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the invention This invention relates to the use of antimcrobial enzynes,
such as-oxidases and |ysozyme, and a pol yunsaturated fattyp@gifooid7sdsA) .
(nonogast rivo @nassion-rum nant) 5 aninmal feed to inprove growth and feed
conversion ratio of pigs, poultry, fish and veal calves. Background of the
i nvention Aninmals such as pigs, poultry, veal calves and fish are grown
intensively for the production of nmeat, fish and eggs. These animals are
fed diets containing a variety of raw 10 materials of aninmal and/or
vegetabl e origin to supply energy and protein. Mdst of the feed that is
consuned i s produced Sk @RI @N?WEQMNQMNMM(%H ustry but a
significant part is élﬁ armand fed directly. The feed is
suppl emented with vitamns and m neral s to neet the requirenents of
aninmals for these essential nutrients. |In the case of poultry, the feed is
al so suppigaenilednwddiioncocci di ostats to prevent 15 coccidiosis. The use of

industrialTy produced, enzynmes a fee h BeGadteas aAld®standonmon
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envi Ponnental pol lution caused by manure from pigs, poultry and fish.
However, &Re¢g costs are the nost inportant cost factor in aninal
production. During the 1950's it was realized that the addition of small
anount of antibiotics to animal feed resulted in inproved zoot echni cal
results i g gg ggstfr#em@g%tr@{s Nowadays, antibiotics are used routinely
as feed ' of action of these 25 antibiotics on the

i nprovenent of growth and feed conversion ratio is still not fully

under stood. The generic termfor this, cl.as ee BsvelSioget h
pronoters. ExAmjhals swh agmiss RO FWWB?%F%‘V?S&@J&L‘ 9 ISQ?%? ?%c. neyg5 tyl osin,

flavomycin and PCT/ EP99/.0783 24 @&@gagroﬁtﬁnm?ghe;anem oftravice of
human pat howgetien BhBeal {58 AT FERS V\?fg%{e%%?%ﬁ s has been

10 materials of animal and/or vegetable origin to supply energy and protein. Most of the

oduced commercially by the compound feed industry but a

e farm and fed directly. The feed is supplemented with

feed that is consumed is pr

significant part is produced on th

vitamins and minerals to meet the requirements of animals for these essential nutrients.

In the case of poultry, the feed is also supplemented with coccidiostats to prevent

15 coccidiosis. The use of industrially produced enzymes as feed additives has become

1 - ases
almost common practice. Examples of such enzymes comprise phytases, alpha-amylases,

proteases and various plant cell wall degrading enzymes such as

R-glucanases, endoxylanases and mannanases.

These enzymes are used to improve growth and feed conversion ratio and to
h.
20 reduce the environmental pollution caused by manure from pigs, poultry and fis

However, feed costs are the most important cost factor in animal production.
’

10 animal feed resulted in improved sootechnical results in monogastric animals.

W 1 y 1L1V 1 hese
No adays antibiotics are used routmel as feed addm €s. Ihe mode Of action Of t
’

25 antibiotics on the improvement of growth and feed conversion ratio 1s still not fully

understood. The generic term for this class of feed additives is growth promoters.

: o : : -
Examples of growth promoters include virginiamycin, tylosin, flavomycin



increasing rapidly. This has nmade it nore difficult to cure people from
bacterial infections. The w despread use of antibiotics in aninmal feed has
been bl aned by various 5 experts to accelerate the buil d-uppek/gpesisiance
to vari ouswansghssiti cs. This has led to a ban on the use oF al |
antibiotics as growh pronoters in ani.pal feed in Sweden and for specific
anti biotics, such as avoparcin, in Denmark. It is |likely that other
countries will, follow these exanples due to pressure from consunmer and
heal t h cay®2¥fani zati ons. The feed industry therefore is very nuch
interested in natural additives with growth 10 pronoting effects w thout
any therapeutical use in humans. Certaip enzynes are.kn active as
anti m crobi al Tagestisanand hiese pARPLEEC Q%%%r %%}%mnsh%mbbr‘8§§1‘\‘/at§?ie% of food.
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broilers and veal "cal ves. G owth and feﬁ]icli corkll\{l%ra%i on were allegedly
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polysaccharides. These enzymes also have some antifungal activity but do not exhi y

antibacterial activity.

The antibacterial enzyme lysozyme has been added as a growth promoter to the

) .. e ' der
20 feed in monogastric animals (Latvietis, J., et al, In: Vitamine Zusatzstoffe 1

Ernaehrung von Mensch und Tier. Symposium 5th (1995). Editor Rainer Schubert et al.

September 28-29. ISBN 3.00.000361-4). These authors added lysozyme prepared

Jena, |
calves. Growth and feed conversion were

from egg white to the feed of broilers and veal

: . . . -
allegedly improved. The concept however of using mixtures of antibacterial enzymes 1

25 combination with enzyme enhancers (eg. PUFAs) has not been published.

. -
It is thus desirable for farmers and the compound feed industry to obtain a

1 ! ini in a sustainable way,
optimum growth and feed conversion ratio, at minimuum cost,

1 health care organisations alike.
respecting demands from both consumer and g

Description of the Invention

: : . iy o
30 The present invention provides an animal feed additive composition comprising
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130,000, optimally from 90,000 to 110,000 Shugar units per kilogram (or unit) of animal
feed. In terms of iweight, therefore, this first enzyme may be present at an amount to
give a concentration in the animal feed of from 1 to 8 grams per kg of feed, preferably
from 2 to 7 grams per kg of feed and optimally from 3 to 5 grams per kg of feed.

