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Abstract

Poppy seeds are obtained from different varieties of Papaver somniferum L. Those with low morphine content are used in
bakery products, cake and dessert fillings, and dish toppings. This plant contains a few opiate alkaloids, morphine being the
predominant one. The total alkaloid content of the poppy plant depends on various factors such as the variety, soil conditions,
weather, etc., and also differs among plant parts. Straw, especially the upper part, contains relatively high amounts — up to more
than 0.6% — but seeds from the poppy capsule contain none or very low amounts. Some researchers claim that the presence of
alkaloids in poppy seeds is the result of insect damage, or poor harvesting practices. These can be reasons for high morphine
concentration in finished food products, which can lead to positive results in human drug testing. The aim of the present re-
search was to determine the concentration of the two most important alkaloids in food products containing poppy seeds, and
in commercially available poppy seeds for kitchen use. In the case of yeast-cakes with poppy filling, the morphine content was
25-29 mg/kg, which is a relatively high concentration, when you take into account their preparation (cooking and baking). In
other products, the concentrations were similar: poppy seed cake: 17-21 mg/kg, and in commercially available ready-made
fillings: 7-38 mg/kg. Poppy seeds imported from the Czechia contained very high morphine levels: 145-310 mg/kg, compared
to those produced in Hungary (14-26 mg/kg). There are currently no EU regulations relating to alkaloids in poppy seeds used
in food, although Hungary has a national maximum level of 30 mg/kg for morphine. Such levels were found in our study. On
the other hand, the high concentration of morphine in poppy seeds from the Czechia can lead to an increase in the level of this
alkaloid in final products, and thus to detectable amounts of free morphine in blood or urine, which are sufficient to interfere
with drug abuse tests for drivers or workers.
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1. Introduction

The source of morphine in food products is seeds
of different varieties of opium poppy (Papaver som-
niferum L.), including ones with low morphine con-
tent. The seed pod contains kidney-shaped seeds with
adiameter 0of 0.9 to 1.5 mm, ranging in colour from off-
white through red-violet to nearly black (depending on
the variety). They are used in confectionery as a filling
for cakes and addition to desserts, as well as for the
production of cooking oil. The main producer of pop-

py in Europe is the Czechia, with a production of over
20,000 tonnes per year, and Hungary — about 4 thou-
sand tonnes per annum (Prochdzka, Sorrow, 2012).
The annual harvest in Poland for several years has not
exceeded 80 tonnes, and the sown area is slightly more
than 1 thousand ha. High morphine varieties of Papa-
ver somniferum (Lazur, > 0.9% of morphine in the dry
mass of the upper part of the plant) are grown exclu-
sively for the pharmaceutical and seed industry, while
varieties with low morphine content (Agat, Michatko,
Mieszko, Rubin, and Zambo, < 0.06% in the dry mass
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of the upper part of the plant) are used for seed produc-
tion and the food industry. Principles of poppy cultiva-
tion in Poland are specified in the Act on counteracting
drug addiction of July 29, 2005 (Journal of Laws of
2005, no. 179, item. 1485, Chapter 6). It can take place
only in designated regions, on a specific surface area,
using seeds in the “elite” or “certified” category (under
regulations on seed production), on the basis of per-
mits and via contracting. This law also specifies how
to deal with poppy straw and crop residues remaining
after harvest.

The opium poppy contains several opium alkaloids,
of which morphine is the predominant one (Figure 1).
The total alkaloid content in poppy plants depends on
several factors: the variety, soil conditions, fertiliza-
tion, atmospheric conditions, etc. Morphine content
also varies in different parts of the plant. Straw, in par-
ticular the upper part, contains relatively high amounts
of this alkaloid, from less than 0.06% to more than
0.6%. Latex sap (opium) contains the most morphine,
1.e. 20—25%, and constitutes a source of contamina-
tion of seeds due to natural processes, e.g. damage
of the seed pod by insects, or artificial processes, i.e.
the application of bad practices during harvest. Seeds
in their natural state contain only minute amounts of
morphine, less than 1 mg/kg (EFSA, 2011).

