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PROCESS LI NG COVPAN ON AN MALS BY DI ETARY STA

invention relates to a conposition and process for using it to alter 5 and

i mprove gl ucose netabolismin conpanion aninmals, particularly aging .
conpani on ani mal s such as dogs. SeveraM.different conditions are associated
with inpaired glucose netabolismin conpanion animals such as the dog and

cat. These i ncl udeCOMPOSPRONAND PROCESSIFDRGONTROREINGA non-insulin

TN g oSS AR P

di abet es,gj, Pﬁhyperl nsul Tnem a. Hyperinsullnenta he  presence of insulin
at abnorna y high levels in the blood. Counteracting the effects of

- hyperi nsul i N"ERg préyedtampsition ek it a @Ap6Esitidn ahe ;i‘rb@é’éis forusify iPtd SRSEN
the progression of obesity and diabetes. 15 Aging has been associated wth

a $oss and impiei gueose metabelisnein gompaninteasimajsiparticuledy agingnel | . O der
dogs ha attenuat ed gl ycenm c responses conpared to
their y%ﬁnggﬁagoﬁﬂ{%@%g%@aggégﬁted causes for this glucose netabolism
dysfunction gavemil differepttaiditiors ares hestiatedowitia ingaitetd glucosé ardtabolisig from
receptor and post-recagqt or disturbances, dimnmnished pancreatic islet 20

B-cel | HeGRMPaRiPhANIHalR sHesas thedogand gatd Td@sepn@lude cbaia@tegébqthunwlmuon
Age-
both dogebEhdshyios SRR To AP epshabRERBIIMO B Bl SHRRY, Gorlditits. , "

stodi elsahd\gelstatm (peet?]ndr&;yezf MOthm'f@a@elaidm ngébabobcedisatcbémﬂntrsobesikrm% geJ

m ni ma r oac Ber S ni.ma Ber gnman et m

Physi ol 9%@?'% B3R iperisylinginias HyserosUemia taie,Mesenes af Meuin oty |

I nvest. HB}malgﬁﬁlgh levels IHifs QIBoﬁl%éuﬁtbréB{ﬁ'&fhE'é?ﬁc?@Bf’hy shf‘nemla

senS| tivi ty an ncreati c responsi veness I n~an ntact or sm e

m ni mal bymwenwg)msuhn thevels in ﬂmlpioodrcammp|l@$ﬁemtmmbgmsmmeﬁmb@|mjcavzb and

insulin e}éwim cs during an intravenous glucose tolerance test. Using this
nodel , P{ & been suggested that aging is 30 associated with a | ower

glygcose di sapfy RS DebRldsobREEE MHhth 138 Bfi gly&éhiie! dontrol Moi@nl?'nﬂlﬁﬁﬁfbnsand a
suppressed second phase B-cell response to glucose stinul ation. J U

N 200" butin dogacpg well. Older dngs dewe teenoeperied to have altenuatet giycemi

o1 90e°! FbuiheEh eipaREto et SEYpAErRS 4P REPGRSREABARIARS, " 35 '

182- 86 @hitis8g. matabolismndysiiliystion it aging yopuksionefinciededncreased insulin
resistance from receptor and post-receptor disturbances, diminished pancreatic islet

20 B-cell sensitivity to glucose, and impaired peripheral glucose utilization.
Age-associated increases in body fat deposition may also play a role. In both dogs
and cats, glucose tolerance is impaired with obesity.

Several studies have examined the effect of age and glucose metabolism

using the minimal model approach. Bergman's Minimal Model (Bergman et al., Am.

25 J. Physiol, vol. 236(6), p. E-667-77(1979) and Bergman et al., J. Clin. Invest., vol.
68(6), p. 1456-67 (1981)) quantifies both insulin sensitivity and pancreatic
responsiveness in an intact organism. The minimal model approach uses computer
modeling to analyze plasma glucose and insulin dynamics during an intravenous
glucose tolerance test. Using this model, it has been suggested that aging is

30 associated with a lower glucose disappearance rate, decreased insulin sensitivity to
glucose, and a suppressed second phase B-cell response to glucose stimulation.
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5 conparatively rank foods based on their Olycem c response. The gl ycef 2 JUN 200
I ndex and dietary content of carbohydrates have been used to explain
approxi mately 9090 of the reason for differences in glucose and insulin
- responsem.-goopoeal . However) such studies have focused on altering the

anount of starch In a diet. ‘IJ\; In a recent study us‘g 'young beagl e dog9psiie:
t he source ‘of dilAM&DSR2PBar c s reported to Influenc he 10 postprandl a
response’'to a neal (Sunvold et al:, Recent Advances in Canine and Feline
" Nutrition) p.123-34 (1888)). In another study) the presence of rice as a
di etary carbohydrate source exacerbated glycem c and insullnerm c responses
In ol der dogs (Massimno et ai, FASEB Journal, v. 13 (1898) page a375). ,
See al so, Sunvold, U S. Patent No. 5,932,2b8 and WD 99151148 wherein 15 -
conpositions and processes for inproving glucose netabolismin conpanion
ani mate are described which include, as carbohydrate sources, blends of .
sorghum and barl ey, corn and barl ey, corn andzsorghunt and corn, sorghum

and barley. Accordi ngs&hﬁmr&ehwagéﬁe&aaﬁ@dpﬂrﬁwmm%o n@qt‘?ﬁo%’tary

conposi tion which can gltar and i nprove npani on ani nal ucose

met abol i sm par t Fe8PeAF! lyf@meﬂeegtme%elumeammwowm ngabmtaat Wa
ani mal . The presgpEN, WIELY, 'ponla'M@Qb ERThe R '*&Wc@rhib‘th&ﬁﬂ"gva% d‘éﬁmééﬁ'v&?to

and process for usi ng }‘I"Q tion to alter and nprove_gl ucose

met abol i sm7n coffPRRAH erﬂﬂ!ﬂ ed ondhe) EUIYWI“Q(E%QWB&%C ualyrerpiedndaxanst

of the present rmmrymmenvomtbuthtmmwehhwmaym E hitm!néw@bmﬁ%hé
car bo

source of protei E%‘P e of fat, and é ource drates from a

grai n source whi 3893 ?Wé"ﬂ”f’”%@"q) é'r'I' r&ﬁ?ﬁi‘sﬁﬂéﬂag‘ aibt Hpweyer, such

corrp(r)]sr ti onb\lrvhr g istudieschave fodused an atianrgy the amoomt oﬁnta'cb(ljlmﬁgrenf BaPine ﬁbdnt study
a en n of co

ond oats: or o B SRk boag AR Rl bohy oftHerafl SiEh e rerctind tafifiugnoa e

glycem c ai@ i ns@estpeandial respposestosa mbalk(Sunvolkd at al., RecentAdvantes Iﬁmw e

