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A CONTAMINATION OF SWARD FROM THE GRASSLANDS OF ORG ANIC AND
CONVENTIONAL FARMS WITH AFLATOXINS AND OCHRATOXIN A

Summary

The presence of mycotoxins in feed for ruminangsie®@n an ongoing problem, but still there is nguiar programs moni-
toring mycotoxin contamination for green fodderyfua silage. The aim of the study was to assesartiunt of aflatoxins
and ochratoxin A in dried green fodder (sward), ethis a raw material for silages. The three-yeardst (2008-2010) was
carried out in ten organic farms and six convendibfarms, focused on breeding dairy cattle. Thetepnhof mycotoxins in
dried sward and its contamination with moulds defszhboth on the production system as well as oly¢he of the study.
The highest contamination with moulds was noticethe first year of the study in sward from orgafaoms, which aver-
aged 4.54 log CFU / g DM. At the same time the toxiio content in the sward was 4.46 ppb in the adsechratoxin A,
6.20 ppb for aflatoxin Band 15.18 ppb in regard to the sum of aflatoxBs B,, G, and G). Between 2009 and 2010 the
average amounts of ochratoxin A and aflatoxjntidth from organic and conventional farms, wegn#icantly lower than
those in 2008, but no significant difference wasesbed regarding the amount of total aflatoxinse Hverage content of
aflatoxins and ochratoxin A taken from all yearstlod study was significantly higher for sward fronganic farms than
their content in sward in conventional farms. ItsMaund also a positive correlation between thereegf moulds con-

tamination and the contents of examined mycotdrif@rage.
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POZIOM SKA ZENIA AFLATOKSYNAMI | OCHRATOKSYN A A RUNI £ AKOWEJ
POCHODZACEJ Z GOSPODARSTW EKOLOGICZNYCH | KONWENCJONALNYCH

Streszczenie

Obecngé¢ mikotoksyn w paszach eftmsciowych dla przeuwaczy jest wat aktualnym problemem. Brak rowaigonito-
ringu dotyczcego poziomu skeania tej grupy pasz (zielonki, siano, kiszonki)le@epracy byto okréenie poziomu zawar-
tosci aflatoksyn i ochratoksyny A w podsuszonej zadpistanowjcej surowiec kiszonkarski. Trzyletnie badania (2008
2010) przeprowadzono w 10 gospodarstwach ekologitzn 6 gospodarstwach konwencjonalnych, nastawtoma ho-
dowk bydta mlecznego. Zawasim badanych mikotoksyn w podsuszonej rukdwej oraz porzenie jej grzybami pkaio-
wymi zaléaty zarowno od sytemu produkgji, jak i roku bad&lajwicksze porzenie runi fkowej grzybami pkmiowymi
stwierdzono w pierwszym roku baida gospodarstwach ekologicznych, ktére wynosianio 4,54 log. j.t.k. pkai/g s.m.
zielonki. Zawartéci mikotoksyn w tej runi wynosity w przypadku o¢bkayny A - 4,46 ppb, aflatoksyny 85,20 ppb i su-
my aflatoksyn ( B B,, G; i G,) - 15,18 ppb. W latach 2009 i 20%@dnie zawartéci ochratoksyny A i aflatoksyny;,Bza-
réwno z gospodarstw ekologicznych, jak i konweradfoyth, byty istotnie Bsze, natomiast w przypadku sumy aflatoksyn
byly na zblionym poziomie do roku 2008. We wszystkich latadarh&ednia zawarté¢ aflatoksyn i ochratoksyny A w ru-
ni tgkowej w gospodarstwach ekologicznych byta istotniisza od ich zawarkgi w runi igkowej w gospodarstwach kon-
wencjonalnych. Stwierdzono réwaidodatni korelacg miedzy stopniem potania grzybami plsiowymi a zawartéciq

badanych mikotoksyn w zielonce.
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1. Introduction

cotoxins. Especially dangerous are aflatoxins aodra
toxin A. They affect the immune system and haveaga c

The permanent grasslands in Poland constitute tabocinogenic effect. Therefore, the presence of toyémic

22% of agricultural lands [1]. When properly usggdass-
lands are a source of valuable feed for ruminassecially
in organic farming [2], including pasture grasssuiimmer
and hay or silage during winter. Their share inféwed ra-
tion for dairy cattle can range from 50 to 100% ateging
on the level of intensity. Hence, their nutritionalue and
hygienic quality, resulting e.g. from the preseonégoten-
tially pathogenic microorganisms and toxic substésh@re
very important [3-4].

