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SUMMARY

Penicillia frequently oocour in feeds and foods. Many.

-1molates of thip genus are toxinogenio, and thus 1, impair

the health of domestio animals, 2, cause residues in organs
and meat due tc cerry over, 3. synthesize mycoioxinas in moldy
meat produots, and 4., may be hasardous for mold-fermented
f00ds. The results of our laboratory gathared in these res-

pects are spummariszed in this oontribution,

TOXINOGENIC PEEICILLIA

¥e studied 1481 Penioillium isolates originating from
various foods and :teed.l1. These isolates represented 42 spe—
oles, according to ths nomenclature ¢f Raper und Thom 2. Teo-
vised by Samson et .1.3.4.5. The predominant species encoun—
tered are listed in Table t. Using ochemiocal methods (TLiC) we
demonstrated the produotion in malt extract agar of 20 dif-
ferent mycotoxins (Tabls 2) by 828 (55.9 per cent) of the
isolates. Some isclates (0.8, of P. gimplicigpimum} produced
up to four differsant mycotoxins in melt extract agar, and
some Penioillium speoies inoluded isolates which produced ge-
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veral mycotoxin oombinntionas. Hevertheless, the mycotoxin
pattern of an lsolate can be used as an ald in the identifi-
oation of penioillia®s7, In the brine shrimptest 998 (67.4
per cent) of the 1481 lsolates proved toxinogenio1. Consider-
ing the ohemical az well as the biologloal eamsaya 1166 {78.7
per cent) of the 1481 Penicillium-isolates investigated must
be regarded as toxinogenis, Therefore, most of the penioillia
ocourring in feeds or foods must be regarded as potential my-

sotoxin producers.

Table 1
Predominant Penicillium species in e group of 1481 iso-
lates originating from feeds and fooda

Speciesn 5 of isolates Species R of isolates

s
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verrucosum var,.cycloohm 505
Chrysogellif ssecesaenss 197

Yerrucogull var. Yel-

variobile sessecssescassaldld

1
-

1ws
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brevicompactum ..ceeeeseea29
oo;zloghilum ..-;--oo.-.-25
ErlgeofUulVum sesseesssses23

ruzglosum esssssessssseaslB
1518Nd10UM ecaavoessassesel8

1w
.

TUCOBUM sveesssssesanns 150
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i
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rogquefortli seeesecanss 80

v

Camembertii coceveosses 69

frequentans sessececees 6G8[P, gim plicigsium ,ececeseesld
0AIZIOVENSe sessassssss 49|0thers (26 species) ..ccccc..94

I
.

s I
(A

OXDANSUN eeesccccnssses $2 Unldentified ccecsseccereneeld

I

- oisrinum dssvansassssen 39
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Table 2

Mycotoxina produced in malt sxtract agar by 1481 Peni-

glllium 1ipolates originating from feeds and faods
Myootoxin M of isclates® Myocotoxin B of igolates”

Cyclopiazonic aoid ...... 226
"8-toxin®® ... iiiieennnes 164
Penioillic 8cid secssssee 140
PAtUlIN eerssscnscnsornes. B2
Brovianomide & c.ceeceese 63
Cltrinin ...sicesss00000ee 63
Penitrem A ssuvescsnssess 62
Ianthomegnin sseeeeececes 61
PR=t0XIN seccacascanacass 55
Urimeofulvin s.cuvceccnees 43

Oohratoxin A cuesvscssnecessd9
Rugulosin seccecovsrveseesead0
Yarruculogen Ilil.| evvesccesesl?d
Roquefortine ........--....;15
Fumitremorgen B ..eececcecuesld
Citreoviridin sevesvccscanee T
Viridicatumtoxin s.ecceceese 3
Brythroskyrin ssseevevsosces
I91anditoxin sevesvocsacsses
TuteoskyTin svvececcccaccsss

L I I )

*3ome are multiple toxin producers

MYCOTOXICO3IS

Molds of the genera i’eniouliun. Aspergillus and Pusa-

rius are apparently important for meat producing animals as

well ms for meat and meat products. However, these genera are

of vexrious slgnificance for mycotoxicoais, the carry over,

mold growth on meats and as starter oultures (Table 3).

