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FOOD ORIGINS, ADULTERATION,
AUTHENTICITY

Technology for stable isotope ratio measurement.
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Detection of honey adulteration
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%glc Introduction to IRMS technology

Isotope-ratio mass spectrometry (IRMS) is a specialization of mass spectrometry, in which mass

spectrometric methods are used to measure the relative abundance of isotopes in each sample.[”

The isotope-ratio mass spectrometer (IRMS) allows the precise measurement of mixtures of

stable isotopes.[Z]The analysis of 'stable isotopes' is normally concerned with measuring isotopic

variations arising from mass-dependent isotopic fractionation in natural systems.

Major Isotope

Minor Isotope Natural Abundance [%]

Stable isotopes are chemical

Hydrogen 0.01557 isotopes that may or may not be
Carbon 130 1.11140 radioactive, but if radioactive, have
Nitrogen N 0.36630 half lives too long to be measured.
Oxygen 0 0.20004

Sulfur ¥s 4.21500

That's where the information is.

M pgul D, Skrzypek G, Forizs | (2007). "Normalization of measured stable isotopic compositions to isotope reference scales - a review". Rapid Commun. Mass Spectrom. 21 (18): 3006-14.

@I Townsend, A. (ed) (1995). Encyclopaedia of Analytical Science Encyclopaedia of Analytical Science. London: Academic Press Limited.
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§,§! Isotope ratio mass spectrometer (IRMS)

The mass spectrometers used for isotopic analysis generally comprise three

basic sections; an ion source, a mass analyzer and an ion collection assembly.

DELTA V Analyzer - 13C, 5N, 18Q, 34§, 2H

H.W Mass analyzer

lon collection assembly

A

m/z 3 (HD)
m/z 2 (H,)
lon source :
? with
Dedicated Energy Filter
Gas lon Source Universal Triple Collector

for N,, CO, O,,CO,, SO,
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The and What
They Tell Us for Food & Beverage

History can’t hide from the Isotope Hunter. Geography, geoclogy and growth conditions of foods, fibers, liquids or

stone are embedded in their unique isotope fingerprints. Trace your sample history with the Thermo Scientific”
Isotope Ratio Mass Spectrometry portfolio.

Interprets: Local soil conditions, proximity to shoreline
Identifies: Product origin
| X y Foods Affected: Fruits, vegetables, animal meat and honey
Interprets: Botanical origin C3, C4 and CAM photosynthesis : . 5
Identifies: Adulteration (e.g. sweetening with cheap sugar)
Foods Affected: Honey, liquor, wine, olive oil, butter and flavors

Interprets: Local-regional rainfall geographical area
Identifies: Dilution of beverages, product origin
; Foods Affected: Coffee; wine, liquor, water, sugar, animal
Interprets: Local-regional rainfall geographical area ~ 3 ‘ meat and flavors
Identifies: Dilution of beverages, and place of product origin

Foods Affected: Coffee, wine, liquor, water, sugar, animal
meat and flavors

Interprets: Soil processes, plant fertilizer processes
- .

Identifies: Mislabeling (organic vs. non-organic)";-_

Foods Affected: Fruits, vegetables and animal meat

Official methods for food
and beverage product origin,

authenticity and label claims
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Sspglc Reporting Isotope Measurements

The isotopic composition measured relative to that of a standard material

whose isotopic composition has been assigned

General element

13 12
5130 . ( 0/ C)sample 1
Heavier isotope —\ (1312 N
— P ( C/ C)sta,nda,rd
Lighter isotope
R —R
: sample standard
SHeavier = P x 1000 _ | EEE
R Name ¢ Material ¢ ©o&6'°C % R
standard deviation
units are %o or per mil or parts per thousand IAEA-603 | CaCOg 2.46%0 | 0.01%o
NBS-18 CaCOgj -5.014%c | 0.035%o0
Standard NBS-19 | CaCOs 1.95% -
-~ 1 -~ 2 rFe . rFe
Name % Material # ©0“H = deviation + Reference LSVEC LI2003 -46.6%o 0.2%o
IAEA-CO-1 | Carrara marble | +2.492%, | 0.030%o
VSMOW2 | H,O 0%o 0.3%o VSMOW
IAEA-CO-8 | CaCO4 -5.764%0 | 0.032%0
SLAP2 H,O -427 .5%0 | 0.3%0 VSMOW
IAEA-CO-9 | BaCO45 -47.321%o | 0.057%o0
GISP H,O -189.5%0 | 1.2%o VSMOW
NBS 22 Qil -30.031%o | 0.043%0
NBS 22 Qil -120%o0 1%o VSMOW

YOUR SCIENTIFIC SPECIALIST
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Tracking wine adulteration using isotope fingerprints

The most common type of wine adulteration is the addition of cheaper products to the original wine,

the wine was originally produced from.

