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1 White sugar Japan -1465x£0.11 -14.78 £0.01 0.13

2  Caster sugar Japan -1452+0.16 -15.13+0.02 0.62

3 Cup sugar Japan -1462+0.13 -14.32+0.17 -0.30

4 Slim sugar Japan -13.28+0.38 -1245%=0.04 -0.83

5 Pal sweet Japan -21.10£0.37 -21.27x£0.12 0.18

6 Sugar cut Japan -12.38 £0.01 -1255+0.12 0.17

7 Grape sugar Japan -11.38£0.05 -10.66 £0.22 -0.72

8 Brown sugar Japan -12.22x0.11 -11.71x£0.21 -0.51

9 Pal sweet Malaysia -18.51 £0.07 -18.35+0.23 -0.16

10 White sugar Malaysia -11.85x0.12 -11.71x£0.15 -0.13

11 White sugar Bangladesh -11.63£0.09 -12.02 £0.08 0.39

12 White sugar Thai -1255+0.12 -13.13+£0.05 0.58

ThbIL




92 i b B I E e A

Vol.23 (2016)

34 FOMOERIEH
BEEZ & 5 72012, BRI O MRBERE %

9T H100CITTEBRL 72 HEWEIX, 73
RN T2 AV THIETI=V CRAF T T
Vo a4y Ny h 74 R HVTE
Bl 720 TOfGE, FARLIZIREZ FA 387
ELTH, TDEIF05%DNE 2D, T 7-1EHER
LB EDLL RN ol TR0, MEDOEAL
. FMARIICIZIZBER WS b o7z, F
T =227k 1%~ 12%E, FR L0
D, PRBERE LK E ERA O 7211E, K& xR
TenwZ b hroz,

F B LE ) CEFICEEN A>TV S
YA, AL TN, O E K % 720, EA/
IRMS & OFERDPER D L DED D D HS, FEB
WCARBIZENODER 2 O L7z, TR
WAL L72%IC fivtes Iy Z78I12CuT A
Y— (=7 att#) 2 Ah, 650C TEIILT ST A
FLAERHEAL, TOYATFAIZEY, N,0WEN,
WZEICEN, CO, EIZ =R b0, B L,
N, O DA H X, fEIZEA/IMS & LC/IRMS
LT THE, IhbiFERDOT I,
Tz A e HWTERLZ, fRIE, 8oz
ANGVWIYATAE ANV AT ATIEZY T
T%LLT DT, FRARIE D 0.19% LT DT
B IZIZEA— DRI o720 T2, MY —
7 %4470 528 (Ny) IZL TV IRMSNO F ¥ ¥ 5
)= AR WREFEEHTCO, Dt % 1kd
TEBEOE = 2 & ) LAz IRMS
W CTE—=Z 3 sN Lol 2D, 41
FH L TW7z N0 OEKIEE 2 8 JIo KR
XY EWPEL-EEDbRT,

T MEZHBY)BELTWEEY—2ICKER
IARXDBE LT R=Z2AF54 VIZKEL A R0
AU 2720, FHEIIFEZ ZWREICR->TLED
7o EREDFEA Uz SATERIR LR, X
ALL7:DEHNEETH L2012, AT O

BERTHR->TBLT, ZOME. F 714+ 0%
BT, IRMS IZKGEASNTLEST
Wb ZENEEbN, 22T ZHEROGHNS,
AERIEEL, MCHEETTIF52LET, &
DE)BRRER I A XFEZMZ D LMK,

o EF

KFZEDZATICH 720, HELRMZERZ B
ibtﬁﬁﬁﬂﬁkﬁtﬁm-ﬁimﬁﬁﬁﬁ&
OBREOEMICEHALEZ P L RIFE 9, $720 &
W7D 7 — 7 133 2 FF O HBERR S AL
Lo THEMINE Lz 2L L LiFE 5,

X

1) Krummen M, Hilkert AW, Juchelka D, Duhr A, Schliiter HJ,
Pesch R. A new concept for isotope ratio monitoring liquid
chromatography/mass spectrometry. Rapid Commun Mass
Spectrom 2004; 18: 2260-2266.

2) Cabaiiero Al, Recio JL, Rupérez M. Liquid chromatography
coupled to isotope ratio mass spectrometry: a new
perspective on honey adulteration detection. J Agric Food
Chem 2006; 54: 9719-9727.

3) Morrison DJ, Taylor K, Preston T. Strong anion-exchange
liquid chromatography coupled with isotope ratio mass
spectrometry using a Liquiface interface. Rapid Commun
Mass Spectrom 2010; 24: 1755-1762.