Moulds are a threat to animal and human healthuss
of their ability to synthesize toxic metabolitedled my-
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moulds pose a danger to the health of animals féddaen-
taminated feed and as a consequence imply a signffi
risk for people who consume animal products [5-10].

Among mycotoxins aflatoxins ;Bare the most com-
monly occurring and in the largest quantities iant$. In
2012, as a part of a European program for the atialu of
feed contamination with mycotoxins, including afbein
B1, 359 samples of austrian feed were tested by Bidre:-
search Center. It was found that 41% of them wene c
taminated with aflatoxins. Amounts of measuredtaflans
ranged from 6 to 8jig/kg (ppb) [11].
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Initially it was thought that aflatoxin contamimat of
feed occurs after harvest and results from improjvging
and storage of crops, what leads to mould growfj. [It
turned out, however, that contamination of thesintoap-
pears already in the field, during plant vegeta{ibd-14].
Aflatoxins are synthesized primarily by some stsairfiAs-
pergillus flavus most, if not all strains oA. parasiticus
and related to them speciesAafnomius |t is believed that
A. parasiticusis well adapted to living in soil andl. flavus
is able to active development in the ground paftshe
plant.A. parasiticuscan produce all four aflatoxins {BB,,
G; and G) andA. flavususually synthesizes only aflatoxin
B; and B [13].

3. Materials and methods

The survey was carried out over a period of tlyesrs
(in 2008, 2009 and 2010) in ten organic farms araen-
ventional farms specializing in the production afrgl cat-
tle and located in the Masovia Region of Poland.
Animal nutrition in these farms was based on co&odder:
pasture grass in summer and silages in winter. Teed
made up around 65% of the daily feed ration forydeat-
tle.

Area of the grasslands in these farms ranged #d&nto
10.0 ha, which accounted for 15 to 50% of agrigaltu
lands. The grasslands in certified organic farmeeviertil-

Aflatoxin B; is considered as a particularly dangerousized with manure and conventional farms used mirfera

After the ingestion of contaminated feed it is rbel&zed in
animals and excreted into the cow milk in the farhafla-

tilization. In the summer months cows were allowed
graze on pasture and a meadow. Sward was fromethe s

toxin My, which is a significant threat to people consumingond mow. After drying on the air to the level of-80% of

milk and milk products [15]. International Agenaoyr fRe-
search on Cancer classified aflatoxind®d aflatoxin M as

a human carcinogens. According to the European dsmm

dry matter the sward was used for ensiling andjsgavere
used in winter feeding.
In order to evaluate mycotoxin contamination oéegr

sion Regulation no 466/2001 the maximum permissibléodder annually from each farm samples of second wib

level of aflatoxin M in raw milk is 50 ppt, while in the
milk intended for infant nutrition - 25 ppt [16]n Istudy by
Pittet et al. who was monitoring the occurrencaftdtoxin

sward were collected. The sward was the raw métfenia
the production of silages. Samples were collectedan-
dom squares method. Plant material was mixed apd-se

M, in milk it was found that 12% of milk samples wererated into three average samples. In green foduefdl-

contaminated with the toxin [17]. Based on the Itesaf
research conducted in Poland, it was found thatafin

lowing measurements were done:
e dry matter content using the gravimetric methodiria

M, was present in 17.3% of the 238 samples of humanith the PN-ISO 6496:2002 standard,

breast milk. Therefore it was proved that the peablof
aflatoxin applies to infants too [14].

Ochratoxin A is produced bRenicillium verrucosum
and some species of the gedspergilluse.g.A. alataceus,
A. sulphureus, A. melluand A. sclerotium Studies con-
ducted at the Prof. Wactawabrowski Institute of Agricul-
tural and Food Biotechnology showed that the preseri

» the number of moulds in line with PN-ISO 7954: 1999
standard,
* the amount of total aflatoxins, aflatoxin, Bnd ochra-
toxin A using an immunoenzymatic method — ELISAtges
and STAT FAX plate reader.

The test results were subjected to statisticalyaizaus-
ing Microsoft Excel 2003 and Statistica 8.0 (StétsBo-

ochratoxin A is common in cereals and feed compsund|and) softwares. Correlation coefficients were okited

Moreover, ochratoxin A is accumulated in animale do
the carry over effect. Ochratoxin A bounds withdagoro-
teins and enters to the muscles, what makes itetang for
people consuming animal products [18-19].

The presence of mycotoxins in feed for ruminards h
been an ongoing problem, but still there is no l&gononi-
toring programs of contamination for green foddexy or
silage. Under conditions of Southeastern Europmatk
aflatoxins and ochratoxin A can be produced in tsigs
what means that toxins can be produced only irarelay-
ers of the silo heated by the sun or in some dirtsit for-
age subjected to the drying process [14].

