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Mycofix® UNIQUE?
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Mycotoxin Research
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Mycotoxin Research

Synergistic effects?l > 1+ 1> 2

Co-occurrence!

61%

24%

15%
m B

<LOD I mycotoxin  more than 1
mycotoxin
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Mycotoxin Research

NO

“one fits all”
solution!
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Mycotoxin Research
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“one fits all”
solution!

1985 O 1t mycotoxin binder launched by BIOMIN
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’ ith m N
1988 (O Collaboration with vet VIeednunal

1993 O In-house R&D BIOTRANSFORMATION

MYCOTOXIN

Non-toxic
metabolite(s)

Non-toxic
metabolite(s)
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2001(

Launch of BBSH® /97 containing Mycofix®

kg AT — (Genus NoV. (formerly Eubacterium)
T——— e sp. nov., family Coriobacte-
riaceae

Patented'

£al A

Binder Binder Schatzmayr Heldle/‘

— produces de-epoxidases

The only trichothecene
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Trichothecenes detoxified form



Additives for Use in Animal Nutrition

18.10.2003 Official Journal of the Eure

REGULATION (EC) No 1831/2003 OF THE EUROP’

Anti-mycotoxin
products???

. Technological (a)—ﬂ) .
Sensory (a)-(b)
Nutritional (a)-(d)
Zootechnical (a)-(d)

=B .

missing legal basis

(O Missing legal basis for registration

Anti-mycotoxin products on market with unspecific (e.g.,
anticaking agent, pellet binders) or even illegal claims
(e.g., mycotoxin-binding)
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2005 (O Initiative started to establish legal basis

BIOMIN contacted  § 1

Task Force “Mycotoxins” founded with the aim to
open a new functional group in the category of
technological feed additives

'represents interests of the European feed additives industry
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20090 Legal basis established

Article 1

In point 1 of Annex I to Reculati TN Ry
B x t AY P 4 -
following point is added: gulation (EC) No 1831/2003. the

New functional group established under the Regulation (EC) No.
1831/2003

Regulation (EC) No. 386/2009 of 12 May 2009 amending
Regulation (EC) No. 1831/2003
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2012 C

EFSA guidance document

Requirements for evaluation of identity,
safety and efficacy:

v’ target mycotoxin(s) must be specified

v’ product must not interfere with the analytical
determination of mycotoxins (MT) in feed

v mode of action must be demonstrated
v MT binders: binding capacity must be determined

v MT degraders: effects of the mycotoxin degradation
product(s) on the safety of the target animals and
consumers must be shown
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v Mycotoxin content in feed used in studies must not
exceed legal limits'/official recommendations?

v Minimum three in vivo studies with significant
effects at the lowest recommended dosage

v Mycotoxin/metabolite excretion in feces/urine,
concentration in blood, tissues or products (milk or
eggs) or other relevant biomarkers must be taken
as end-points for demonstration of efficacy

Directive 2002/32/EC, 2Commission Recommendation 2006/576/EC dsm'flrmen|Ch o0



) EU registration
Mycofix® Secure (AFLA-binder)
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Mycofix® Secure

adsorption capability
strength of binding

Binder Project > 300 substances tested' . affinity to mycotoxin
adsorption capacity

safety

SFA

TULLN

@3";/[ 200 ppb AfB, 0.2% binder,

pH 3.0 and pH 6.5

1 Conventional Binding
Test

High AfB,; and low
binder concentration

4000 ppb AfB,, 0.02% binder, A Adsorption
1 Testing under pH 5.0 Isotherms
“intensified” conditions

Binding study in
gastric juices

Extraction with methanol and Efflcagy o gastrg—
F chloroform KY intestinal tract (in
9 Determination of vitro)
chemisorption index
Heavy metals, dioxins ]
Binder mixed with nutrients, Check for risk
Binding of nutrients analyzed with and without o) S

binder

3 (vitamins, trace

Vekiru et al, 2007
elements)

Tbentonites, kaolinites, zeolites,
diatomaceous earth, organoclays, charcoals,

In vivo evaluation yeast/yeast ingredients, ...