e does.  AVENDED! SHEENGRIL 5 24 s 1B BpBHG el B BageA Ghi g clotary
PBd 3 Bgo ?gr t ?t4 (r) P;f?by?mtt:immemmd glycpmie sedh Ingulnemmfespfenm;eln bidler T:Iggui
under S rs of aDe or al der
and over 90 Ibs ((48 sklﬁno %\g@gmifeja%ﬂ. \F% r)php feed). 5 Wiere the
source of carbohydrat §°P'§°a3‘l!ﬂ"émd W@W@%MWM&W

and barley]sit I%ompeilﬁéﬁﬂhdﬁraées’shﬁf@hﬁbﬁbﬁb fmwéseﬁﬁt%r@hﬁ%}ﬁ yriiod Eﬁmals

oonposi bari Inavvr f fr mbet 51 re prefera
from1:3 to 3. 1) afs e §95 HF‘E?‘A'P e can W@W%oﬂ? ?Ifw&wﬂbﬁ%bms
to a blend of oo@nsmdﬁnﬂwaaﬂnhadbomhumran@&mﬂﬂrﬁﬂﬂhﬂﬁ@bm s, it is

preferred that thse s osrtr I

wei ght ratio of from é‘glﬁgwéﬁg'#%?ﬁﬁ%%?rgﬁ%w é‘?pr?P FVR‘Iq?'om
1:1:3 to 1:3:1 t 628 e!attar)d lmmwmmmmﬂmml'ﬂolmme)metewbm pariytarly the
Preferabl ypot he GRiEBES ikt f | % crude protein, from4
to 30% fat, from?2 b?ZO%tgf@@grgﬁmg&mggnagh a0 source of starch whi ch
excl udes rice 15 but TMPW&ES"E"QSI"@%H‘W thatraediypravidieg eccompostiinn and proness
and sor ghum Oomfor&m Bboﬁ?ésnbﬁi {oSiter SAdIMpTEVEGILSdsehetab st mg?n'flﬁﬁhﬁna”d

barl ey. TyprcaIIy, the conposition

te souyrces |n
present inventi off? FI’c FP%’%@@M’%’(P%W’B‘T of ihapregentdavention @ pet

The pet flood cotfputstato smm@ rdvueebhumcnrdeu@ mm%t&hla%meébﬁfm%ﬁé
20 wat er s%uble cel |

Addi t | | "t
may furthefincl &88"? i"’t‘b‘ifitfsm b%ﬁ@@gwn ﬁ%ﬂém Afr?ﬂnpOSI II?'PU
dietary fiber of thatrarpetdoddadnnspdsitionwhichhiseh abahecarbolydpats isduts alfénd of com

For o 24 hour perradorbtih: KHER o38rE sBipnl: But B Herdlot oSG sermfioptd ng
post prandi al gl y &8t alandzs optyandibaday.dendectosaoisinte the anlmatyglydemiaandl
Compr i 5i ng._a sour RymicEididel dhir ¥ AL 3ie dHeEPs eloh oro ke WitA TS | "
car bohydr a88s m.c@mp@mpwefgd 19 gerlatriv-eompealan gnimals such asdogeir ~t e sour ce

i ncl udes a grain source such as a blend of corn and sorghum AMENDED SHEET
0 2J UN 2003 19-02-2001 ' ' 1AM 0522 PB -3a 009118g a bl end of com
sorghum and barley; a blend of com sor~phum and oats; or a blend of oats
and barley. Accordingly, tt is a feature of the present invention to

provi de a conposition 5 and process of using it to | npro~e gluco9e andl or

i nsulin metabolismin conpani onAMENDED BHERET | cul arly agi ng conpani on
animals by controlling the postprandlal plycenm c andlor Insulinemc
responses in those aninmals. This, and other features and advantages of the
present invention, w I I becorre apparent from t he fr oI | owr n8 det a| | ed
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and corresponding statistical differences (B) in dogs after a neal; FQ&JUi" 2003
Is a graph of the effect of diet on plasma insulin curve (A and

correspondi ng statistical differences (B) in dogs after a neal; 5 Fig. 3 is

. a graph of_nbl ffect .of age on plasma glucose curve (A) and correspondin

' stat‘istigéalotzszﬁerences (i 3)gmi n"dogs after a neat; Fi 4 is a graph of thQHB
effect of age onANIOEIRPB NS n curve {A) and corres di ng statistical
differences (B) in dogs after a neat; Fig. 5 is a graph of the age*di et
“interaction effect on plasm gl ucose curve 10 (A) and correspondi ng
statistical differences (B) in dogs after a neal; Fig. 6 is a graph of the
age*diet interaction effect on plasma insulin curve (A and correspondi ng
statistical differences (B) in dogs after a neal; Fig. 7 is a graph of the
effect of age and diet (A) and age*diet interactions (B) on the fractional
rate of glucose turnover (k) and half life (T"2) in dogs after a neal; 15

Fig. 8 is a graph of the effect of breed on pBasma gl ucose levels (A) and
correspondi ng statistical differences (B) in dogs after a neal; Fig. 9 is a
graph of the effect of breed on plasma insulin levels (A and correspondi ng
statistical diff&ydgeratriq@giitis ceant eriy dog seven yearsiif gge ooolder andyuraden 901ba he

age*breed effect I 0 '
statistical diffdiokpd B;?@S %ﬁ“ﬁ?@é“ﬁ?&@%@%ﬁpﬁé oroley %?'E%Sg"g?@sﬁ (49 gk
age*breed ef f ect obhogy weight (argepr glantdyreeddd correspondi ng stati sti cal
di fferencesg(B) in do I gmgegf arhl ' I t %ﬁ@
age) breed) and diet gﬁ]‘eﬁ)@?ﬁqn i a}:raréalghg%rg%a%ilénﬁ?&?ﬂtoggﬁng{ng;ﬁ R |'§?Efgéqu
a graph of the efofeals asd bagey, itis peaferrad ihatihese siarghnoumesbei presantinthen i n
fox terriers; Figg ticn A D fetio b rﬁfbfeﬁﬁé_g -5 496 fﬂi‘m Loty,
post prandi a) gl ucc_)gpgéls n Labr aggpt retr fﬁ?/er S; |n3{. ® 15@{\%&2%3&% o¥ "?ﬁe‘l'ﬂb
effect of age, brebd®ndsmast preferably 15bsWhem ihe source of carhobysiratgs s blgad of com,
retrievers; 0 ZoghinaniObhiiey, or com, sorghum and oats, it is preferred that these starch
9-02-2001 ',." 009 i 1 39 1AM88_QS?§% PB .5 Fi g 16 is a géﬁ%h illustrating the
gl ucose redBonse SCHFEHE DopErse R GAERRsAn Ipiawveight rallq of fmm ke drtpto
di etary starches;1:¥il¢p &1:1, snore greferabiyifrorntr1eSot:Ri ta 8521, @nd@host Prférablgose
curve for dogs 5 ﬁpqsruga&%v&'yet s containing different dietary star~ahes;
Preferably, the composition comprises from 20 to 40% crude protein, from 4 to
30% fat, from 2 to 20% total dietary fiber, and a source of starch which excludes rice
15 but includes a blend of other grain sources such as com and sorghum; comn,
sorghum, and barley; com, sorghum, and oats; or oats and barley. Typically, the
carbohydrate sources in the composition of the presant invention will make up from
35 to 60 wi% of the composition.
The pet food composition may optionally include chromium tripicolinate and a
20 water soluble, cellulose ethar. Additionally, the pet food composition may further
Include from 1 to 11 weight percent of supplemental total dietary fiber of farmentable
fibers which have an organic matter disappearance of 15 to 60 weight percent when
fermented by fecal bacteria for a 24 hour period.
- The Invention also includes a process for controlling postprandial glycemic and
25 insulinemic responses in a companion animal comprising the step of feeding the
companion animal a pet food composition comprising a source of protein, a source of
fat, and a source of carbohydrates which excludes rice. Preferably, the carbohydrate
source includes a grain source such as a bland of corn and sorghuny;
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FIg.18 is a graph illustrating the Insulin response curves for dogs 02 JUN 2003
consum ng diets containing different dietary starches: and Fig. 19 fs a
graph of incremental area under the Insulin curve for dogs oonsunfnQ diets
- cont ai ni n@adidoby er ant - di etary starches. 10 The present inverrtlon utilizes