Penieillia in feeds amy cause mycotoxlcosis in animals,

#) *8-toxin® is sn undefined mycotoxinm,

frequently produoced

) P. vErTUCO ar. loplum; it has been deteoted
Dr.mii in our In'Eorutor:l.n in 1978, W
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W8 investigated an outbreak of 1llness in 20 breeding aows,
of which 16 died within a few weekaa. The aymptoms of the
dipeamed animals were: oaschexie, abscesses, aparalysis, rhi-

nitias, pneumonia, and plight hepatitis, Their feed (oats and

barley} contelned molds of the P. viridicatum peries in large
numbarsa (106_10'7 per gram), -a.nd. the mycotoxrin viomellein as

well ap ochratoxin Bemethylester. Toxing produced by auper-

g1114 or fussria were not detected. Apparently, in this out-
break Penfcillium toxing in the feed have lowered the resis-
tanoe of the hoge for viral and bacterisl infeotions and oone-
tributed to their death, which probebly was caused by e fac-

toral dlpease.

Teble 3
Irportent molds in Germany for meat producing animals

as well as for meat and meat products

Genus Hyoo- Caxrry Mouldy Starter
toxicosis over meats gultures
Penicillium + ++ ++ L
Agpergillus ++ ++ ++ o]
Fusarium b (+) 0 0.

+++3 very important; ++: important; +: ocoaesionally impor-
tant; (+): slightly important; O: not important

CARRY OVER

Myootoxins present in the feed may cause residues in
orgens, meat and fat, if they are taken up by the animals
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with the feed, and are resorbed but not qulckly eliminated
from the timsues. The carry over of aflatoxing into milk,
egga, orgens and meat has been thoroughly investigated, and
is of partieular importance for milk and milk produots.
Of the toxins synthesised by penicillia of most oconcern

for the oBITY over ig at present ochratoxin A (0T-4), This
toxin cocurs in barlsy, maise, osts, wheat, rye eto., and

oauges residues in hogs and poultr_v9 210, or-A i a nephroto-

1in and Tesldues are moast likely to be found in the blood and

9'ﬂ. Prom tigsues

kidneys, however, also in liver and muscle
0T-A depletes rather slow, since the H’SO for hogs is about

4 days'2. Denmark is the only oountry whioh has esteblished
ligal tolerances for OT-A repidues in hogs: Discolored kid-
neys of hogs are ocolisoted during meat inspection and are ans~
lysed for OT-A; it thé kidney contains wore than 25 pph OT-A
(eariier thée limit was 10 ppb), then the carcmss is condemned,
In Denmark 2336 discolored heg kidneys were analysed in 1982,
and 229 (9.8 per oent) were found to conteln more than 25 ppb
0%.k, i,6. 229 oarcasses were discarded. .

In our laboratery we analyeed in 1982/83 for OT-A bloed
and kidnays from hoaithy hogs sisughtered in West Germany,
with a deteotion limit of about 0.2 ppdb., Of 261 blood samplas
40 (15,3 per cent) proved po.i.tivo”. Of 177 normal hog kid-
neys (without adverse ocolor, size and shape), whioh passed
meat inspeoction and were bought in 1983 from butcher shope all
over West Germany, we found 32 {18.1 per cent) to be pomitive
tor 02-A1%, Portunately, the detscted amounts of 0%ud fn
blood and kidneys generally were below 3 ppb, and only a few

i1-.3
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pamples contained up to 10 ppb., Howevser, sinoce 0T-A has besn
demonatrated to cause after oral administration of large dow
ses carcinomas in male mioe15'16, and to be strongly immmo-
11

suppregsive in low concentrations ', evsn the ocourrence of

low residues of OT=A in hogs ip of some concern.

