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THE PROTEIN DI GESTIBILITY OF ANl MVAL FEEDS Background of the Invention

[ 0001] TMNG2048/B348Wati on clains priority to U S. Patent PGRIUS2908/¢59899Ser i al
No. 60/922,705, filed April 10, 2007, which is incorporated herein by this
reference. [0002] The invention relates generally to aninmal feed nutrition
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ni t r @gAes 4sABSRBgektprodid¥R| Brbildrs and turkeys consume about 44 percent of all the soybeans -

used for livestock in the United States, with layers consuming an additional 7 percent, for a total

of 51 percent. The high demand for soybean meal, as well as other plant protein sources, isin .-
part driven by the ban of meat and bone meal in animal feeds in ‘many developed countries to
reduce the risk of BSE. Soybean meal is now widely used as the primary source of crude protein
in poultry and swine diets due to its higher content of essential amino acids such as lysine (Table
1). In poultry feeds, soybean meals are added to provide crude protein at 23, 20 and 18% in
starter, grower feeds and finisher diets according to the recornméndation of the National
Research Council (1994).
[0004] Although the crude protein content in soybean meals ranges between 44-48%, not all the
| protein is digestible by the digestive systems of poultry and swine. This is highlighted by recent
studies which show that broilers and swine excrete nitrogen at 22 and 40% respectively of their
body weights per annum (Rotz, C.A. 2004. Management to reduce nitrogen losses in animal
production. J. Anim. Sci. 82 (E.Suppl.):E119-E137). Much emphasis has been placed on
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enzymes for non-starch polysaccharides (xylanase, cellulase), and phytates (phytase). Very little

is known of the effect of exogenous protease on nitrogen metabolism in poultry and swine.
[0005] The high crude protein content in soybean meal makes it an ideal primary source of
protein in poultry and swine feeds. The shift from animal to vegetable proteins in the wake of
Bovine Spongiform Encephalopathy (BSE) in Europe has increased the global demand for
soybean meal tremendously over the last few years. Recent studies have shown that despite the
presence of various endogenous proteases in the digestive systems of pouliry and swine,
significant amount of nitrogen is still excreted by these animals into the environment (Rotz,
2004; Ferket et al., 2002). The inefficient utilization of nitfogen in these animals will result in
both pollution and economic loss to the livestock operators. Many commercial feed enzymes use

a single source of protease for the improvement of protein utilization in corn-soybean diets. Our
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alone at the same dosage. Mixtures of bromelain and neutral protease at a total of 2,500u/g was
also more effective than neutral protease alone at the same dosage in increasing ileal amino acid
digestibility of soybean meals.

[0008] Multiple proteases with different pH optima and substrate specificity will enhance the
digestion of soybean meal feed and increase protein untake and utilization, so as to improve
physiology and reduce the environmental impact. The neutral and alkaline proteases together are
able to act synergistically at both acidic and alkaline phases of the animal digestive tract
resulting in higher free amino nitrogen content than with the addition of a single protease. This
allows users of these products to lower feed cost by reducing the amount of crude protein and
synthetic amino acids in the formulation as a result of higher bioavailbility of amino acids from
soybean meals. In addition, improving nitrogen metabolism complements is also an extension of

the total nutrition concept.




soybean neals. In addition, inproving nitrogen netabolismconplenents is
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Detailed Description of Preferred Embodiments
[0013] The present invention provides a method for improving the digestibility of a

proteinaceous animal féed by adding a combination of acidic, neutral, and alkaline proteases to
the animal feed under conditions conducive to the activity of the proteases in hydrolyzing the
animal feed.

[0014] The acidic proteases are those proteases that have a pH optimum that is within the range
from about 1 to about 5 and preferably from 1.5 to 4.5. The neutral proteases are those proteases
that have a pH optimum that is within the range from about 5 to about 7.5 and preferably from 5
to 7. The alkaline proteases are those proteases that have a pH optimum that is within the range
from about 7.5 to about 14 and preferably from 7.5 to 12.5.

[0015] Proteinaceous animal feeds include animal feed compositions made from proteinaceous
grains including soybean, corn, faba beans, barley, wheat, oats, rye, millet, sorghum, and rice.
They also include animal feed compositions made from proteinaceous grain products including
dried distiller’s grains, and from proteinaceous other crops and crop products including cassava
and palm kernel meal.
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EXAMPLE 1

[0020] An in-vitro two-step method was used in this study to simulate the digesti{'e tract of a
monogastric animal. Feed samples were ground to pass through 1 mm size mesh to simulate
mastication prior to incubation with endogenous enzymes (e.g., pepsin and pancreatin).
Sequential incubations at acidic followed by neutral conditions simulate the transition of feed
from stomach to the small intestine. Digestibility of soybean meal by different combinations of
protease is evaluated by formol nitrogen, total protein content, SDS-PAGE electrophoresis and

reversed-phase column HPLC analysis.




WD 2008/ 124819 PCT/ US2008/ 059899 Table 1. Typical nutrient conposition of
soybean neal for Poultry Total and digestible amno acids are listed in
descendi NP HOBEH819s-f ed basi s Soybean Meal 44 Soybean NEEHUS208/65889can Meal
48 Dry matter 9% 90.00 90.00 90.00 Crude protein % 43.50 46.00 49.00 Crude
fat % 1.50 1.50 1.50 Crude fiber % 7.50 5.00 3.50 Mg, kcal/g 2.21 2.33 2.46
Total am nolgmdls (% Lea 3.40 3.55 3.83 1Arg 3. 2813 45 g 66 _Lys 2.74 2.89

3.07 pbie b i NiLOmMPos 1; 0D sovhears {0 DAY Jlotal apd dagestiblg aminas 2. 13
2.28 2.45 Gy186193a_dm:e_dlymg_qug Hs 1.17 1.23 1.31 Oys

0.63 0.67 0.71 Met 0.60 0.63 0.68 Trp 0.59 0.62 0.66 Digestible amino

acids (% Angrdb®h 3. 24 3. Ghbeal Menl % J6 Soydcdn MieAlds LySuymanMed 458 2. 74 The
1.95 2. 14 Ipfhaual 19 7. 15 ghofo B% L. 57ogap> 2 21 Vgjgpr o2 2.08 2.21