20 The second enzyme may be able to generate a compound that is toxic to the
bacteria. This may be the same bacteria, of different, from the bacteria whose cell walls
can be disrupted or degraded by the first enzyme. The compound is preferably a
peroxide, eg. hydrogen peroxide. Thus preferred enzyme are oxidases. Particularly
preferred is glucose oxidase. This second enzyme may be presentat a concentration to

25 give from 500 to 1,500, preferably from 700 to 1,300, and optimally from 900 to 1,100

Sarett U per kilogram (or unit) of feed. Thus preferably this second enzyme may be

present at an amount, by weight, to give a final concentration in the animal feed of from

1 to 8 grams per kg of feed, preferably from 2 to 7 grams per kg of feed, and optimally

from 3 to 5 grams per kg of feed.
30 Enzymes can function as antimicrobial agents in the following ways:
a) disruption of the cell wall;

b) generation of a toxic compound;



rEach of these will be discussed in turn. a) Mcrobial cell walls vary in
structure for fungi, yeasts, gramnegative and 5 grampositive bacteria
One can need different enzynes to disrupt the cell wall of pb@@p%mdkgferént
types of NG Wni sms. The fungal and yeast cell wall, for exanple, nay
be disrupted by mannanases, chitinasestand betagl ucanases. The bactéria
cell wall, however, is not sensitive to these enzynes due to a different
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xylito -5}17? gagﬁ%gggitdeaﬁg%g@ggpg\]b*eg&yémg&gmgﬁosphoryI ase). This list is by no
gggs fex 5 ve,” nowever. c) Oxygen may be renoved fromthe nedia b
revz n? ;));ll apRS peptidbghRas layer 1sgioug:nadéaycmuglvaél@ppojr)’ﬁ?ﬂcb%réi@r@ﬁ’b@@%rawéknfv)xygen
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the peptidoglycan layer.
b) Oxidases are capable of producing hydrogen peroxide which is lethal to
most microorganisms. Glucose oxidase , for example, catalyses the conversion of glucose

20 into gluconic acid and hydrogen peroxide. Xanthine oxidase, present in milk, is also

capable of generating hydrogen peroxide.

Other antimicrobial compounds which may be enzymatically generated comprise
hypothiocyanate (produced by lactoperoxidase), chloramines (produced by
myeloperoxidase), free fatty acids (produced by lipase), poly-unsaturated fatty acids,

25 lysophosphatidylcholine (produced by phospholipase A2) and
xylitol-5-phosphate (produced by xylitol phosphorylase). This list is by no means

exhaustive, however.

0) Oxygen may be removed from the media by means of oxidases such as e.g.

glucose oxidase. Complete removal of oxygen prevents the growth of aerobic

30 microorganisms.

d) Enzymes essential for growth of microorganisms may be inactivated by

means of other enzymes. Sulthydryl oxidases, for example, are capable of inactivating



The conposition can conprise or enzyne enhancer

can significantly inprove the acti zi ty of the brsggghaZn?i ﬁ‘lp(r:nr)ggingl t?gt
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The PUFA may be present as an oil. Suitable oils that include ARA are available
from DSM N.V., Wateringseweg 1, P.O. Box 1, 2600 MA Delft, The Netherlands, under
the trade mark VEVODAR™. Another commercially available oil is ARASCO™ from
Martek Corporation, 6480 Dobbin Road, Columbia, MD 21045, United States of

20 America. Other PUFAs are available, for example DHA as a DHA oil (DHASCO™

from Martek Corporation or DHA from Pronova, Norway, under the trade mark
EPAX™).

The PUFA is preferably at a concentration that it allows it to be added to the
animal feed to give a final concentration of from 0.1 or 1 to 1000, such as from 0.5 to 50

25 or 1 to 100, and preferably from 1 to 10 grams per kilogram (or unit) of feed.

All the antimicrobial enzymes can be produced on industrial scale and/or may be
recombinant. Lysozyme is commercially available, isolated from egg white, or may be
recombinant. The or each enzyme may be naturally occurring or may be an (eg.
recombinant) varlant or mutant thereof.

30 The or each antibacterial enzyme is preferably recombinantly produced such as

by expression of a heterologous gene or <DNA in a suitable organism, or alternatively by



for exanple, has been overexpressed in reconbi nant systens (WO A- 89/ 12675,
Chiron). Lysozyne (fromegg white) can be reconbinantly expressed by
expression _of the gene in Aspergillus niger (Archer, D.B. epcpkpesn7sis .

Bi o/ TechnoVOJ)'?8815 741-745 (1990). Lysozyme nutants (produced by protein
engi neering) can al so be used which héave better heat stability and ’
stronger antim crobial action. The antim crobial enzynes used in the
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The enzymes and/or PUFA can be added to the animal feed composition
separately from the feed substance(s) or ingredient(s), individually or in combination
20 with other feed additives. Alternatively, or in addition, the or each enzyme can be an
integral part of one of the feed substances. This aspect includes both preparing a feed
composition with the two enzymes and PUFA or supplementing an existing feed
composition with these compounds.
A particularly preferred method for the (exogenous) addition of the antimicrobial
25 enzyme to animal feed is to add the or each enzyme as transgenic plant material and/or
(e.g. transgenic) seed. The enzyme may thus have been synthesized through heterologous
gene expression, for example the gene encoding the desired enzyme may be cloned in to a
plant expression vector, under control of the appropriate plant expression signals, e.g. 2
tissue specific promoter, such as a seed specific promoter. The expression vector
30 containing the gene encoding the enzyme can be subsequently transformed into plant
cells, and transformed cells can be selected for regeneration into whole plants. The thus

obtained transgenic plants can be grown and harvested, and those parts of the plants



containing the heterologous (to the plant) enzyne can be included in one of
the conpositions, either as such or after further processing. Reference
here is made to WO A-91/ 14772 which di scl oses general nethQdsgplordsbe
(het er ol og¥QP2E8pr essi on of enzymes in (transgenic) plants, including

met hods for seed-specific expression of -5 enzynes. The heterol ogous enzyne
may be contained in the seed of the transgenic plants or it may be

