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Goal
Determine of '*C/'2C isotope ratios of carbohydrates for authentication
of honey

Introduction

Sugars are one of the biggest and most common families
of molecules in life. They serve as energy resources, the
backbone of DNA and RNA, the carrier of biologically
active compounds and as structure building material of
plants. Sugars can carry information of their origin and
processing. If isotopically labeled they tell us about their

pathways and metabolism. two pathways of CO, fixation in plants, which result in a

13C/2C isotope ratio difference of ca. 15 %o (8-notation,

-

Isotope ratio MS applications are based on the analysis
of smallest isotope differences in compounds originating
from physical and biochemical isotope fractionation in

nature. Isotopic tracer experiments with isotope ratio MS Isotope ratio monitoring-LC/MS (or LC-IRMS) with
tell the pathways and rates of sugar metabolism by using the Thermo Scientific™ LC IsoLink™ LC-IRMS is the
extremely low tracer amounts (<< 0.1 at %). The very technique of choice for the analysis of sugars. Neither

high precision of isotope ratio MS even allows the coupling with GC nor with elemental analyzer (EA)
administration of natural tracers like C4 compoundsina ., compete.

C3 based metabolism.! C3 and C4 are acronyms for the

~0.015 at %). This is already a wide range in isotope
ratio MS in relation to the high precision of better + 0.2 %o.

Table 1. 8"C values and reproducibilities of a sugar mixture measured by

R LC-IRMS.
' 5C (%o)
Mean
Sucrose -10.75 015
Glucose -10.20 012
Galactose -24.48 0.16
Fructose -11.50 0.05
Mannitol -11.59 0.32
Sorbitol -09.70 0.24
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Figure 1. The Thermo Scientific LC-IRMS system.
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Figure 2. LC-IRMS chromatogram of a sugar mixture.

Table 2. HPLC and LC IsoLink LC-IRMS parameters.

HPLC and Interface Parameters

HPLC Column Cation exchange column
Eluent Water

Flow Rate 300 pL/min
Temperature 90°C

Loop Size 20 pL

Sample Concentration 20 ng/uL

Oxidation Reagent 0.44 MNa,S,0,
Reagent Flow Rate 60 pL/min

Reactor Temperature 99.9°C

He Flow 1 mL/min

Small amounts in complex mixtures can be analyzed for
compound specific isotope analysis without extensive
preparation or derivatization. Isotope shifts due

to the acetylation of sugars for GC-IRMS are not
existent. The analysis of sugars by LC-IRMS results

in accurate, precise and fast results because of the
absence of derivatization and the reduced number

of preparation steps.

A further new method is the bulk isotope analysis of
non-separated sub-pg samples in aqueous solution. The
ease of sample preparation, speed (< 100 s/sample) and
high sensitivity (factor 100 compared to EA) outperforms
the classical EA method by far.

LC-IRMS Technology

The LC IsoLink LC-IRMS is the first high sensitivity
interface connecting high performance liquid
chromatography (HPLC) with Isotope Ratio MS for
the reproducible and accurate on-line determination of
B3C/2C isotope ratios. All organic compounds eluting
from an HPLC column are analyzed while maintaining
the chromatographic resolution. In the LC IsoLink
LC-IRMS the sample is oxidized within the aqueous
solvent eluting from the HPLC, afterwards the generated
CO, is separated from the liquid phase. This process is
quantitative and fractionation-free.

Figure 3. Scheme of the Thermo Scientific LC-IRMS workflow with the LC
IsoLink LC-IRMS.

The oxidation reagent consists of two solutions, the
oxidizing agent and phosphoric acid. Both are pumped
separately and added to the mobile LC phase. Within this
mixture all individual organic compounds eluting from
the HPLC column are oxidized quantitatively into CO,
when passing through a heated reactor. In a downstream
separation unit the CO, is removed from the liquid phase
and entrenched into a stream of He. The individual CO,
peaks in He are subsequently dried in an on-line gas
drying unit and then admitted to the Isotope Ratio MS
via an open split interface.

The 83C value is the 3C/*2C ratio of the sample
related to the 3C/!2C ratio of a reference material

to ensure international compatibility of data sets.
38C = ((PC/2C)gpy / (PC/12C) - 1) x 1000
For a rough estimation 8"*C relates to atom% divided
by 1000.