MOLDY MEATS

Undesirable penioillia grow quite frequently on meat pro-
ducts, especially on fermented sausecges (salamli) and raw hams,
Bxperimental incoulation with toxinogenic isolates revealed
that 10 out of 15 Penicillium toxins investigated are synthe-
sized not only in oulture media but also in salami and/or
rew ham (Table 4), Most of the data listed in Table 4 have

been worked out at our 1a‘borntory-’8; 8 detallsd discussion of

the zmycotoxin production in meats was given by Lelstuer et
a1,'?, Moldy raw ham is more hacardous than salami, since it
is not protected by a oasing., Most myocotoxing in mesats with
mold growth on the surface are present in the first 5 mm be~
neath the surface. Thexefore, hartards can be minimised by
cutting off an adequate slioce. Of oourse, preferably would be
to prevent all undesirable mold growth on leat products. This
can be attempted by smoke applioation, sorbats or pimariein
treatment, %—adju-.tmt or vacuum packaging, In West Germany
emoke is generally applied to selami and raw ham, Since 1977
a treatment of such produots with potssium sorbate, whioch has
been suggested by our J.abontoryzo. is legnl, Meat productas
are dipped into & 20 per cent potassium sorbste solution, how-
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ever, in the firat 15 ma zone of the treated salami or rew
hatt not more than 1500 ppm morblc acid are tolermted as re-
sldue,
' Table 4
Produotion of mycotoxrins in oulture media and meat

products
Produoced in Produoced in Produced in Produced in
malt ex- - salaml and/or mlt ex- salaml and/exr
traot agar raw ham ) tract agar raw ham -

Panioillic acid secveee =
Pmtrm‘ I ZXEEEERXRRY ] -
PR-toxin sosesevscoccee =

Brevianamide A cecossveces
Citreoviridin sceceesccsss
Qitrinin esesveovensccnces
Oyoloplagonic eoid ,.svese
Fumitremorgen B sevvscrascs
Oriseofulvin s.cvicsccisss

Roguefortine sescscsese
Rugulosin ssesevccncess +
"5-tOoXIN® iiescescncees Bels
Myocophenolic 80id sseseesse = | Verruoulogen 1‘81 seseve +
OOhratoxin A evssssesvesss + | XANthOMOEIN eeviesveses Bole
Patulin seecvesecsccaseces (4)

+ + + ¥ o+

+: produced; (+): slightly produced; -3 not produced; n.i.:
not investigated’

MOLD-PERMENTED POODS

Por fermented fcods made in the Orient molds of the ge-

ners Rhigopuy, Mucor, Awmylomyces, Actinomucor, Monascus,
Agpergiliug, snd Npurogpors are essential for fermentation

prooonn” '22. On the other hand, for mold-fermsnted Westerm

foods, suoh as oheeses and sausages, only molds of the genus
I-4
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Penlcillium are desirable. In both partﬁ of the woria (oY ma-
ny years traditionel processes were used, In which the desired
molds, often amsocisted with bacteris and/or yeasts, beoame
predominaent in a particular food, because the envirenmental
conditions are ideslly for their growth, More recently, se-
lected molds are added as sterter cultures to these foods.

In this contricution starter cultures for meld=fermented
meats {palemi and raw hams) as well as cheeses (Roquefort and
Camembert type) will be discussed, with reference to work
carried out in our laboramtories.

Mold-fermented raw saussges (galaml) ere in Europe equal-
ly importani as the smoked products, however, they are pro-
duced frequently only in couniries in the southern or gouth-
eastern parts of Europe (Table 5). A whitish mold-cover on the
surface gives thege sausages a typlcal appearsnce, contributes
to the characteristio flavor of the products, and delays rane~
cid.ity19-