a pet food conﬁﬁﬁhb%££ mhlcg!E;cludes rice but inclu a grain source 0091189
which aids in RB a anion aninmal's gl ycem ™ andl or insultnemc
responses such as a blend of comand sorghum a blend of com sorghum and
" barley; a blend of com sorghum and oats; or a blend of oats and barl ey.

In a healthy) but aged (geriatric) conpanion animl, the presence of rice
as a 15 dietary starch source exacerbates the glycem a and insultnernic
responses to a neal) independent of body conposition, glucose clearance) or
half life. Healthy geriatric animals wlll especially beneilt from being tad
t he conposition of the present |nvention. For exanpl e) |arge breed
geriatric dogs suffering fron1hyperinsu|inen1§ w || especially benefit from
being fed the conposition of the present invention. 20 The pet f ood

conposi tion can sui t abl et od formula which a i.des
adequate nutri tigﬁleﬁgryt’ff’w@' %\Wﬁ‘ﬂﬁ aﬂiﬁa'f%ﬂbrﬁd glc?@p?‘?fﬁb“@a %at&i Qi@ pignd
use I n the preseoffocathamhbantey. "ay contain from 20 to 40% crude protein (and
preferably 25 to 35% Q %.f at 10 to 18/0

from2 to 20% t ~ot ai ‘éﬁ%%?‘%é at‘e\'ieoqgh Eelﬁ f?rP'?ES'HP@ep"“;;ﬂqsgb“
per cent agess by V\emypmce&mushiglmlmbm% mmbahyﬂbaheulmuataesliémlcdtfﬁnpanlon

or o1 or abl y 1 om S0 By Eithb pRRethioh e 8 sorBlid s Boxaiantlel b« “com

i s ground com nre@lycetnis @andioninsulinenic respoosesdn thosal dnjmais.n Thispsndbiher features

I ngredi ents whic

gl ycem ¢ andl or ﬁfﬂ&ﬁé‘%@lﬁgP Z{siﬁcﬁééa&ﬂ]nvgﬁﬂ%%'%ﬁ% &ﬁg’gr&ﬁ%ﬁgﬁ%@m

i ncl ude chr oni unfietailes description, the apcompanying drawingsandthecappentieditialhs. t o
about 5Q0 m crograns of- chrornl um per day. Chrom um AMENDED SHEET 0 2 J U
N 2003 '"i 9-@2-200 ~'. ' _ 1 AhA 0522 PB i 009~~~ 89F tripicolinate occurs
in brewers yeast, and the yeast may be added to the pet food conposition.
Attematively, the chromumtriptcollnate nay be added to the conposition in
a substantially pure form 5 The conposition nay al so oontein a water

sol ubl e cellul ose ether. such as, for exanple, carboxynethyl cellul ose or
hydr oxypropy( nethyl cellul ose ether (HPMC). If carboxynmethyl Cellulose is
used, it is preferably a high visoo9lty conposldon in the range of from
about 6,000 to about 85,D00 cps and Is added to the conposition in an
anount of approximately 1 % by wetaht. It HPMC is utilized, It is
preferably also a 10 high viscosity conposition in the range of from about
10, 000 to about 2,000, 00D cps and |Is added to the composhion in an anount
of from about 1-2% by wel ht. A suitable rade of HPMC Is avail able from The
Dow Chem cal Conpany under the designation METHOCEL"' K-100M 1t has been
fidund that such war sol uble cellul ose ethers have the effect of delaying
the pvstprandlal rise of glucose levels in 15 the animal's bl ood. The pet
f ood canposl don of the pr~asent invention may al so optionally contain a
source of fernmentable fibers wh~h display oertatn organic matter

di sappear ance percentags. The femmentabl e fibers which may be used have an
organi ¢ matter di sappearance (OVD) of from 15 to 80 percent when fernented
by fecal bacteria in 20 vitro for a 24 hour period. That is, from15 to 60
percent of the total organic matter originally present Is fernmented and
converted by the fiscal bacteria. The organic nmatter di sappearance of the
fibers Is pr~eferabiy 20 to 50 percent, and nost proeferebly is 30 to 40
peroent. Thus, in vitro OVD perrsntage may be cal cul ated as fol lows: 25
~1-((OM residue - OMblankyOMinitial]} x 100, where 4Mresidua is the
oraani ¢ matker recovered after 24 hours of fernentation, OMblank is the
organic matter recovered In corresponding bl ank tubes (i.e., tubes
cont ai ni ng nmedi um and diluted feces) but no substrate), and OMInwal Is
that organic matter placed Into the tube prior tc fennrrtatlon. Additional
details of the procedure ~0 are fiound in Sunvold et a(, J. Antm Scl.
1985, vat. 73:1099-110s. AVMENDED SHEET 0 2 J U N 20D3 'i=9-0~-240"f . .

| AM 0522 PB 00911-8 | _7. 1'he fernmentable fibers nay be any fiber source
whi ch Intestinal bacteria present in the animal can fernent to produce
significant quantities of SC-AsAMERD®ED §Hegnt quantities" of SCFAs, for
pur poses of this invention) are anmobunts over 0.5 5 nmoi of total SCFAsJgram
of substrate In a 24 hour period. Preferred fibers include beet pulp) gum
arable (|nclud|ng gun1ta|ha)) psylllun1 rice bran car ob bean gum C|trus
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02 JUN 2008
wei ght percent. A definition of "supplenental total dietary fiber first

requi res WO eMIBUnati on of "total dietary fiber". 'Total diRCHVSOIM4MS' is '
defind as the residue of plant fioad which 1 Sis resistant to hydrolysis

by ani mal digestive enzynmes. The main conponents of total dietary fiber are
cel lul ose, hem oellul ose, pectin, ligni;n and guns (as opposed to "cruder
fiber, which only contains sone forns 'g'f' cellul ose and |ignin).