25

2‘.'I|l
15 -
10 ¢

Oxygen isotope change
with water addition

5'%0 ysmow (%o)

=10
-15

0 10 20 30 40 50 60 70 80 90
Water added (%)

Oxygen isotope fingerprints detect watering of wine.

100

such as fruit juices, water and sweeteners, which are not related to the grapes or fermentation process that

Oxygen and hydrogen isotope fingerprints
can be used to identify the geographical
origin of wine. The grapes, from which
wine is produced, carry a fingerprint

derived from local-regional rainfall.
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s%g'c Tracking wine adulteration using isotope fingerprints

Isotopes in Nature — '®0 and *H in the Water Cycle

Initial Later
Precipitation Precipitation
590 = - 12960 5'%0 = - 15%. %0 = - 17%o.
FH=-87%. $*H=-112%0 1T ¥ &H=-128%
Vapor g & Vapor

Continent

The isotopic composition of water samples can be

affected by several environmental parameters :
Y oo 2 IAEA water standard 52H

- Seasonality : , o
All these SLAP2 (Standard Light Antarctic Precipitation 2) -55.50 %o -427.5 %o
- Amount of precipitation
: barmeters can GISP (Greenland Ice Sheet Precipitation) -24.76 %o -189.5 %o
- Altitude [~  be characterizing
- Continentally the source region VSMOW?2 (Vienna Standard Mean Ocean Water 2) 0 %o 0 %o
- Temperature of a water Sample. https://nucleus.iaea.org/rpst/ReferenceProducts/ReferenceMaterials/Stable_Isotopes/2H180-water-samples/index.htm
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sspglc Detecting organic grown vegetables

As organic fruit and vegetables attract a higher price on the market, this can lead to economically

motivated fraud through mislabeling produce as “organic” when they have been grown using synthetic fertilizer.

12 The nitrogen isotope fingerprints of vegetables are used to differentiate whether the
11- Organic fertilizer fertilizer used for plant growth was organic or synthetic. Vegetables grown using organic
__ 10 fertilizers, such as peat, sewage sludge and animal manure, tend to have nitrogen
% isotope values between +8%o to +20%0.Vegetables grown using synthetic fertilizers, such
EE as potash and ammonia, tend to have nitrogen isotope values of +3%o to +6%o.
© Synthetic fertilizer

.

8 ]

7 ]

. o7 E

; asionen
=

Sample

Nitrogen isotope fingerprints detect organic grown tomatoes.
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sspﬁ,! Tracing the geographical origin of coffee

using

iIsotope fingerprints

Green coffee beans have a fingerprint, a unique chemical signature that

allows them to be identified: isotope fingerprints have been reliably used for

origin, authenticity and product label claim verification.

10 -

20 4

-30 -

-40 -

62H\I'SMO\N-SLAI: (%")

-70 A

80 -

-a0 -

-100

-50 -

60 -

® Rwanda

i Ethiopia

= Ethiopia Sidamo

African coffee

——

India
= Phillippines
™ HH  |ndonesia Asian coffee
Guatamala ﬁ?ﬁémma
ke raGuatamala * Brezi
Bio Peru '™ Colombia
—#-Guatamala
South and Central American coffee
# Bio Sumatra
HH Costa Rica
4~ Peru Tukki
~#-Colombia
# Bio Bolivia +4- Panama
22 24 26 28 30 32 34 36 38

8'®0ysmow.sLap (%)

Figure 1. Hydrogen and oxygen isotope fingerprints of roasted coffee beans from Africa (blue), Asia (brown)
and central and South America (purple).

YOUR SCIENTIFIC SPECIALIST

The graph shows hydrogen and oxygen
isotope fingerprints of coffee beans indicating they
can be clearly differentiated at the continent scale.

Additionally, the Bio Sumatra coffee
measured is grouped with coffee from South and
Central America rather than from Asia (red
marker), illustrating that mislabelling can be
identified.



Sspg,lc Testing sugar package label claims using carbon isotope fingerprints

Carbon isotope fingerprint of sugar.