Ay 1.48 1. 6Q4dsrdiSn 43.50 46.00 49.00
Crude fat % 1.50 1.50 1.50
Crude fiber % 7.50 5.00 3.50
ME, keal/g 2.21 2.33 2.46
Total amino acids (%)

Len 3.40 3.55 3.83
Arg 3.28 3.45 3.66
Lys 2.74 2.89 3.07
Ser 2.25 2.40 2.54
Phe 2.22 236 2.52
Val 2.19 2.36 2.50
Tle 2.13 . 228 2.45
Gly 1.86 1.93 2.07
Thr /) 1.82 1.94
His 1.17 1.23 1.31
Cys 0.63 0.67 0.71
Met 0.60 0.63 0.68
Trp 0.59 0.62 0.66
Digestible amino acids (%) '

Arg 2.97 3.24 3.43
Len 2.96 3.18 343
Lys 2.38 2.58 2.74
Phe 1.95 2.14 2.29
Ser 19 2.15 228
Te 1.87 2.05 221
Val 1.82 2.08 221
Gly 1.48 1.66 1.78
Thr 1.42 1.59 1.7
His 1.04 1.12 1.2
Met 0.53 0.57 0.62
Cys 0.5 0.56 0.6
Trp 0.49 0.52 0.56

Adapted from Waldroup. P.W., Smith. K. Soybean Use - Poultry. Soybean Meal
Information Center-Fact Sheet. Technical review of soybean products.

Materials and Methods

[0021] Materials. Commercial soybean meal was obtained from Malaysia. All the proteases used
in this study are commercial products and are summarized in Table 2. Acidic protease (Acid
protease, 60,000u/g) and alkaline protease (Alkaline protease, 800,000u/g) were obtained from
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Al

ot herMeigk %&F%Q%P%n)bbt ained from Merck Co. Ltd, Gernmany. Table 2. Summary
of proteases used in this study Description SC|ent|f|c Nane * EC No. * pH
Oigin Acidic Aspergillopepsin 1 3.4.23.18 2.5- Aspergillus spp Protease
5.5 Neutral Zn Met alTable B. Bf profeasEiased irihi Protease endo a tidase
7.5 Al kaline Serine S8 3.4.21.62 9.0- Bacillus spp Protease Endoprotei nase

i o WP R N ST Al Sk O I T I
| nf or mat i 111 Q\/Qf pm (\mh site: brenda bc _unil- koelln de/index nhnd) and
MEROPS, the phtiflicdas¢ Aspergibepepsindb| 3#28:1811e2os. s arsgpergddusspi ndex. ht m
[ 00221 er rreBIoaebaSDeS| gn _The experinent condi si.§8 df seven treatnents with
vari ous Neutral Zn Metallo- 3.42428 | 5.5- Bacillus spp
Protease endopeptidase 7.5
Alkaline Serine S8 3.421.62| 9.0- Bacillus spp
Protease Endoproteinase 12.0
Pepsin - - Procine stomach
(P7000) | mucosa
Pancreatin - - Porcine pancreas
(P7545)

* According to BRENDA, The Comprehensive Enzyme Information System (web site: brenda.be.uni-
koeln defindex.php4) and MEROPS, the peptidase database (web site: merops.sanger.ac.uk/index.htm)

[0022] Experimental Design The experiment consists of seven treatments with various
combinations of proteases added at either acidic or neutral phases (Table 3). The controls for this
experiment are C1 (no protease) and C2 (pepsin at acidic phase and pancreatin at netural phase).
The positive control is C3 (soy protein acid hydrolysate, PS1674, Sigma Aldrich, USA) and was
directly analyzed together with the rest of the treatments for formol nitrogen, total soluble
protein and peptide profile without going through the in vitro two-step method. Each of the
treatments P1-P3 contains a single protease added during the acid incubation together with
pepsin, followed by neutral incubation with pancreatin. P4 and P5 both contain acidic, neutral

and alkaline proteases, but only differ in the sequence of addition (Table 3).
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The HARR F R A Sat B For the acidic incubation, each treatment was made up to 100ml with

0.1 M phosphate buffer (pH 3.2) and 10% (w/v) of pepsin (except C1), and incubated with
soybean meal for 1 hour at 37°C. The samples were subsequently neutralized by 1 N NaOH to
pH 6.8. For neutral incubation, 2.5% (w/v) of pancreatin solution was added to all the test
samples except C1 and the samples were further incubated at 37°C for 4 hours. The reaction was
stopped by placing the samples in a boiling water bath for 10 minutes. The supernatants were
then analyzed for formol nitrogen, total protein content, SDS-PAGE and HPLC analysis (Fig 1). -
Each treatment was carried out in triplicate and the means were tested by One-Way ANOVA in
Prism (GraphPad Inc., USA).

[0024] Formol nitrogen. The method for determination of formol nitrogen is adapted from the
Sorensen formol titration, which is traditionally used for measuring fermentable nitrogen in
juice, wine or vinegar (AOAC Official Methods of Analysis (1984) pages 595-596), and animal
tiséues or cultures (Sisco, R. C., Cunningham. B., Kirk. P.L. 1941. The formol titration of amino
nitrogen. Quantitative drop analysis. J Biol. Chem. 139:1-10). The amount of a:-amino acids and
ammonia determined by this method correlates to the degree of hydrolysis of protein, assuming
that the amount of ammonia released from soybean meal is either insignificant or consistent in

all the samples.
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reduction of the Folin & Ciocalteu’s phenol reagent, which yields a purple color. The amount of

soluble protein can be estimated by reading the absorbance at 510nm of the colored solution
against a calibration curve.

