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Ist der Nachweis des Einsatzes der
Gentechnik bei verarbeiteten
Lebensmitteln maoglich?

Summary To elucidate if there is
any possibility to identify highly
processed foods as produced
through genetic engineering, beer,
soya bean oil, processed tomato
(ketch-up, paste, pizza tomatoes,
peeled tomatoes, soup) and potato
(french fries, crisps, mashed
potatoes, flour, starch, fried
potatoes) products as well as an
enzyme preparation (Natuphos)
were investigated by PCR. In pizza
tomatoes, peeled tomatoes, french
fries, fried potatoes, potato flour
and potato crisps DNA suitable for
PCR was found. Therefore, it is
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Is there any possibility of detecting the use
of genetic engineering in processed foods?

possible to identify these products
as produced through genetic
engineering. Such an identification
is impossible in certain beers
(pilsener, export, Nutfield lyte),
soya bean oil, tomato soup, potato
starch, mashed potatoes and
Natuphos since PCR-analysis gave
no indication of the presence of
DNA in these products. As it was
shown by adding Escherichia coli
DNA the used method is, in
principle, capable of detecting
specifically small amounts of DNA
in such products.

Zusammenfassung Bier, Sojadl,
verarbeitete Tomaten- (Ketchup,
Mark, Pizzatomaten, Schiltomaten,
Suppe) und Kartoffelprodukte
(Pommes frites, Chips, Piiree,
Mehl, Stirke, Bratkartoffeln) sowie
ein Enzympriparat (Natuphos) wur-
den mittels PCR daraufhin unter-
sucht, ob ein Nachweis des Einsat-
zes der Gentechnik bei ihrer Her-
stellung moglich ist. PCR-fahige
DNA lieB} sich aus Pizzatomaten,
Schiltomaten, Pommes frites, Brat-
kartoffeln, Kartoffelmehl und Kar-
toffelchips isolieren, so daB der

Introduction

In the meantime, isolated products or processed foods
deriving from genetically engineered organisms which no
longer contain viable genetically engineered organisms
are on the European market. In Great Britain tomato paste

Nachweis des Einsatzes der Gen-
technik bei deren Herstellung mog-
lich wird. Bestimmte Biere (Pils,
Export, Nutfield lyte), Sojaél,
Tomatensuppe, Kartoffelstirke, Kar-
toffelpiiree und Natuphos entziehen
sich einem solchen Nachweis, da
die PCR-Analyse keine Hinweise
auf das Vorliegen von DNA in die-
sen Produkten ergab. Daf} das
durchgefiihrte Nachweisverfahren
grundsdtzlich in der Lage ist, gerin-
ge Mengen an DNA auch in die-
sen Produkten spezifisch nachzuwei-
sen, wurde nach Zugabe von
Escherichia coli DNA bestiitigt.

Key words Detection method —
genetic engineering — polymerase
chain reaction — processed food

Schliisselworter Gentechnik —
Nachweisverfahren —
Polymerasekettenreaktion —
verarbeitete Lebensmittel

Abbreviation PCR = polymerase
chain reaction - DNA =
desoxyribonucleic acid

deriving from genetically engineered tomatoes has been

sold with the corresponding labelling since spring 1996,
Furthermore, clearance of soya products (oil, protein) and

canola products (oil) deriving from the corresponding
genetically engineered plants as food or food ingredients
was announced in 1994 (1) and 1995 (2), respectively.
As such products do not contain viable genetically engi-
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neered organisms they are allowed to be introduced in
all member states of the European Union.

Obviously, detection methods for foods produced
through genetic engineering could be based on the newly
introduced genetic information. Because of its high sen-
sitivity, its specificity and rapidity the polymerase chain
reaction (PCR) will be the method of choice for this
purpose. The PCR is already used in the food area (8),
for example, to detect and type pathogenic microorgan-
isms in food samples (4, 12, 18) or to characterize and
assure quality of food products (3, 15, 16). In the near
future, a further application of the PCR may be the
identification of foods deriving from genetic engineering
with regard to checking the legal regulations (9). Require-
ments for such a detection method are the availability of
adequate intact recombinant deoxyribonucleic acid in the
food and the knowledge of the genetic modification (nec-
essary to design specific PCR-primers).