Morphine as a medicine has analgesic and antitus-
sive action, and as a narcotic drug also acts as a de-
pressant on the central nervous system and respirato-
ry system. The dose is usually adjusted individually

to the patient (the optimal dose relieves pain without
causing overdose symptoms). The biological half-life
of morphine is 1.3-6.7 h, and the therapeutic levels in
the blood and urine are in the ranges of: 10-200 ng/ml
and 500-20,000 ng/ml, respectively (Molina, 2010).
The consumption of raw seeds and products con-
taining poppy seeds can lead to a positive result in
screening tests for the presence of opiates in biolog-
ical material. Analysis for the presence of morphine
carried out by instrumental techniques allows you to
detect it in urine up to 7 h after a single administra-
tion of a seed portion with morphine content of 0.9 mg
(Jankovicova, Ulbrich, Fuknova, 2009), or even up to
20 h after a single administration of a raw seed por-
tion containing 3.2 mg of morphine, or in an average
piece of poppy seed cake (Samano, Clouette, Row-
land, 2015). Morphine was present for up to 32 h in the
urine of individuals who within 8 h administered two
portions of seeds with morphine content of 15.7 mg
each (Smith et al., 2014). Samano, Clouette and Row-
land (2015), in their study, also detected morphine in
saliva up to 1.5 h after eating a poppy seed cake and up
to 3 h after consumption of raw seeds. Blood analyses
of individuals who have consumed pastry/confection-
ery products with poppy — carried out by immunoen-
zymatic methods for the presence of opiates — gave
readings requiring confirmation by a specific method,
while analyses for the presence of morphine alone
were negative (Moeller, Hammer, Engel, 2014). Re-
searchers from Hungary did not reveal free morphine

Thebaine Oripavine

Fig. 1. Structural formulas of the main opium alkaloids.

Noscapine
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at concentrations above 10 ng/ml in the blood either
(Matyus, Kocsis, Boldis, Gachalyi, 2011; Matyus et
al., 2012). Moeller, Hammer and Engel did not detect
the presence of free morphine in blood analysed by the
GC-MS method, but they determined total morphine
at a concentration of 24 ng/ml. Although they found
a correlation between the concentration of morphine
in the blood and urine and the administered dose of
this substance, they did not find a correlation between
the concentrations of morphine in these materials
(blood and urine) and the amount of poppy seeds con-
sumed. Thermal processing reduces the content of al-
kaloids in poppy, including morphine, by up to 10% of
the content in the raw state (Sproll, Perz, Buschmann,
Lachenmeier, 2007).

There is currently no EU legislation on the con-
tent of morphine in poppy seeds used in food. In 2011,
the European Food Safety Authority (EFSA) issued an
opinion on the risk of the impact of opium alkaloids
contained in poppy seeds and foods containing poppy
seeds on public health. A reference dose of morphine
(ARfD) equal to 0.7 mg was indicated in this opinion.
This is a safe dose at which the effects of morphine
are not experienced if it is administered during a sin-
gle meal or as the total consumption on a given day.
The ARfD was determined based on the lowest phar-
macologically active dose taken orally for therapeutic
purposes of 0.03 mg/kg of body weight (b.w.), which
gives a value of 2.1 mg for the average person weigh-
ing 70 kg: 1/3 of the lowest therapeutic dose was taken
as the ARfD. Only Hungary has national regulations
specifying a maximum concentration of morphine of
30 mg/kg of seeds (EFSA, 2011).

The aim of the study was to determine the con-
centration of morphine and codeine in commercially
available ready-made food products and semi-finished
products intended for use in the kitchen which contain
poppy seeds, in the context of their potential influence
on obtaining a positive result on a blood test for nar-
cotic drugs and psychotropic substances.