[0028] A Total Protein Kit (Micro Lowry, Peterson’s Modification TP0300 and 1.3540) was
purchased from Sigma-Aldrich Co.Ltd. (USA). Protein standards were prepared by diluting the
400 ug/ml BSA standard solution in water to a volume of 1.0 ml in labeled test tubes. Samples
were diluted accordingly to 10 ml with water followed by addition of 1.0 ml of Lowry reagent
solution. After standing at room temperature for 20 minutes, 0.5 ml of Folin & Ciocalteu’s
phenol reagent working solution was added to each tube and the solutions were left to stand for
another 30 minutes for color development. The standards, samples and blanks were measured at
510 nm within 30 minutes. The calibration curve was plotted with the absorbance value of the

standards versus their corresponding protein concentrations. Protein concentrations in the sample



[00281 A Total Protein Kit (Mcro Lowy, Peterson's Modification TPO300 and
L3540) was urchased from Sigma- Al drich Co.Ltd. (USA). Protein standards
wer e pre?yé}@ﬁwws’cﬁ luting the 400 ug/n BSA standard FSHPS8P058Rater to a
volunme of 1.0 m in |labeled test tubes. Sanples were diluted accordingly to
10 M with water followed by addition of 1.0 ml of Lowy reagent solution.
After standing at roomtenperature for 20 mnutes, 0.5 m of Folin &

G ocdubesyvese detraniapd freayba calisatianayres pod myltinlied by depeappreprisée dilutigbe and t he

sol utj gns > Left t or . anot.ner L nutes for col or devel opnent.
The sf?%ﬂﬁtg\r,\%ga?n g’_a?r?ﬁ?ttggi %ﬁggr%aéﬁé%n% ?’ gﬁ%&%&?@% at 510 nmw thin 30
m nut[eg29] IS PAGE?SW Rge Sis Yn m&d&hg%hﬁ&h@%l tésctibed WE@Hr&%HQEaéﬁ%H? of the
standards versus their corresponding protein concentrations. Protein

conc i §1976h L leavagnef gmiepirel potpims 2goeg thesssemtbrof hsheasoribosapphagehes wer e

det er from the | ) Y t4.nli by .t propriate

di | utﬂozﬁgf’ ’C ré%b(-)ss%&%%% Ne B’?%t%l??\d @%%gﬁh%f#gﬁgfﬂx?lﬁgg I gi nal sanpl e.
f 0029961 2 ErcHpBOcMALI THe 10608 aBBedted BELODED fotes Minudacheldte Laemi i
(Laemmi i, . K. (1970). O eavage of structural proteins during the assenbly

of t Headieg¥f phofiiaeméxtingindd¥ porvacrylamideselsp Blectgphosesy wasrepstiedoutphe was

5 Ver TSR BptBER0 3Pt $rordh anf BEb ARG by overmisht o,
| oadisfnid® with Bibsalfé)€obinkssiy Bluk G258 %followed@ by vibaainihe viie] 50% h&@Birodpior esi s was

carried out in_Tris/Tricine/SDS buffer at 20 V for 3 hours. Protein and
pept i 19 sagtic eeid immietedd by overnight staining with Biosafe Coomassie Bl ue

&250, I sh@[ ' ] 509 Q0% Lc acid in

wat ermB%Ma y@%pg.ge%otéﬁ%seogté%ﬁeta%ro #Sl%sgggfvalgloy egfl;rll1lt neal s treated
Wi t h @irdbirations of protehies atcrodgeradingd 1ot wasssd-pidse lialdehromstdglaphy fer sed- phase
| i qui_d chromat ography l()a - HPLC) as summarized in Table 4. Table 4.
CondiHFldnaspammREged fekrbihése HPLC Paraneters Configurations HPLC System

Agil ent 1100 with binary punps, autosanpler, colum heater and UV- VIS
detector Columm Inertsil WP300 C8, 150 x 4.66 nmID Colum tenp 30C Mbile

phase Water (0.1 % TFAabledr C3fditiongifoe Revéredd-pvzed HPY Cacetonitrile: water
90:10 (0.1% TFA) from 25 to 60 m nutes

Parameters Configurations

HPLC System  Agilent 1100 with binary pumps, autosampler, column heater and UV-
VIS detector _ :

Column Inertsil WP300 C8, 150 x 4.66 mm.ID

Column temp - 30°C S

Mobile phase Water (0.1% TFA) for 20 minutes, followed by acetonitrile: water 90:10
(0.1% TFA) from 25 to 60 minutes

Flow 1.0 ml/min

Detection 280 nm

[0031] Chromatograms of each sample were compared against a peptide standard mixture
(H2016, Sigma-Aldrich Co. Ltd. USA) of dj, tri, tetra, penta, and heptapeptides, and acid-
hydrolyzed soy protein (S1674, Sigma-Aldrich Co. Ltd. USA).

Results and Discussion

[0032] Soy protein isolates consist of about 90% protein and the major components are glycinin
and (-conglycinin, which constitute 65-80% of protein fraction. Glycinin is an oligomeric
protein having a molecular weight of approximately 350 kDa and consisting of six subunits. The
acidic subunits (37-42 kDa) and basic subunits (17-20 kDa) are linked by disulfide bridges. In
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inactivated during the acidic incubation. The lower proteolytic activity of neutral protease can

also be attributed by the lack calcium ions in the incubation buffer, which has been shown to be
required for the two calcium binding sites on Bacillus neutral proteases for optimal activity. The
addition of neutral and alkaline proteases at acidic or neutral incubation has a significant effect
on formol nitrogen, as illustrated by the significant difference between the responses from P4
and P5. As expected, the highest formol nitrogen among the protease-treated samples was
achieved when soybean meal was first digested by acidic protease and pepsin during the acidic
incubation, followed by treatment with neutral and alkaline protease, and pancreatin (P5).
[0034] Total soluble protein content. The Lowry’s method for total protein determination is
based on the combination of two colorimetric reactions: the Biuret reaction in which Cu®* (in the
presence of base) reacts with the peptide bond to give a deep blue color, and Folin-Ciocalteu
chemistry, in which a complex mixture of inorganic salts react with tyrosine and tryptophan

residues to give an intense blue-green color. Although protein content determined by this method
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effect of proteases on amino acid digestibility due to its insensitivity to amino acids.
[0036] Peptide profile as visualized by SDS PAGE. SDS-PAGE is a simple and rapid method to

visualize the extent of proteolysis on soy protein by following the subunits of glycinin 3-
conglycinin. Total hydrolysis will result in a clear lane, as illustrated by the soy protein
hydrolysate C3. It must be emphasized that thermal processing of soybean meal, which varies
from source to source, will greatly influence the visibility of the major soy proteins due to
denaturation. In C1, a few prominent bands (top four arrows) are believed to be the major
subunits of B-conglycinin, as their molecular weights are close to those reported by
Sadeghi.A.A., Nikkhah.A., Shawrang, P., Shahrebabak. M.M. 2006. Protein degradation kinetics
of untreated and treated soybean meal using SDS-PAGE. Animal Feed Science and Technology.
126: 121-133. The smaller basic subunit (17.6 kDa) of glycinin in C1 could be represented by a
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pr ot ahinute psaksisahsenbin €handprpsent ot &l ethersagplasy we suyassume dmat iteeatans y two very
pro mg?oeo%ar Bf ﬁ}lfdg'oﬁilig p%?eiﬁ g uti%'g Za.geagi oHah T8 SII?AIPCIQ Septtﬁ%s :i\an{3 élxhino acids. The -