Intact DNA is available, if the food is the genetically
engineered organism itself, such as tomatoes and pota-
toes, or if the food contains genetically engineered or-
ganisms, such as yoghurt with lactic acid bacteria. There-
fore, it should be no problem to develop a method to
identify raw products and less processed foods as pro-
duced through genetic engineering by adapting a common
DNA extraction procedure. The successful identification
of genetically engineered plant products by PCR was
already demonstrated by Meyer (17) using the “Flavr
Savr”-tomato and by Jongedijk et al. (10) using a trans-
genic potato. Furthermore, it was shown by Lick et al.
(13) that it is possible to isolate DNA suitable for the
PCR-assay from yoghurts containing viable lactic acid
bacteria and from thermally treated yoghurt, respectively.
The German working group “Development of methods to
identify foods produced by means of genetic engineering”
which already performed interlaboratory studies on pota-
toes, raw sausages and yoghurt fermented with geneti-
cally modified microorganisms. The group successfully
applied for the inclusion of two methods (6, 7) in the
“Official Collection of Methods according to Article 35
of the German Food Act”.

However, food processing is one of the main factors
influencing the accessibility of appropriate nucleic acid
substrate for PCR reactions negatively. During food proc-
essing fragmentation of DNA could occur, for example,
by mechanical treatment (shear-forces), enzymatic (nucle-
ases) and chemical hydrolysis (acidic pH). Moreover,
food processing may lead to a complete degradation or
removal of the DNA. Therefore, the possibility of an
identification of a processed food as produced through
genetic engineering has to be elucidated on a case-by-
case basis. The aim of our work was to investigate, if
there is any possibility to identify certain processed foods
as produced through genetic engineering.

Materials and methods

Materials

Beer (pilsener, export), soya bean oil and processed to-
mato (ketchup, paste, tinned pizza tomatoes, tinned
peeled tomatoes, soup) and potato (french fries, crisps,
mashed potatoes, flour, starch, fried potatoes) products
were purchased from local supermarkets. Tomato paste
deriving from genetically engineered tomatoes was ob-
tained from Zeneca Plant Science (Bracknell, UK), Nut-
field lyte (a beer produced through genetic engineering)
from BRFInternational (Redhill, UK) and Natuphos from
BASF (Ludwigshafen, Germany). Escherichia coli ATCC
33965 was obtained from E. Merck (Darmstadt, Ger-
many). Deoxynucleotide triphosphates and Taq DNA-po-
lymerase were products of Perkin Elmer (Weiterstadt,
Germany). The following kits were used according to
instructions of the supplier: DIG-nucleic acid detection
kit, DIG-oligonucleotide-3-endlabelling kit (Boehringer-
Mannheim, Germany) and Qiagen plasmid midi kit
(Diagen, Hilden, Germany),

DNA extraction, from E. coli and Saccharomyces
cerevisiae cells

Chromosomal DNA from E. coli ATCC 33965 and Sac-
charomyces cerevisiae was isolated according to Maniatis
et al. (14). Extracted DNA was concentrated by ethanol-
precipitation and resuspended in TE-buffer (10 mM Tris-
HCl, 1 mM EDTA, pH 7.6). DNA concentration was
estimated by measuring absorbance at 260 nm. E. coli
DNA was partly digested by Sau3A and serially diluted
with TE-buffer prior to addition to the food samples.

DNA extraction from food samples

Tinned pizza tomatoes, tinned peeled tomatoes, french
fries, potato crisps, mashed potatoes, potato flour, potato
starch, fried potatoes, Natuphos, soya beans, potatoes,
tomatoes

Food samples were pulverized in a mortar under liquid
nitrogen. 300 mg of the food samples were suspended in
1 ml extraction puffer (100 mM Tris-HCI, 1.0 M sodium
chloride, 20 mM EDTA, 2 % (w/v) SDS, pH 8.0 con-
taining 500 pg ml! proteinase K). The samples were
incubated for 60 min at 60 °C and centrifuged at 12 000 g
in a microcentrifuge for 10 min. 600 pl of the aqueous
phases were transferred to fresh microfuge tubes and
phenol/chloroform/2-pentanol extraction was carried out.

