS-40 (a) REEE%ES (b) 2 IR EMI A LL{EE FE
F— » BIMERENELRIR 2 IE N RLLEEEMT
i Fructose Maltotriose ~ Melezitose Turanose Raffinose Maltose Glucose Sucrose
8°Cy (%o)  8"Cyu (%)  8°Cy(%o)  8°Cy(%o)  8°Cy (%)  8"Cu(%0)  8"Cy (%)  8"Cy (%o)
ARG PR pE P
FEHE -11.88+£0.07° -22.54+0.00 -25.15£0.01 -25.57+0.04 -26.36 £0.03 -27.06 +0.04 -27.37+0.05 -27.11 +£0.09
FHM -11.91£0.03 -22.55+0.05 -25.14£0.02 -25.53£0.04 -26.40 £0.07 -27.08 £0.01 -27.41 £0.01 -27.18£0.11
FHFIAE P i i
IR -11.85+0.04 -22.52+0.04 -25.04+£0.10 -25.53£0.07 -26.35+0.02 -26.95+0.11 -27.18 £0.15 -27.17 £ 0.06
FEH -11.91+£0.16 -22.48+0.04 -24.92+0.07 -25.52£0.01 -26.22+0.06 -26.97 +0.04 -27.24+0.02 -26.92+0.18

“Mean + SD (n=3)

- mEEHOT

LR (TR 10fE g g Bk [F] 67 38 43T
BYPIT—RZEHS - BT REE S
T o ARFHA LIUSGS-40 (RM8573)2 EWE 1

[F(lower control limit, LCL)Z N ; EE#E 5312

B EE TR - AT ElES

& LR (upper control limit, UCL) K&l

N =

PSR H 57 PR E S EBR(upper warning
limit, UCL) - fgiflfE 515

FrediE 2K -

A~ BEERBENRLES T
Ry 1 RN IR T R kR 2 R L (E
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x=  2EYEZRIHAKREBBRRMRLESESR

2EYE FHIES " Cy (%o) FREIES" Cy (%o)
A 5 A -26.37+0.02°
USGS-40 (RM8573) -26.39 £ 0.04
HH R -26.37 £ 0.05
-CH- [ H ] -10.92 £0.19
IAEA-CH-6 i 1045+ 0.07
(RM 8542, Sucrose) FHRM -10.86 £ 0.10

* Mean + SD

T IFTE - A58 43 B U 2 05 T A8
1+ 7 14K30KE 2 IEEITHRFI N R 1T
TERER » 8°Cy (%o){H A A F5-25.86 + 0.02 ~ -
25.86 + 0.03 » -25.89 + 0.0452-25.83 + 0.00 (F
=)+ BUREE AR B R R Bk (Rl 3R T E
R REE L -

x=  EERIEN IR MR RE R AR

ES
A7 IRE ] (day) 8"Cy (%o)"
1 -25.86 £ 0.02
7 -25.86 £ 0.03
14 -25.89 £ 0.04
30 -25.83 £0.00

* Mean = SD (n=3)

7N~ EEIRERET

SEIESUC /N -24%0 & 1 B T B 43 IR
INC4RbE R CIFRNE » HHRIMEE KBS
10~ 1520~ 40550% » FHRHRE R ZIEE
ETREIMZ B ST - FRER B
510~ 15520% CA4F Bz - HsVC,
{BH/NA-23.5%0 5 TR IN40 K2 50% 58 °CyfE K
R-21.5%0 PR G ECAR 2 B EE
THREIN R E ST - WEtEHCAEE &
FEER B E4.89 ~ 12.92 2 21.12 ~ 24.54 ~ 40.61
F252.28% » BE/RNIN10% CAFWERS » H.Cabk
HEE AR 7% » #IRAOAC 998. 127 HIE H &
HCAHYIRE - TIRINC3 RN EE - A
B HEUC EE /N -24%0 - T EC4REHIE IR

EUINIRT% » L e s T N E RSB
InC3 S hEFERM) -

FEElflein5"" 2 WFFEfaH - WRNS ~ 10
20 ~ 50% = FHEE S (high fructose syrup)fid
e o AT SR B UR R VR NS R 10% RE H
S CEHET/INA-23.5%0 3 VRIN50% 58" C (H
S KRRA-21.5%0 5 FRIN40%HE3"C, [EAIE /T
J2-23.5%05-21.5%0.2 [H] - H IR & 2 57 B H
EHEMRZBREMZMESTER - 5TEZ
CAPEHEME B0 ~ 1.4 ~ 5.5513.7% » £
50%H A FEHE B INCAEYINE - AWFFT 21
E BB TP E R Elflein ¥ Z 5T -