"Suppl emental_.total dietat iper" Is_that dietary fiber which is ded to
21 bod pr ocuEIS-abdk @ Srsbh Hisbating e afeetetdiet bRilesma clgapesud B o
ot her ¢ i ; ; ol 4 .source" is
consi dergﬂg iﬁégﬁ;@ﬁgﬁlﬁﬁ{@%h@@%ﬁ%ﬁ%@é%ﬁh? tlé;/ﬂeo'jh Pﬁ%’r. uI n orlder t hat
the | ti i lieea oéthb effectufadict ow plasned érsinecurege (Ajando th
foIeI o\r,]\,.ygg' gga@'{es ﬁ;ﬁhﬁrﬁ I n?gni Sita i I¢I HSt rate fhe | n\%ﬁt?o(r)l. E>e<arrpl e
é . EigR E@'gp Lﬁ)g ispical djt Qr%nﬁﬁsf #hAogR A Fé??’“?iyéz_égar}ﬂ | .. abr agor

ekri evers i i 57 Y an
brged t hen rgﬁ%oﬁligggﬁgééﬁ %ﬁgﬁte fo gét/\smg?)hﬁﬁlétql%cnal Idi/ cgrgp?(gtﬁéadi ets
(n=18 | cdiresponding Statitdigal differeridasyB) i dogs afteaiarmeall 8. 2% (wl w) ground con)

18. 2~ (w g , t d 18. 29’ W i h S di et 9 th
st ar ch( so\llj\? c?ége'mﬁhéa@%ﬁ%@?&%ﬁﬁeﬁh?eﬁéﬁean . r %?’0&5‘@{;‘9@'@9@%&: :nZZI 28. 5%e
(W w) grca'r@sgeﬁahg@tétﬁ%cdi GitfbréifcdsB) abgg_asrt@wacm&al-?»o Sae Tables 1 and 2

bel ow. Both diets were |soenergetic, "providing AVENDED SHEET WO 00/ 49891
-g.. 0 2 J UFig.26ds amgraphwd tihenageidiebipteraction effection plaarda glucpsexurvg, CS

CRS ,di , i vel i d not  dj.f. ' t .arch tent.
Tl o o (B) Bhd colyBBRBredh R AstRARa e e (i Bhasthridhe meBly 5 ooy
(~kg) Gound FQ?I Bagiﬁagﬁﬂf'ﬂhé apewa?ﬁiérﬁaﬁ’mm&t bh PRISHIZ ANsdiinrourve (A)
by- product, neal 25127710Poul try Tat 6160Beet pul p4040Chi cken
di gest 2@MIHQTERSHONGiINsholatistinad diffences B LN, c@wq/@fé@rtqm’ém ed whol e

egglolocal ci (o1 i A i L er al
c991010Ca, 1 R ¥ RYGHBRLRE 3RS A0 Rt TRT e sl R bR )

chl or i destlihie-fididtivnahiate 22 giucdse tanmver tkyarmbhalflife (CRpirFdogsrafteralngeal; n
sorghum 252 M. neral prem x Prow ded the foll ow n er kgdi eiﬁ:) Asl r(r]g
melfyanese, 2719: 8¢ 2igraph ebthaetfespf h&@ﬂﬁ@ﬂdﬁﬁﬂ@%@%?@sq lsyelse(A)gnd g
magnesi : Haratcsd &8V | ' m x provi ded the

fo?l ow 'E\Hg?TpeéP %ng}gz#b{'ﬁ@kﬁﬁ%\'}?t am @AHr@?}lilﬁ\ﬂdtqgﬁaﬁE 1261 U vitam n

D3, 14 ny t hi drgng ia graph obtifd effect, of Weed oni plasma iB8ulirgledeisp@itantdheni c

id) 10 doxi .60Q. ~q biotjn, 1 9 foli id, 2 067 hol i ne,
23 my i oEReBoa O AstH difefences (8) i aods Shay B itealuo nof 40801 g Tabi &
2 - Nutr i oriah, SONPBTrabRD e BpETEeF CRRLEGVHRAAE febsH IUBTR) and

DietD etary starch43. T4: ) )
Praft ei n2@resspopdingistatisticat diffesences (@) intdogsafts ssmeali uml. 31. 310

Phosphorusl. 1d. 1 : ' - t noisture
are expr esse?1 Sn%?%éﬁﬁﬁ'ﬁ%fﬂ%aé?@"i&%g%g%@ Rf%%ﬁ%‘iﬂés@?g(ﬁg%%ms =

cor nl 1 i axrassyondiny statistical Mfferenéés (BYin dupsidfterGRimetilet (which was fed as

t he basal di g&%) all aninmals 15 underwent a glycem c response (CGR) .test

fol | owed by | dé ds 8 arapl phthe-etfectof ager brerd,@and diet 98 Ragtprandial glycase. qay
consunptih ¢8x BsrrieRd on the experinental diets, animals underwent the sane
tests incl u)éi ng a whol e body dual energy x-ray absorptionetry (DEXA} scan

t 028let er m ne Bigdy 3fima,graphiof the\effext of agd, bieee; ahdadiepors postprandial imsulin wer e
wei ghed .d3i| and feed intakes were recorded and 20 adjusted to mnimze
wei ght P el‘ﬁ%l?\e&?rs during the study. One aninmal was rempved fromthe study

for health re K BAeSd 2 aqtd ional
Ani mal Care aﬁ@ajﬁgels %ﬁﬁ@égﬁgé test vva%' cong#g;& e %ﬂagﬁd(ﬂ@ﬁl%qésé)
bot h befiorlsatwadonfetievarae 90- day feeding period. Animals were fasted for 24

hours prior tg.the.test. On_the rni 25 of the tes ani mal s .were f.ed
one. halt thei FiaudBiis Sraraphar| Bidmast ohdoenbibest abrfbon RRstFraneel insut

m goit es afl_4¥radspicdfibwsts: An i ndwel | i ng catheter (14-gauge 14 cmin the LR
22-gauge) 3.2 cmin the FT) was sutured in place using 3-0 Dexon (Butler,
Col unbus, OH) in either the left or right jugular vein and flushed with
heparini zed saline. Blood sanples were collected for glucose and insulin
anal ysi s at