Tomato ketchup, tomato paste, tomato soup

The food samples were lyophilized prior to pulverization
under liquid nitrogen. The DNA extraction was carried
out as described above.
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Beer, soya bean oil

5 ml of beer or soya bean oil was thoroughly mixed with
45 ml of TE-buffer. After centrifugation the aqueous
phases were loaded onto equilibrated Qiagen-tip 100 col-
umns. The Qiagen-tip 100 columns were run according
to the instructions of the supplier. For DNA precipitation,
the DNA containing eluates were mixed with 0.1 volumes
of 3 M sodium acetate, pH 5.0 and 2 volumes of ethanol
(98 %). The samples were incubated at -18 °C for 2 h.
The precipitated DNA was pelleted by centrifugation at
12 000 g in a microcentrifuge for 10 min at 4 °C, washed
once with ice cold (-18 °C) 70 % ethanol, air dried and
resuspended in 100 pl of water. Those samples were
directly used for PCR-analysis.

Phenol/chloroform/2-pentanol extraction and RNase
digestion

DNA containing samples were mixed thoroughly with the
same volume of a phenol:chloroform:2-pentanol mixture
(25:24:1, vivlv). After centrifugation at 12 000 g in a
microcentrifuge for 5 min, the aqueous phases were trans-
ferred to fresh microfuge tubes. The same volume of a
chloroform:2-pentanol mixture (24:1, v/v) was added and
mixed thoroughly. The phases were separated by centrifu-
gation at 12 000 g in a microcentrifuge for 5 min. DNA
was precipitated by adding 0.1 volumes of 3 M sodium
acetate, pH 5.0 and 2 volumes of ethanol (98 %). The
samples were incubated at -18 °C for 2 h. The precipi-
tated DNA was pelleted by centrifugation at 12 000 g in
a microcentrifuge for 10 min at 4 °C, washed once with
ice cold (-18 °C) 70 % ethanol, air dried and resuspended
in 100 pl of 0.1 M Tris-HCl, pH 7.5. RNase was added
to a final concentration of 100 ug ml! and the samples
were incubated for 30 min at 25 °C. Thereafter a phe-

Table 1 Oligonucleotides used as PCR-primers

nol/chloroform/2-pentanol extraction and a DNA precipi-
tation was performed. The precipitated DNA was resus-
pended in 100 pl of water and those DNA samples were
used for PCR-analysis.

Addition of E. coli DNA

To all food samples 1 ml of the Sau3A digested E. coli
DNA solution was added to give between 10 ng and
100 fg DNA per gram of product. Thereafter, the corre-
sponding above described DNA extraction methods were
performed.

Oligonucleotide primers, PCR conditions and analysis of
PCR products

The sequences of the oligonucleotide primers are given
in Table 1. The oligonucleotides EC1 and EC3 were
previously described to detect E. coli DNA in model
systems for foods deriving from genetic engineering (11)
and the oligonucleotides TRO3 and TRO4 to identify
soya bean DNA in meat products (3, 15). The oligonu-
cleotides TMPA3 and TMPA4 were based on the DNA
sequence of the polygalacturonase-encoding gene of to-
matoes (20). The sequences of the oligonucleotides SOL-
SUC1 and SOLSUC3 were chosen on the basis of the
sucrose synthase-encoding gene of potatoes (19). The
oligonucleotides APHY1 and APHY2 were directed
against the sequence of the acid phosphatase-encoding
gene (PHO 5) of Saccharomyces cerevisiae (5) and the
oligonucleotides PHYA1 and PHYA2 were deduced ac-
cording to the sequence of the phytase-encoding gene
(phyA) of Aspergillus niger var. ficuum (21).

Primer oligonucleotide sequence (5—3") Tm Annealing temperature Predicted size of
cC) (&) the PCR product (bp)