extent of hydrolysis among the different treatments can be compared The 1.90-minute peak

could be attributed to high molecular weight amino acid such as Lys (129 Da) or Arg, (157 Da),

both of which are abundant in soy (Table 1), or dipeptide of smaller amino acids such as glycine
(57 Da). The peak at 2.20 minutes is most likely a dipeptide as it coincides with the retention
time of the dipeptide standard Gly-Tyr (238.2 Da). There is very little difference between the
peptide profile of soybean meal with pepsin and pancreatin (C2), and the control without any
protease treatment (C1), except for the disappearance of a shoulder peak at about 1.95 minutes.
In fact, the peaks remain essentially the same in the chromatograms of P1, P2 and P3. The only
exception is again, the 1.95-minute peak that became more prorrﬁnent in P1. It is very likely that
the 1.95 minute peak contains amino acids and di-peptides, and therefore does not follow the

trend in formol nitrogen, which is in the order of P3>P1>P2. The 1.95-minute peak increased in
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m nute peak is absent in C3 and present in all other sanples, we can assune
that it contains globular or hydrophilic protein eluting ahead of all the
smal | er PERIAR_MEEIhA amino acids: The extent of hydr ol RGHES28080598%he
different treatnents can be conpared The 1.90-m nute peak could be
attributed to high nol ecul ar wei ght am no acid such as Lys (129 Da) or Arg,
(157 Da both of which are abundant in soy (Table 1), or dipeptide of
smal | Aeightfrers Pdgo Pacnd pscaghe/z dominatiralom C3 Tlhethq)éukmatogmmoﬁﬁéhiﬁ’ﬁes i s

t tid t i.d h th t f th
(rer ;S)e Z@J ikf alngé' "gr[’) Pgaﬁ/aq?p If’?é» ?“Eﬂ?%sof‘\?,\mgﬂ%@nﬁng%\?’@%ﬁesﬁfstﬁe&éh e(r)encee
bet weiﬁ&eaéa& froREP4 ties, Rb 8 kléftudly beeMRe 8 domBaht Yeakhn @%Fﬁi(li&“@ﬁ@th@%ﬁﬂ% tin

(C2), and the control” without any protease treatnen except for the
di sarfpga@lania:%euf The samn irensrwasaddo abseraipd for the ZABO-mmutB@sak WthH mcteasadin peaks

emai_n _gsse the [ oA s _of d, P he onl
e odbr i Foiedps B Dt fe piffert SR R e oS RO oA S | n Pl
It i 9 Mepeaks aﬂé%ymwmdlca&&e o@p&&oms&uhﬁora&acb &@ﬂh@te@ﬁméﬁ‘& iR ragidls and

di - peptldes and therefore does not follow the trend i'n fornol nitrogen,

whi cehagacterization ofiathiro axidsadipwoleaiar melgﬁmudnsethpealummhasetabed in 13 WD
2008/ 1248 PCT/ U 08/ ht om PA.to P5 and becane a
Gons rERAcE by witlower Ryganhon BRAEA] Br Bt wit ciophRes GGl o 1 oe m nut e

peak [6038 qrggnaes_)pﬁﬁw@saz@pg[temqfea@mm At ccﬁ‘ﬁolhéti‘bnﬁ @@brdﬂ@asggﬁm@ gpeased
from P4 to an event ua ecane a dom nant pea ofTow ng the

P odbn chmn@tosaam are enlibroted by thapeptide stnadard orixture

by YOOI o A O S 0 1™

POSi tenkephalifl (PAtGlSGBEPY, STV DAY, Iseu dnﬁz;ﬂfaﬁﬂ STjeIOGLy'S@l}l-PIh@LE@@SBISJD@ dn@r

further ~characterization of amno aci | ow nol ecul ar wei ght pepti des,
the cwgietnsiml (Asp-¥ae-YalglyadledlisPrand4@i2tPe)l ower hydr ophobicity (C4), or one
wi th ion exchange capacity. [00381 Peptide profile of soyprotein treated
with different conbinations of proteases (Gand C2. P2 and P4) and acid
(C3) .CohlRmisiolir omat ograns are cal i brated by the peptide standard m xture
|grra Aldrich Inc. USA) containing Qy-Tyr (238.2 Da), Val-Tyr-Val (379.5
(08391 Tehammyanharac(wps meyﬁ@tpf Te18 PROtFaseR pn sgévaa@meb kb clear that

Tyr Phe- Leu 55 1 Q

EAZp S50l e Ferp i 131t o ey B s TR ot dstermipiamotiy amizpy oy
char aeidedigesability6f é%fyf;ﬂ‘%uﬁfTKB shid3/ shBivs a0k amBhation 60308 neteal andl t 1S cl ear
that fornol nitrogen remains to be one_ of the nost senS|t|ve nmet hods for

det erafialine proteagss mﬁdtedrm ths highestrrapuge of fosmpl Rifrogen ia e ip vira2step metkodst udy
S hoWs['hls (?bser%at%)nng'ﬂr%ér%ﬂp&oﬂeﬂ%&%e varldud Eé’cﬁ}uqﬁl&dhke total soluble protein, SDS-

PAGE and RP-HPLC. This study also shows that SDS-PAGE could be used as a rapid screening

tool for protease or multi-protease systems for soybean meal, as it provides visual evidence of
the proteolyéis of the major soy proteins. The amino acid and protein digestibility of corn-
soybean meal diets for poultry and swine are improved by replacing the neutral protease in
commercial products with a multi-protease system, leading to lower feed cost and/or higher

growth performance.