&
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Mycofix® Secure

. . 200 ppb AfB, 0.2% Binder, |
Binder Project > 300 substances tested pH 3.0 und pH 6.5 )
100 ‘ - -
ot BT S e w T -
. hl
= IT |
1 Conventional Binding __ 80 i
Test X L o
c
.Q
5 o0
o
(2]
2 | L] Iy =
I_ 40
E I L] o
< i (%] lal I‘
20 I [N
I'm| h I [ ] Il L I I|. I‘
. | I I T | T
Inorganische Binder (,clays”) Mix Organ.
[ | pH 30 m pH 6.5 Murugesan et al. 2015, Poultry Science
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Mycofix® Secure

Binder Project > 300 substances tested

ppler
TULLN Forschungsgesellschaft

EUROPEAN COMMISSION

JOINT RESEARCH CENTRE

Institute for Reference Matenials and Measurements (Geel)
Standards for Food Bioscience Unit

4000 ppb AfB,, 0.02% binder,
pH 5.0

European Union Reference Laboratory for Feed Additives - Authorisation

1 Testing under
“intensified” conditions

My cofix® Secure

1
2
3
|
3

Inorganic Binders

My cofix® Selact

My cofix® Plus

Mixed Products
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2013 O EU registration
Mycofix® Secure (AFLA-binder)
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D EU registration BBSH® 797/ |

Trichothecenes detoxified form
deoxynivalenol de-epoxydeoxynivalenol

e 2017
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BBSH® 797

- =

‘ Safety & Efficacy evaluated by*** efsam

European Food Safety Authority

0 0o 4 24

o "k’

1 1 Blood sampling @ 1

L] .
Piglet |
Feeding
study
28 0
24 11 o
g 20
3 groups M Control 2§ = e
l DON g 1 "
- DON + BBSH E 12
8 animals/group § 8

2 replicates/group
DON 2 mg/kg +
BBSH at min. dose 0

w0« DON + DON-GIcA
= DON

0 5 10 15 20 25
Time (h) 2]
Danicke & Brezina 2013. Food Chem. Toxicol. 60 dsm'flrmenICh ..



BBSH® 797

**v

Safety & Efficacy evaluated by*“* efsam

European Food Safety Authority

oy o 4 24
: 1 1 Blood sampling @ 1
Piglet
Feeding
study
DON [ng/mL serum] DOM-1 [ng/mL serum]
25 4 12 b

b

3 groups M Control

10 4

l DON
B DON + BBSH

8 animals/group

2 replicates/group
DON 2 mg/kg
BBSH at min. dose

Oh 4h 24h 24h



D EU registration FUMzyme®

200 TCA molecules per second!



FUMzyme®
Soi 2004

Product
formulation

Strain

Sphingopyxis macrogoltabida
rfold 8 "\St‘:i‘y

commremerwraesmene. (3ENOME

PFA D8-1 and PR4

.ﬂv( X
- | I h
Fumonisins . ‘)
& ‘\*k > -
"?i“‘l;\‘ ~. -
In vitro e ) Expression
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FUMzyme®

inhibit sphingolipid biosynthesis

* MH
Ceramide synthase 0
f Sphingosine (S0) Ceramide
*Ceramide synthase
0! I L ?Hg /\M:/\N\nf:/”'?o"
NU m ﬂ 5o /1/1$h. —
(Sa)
liﬂ@l& bé ﬂw é Fumonisin B, phinganine

Biomarker of effect: Sa/So T @
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FUMzyme®

*i

Safety &efficacy evaluated by " efSam

European Food Safety Authority
(-
A 2
/“"'u. ‘o“‘\\
(]
Piglet Sa/So @

study -
0.4 -
3 groups control a
m FB, 0.2 1
= FB,+ FUMzyme
0.1
10 pigs/group

FB, 2 mg/kg 00
FUMzyme 15 U/kg
Sa/So in serum

day 0 day 28 day 42

Masching et al, 2016. Toxins dsm-firmeniCh o0



D EU registration FUMzyme®

2017

2018 2nd generation

2021 silage application = dsm-firmenich ese®



2022(

FDA approval FUMzyme®

product against mycotoxins

[ No clear guidance ]

\ oy Step by step approach in dialogue
with FDA

Long review times!




