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provided through the administration of the isopropyl ester of the hydroxy analogue of
methionine.

We have now found that when some methionine derivatives, and in particular
the isopropyl ester of the hydroxy analogue of methionine, is provided in the solid form and
admixed with the animal feed, the product shows good bioavalable results at least
equivalent to the liquid form.

Accordingly, the present invention provides an animal rumen-resistant feed
supplement in the solid form said feed supplement comprising at least one methionine
derivative and a porous carrier material, wherein (a) said methionine derivative is selected
from the group consisting of liquid and solid esters of the 2-hydroxy-4-(methylthio) butanoic
acid, with the proviso that solid esters have a melting point of 100°C at most; the 2-amino-4-
methylthiobutanamide and the 2-hydroxy-4-methylthiobutanamide, (b) said methionine
derivative accounts for at least 20% and up to 70% by weight of the feed supplement and (c)
said supplement is in the form of particles having a size range of from 80 to 600 microns.

The present invention provides the advantage over the previously known
animal feed supplements in that the use of the particular feed supplement not only provides a
large amount of methionine to the animal but that methionine is found to be present in the
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of the total feed composition. Suitably, this compound is present in an amount of from 20 to

70% by weight.
The feed supplement of the present invention comprises a porous carrier
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material. Suitably the carrier material has a porosity of at least 0.4 ml/g, and preferably at
least 1.5 ml/g. Suitable carrier materials include natural clays and silicates such as
vermiculite, sepiolite, perlite, bentonite, and/or zeolithes and/or porous silica. One preferred
miaterial is a clay, especially sepiolite, commercially available as Exal-H; in this case, the
methionine derivative accounts up to 40% by weight of the feed supplement. Another
preferred material is silica and the methionine derivative accounts up to 70% by weight of
the feed supplement.

The granule may comprise additional components such as an anti-caking agent,
an anti-oxidising agent and a surfactant. Anti-caking agents suitable for use in the present
invention include silica, talcum, calcium phosphate, calcium carbonate and magnesium
stearate. The preferred anti-caking agent is a compound having a high surface area, for
example at least 100 m?/g. Preferably, the anti-caking agent is silica. The ant-caking agent is
suitable present in an amount of from 0 to 2% by weight.

As regards the anti-oxidising agent, suitable agents include tocopherol, ascorbic
acid, ethoxyquine, propyl, octyl or dodecyl gallate, butyl hydroxy anisole (commonly
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temperature of from 20 to 80°C, preferably from 40 to 70°C. The speed of mixing will be
determined by the desired size of the resulting powder. Alternatively, the mixing may be
carried out in a fluidised bed.
The feed supplement of the present invention may be incorporated into the food
of the animal and according to another aspect of the present invention there is provided an
animal feed comprising a feed supplement as herein before defined.
The present invention will now be described in detail with reference to the

following examples:

In the following preparative work, the following standard tests were carried out
on the solid supplement :

1. Particle Size: The size of the solid particle was determined by passing 100g
of the granules through Retsch sieves with 1.5 mm of amplitude during a period of 10
minutes.

2. Bulk and Tapped Density: The bulk and tapped density were determined by
powder volumenometer (230ml).

3. Carr Index - This index is defined as :

(Bulk Density - Tapped Density)/Bulk Density
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portions of 40g. Each portion was then divided into 8 further portions of 5g for stability

measurement

The stability of the solid product was determined by measuring the amount of
HMBI in the solid product after production (0 days) and after 15, 45 and 90 days The solid
material was kept under ambient conditions throughout the test period. The level of HMBI
remained constant throughout the test period indicating good stability of the feed
supplement. The results are given in Table 1.

Table 1
Amount Batch
HMBI (theoretical) 30.7%
HMBI (0 days) 31.0%
HMBI (15 days) 29.8%
HMBI (45 days) 31.2%
HMBI (90 days) 31.4%




measurenent The stability of the solid product was determ ned by neasuring
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conditions throughout the test periods The | evel of HWVBI remained constant
t hroughout the test period indicating good stability of the feed

