authenticity of organic food, especially
organic eggs and organic beef

TUV Rheinland Agroisolab.
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Analytical problem:
Assumption: no Pestizide detectable

Products from conventional and organic farming

are equal concerning:

» main ingredients

> nutritional value

* K. Woese et all, A comparison of organically and conventionally grown foods — Results of a review of the
relevant literature, J. Sci. Food. Agric 1997, 74, 281-293

Solution / Possibility:

Indirect proof:

checking the causation of the fertilisation using Isotopes
:,\«*""”"‘fo.,,___ TUVRheinland ®
A ) _ A agrois@lab
oo’ 2 | TUV Rheinland Agroisolab
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Differentiation of conventional and organic fertilizer

14

12

10

15N/14N [%o] v.s.IAEA-AIR

-2

O Mineral: Ammonium B Mineral: Nitrat @ Organic \

Shearer G.B.; Kohl D.H.; Commoner B. (1974). Soil Science. 118, 308-314.
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15N/14N isotope ratios of various fertilizers

I - w o -l

A. Bateman et all, Fertilizer nitrogen isotope signatures, 2007, Env. Health Studies

20 mineral manure plants bone meal
15 + L
nd
< 10 + 8,118
U; 6,300
>- * 7,300
% 5 BB - ; 5,856
—i
3 T om —
Lo O 4 1900
—
[ -0,450
15N/14N shift because of isotopic fractionation of the
Transaminase
B (Macko 1986, Geochim. Cosmochim. Acta) *
2 TUVRheinland®
. _ _ agrois@lab
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Execution:

Euopean Commission

DG Joint Research Centre

Institute for Health and Consumer Protection

Pulaloes Beans

i s Zucchiinm Purnpkines
12 i 1
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e [ ]
| o |
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4 %o Limit: org. <> conv.
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15N/14N isotopic ratio in organic wheat

history: 4 years of applications of lucerne as fertilizer

Result: using plants (legumes) as fertilizer generate 15N/14N ratios over
+1 %o In the plants

8 2,5
£
o 2,0 ® ® .
o ] ] ®
= 1,5
S 1,0
A
5 05 — . |
= 0 %o could be a limit for organic farming Luzerne
Z 0,0 I I I I I I
0 1 2 3 4 5 6 7
Mean value of different field samples

G.L. Tuner, F.H. Bergersen, “Natural enrichment of 15N during decomposition of
plant material in soil”, Soil Biol. Biochem., 2: 495 (1983):
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agrois@lab

Genau. Richtig.

6 | TUV Rheinland Agroisolab



Differentiation of conventional and organic carrots

. NIJA AR & ko~ oo~
us IN/LA4IN ISOLOPES

—
—

BLE-Projekt, Start: 05.2009
12 —

11 —

15N/14N v.s. AIR
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Distribution of the 15N/14N ratios in carrots
BLE-Projekt: Start: 05.2009

12

11

10

Number
(o)}

= TOVRheinisnd

- Objective of the BLE research project:

”> building up a reliable database: >100 samples per product
~ > define limits to differentiate organic / conventional farming
> improve differentiation with further stable isotopes || [ |

—» validate and check the database with test samples

1,1<>2,0 2,1<>3,0

15N/14N v.s IAEA-AIR

31<>4,0 41<>50

TUV Rheinland Agroisolab

5,0<>6,0 6,1<>7,0 7,1<>8,0 8,1<>9,0 9,1<>10,0 10,1<>11,0

@ Organic carrots (n=36)

B conventional carrots (m=40)
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Basic principle of using stable isotopes to check
organic farming

» stable isotopes give often only a hint of abnormal organic samples
» abnormal samples have always to be verified with information

» the information confirms the stable isotope analysis or refute it

Conclusion: Stable isotopes are only a helpful tool to
differentiate organic farming, whether
iInformation is available to verify the
analysis.