" curve,

30_-10, O, 10, 20, 30) 45, 60, 120, 180 and 240 minutes. The -10 ancb? m. n
time points were averaged to yield a single baseline tinme point. Data \7&% 2003
plotted_and anal yzed as increnental area under the curve (IAUC) determ ned
_ by-the téagfé;éé'i dal “mef hod” "TAUC i'S defined as the area under the response
Jai¥eftNe the basel ige. ~ ~ ~ a N. z003 WO @& 49891 - 10 009118g
P CT/ USOO/0442§ ﬁﬁ% S o0 conducted one week af the GR Aninmals
were tasted 24 ﬁours prior to the GIT. Prior to adm nistration) a 14 gauge
14 cmindwel ling catheter was placed in either the left or right jugular
vein in the LR and a smaller 22 gauge 3.2 crn catheter was used in the FT.
Heparini zed saline was flushed through 5 the catheters which were sutured
in place using 3-0 Dexon (Butler, Colunbus, OH). Bl ood sanples were
collected for glucose and insulin analysis a? -20, -10, O, 2, 4, 6, 8, 10,
12, 14) 16, 19, 22, 25, 30, 40, 50, 60, 70, "80, 90, 100, 120, 140, 160, and
180 minutes. G ucose FpAwisa lgriphditistriiing the ghidoke rdeponsetirvesior dogsisardueing
time O (0.3 g glucose ! k&&g(ﬁ% %@ht : aa descri bed by Bergman et al. (1981
) and Duysinx etdigts cantalni B Q‘og,‘a'(? P$ 20, p. 425-32 (1994). )nsulin
(Human | nsulin Novol iy, B7 18%8 graphofdicsdmentaluraa kinderthe glutoseccliree fa?dogs nut es.
Bl ood sanples for glucose and ipsul Lp a | .collected in
hepari ni zed Va,cM%H@ﬁ'?"ﬁetﬁGBE@W%%%@‘@@%%&E’SUnnyval e) CA) and
sanpl es for henat ol o8 ieagraph ilusiveting thel ihsulinedspons&elives fardags consuming
t ubes (Becton-Di gkj nso Su I for glucose and 15 insulin
determ nati ons v@#ﬁpﬁﬂ%aﬁér\a&ﬁ?ﬂ@fcﬁa&ﬁ@od (1850 x g) for 8 mnutes
at room tenperat ure. Fij.udsa graph ofiindremental anvadindexthe Insulin curve dor degsdase
and a Cobas Mra_Analyzer. (R ] ' , Somerville NJ) and
I nsulin was st orwsgﬂmzﬂﬁ&aﬁﬁp{%%&ﬂ%%ﬁ{n@?% e gg’i nary Di agnostics Labs
(Evansvi | | | N) wherbhe present ird@ntoraitiizesia pst fagd sompasiianswhich exeludesyice byt
R A (I ndiana Vetgrj ] ' hﬂ#ﬁh stk 'é’@§cé?|1| tted
and anal yzed by @Q”gﬁiﬁig'ﬁaqﬁﬁ'%% e pr@rém &e%dgw?%ﬁlos Ange‘ es,
CA) to det er ni neandiexinsulinemicrasponees sueh 8s a%lqwgmmawmgb'e%ﬁme
acute insulin | CaBfah drd BHHEGOS Blehd b b, AT Hiin GRA afe? BF & Blendldr 8Rtsainat =0
rapo

esti mated by ext ating t predi ctign of theg&leucose netics 25
rriodel to the nbadey B hegthybbaoed (gadatrs), gomoenian paimal;the prpspace,ofirice as a
i ncl uded; §0)). qibsy bisReH s6UMse exdteiatesths givemic aidinasisermic) rosmahsts t & mdal,
life (T"~) of glucose wer s&g@ful ated by | neaiear eqr esg_iwgfq of Lo 1oer|0{dct he
gl ucose concent r fideppRAeN PmMPostian, giicrse LlearaliGe, or half o %9?&9'9 @
absorptionetry wagninis Mirespaciain bemeltrfoom being fad thescodiposition of the present 7 ngl kg
propof ol (Rapinoyet. . MalLinck t ' i
Do hon ot (o oo Wradf AP SBrA of i Btant B cf RO AR,
2 J U N 2003 PCTAMmilBadpesitiip benefit from being fed the composition of the present Inyentlon.
20 The pet food composition can be any suitable pet food formula which aiso
provides adequate nutrition for the animal. For example, a typical canine diet for use
in the present invention may contain from 20 to 40% crude protein (and preferably 25
to 35%), from 4 to 30% fat (and preferably 10 to 18%), and from 2 10 20% total
dietary fiber, along with the starch source, all percantages by weight. Typically, the
25 carbohydrate sources In the composition of the present invention will make up from
35 t0 80 wt%, and preferably from 40 to 55 wi%, of the composition. A preferred
source of com s ground com meal.
The composition also optionally contains other Ingredients which also have the
effect of minimizing the postprandial glycemic and/or insulinemic response in an
30 animal. The composition may include chromium tripicolinate Ih an amount of from
between about 10 to about 500 micrograms of chromium per day. Chromium

AMENDED SHEET



anesthetic plane via isoflurane and oxygen delivered by a Matrix an@2tHet 2093
machi ne (Butl er, Colunbus, OH). If necessary, a supplenental dose of
propofol at 3.3 ng/kg was given to facilitate induction of anesthesia. The
ani-mal s \/\@g §1canned,i n sternal recunbency with their front | egs paralle o

- to thei¥®% 688 and their b legs in a 5 straight |gme with the rest of 091189¢
t heir body. Af 1AM 062 PBcan re conpl eted, the ani s were allowed to
recover *from anest hesi a. Whol e body conposition scans were perforned using
a Hol ogi c QDR 4500 X-ray. Bone Densitoneter (Waltham) MA). Scans were

anal yzed usi ng Hol ogic Software (Version 9.03, Waltham M. 10 All
statistical analyses were perforned using the Statistical Analysis System
(SAS) statistical package (version 6.12, SAS Institute, Cary) NC. Al data
generated for GIT and DEXA were anal yzed usigg proc GLM and significant
differences were identified by one-way ANOVA. The nodel included diet, age
and breed and atipkalinateascursin brever’s yeashi andthe veast mpy be addecdHothe;pel fopd ne

points for the n bR Ud i b3ded & | east
squar e neans. @%%@Pﬂﬁ?’gn coe tplgﬁfgﬁkgﬁgﬁl}ﬁmﬁ@%@@%?m%sition gﬁd k and
T'n were anal yzedmgesition haensubstanellypure faff-on coefficient. Al data are
presented gs neans ﬁ@/}f,&ﬁgﬁe\(ysl hiRBincPwhier ¢ Telldhsethbe , fo
di fferenceil were identifie e"ﬁ'ﬂ%‘F@kgb%@a' RESU#F%?IQ% In i%tualﬁar?as f
wei ghts di d not example; earbogmeathyl crliulese erhygrxypRPYRetY! reflulass affer p-elf

©(19.5 0.9 k Q“,ﬁe GRed ,-5%5 ' T b
gage (20.3 t g gegab%a g’gpﬁéﬁ!{]fégeg kg nsigﬁaan gp?ﬁ%ﬁs&m%g?tl?mg; Y
b = 0.86). HoveVengs aifgm ahal &000iP A AS %P8, RAddR addediiodbe gempesitipnin an
0. 0001) . Vihen 28 e Ly o ket by ot o p o
signi fican® dif Mighylsstygermpogkionin the {poes °§ﬁ%’?’§¥¥§&’38&% %‘W 23683’8’9 cps
Ao apect o age R e Lo Lt o oyt oo T 07
gl kg body wei ghﬁ"&gﬂeﬁd& Qf?&wgﬁwﬁ%@ﬂmjf%ﬁ’w%mﬂ@%"& Yé’i’i‘%ﬁ&ﬁ“&i
body vl ght L‘éd;"i bt “e”s“r'e”?t‘f%?i‘gjg‘é’%'ghééb‘“‘ @“"‘":ﬁf“jaﬁ‘ gggﬁfé'“{i? 9 Ko
00/ 49891 -12 G & & the.gffe 23108 By pprrindiase d ¢ leyelgin

t he gl ucoge (Fi gaannnﬂaﬁldodsul in (Fig. 2) responses were anal yzed. Nlo o

significant differ eng-gg P%F%Ph%og‘bﬁ%m&* Sfthie PrésenbRGEnton méY ﬁﬁ%ﬁ%ﬁ@gégﬁlﬂf‘?

