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Detection of Adulterated Natural Sweeteners
by Carbon Isotopic Ratio Analysis
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ABSTRACT - Analyses of stable carbon isotope, major sugar composition and artificial sweeteners of 124
sugar products were conducted to evaluate authenticity. Based on the measured 3C values, 3 of the 23 circulated
honey samples were considered adulterated with C4 sugar. None of the 23 local honey products of Seoul was adul-
terated; 6C was from -26.09 to -22.99%o.. In addition, the range for sugar-fed honeys was from -14.58 to -11.52 at
the C4 origin (n=11). In the case of coconut sugar, the range of 5C was from -25.72 to -15.87%o and 3 samples were
considered adulterated with C4 sugar. Of 12 maple syrups just one was adulterated. Agave syrup, a CAM plant
sugar showed C4 origin with values, from -11.42 to -10.92%o (n=12); values of cane sugar ranged from -12.60 to
-11.40%0 (n=10) and values for corn taffy syrup ranged from -11.70 to -10.93%o (n=5). Based on measured fruc-
tose/glucose ratios, some agave syrups were considered authentic at 3.2-49.7 (17.3+£13.7), and none of the samples

contained artificial sweeteners.

Key words: Stable carbon isotope ratio, Honey, Coconut sugar, Maple syrup, Adulteration
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Materials and Methods
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AT 104, PR e B9 54, B2
R 2 EPAY AT F 1247 & digez 4

SaEedatE B4S fT ZFEEdEe SALA
2] 7] 7-(international atomic energy agency, IAEA)°A <1
%3t sucrose (IAEA-CH-6, IAEA, Vienna, Austria)S A&
3R, F B8 EFEZZE S-(-)-fructose (Sigma, St.
Louis, MO, USA), D-(+)-glucose (Sigma, St. Louis, MO,
USA), sucrose (Sigma, St. Louis, MO, USA), D(+)-maltose
monohydrate (Wako, Osaka, Japan)S A&}, 91570
8 X FEZE saccharine sodium salt (TRC, Toronto,
Canada), acesulfame potassium (Dr. Ehrenstorfer Gmbh,
Augsburg, Germany), aspartame (Wako, Osaka, Japan)<
AREEHATE 58 Aok 8vl= sodium tungstate (Sigma,
St. Louis, MO, USA), sulfuric acid (Wako, Osaka, Japan),
acetonitrile (Merck, Darmstadt, Germany)2 AF&3}31T}.

QPIEtA T A HAH[E 217121 Y 2Ny

SAaE SRS AFT A% AOAC 984.235 w
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AHE-3FA T
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Rice Maple Coconut Local Circulating Agave Sugar-fed Cone  Cane
syrup syrup sugar honey of honey syrup honey taffy  sugar
8 12) (20) Seoul(23) (23) (12) (11) syrup(5) (10)
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Fig. 1. Carbon stable isotope analysis of C4 (O), C3 ({>), and CAM sugar (2A). Numbers in parentheses represent the number of food

items analyzed in each category.
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Table 1. Estimation of the C4 sugar content of the coconut sugar
samples

sawple 130T cament 0
Coconutl -25.21 -28.43 17.2
Coconut2 -15.87 -26.57 63.4
Coconut3 -25.00 -28.54 18.8
Coconut4 -25.34 -28.66 17.6
Coconut5 -17.27 -27.73 58.0
Coconut6 -25.56 -27.77 12.2
Coconut7 -25.62 -27.64 11.3
Coconut8 -25.35 -27.74 13.3
Coconut9 -25.32 -27.47 12.1
Coconut10 -25.54 -28.24 14.6
Coconutl1 -22.10 -28.17 329
Coconut12 -25.73 -27.72 11.1
Coconut13 -25.07 -28.12 16.6
Coconut14 -25.55 -28.33 14.9
Coconutl5 -23.55 -28.43 26.1
Coconut16 -25.01 -27.53 14.1
Coconut17 -23.33 -28.25 26.5
Coconut18 -24.89 -26.49 9.5
Coconut19 -25.72 -28.24 13.6
Coconut20 -25.41 -28.18 15.0

11.1-24.0 mg/g®] At}

Ho|EA ™

1271 5 1710] SAF9AH]E 21.38%0= AOAC 7|
91 23.49%0S 235t 4ol EYE Aoz Fely
ATk 29] Ho|EAIH e HiF HAFTIAYLNES -23.76
oA -25.99%0 (-24.37+0.37)°]1t}. Chartrand S0e 7
CRF v o] ZA 9] BhAE 9 dAn] &S -23.699014 -24.93%0
O 2 RISRI, Banerjee 52 -26.2001A4 -23.4%0% H.
J3FA .