suppl enent. The results are given in Table 1. Table 1 Anount Batch HVBI
(theoretical) 30.7% HWBI (0 days) 31.0% HMBI (15 days) 29.8% HMBI (45
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liquid isopropyl ester of 2-hydroxy-4-(nmethylthio) butanoic acid (30wei ght
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hydroxy-4- (methvlt h1 0) butan01c a01d ( HMBI Sum)orte on Sepio te Clay)
A weight of 27kg of sepiolite clay (70 weight %) was placed in a 130 litres
Lodgie plow mixer. The clay was stirred for five minutes. 15kg of the liquid isopropyl ester
of 2-hydroxy-4-(methylthio) butanoic acid (30weight %) was heated to 60°C an then poured

into the mixer at a flow rate of 35kg/hour. The resulting mixture was homogenised for 20

minutes.
The size, the bulked and tapped density, Carr Index and Flow Index of the
resulting granules were determined according to the aforementioned procedures. The results

are given in Table 2.



The size, the bul ked and tapped density, Can Index and Fl ow | ndex of the
resulting granul es were determ ned according to the aforenentioned
procedur e80 03hg24pesults are given in Table 2. WO 03/ 092408 TRBI/1B33/ 01726
6 Table 2: physical properties of theéproducts resulting from Exanples 2
and 3 Characteristic of powder Exanple 2 Exanple 3 HWMBI expected

t heoretical amount* 27.6 27.6 HWMBI anount neasured 28.4 27.7 Size

di stribution sieve* sieve* D10 (m 167 135 D50 (m 344 310 DOO (nm) 529
504 % 630 m1.6 2.1 %< 100 m1.9 1.7 Porosity Total porous vol une
(cnmB/g) 0.38 0.7dble Restiydieal propértiepeithé prokdacts pubing fbnd Bxfmglks 2val 6rre
(cnB/g) Dianeter of interparticular pores 67 74 (m Calculated particle
densi t y** ( g/ ¢ M@ y—t—44—1-d2—Bul-k—powder—ders-ty—g-erh—6—89—06—94+— Tapped
powder density (g/CﬂB):thQﬁriQt;&ﬁpoﬁaéﬂ’ i ndex] 7Baa3ple &l qwi Egalhﬁex annul ar
cell) 20 19 *Taking 1 nto account the purlty of 0 0 cul at ed
from specific ¢HMBEexpegted theoretical Apopn: i duity2 1§ quid
Exampl e 4 A veil giBIOfm&m® nledsuw@éa Si | 1 ca Ti xodi | 683.4r om|Rhodpazsupplier was
placed in a 5 [TTTers Lodrge ptow m xer. Ihg sifTica wag stirred 1o two

m nutes at 200 |Pigedistrifayiong. 5 kg of sieve sieve
D1o (um) 167 135
Dso (um) 344 310
Dy, (1im) 529 504
% > 630 pm 1.6 2.1
% < 100 pm 1.9 1.7
Porosity
Total porous volume (cm’/g) 0.38 0.41
Residual intraparticular porous 0.09 0.11
volume (cm’/g)
Diameter of interparticular pores 67 74
(um)
Calculated particle density” (g/cm’) 1.44 1.42
Bulk powder density (g/cm’) 0.89 0.91
Tapped powder density (g/cm’) 0.95 0.98
Carr index 7% 8%
Flowing index (annular cell) 20 19

*Taking into account the purity of HMBI of 92%
** Calculated from specific gravity of the sepiolite and specific gravity of the liquid

Example 4
A weight of 0.5 kg of silica Tixosil 68 from Rhodia supplier was placed in a 5

liters Lodige plow mixer. The silica was stirred for two minutes at 200 rpm. Then, 0.5 kg of

liquid isopropyl ester of 2-hydroxy-4-(methylthio) butanoic acid (50% weight) was poured

into the mixer at a flow rate of 3.6 kg/hour. The mixture was homogenised for 20 minutes.
The size, the bulk and tapped density, carr Index and flow index of the resulting

granules were determined according the aforementioned procedures and given in table 3.