8"C +1SD Identified b
Sample name vepe = Label claim erl Lt
[%D, n=3] &3C as

The refining process for beet is simpler

d faster th f Furth boor Australia -12.59+0.15 Not Stated Cane sugar
an aster than for cane. ru ermore, beet can Brazil -12.21+017 Not Stated Cane sugar
grOW in a Variety Of climates beyond trOpiCa|. China (Shanghai) -12.49+017 Not Stated Cane sugar
China (Nan Jing) -12.63+0.11 Not Stated Cane sugar
Consequenﬂy, beet sugar is cheaper to Cuba -12.46+0.06 Not Stated Cane sugar
Denmark -26.69+0.05 Beet sugar Beet sugar
manufacture and source. s SNy _ Egypt -13.11+0.02 Not Stated Cane sugar
Ragus =77 — Estonia -13.19+0.08 Not Stated Cane sugar
’ : : : : : : o France -1214+012 Cane sugar Cane sugar
rori | g

Sugar has a fingerprint, a unique chemical signature that allows it to be identified Erance 2 090 5 T E——
The carbon isotope fingerprint (0'°C) of plants are different because of photosynthetic Germany -26.69:0.08 Beetsugar  Best sugar
Italy -12.22+0.05 Cane sugar Cane sugar
processes and broadly grouped as C3 and C4 plant types. — 12944019 e —— | Se—
C3 plants like Beta vulgaris, cultivated as the source of beet sugar, utilize the Calvin Lebanon 2r08L0.02 NetStated Bestsugar
. i . 13 Malaysia -12.21+0.12 Not Stated Cane sugar
photosynthetic pathway to fix 002 and incorporate less “C than other plants. Morocco 12.58+0.03 Not Stated Cane sugar
C4 plants, like Saccharum spp., cultivated as the source of cane sugar, utilize the o Sealand e sstiil SARSISUGRALT] [EADS SUGeE
Philippines -12.95+0.09 Cane sugar Cane sugar
Hatch-Slack photosynthetic pathway which does not fractionate atmospheric carbon Portugal -12.51£0.04 Not Stated Cane sugar
s : Romania -12.47+0.04 Not Stated Cane sugar

dioxide to the same extent as the Calvin pathway. J
Senegal -12.42+0.25 Cane sugar Cane sugar
Therefore, C3 plants have a carbon isotope Taiwan 13.08+0.01 Not Stated Cane sugar
fi : - = Thailand -12.24+0.02 Not Stated Cane sugar
ingerprint between -33%o to -22%. and C4 plants have Turkey 13.9940.12 T o e
a carbon isotope fingerprint between -16%o to -8%o. LAE et iy bialos EeetRNoNG
United Kingdom -12.75+0.04 Cane sugar Cane sugar
o USA (Hawaii) -12.41£0.13 Cane sugar Cane sugar
Ragus® -2~ USA (San Francisco) -12.89+0.04 Cane sugar Cane sugar
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S'SCI C3, C4, and CAM plants
pec

CO2 €02
- . 4 )

/ PEPC "\
Malic acid (C4)

FIIINNDANIZVIUMNS na19u AU N899
FUATIEHA WA
Snnuaiidumsnis co, 1 53 2 %3 2 %3
M3A39 CO, MNBIMA
- muu!“mjﬁcl‘lai’ Rubisco PEP carboxylase PEP carboxylase
- mseaduily RuBP PEP PEP
- WanFaaiiRa PGA (C,) 0AA (C) 0AA (C)
- $ranmiifn Na19IU a9 naIAM
Glyceraehyde Glyceraehyde Glyceraehyde Wfﬂé‘ﬁ!ﬁﬂ Calvin cycle Mesophyll Bundle sheath Mesophyll
\_ 3—ph0fphate ) \_ 3-ph0fphate J \ 3—phos|phate J | | 9131m1310a Photorespiration g9 i oy
é, NTrUKNNIFTaANTUeN laean ltaYasT c3 c4 cam | PPT (slideshare.net)
o Sucrose y Sucrose y @ Sucrose .
C3 plants C4 plants CAM plants
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https://www.slideshare.net/slideshow/c3-c4-cam/267071593
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Table 1: Features of C3 and C4 grasses

Department of

Wik
NSV

11.0 Primary Industries
- = England (BBOP)
N = 100] Initial molecule formed durin
o [ | ]
photosynthesis
10.0 1
+ England (GEOBEEF Growth period
. IN=57] P
.
9.0 A Light requi 1t
5 © B Scotiand (BBOP) BlEhRuELE
[N =100]
. Temperature requirements
8.0 1
P - 0 © A Scotland (Geobeef)
u; b ) © IN=17] Moisture requirements
o . ® o
7.0 1 O ge e,
. ° © Wales (BBOP) Frost tolerance
° [N=100]
f e ©
1 °
6.0 o o Feed quality
& Ty © Brazil [N = 31]
D) o, 2
5.0 1 . Production
o
b © e USA [N=25]
Examples
4.0 T T T T
-30.00 -25.00 -20.00 -15.00 -10.00
813C%o

Carbon and nitrogen isotope fingerprints of beef muscle.