1

Introduction
of FUMzyme

|

b ]

- Utility study

protocol

» White paper

|

Submission of
documents to FDA

Meetings with FDA

[ Validation report ]

<2

[ Validation report ]

Validation
protocol

[ Safety package ]

— [thilit;l.r study package | ]
Validation
protocol

[ Utility study package | ]

[ Validation repﬂns] [ Utility study package Il ]

© Copyright



2023 O EU dossier submitted for 39 generation of
FUMzyme®

2025CI) EU dossier & FAP submission ZENzyme®
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ZENzyme®

Zearalenone Hydrolase

DSM Austria winner of the

grea.test award for Companies in
the field of innovation

b E

( OH 0 CH, OH
.\ ~ RECEPTOR COOH
- % . 0 H
¢ . “ » By —
L HO | . | f o~
J o
oo Es‘mi Zearalenone (ZEN) hydrolyzed ZEN (HZEN)
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ZENzyme®

" ear:
< Degradation :f‘} o abow Trowt

" ymatic D!

i <
-lll\l".\ o)
 Mycotoxin Modifiers and
 an In Vitro Rumen

Evaluation of the Efficacy o

Mycotoxin Binders by Usini
Model as a First Screening Tool Bact,
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ZENzyme®
b Broiler study {@:

Vin: ‘f>
I~ Koheh
5 trial period

Plasma 1

Control

- ZEN Esophagus
\_ AR =
- ZEN + ZENzyme C Proven triculus
rop —
Liver % / %cloaca
256 animals <7

10/1 replicates/group Gizza rd a\ Seialfiaeise

ZEN 1.5 mg/kg
ZENzyme 20 U/kg Excreta



ZENzyme®

: Broiler study ‘@:

N e

0 35/36
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0.25- 0.15- 2000+ E 400=
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Broiler study :@:

35/36 .

Crop Gizza rd
“m “m
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Advance sccess potlicaion 23 May 2023
Anines Health and Well Being

Enzymatic degradation of ochratoxin A in the
gastrointestinal tract of piglets

Shreenath Prasad,"" Barbara Streit," Christina Gruber, and Christoph Gonaus'

"BIOMIN Research Center, DSM Anamal Nutrition and Health, Tulln an der Donau, Austria
‘Correspanding awthar: shregnath prasadidsm com

Abstract
imal fords are often contaminatd with cchratexin A (DTAL a petent
lates in bleod nd tissues. Ta the best of aur knovdedge, this study &
hydrclase; DAH] that de oTA s phe i ochratcn a (Oal in the gas: tract IGIT] of pigs.
axperimental diets over 14 days, varying in OF A’nnuwmuun leval (50 or 500 pgvkn; OTASD and OTAS00) and presence of
AH. 4 negative control det (no OTA added and 8 diet containng CTa al 318 gy (0Ta318). The shaarplion of OTA end OTa e the ystemic
culation giasia and dried bioud spors DB, thair ascumulation in kkingy, Ivar, and mustlo tissuss, and oxeraton thiough foces and uring
icency of OA dsgradstion n he dgests oo = alan esumisted.
TAS0 o sy gr
The supplamaratan of OAH exglicitly uowau the abearption of OTA P < "0 plma by SA% ot 59% I
= and from 41 188 10 1 15&4I01H;|‘Ln.xgl 1 500 g DTG
= 53% llmn 2278+ 263 10 106 &3 ngfml in piglats fed the 50 pg OTAMg diets and from )’J
£ 2418 ngimL in me 4 fed the 500 g OTAKg diets, respect o) T 1A aecer ctions n plasa were pasituely o
rm Iewals dtectod in all tissues aralyzed; adding GAH raduced OTA lovels in the kidn d muscle (P < 0,005 by T,
ey Tha analysia of GIT digesta content showed that GAH supplementstion EJ 10 (.I-\-]E;: Bdation in the proximal
L Cweral, the data of t i vivo demanstrated th n o
n baod Iplssma snd DES) a5 wall as n kiney, Ivar, and musd
eftacts of O

all mycotowin hazardous to animal and human health that accum
5t 10 imestipate the in vive application of an anzyme [OTA arr

lme[ il secumulaiion of
QLA

GIT wh

@ ranural by
OAH sucassfuly reduc
enzymes as feed add
samma fime improvi

and wellare af pigs and st the
the sul?l\-' of r-g derivad food products

Lay Summary
Ochratasin A -om i5 @ patEt 10Kin fraquanty i

it i animal faeds, which accumulatss in tha animal
satery iesues. To m= best of our knowledgs, the
|p.,l[-r'r-r.lr~n.v|hr-g, fead. In the pig gut, thi ma succasshully 5 o 2!
s excreted throuah urine and \Which 5 SOBAGE 1 5LBpOMING e 5.0 haaith. welre, and proBuciity 25 o
wring the satety of the pig maat for human
Ky wordsc erzymatic hydrolyss, feed sdditive, mycotadns, oshratann A, OTA amidotydeolsse, piglet
Abbraviations: ACN, acssonitrila; CT, control grous: DBS, dried bluod spots; EC, Europaan Commission;
modaig; HFLE. b 8 gusd cf s LLC, i graphy; ;s M5, m
amidokydrolase; OTA, achratasin & OTe, ochratosin alpha