liquid isopropyl ester of 2-hydroxy-4-(methylthio) butanoic acid (50%
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m xt ure \a© ohovgeni sed for 20 m nutes. The size, the bul lpCandoyapmwed
density, can Index and flow index of The resulting granules were

determ ned according the aforenenti oned procedures and given in table 3. WO
03/ 092403 PCT/1B03/01726 7 The stability of such a powder is good because
t he amount of HMBI renmi ned constant after one nonth. Exanple 5 A wei ght
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The stability of such a powder is good because the anount of HMBI renal ned
constant AFHMBne nonth. Exanple 7 A weight of 14 kg of silica Tixosil 68
from Rhodi a supplier was placed in a 130 liters Lodige plow m xer. The
silica was stirred ol m nutes at 270 rpm Then, 26 kg of liquid

i sopropyl ester of =2= 'Tycﬁ—oxy-4- (et hyl t hi QL but anoi ¢ acid (64. 9% wei ght)
was poured into tHewsigheof 86 kg df silicarkixesibs8 Bomidglidvhusupplimewns placedings
honmogeni sfedkQlodidd fTbR4hi&Sr. The silica was stirred for two minutes at 200 rpm. Then, 0.9 kg of

liquid isopropyl ester of 2-hydroxy-4-(methylthio) butanoic acid (65% weight) was poured

into the mixer at a flow rate of 3.4 kg/hour. The mixture was homogenised for 20 minutes.

The size, the bulk and tapped density, carr Index and flow index of the resulting
granules were determined according the aforementioned procedures and given in table 3.
The stability of such a powder is good because the amount of HMBI remained constant after
one month.

Example 7
A weight of 14 kg of silica Tixosil 68 from Rhodia supplier was placed in a 130

liters Lodige plow mixer. The silica was stirred for two minutes at 270 rpm. Then, 26 kg of
liquid isopropyl ester of 2-hydroxy-4-(methylthio) butanoic acid (64.9% weight) was poured
into the mixer at a flow rate of 39 kg/hour. The mixture was homogenised for 10 minutes
and the chopper was turned on for one minute.

The size, the bulk and tapped density, Carr Index and flow index of the
resulting granules were determined according the aforementioned procedures and given in
table 3.



and the chopper was turned on for one mnute. The size, the bulk and tapped
density, Can Index and flow index of the resulting granules were

det er m newoaso9r4®B ng t he af orenenti oned procedures and gi wET/iBn3/ot7abl e 3.
WO 03/ 092403 PCT/1B03/01726 8 Table 3: physical properties of products
resulting from Exanples 4, 5, 6 and87 Exanple Exanpl e Exanpl e Exanpl e
Characteristic of powder 4 5 6 7 HMBI expected theoretical anount 47 54. 8%
61.1% 61% HWVBI anount neasured by HPLC 46.4 56.5% 60. 8% 61. 4% HVBI anount
measured by HPLC after storage of 47.8 56.3% 62% powder one nonth at 40C
Size distribution sieve* D10 (nm) 140 140 150 140 D50(m 280 280 290 310
D90 (gm 390 390 400 370 >500 m1.2 1.3 2 0.2 <80 Am0 0 0 0.6

Cal cul ated particle density **(g/cm 1.40 1.33 1.27 1.27 Bulk powder
density (g/cnm) 0.51 0.64 0.70 0.64 Tapped powder density (.g/ 0.58 0.72
0.76 0.73 Carr ingblk 31@%91%?@@9@111&8/@? Pogsth st iias trops Rximeles %3 oyangg 20 20
17 * Taking into account the purity of HMVMBI = 94% Exanple 8:

Bio-ajaiTabiTTty Tests The solird Teed suppl enent Jcont ai nf ng AVBI] prepar €
according to Exagple b aRQue j6onpri sing Fovgmnis F&ﬁHP¥DL@§@BPBI a@?@yE
was added to a ?eeg ratlon ang given- to}4 dagy cows sverja periof of77 dpys
at t ‘ﬂlﬁrgrgng dgly, ques. A'stmTar gtudy wa$ _calrigd qu; u |Q%;T|qpid
HVBI (Hl\{{] [ expected, theg 1z o 61.1% %
HMBI amount measured by HPLC 46.4 56.5% 60.8% 61.4%
HMBI amount measured by HPLC after storage of 47.8 56.3% 62%
powder one month at 40°C
Size distribution sieve’
Dy (pm) 140 140 150 140
Dso (pm) 280 280 290 310
Dyp (1m) 390 390 400 370
% > 500 pm 1.2 1.3 2 0.2
% < 80 pm 0 0 0 0.6
Calculated particle density ~ (g/cm’) 1.40 1.33 1.27 1.27
Bulk powder density (g/cm’) 0.51 0.64 0.70 0.64
Tapped powder density (g/cm’) 0.58 0.72 0.76 0.73
Carr index 14% 11% 9% 14%
Flowing index (annular cell) 20 20 20 17