2. Material and methods

The studied materials were ready-made bakery and
confectionery products that had been sent to the In-
stitute — yeast-cakes with poppy filling and roulades
with poppy filling, as well as semi-finished products —
ready-made poppy fillings in cans and plastic contain-
ers, and poppy seeds shown in Table 1. In addition,
poppy seeds from different manufacturers, mainly
from Hungary and the Czechia, were analysed. Five-
gram samples of the above-described products were

collected for analyses. While being shaken, they were
macerated for 60 min in 20 ml of methanol with the
addition of formic acid (0.1%). The obtained macer-
ates were centrifuged at 9000 rpm. Then 200 pl of su-
pernatant were collected and diluted (700 pl of a 0.1%
aqueous solution of formic acid). Deuterated deriva-
tives of morphine and codeine were used as internal
standards (morphine-D; and codeine-D; in amounts
required to achieve a concentration of 20 mg/kg).
The samples were analysed by the liquid chromatog-
raphy-mass spectrometry (HPLC-MS) method using
a Waters Alliance 2695 apparatus coupled to a Quattro
Micro mass spectrometer (Micromass). Separation of
the components was carried out on a Purospher Star
(55 x4 mm) column packed with RP-18e (3 pm) man-
ufactured by Merck. The mass detector operated in
multiple reaction monitoring (MRM) mode. Positive
electrospray ionization (ESI) was applied. The limit of
quantification for morphine and codeine was 1 mg/kg.

3. Results and discussion

The results of analyses are shown in Table 1. The
concentration of morphine in yeast-cakes with poppy
filling was 25—29 mg/kg. It was relatively high, bear-
ing in mind the process of preparation (cooking and
baking). These processes should reduce the concen-
tration of morphine to 10% of the initial value (Sproll,
Perz, Buschmann, Lachenmeier, 2007). The amount of
morphine in other poppy seed cake-type products was
17-21 mg/kg, and in ready-made poppy fillings was
determined at 7-40 mg/kg.

The size of a single serving of poppy seed cake
depends on dietary preferences of individuals and
probably their body weight. The weight of an average
portion of cake was in the range of 59—188 g (average
96 g, median 84 g) as determined on the basis of the
choice of the thickness of a piece made by 6 individ-
uals (laboratory staff). Servings of roulade and yeast-
cake with poppy filling contained an average of about
25% poppy filling, which is about 25 g. Taking into ac-
count this amount and the average content of morphine
in poppy filling (approx. 22 mg/kg), a potential dose
of morphine of 0.55 mg is obtained. Jankovi¢ova et
al. (2009) published similar research results. Products
rich in poppy seeds (excluding products only sprinkled
with poppy seeds) that are available in the EU provide
a dose of morphine in the range of 2.48-375 pg/kg of
b.w. (EFSA 2011). The dose estimated by the authors
of this article was up to a maximum of approximately
8 ng/kg b.w., and thus was relatively low when com-
pared to the dose given by the EFSA. Therefore, the
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Table 1
Morphine and codeine concentration in analysed food products
Type of material Sample no. Morphine Codeine
[mg/kg] [mg/kg]
1 24.6 3.6
2 28.2 3.8
3 203 2.6
Yeast-cake with poppy filling 4 293 4.1
1 17.3 1.7
2 17.0 23
3 20.9 1.7
4 17.8 2.6
5 18.6 2.3
6 17.7 1.8
1(3.2kg) 8.1 1.0
2 (0.3 kg) 17.8 0.8
3 (13 kg) 37.5 42
4 (13 kg) 28.7 2.0
5(0.5 kg) 26.3 2.8
6 (13 kg) 21.6 43
7 (13 kg) 12.7 1.7
8 (13 kg) 27.8 2.9
9(3.2kg) 7.1 <1
1 (Poppy seeds) 39.7 3.2
2 (Blue poppy seeds Premium)  11.3 1.7
3 (Blue poppy seeds) 27.8 1.4
4 (Deep blue poppy seeds) 6.8 <1
5 (Blue poppy seeds) 13.8 <1
Poppy seeds
consumption of a single portion of food product with Table 2

poppy seed (which had been submitted for analysis)
did not exceed the reference dose (0.7 mg), and thus
should be safe.