4) McCullagh JS, Juchelka D, Hedges RE. Analysis of
amino acid 13C abundance from human and faunal bone
collagen using liquid chromatography/isotope ratio mass
spectrometry. Rapid Commun Mass Spectrom 2006; 20:
2761-2768.

5) Godin JP, Breuillé D, Obled C, Papet I, Schierbeek H,
Hopfgartner G, Fay LB. Liquid and gas chromatography
coupled to isotope ratio mass spectrometry for the
determination of 13C-valine isotopic ratios in complex
biological samples. J Mass Spectrom 2008; 43: 1334-1343.

6) Cabaiiero Al, Recio JL, Rupérez M. Isotope ratio mass
spectrometry coupled to liquid and gas chromatography
for wine ethanol characterization. Rapid Commun Mass
Spectrom 2008; 22: 3111-3118.

7) Cabaiero Al, Recio JL, Rupérez M. Simultaneous stable
carbon isotopic analysis of wine glycerol and ethanol
by liquid chromatography coupled to isotope ratio mass
spectrometry. J Agric Food Chem 2010; 58: 722-728.

8) Kujawinski DM, Wolbert JB, Zhang L, Jochmann MA,
Widory D, Baran N, Schmidt TC. Carbon isotope ratio
measurements of glyphosate and AMPA by liquid



PRI 53 O Jje 3682 5 IR VLA B 2 FH o 7 200 o0 pE K 1)

93

chromatography coupled to isotope ratio mass spectrometry.
Anal Bioanal Chem 2013; 405: 2869-2878.



9

i B I Vol.23 (2016)

Identification for sugar and amino acid using LC/IRMS

Hiroto Kawashima
Systems Science & Technology, Akita Prefectural University

In 2004, liquid chromatography coupled with isotope ratio mass spectrometry (LC/
IRMS) has been developed, which allows the measurement of stable carbon isotope (J'°C)
composition of highly polar and non-volatile analyses without the need for derivatization.
The interface is based on a wet oxidation of organic compounds in aqueous solution to
produce CO:2 gas, and separate CO2 from the liquid phase. Today, LC/IRMS system has
been used for various compounds e.g., sugar, amino acid, alcohol and pesticide. Stable
isotope analysis has proved to be a powerful tool for source apportionment of various
compounds. However, the research of precision and accuracy for LC/IRMS were very
limited until now. In addition, the potential effect of including nitrogen has not been
investigated.

In this study, firstly, accuracy and precision in this method were investigated in the
concentration range of Galactose, Glucose and Mannose from 3 to 67nmolC. Secondly, we
measured sugar (6), amino acid (10) and caffeine (2) reagents using direct injection mode.
We compared direct injection mode with EA/IRMS. Finally, we measured amino acid
and caffeine reagents using online LC/IRMS mode. Furthermore, we collected 12 sugar
samples in Japan, Malaysia, Thai and Bangladesh. The ¢"°C of 12 sugar samples were
compared direct injection mode with EA/IRMS.

The accuracy for Galactose and Glucose <0.38%0 were over 16nmolC and 3nmolC,
respectively. The dates were sufficiently to be compared with the existed papers. The
determination coefficient and intercept for 6 sugar reagents between EA/IRMS and LC/
IRMS were approximately 1.0 and 0.4 (with or without phosphoric acid), respectively. The
standard deviation for 6 sugar reagents were <0.14%oc. The accuracy and precision seemed
to be high for direct injection.

For amino acid reagents, there were large differences between EA/IRMS and online
LC/IRMS in no phosphoric acid, from 2.54%o to 9.93%o. The eluent used for ICS1000 is
SmM sodium tetraborate decahydrate (pH=9.51). Thus, when the phosphoric acid was
not added, the oxidation potential of sodium peroxodisulfate was decreasing. For caffeine
reagents, the differences of 2 caffeine reagents between EA/IRMS and all LC/IRMS
measurements (direct injection and online LC/IRMS with or without phosphoric acid) were
ranged from 5.09%o to 7.45%c. The caffeine was alkalinity in aqueous solution and high
nitrogen contents (29%). The difference reason may be considered incomplete combustion
by e.g. alkalinity and produced N2O. The 0"C of 12 samples ranged from —21.27%o (Pal
sweet, JPN) to —10.66%0¢ (Grape sugar, JPN) and the S.D. is within 0.23%0¢. The samples
were categorized two groups of 0"C values: one between —10.66 and —15.13%o derived
from plant sugar, and the other between —18.35 and —21.27%o0 derived from amino acid (Pal
sweet). We can identify different source.