cont ai ned ip &%Qﬁg hRlAflbe RAMESthe Ydhpansyaatan tetiscsded mavef thood, fl owers,
bark and/or frait. The addition of the enzyne in_the formaf transgenic

pl ant ma¢gRp@itiorn, gtherts amdgemificr Suehrr eontaipgngRe EenRIPTR IS FBEF IS enzynes,

may require the processin f the 0 ant tenial he
enzyme aVEPHaBLEA76F which ‘gé@?se? ﬁ‘iﬂ‘ref)%én%’%&af\(?él ea@ﬁ%‘?@’.go‘%ﬁéwﬁg?éﬁ%ﬂsi ng

techni ques may .incl ude -waniqQus anh&abdd RY seddidpkdifig eamddstn @fr i ndi ng)
t echni quESTSFSEREFHD enéﬁ%lﬁrgg’ﬁng?gg}?nents such asdpextru?tgn or expansi on.

The anti bact &k ahe RARWIBSoRRYZPGe atiged doatdimel febd seadrfche HRBIFCHE PAnts
concentrati’on which varies as a function of diet comfosi tion, hype.of
enzyme aoelitasgbt cortinehimethes pliat parts PeBR FAMFy EHL [@SRHSLT 075 of t he
invention do not contain any antibiotics. The conposition(s) of the

i nventi ohaﬁhﬁyﬂdépé Ude free of a mineral conponent (such as zinc and/or

i odi ne) and/ ok an 4i B ALLOG: RO EHm b5 trahsgaticgidaarhiteridee.g) . Al t hough
each of the t%eﬁg?%ygg?al%%zynes‘ and the F%laJFA can all be pr odg.u}:led by a
mcro 20 phganicsetd Ednthinigy thkantiederbhiat endyenasomap SPAHETIE Prejegenso?” the

m cr oorgani sns that produced  any of th co unds (or .m¢c : i snms
f r or0St r eromycesil so ReIre mekerEhecenzy mg a"%lgai%ogf lgF @ﬁ“r‘rﬁ"}’g%vee %e%‘%??gﬁ%‘?n

m croorgani sns that produce |acti i d 1nsi aniBhe 24 &Gr tindas) of
the genusUEREFASHHIY ‘{é&l%r“i}?eséﬂ?yel Sgug%gflﬁgwﬁk oﬁl?c{aﬁ(eﬁspectggf the 1pr ggzant

I nventi pqegh%if‘&e?%r L SRR ESSiSal fe Rt REREBIAING eRbrugivawirkxpadioo: f eed o
conversion in‘a nDnOgaSt rrc or non-rum nant ani mal , t he. process conpri si ng

feeding the anjiedntitactedalsdnzymes anyibriaddebicathedess GAERPARHP A BUFA or a f eed
conposition of the first qor second.as t or preparable i
aspect. Swintetstaicaryehyar 1%45%@“?‘&?%‘?fecﬁ6trﬂ?§§&sft?°él’ g}ﬁ%ﬁl %f{r)e)ﬁrzl%ﬁ-g rah%‘l!t{]rgﬁt

animals such as .pigs (or piglets), poultry (such as chickens, turkeys),
cal vis orany@al Sp6f'*hquatic (e.g. marine) 30 animals (for exanple fish). A
fifth aspect rgl.galas,tRe td8psstodfofahe nivpadot domootottam friyrantibsesisecttDEs an
additive for a nonogastric or non-rum nant ani mal feed conposition. WO
00/ 21381 co,ﬁwtﬁﬁﬁglﬁ?ﬁéﬁvention may also be free of a mineral component (such as zinc

and/or iodine) and/or an immunomodulating agent (such as ascorbic acid). Although

each of the two antimicrobial enzymes and the PUFA can all be produced by a micro-

20 organism, it is preferred that the composition is free of microorganisms that produced

any of these compounds (or microorganisms from Streptomyces). Furthermore, the

iti I I 1 ic acid inside the animal
composition may be devoid of microorganisms that produce lactic acid inside t

(eg. those of the genus Lactobacillus or Enterococcus).

A fourth aspect of the present invention relates to a process for promoting

25 growth and/or feed conversion in a monogastric or non-ruminant animal, the process

comprising feeding the animal at least two antimicrobial enzymes and a PUFA or a feed

composition of the first or second aspect or preparable by the third aspect.

Suitable animals include farm, monogastric and/or non-ruminant animals such as

pigs (or piglets), poultry (such as chickens, turkeys), calves or veal or aquatic (e.g. marine)

30 animals (for example fish).

A fifth aspect relates to the use of a composition of the first aspect as an additive

for a monogastric or non-ruminant animal feed composition.



-8 Preferred features and characteristics of one aspect of the present
invention are applicable to another aspect nutatis nutandis. The present

i nvention wd 60/{]934/ be described by way of exanple wth refepeigpodrsist he
foll owi ng Exanpl es which are provided by way of illustration and are not
intended 5 to linmit its scope. Conparative Exanples 1 to 4 and Exanple 5
Characterization of antibacterial enzyne products { ucose oxidase (EC
1.1.3.4), an Brifetasbicanysetrng dfaragearistiat ofranerrypico gbhemsessnt gwentigiareobt ai ned
as a comer.cial product under the trade mark FERM ZYME GO from 10

DSM RoyaF‘PIé‘fcé‘gl-elﬁg 6&%@*@&?%&%?@?% ﬁﬁﬁt‘gﬂﬁ%ent s Division, PO Box 1, 2600 MA
DELFT, The Ne r : X r i i ; feVdrdcy tof 500
Sarctt Uni t5 par P e e o e e 1
cause anthpfolikeinf Ed0npi8s ehichoxy gesviger bymivapbéillustratiddiniding manoeeder at
30C in the presence of excess oxygen and 3.3% glucose nonohydrate in a
phosphat & bofifierscppe-5. 9. The enzynme was produced 15 by the fungus
Aspergillus niger. Lysozyme obtained from chicken egg-white was obtained as
a commercial product under the trade mark DELVOZYMETm fr om DSM Royal