EC1 GCTAATCGCCTATCTCGGAC 58.0 54.0 660

EC3 CTAATAACGGGGTGGCGCGG 71.0

SOLSUC! GTGAGCGTGTTGATGCAACT 61.9 55.0 238
SOLSUC3 GGCCTCAAACGAATAGCAAG 62.1

TRO3 GCCCTATCAACTTTCGATGGTA 63.8 60.0 137
TRO4 ATTTGCGCGCCTGCTGCCT 74.8

TMPA4 GGTTATCCAAAGGAATAGTA 52.3 50.0 254
TMPA3 CACCCTTAGCACCAAAGCTA 60.9

APHY1 GATGGTTTAGGTGACCAATT 56.1 50.0 201
APHY2 GGTCAAGTTCAAACCCTTGT 58.8

PHYAI CTCTCGACCCAGGCACCTGC 70.1 65.0 198
PHYA2 CGACGGTGCTGGTGGAGATG 69.5
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Amplification was performed in 0.2 ml tubes using
25 ul total reaction volumes containing 1.0 pl samples
of extracted DNA. The reaction mixture consisted of
10 mM Tris-HCI pH 8.3, 50 mM K1, 1.5 mM MgCl,,
0.001 % (wlv) gelatin, 0.5 uM of each primer, 200 uM
of each deoxynucleotide triphosphate and 0.5 units of Taq
DNA-polymerase in a Perkin-Elmer GeneAmp PCR Sys-
tem 2400. While using the TRO3 and TRO4 primers the
reaction conditions were 37 °C for 30 min (preincubation)
and then 45 cycles of 95 °C for 5 s (denaturation), 68 °C
for 30 s (primer annealing) and 72 °C for 10 s (primer
extension) followed by a final extension at 72 °C for
2 min (3). For all other primer pairs the following con-
ditions were used: an initial DNA denaturation step at
95 °C for 3 min followed by 40 cycles of primer anneal-
ing at the temperatures given in Table 1 for 30 s, primer
extension at 72 °C for | min and denaturation at 95 °C
for 30 s. A final extension was carried out at 72 °C for
5 min. Amplified products were held at 4 °C until ana-
lyzed by standard agarose gel electrophoresis followed
by ethidium bromide staining.

Results and discussion

Since there is only a very limited number of processed
foods produced through genetic engineering available,
conventionally produced processed foods were used to
investigate the possibility of isolating DNA suitable for
the PCR. Those foods only represent models for foods
deriving from genetic engineering. Since there is no fun-
damental difference in production processes for certain
foods by using genetic engineering, a successful amplifi-
cation by PCR indicates that the food under investigation
could be identified as produced through genetic engineer-
ing if primers corresponding to the newly introduced
DNA sequences, were made available. Furthermore, two
products produced through genetic engineering were in-
cluded into the investigation; tomato paste deriving from
genetically engineered tomatoes and beer produced with
a genetically engineered yeast. Processing of raw mate-
rials to foods may lead to a fragmentation of the DNA.
To increase the probability of obtaining amplification
products while using DNA isolated from highly processed
foods PCR-primers were chosen, so that rather small
amplification products (137-254 bp) should be obtained
(Table 1).

First, the different primer pairs were tested and opti-
mized with DNA isolated from the corresponding pure
organisms. In all cases an amplification product of the
expected size was obtained. Detection limits of these
PCR-analysis were determined to be 5 pg genomic tomato
or potato DNA, 100 pg genomic soya bean DNA and
500 fg genomic yeast DNA. The lower sensitivity while
using soya bean DNA as target DNA may be attributed
to the relative high fat and protein content of soya beans,

since strong inhibitory effects of mixtures of protein and
fat on PCR were already described (11, 18). If no inhibi-
tory factors interfere with the PCR, 1 to 10 target mole-
cules are sufficient to allow successful amplification and
subsequent identification (13). While using complex food
matrices as a DNA source the effectiveness of the PCR
may be negatively influenced by several food compounds,
typically by reducing the detection limits as compared to
those found using pure DNA. In some cases the PCR
could even be completely stopped by certain food com-
pounds (3, 18). It has to be kept in mind that only a very
few substances will reach concentrations where they are
inhibitory on their own, but individual compounds can
become concentrated by the extraction method employed.