Mold-fermented sausages of the palaml type are traditio~-
nally produced in ripening rooms with an inherent "houseflora"
of molds., At a temperature of 20-10%C, a relative humidity of
95-75 per cent, and a ripening time of several weeks or months,
the pausages in these rooms develop a heavy mold oover om the
surface, which should be uniform and whitish to gray, withoui
greenish, brown or black mold spots. The whitish or gray gro-
wning molds are primarily representatives of FPenicillium and
sopetimes of Scepuleriopsis, the greenish molds are again Pe-
nioillium or Aspergillus, and the brown or black spots are
oaused by Uladosporium, Alternaria or Aagorgﬂ.lua”. In most
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Table 5
Estimated percentage of the fermented sausages (saleml),
whioh are produced in different countries with a desi-

rable mold-cover on the surface

Country Per cent Country Per cent

RUMANLE 4ssesvecsvansees 100 Soviet UNlon eeevesevenes O

ItalY ecsesscscecascnsecs I3 Czecho-Slovakis .s.vvecaee O

Bulgarif ceseovsavensess 90 Fetherlands scsscssnccasns 0

HUNZBTY eeevsnevaansacse BC FInland ceesessoesosessans O

Switzerland sessesesweee 10 HOrwaY vesovsnssesssnsass O

SPAIN cevessarssncscnses 60 SWeBeIl secesvavaancavraaas O

Denmark sceeveceseserenass O

Pronce sescasvesacsveces 60

AuStTiB ceeverrcvceasnse 30 Great Britain .eeeccecen Q
BelgluM evecessscsascese S Ireland sseseeaceoscccacss O
Went Germany scesceesses 5 Canada eecesessssescscsncs O
DDR cevecosovssnssnvense 1 Augtralia ssseavessearaes O
United States seesvecsss 1 JEPENL eeassrerncrcncsnsaa O
Yugoslavia scevecoesreves 1 Gouth AfTicE sesccsrsanes O

PFoland sesesrsccecnceres 1

oountries where mold-fermented salami is produced, the sau=-
seges ars never smoked, howsver, in Bungary the salami in the
initial ripening phase is lightly smoked, and then transfered
to ripening rooma where the desired mold flora develops. ’
The "houseflora” in ripening rooms for salami is mainly
compoged 6f penioillia, and has only reosntly been serutinized
for myootoxin producers., Sinoe about 70-80 per cent of the
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penioillia are potential toxin producer524"6'1

, it should be
expeocted that frequently toxinogenic peniecillis coour on moid-
fermented salami., We investigaied 28 samples of genuine Hun-

_garien palemi, 67 samples of genuine Italian salsmi, and 27
pamples of mold-fermented sausages from different manufactu-

Ten in Weost Germanwzs

« Prom thesse products in total 175 iso-
lates of penloillis were reoovered, identified to thae species
level, and examined with chemical {PL0) and biological (brine
shrimpeteat) methods for myocotoxin formation in malt extract
agor. Table 6 indioastes that from the Hungarian, Italian and
German salemi, TT.1, 66.2, end 21.1 per cent, respectively,
of the Feniolllium isclatee lynth-euizad myootoxins in wmal%
extfaotad agarzs. The predominant apeo'iu reaovered and myco-—
toxins produced of the isolatea from Hungarien, Italien and
German palami are listed in Table 6, Bren the predominant
perioillie isolated from Hungarian and Italian sslami exhibit
6 greenish color on culture media, they show whitiah growth
on'tha sausages, because due to the ripening conditions (tem-
meruture and relative humidity not above 15°C and 80~85 per
cent, Tespectively) only myvelium growih of these species
ooours on salami, and conidia ars not formed, In West Germeny
mold-fermented salami 1s ripened at higher temeratures (20°0)
and relative bumidities (95-85 per cent); this is possidble
since a mold (g. Movmao) is generally used as starter
-oulture, whioh forms white mycelium and oonidia '
Raw, cured and dryed hams, whioh are mot treated with
smoke, exhibit often a similar mold layer on the surface as

nold-fermented salamxi, Mold growth on the surface is s.g.
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Table 6

Ocourrence of toxinogenic Penielllium isolates on

mold-fermented salami

Origin of Taolated Species Mycotoxing
salami investig./toxinog.| predominant predominant
Bungary 48/37 (77.1%) P. yerrucosum |Ochratoxin A,
' var. verrusosum, |Cycloplazonia
P. verrucosunm aold
var. cycloplum
Italy 89/59 (66.2%) P. verrucosum Cyolopiazonic
var. gyclopium l!acid,
P, chrysogenum |("S~toxin",
Ochratoxin A
W.Germany | 38/8 (21,1%) P. nalgiovense®, Cyclopiazonio
P. ¥Yerrucosum acid (rarely
var, oyclopium [produced)