Poppy seeds imported from the Czechia contained
much higher concentrations of morphine, in the range
of 145-310 mg/kg, in comparison to the those pro-
duced in Hungary (14—26 mg/kg; Table 2). Meadway,
George and Braithwaite (1998) demonstrated lower
levels of morphine (0.6—11.9 mg/kg) in seeds from
Holland, Turkey and Australia. Our research con-
firmed that the content of morphine in poppy seeds
originating from Hungary did not exceed the maxi-
mum legally permitted concentration of morphine of
30 mg/kg.

The results of analysis of poppy seeds purchased from
different food shops

Country of origin Morphine Codeine
[mg/kg] [mg/kg]
Czech Republic 210.9 13.4
145.4 6.1
309.7 30.1
Hungary 259 23
13.6 1.5
Unknown 14.5 1.4
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The consumption of a 40 g portion of raw pop-
py seed, providing a morphine dose of 2.5 mg, leads
to positive readings for opiates in urine analysed by
screening immunochemical methods (Hayes, Krasselt,
Mueggler, 1987). Similar results were also obtained
in the Institute of Forensic Research. In the study by
Hayes, Krasselt and Mueggler (1987), the concentra-
tion of free morphine in serum was 3 ng/ml 3 h after
administration of a 40 g portion of the poppy seeds.

In the present study, the dose of morphine in 40 g
of the poppy seeds submitted for analysis did not ex-
ceed 1.6 mg, but the dose of morphine in poppy seeds
from the Czechia was in the range of 5.8-12.4 mg.
Thus to get the lowest acting oral morphine dose, you
would have to eat approximately 380 g of cake, which
corresponds to 4 average servings, containing 53 g of
Hungarian seeds or about 7 grams of Czech seeds. To
obtain the lowest therapeutic morphine concentration
in the blood (10 ng/ml) — also constituting the rec-
ommended threshold when testing drivers — which
is achieved after administration of 12 mg morphine,
you would have to eat 2.1 kg of cake, in other words,
about 22 servings, or 300 g of seeds from Hungary,
or 40 g of seeds from the Czechia, which in the case
of the Czech product is four heaped tablespoons. The
consumption of such large amounts of poppy (lead-
ing to concentrations that are equivalent to therapeutic
concentrations) is possible. The high concentration of
morphine in poppy from the Czechia can lead to an
increase in the content of this alkaloid in ready-made
food products.

4. Summary

The content of morphine in poppy seeds deter-
mines its level in semi-finished and ready-made food
products. Greater consumption of such products leads
to an increase in concentrations in the urine or blood,
sufficient to yield a positive result — for example, on
drug tests for drivers or at the workplace. The practice
of using edible poppy as a source of the narcotic drug
is also known (the consumption of such quantities of
poppies which lead to morphine concentrations cor-
responding to therapeutic concentrations is possible).
The way to prevent this practice would be to apply
appropriate procedures in poppy production.
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PRZYCZYNY I SKUTKI WYSOKIEJ ZAWARTOSCI MORFINY