In accordance with legal regulations presence gf m
cotoxins eliminates contaminated food from natioaat
international trade [20]. European Food Safety Atiti
through scientific panels assesses the risk of toyao
contamination in food and feed. Both of them carcoe-
taminated at any stage of the production process the
growth of the plants in the field, through harvest,well as
during processing, storage and transport of tred finoduct
[21]. Therefore, it is essential to determine whiaicotox-
ins, how often and in what frequency are presefged.

2. Aim of the study

The aim of the study was to assess the amourfiaaf a
toxins and ochratoxin A in dried green fodder (xlyarol-
lected in the years 2008 — 2010 from the grasslafids-
ganic and conventional farms of Mazovia Region.
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between the content of mycotoxins and number ofldsou
in the sward. The relationships between two vaeishlas
determined by linear regression model using thaames
values for each farm in the subsequent years oftiindy.
P-values of p< 0.05 were considered to be statistically sig-
nificant.

4. Results and discussion

The number of moulds in the dried sward was invest
gated and ranged on average from 2.60 to 5.00 FEd/¢
DM (mean for all farms during three years of thedgtwas
3.83 log CFU/g DM) in organic farms (Table 1). Retiag
to conventional farms the number of moulds wasifiign
cantly lower and totalled 3.21 log CFU/g DM on ags
for three years of the study (Table 2). In paricylears of
study the intensity of green fodder contaminatioithw
moulds was variable. The highest number of moulds o
curred in 2008, probably because of the high husniaind
temperature during its drying and harvesting. leraged
4.54 log CFU/g DM for organic farms and 3.62 logUZgr
DM for conventional ones. In the following yearstbé re-
search a degree of contamination with fungi wagifiig
cantly lower. The average number of moulds in swerth
grasslands of organic farms was 3.63 log CFU/g DM i
2009 and 3.33 log CFU/g DM in 2010 and for conveami
farms it amounted to 3.17 and 2.85 log CFU/g DMpees
tively (Table 1 and 2). The observed values werepara-
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ble to those published by authors in other stud@gg
Values of the measured mycotoxin levels in driedrs
was significantly differentiated, both among indival
years of the research and between two forms otualtuie
— organic and conventional. A higher mycotoxin eomt
nation of forage was observed in organic farmsddihce
between two types of farms was as following: oahwiat A

- 1.7 ppb, aflatoxin B- 0.22 ppb, sum of aflatoxins - 2.26

ppb) comparing the average content of mycotoxirsnaard
derived from organic farms (Table 1 and 2).

age concentration of ochratoxin A in this groupfafms
was 4.46 ppb and the average concentration ofoaftet
totaled to 6.20 ppb and 15.18 ppb respectivelaftatoxin
B, and total amount of the toxin (Fig. 1). The averagn-
tents of mycotoxins in material from conventionatrfis
were relatively smaller and totaled to 2.30 ppb dohra-
toxin A, 5.68 ppb for aflatoxin Band 11.97 ppb for total
aflatoxins (Fig. 2). Between 2009 and 2010, theraye
contents of ochratoxin A and aflatoxin B the sward were
lower by 20 % irrespective of form of agricultuféo sig-

The highest levels of mycotoxins were determined i nificant difference was observed regarding to tmewant of

2008 in forage originated from organic farming. Tdeer-

total aflatoxins in those years (Fig. 1 and 2).

Table 1. Moulds, aflatoxins and ochratoxin A conitaation of sward from organic farms
Tab. 1. Sk#enie pléniami, aflatoksynami i ochratoksym\ podsuszonej runikowej w gospodarstwach ekologicznych