*atarter culture

common on Speck {(outs of pork) from Italy, Blindnerfleisch
(outs of beef)} from Switzserland, Country Jured Hams (pork
hams) from the United Stmtes and Kraski Prsut (pork ham) from
" Yugoslavia. If the relative humidity in the ripening rooms is
low, mold growth on the purfaoce of such hams ocan be avoidad;
this is often true for Prosciutto 41 Parma (pork hams) from
Italy, The molds growing on the surface of Speck and BlUndner-
flaisoh are pradﬁninanxly penioillia, and many potential to~
xinogenic Peniollliuw isolates can be recovered from these
produotu24'19. On Country Cured Hams and Kraski FPrsut in the
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earlier stages of the ripening process aleo penicillia pre-
vail, however, on long ripened products with & low water ac-
tivity {a,) molds of the Aspergillus glaugus group are pre-
dominent. Experimental incculations revealed that ithese as-
pergilli (espeoially A. ruber and A. Fepens) are an indice-
tor of & low &, l.e, & long ripening time, The delicious
flavor of thega products develops during & prolonged ripening,
however, the aspergilli are apparently not contriduting to
the flavour devalopnentzs.

Bven some mycoioxins produced by penioillis are synthe-
slized in culture media only, wany others are also formed in
meats if toxinogenic molds grow on them {Table 4). Therefors,
for mold-fermented meat products starter owltures should be
employed whioh are neither pathogenie nor toxinogenioc, and
19, Our lsboratory introduced as star-
ter culture an isolate of P, Mﬁ. which was named
"Bdelschimmel Kulmbach®, and now is commercoially widely used
Ioz; salami, This isolate shouid also be suitable for raw hams,
such as Speck®!, More recently we selected a ?. ohrygogenum-
imolate ("Sp. 1947") for Italian type salami®®; this 1s o
"gresn" mold, however, 1t grows whitish on Italian salami due
to the ripening conditions mentioned before., Alsonin Francs

produce no antibloties

an isolate of P. nalgiovenss (“blarche"™} has been introduced
as starter oulture for salami??, Earlier P, gamembertii was
Trecommended in France for this purpose, however, it 1is not
suitable u.-tmn- culture for nit-, since it produoes oyo~
lopiazonio aocid,

Cheeses of the Royusfort and Camembert type are tradi~
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tionally fermented with molds, l.e. P. roguefortii aend P, ga-
mbertll, which give each type of cheese a characteristic
appsarance andrtlavor. P. roguefortii is inoculated into the
cheess and grows with dark-green conidia, while P. camembertii
grows only on the surface of the chee?e with white conidia,
B. roguefortli produces several mycotoxing, some alse in
cheepe, We investigdtad 80 P. roguefortli-isolates for mygo-
toxin production in malt extract agers. Of these l1zolates
73 (91.3 per cent) proved toxinogeniec, and synthegized in malt
extrect agar the following mycotoxing: PR~toxin (45 igsolmtaes),
petulin {12}, PR -toxin and roguefortin {10}, roqueforiin (5),
and penicillic zmoid (1). In eddition, 10 isolates produced
myocophenolic aold., Nevertheless, there ils the possibllity to
seleot P, roguefortii-igoletes as sterter culture for cheese,
which dont't produce any inown mycotoxinsg in culture medila as
well as 1n cheeae.
The situation is more complicated with P. camembertii,
ginoe this speoies produces oyolopimzonic acid, as first was

demonstrated by our laboratorissjo

» This mycotoxin 1s eynthe-
slrxed in chease, especially in unrefrigerated products. We
investigated 69 lsoclates of P, gamembertil and all produced
oyclopiazonic aoids. Apparently, until now alsoc other invep-
tigatione did not aucoesd in finding a P, gamembertii-isolate
which is not toxinogenio. Obviously, further efforts should
be made to introduce a gound starter culture for Camembart

cheeas,
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