W PRODUKTACH SPOZYWCZYCH

1. Wstep

Zrédtem morfiny w produktach spozywczych sa
nasiona roznych odmian maku lekarskiego (Papaver
somniferum L.), w tym o niskiej zawarto$ci morfiny. To-
rebka nasienna (makdwka) zawiera nerkowate nasiona
o $rednicy 0,9 do 1,5 mm o barwie od brudnobiatej przez
czerwono-fioletowa po niemal czarng (zaleznie od od-
miany). Sg one uzywane w cukiernictwie jako nadzienie
do ciast i dodatek do deserow, a takze do produkc;ji ole-
ju spozywczego. Gtoéwnym wytworcg maku w Europie
sa Czechy z produkcja na poziomie powyzej 20 tysiecy
ton rocznie oraz Wegry — okoto 4 tys. ton (Prochazka,
Smutka, 2012). Roczne plony w Polsce od kilku lat nie
przekraczaja 80 ton, a areat zasiewu wynosi nieco ponad
1000 ha. Odmiany wysokomorfinowe Papaver somnife-
rum (Lazur, > 0,9% morfiny, w suchej masie gornej cze-
$ci rosliny) uprawiane sa wylacznie na potrzeby przemy-
shu farmaceutycznego i nasiennictwa, natomiast odmiany
o niskiej zawartosci morfiny (Agat, Michatko, Mieszko,
Rubin, Zambo, < 0,06% w suchej masie gornej czesci ro-
sliny) wykorzystywane sg do produkcji nasion i w prze-
mysle spozywczym. Zasady uprawy maku w Polsce okre-
$la ustawa o przeciwdziataniu narkomanii z dnia 29 lipca
2005 r. (Dz.U. 2005, nr 179, poz. 1485, rozdziat 6). Moze
si¢ ona odbywa¢ jedynie w wyznaczonych rejonach, na
okreslonej powierzchni, przy zastosowaniu materiatu
siewnego kategorii elitarny albo kategorii kwalifikowany
(W rozumieniu przepiséw o nasiennictwie), na podstawie
zezwolenia 1 w drodze kontraktacji. Ustawa ta okresla
rowniez sposob postepowania z pozostala po zbiorach
stomg makowg i resztkami pozniwnymi.

Mak lekarski zawiera kilka alkaloidow opium, spo-
$réd ktorych dominujgcym jest morfina (rysunek 1). Cat-
kowita zawarto$¢ alkaloidéw w roslinach maku zalezy
od roznych czynnikéw: odmiany, warunkow glebowych,
nawozenia, warunkow atmosferycznych itp. Zawartos¢
morfiny jest takze rdézna w roznych czgsciach rosliny.
Stoma, zwlaszcza jej gorna czgs¢, zawiera stosunkowo
duze ilosci tego alkaloidu, od ponizej 0,06% do powy-
zej 0,6%. Sok mleczny zawiera najwigcej morfiny, tj.
20—25%, stanowiac zrédlo zanieczyszczenia nasion
wskutek proceséw naturalnych, np. uszkodzenia toreb-
ki makowej przez owady lub sztucznych, tj. stosowania
ztych praktyk podczas zbiorow. Nasiona w stanie natu-
ralnym zawieraja jedynie znikome ilo§ci morfiny, mniej
niz 1 mg/kg (EFSA, 2011).

Morfina jako $rodek leczniczy dziata przeciwbolowo
i przeciwkaszlowo, a jako srodek odurzajacy roéwniez de-
presyjnie na osrodkowy uktad nerwowy i uktad oddecho-

wy. Dawka jest zazwyczaj dostosowywana indywidual-
nie do pacjenta (optymalna znosi bdl bez wywolywania
objawow przedawkowania). Biologiczny okres poltrwa-
nia morfiny wynosi 1,3—6,7 h, a st¢zenia terapeutyczne
we krwi i moczu mieszczg si¢ odpowiednio w zakresach:
10-200 ng/ml i 500-20 000 ng/ml (Molina, 2010).