No. of Year of the study Dry matter Number of moulds, Content of mycotoxins in dry matteré#a%lj(?n(spb)
farm % log CFU/ g DM ochratoxin A aflatoxin B
Bl, BZ 1G1, GZ
2008 47.8 5.00 5.76 3.50 15.26
1 2009 46.8 4.30 4.06 4.85 13.42
2010 56.9 3.30 4.43 3.18 10.78
average: 50.5 4.20 4.75 3.84 13.15
2008 43.5 4.60 5.24 8.22 18.63
2 2009 45.0 3.00 3.05 3.78 11.05
2010 44.5 2.60 2.98 3.46 8.89
average: 44.3 3.40 3.76 5.15 12.86
2008 43.4 4.60 5.24 7.73 18.90
3 2009 58.2 3.30 4.20 4.86 14.94
2010 47.9 3.00 2.98 5.60 12.52
average: 49.8 3.63 4.14 5.73 15.45
2008 50.2 4.30 4.25 5.24 10.16
4 2009 49.2 4.60 4.09 4.85 16.87
2010 56.9 2.60 3.46 4.09 11.73
average: 52.1 3.83 3.93 4.73 12.92
2008 58.7 5.00 5.54 8.63 19.62
5 2009 56.8 4.30 5.28 8.16 12.94
2010 60.0 2.60 4.86 5.28 9.98
average: 58.5 3.97 5.23 7.36 13.18
2008 41.4 4.60 4.27 6.67 18.28
6 2009 49.0 4.30 4.44 4.15 15.85
2010 43.0 5.00 3.48 4.87 18.82
average: 44.5 4.63 4.06 5.23 17.65
2008 47.2 5.00 3.00 5.72 17.81
7 2009 49.7 3.90 1.30 4.46 11.27
2010 43.6 3.60 1.99 4.78 10.27
average: 46.8 4.17 2.10 4.99 13.12
2008 50.7 3.90 4.18 5.63 12.84
8 2009 55.5 3.00 3.24 4.24 11.25
2010 54.2 3.00 2.20 5.76 11.38
average: 53.5 3.30 3.21 5.21 11.82
2008 56.7 3.78 3.88 4.26 9.62
9 2009 56.2 3.00 3.18 3.49 9.90
2010 45.8 3.30 2.38 4.62 10.24
average: 52.9 3.36 2.81 4.12 9.92
2008 47.0 4.60 3.20 6.35 10.65
10 2009 46.2 2.60 2.88 4.28 8.89
2010 39.6 4.30 2.78 5.66 18.04
average: 44.3 3.83 2.95 5.43 12.53
Average for all farms: 49.7+5.9 3.83 +0.83 3.73+1.11 5.21 +1.46 13.36 + 3.53
Average for 2008 48.7 +5.3 4.54 £0.41 4.46 £0.91 6.20 + 1.58 15.18 + 3.80
Average for 2009 51.3+4.7 3.63 £ 0.69 3.57 +£1.04 4.71 £1.23 12.64 £2.49
Average for 2010 49.2 £6.8 3.33+£0.75 3.15+0.88 4.73 £ 0.86 12.27 £3.23

+standard deviation / £ odchylenie standardowe
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Source: own work Zrodio: opracowanie washe
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Table 2. Moulds, aflatoxins and ochratoxin A conit@ation of sward from conventional farms
Tab. 2. Sk#enie pléniami, aflatoksynami i ochratoksym runi izkowej w wybranych gospodarstwach konwencjonalnych

No. of Year of the study Dry matter, | Number of moulds, Content of mycotoxins in dry matter, g%l:gx(iﬁzb)
farm % log CFU/g DM ochratoxin A aflatoxin B
Bl Bl 1G2 GZ
2008 45.8 3.90 3.26 4.54 10.27
1 2009 48.6 4.30 1.38 3.82 11.42
2010 46.9 3.30 1.96 4.15 8.78
average: 47.1 3.83 2.20 4.17 10.16
2008 53.5 3.30 2.68 6.22 12.61
> 2009 55.0 2.60 1.37 4.73 11.08
2010 54.5 2.60 2.31 3.94 9.86
average: 54.3 2.83 2.12 4.96 11.18
2008 43.4 3.00 1.37 5.74 12.92
3 2009 50.2 3.60 1.95 4.88 13.96
2010 47.2 2.60 2.38 5.67 10.58
average: 46.9 2.73 1.90 5.43 12.49
2008 40.2 2.30 3.44 5.09 9.24
4 2009 49.2 2.60 2.26 4.85 9.80
2010 52.3 3.30 1.98 4.42 10.73
average: 47.2 2.73 2.56 4.79 9.92
2008 48.1 4.60 1.72 6.64 14.60
5 2009 56.8 2.60 2.35 5.16 10.98
2010 57.4 2.30 2.28 5.42 9.96
average: 54.1 3.17 2.12 5.74 11.85
2008 51.4 4.60 1.35 5.82 12.20
6 2009 52.0 3.30 0.78 4.19 10.84
2010 49.6 3.00 1.72 4.52 9.88
average: 51.0 3.63 1.28 4.84 10.97
Average for all farms: 50.1+4.5 3.21+£0.74 2.03 +0.68 4.99 £ 0.80 11.10+1.60
Average for 2008 47.1+4.5 3.62 £0.84 2.30 £ 0.86 5.68 + 0.69 1197 +1.76
Average for 2009 52.0+3.0 3.17 £ 0.64 1.68 + 0.56 4.61 +0.47 11.35+1.27
Average for 2010 51.3+3.8 2.85+0.38 2.11+0.24 4.69 + 0.64 9.97 + 0.63