G st - br ogagdes, .Rai KhmdIegr sk efd $xpls, PO Box 1, 2600 MA DELFT, The

Net her | ands.” The product contains 5.1 x 106 Shugar units/m product. One
Shugar u@Hardcserdafibned amsbacheiahamayme pfod@@senzynme whi ch causes a decrease
of absorbance qof 0.001 per, mnute at 450 nmand pH 6.2 at 25Cin a.
suspensi on of Ql’ll%qsé@é@ééFs(Elgléécﬁe‘i ki %’Eigas(eﬁ?@%ﬁ] §rnyr aHBSZ‘iyfjrécEﬂeg PEFGHCes gma
Chem cal s, racterization: i 1 i C b I ) was
50 obt ARHTTor CaorrByar B A REPhIRRAE R Bt BERMEORIEASTTL
VEV@BARTIASMR Sydl Gikttbrbbiet, BakeSf Ingrddi&itoDidbion] PO(BNAL Q600 #0A ELFT east
35% obtained by culturing the fungus Mrtierella al pina. Application of
ant i bact dicaVetbadymiss This eanymralprépmedtionomhguots| anragtiTity of 80Gwkarewiiesdeput wit h

broilers to test the efficacy of gl id d | I d
the. conbiefaei GRS SRRt 5 A P PaPey PRORY) I k™ YHER Cap VD |
00/21381 gec-rle%%% /u?e7§13a5\¥/a'r§urg%gﬁ%n %ro%r3g°étiﬁ@g9ﬁgsgicgtof efgessqg%fgél

ani mal s W87 8%l Bct'e romthi's ¢group an
and 3.3% glucose monohydrate in a phosphate buffer pH 5.9. The enzyme was produced

15 by the fungus Aspergillus niger.

Lysozyme obtained from chicken egg-white was obtained as a commercial
product under the trade mark DELVOZYME™ from DSM/Royal Gist-brocades, Dairy
Ingredients Group, PO Box 1, 2600 MA DELFT, The Netherlands. The product
contains 5.1 x 10° Shugar units/ml product. One Shugar unit is defined as the amount of

20 enzyme which causes a decrease of absorbance of 0.001 per minute at 450 nm and pH 6.2
at 25°C in a suspension of Micrococcus lysodeikticus (0.25 mg/ml) obtainable from Sigma

Chemicals.

Characterization of arachidonic acid

Arachidonic acid (ARA) was also obtained from DSM/Royal Gist-brocades under

25 the trade mark VEVODAR™. This is in the form of a microbial oil (ARA content at

least 35%) obtained by culturing the fungus Mortierella alpina.

Application of antibacterial enzymes in animal feed for poultry

Trials we carried out with broilers to test the efficacy of glucose oxidase and

lysozyme alone and the combination of both. Male broilers (Ross) we kept from day 1



di vided into cages. The weight of the animals and their variation were
nmeasured. The average weight and its deviation were equal per cage.
Fifteen- an om1Ygr e kept in one cage. The cages were sitUpEpgpédhrads

artificially heated, ventilated and illuninated broiler 5 house. The fl oor
space of each cage was 0.98 n2, with wre floors. The broiler house was -
illumnated for 24 hours per day. During the experinental period, |ight

i nt ensi ty dags omyz steuddrt Wiqte ducked 5, THemalewpesleates Homadhiygraypand grer educed

from 28C,during the first .wee 0 23C,durj ng. the l.ast week of ¢

expor | neliTeAPaRE: (e CTRE G PEP R L JORP AR MRTCPS 6% i ng ¢ he
experi ne ?Jge Qﬁe'{%@qndT@%e@iaﬁgﬁlw%r@&ﬂlapﬁmag@:%ft% £6ml wgaikpstinNaw Castl e
di sease (usi’ng the spray nethod) at an age of one and fourteen days. The
experi nmgal'ﬂ&tcagesaaerdaysateetﬁrrm' ot wsifieplls hened) estrilged andlilbfmiBaddpsoiend a
test period of 28 days. The experinental djiets were offered ad lib. to the
ani rfal s. hanseeThodsor srset 9f eagh srgeabrsed)- 99T AE, VEE ¥ iimSoRss| "&L‘foémll@f gause was

(t enper at,ures e t below 65 ) at a di anet - 15.9f - Lllineter. Th
experi ne “Bﬁﬁﬁﬁf%géqf%és PG %3\‘/\?#61 rtg%fi }%ﬁﬁ%%ﬁ%al%erlgﬁs%gtdﬁgm 1k}lnjvevgg;a‘@alt ie\r/e ©
control).2), YudHeThd thpeasee @4 sageallylRa0c-3ak &ht2goCkdnrfmpad) figt basal
diet + lysozy (100. 000 Shugar units/kg of feed) 20 4) basal diet +
gl ucose wxdkdms2s°CldiGthgShedist wekk gf dfe dxpedinent. wwoyein the 06iBOAnSHwagar
uni t s/ kg of f,eed)1 SQ%gfsal iet + glucose. %é# ase. ]IOBO §ar ett .U kg of
12 ied) ;rmpg?{zlwléwé ,%?@ttﬁﬁﬁ%;fﬁ?lﬂt?‘/siq{@ f?é% azaé’r & VaeriREedei d

o a.fi concegntrati.on .0 eed. t t t
r eph cat &3St fAl]%f"’i ﬁ‘ésgle((giﬁasﬁ?(}lﬂgg b}éersplraryg‘élteﬂ’é}%ﬁ 245 3 15512 Io)n?aa(égif%‘{ %B%nse'e\(ljvas
conver si were neasu ~ 0 [t f ' d
vas T noPeRTERPRTEIE RN o TR R By ST ES R SRR 20
WO 00/ 21@@&};3(:T/ EP99/ 07835 -10 Manioc 4.3