EXAMPLE 2
[0040] This animal trial was designed to determine the ileal amino acid digestibility of soybean
meal in broilers fed with different combinations of proteases. The result shows that multi-

protease system at 7,500u/g was more effective than neutral protease alone at the same dosage.
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al kal i ne proteases resulted in the highest anount of fonnol nitrogen in an
invitro 2-step nethod. This observation is further supported by the

vari ous t"&@ﬁ?ﬂsaa‘@és’l i ke total soluble protein, SDS- PAGRCHWS20080IC. Thi s
study al so shows that SDS-PACE could be used as a rapid screening tool for
protease or nmulti-protease systens for soybean neal, as it provides visual

evi dence of the proteolysis of the major soy proteins. The am no acid and

pr ot eMixtyregof broprelain andneuseat protesss plakhH)Gwigiversi adsossignificaptlyimory effactivewi ne ar e
i db | i t he. {. t i . i.al t ith
i+ P apd BRUGE: Bt PBRHARE tpefiitied 858 aleb SRR Pt en il s g oweh

performance. EXAMPLE 2 100401 This animal trial was designed to determ ne

the ileal amno acid digestibility of soybean neal in broilers fed with
di f f eMaterialscnt Methodsns of proteases. The result shows that nulti- protease

syste 500u/ S_nor fLective than neutral .proteas l.ope at the
oo Wl Bata, B 955l o oot B oty 87 a2 R P BT8P ol i - anc
neut r piffeRé cEMbRMaténs’of Pbtesse weeé Bsedlif BomhiaRiidllcfayihé WrofBEC withtGial préRasd han
neutral protease alone in _increasing the amno acid ﬁlqlqgestl bility of soybean

meal . adtiit et 260 andd’, ARQwie Feotpmgactivibnofacidic, naptraliand alkalipeprotessesdvasn t he

br of ceaenar BRe R R0 sERRal DA o R By pephenifoR asiamistal g
activity at 2,500 and 7,500u/g. Protease activity of acidic, neutral and

al kal i ne proteases was assayed at pH 3, 6 and 10 respectively. Protease
activity of bromel ai nmﬁﬁwedhewﬂﬁl@lgh Pr ot ease used for

WA anY T
13

each treatsent 7 eatments—PDescripton—Protease—Actdi—<c Neutr al
Al Kal i ne BHGREISER REPHPUION cong o~ Poteass, /oo oen0 - - 2500 3

Ml ti- 417 1667 417 - 2500 AfidiceNentzel nAlkalie Bromgin Totab0oo 5 Milti -

1250 5000 1250 - 750Qonteslot ease 6 Newtral: - 1667 -- 833 2500

2 Neutral - 2500 - - 2500

3 Multi- 417 1667 417 - 2500
Protease

4 Neutral - 7500 - - 7500

5 Multi- ~ 1250 5000 1250 - 7500

_ Protease , .

6 Neutral ; - 1667 - 833 2500
Bromelain ' ~

[0042] Diet. Broiler chickens were fed on a corn soybean meal diets as shown in Table 6 for the
first 7 days. Enzymes with different combinations of proteases were added to the basal diets at
500g/t and cold-pelleted at 70°C. Diets were offered ad libitum and water was available at all

times
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Bronmel ain [00421 Diet. Broiler chickens were fed on a corn soybean neal
diets as shown in Table 6 for the first 7 days. Enzynes wth different
conbi nat Wh3008M2481bt eases were added to the basal di et SPGEUSHOHEFI899and
cold-pelleted at 70C. Diets were offered ad |libitum and water was avail abl e
at all tinmes 15 sft WD 2008/ 124819 PCT/ US2008/ 059899 Table 6. Percent age
conposi tion of the basal corn-soy diet Ingredient g/ 100 g Com (ME 3200
kcal / kg) 57.46 SHiablu@diereentage sampoditic: g basal an-sendigt oi | (ME, 8800
kcal /kg) 5.30 Linestone (38% Ca) 0.88 icalcium phosphate (22% Ca, 18% P)
1.55 Sal iInBredient Sodi um bi carbonate 0.17 M nergllogrgem x 0.1 Vitamn

prem x 0. ( € 0. 30 Calcpurated COTgRQRS t1 oM Crude protein, %
20.4 MNE @°1T‘t“£'§/”g§§§%o Lys, %1.15 Mtk Oys, %084 ,%0.79 Ca
0.91 0. 6BRIFI % M SRR Anijal trial 33 tal of 220 day-old male

broil er chioyreil(EE SPOQkea/kgbt ai ned frjom a | ocal5-3Rat chery and reared in
fl oor pensLimestone(®8feCa) starter/ grower diets. 8825 days off age, the

bi rds wer ditsleined sHdspkhté 229808S18%P) daly 25, birdpsyere wei ghed i ndividual ly
it h

and birds M 0.30
Sodium bicarbonate 0.17
Mineral premix 0.15
Vitamin premix 0.05
Titanium oxide 0.30

Calculated composition

Crude protein, % : 20.4
ME poultry, kcal/kg 3100
Lys, % 1.15
Met + Cys, % 0.54
Thr, % 0.79
Ca ' 0.91
P : ' " o 0.65
Available P : 0.40

[0043] Animal trial. Total of 220 day-old male broiler chicks (Ross) were obtained from a local
hatchery and reared in floor pens on commercial starter/ grower diets. At 25 days of age, the
birds were transferred to cages. On day 25, birds were weighed individually and birds with
relatively high or low body weights were discarded. A total of 180 birds (of uniform body weight
range) were chosen and distributed into 36 groups (pens) of five birds each so that average
weights per pen is nearly equal. Each of the sic dietary treatments was then be randomly
assigned to six pens (six replicates per treatment). Diets were fed for 7 days. On the last day, all
birds were euthanized, digesta from terminal ileum collected, pooled within a pen, freeze dried,
ground and stored at 4 C for further chemical analysis. The ingredient, diet and digesta were
analyzed for titanium marker and amino acids (including methionine and cystine).