* Taking into account the purity of HMBI = 94%

Example 8: Bio-availability Tests

The solid feed supplement containing HMBI prepared according to Example 1
above comprising 30% HMBI and 70% sepiolite clay was added to a feed ration and given
to 4 dry cows over a period of 7 days at two different daily doses. A similar study was
carried out using liquid HMBI (Comparative Example 1) and the commercially known
product Smartamine (Solid form - Comparative Example 2). The amount of feed
supplement in each case was calculated to provide 50g of either methionine-equivalent
(HMB), in the case of the solid and liquid powdered HMBI or methionine in the case of
Smartamine.

The feed supplement was introduced into the normal feed ration once per day.
Blood samples were taken every half hour for the first two hours following administration of



product Smartam ne (Solid form- Conparative Exanple 2). The anpunt of feed
suppl enent in each case was cal culated to provide 50g of either

met hi oni r#oeguimes ent (HVB), in the case of the solid anecriigesd7mowder ed
HVBI or methionine in the case of Smfrtam ne. The feed suppl enent was
introduced into the normal feed ration once per day. Blood sanples were
taken every half hour for the first two hours follow ng adm ni stration of
WO 03/ 092403 PCT/1B03/01726 9 the feed and then every two hours thereafter
for the Exanple 1 and Conparative Exanple 1 and every two hours in

Conpar at i ve fexdan Bed eveheéwe Qﬁﬁ@ nhéredfted forcthe Mtbipleni arl Compiratité Boanples
nmeasured a (?‘F {We@i TheC glgler th curve was calculated to give the
bi 0- avai | &% ?eer/ U & q‘ﬂgarfl e ?ement according to the present

i nvention provi dedTix5e6rventraiivai dfabétbiomstehinghe téoodTias miearuiredl amBplotipdethe

suppl emen% aegru%érd[gg céx%é%s%q%ﬁﬂre!da@ 'g?venzﬁ& 'Bioof\}aggbl N@m@wms R ngﬂ%ﬂeﬁg%

bi o- avai

resul ted Becordingicohe wse@bgmpn@rpw@ﬂdo%vhhlom%e@? meHPRne- fw Q%H

after intaka sWibleffent ?fovﬁl&r@@/mbﬁ'@avalmﬁte%@ﬂhidlﬁnéﬂlﬁnzﬁ@hﬁﬁé fbv@ddde&%(lno-
hour s. resul%g |n met hi o

he,r e.plotted.,in re 1.whi.ch
represent §V# StBHmHPeas ICH'B‘JFHI% ﬁﬁﬁﬁﬂh@?ﬁ%ﬁ@? %ﬂ%nt%fesﬁfé‘%fﬂ? Tgthioning
vari ous mabdvirgtitnnénts Uﬂjal ploodstfeasd withip [ dovrg aﬁeandtahhewhilst HuB| R@6rtarsinepl i d
per day. ( Hstgfig GeP el A ANhaTE; B RMNAET L3 o D dose. "
provi di ng 50g met thmlmallbqanevaloand in( Higgye plerwhjoly 1spresedy thivBrlpod lasmgi d
HVBI fed eﬂﬁo@gée ¢ )ﬂfr a9 99 @Ry hiceRs n?ec?q%ri(ﬁke'i‘ﬂethﬁ)fﬁ'}@-)suﬂ@gm%o"fe&?r

day (L = T'rqul rrartam ne"M fed at a dose providing
nmet hi oni néu}?ﬂi@m%%vaﬁ fW eEFay WO 03/ 092403 PCT/ 1 B03/01726 10 CLAI IVB

HMBIPS80 is solid HMBI fed at a dose providing 80g methionine-equivalent (or
HMB) per cow per day (“P” stands for powder)

HMBIP50 is solid HMBI fed at a dose providing 50g methionine-equivalent
(HMB) per cow per day

HMBIL is liquid HMBI fed at a dose providing 50g methionine-equivalent
(HMB) per cow per day (L = liquid)

Sm.M is Smartamine M, fed at a dose providing 50 g methionine per cow per

day.