The experimental diets were offered ad [ib. to the animals. Water was freely

available. The feed was cold pelleted (temperatures were kept below 65°C) at a diameter

15 of 3 millimeter.
The experiment comprised the following treatments:

1) basal diet (negative control)

2 basal diet + glucose oxidase (1000 Sarett U/kg feed)

)
3) basal diet + lysozyme (100.000 Shugar units/kg of feed)

20 4) basal diet + glucose oxidase (1000 Sarett U/kg of feed) + lysozyme
(100.000 Shugar units/kg of feed)
5) basal diet + glucose oxidase (1000 Sarett U/kg of feed) + lysozyme
(100,000 Shugar units/kg of feed) + arachidonic acid (ARA) to a final
concentration of 1 g/kg of feed.
25 Each treatment was replicated six times (90 birds per treatment in total). Gain and
feed conversion were measured. The composition of the feed (basal diets) used was:
Ingredients Content (%)
Rye 10
Wheat 40
30 Soy oil 1

Animal fat 6



Soya bean neal (45.4%crude protein) 22 Full fat toasted soya beans 10
Meat neal tankage (58%crude protein) 3 5 Vitamns/prem x 1 Linestone 0.9
Monocal ci u&yh05£hat e 1.2 Salt (Nad) 0.3 D, L-nethionine OpergPoddzsss
broilers (REYARP! 2850 Crude protein (% 21.4 Crude fat (% 10.5 Lysine
(available, % 1.23 (1.04) Methionine #®©cysteine (available, % 0.90 (0.79)
15 The enzynmes and arachidonic acid were added to this basal diet by m xing
it first wtgpacarrier. The effects of the ant#Bacterial enzymes and
arachidonic acid on growth and feed conversion ratio in broilers between 5
and 33 days ofoyadeammneab@ovito beidewrotwimiabl e 1. 3FABLE 1 20 Exanple Diet
Feed G owm h Feed | nprovenen I nt ake (g) conversion in feed (g) ratio
conversi on rﬁvlilf)”t‘lasﬁéissﬁp’agf*’é’ts 2,760 1,540 1. 79&82 Basal diet + 2,750
1,554 1.77 -0,02 I io | diet +32,748 1,553 1.77 -0.02
Vi RGP TARES- RS 5

| ysozynme 4 Ba et + -0.05 glucose oxidase + | ysozyne
WO 09/ 21381 - vRGHIAPBRMIZ835 -11 5 Basal diet +12,710 1,595 1.70 -0.09

Limestone 0.9
Monocalciumphosphate 1.2
Salt (NaCl) 0.3
D,L-methionine 0.2
10 ME broilers (KCal/kg) 2850
Crude protein (%) 21.4
Crude fat (%) 10.5
Lysine (available, %) 1.23 (1.04)
Methionine + cysteine (available, %) 0.90 (0.79)
15 The enzymes and arachidonic acid were added to this basal diet by mixing it first

with a carrier.
The effects of the antibacterial enzymes and arachidonic acid on growth and feed

conversion ratio in broilers between 5 and 33 days of age are shown below in Table 1.

TABIE 1
20 Example Diet Feed Growth Feed Improvement
Intake | (g) conversion in feed
(©) ratio conversion
ratio
o —— _.-_T_-————_———
1 Basal diet 2,760 1,540 1.79 -
2 Basal diet + 2,750 1,554 1.77 -0.02
glucose oxidase
3 Basal diet + 2,748 1,553 1.77 -0.02
lysozyme
4 Basal diet + 2,731 1,589 1.72 -0.05
glucose oxidase +
lysozyme




oxi dase + lysozynme + arachidonic acid The addition of one type of

anti bacterial enzyne or a conbination of different types of antibacterial
enzynes - bogfy dopifqved the growth and feed conversion ratio par/EPssi7kRs.
However, nore 1nportantly a synergistic effect was found for the ]
conbi nation 5 of glucose oxidase and 1Msozyne on the feed conversion ratio
and the inclusion of arachidonic acid in diets containing antibacterjal

enzynes [resulted J n,an even furt i mpr nt. arative _ npl 6 to
9 and BExanpPe 1 B %ﬁ%&iion of gﬁﬁpba te?¥2 e1zy§§g?in anina&éﬁeed or
pi gs 10 |[Cr ossbr ¢ @*pt3fs T (equal barrows and gilts| n = 100)| of a simil age
and wei ght were|lyssgdmientthis trial. T ey were housed in environnmentally
control ljled r oong arahdidradacad ib. accgss to feed and water at all tijres.
The roo erature was set rnitrallTy at 29C and was [owered about 2C per

week after thp, serangh WPeks TS BhIS.NRLE ALI0L Led il Ronanen of ik

treat nents. iFgs'in ea pl'ircations (weight 15

bl ocks) 09‘?53 S SbIRAal BofMenBbliNinRkdIbE ot 6Rth senfbdEdiversigverfionRasur ed
weekl y. he basal diet was a typical Anerican diet, of the composition:

Raw Mat ebsriodlkrsCHiotwentr, Wor€ampofdndy a 2pnesgiyabelbert mmalfodel for the qoambinagareni x

0. 25 ngp? m ner gl prgqix 0.1 S%]?niun18renix 0.05d Di cal ci um.,phosphat e

1.2 25 |au<(q%eaﬂgai§.a§ YioREEEAths feed B VersionprEP RBd fRsislEed Yo the f eed.

WO 00/ 2138% -PCT/ =12 T i i sed .t f i ng

T e R G R i
improvement.