[0044] Calculation. Apparent ileal AA digestibility in the diets was calculated, using the ratio of
these nutrients to titanium in the diet and digesta. Apparent ileal AA digestibility (AA) is

calculated as follows:
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relatively high or | ow body weights were discarded. A total of 180 birds (of
uni form body wei ght range) were chosen and distributed into 36 groups
(pens) ofW@RHS/1A81Ys each so that average weights per PENUB2008/65989% equal .
Each of the sic dietary treatnents was then be randomy assigned to six pens
(six replicates per treatnent). Diets were fed for 7 days. On the |ast day,

all birds were euthanized, digests fromtermnal ileumcollected, pooled
within a pen, freeze dried, grdmﬁ/ﬁmd—ézﬂ@r/é‘@ at 4 C for further chemical
anal ysis. The ingredient, “di et a”dng'/lﬁ,eﬁ]‘i were analyzed for titanium
mar ker and ami no aci ds (including nmethiom‘ne and cystine). [00441

Cal cul ation. Apparent ileal AA digestibility in the diets was cal cul at ed,
using the ratio of e At fheent S .- it Aank j i.et and di gesta.
Apparent ileal AA di‘é'g%?’l (5% FH./Fylﬁ( A‘%}lz’i(e’gk‘%g’ﬂict&uﬂah’?@%% P41 onns 1600

2008/ 124819 PCTI US20Kt0T9% 9ati ASf AA(tAAitanihh Judliled] AfgestaTi ) (AA, /Ti)d where,
(AAt / Ti)d =ratio of AAto titaniumin diet, and (AAt / Ti); = ratio of
AAto titaniumin ileal digester [00451 Data anal ysis. The data was anal ysed

by th . Ll I . i s as the
exper (LRt Bptd apity 6 e G & BROSEPRY eerklify 3ol BrRERERR. 75, e

usi NgSAB® witagdn rieaRial iearperimkihthiart) Sign{ficah) difffshcadesvedn memk ywers wer e
carried out.  First, conparing all six treatments together and second,
conpasePagtedvgingithg beaskpigpifcancedifferencs (LeP): Fworsstsipf apalyers avere qaged oW and

D scugsi:o ] i t a i et §.S: i i able 7.
The. t S CORRAE 4 S REhals Rkcind dBonde i iU SHR e Wil

Vial drwith tietdsdddidth, as wel | as the expected amino acids conposition in the
basal diet (corrected for the inclusion rate of 33% is also . included in
the table for conparison. It can be seen fromthe table that with the

excepg s AUd DlssRsforc! ne, nost of the anmino acids in the basal diets were
provi%‘e%—%y—myggga"l—neal .17 WD 2008/ 124819 1' CT/ US2008/ 059899 Table 7.

Am noJ08461dT e a@ifiinb acifl Yf dieybaszitdietiy sufimbdizedimTable di The totaldegnencdng or der.

Essential am nqQ acids are underlined._ Am no acjds, Basal _di et Soybean neal
composition o? soy%ean meal 48, as reportecf by Waldroup anci éjmith, as well as the exp%cted

amino acids composition in the basal diet (corrected for the inclusion rate of 33%) is also .
included in the table for comparison. It can be seen from the table that with the exception of

Isoleucine, most of the amino acids in the basal diets were provided by soybean meal.
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Total Corrected Qdutamc acid 4.45 Aspartic acid 2.13 Isoleucine 2.01 2.45
0.81 Arginine 1.41 3.66 1.21 Proline 1.35 Lysine 1.13 3.07 1.01 Valine
1.08 2.5 WO3MW8/1MBi%Hsi ne 1.02 Al anine 0.99 dycine 0.87 BPCHISLN08/859899
Phenyl al anine 0.79 2.52 0.83 Leucine 0.69 3.83 1.26 Threonine 0.67 1.94
0.64 Serine 0.64 2.54 0.84 Histidine 0.58 1.31 0.43 Methionine 0.3 0.68
0.22 stine 0 28 0.71 0. 23 [00471 Suppl enent atlon of prot ease, V\/net her singly
or i nIlablefli Antingacid profile {%d atte fhedrasg] diatiin descendin Essentipd aminaci ds
over the control diet. In this asids@yguﬁdeﬂ irfedt al prot ease level s of the
treatnments were fixed at 2,500 or 7, 500u/g. The effect of m xture of

prot eases was conparfedinowcids t hatBasél dietut r al Sgybetremeal. Al t hough the earlier
in vitro study (Exanple 1) showed that m xtfgt# doreetedi C, neutral and

al kal i ne proteases @Iuﬁgﬁ@hm@r oport4|45n relreased nore tornol nitrogen than
neutral protease al g A Barti t.heighi gher ,c@st of acidic and al kal i ne proteases

over neutral protea & ant t hat f’tﬁ prop ons t hese 2 proteases have
to be reduced to on%ﬁfﬁ{i&er of thagt i al éSease. Li kewi se, the
ratio neutral prote br onel ai 4i/lvas al 530 dj ust1 according to their

relative cost diffef&lis, [ 00481 TAS5ef fect of mul ti-protease on ileal am no
acid digestibility hagnevident at %;1800u/g.3.%& sudk®drized in Table 8 and
Fig. 5, the nunber Malingi no acids Wiogh si gn215| cant DB3i nproved il eal
digestibility resul Myngider om nul ti 1@20t ease treatnment at 7,500u/g was nore
than that by neutralAlafinet ease at P sanme activity. Mre inportantly, the
nul ti-protease has gpdigdi ficant pegstive xffect (gg0.05) on ileal

digestibility of Cy?’héﬁ&alaﬂiﬁ@ [ npr gveent of scystiggsdi gestibility by

Leucine 0.69 3.83 1.26
Threonine 0.67 1.94 0.64
Serine 0.64 2.54 0.84
Histidine . 0.58 1.31 0.43
Methionine ' 0.3 0.68 0.22
Cystine 0.28 0.71 0.23

[0047] Supplementation of protease, whether singly or in combination, resulted in significant
difference in some amino acids over the control diet. In this study; the total protease levels of the
treatments were fixed at 2,500 or 7,500u/g. The effect of mixture of proteases was compared
with that of neutral protease. Although the earlier in vitro study (Example 1) showed that mixture
of acidic, neutral and alkaline proteases at equal proportion released more formol nitrogen than
neutral protease alone, the higher cost of acidic and alkaline proteases over neutral protease
meant that the proportions of these 2 proteases have to be reduced to one quarter of that of
neutral protease. Likewise, the ratio neutral protease to bromelain was also adjusted according to
their relative cost difference. |