Spozycie surowych nasion i produktéw zawieraja-
cych mak moze prowadzi¢ do uzyskania pozytywnych
wynikéw badan przesiewowych na obecno$¢ opiatow
w materiale biologicznym. Badania na obecnos¢ morfiny
prowadzone technikami instrumentalnymi pozwalajg na
jej wykrycie w moczu do 7 h od jednorazowego przyjecia
porcji nasion o zawartosci morfiny 0,9 mg (Jankovicova,
Ulbrich, Fuknova, 2009), badz nawet 20 h od jednora-
zowego przyjecia surowych porcji nasion o zawartosci
morfiny 3,2 mg lub w przecigtnym kawatku makowca
(Samano, Clouette, Rowland, 2015). Do 32 h morfina
byta obecna w moczu oséb, ktore w ciagu 8 h przyjety
dwie porcje nasion o zawarto$ci morfiny 15,7 mg kazda
(Smithiin., 2014). W swoich badaniach Samano, Clouet-
te 1 Rowland (2015) wykrywali morfing rowniez w §linie
do 1,5 h po zjedzeniu makowca i do 3 h po konsump-
cji surowych nasion. Badania krwi osob, ktore przyjety
wyroby cukiernicze z makiem, a prowadzone metodami
immunoenzymatycznymi na obecnos$¢ opiatow, dawaty
odczyty wymagajace potwierdzenia metoda specyficzna,
za$ na obecno$¢ samej morfiny byly ujemne (Moeller,
Hammer, Engel, 2014). Wolnej morfiny we krwi w ste-
zeniu powyzej 10 ng/ml nie wykazali rowniez badacze
z Wegier (Matyus, Kocsis, Boldis, Gachalyi, 2011; Maty-
us i in., 2012). W badaniach metoda GC-MS Moeller,
Hammer i Engel nie stwierdzili we krwi obecnos$ci wol-
nej morfiny, wykazali natomiast catkowitag morfing w ste-
zeniu do 24 ng/ml. Mimo, iz znalezli korelacj¢ pomigdzy
stezeniem morfiny we krwi i moczu a przyjeta dawka tej
substancji, to nie wykazali zwigzku pomiedzy stg¢zeniami
morfiny w tych materiatach a ilo$cia spozytych nasion
maku. Obrébka termiczna wplywa na obnizenie zawar-
tosci alkaloidow w maku, w tym morfiny, nawet do 10%
zawarto$ci w stanie surowym (Sproll, Perz, Buschmann,
Lachenmeier, 2007).

Nie ma obecnie w UE przepisow dotyczacych zawar-
tosci morfiny w nasionach maku stosowanych w zyw-
noéci. Europejski Urzad ds. Bezpieczenstwa Zywnosci
(EFSA) w 2011 roku wydat opini¢ dotyczaca ryzyka
wplywu alkaloidéw opium zawartych w nasionach maku
i produktach spozywczych je zawierajacych na zdrowie
publiczne. W tym akcie wskazano dawke referencyjna
morfiny (ARfD) réwna 0,7 mg. Jest to dawka bezpiecz-
na, przy ktorej nie doswiadcza si¢ efektow oddziatywa-
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nia morfiny, jesli jest przyjeta podczas jednego positku
albo jako calkowita konsumpcja w danym dniu. ARfD
zostata ustalona w oparciu o najnizszg aktywna farma-
kologicznie dawke przyjmowang doustnie w celach te-
rapeutycznych wynoszacg 0,03 mg/kg masy ciata (m.c.),
co daje wartos¢ 2,1 mg dla przecigtnego czlowieka o wa-
dze 70 kg. Za ARTD przyjeto wigc 1/3 najnizszej dawki
terapeutycznej. Jedynie Wegry maja krajowe regulacje
okreslajace maksymalne st¢zenie dla morfiny wynoszace
30 mg/kg nasion (EFSA 2011).

Celem badan bytlo ustalenie st¢zenia morfiny i kode-
iny w dostepnych na rynku gotowych produktach spo-
zywcezych 1 potproduktach przeznaczonych do uzytku
w kuchni, ktore zawieraja nasiona maku, w kontekscie
potencjalnego ich wptywu na uzyskanie dodatniego wy-
niku badania krwi na zawarto$¢ srodkow odurzajacych
i substancji psychotropowych.