Since only low molecular mass DNA would be ex-
pected in processed food, the DNA extraction procedure
was followed by a RNase digestion to differentiate be-
tween DNA and RNA. From tinned pizza tomatoes,
tinned peeled tomatoes, french fries, fried potatoes, potato
flour and potato crisps DNA suitable for PCR could be
extracted (Table 2). With that, it was demonstrated that
there is a possibility to identify the above-mentioned
processed foods as produced through genetic engineering.
The use of genetic engineering will be impossible to
detect in certain beers (pilsener, export, Nutfield lyte),
soya been oil, tomato soup, potato starch and mashed
potatoes since agarose gel electrophoresis and PCR-
analysis gave no indication of the presence of DNA in
these products (Table 2). To investigate if the used pro-
cedure is capable of detecting specifically small amounts
of DNA in such products and to determine the detection
limits, E. coli DNA was added to the food samples before
performing DNA extraction and PCR-analysis, To simu-
late the fragmentation of DNA during food processing
the E. coli DNA was partly digested by Sau3A prior to
addition to the food samples. The target sequence of the
PCR primers (EC1, EC3) was the phytase-encoding gene
of E. coli. The specificity of the EC1 and EC3 primers
for E. coli was examined using purified DNA from E.
coli and DNA isolated from the food samples without
added E. coli DNA. Using the PCR conditions described
PCR products were not observed with DNA from the food
samples. The sensitivity of the PCR assay was assessed
using purified E. coli DNA (17). The PCR assay detects
50 fg E. coli DNA (equivalent to approximately 10 copies
of the phytase-encoding gene). It was shown that the
applied detection procedures are capable of detecting low
numbers of phytase-encoding genes from E. coli in all
the food samples (Table 2). Therefore, difficulties in
extracting DNA from the food samples or reduction of
sensitivity of the PCR by several food compounds were
not the reasons for the negative findings with certain
beers, soya bean oil, tomato soup, potato starch and
mashed potatoes, but these products do not contain de-
tectable amounts of DNA. The differences in sensitivity
may be due to the existence of different food matrices
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Table 2 PCR-analysis of processed foods and detection limits
after adding E. coli DNA

Food sample PCR product Detection limits?

beer not detectable 100
soya bean oil not detectable 100
tomato ketchup not detectable 10 000
tomato paste not detectable 10 000
tinned pizza tomatoes detectable 5 000
tinned peeled tomatoes detectable 5 000
tomato soup not detectable 10 000
french fries detectable 1 000
potato crisps detectable 5 000
mashed potatoes not detectable 5 000
potato flour (starch) not detectable 5 000
potato flour detectable 5 000
fried potatoes detectable 1 000
enzyme preparation? not detectable 10 000

B determined after adding E. coli DNA (gene copies per gram of
food sample)
2 Natuphos

and the application of different DNA isolation proce-
dures, respectively (Table 2). The detection limits for the
foreign gene were estimated to be between 10* gene
copies per gram of food sample (tomato ketchup, tomato
paste, tomato soup) and 10? gene copies per gram of food
material (beer, soya bean oil).

Since enzymes are the primary gene products and
because of their widespread use in food processing the
far biggest progress in using genetic engineering in the
food area was achieved in producing enzymes in geneti-

cally engineered microorganisms. Those enzymes are
used for food processing and the corresponding foods are
on the market. Therefore, a enzyme preparation
(Natuphos, BASF) was investigated for the possibility to
detect the use of genetic engineering in its production
process. Natuphos is used as a feed additive to improve
phosphate and mineral bio-availability in monogastric
animals. No amplification product was observed by PCR
using a DNA extract from the enzyme preparation and
PCR primers (PHYA1, PHYA2) targeting the phytase-en-
coding gene of the production organism. The sensitivity
of the PCR assay was assessed to about 10 gene copies
using a pure plasmid containing the phytase-encoding
gene from Aspergillus niger var. ficuum. After addition
of E. coli DNA to the enzyme preparation the expected
PCR product was obtained applying the same DNA ex-
traction procedure. Detection limits were determined to
be 10% gene copies per gram of the enzyme preparation.

This work illustrates how effective the extraction and
detection methods described are for rapidly and specifi-
cally detecting of foreign DNA in food samples, since
the applied DNA extraction methods are capable of pro-
viding an appropriate nucleic acid substrate for the PCR
from food samples as shown after adding E. coli DNA.
It was shown that, in principle, food derived from genetic
engineering could be identified by detection of the newly
introduced genetic information, but processing reduces
the probability of such an identification or even prevents
it. A clear identification of a processed food as produced
through genetic engineering is possible in exceptional
cases only, since processing is one of the main factors
influencing the accessibility of appropriate nucleic acid
substrate for the PCR assay negatively by degradation
and removal of the DNA, respectively.
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