a weak trend was not erence in 1nsulin response
with the CRS di & saureeoptiermentabie fhers which display eaftain opanicinaterdisappaamnce

Age, however di dpéfééﬁ&ﬂe(r@ I HHeRSfndritale filfars WvhicHmBY be Liséd Have St biganicirhatterd, P
= 0.05) responses. Besides significantly el evated,f a§t I n Ep as | ucose
concentrations (#S@mam@emﬁ)efm 5 13 60 percentwhen !.9"'[9?‘ dla‘??o‘ g??)_ eria in
ani ”E' S, IRs p_ecwnlf@fdfb zflloﬁoulQ pBRod. FTisat lé)rrlorw?m}im pgaem&immml biganit ngattcl;r_
ﬂ‘;gﬁ :r n;:iisec Ihg| &3@3 prese%t ls fermente Cand oo¥lvege& by e gt\fal%ag{eﬁgf) 'the %%an?é: 'ne
matter disappearance of the fibers ia preferably 20 to 50 percent, and most preferably
is 30 to 40 percent.
Thus, In vitro OMD percentage may be calculated as follows:
25 {1-|(OM residue - OM blank)OM initlal]} x 100,
where OM resldue is the organic matter recoverad after 24 hours of fermentation, OM
blank Is the organic matter recovered In corresponding blank tubes (i.e., tubes
containing medium and diluted feces, but no substrate), and OM initial Is that organic
matter placed into the tube prior to fermentation. Additional detalis of the procedure

30 are found in Sunvold et al, J. Anim. Scl. 1995, vol. 73:1099-1108.
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conpared with their ol der counterparts, which exhibited a continual

I ncrease in plasma glucose after 240 m nutes. Postprandially) ol der Oz;n‘r“t%lzﬂw
~exhi bited E 8 erated insulin secretion after 30 mnutes. Fig. 5 shows tg

- age*di et9P gction ef f eclamon gl ucose; and Fig. 6 ijghustrates insulin 0091188
responses.- YouhSMAOTREREs' sma 15 gl ucose response®to the CS and CRS
diets were simlar; however, CS-old animals had significantly | ower peak

- plasma *gl ucose concentrations at 60 m nutes than CRS-old animals (5.3 t 0.2
mmol /L and 5.8 0.2 mmollL, CS-old dogs and CRS-ofd dogs, respectively; p <
0.05). As well, CS-old animals had significantly | ower insulin responses
than CRS-old animals (p < 0.001 ). 20 Breed played a significant role
regarding both glycenic and insulinemc resppases. FT tended to exhibit a
qui cker rise in plasma gﬂ;cose fol |l owed by a_marked de aiﬂ?%‘ gnere s LR
showed a gradual andTh8 emalerﬂbgesmﬁvbvagwﬁbejlsaemév hiviasip By t h

sioni i cant |y, hiabighe th &l cé? Rmadt pReGY Sghiariuen@idbr Srhs, ©) . FT

showed a quicker rise in plasma |Insu evel s Si gnl ficantl 25 hi %Per
val ues at 30 anaS'GBlﬂﬁQﬂh&luéﬁm@ﬁnﬁféww ArHPUMRSep Oi"'('ﬁ ipgentiongareamounis

both FT ang LR frghbieftdta S@mdlgnbﬁﬁaﬂsuaardtewé 94 Ablieparied? m@%eaher%me

age*breed interaction effects were noted,, | arge |ffereBces vveﬁgﬁseen

bet ween FT wi t h b8REPYIR: WFWB“’IWGMP"QFH%WI U Hem, an gpmy,

10) 20, 30 and 4hngipaly, gact{rpﬁﬁmeoﬁ&sa&r@méﬁénd inain, yeunmanbiibosatchafidedamdd
gl ucose 30 conce tratl?ﬁ% ﬁ‘s qui cker, peaked hi gher and dropped markedly

when compared t & B exhi blted a sustained and gradual rise in
pl asma gl ucose ~THa fermuntabld TibeEs &18 Iu§ed ithe pat food fcbhiposition i dmounts from 1

young and B S My Soepien) PialBlnshy HE5C niebBRRRAEE B e

concentrations \erdent imere praférabhfiond8id Z waight percent; apd most preférably fiom 410 7
10). Age-rel ated qlffe ences in insulin responses were greatest between old
and 5 young LR .~ Al though both young and old LR showed a
continual rise over Aldaﬁniiiun pf'aupﬂeinamaliotaldlﬂtarymrna[‘atmcgﬁrﬂsanmphyaﬁormfer

I nsulin at 45) a ) r

0.05; Fig. 11). 3’% lﬁiﬁgra%@@%&ﬂﬁﬁawgﬁ%h% gr a rhﬁé?ﬁg@g%s
in pl asma 1Bnsul |ls1resra®m§ tahydrolysia by animal diggstive enzymesc dhe ma 'aﬁgmpmﬁs\tﬁ)@f tatal
10 Age and br eecmaaiymﬁa@r&uuwmmamw peldfin, rngﬁmldna @Jiwqasl

12-15. Figure 12 shows ucose response curv | er onI

di vi ded by age afvdaifiper” e‘f"ﬂ'%é?@'}‘ coptens 385?6@%9\7%4'&9?%&@‘? ﬁ%’?,i't‘) %U é’P“m
Figure 13 shows thtaedie! mﬁﬁw' rsmmmmﬁberwhibmssaumddoam rdoyabovbandl d