Comparative Examples 6 to 9 and Example 10

Application of antibacterial enzymes in animal feed for pigs

10 Crossbred pigs (equal barrows and gilts; n =100) of a similar age and weight were
used in this trial. They were housed in environmentally controlled rooms, and had ad
lib. access to feed and water at all times. The room temperature was set initially at 29°C
and was lowered about 2°C per week after the second week. The pigs were allotted to
one of five treatments. There were two pigs in each pen with 10 replications (weight

15 blocks) per treatment.

Body weight and pen feed consumption were measured weekly.

The basal diet was a typical American diet, of the composition:

Raw Material Content (%)
Corn 63.6

20 Soyabean meal 30.9
Vitamin premix Q.25
Trace mineral premix 0.1
Selenium premix 0.05
Dicalcium phosphate 1.2

25 Salt (NaCl) 0.3
Limestone 3.6

No antibiotic was added to the feed.



b) basal diet + glucose oxidase (1000 Sarett U kg feed); c) basal diet +
1 ysgzyme((lO0,000 Shugar units/kg of feed); 5 d) basal diet + glucose

oxi dase (1 tt Ukg of feed) + |ysozyne (100,000 Shu j _of
feed); e) 822%%%@& + gl ucose oxi dase (1000 Sarett U kg ofg Jg/gg /(EZ%Skg

| ysozyme (100, 000 Shugar units/kg of- ¥eed) + arachidonic acid to a final
concentration of 1 g/kg of feed. 10 The results obtained in terns of feed

i nt ake, gr owt Fhegrpefiowdt compeissst tn follawimgareatmento Wirasenlend inldrabl e 2. TABLE
2 Effects of anti b%gtg.i aé1 enzynes a d ARA on growt h and feed conversion
ratio in grdling By eE 4R Hody wei ght). 15 Exanple Diet Daily

conversi on ()0 at rEeoglsiet o Rl B IREBSERs! kR, TG 6%k 2715%. 00
2.39 -0.05 ghucose gxj-dase 8 B | Btei+ 2, 40 -0.04 lysozyme 9
Basal diet + c% 105???&#1%.ggys-oé?’%%?i%ﬂuog)osglgg%&%ggléggf%;9 6zyme 20 10 Basal
di et + 2. 05 0495 j i J i

{s - 1995 28l dilt 281uB¥ 8a3fe 11dBSAIRNB/ g 0BRGN dPRGoRCI d The
addition of or?e typae odel an%}lt)cacter?aletenzyne or C%ﬁbieﬁ@ti oﬁs Zg?édi fferent
types of antibact eflogboe ang§ feedf;avour abl e effect on daily gain and
feed WO 00/ 21381 - PCT/ EP99/07835 -13 conversion ratio. However, the
conmbi nati on of) twobadilfdierergfudoypesdot (K90 Saat Brkgbf feed) + lysozyme

(100,000 Shugar units/kg of feed) + arachidonic acid to a final
concentration of 1 g/kg of feed.
10 The results obtained in terms of feed intake, growth and feed conversion ratio are

shown below in Table 2.

TABLE 2

Effects of antibacterial enzymes and ARA on growth and feed conversion ratio in

growing pigs (23 to 54 kg body weight).

15 Example Diet Daily Daily Feed Improvement
Feed gain conversion in feed
Intake (kg) ratio conversion
(&) ratio
6 Basal diet 2.20 0.90 2.44
7 Basal diet + 2.15 0.90 2.39 -0.05
glucose oxidase
8 Basal diet + 2.14 0.89 2.40 -0.04
lysozyme
9 Basal diet + 2.10 0.94 2.23 -0.21
glucose oxidase +
lysozyme
20 10 Basal diet + 2.05 0.95 2.16 -0.28
oxidase +
lysozyme +
arachidonic acid

The addition of one type of antibacterial enzyme or combinations of different

types of antibacterial enzymes showed a favourable effect on daily gain and feed



enzynmes (i.e. glucose oxidase and |ysozyne) resulted in a surprising
synergistic effect on feed conversion ratio and the addition of

ar achi doni i o feed containing antibacteria enzynes rlecslq# 8 a
further iﬁ‘%lg)@@)éfﬁ&gﬁnt. 5 Conparative Exanples 11 to 14 and Exanp l;eﬁi%%gnghe
use of antibacterial enzyne in fish niBrition Effects of suppl enental ’
anti bacterial enzynes on growh and feed conversion ratio were studied

Wi t h tr euhvdréss eudiy. fdbusvarykiesembiThendbfatvocdiffprest tyipes ofiseibasgsiabs f ol | ows:
10 Raw material Cgntent , Soyabean neal 43 Spya beans, pressur.e gooked 20
Wheat gleapemep@esslugmss Rxisiase angl lyspzyme) sesplied a2 rprisipg synsraisHe gicheno. 2
Vitam n/mineral prem.x 3.5 No;gr | Lbd ot G o the
R G T R i SO
wei ght QBZYI%QS Rs@rdd inroMtthwhikprodeienal | otted to 5 equal groups. Diets were
fed to these 5 groups over a period of 53 days. The water tenperature was
kept constant at 15C. The diets were fed twice daily to satiation avoiding
feed | osses. Weight gain and feed conversion ratio were determ ned. The
experinment conprised the followi ng treatnments (Exanples 11 to 15): 25 a)

basal di t i l. «di et + gl ucose oxidase (1000 Sarett
u kg fe G m Jadpe ek e @%@5%5 k 1@!, 000 Shugar units/kg of feed); d)
basal di'Hie use @ UL Rkl eidsend kO Sarieoh U kg of feed) + |ysozyne

(100, 000 Shugar units/kg of feed); and WO 00/21381 PCT/ EP99/ 07835 -14 e)
basal di et +gl'§ff€l§§§cﬁsféubﬁtlie@§§@l paoirgtest eagymssiog sspvEzarg ferdicoayyying

(100, 000 Shugar unit,s/. of L@e%)rb; glraclki. onic acid to a final

concent rat'f i oft" ‘68/‘73 BPUF gl 0rynchus yris).