[0048] The effect of multi-protease on ileal amino acid digestibility was evident at 7,500u/g. As
summarized in Table 8 and Fig. 5, the number of amino acids with significantly improved ileal
digestibility resulting from multi-protease treatment at 7,500uw/g was more than that by neutral
protease at the same activity. More importantly, the multi-protease has a significant positive
effect (p<0.05) on ileal digestibility of cystine. The improvement of cystine digestibility by
multi-protease by 2.9% over the control has a sparing effect of methionine, which is also used to

produce cysteine.
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nul ti-protease by 2.9%over the control has a sparing effect of methionine,
which is_also used to produce cysteine. 18 WO 2008/124819 PCT/ US2008/ 059899
Tabl e 8. W4 3842481 pr ot ease suppl enentation at 7, 500u/ POHUPIOBNS98S no aci d
digestibility*. Control Neutral Milti-Protease Mean Mean P< Mean P< Asp
.81 0.829 0.839 0.05 Thr 07450780010780001 Ser 0.807 0.83 0.05
.815 G u..0.885 0.891 0.908 0.01 Pro 0.848 0.86 0.871 0.01 Gy .0, 774 0.806
.05 0. debled. Eifect/safar%e@z&umﬂs@?nteﬂ%w T$0ve osaazﬂeabarem) 25iddigesIYD. 01 i le

1933 0. 9370933 f 00Ty 0897 AS0-91-0-05 Phe 0.803
1834 0.01 0.833 0. TS HEPHt "‘UJ Arg 0.874

/898 0.01-0.896 0 Galh 772 3 291 0 n1‘Mi?é!L Q.87 874 0.878
*Val ues are méan of 081repl i cat®8%nd their signifid$9ce wit Hoéont rol is

i ndi'cated by Thrval db745The mul t 0-78pr ot ea881t r eat mer®-78ont ai N&@0kci di c,

neutral and &ekal i 8@ ot eases088 rati 0066 1:4:1 I8lactivity. Essenti al

am no of aci @uare Q8sker!l i ned.0.§900491 Bronel ai n i 9$.908cyst ei p@®1pr ot ease t hat
has been wel Ipsgt udigeghd or its plggr macol ogi cal ef f gog71 on huggys. One
particul ar staidy hap7pd so attrdgig ed thgoseductiop gfs diarrgeg in piglets to

OO0O0O0OoOO0o

the hydrol YSd) of positiygePnterot oxigenic E g;@l [ recgpgors by this
pr ot ease (Ch | er .S, and Mgpott, T.L. 1998. | ai n tects piglets
fromdiarr he auseO oral c J enge with K88 go% tive e tirot oxi geni c
Escherichi a (9.1? 43: 196- Thi s study onl dcuses on the ef f ect

@ .632 0.656 0.66

Tyr 0.897 0.904 0.91 0.05

Phe 0.803 0.834 0.01 0.833 0.05

His 0.831 0.842 0.845

Lys 0.857 0.865 0.87

Arg 0.874 . 0.898 0.01 0.896 0.01

Cys 0.759 0.772 0.781 0.01

Met 0.875 0.874 0.878

*Values are mean of 6 replicates and their significance with control is indicated by P value. The multi-
_protease treatment contained acidic, neutral and alkaline proteases at ratio of 1:4:1 by activity. Essential
amino of acids are underlined.

[0049] Bromelain is a cysteine protease that has been well studied for its pharmacological effect
on humans. One pafticular study has also attributed the reduction of diarrhea in piglets to the
hydrolysis of K88 positive enterotoxigenic E. coli receptors by this protease (Chandler, D.S. and
Mynott, T.L. 1998. Bromelain protects piglets from diarrhea caused by oral challenge with K88

~ positive enterotoxigenic Escherichia coli. Gut 43:196-202). This study only focuses on the effect
of bromelain on amino acid digestibility when used in combination with a neutral protease. As
shown in Table 5, the number of amino acids with significantly improved ileal digestibility by
neutral protease:bromelain mixture at 2,500u/g was more than that by neutral protease at the
same activity. More significantly, 7 out of 9 essential amino acids were positively improved by
treatment with the neutral-protease:bromelain mixture (Table 9). The combination of bromelain
with another neutral protease, a zinc metalloprotease (Example 1), has a more profound effect of
amino acid digestibility. This clearly shows that the improvement in amino acid digestibility can

also be achieved by a mixture of proteases.
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of bronelain on amno acid digestibility when used in conbination with a
neutral protease. As shown in Table 5, the nunber of amino acids with

si gni fi cA¥R PAP8iMSIbved il eal digestibility by neutral PFEHUS28#0398%nel ai n
m xture at 2,500u/g was nore than that by neutral protease at the sane
activity. Mrre significantly, 7 out of 9 essential am no acids were
positively inproved by treat rrent W th the neutral - prot ease: br onel al n

m xt ur e Jable). Effe aserdupplaments D $00'2 ahie aaid Higestitd

pr ot ease, a—ztfec proteasefExappte—b—hassapre—pt l.uund EffECt of
am no acid di gestl%l; t/} lm—s—e-lmu—sh% t-hat Qfaly 13 8%%ent in anno
acid digestibility M8aR gl so pMeakhi evedP$Hy a mi xtMe# of proPsases. 19 WO
2008/ 124819 RGH 1JSR@I8/ 0598990.827%bl e 9. Eff ect of0.4Dt ease 00Sppl enent at i on
at 2,500u/ g drri | ead.745v no aci 6.78i gesti Bidli ty*. @3 ol Newtgsal

Neutral +Br omeegi N Mpg®7 Mean PSolgsan PS oAsp O. 81 Q’)@j&ﬁ 0.842 0.05 Thr 0.745

0.78 0.01 0. 7@ 0. Ofggser 0.80ygd 83 0.05 0.834 Gigdy 885 0.891 0.896 Pro
0.848 0.86 0. ?806). Gy07.608060050805(p Ala(b 24 0. 837
0.854 0.01 g % 82 0. b ﬁ 0.933 ng 0. 94§ .05 Leu 0.632
0. 656 0. 664 0.8 . 904 0. 0 01 'P e 0.803 4 0.0 .836 0.01 His
0.831 0.842 52 0 Lys O. 0.865 0.874 0. 05)8 0.874 (9.898 0.01 0.900
0.01 Cys 0.7 o. %81 794 o. Met 0.875 0.874 B8H75 *valds are mean of
6 replicates Bed th‘é933 signi fi&3hce with control i%&%46hdi cat 805by P val ue.
The neutral Iguot ea®63dr onel aihéHfi xt ure neutral pritase and bromel ain at
ratio of 4:2 Ty act0.89%y. 0.904 0.916 0.01

Phe 0.803 0.834 0.01 0.836 - 0.01

His 0.831 ' 0.842 0.852 0.01

Lys 0.857 0.865 0.874 0.05

Arg 0.874 0.898 0.01 0.900 0.01

Cys 0.759 0.772 0.794 0.05

Met  0.875 0.874 0.875

*Values are mean of 6 replicates and their significance with control is indicated by P value. The
neutral protease:bromelain mixture neutral protease and bromelain at ratio of 4:2 by activity .
Essential amino of acids are underlined.