The origin of beef can be tracked using the carbon isotope fingerprint which is
related to the photosynthetic signature of the plants consumed by the animals during
their grazing. To identify beef of UK origin relative to beef of Brazilian origin, this can

be readily differentiated using carbon isotope fingerprints.

YOUR SCIENTIFIC SPECIALIST

3 carbon

Cool season or yearlong

Lower

Lower

Higher

Higher

Higher

Lower

weeping grass and common
wheatgrass

I
Tracing the origin of beef based on diet using carbon isotope fingerprints

4 carbon

Warm season

Higher

Higher

Lower

Lower

Lower

Higher

kangaroo grass, red grass and wire
grass




§)§'€ Detection of honey adulteration

AOAC Official Method 998.12 C-4 Plant Sugars in Honey Internal Standard Stable Carbon Isotope Ratio

Honey is subject to fraud by adulteration with low price sugar syrups. LC-IRMS and EA_IRMS analysis of eight honey samples.
Saccharides in syrups derived from cane, corn or beet sugar are difficult Sucrono Slicons — Fru/Glu EA Honey (4) EA Prot. (4) Adult. (4)
Vi . ; Yoo Yoo %o ratio of areas Yoo %o Yoo
to distinguish from those in pure honeys. Sugar cane and corn syrups,

1 -23.3 -23.2 -22.9 1.07 -21.8 -24.2 16.7
the most widely used adulterants, have distinctive "°C isotope 2 @ 1.2 13.9 0.65 -11.9 na. na.
i R S d i the C4 3 25.3 -24.9 -24.9 1.42 -24.8 -24.8 0.0

ingerprints because both sugar cane and corn plants use the 1 oy o S i e G b
photosynthetic pathway in contrast to most honey which is derived from 5 n.d. -26.1 -26.0 4.53 25.8 -26.1 19
5 6 -26.1 -25.0 -25.3 1.62 -24.3 -24.3 0.0
plants that use the C3 photosynthetic pathway. These differences in °C 7 250 25 951 116 24 47 34
. ) o : i 8 5t -25.1 -26.4 217 -24.8 =251 15
isotopic composition allow detection of > 7% addition of such sugars. :
my/z 44 (mV)

Carbon isotope fingerprints of three honeys and their extracted

proteins. 20000 ® 2
Calculate apparent C-4 sugar content as follows: g 8
Protein-1| Honey-2 Honey-3 16000 TR
§'c, -8°C
2360 -2408 -2383 -2401 -2417  -24.49 C-4 sugars, % = —"——1 x 100 .
§°C, —(-9.7) 16000 g
-23.68 -24.09 -23.81 -23.95 -24.06 -24.44 .
2357  -24.09 2391 || 2ao7 || 2447 " " s 14000 B
0, - _ ]
e T whert? ol | Cp agd ol 7(;H a;lre 6°C valggs(,: %.o,lforfproteln and hor;:yi{e g
I = S spectively, an -9.71sthe average value for corn syrup, %o. Re- 12000 2
port negative values from this calculation as 0%. Product is .
-23.60 -24.01 . L. . . £
considered to contain significant C-4 sugars (primarily corn or cane) 10000 Z
eI N only at or above a value of 7%. =
ZilEl 8000 =
Average o358 2405 2382 2391  -24.10  -24.28
(%) 8000
1:8d 0 200 400 600 800 1000 1200 1400
0.06 0.05 0.05 0.07 0.05 0.20 Time ()

(%e0)
Chromatographic separation of honey carbohydrates by LC-IRMS.

YOUR SCIENTIFIC SPECIALIST




O RamunanssuIamIsLsEnlan =0 £ ® &

www.scispec.co.th /scispec @scispec crm@scispec.co.th

ThermoFisher MARKES
SCIENTIFIC

[®@] @GAS CTC Analytics

FRONTIER LAB

LCQM 7X908devices

YOUR SCIENTIFIC SPECIALIST




	FOOD ORIGINS, ADULTERATION,�AUTHENTICITY�Technology for stable isotope ratio measurement.
	Topics
	Introduction to IRMS technology
	Isotope ratio mass spectrometer (IRMS)
	Slide Number 5
	Reporting Isotope Measurements
	Tracking wine adulteration using isotope fingerprints
	Tracking wine adulteration using isotope fingerprints
	Detecting organic grown vegetables
	Tracing the geographical origin of coffee using isotope fingerprints
	Testing sugar package label claims using carbon isotope fingerprints
	C3, C4, and CAM plants
	Tracing the origin of beef based on diet using carbon isotope fingerprints
	Detection of honey adulteration
	Slide Number 15