The diet composition used was as follows:

10 Raw material Content (%)
Soyabean meal 43
Soya beans, pressure cooked 20
Wheat gluten 20.5
Fish o1l 12

15 L-lysine-HCI 0.8
D, L-methionine 0.2
Vitamin/mineral premix 35

No growth promoting antibiotic was added to the feed.
Experiments were conducted with 200 trout with a mean initial body weight of
20 8.8 g/trout which were allotted to 5 equal groups. Diets were fed to these 5 groups over a
period of 53 days. The water temperature was kept constant at 15°C. The diets were fed
twice daily to satiation avoiding feed losses. Weight gain and feed conversion ratio were
determined.
The experiment comprised the following treatments (Examples 11 to 15):

25 a) basal diet (negative control);

b) basal diet + glucose oxidase (1000 Sarett U/kg feed);

<) basal diet + lysozyme (100,000 Shugar units/kg of feed);

d) basal diet + glucose oxidase (1000 Sarett U/kg of feed) + lysozyme
(100,000 Shugar units/kg of feed); and



The results obtained, in terns of growh and feed conversion, are shown
belowin 5 Table 3. TABLE 3 Gain, feed intake and feed conversion ratio in
trout fed {5 pPAsglays on diets _supplenmented with antibact epidlppfgses . +/ -
ar.achi doni ¢ acid. Exanple Diet Feed Gain Feed |Inprovenent Intake (g/trout)
conversion in feed (g/trout) ratio cobversion ratio 10 11 Basal diet 18.5
12.5 1.48 - 12 Basal diet + 20.6 14.1 1.46 -0.02 glucose oxidase 13 Basal
diet + 20.4 14.1 1p4A8l di& PFludoks oziar (ldoBasat UMkegtof feedll +5lyddeydnel . 31 - 0. 17
gl ucose oxidase + |ysozyne 15 Basal diet + 22.9 18.4 1.24 -0.24 oxidase +
| ysozyme + arachi 00,C€0 Slcughr hﬁxt?hg ofelsad) t1s arablidbnechcieonistal at e t he
favourabl e effects of one ty Q%%Eacterlal enzyne or a conbi nation of
anti bacteri al enzyﬁ§§e@ﬁm§¥b géﬁﬁo conversion ratio in trout. The
conbi nation o dlff %Pgs tepi

synergistic e??%ésuon aul tgﬂﬁg%%?g%kggﬁﬁgag% C%ﬁ%MQE%??%§§ oﬂlgkg%rﬁdonlc
aci ds totdpetss contalnlng antlbacterlal enzynmes gave a further inprovenent.
WO 00/ 21381 - PCT/EP99/07835 -15 CLAIM5S 1. An animal feed additive
conposition conprising at least two antimcrobial enzynmes and a

pol yunsaturated fatty acid (PUFA). 2. An aninmal feed conposition conprising
at least two antimcrobial 5 enzynes and a pol yunsaturated fatty acid

(PUFA) . TABLE 3

Gain, feed intake and feed conversion ratio in trout fed for 53 days on diets

supplemented with antibacterial enzymes +/- arachidonic acid.

Example Diet Feed Gain Feed Improvement
Intake (g/trout) | conversion in feed
(g/trout) ratio conversion
rat1o
10 11 Basal diet 18.5 12.5 1.48 -
12 Basal diet + 20.6 14.1 1.46 -0.02
glucose oxidase
13 Basal diet + 204 14.1 1.45 -0.03
lysozyme
14 Basal diet + 21.5 16.4 1.31 -0.17
glucose oxidase +
lysozyme
15 Basal diet + 229 18.4 1.24 -0.24
oxidase +
lysozyme +

arachidonic acid

15 The results obtained demonstrate the favourable effects of one type of
antibacterial enzyme or a combination of antibacterial enzymes on growth and feed
conversion ratio in trout. The combination of different types of antibacterial enzymes
showed a synergistic effect on feed conversion ratio and the addition of arachidonic acid

to diets containing antibacterial enzymes gave a further improvement.



3. A conposition according to claim or 2 wherein the or each antim crobial
enzyne is an antibacterial enzyne. 4. A conposition according to claim3

wherein-o e of the antibacterial enzymes conpri sesy g a/p%s3s
oxi dase, sr\gP%h/32/ggr§§/l oxi dase, xanthi ne oxi dase, 10 peroxi dase or a

| ysozyme. 5. A conposition according-tié-clains 1 or 2 wherein one of the
enzynes is able to disrupt the cell wall of bacteria and/or another enzyne
is capable of generating a conpoun@liAidMSis toxic to the bacteria. 6. A
conposition according to _any preceding clai mwherein the enzynes are 15 a
| ysozyne and lan oxd@asigal feed addiivg 68 MPREHOR CRBRRRIHES ﬁfole%tgﬁflwﬁr eceding claim
wherein the .PUFA, conprisas ap n-3 0 C r C22 PUFA. 8. A
conposi PO Ebarl a?qgnp \X) nar%lyp og}’%%sé%llr%tﬁggfﬁ@t |%C1§%Ig8f§‘:\2 the PUFAis in the

formof a free fatfyameid feciabinpoditiod BsiflsingPht0sBNEkd Bidmirobial gl yceri de.
20 9. A conposition according to any 1E)r ecedi ng cl ai mwherein the PUFA

conpri seszamachidiopolyuasindaedRaxy adid (PYWF&9nposi ti on according to any
precedi ng cl ai mwherein the or each anti ac%]eri al. enzyne i,s der.iv dlfrom
an ani mal, ar-ani MCOBPEHUER ACLIHINGAP CHHm4 OF 'V%J?edﬁpgtgﬁf’éﬁ?c}]ﬁ‘t‘ll?‘.‘:ro 1a
conposit}] >C ' ecedi ng clai mwherein the or each

ant i bacteggyg?qseﬁgg{%ﬁf%ﬂ(%%g{r%bi al origin and/or is a reconbi nant
protein. 12. 4A compesinpbsitioAacardinggochiarbywhereiechar mbad of thherei n t he or
each enzyme is derived from produced by or present in a nicroargani sm
such as aatibagtmalieazy myeenpapiases ghicpsersndastisylphyd gl oxidee, F3nthane e:ASS: t i on
accardin todcl ai mlll wherein the mcroorganismis of the genus