(e osed 1) angt dvons oy Sy Boormellralraft i ael o) bl PP gt oo

(closed triangl
produced @onar k eklsy, d fibher saunsaliis mmmmdmhlwhmhtamusbh:brﬁdmuiﬁanﬂy efifibenhen

compared to the CRS h Ghige Elabitediuhfoft byt bt fab' dblafoc lefdAl1e iRy

in Labrador Retrievers ere rence 1 n t ucose
response curve (ipitbaifolowing exambwhldtmlntqmgdtn ilh@ﬂp&ibﬁlmaﬂw (F| gure 15)
shows a remar ka%&ct A d Labrador 20 Retrievers that consunmed the CRS
(rice) diet (cl "angl es) had a significant el evated insulin

response conpared wi IE‘GMW ynung (8714018 veam) Pi"é‘?@r(g 6:30:2 yesrs) dabaderRetigvers
di et ( Operhssquar&ﬁ)) and FEX Terribrs (T Webd bqLialiy Aivifedbyge dridstesd theh ravddmiy! )

the assignad to one of two nutritionally complete diets (n= 18 / diet) for 90 days. The first
diet contained 18.2% (w/w) ground com, 18.2% (w/w) brewers rice, and 18.2% (w/w)
grain sorghum (CRS dlet) as the starch sources; the second dlet contained 28.6%
{(whw) ground com and 28.5% (wiw) graln sorghum (CS diet) as the starch sources.
30 See Tables 1 and 2 below. Both dists were Isoenergetic, providing
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Labrador Retrievers (open square and closed triangle) had el evated ?(ZavJeUI'\‘szm3

of insuliwocmmeseted to the young Labrador Retrievers (clos®CTaiR0/04428Nd
open triangle). 25 Summari zing what is shown by Figures 12-15, the presence
of ricein the diet is detrinmental to old (geriatric) dogs with regard to
their postprandial insulin responses. The data show that rice is even nore
detrinental to the |arger breed, Labrd®r Retrievers. By renoving rice as a
starch source fromthe diet) these _hyperinsuljnem c responses are reduced.

Al t hougBPPIOXirRatey19tand d8dhk] / 3oCHrand rSdieis despactivehednd did natd dogs

may res Is rioration in " WD 00/49891 5 a L a aiv LUU3
rcTr asocl()jl‘ft)eéz'a é&aj %{ g%é%@ghﬁet abol i sm by produci ng eventual insulin

resi stance whi ch can t hémabiead IhgrdaigstrCGbmpesition ofiDiets t ong term presence
of ricew_dngswww L di i t he
curves (ILIAC): The I AUC was di viGR'dDiett o t hr ee GBS Digls: acute phase (0 -
30_m nutes), second phase (30 -242 ﬂ(ipgut es), and (Qﬁ@‘?l | AUC (sum of acute
phése and second phase). The valu g r the 1 AUC presented in Table 3
bel ow. BLURdTorn! NCr ENENT Al ar ea pggler the ggpve Tor plasma gl ucose and
insulin in dogs' 0-30 mn 30-240 mn Total 0-30 mn 30-Z40 mn Tot al

d ucose Graicsargh@micose Insulin 1n28%in I nsuf82 mol ' hiL nmmol ' hi L

nmol ' hljsg.‘ggm)l.' hiL pnol'h!L pnol "hlL 10 CSZ E%et 15 20 25 45t 12 940t 280
990t 290 EH8WPIDHCE 9781t 2683 0320t 2678 CRS Di ef®48t 12 850t 290 890*300 653t 115
23584t 2%@;5@1 rddét ést Dogs 30t 2883 1530129Pa 15601300a 596t'! 15
23699t 2805 24287t 2791 Young Dogs 63t 12 2501280b 310t 290 596t 108 9667*2683
201091t 28iltey $atCS 18117b 1440*400ab614501410860438t 158 19057t 3796

19487t géaé%%ms 42*18ab 163043a é@?Ot 4408 ééBt 172 28334t4133 29087t 4118
Young- 440*40b° 520t 4108 639t 158 20506t 3796 21145t 3781 Young- CRS
53t 17 643Hitkeri difgestOb 552t 158 18834pG796 19442p3781 ' Val ues expressed are
Xxt SEM_n =18 / treatnent (young dogs, CS) and n = 17 / treatnent (old

dogs) crdigalcium anosphater acti on wherd2n = 9 | tBeatnent (n = 8 for ol d-CRS
treat nerﬁrg%g#%ed%et%t: com grain 38" ghum di 9b: CRS = corn/ricel/grain

sor ghum ues differing superscripts wthin ; vari abl e*tr eat nent
cojsim ddhedwhoild eggntly (p < 0.05)10ifferent40 0 2 J Ut~ 2003 WO
00! 4989l .

Calcium carbonate 8 8

Monosodium phosphate 4 5

Potassium chioride 3 5

Mineral premix? 3 3

20 Vitamin premix® 2 2

Choline chloride 2 2

Sodium chloride 2 1

DL-Methionine 2 2

_ ' CS = corn/grain sorghum, CRS = corn/rice/grain sorghum.

25 2 Mineral premix provided the following per kg diet: 41 mg manganese, 217 mg zinc,
168 mg iron, 47 mg copper, 4 mg iodine, 80 u.g magnesium, 4.8 mg sulfur, 620 ng
selenium
3 Vitamin premix provided the following per kg diet: 25 KIU vitamin A, 124 1U vitamin
E, 1561 1U vitamin D3,14 mg thiamin, 59 mg riboflavin, 90 mg niacin, 32 mg

30 d-pantothenic acid, 10 mg pyrodoxine, 600 ng biotin, 1.9 mg folic acid, 2 067 mg
choline, 23 mg inositol, 0.31 U vitamin B,,.
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-15 Pcr~spo~oaazs Diet alone had no effeect on total |AUC f gl ucose
(99 t 20 WO and 89 £30 mmol *hi L CS and CRS) respecti&?’@%ﬁg’@sNS).
A d animals had significantly elevated total | AUC for plasma gl ucose
conpared with young animals (31 29 mmol *h/L and 156 t 30 nmol *hl L young
and old animals, respectively; 5 p<0.04. ), whereas young ani mal s had
significantly greater acute phase IAUC for plasma glucose (6.3t 1.2

mol *hlL and 3.0 t 1. 273gpd 2hl Nutriiona0 CRRthdRitibrpdf DRits'. T espectivel y;
p<0.05). CRS-old had the highest glucose 'AUC; however, CS-old had a total

. gl ucos freantty—drkerent s fromtirat—of—E€S—yotmnyg
(p<0.05). Although not sign Juéﬁt) CRS- ol Ga_serqigb (p = 0.09) to have a
hi gher i i 2 i
. tur novePietanystaieh hal f-1ife:43d woul d $82expected, ol der animals had a
signi fiReoteiny | oner fracti on2b.5rate of 2¢l0ucose turnover (k) (5.9t 0. %
(mnuteFand 4.4 t 0.3% (m nutz8 young 482 ol d animals) respectively; p<0.01
), whichghranslated in a signgkicantly g@ger T n of 15 glucose (12.9 1.1
mnute giefktdre O t 1.1 minute,7poung andg@ d ani mal s, respectively; p<0.01
). Dietcdiglmot affect glucosgak or T"24(3 = NS). CS-old or CRS-old did not
d-‘gfer Bhakl drﬁgntly in k (4.§t 0.5%/1in1nute and 4.5t 0.5% mnute, CS-old
a CRSAQI 0 espectiyely; p % Fig.?'
t 1.6 ek Eherly i LOFL (1T ; =NS 2 :
Conposi ;ABN?%&@’W&E“E‘H@B re,2x¥Arassed PRA dyimAftes Basls) v aff ect ed per cent
body fat @9 & cprp/arain soyaghmaBRE £ corplricelasainFosabud. d ani mal s,
respectively; p<0.0001 ). Diet and breed had no effect {p = NS). Body fat
was si gni fi cAfter 0idaysrarethe CRS dieh(whichovas fed asthd Pasaldli€ly- dlbaniavélsal s