& A"» TOVRheinland®
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Differentiation of conventional and organic
farming, e.g. tomatoes

A. Bateman, S . Kelly, Nitrogen Isotope composition of organically and conventionally grown corps, J. Agric. Food Chem. 2007

24
4 | 3] Tomatoes B Conventicnal
O Cirganic
20 '
18
g 15 Do animal proteins reflect organic farming as well ?
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5 14 -
=
£ 12
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g 10
D
S s N
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4 2 0 2 4 6 8 1012 14 16 18
8" (%o Jai
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Differentiation of eggs:

1 H[3] v, mir

Annual report 2004,

T Bavarian Authority for Health and Food

T
6 —| Safety
s r+ o Conventional organic
1 9
5 T
= = 8 o
7 N E
* =~ 1 o . 5,739
——— | T T aem—— _
m (/) y
1z 8 I O e e s 5,683
z Z .
\ R ) & 41 4575
Y |- J— T
—
i : e i P conv org.
Conventlonal Organlc 2 No of values used 281 331
1 L Minimum 2,86 4,30
1st quartile 4,22 5,19
O R Median 4,58 5,68
3rd quartile 4,98 6,25
Mean 4,62 574
Geometric mean 4,58 5,70
Sample standard deviation 0,60 0,70
.9“"“‘%"'&,_ TUVRheinland®
A ) A agrois®@lab
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Detall overview:

Animal Breeding (conventional eggs):

7 — Free land (1) barn (2) cage (3)
n=138 n=124 n=19
(5 -
nd
= c 4,651 4,622
< O 4,303
24 4573 4,596
> | 4,299
g 3 o —
. ° 1 2 3
Z No of values used 138 124 19
N 2 — Minimum 286 3,19 3,59
— 1st quartile 4,26 4,19 4,10
1 — Median 457 4,60 4,30
3rd quartile 500 5,01 4,59
Maximum 6,04 6,03 4,92
0 Mean 4,65 4,62 430
Sample standard deviation 0,61 0,59 0,31

TUVRheinland®
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Detall overview lI:

Country origin (conventional eggs):

Germany France Netherlands  Austrian
[ (n=62) (n=52) (n=82) (n=85)
6 -+ o o
2 T 5,087
D_: 5 + 1 4631
< 4,303 4,296 5071
. 4,618
2 4 BB 4,256 HE 4,254 —1
Z - o
;§ :3 BB o
50 GE_FR__NL_ AU
- No of values used 62 52 82 85
Minimum 343 286 3,85 3,19
1 1st quartile 3,97 401 430 4,61
Median 426 430 4,62 5,09
0O - 3rd quartile 459 455 4,93 5,50
Mean 430 4,25 4,63 5,07
Sample standard deviation 0,51 0,42 0,43 0,60

TUVRheinland®
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Detall overview lI:

Country origin (organic eggs):

g . Germany France Italy Netherlands Austria
g (n=105) (n=28) (n=37) (n=73) (n=88)
0 8
+ —_ - 6,401
x ! T 6100
e 5,693 5,618
< 6 | = 5,197 6,400
m 1 —— -
S~ 5+ 5,600 5,600 o
- — 1 5153 o
< 4 -
Ay
5 3T GE FR IT NL AU
— 2 No of values used 105 28 37 73 88
Minimum 4,55 5,10 4,40 4,39 4,50
1+ 1st quartile 5,22 5,57 5,00 4,94 6,10
Median 5,60 6,10 5,60 5,15 6,40
0 3rd quartile 6,02 6,40 6,30 5,49 6,70
Maximum 7,53 6,90 7,09 6,26 7,90
Mean 5,69 6,02 5,62 5,20 6,40
Sample standard deviation 0,62 0,50 0,76 0,38 0,54

TUVRheinland®
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Distribution of 15N/14N ratios in organic and conventional eggs