St r'ept orFETEIBBRERAIT WS ™Escheri chia, Saccharonyces, Kl uyveronyces,

Hansenul a, Pighi a, 5 YaiOWoa acCAfied clASP eIl ¥ Misrein dricCHTRHE EMBrmes is
Penicillium Micor, Fusariumor Hum cola. WO 00/21381 PCT/EP99/07835 -16

14. A coiosi disrapt decel didigoftaceraiaml A anoehezienzyie indapride of geriesannigs:
Streptonyces |ividans, Escherichia coli, Bacillus licheniforms,
Kl uyver cipyeronndahet 18 toxag Botgi1ar§siani ger, or Mortierella al pina. 15. A

conposi tion gccording a0y RLEAR BYnG Rl VS OEIEREYABY hSs are
15 a lysozyme and an oxidase.

7. A composition according to any preceding claim wherein the PUFA
comprises an n-3 or n-6 C18, C20 or C22 PUFA.

8. A composition according to any preceding claim wherein the PUFA is in
the form of a free fatty acid, fatty acid ester, phospholipid or triglyceride.

20 9. A composition according to any preceding claim wherein the PUFA
comprises arachidonic acid (ARA).

10. A composition according to any preceding claim wherein the or each
antibacterial enzyme is derived from an animal, an animal product, a plant ora
MICroorganism.

25 11. A composition according to any preceding claim wherein the or each
antibacterial enzyme is of microbial origin and/or is a recombinant protein.

12. A composition according to any preceding claim wherein the or each
enzyme is derived from, produced by or present in a microorganism such as a bacteria,
yeast or (filamentous) fungus.

30 13. A composition according to claim 11 wherein the microorganism is of the
genus Streptomyces, Bacillus, Escherichia, Saccharomyces, Kluyveromyces, Hansenula, Pichia,

Yarrowia, Candida, Aspergillus, Trichoderma, Penicillium, Mucor, Fusarium or Humicola.



5 contained in plant material, optionally obtained froma transgenic plant.
16. A conposition according to claim15 wherein the antibacterial enzynes

gl ucose ox| d/or lysozyme are contained in seeds of a c
pl.ant. 17. ,cgzrr%%si tion according to any preceding clai mmﬁ%@ﬁp%ﬁgﬁapt ed

to conprise from10 to 10,000 Sarett-1#its of glucose oxidase per kg feed
and 1000 to 10 1,000,000 Shugar units of |ysozyne per kg feed. 18. A
conposi tion apgor dARgnippsiivy Rtaded togldal IwhbdeththeafiRbo@gmiIm1O00 g of
arachi donic acid per kg _of feed. 19. A process for the production of a feed
conposi tfteaptdneycesdividrrsgbssharicbiaseli, Brsdls dcherslpnmiarippveroness [geiscess

conpri si addi ng two gntim,croebial enzynes and a 15 PUFA to, or mxing a
f eed add‘fqg’FWéﬁ’ff Gs?rtjlﬂ%rﬁleéeé%g%?‘ﬁg to any of clains 1 or 3to 18 with,

one or nore eg bl eaf@athanlnt RBERIUSR) toOfny fro¢etiLiMibSheth tHAtnapned] feed
conposition conprising an additive conpoOsition  according to any of clains

1 or5 3 t@ntdneahoh plaet matenal, @pednileoltemdd $tdns b aroegesjc pant. i ngr edi ent (s). 20
21. A process fornRrom)ting growm h and/ ar feed conversi in.a nmonogastric

or non-runm na]rﬁ-_ anf RMPI R THCEREARS OFHM 8 W e _eri‘é‘tiggcéeréﬂieﬁﬁYmﬁsc | east
t wo amél?%c%ri%?ldg%e ag@%ggﬁo%[}ge FrefdhfiRdd @ &I‘éér:%%?%'tf;{n?%k% 2%19\%' ned in any of

clains ; . Focess accor to cla erein the
animal is a pig, pAWokipbsitidfh dceddékeeid, antyUsrk@Ming dlgal whichde uddptel @ni mal . 23.

The use of a conposition according to any of clains 1, 3 to 18 as an
addi t i vecdropris fnemd§ast!PiC80 Saiertal niteetigluersp oxidaseper kg feed and 1000 to
10 1,000,000 Shugar units of lysozyme per kg feed.

18. A composition according to any preceding claim which comprises 1-1000
g of arachidonic acid per kg of feed.

19. A process for the production of a feed composition for a monogastric or
non-ruminant animal, the process comprising adding two antimicrobial enzymes and a

15 PUFA to, or mixing a feed additive composition according to any of claims 1 or 3 to 18
with, one or more edible feed substance(s) or ingredient(s).

20.  An animal feed composition comprising an additive composition
according to any of claims 1 or 3 to 18 and one or more edible feed substance(s) or
ingredient(s).

20 21. A process for promoting growth and/or feed conversion in a monogastric

or non-ruminant animal, the process comprising feeding the animal at least two

antimicrobial enzymes and a PUFA or a composition as defined in any of claims 1 to 18

or 20.
22. A process according to claim 21 wherein the animal is a pig, poultry
25 (chicken, turkey), veal or aquatic animal.
23.  The use of a composition according to any of claims 1, 3 to 18 as an

additive for a monogastric animal feed composition.