Conclusion

00501 Multiple proteases, be it a combination of proteases with similar or different pH optima,
have significant effect on amino acid digestibility of com-soybean meal diets in broilers. Multi-
protease system containing acidic, neutral and alkaline proteases at 7,500u/g was more effective

than neutral protease at the same activity in improving ileal amino acid digestibility. Mixture of

neutral protease and bromelain at 2,500uw/g was also significantly better than neutral protease at
the same activity in improving ileal amino acid digestibility. Multi-enzyme products containing
multi-protease system will therefore achieve higher economic benefit through the energy and
amino acid sparing effects on the feeds.

[00511 The foregoing description and drawings comprise illustrative embodiments of the present
inventions. The forégoing embodiments and the methods described herein may vary based on the
ability, experience, and preference of those skilled in the art. Merely listing the steps of the
method in a certain order does not constitute any limitation on the order of the steps of the
method. The foregoing description and drawings merely explain and illustrate the invention, and

the invention is not limited thereto, except insofar as the claims are so limited. Those skilled in
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Essential am no of acids are underlined, Conclusion [00501 Miultiple
proteases, be it a conbination of proteases with simlar or different pH
optima, WAWSLRH?ficant effect on amino acid di gesti bPETAUS2B/03989%- soybean
meal diets in broilers. Milti- protease system containing acidic, neutral
and al kal i ne proteases at 7,500u/g was nore effective than neutral protease
at the sane activity in inproving ileal amno acid digestibility. Mxture of

neut r &e aprdioduze therdisalesyrebefbre them wilf be ablg tavaskemodificagemst andavariptjoriset t er
t han utral, pr.otease_ at he sa activity in inproving ileal amno acid
di ges@?‘ﬁﬂﬁg{%‘?ﬁ%ﬁ’?ﬁ‘.‘%ﬁ?@ﬁéﬁ’ B“r°88§§¥h§ lﬁ%ﬁgg'ni ng rrprrul ti- gr ot ease systemw ||

t heref ore achi eve hi gher econom c benefit through the energy and amno acid
sparing effects on the feeds. 100511 The foregoi ng description and draw ngs
conprise illustrative enbodi mrents of the present inventions. The foregoing
enbodi nents and the nmethods descri bed herein may vary based on the ability,
experience, and preference of those skilled in the art. Merely listing the
steps of the nethod in a certain order does not constitute any limtation
on the order of the steps of the nethod. The foregoing description and
drawi ngs nmerely explain and illustrate the invention, and the invention is
not limted thereto, except insofar as the clains are so |imted. Those
skilled in 20 WD 2008/ 124819 PCTI US2008/ 059899 the art who have the

di scl osure before themw || be able to nake nodifications and variations
therein without departing fromthe scope of the invention. ~If 21 W claim
1. Anmethod for inproving the digestibility of a protei naceous ani nmal feed,
conprising the steps of: (a) adding at |east an acidic, alkaline, and
neutral protease to the proteinaceous aninal feed; (b) holding the protease
and animal feed m xture at anbient tenperatures; and (c) feeding the
proteases and animal feed to an animal. 2. A nmethod as defined in claiml1,
wherein the proteinaceous animal feed is selected from the group consisting
of soybean neal, corn, faba beans, dry distillers grains, palmkernel neal,
cassava, barley, wheat, oats, rye, mllet, sorghum and rice.
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3. Anethod as defined in claim1l, wherein the proteases are selected to

I ncrease the digestibility of protein and am no acids. 4. A nethod as
defined in claiml1, further conprising the step of adding one or nore feed
enzynes sel ected fromthe group consisting of a-anyl ases, pectinases,

J3-gl ucanases, cellulases, xylanases, phytases, gl ucoanyl ases,

pul | al angg@mim:a- 9al act osi dases, mannanases, and |ipases and optionally
conbined with lecithin or lysolecithins. 5. A nmethod of protecting an ani nal
agai nst infection by an enteric pathogen, conprising: (a) adding at |east

o080 A PRl o O ) BB RRa ™

t enper atgipesf: and (c) feeding the proteases and aninmal feed to an animal.
6. A nmethod as defined in claimb5, wherein conditions conducive to the
activity of &ch ainggHeaspangeidicsalleline.andmoutral peainaseto theireteipase@usst ages of t he

gastrointestinal jfragt.422 p

(b)  holding the protease and animal feed mixture at ambient temperatures; and

(c) feeding the proteases and animal feed to an animal.

2, A method as defined in claim 1, wherein the proteinaceous animal feed is selected from
the group consisting of soybean meal, corn, faba beans, dry distillers grains, palm kernel meal,

cassava, barley, wheat, oats, rye, millet, sorghum, and rice.

3. A method as defined in claim 1, wherein the proteases are selected to increase the

digestibility of protein and amino acids.

4, A method as defined in claim 1, further comprising the step of adding one or more feed
enzymes selected from the group consisting of a-amylases, pectinases, B-glucanases, cellulases,
xylanases, phytases, glucoamylases, pullalanases, a-galactosidases, ﬁannamses, and lipases and

optionally combined with lecithin or lysolecithins.

5. A method of protecting an animal against infection by an enteric pathogen, comprising:
(a)  adding at least an acidic, alkaline, and neutral protease to the proteinaceous
animal feed; '
(b)  holding the protease and animal feed mixture at ambient temperatures; and

(c) feeding the proteases and animal feed to an animal,

6. A method as defined in claim 5, wherein conditions conducive to the activity of each of

the proteases are different at different stages of the gastrointestinal tract.
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