Percent

< Fraud sample

16,0

e i | e it 4
15,0 - o

¢ D R IR < Limit 95 %: abnormal: feed has to be checked

135

13,0 -

12,5 - _

1210 4 . . I .- -
115+ 01,06 % conventionaledqs {wg----------- -t mm o
11,0 4

10,5 -

100 +------------———-—-—-F\----+ W - WP

il NN [ ml HUUDD

4ﬁ9_;g>_;§?_;§?_;g3 49?-7V>,7&?-7&b-7&3 7&9-f;>—fgb-f;p-fgs 489-46>-?6b-46b-963 46©‘5\g>4\1/4\?-5\%>4<b-fg3
I’qu’b{’bbq)bgbqfL1’I’QI’«”],I’b‘btbl’cbl’gl’q,l’b{’(bb/\bqb'ybq,bcf’/\l’ql’

‘ch"b HY DY By BT B KT D B K Y BY 9 HY BY 07 ©F ©° 07 0 ©F AT AT AT AL AN

= TOVRheinland = |

"’1{.;00““&' 15 | TUV Rheinland Agroisolab

l conventional eggs Eorganic eggs

TUVRheinland®
A agrois@lab

Genau. Richtig.



Other possibilities:

Assumption: more corn (C4) in conventional feed, reflected in the 13C/12C ratio of the eggs

13C / 12C v.s. PDB [%]

l carbon dioxide of

T Organic  conventional

S (n=31¢) (=281
m
O
QL -10 f oo
%
> 15
@)
&{ n -
o 21871 | -22,142-
3 ——

o5 22,100 | -22,157.

L
230 Lo
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%

13C/12C ratio of raw protein from organic beef in
comparison to conventional beef (1999-2002)

60

90,%
50 [ )
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E Raw protein from organic beef (n=223) 13C/12C [%o] v.S. PDB

B Raw protein from conventional beef (n=21)
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13C/12C ratio of organic milk products

Prozent

[eYeYoXololoXoXoXeXoXo X

OPNWAUNIONOOO

-29,9<> -289<> -279<> -269<> -259<> -249<> -239<> -229<> -219<> -20,9<>
-29,0 -28,0 -27,0 -26,0 -25,0 -24,0 -23,0 -22,0 -21,0 -20,0
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Alternative: Traceabillity using stable isotopes

Country level

Building up a scientific tracking tool to check the origin and
confirm the documentation

The D/

and 1

ratios Gepenamgon 87Sr/86Sr (strontium) 15N/14N (nitrogen) as

the water / rainfall as a geological geological parameter

c_ycle cquld _ parameter could reflect the local soil

differentiate a wide differentiate a closer

it region..

TUVRheinland®
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Example 1.
Discrimination of different organic banana fields using
stable isotopes of life

Beobachtungen (Achsen F1 und F2: 96,94 %)

15
10
5 1
.f °
g o ¢
N ()
=
S O | ; [ ) | |
& e
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-10 il
15
13 8 3 2 7

F1 (70,22 %)

*‘“‘z”’ g TUVRheinland®
: ; agrois@lab

= TOVRheinland =

%, o/ 20 | TUV Rheinland Agroisolab
°°°_ny g Genau. Richtig.



Example 2:
Discrimination of different potatoe fields using stable
Isotopes of life

Observations (axes F1 and F2: 99 %)

1,5

g Ye

e
® EgyptA
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T 1 08 0 05 | . ® Egypt G 25
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Summary

» Stable isotopes deliver various possibility to check or track back
organic product

= |t is always necessary to build up a database for the organic
product

» It is possible to define limits to differentiate organic and
conventional farming

= As the stable isotopes describe the nature, it is always
necessary to verify abnormal samples with background
information
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TUV Rheinland Agroisolab.
Thank you for your attention.

For more information please contact us.

Contact:

Dr. Markus Boner

Tel. +49 2461 93134 0
Markus.boner@de.tuv.com

TUV Rheinland
Agroisolab GmbH
Prof.-Rehm-Strasse 6
D-52428 Jiilich
Germany
WWW.tuv.com
www.agroisolab.de
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