+standard deviation + odchylenie standardowe
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Fig. 1. C ontent of mycotoxins in sward of grasdiafrom
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Rys. 1. Poziom zawasii mikotoksyn w runi gkowej
w gospodarstwach ekologicznych w latach 2008-2010

Source: own work Zrodio: opracowanie wiasne
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Fig. 2. Content of mycotoxins in sward of grasskafrdm
conventional farms in 2008-2010

Rys. 2. Poziom zawasgi mikotoksyn w runi gkowej
w gospodarstwach konwencjonalnych w latach 2008201

Conditions under which mycotoxins are produced by Statistical analysis allowed to find some wealedinre-

moulds in high concentrations are not fully desedibin
general, the synthesis of mycotoxins is geneticdbyer-
mined and related to the basic metabolic pathwAgsli-
tionally it is phenotypically determined and depenidon
environmental factors. Fungi produce mycotoxingmftin-
der stress conditions when the temperature, huynatid
the availability of oxygen change or in case ofraggive
substances action against moulds. E.g. humiditychvieix-
ceeds 70% and moisture of plant material by mosm th
15% favour synthesis of mycotoxins [23].
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lationships between the degree of mould contantinatnd
the values of the measured amount of mycotoxinfoiin
ages (Fig. 3 and 4). The strongest relationshipvdxen the
number of moulds and mycotoxins concentration easd
for total aflatoxins content in the sward from argafarms
(R2 = 0.578) and then for conventional farms (R2339).
On the basis of calculated correlation coeffigeor two
types of farming it was proved that there was dtigescorre-
lation between the content of all mycotoxins in $ieard and
the number of moulds as well as between the coofetatal
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aflatoxins in the sward and the number of mouldsbl@ 3).
The highest correlation was calculated for totkdtakin con-
tent, both for organic farms (r = 0.76) and for @mtional
farms (r = 0.58). Lower values of the correlatiaefficient

were found regarding aflatoxin B = 0.51) and ochratoxin A

(r =0.43) in sward from organic farms (Table 3).
7
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Fig. 4. Content of mycotoxins in dry matter of pastgrass

collected from conventional farms depending on rihen-
ber of moulds

Rys. 4. Zawarté¥ mikotoksyn w suchej masie zielonki

w gospodarstwach konwencjonalnych w zatéci od licz-
by grzybow pléniowych

A positive correlation between the occurrence

Rys. 3. Zawart@® mikotoksyn w suchej masie zielonkimoulds and ochratoxin A concentration was also doim

w gospodarstwach ekologicznych w zatgci od liczby
grzybow pléniowych

previous studies on the reduction of microbial aamha-
tion in silages made of sward [24].

Table 3. Correlation coefficients between contémhgcotoxins and number of moulds in sward fromekamined farms
Tab. 3. Korelacje nedzy zawartéciq mikotoksyn a liczebgoiq grzybow pléniowych w runi ékowej w badanych gospo-

darstwach
ochratoxin A | aflatoxin B aflatoxins B B, ,G; G,
Number of moulds, log CFU/ g DM in sward from orgafarms 0.43* 0.51* 0.76*
Number of moulds, log CFU/ g DM in sward from contienal farms -0.35 0.15 0.58*

*significance of correlations at#0.05 /*wyznaczone wspofczynniki korelagjiistotne na poziomie$®,05
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On the basis of a few research conducted in Paland and Erancis, 2005. '
can be pointed that there exist a danger of myowsgxres- [9] Plawinska-Czarnak J., Zarizska J.: Mikotoksyny wiywno-
ence in roughages made of permanent grasslandshatve $ci pochodzenia zwieezego. Mikologia Lekarska, 2010, T.
is indicated inter alia by the results of the asg@nt of raw 17(2), 128-133.

. . . [10] Wrébel B.: Zagraenia zwierat i ludzi toksynami grzybéw
cow milk in five organic farms, which showed thegence plesniowych zawartych w paszachzywnosci. WodaSrodo-

of aflatoxin M, at level of 8,45-8,60 ppt. Therefore, it could wisko Obszary Wiejskie, 2014, T. 14, Z. 3(47), 15%.
be thought that there occurred also aflatoxirc@tamina-  [11] Unbekannt C., Nahrer K.: Occurence of mycotoxin&imo-

tion of the pasture sward as well as silages [3]. pean feed samples and commodities in 2012, ¥dinaro-
Still there have not yet been provided a largeeso@bnitor- dowa Konferencja Naukowa ,Mycotoxin and Moulds”,
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