£+ 104F EE B B IR AIE 148821 1
2 R R B AT R

I B AR i IR R 1y -
FUREEIR R EE B R RE R R AN R
SRS ZHERE - BB EIEAREER
BT - LE2114F - fRAOAC 978.17 751k
2 g ) TF AR R (ES C B/ INA-24.00%o
)T Rl » TR 1A-24.0052-22.00%o [ B AT
RESEMIIRZE » KHN-22.0%0 I H) 78 By & CARE -
AGEHRAOAC 998.12 5L FHEHCAEY - =7%
B WL C o B CABE Y% /i 45 A E fr &
HIE - 211 aa iR i 2 ik F A R EE
SRS RGER) 211 28V C fE o 1
J2-29.53 - -18.18%o0.2 [ » CAlE & EH#i[E F50.00
- 38.62% » HFEEIREE(971)2 8" C, fE F-27.32
- -22.04%0 * H921 28 C (BN -24%0 5
28 C ETE1Y-24.00 F-22.00%0 2 [ » 5
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(5012
" IHICE(S 3"Cy
A 43z
7% %0 » Hrh 24,00
==Y 18%o A -
< - .18, Be (EE s
CHm $4-26.30 FEZ8"Cy £-22.00%
613CH1'E‘ a2 %o * 5 s EN L
A.24.00 284, o A
BN - 5 o R (321 s
8 { O%OZFE' 7{4—; ° /E%EE 3 EEEE
_ S &_220 El 547%% E‘:{E ° : T%}{fﬂ
= Ho AR VAN A R 26 R Al
4ol 2 C4lh & B - 2.5k R Zt ST
S|, # = IR 2 P ARIR B
3 = 3 1.5 ERIT R Is B 7 |
- - R E§4E,+<jt11#F’ L1 318¢FZZ
o 8 H{mﬁé‘(/\ REE2 M » HAf3
w o S S — e RH 4 - R 22.76%0 /%56_24-00
S S =% B h Py 12950 - - SUCEE A .
S|a o4 “lE g 23 CylfL Ry %o » ST RT%EH] :
2 2 = g & ) NiA-24.00 R N 24.89%o
% - ~ 613CH{E/ FEE , C4*‘:' : 29.10 - - 13(:}_[1E
' = < 2.00%0.7 B fH - {/_-{:)ZS ,
£3 |22 X B-22. )8 7Cy (S gk
bt ° A o(: %o ° B = 2-24.00% Hl
R H H SAN i H 4.00% L INFA 0 )%ﬂi
EEE 5 % RIS e
=) ' - - . 9 N +
gi A < %_2953 N 4[43 ’ ﬁl N §C47ﬁ:§
2 o = g < / (RRE L fEO~9%)%Abo fis
2 o 211 * 21( f2 TTHE (4
S g q oot e e )= 9
< H wv 2 e Hﬁjzﬁrﬁ%‘m*EE jﬁfi[§$%1 /\7%% EP
N a1 Q o E“‘\,ﬂﬁﬁ?ﬁ AN N e g
]7 g q 8 HER M B &5 B A5 £+ 2114 SR
o0 E Rl Ny kl:l
a A I 8 fEC4 %613(}1{31:[:; %, > E_C“-ﬁ.ﬁ,*;[ﬂ%%
o =S = . o ¥ HL H A224.00 BEE T
g S vl = 4.3%) BB/ %EEJC“*EEEz%o 8263
o — o 8 H BN AAVH
S ;1 % a E % ﬁ194ﬁ;§j(§/§\24~00?;,I§§@E%{%§&;,&O%U\
gk o 7% o i i & A g
A 7 i P
o 5 9 T2 353 gﬁ%m%'\a>7%%§jg B4
52 |5 e ) R Cafl s 57" CEMHE §
|75 8|3 & o S FER) % R4 R 1240 -
% o o o z % JE HI T 5 RS E EVINZPNIN
— £ g (\I] ' ﬂﬂE4'fé{: ’ [:I*Aﬁgzslz'cﬂ'f
aa s (RRITEic
g ot ) ‘[t[:lo N % ° A gz
g8 $3 e e E B S S & E IR EIRE
792 S Q@ S GRS EEETHE
o :&*3&? zg:l[:“?"gl;% %
o %rf' ¢ Q «RB%E ; ’
N : " i A
= «@ — =) X &R ETHE DI NGiE|
T w3 S S = s 2 | [ FoBEIR - IR 998.12
I S S HHo i REEE , jzfﬁi‘;’%ﬁ\ (8)&AOAC13 e
N SlH e % o8 SIEN LB R ) 978.17 51k fF)zsCy .
NP 2 |z = =2 BT AOAC 978 E(41H) < B
Py & a 5| *#) - & Htﬁﬁgﬁﬁaﬂﬁrzf" Cu 0%o
4@ ' S Ik~ £ ( BEO5 /é%o P HH3 4.0052-22.0 &
# Slgas 5 st o Pl -24. T B
= e ?3' < E 2 o I L F-26.3 528 Cy RT1%&EH
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RO - BEHERMERIREBAERI R MESRLLERCAES ENMFER(TIH(EE)]