2. Materialy i metody

Przedmiotem badan byty nadestane gotowe wyroby
piekarniczo-cukiernicze — drozdzéwki z makiem, cia-
sto makowiec i potprodukty — gotowa masa makowa
w puszkach i plastikowych pojemnikach oraz nasiona
maku pokazane w tabeli 1. Dodatkowo analizom podda-
no nasiona maku pochodzace od réznych producentow,
glownie z Wegier i Czech. Do oznaczen pobierano po
pig¢ gramow opisanych powyzej produktow, ktore, wy-
trzgsajac, macerowano przez 60 min w 20 ml metanolu
z dodatkiem kwasu mrowkowego (0,1%). Uzyskane ma-
ceraty wirowano przy 9000 obr./min. Nast¢gpnie pobiera-
no 200 pl supernatantu i rozcienczano (700 pl 0,1% wod-
nego roztworu kwasu mrowkowego o stezeniu jak wy-
zej). Jako wzorce wewnetrzne zastosowano deuterowe
pochodne morfiny i kodeiny (morfina-D3 i kodeina-D3
w iloéci prowadzacej do stg¢zenia 20 mg/kg). Probki
analizowano metoda chromatografii cieczowej sprzg¢zo-
nej ze spektrometrig mas (HPLC-MS) z zastosowaniem
aparatu Waters 2695 Alliance potaczonego ze spektro-
metrem mas Quattro Micro firmy Micromass. Rozdziat
sktadnikow prowadzono przy uzyciu kolumny Purospher
Star (55 x 4 mm) z wypetnieniem RP-18e (3 pum) firmy
Merck. Detektor masowy pracowat w trybie monitoro-
wania wielu reakcji (MRM). Zastosowano jonizacj¢ do-
datnig przez elektrorozpylanie (ESI). Granica oznaczal-
nosci dla morfiny i kodeiny wynosita 1 mg/kg.

3. Wyniki i dyskusja

Wyniki badan przedstawiono w tabeli 1. Stgzenie mor-
finy w drozdzéwkach z makiem wynosito 25-29 mg/kg.
Byto ono stosunkowo wysokie, biorgc pod uwage pro-
ces przygotowania (gotowanie i pieczenie). Procesy te

powinny zmniejszy¢ stgzenie morfiny do 10% wartosci
poczatkowej (Sproll, Perz, Buschmann, Lachenmeier,
2007). W innych produktach typu makowiec wynosito
17-21 mg/kg, a w gotowych masach makowych stwier-
dzono morfing w ilosci 740 mg/kg.

Wielko$¢ pojedynczej porcji makowca zalezy od
osobniczych upodoban zywieniowych i prawdopodob-
nie tuszy. Masa przecigtnej porcji ciasta mieScita si¢
w zakresie 59—188 g (Srednia 96 g, mediana 84 g), co
ustalono na podstawie wyboru grubo$ci kawatka doko-
nanego przez 6 osob (pracownikow laboratorium). Por-
cja makowca i drozdzowek z makiem zawierala §rednio
okoto 25% masy makowej, czyli okoto 25 g. Biorac pod
uwagg te ilo§¢ oraz $rednig zawarto$¢ morfiny w masie
makowej (ok. 22 mg/kg), uzyskuje si¢ potencjalng daw-
ke morfiny wynoszaca 0,55 mg. Podobne wyniki badan
opublikowali Jankovicova i wspolpracownicy (2009).
Dost¢pne w UE produkty bogate w mak (z wytaczeniem
produktow jedynie posypanych makiem) dostarczaja
dawke morfiny w zakresie 2,48-375 mg/kg m.c. (EFSA,
2011). Oszacowana przez autorow tego artykulu dawka
wynosita maksymalnie okoto 8 mg/kg m.c., a wigc byta
stosunkowo niska, poréwnujac do dawki podanej przez
EFSA. Zatem przyjecie pojedynczej porcji produktow
spozywczych z makiem dostarczonych do badan nie
przekraczato dawki referencyjnej (0,7 mg), w zwigzku
z czym powinno by¢ bezpieczne.