Reference

Detection of Honey Adulteration

Honey is a high quality natural sweetener, which is
produced by bees from flower nectar or from honeydew.
Floral honey is composed mainly of glucose and fructose
with sucrose, the disaccharide of glucose and fructose, as
a minor compound. Such mixtures or compounds can be
added from other sources, like from high fructose corn
syrup (C4 based sugars), to adulterate honey.

For the detection of honey adulteration with C4 sugars up
to now the 83C value of the honey and its protein fraction
is compared by EA.? But the limit of reliable detection

of adulteration with this method is ca. 7% of C4

sugar addition. Another technique used is the pattern
recognition of sugars by HPLC.? But low levels of C4
adulteration and especially addition of C3 sugars is very
difficult to detect by bulk analysis.



Table 3. 6'C values of eight honey samples analyzed by LC-IRMS and by EA.

HONEY SUCROSE GLUCOSE FRUCTOSE FRU/GLU EA HONEY(4) EA PROT.(4) ADULT,(4)

%o %o % RATIO OF AREAS %o %o %
1 233 -23.2 -22.9 1.07 -21.8 -24.2 16.7 adulterated
2 -11.3 -11.2 -13.9 0.65 -11.9 n.a. n.a. adulterated
3 253 2489 249 1.42 -24.8 -24.8 0.0
4 -26.4 -265 -26.4 097 -25.4 -216 0.0
5 n.d. -26.1 -26.0 4.53 -258 -26.1 1.9 adulterated
6 -26.1 -25.0 -25.3 1.62 -24.3 -24.3 0.0
7 250 -25.2 -25.1 1.16 -24.2 -24.7 34
8 n.d. -25.1 -26.4 217 -24.8 -25.1 15 adulterated
With the combination of HPLC and isotope ratio MS m/z 44 (mV)
this gap can now be closed. The §3C value of every 20000 s 8
individual sugar in honey can be analyzed. The 18000 § :%
comparison of the 8'3C of fructose and glucose, the
detection of other unusual sugars as well as the 16000 2
determination of the sugar pattern can be determined o
within a single HPLC run. 14000 ?—}
The precision and reliability of the LC-IRMS method 12000 é
was proven by four replicates of honey No. 3 in 2 batches < 2
at 2 different days. The mean 8'3C value for glucose 10000 %’
is -24.86 %o + 0.05 %o. The mean value of fructose is §
-24.86 %o + 0.15 %o. The sucrose co-elutes with another 80001 1} J £
minor compound and is not used for precision
determination. 0 g 200 400 600 800 1000 1200 1400
Table 3 shows 8 honey samples which have been analyzed . fimels
by LC-IRMS and by EA to show the different cases of Figure 4. Honey 1.
natural and adulterated honey. The EA method was able
to detect 2 adulterated honeys, the LC-IRMS method m/z 44 (mV)
detected 4 adulterated products. 16500) a

15500 3
Honey 1 shows a normal Fru/Glu pattern but was suspect 14500 H E o
due to the less negative 3-value of higher than -23.5 %o. 13500 ;'f g 8
The comparison of bulk honey and protein showed a s a 2 g
16.7% adulteration. 12200 = g
11500

Honey 2 is obvious to be 100 % C4 based. The protein 10500 3
method fails as the protein can not be precipitated. In 9500 T
LC-IRMS a fourth sugar can be detected in front of the 3
sucrose. The Fru/Glu ratio of the areas is 0.65, the sucrose 8500 1 L] =
is as abundant as the glucose. The 8'°C value of fructose is 7500
2.7 %o more negative than the glucose, which is the final 6500 0 M0 600 80 1000 1200 1400 1600
proof that this honey was artificially composed. Time (s)

Honey S is adulterated but can not be detected by isotope  Figure 5. Honey 2.
ratios. Nevertheless the Fru/Glu ratio is 4.53 stating an

artificial honey. m/z 44 (mv)
22500

Honey 8 was not detected by the EA method as a
difference of 0.3 %o (1.5% C4 adulteration) is within the
uncertainty of the method. The difference of 1.3 %o in 8°C 18500

20500

Fructose

of glucose and fructose clearly shows that this honey is 16500 2
o

adulterated. In combination with the Fru/Glu ratio of 8
areas of 2.17 it can even be shown 14500 8
(5]
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Figure 6. Honey 5.
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Figure 7. p-EA: Direct loop injection of bulk honey.

u-EA by Flow Injection

The LC IsoLink LC-IRMS offers the fast analysis of
bulk samples using its direct loop injector positioned
immediately after the HPLC column.