F/G#ke] A5 &2
< 140A glucoseﬂ' AZSHA FRL A= 0.6-1.6
W2 YePSTHFig. 2). Moglca 5L 0.59-0.90 ‘?-@4 SR
3T WolZAHe vl o] R gro} whul o)
B dan &S SATE & gy 32 IZH—rv: sucrose
2 556.1-811.8 mg/g®] %1 2™, fructose”} 8.6-30.86 mg/g®] 3
th v= FFE dlolE o] e o5t Ho]FA Y-S
100 g & e Aetao] ggo &, Tl HRlo] opd g2
stk ol Pod Ao = Wt Wo|ZAHL 124 &
7 FHuehiteltt.

—

TR gl T AEE W

OPHIAE
1279 BAELYU 08-S -11.42914 -10.92%0 (-11.21
£0.16)Z C4 2 &3} v]=3h %63% Atk ol7HHIAI R €]

A7 ST CAMYERE A7) wet €3 2 C4
b FAKEE Fd ARE Uk AT AR TE(-
12.07£0.32%0)°1 1t SFES(-11.35£0.34%0) 7 &A1 4 2
2 9% Aol Aot EYS sl ofElgel
AATh F/G H] &S 324972 Az} wjg- 2 Ho|Ye
uﬂ’ T,E_'_t;ﬂ/\ol- 8_10241: 01 & 71—0}67— quzo)’ D‘_O] 0347} =
Aow ALREHFig. 2). ©o] 4% @ ol 01y
100 g &FeolBz A ANS 48T &+ Ut =
FAGlgp7t, HEe] @ o]l 77} 13 ¢/100g, 0.3 g/
100 g ol BE AAE AEFS 1094 30g0 = =
HEgtou o] =2 ettt 127 BT wA|site] )

Conclusion

QaE B A3} 15%2] ZI3YG7IA C4
1,01'8}91@. 1:/_]—3 AAAN O 7 4o TS

HJ
:K

= 7t A C4ge] &eFo] 9.5-
A —z—%o] 2AWH7E A xeke 34
N FHE ZIUL FAle AL v LS o
AREEH, REEA] ofo] tigh 7]
oz Hel. o] Ag EXNDES
Azd e BF AFee] Ve Agsid o,

=2
FEHE 49 2274 F 34(13.6%)°] FAFE AAEA
o 23 AR T 14 Ve ELR gHgo] ofF
oPHE 999%9} TEZ A [%E EAHo Jou Haw
LA A3} -12.96%2 AFFEE oI AR} FARSE 3
S A9tk 9E JEPEE 1AL -25.67%2 A E3FAT.
9] NFe AERES HER, HEF 9o ¥E 7}
TFo] B8 Z1oF Holn o] TMANHS AL
3 gyl o] e Zow ATETh T3 v
o]ZAIY 1271 F 1710] AOACS] Wo|ZA|Y 7|30l
oA ekt olol AEFd FAIHFY SRR wolE
e ARt dasdang 44 F7F 28
Ao R FAH Q) op/HAIH2 CAM o2 C4dF<}
HA7E HA 7 g F7F A7 B st

2229
& BHRMm=124)914 Ca47r7F E4R-5 Belatr] 9
3led _/:\_%o] A2 L(5C0), BZRA, AT EE 23]

Atk BAFALNE B4 A, FEEE®0=23) T 3
A(13. 6%)01]*1 Camr7b7t 98 A= I A
Qro 7 AxH HEN=23)C BF AEFHAL 7|F F
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A CaFH7t EYE Ao ASREHJT DA A
Ho 7 439 TS s Ad), g ZFUG7 A
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n=12) 5 171°] AOAC?] Wo|Z Alg 7]Fo] H-E5 A
2UTH CAM FF2 of7FlAl H(n=12)C -11.42014] -
10.92%0 HAZ C4ZF< A7 HAA F7F A7 2
a3ty C49 AHRSFFEF0=10)2] EAE PN &S
126090141 -11.40%0°1 A3, S5 (n=5) -11.70914]
-10.93%0°] AT}, Fructose/glucose ¥]& =% Az}, dF o}
7HAAI ol A Eo] 4l EATH3.2-49.7). BB Al FolA
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