1. An animal runmen-resistant feed supplenent in the solid form said feed
suppl enment conprising at | east one nethionine derivative and a porous
carrier rwDaiogd403 wherein (a) said nmethionine derivative PETEBIXOUBd from
the group consisting of liquid and sWid esters of the

2- hydr oxy-4- (et hyl thi o) butanoic acid, with the proviso that solid esters
have a nelting point of 100C at nost; the 2-am no-4-nethylthi obutanam de
and the 2- hydroxy-4-nethylthiobutanam de, (b) said nethionine derivative
accounts for at least 20% and up to 70% by wei ght of the feed suppl enent
and (c) said supplenent is in the form@lcAIMparticles having a size range of
from80 to 600 mcrons. 2. The feed supplenent of claiml, wherein said
met hi oni ne derivative is a |inear or branched al kyl ester of the

2- hydr oxy 4- (et hyllt Anojnitmat awopreresistant Je¢de seppernensrin thet soid fosme saidefsg

ester, %g?pél‘neﬁ§ b6t nélﬁQI%'E %’a)é{ oﬁé tn%t}noP}ﬁTeYderﬁfﬁﬁ@é gnd RAHEbLYs @m‘?i'é% Yhat&$dler .

sec butyl I SQb ester and tertjo ester, penty

hexyl est ewléerelés(a)eéalémt IoRing (leFiyptIve; is splemte | 01?1 oAb afﬁaSl?tg%%fiﬁmmé@pgr s.
3. TPﬁ f eeséhate@ﬂgkﬁcsf&né Zﬁyd%x@ﬁrlﬁeth%dk}ﬂdgﬂbmaﬂdﬂ@aﬁﬁt\eﬁh iftse Isrbelsda sepsoly bstast e ][
or e tertio bu ohe fee ppl enment imed .i.n any, o
the pr eceg}faﬂ aci‘nf; p‘?&ﬂtef)felﬁo G Aem9sk E%lé %upper—mﬁ@ygﬁ]]og tapapaidg g tgglr}tey
of at | eashyd@ox?,' M@ylﬁnﬂuﬂnmheieaﬂi)ysaai mleﬁﬁxxhndd&walth accdhintsTioe af m 20%
suppl enent i : t

carri or e io" O Sy B B raRE 1t hiReRERTEH (49 ofl St B e Bn of
vermi cul i tRarticdesphaying asize mgﬁ‘? pf Bom{$8rte 609 m;cronqr -om zeoI i t hes or from por ous
silica. 6. The feeg, THQ%&I@IHpIé?ﬁen@'o%‘dl@ﬁ 1%%%{1 sil emEBIohiR! ddFRafivé 3 a' s

sepiolite and the nethioniné d t eacc t.o 4Q0%

of the f eclinesy ppbepehed allpy! osfes g sy sfbémxg-réé E?lﬂeﬁ%ab iC G rssio% e¥iﬁ%<9
car r7 :) e/ r brr&hetrhylaéswrs ethiyl es:& anfgop estefrabdprepyl _In_aﬁteddj’utylaéstet@ natebunbsatyl lcesteu pOI
to % wel S e

o any onc R ek é%%a%vﬁa%ﬁ SRR e ) S8 s R BT her BT
range of fm—pmtstlzBsopmtﬁOﬁ-mxyiramdssohpxséfeacmbl y from 160 to 400 microns. 9.
An animal feed Commy i kaoBRhAHBPLRHED whirdh BldBebr'if (R MoBByOlsid e

precedi ng cl ai ns
the tertio butyl ester.

4. The feed supplement as claimed in any one of the preceding claims, wherein
the porous carrier material has a porosity of at least 0.4 ml/g, and preferably at least 1.5 ml/g.

5. The feed supplement as claimed in any one of the preceding claims, wherein
the carrier material is selected from natural clays and silicates such as vermiculite, sepiolite,
perlite, bentonite; from zeolithes or from porous silica.

6. The feed supplement of claim 5, wherein the carrier material is sepiolite and
the methionine derivative accounts for up to 40% by weight of the feed supplement.

7. The feed supplement of claim 5, wherein the carrier material is silica and the
methionine derivative accounts for up to 70% by weight of the feed supplement.

8. The feed supplement as claimed in any one of the preceding claims, wherein
the particles have a size range of from 125 to 500 microns, preferably from 160 to 400
microns.

9. An animal feed comprising a feed supplement as claimed in any one of the

preceding claims.