Nasiona maku importowane z Czech zawiera-
ty znacznie wyzsze st¢zenia morfiny w granicach
145-310 mg/kg w porownaniu do produkowanych na
Wegrzech (14—26 mg/kg; tabela 2). Nizsze stgzenia
morfiny (0,6—11,9 mg/kg) w nasionach pochodzacych
z Holandii, Turcji i Australii wykazali Meadway, Geo-
rge 1 Braithwaite (1998). Badania prowadzone w Insty-
tucie Ekspertyz Sadowych potwierdzily, ze zawartos¢
morfiny w nasionach maku pochodzacym z Wegier nie
przekraczaty okres$lanego regulacjami prawnymi maksy-
malnego dopuszczalnego st¢zenia morfiny wynoszacego
30 mg/kg.

Spozycie 40 g porcji surowych nasion maku dostar-
czajacej dawke morfiny w wysokosci 2,5 mg prowadzi
do uzyskania dodatnich odczytéw w badaniach przesie-
wowych moczu metodami immunochemicznymi w kie-
runku opiatéw (Hayes, Krasselt, Mueggler, 1987). Po-
dobne wyniki uzyskano réwniez w Instytucie Ekspertyz
Sadowych. W badaniach Hayes, Krasselt i Mueggler
(1987) stezenie wolnej morfiny w surowicy wynosito
3 ng/ml po 3 h od przyjecia 40 g porcji nasion maku.

Dawka morfiny w 40 g nadestanych do badan nasion
maku nie przekraczata 1,6 mg, natomiast dawka morfiny
w nasionach maku pochodzacych z Czech miescita si¢
w zakresie 5,8—12,4 mg. Aby uzyskac¢ najnizsza dzialaja-
cg dawke doustng morfiny, nalezatoby zatem zjes¢ okoto
380 g ciasta, co odpowiada 4 przeci¢tnym porcjom za-
wierajacym 53 g wegierskich nasion lub okoto 7 g nasion
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czeskich. Aby osiagna¢ we krwi najnizsze stezenie tera-
peutyczne morfiny (10 ng/ml) stanowigce jednoczesnie
rekomendowany prog przy testowaniu kierowcow, kto-
re uzyskuje si¢ po przyjeciu 12 mg morfiny, nalezaloby
zjes¢ 2,1 kg ciasta, czyli okoto 22 porcje lub 300 g na-
sion z Wegier albo 40 g nasion z Czech, co w przypadku
czeskiego produktu stanowi cztery kopiate tyzki stoto-
we. Spozycie tak duzych ilosci maku (prowadzacych do
stezen rownowaznych stezeniom terapeutycznym) jest
mozliwe. Wysokie stg¢zenie morfiny w maku pochodza-
cym z Czech moze prowadzi¢ do zwigkszenia zawartosci
tego alkaloidu w gotowych produktach spozywczych.

4. Podsumowanie

Wysoka zawarto§¢ morfiny w nasionach maku de-
terminuje jej poziom w poétproduktach i gotowych pro-
duktach spozywczych. Tym samym wigksze jej spozycie
prowadzi do wzrostu stgzen w moczu lub krwi wystar-
czajacych do uzyskania pozytywnego wyniku, chociaz-
by przy uzyciu testerow narkotykowych stosowanych
w badaniach kierowcéw lub w miejscu pracy. Znane jest
réwniez zjawisko uzywania maku spozywczego jako
zrddla pozyskiwania $rodka odurzajacego (spozycie ta-
kiej ilo$ci maku, ktdra prowadzi do stezen morfiny odpo-
wiadajacych stezeniom terapeutycznym, jest mozliwe).
Sposobem uniknigcia tego procederu byloby stosowanie
wilasciwych praktyk przy produkcji maku.
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