The bulk samples are processed exactly the same way as
the HPLC separated compounds.

This p-EA method can be used for very fast bulk analysis
of all soluble materials as shown in the chromatogram
below. The advantage of this method with an analysis
cycle time of < 100 seconds is the direct comparison
with reference samples of a certified §'*C value.

The same technique can also be used within every HPLC
run. At the beginning or at the end the bulk sample and/or
some reference material can be injected with almost no
loss in analysis time.

The results in table 4 were analyzed versus benzoic acid of
a known 83C value of -29.9 %o. The mean difference of
0.5 %o within the EA (Table 3) and the p-EA (Table 4)
results can originate from differences in referencing as
well as from the fact that the p-EA method does only
analyze the compounds soluble in water.

References

1.Demmelmair H. et al., 1995, J. Pediatr Gastroenterol.
Nutr., 21, 31-36

2. White J.W., 1992, Journal of the Association of Official
Analytical Chemists, 75, 543-548

3.Foldhazzi, G., 1994, Acta Alimentaria, 23,299-311

4. Cabaiiero, A.L, Recio, J.L., Rupérez, M., 2006, Food.
Chem. 54,9719-9727.

www.thermoscientific.com

©2016 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its

Table 4. 8C values of eight honey samples by p-EA.

383G, (%o)

Bulk (

p-EA 2" Injection
-22.66
-12.66 -12.70
-25.44 -25.63
-26.30
-26.04 -26.15
-25.16
-23.71
-24.94

DN || —

Liquid Chromatography Coupled to Isotope Ratio
Mass Spectrometry: A New Perspective on Honey
Adulteration Detection. J.Agric.

5. Elflein et al, 2008, Apidologie, 39, 574-587.
Improved detection of honey adulteration by measuring
differences between 3C/'2C stable carbon isotope ratios
of protein and sugar compounds with a combination of
elemental analyzer - isotope ratio mass spectrometry
and liquid chromatography - isotope ratio mass
spectrometry (3'3C-EA/LC-IRMS).

6.Krummen M., Hilkert A. H., Juchelka D., Duhr A.,
Schlueter H.-]J., Pesch R., 2004, Rapid Commun. Mass
Spectrom. 18, 2260-2266.

A new Concept for Isotope Ratio Monitoring LC/MS.

Acknowledgements

Thermo Fisher Scientific thanks APPLICA GmbH,
Bremen, Germany, for providing the honey samples
and EA results.

Thermo Fisher Scientific

subsidiaries. This information is presented as an example of the capabilities of Thermo Fisher Scientific products. It is not (Bremen) GmbH
intended to encourage use of these products in any manners that might infringe the intellectual property rights of others. Management System
Specifications, terms and pricing are subject to change. Not all products are available in all countries. Please consult your Registered to I50

local sales representative for details.

9001:2008

Africa +43 133350 34 0 Denmark +45 70 23 62 60 Japan +81 45 453 9100 Russia/CIS +43 133350 34 0 I hermo

Australia +61 3 9757 4300 Europe-Other 43 133350 340 Korea +82 2 3420 8600 Singapore +65 6289 1190
Austria +43 810 282 206 Finland +358 10 3292 200 Latin America +1 561 688 8700 Spain 34 914 845 965 SCIENTIFIC
Belgium 32 53 73 42 41 France +33 160 92 48 00 Middle East +43 133350340  Sweden +46 8 556 468 00 , o
Canada +1 800 530 8447 Germany +49 61034081014  Netherlands +31 76 5795555  Switzerland +41 61 716 77 00 AThermo Fisher Scientific Brand
China 800 810 5118 (e call domestic) India +91 22 6742 9494 New Zealand +64 9980 6700 UK +44 1442 233555

400 650 5118 Italy +39 02 950 591 Norway +46 8 556 468 00 USA 1800 532 4752

AN30024-EN 0316S