IT, gastromtustingd tract; GLM, genuralznd fingar
 MSIMS, tandam mass spectromerry, OAH, OTA

Introduction

: A (OTA) is a naturally oocurring mycotosin
potentially hazardous to animal and human health through "
! : . al 2007
feedifood conmmination, Comprehe vidence of the L‘?'Ir f‘“f’-‘l ‘ﬂ”;““:] }n,",” . .

OTA carcinogenic effects in experimental animals has led the ne toxicological profile of (1A has been extensively inves-
Intetnatiomal Agency for Rewtrch on Cancer 10 casify this  18ted i various animal species and models, Such swdies
mycotoxin as a possible human carcinogen (group 2B) (IARC,  indicate that OTA is mainly nephranxic and heparroxic
1993), Althuugh OTA hay been associated with the Balkan ~ "odents poultey, and swine but OTA has also been desc
endemic nephropathy (Castegnaro cral., 2006; Milicevie 9% CArEINOBENIS, MEuratoxis, and  immunosuppressi
. 2009), its mechanism of action & still unclear More-  (Weidenbach -"‘“"I['“' ger, 2004; Riny !
no direct evidence of OTA being acurely toxic ¢ ~‘c'1- 2006; ’m"l“" “ z and “"“‘fﬂ"'“-_n”“'

to humans (European Food Safety Autharity Panel on Can- "HIEE “h-' . R it Z13), The to:
taminanes in the Foud Chain et al., 2020]. Nevertheless, fond ~ ©F OTA has also beea reported to affect oacyte maturation
and embryo develupment in mouse, swine, and sheep models

safety issues arise duc to the frequent presence of OTA in the
feed of livestock and the te of OTA into meat and other
animal-derived products for human consumption (Battacone

Oxford Univers

ress on behalf of the American Sac
oup com,

oumag

?
<

COOH

+H0

NH,

chratoxin a

OH

Cl
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Most recent Scientific Publications

OCHRAzyme

Toxins 2020, 12(4), 258; https://doi.org/10.3390/toxins12040258
FEMS Microbiology Letters 2023, Volume 370; https://doi.org/10.1093/femsle/fnad028
Journal of Animal Science 2023, Volume 101; https://doi.org/10.1093/jas/skad171

ZENzyme

Toxins 2019, 11(8), 481; https://doi.org/10.3390/toxins1108048]1

Toxins 2020, 12(6), 405; https://doi.org/10.3390/toxins12060405

Toxins 2020, 12(11), 712; https://doi.org/10.3390/toxins12110712

Toxins 2021,13(2), 84; https://doi.org/10.3390/toxins13020084

Toxins 2023,15(1), 48; https://doi.org/10.3390/toxins15010048

Mycotoxin Research 2023, Volume 39; https://doi.org/10.1007/s12550-023-00486-2
ACS Catalysis 2024, Volume 14; https://doi.org/10.1021/acscatal.4c00271

FUMzyme

Poultry Science 2017, Volume 96; https://doi.org/10.3382/ps/pex280

World Mycotoxin Journal 2018, 11(2), 201; https://doi.org/10.3920/WMJ2017.2265

Toxins 2018,10(4), 150; https://doi.org/10.3390/toxins10040150

Toxins 2018, 10(7), 296; https://doi.org/10.3390/toxins10070296

Toxicology Letters 2019, Volume 305; https://doi.org/10.1016/].toxlet.2019.01.013

Toxins 2019, 11(9), 523; https://doi.org/10.3390/toxins11090523

Toxins 2020, 12(11), 712; https://doi.org/10.3390/toxins12110712

Food Control 2021, Volume 123; https://doi.org/10.1016/|.foodcont.2020.107726

Food Research International 2021, Volume 145; https://doi.org/10.1016/|.foodres.2021.110395
Journal of Agricultural and Food Chemistry 2023, 71(4); https://doi.org/10.1021/acs.jafc.2c08217
Journal of Agricultural and Food Chemistry 2023, 71(36); https://doi.org/10.1021/acs.jafc.3c01733

Toxins 2024, 16(1), 3; https://doi.org/10.3390/toxins16010003
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