sy 13 13 C4 sugar”
=5 R 87Cyy (%0) 8"Cp (%o0) o Sy
BERR 97 -25.76£0.8°(-27.32 - -22.04) -25.08 +0.5 (-26.51 --23.94)  0.27 (0 - 16.29) 1
P 50 -24.90 £1.7 (-26.30 - -18.18) -24.87£0.5 (-25.52--23.51)  3.13 (0 - 38.62) 7
WA 43 -2537+1.1 (-29.50 - -22.76) -25.06 £0.8 (-27.74 - -23.55)  0.98 (0 - 14.13) 1
Bt 16 -27.70+1.4 (-29.10 - -24.89) -26.87 £1.5 (-28.85--24.22)  0.84 (0-10.37) 0
FREEL 5 -26.92£1.7 (-29.53 - -24.79) -26.05+1.3 (-27.55--24.19)  0.89 (0 - 4.47) 0
MEE 211 -25.66+1.4 (-29.53 - -18.18) -25.19+0.9 (-28.85--23.51)  1.07 (0 - 38.62) 9
" C4 suger (%) = % x 100

® Mean + SD (n=3)

OREZMEEE LIRS - 238G - 3.REHE

i

CHIT - AFEAR ~ FEO MIT - HfthAE  SCH T

5 Wi HREELE
61 Cyy (%o)
-30.000 -25.000 -20.000 -15.000 -10.000

| | | | 50.00

2 40.00
) < - /.o\
p 20-00 o\
y=4.6093x+117.29 30.00 N
2= <t
R?=0.8263 50.00 )

& ’:‘;\Q
= 7.00

B— - &2t

8 CLHEF KIA-24%0 ° 75 (31F) 28 Cyll
F5-24.86 - -24.19%0 » £/NjA-24.00%0 » C4HE
ZEIMNENRTY% - BEQM - BE 1 11§
B o 2 FEE 3.BEMR ~ i > B1E - 4.8E
iR % - S RAREESHE)Z6CyE
F5-26.80 - -20.99 %o > Hrf18(F. 28" C [HE /N
J72-24.00 %o » 642 8" CfH T 1A-24.00 F2-22.00
%o Z [ » CAMEZ EBARNRT%EE S - BIEE
(91) 2 8" C {H F5-26.34 - -21.42%0 » Haft 2
SV C{H/INA-24.00%0 » 414287 C {H T 14-24.00
J2-22.00%0: 2 [H] » CAEZERIRT%EH3IM -
FFIE (A1) 287 C B Fy-24.08 - -12.04%0

Ure
IR
= °

SRAMZEIGIED O 13CHAN-24%. B HCAHES B/ R7%E 2 BRAIEEER A7
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Detection of Honey Adulteration by Measuring C4
Sugar via Elemental Analysis-Isotope Ratio Mass
Spectrometry

HSIN-CHENG YOU, ZIH-LING HUANG, CHUN-JEN FANG,
CHE-LUN HSU, CHIA-FEN TSAI, YA-MIN KAO, DER-YUAN WANG
AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

In this study, the elemental analysis-isotope ratio mass spectrometry (EA-IRMS) was employed for
the stable carbon isotopes ratio analysis in honey samples. The data quality was validated by reference
material USGS-40 and standard compounds including fructose, maltotriose, melezitose, turanose,
raffinose, maltose, glucose and sucrose. The intra- and inter-day precision test gave a standard deviation
less than 0.3%o. The accuracy was tested to be 99.93%. A honey sample was stored at room temperature
for 1, 7, 14 and 30 days for the stability test. The 3"°C value was analyzed after storages. The results
ranged between -25.83 and -25.89%o with no significant difference. The adulteration test was carried
out by spiking different proportions of fructose from C4 source into pure honey. The preliminary testing
indicated that the adulterated sample could be detected if more than 10% exogenous C4 fructose was
added. In this case the test value of C4 sugar was 12.92% (more than 7%). Two hundred and eleven honey
samples from Taiwan Beekeeping Association and 83 commercial honey samples from Northern Center
of TFDA were surveyed for 8"°C. The results showed that 5"°C,, values of 211 honey samples from Taiwan
Beekeeping Association ranged from -29.53 to -18.18%o with an average value of -25.66%o0. Among them,
the 8"°C,, values of 9 samples were greater than -24%o, which indicated the content of C4 sugar was more
than 7%. The 8" C,, values of 83 samples of honey from Northern Center of TFDA ranged between -26.80
and -12.04%o with an average of -24.23%o. The 8"C,, values of 19 samples were greater than -24%o. The
correlation between honey specimens with §"°Cy, greater than -24.00%o and their C4 sugar content was
calculated, with a linear regression coefficient R* of 0.8263, indicating a significant correlation. This
study will keep accumulating the testing database of honey in order to assess the feasibility of establishing
a decision mode for local honey adulteration.

Key words: honey, adulteration, elemental analysis-isotope ratio mass spectrometry