2887, et R ol rBabens (OR) tast s i ecitipes® toigradle eyl
bel ow. _ eferibett DbiBHY AN BUCLER boRSTBIGR bBAdA%n thelkEaiéntd) dise ef f ect

of age, diet and breed on bodé conposi. correlation to body fat in
dogs Boapinmals upderwentithe same testeincluding esvhale hodyrdugl energy-2gawal ue5 Young

Dogs16. .- =NS:\0 = . .
pogs30, ArToPKBE T IERAR kert g sk nine bogy at Ieap bpgly mggs and minera
0. 2CRS280RIpbsilion. 4afmslsiwds Welyhedidiiy i fibdlintalkéSweredredbRidiBand: 0. 0510

LR23.6t1..1-0.53p <,0,050.42p < 0.1 ' Values for % body fat are expressed as
x 20 sevpdiysted o minimizer weight flystualons guyingdhe Ptradfaréné aial was FEONEA

(ol d dogdm {H&stubPror et foBlsBhs OThEdbEehit (HBIF Wel i oll6a by the ©

correlation coe cients. ues wth ferent supers pts a
si gni f i institutiordil AinimalCaregpard UséSJommiittee. a treatnent. 15 k = the

f i onal | L T ~2 = f Llife of =
corni gran s MR SeEss SobdhABt i of anfnals BAHL hetass 4P efhp S0-0g _
Labr adofeddihg peviel. Animals’Weresfagtid for 24 houdks Prioftsl e taditl @h thsmbafiAg

regorted to rncrease | ongevity, |nProve insulin sensitivity and gl ucose
t@ belf

er an®ktha tast.canimalsgyers fadyone half their dally meal allowance. A mealsiwerey
g ng. o BRaRnEaRafyn A0IEMAEC 6 bréeBhiion ARISuGih ERNeRerblatdiBie’td T, | e
onhance eebong. Dhass e e b icone i art an N e most
st udi es (éﬁﬁﬁaw‘l‘@ He: @Fﬁg? ?E‘P?'ﬁgegﬁéﬂ ifigg{ ﬂ'gugir"@hhﬁﬂﬁgﬁ-@ﬂ?q VY\'[ diet, the
expef: M éhnrz%ataa‘lig?2El?jdwQSﬁléJ\ﬁgﬁe&kfﬁﬁgﬁgqm&H@éhd ir@uﬁﬁta@fawy% y be

equal |y 1 hportant. arch source nodul ate ycem c response I'n ol der
d&@gs, i ntiepentki20, 30, $8r6@20mddP drd 240 dnigtesosEhé-Heand 0 mix timeuyedintsi et

had f f | .th b fori h
o e HHerE st SR A Sl PSsdiine B Reimte i was Blfeefatd BaVZSPuy o
of rice JsAnbicihestal §RA UndErahs Bunid GAUC)Yelb@hinBE DY theXraperdidid Medthetal

preventive nutritional strategy.
IAUC is defined as the area under the response curve, but above the baseline. .

hor T'~ (16.9t 1.6 nmnute and 17.2

=N = () BfaVa
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Starch source may be even nore inportant with aging as the CRS-old dogs in

t he exper WRM/498Had el evated, al beit nonsignificant, |AUC f BET/HS0MG442 ’
gl ucose and alL .JaNLUUS W 00i 49891 -17 PC TJUSOQJ04425 significantly
hi gher insulin I AUC than the CS-ol d dogs. These responses nust be due to a
yet -unidentified effect independent of_169dy conposition and gl ucose

ki netics. The inportance of the glucose kinetic data is twofold. First) it

fi t hat ' ' f IS, N j t t th f '
i uence of APITawBSHid batdn IRRukSi Pt L M ABithels e B3R RN e
the ef f aRdurebridi & therGITUIaGSR tandtirministiationi 8 1 §ang@nurgthsndwelfing '
I ndependent effect. The exi)erl mental results show a | ower gl ucose | AUC for

CRS- yourkptheligs was mireediingither dise Jell og rigbbivigulasvsjr in thenleReand-a smaller g2

were exHUREE 2 SR oaftetones usBRIoTEe FAURbr Bl PRIty as AusREl Wthghe "=
r ey esenthaidatetefs whith werd shithreRirdSIate dsing 3-0U MinxépgBubier t OSluRitiiss OH).
previous literature, (732 t 394 mmol *hlL and 1099 t 607 mol *hl L for

Cs- youncBland sermlgs wete ¢oliected depplicose apd ipsulinanalysisat -20n<iti & 204, 6,

nutriti eLapyaf ) ffetent, Al heqst LAl QghC e
nutri en'?élzit%tc‘)' p??b#‘aﬂ%‘ %,é&f?@?ﬂ nbﬁu@’@' ﬁ%@d%&@%j?BHg%véﬁ'ww(?ered
15 pot enmirited. oGluvdsei (50% Sblatishi Butien GonimbaspOM) was hftivee at tier@(®@ad ol d
dogs does not explain the age-associated differences in them:gla/cemc

I

r espons 3 OMeOER / rh@dmgigb @s descritredy Beramge e al{H&band Duysiur et i on

of ,Aut ri gnt Vi | X1} i : i ce
oxi Gy 0 Diabed 1Mekih, b pG143, aBXE ARAY Tnddlfs (RfnaR thnE opdiri:
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The fractional turnover rate of glucose (k) and the half-life (T"2) of glucose were
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concentration of 10 mg/mi. The animals were maintained at an appropriate
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di abet eQ-313pPr by aged20.&4 26 2Q + 0.9 kg, young and old animals,
respectively; p = 0.86). However, significant differences in weight did occur between

breeds (31.9 + 0.9 kg and 8.5 + 0.9 kg, LR and FT, respectively; p < 0.0001). When
25 dietary intake was expressed as g/kg body weight, no significant differences were
noted between diets (19.3 £ 0.7 g/kg body weight and 20.2 + 0.7 g/kg body weight,
CS and CRS, respectively; p = NS). As expected, age and breed both affected daily
intake amounts (22.2 + 0.7 g/kg body weight and 17.3 £ 0.7 g/kg body weight, young
. and old animals, respectively; p < 0.001; 15.6 + 0.7 g/kg body weight and 23.9 + 0.7
30 g/kg body weight, LR and FT respectively; p < 0.001).
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FT, LR and CS-fed animals and significantly correlated to T'2 in CS- and CRS-fed
25 animals as well as FT, and a strong positive association was noted for LR. See
Table 4 below.
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5 weeks and the dog groups were assigned to a different dietary treatnent
during eagyjp gorgagdicate) thus, each dog received each of the picingpodigsary
treatments during the experinental period. A glycem c response test was
performed at the end of each replicate and at the end of the baseline
period. The ani mals were wei ghed weekly throughout the study. Fecal scores
were collected for one week (the secomd®10 week) of the baseline period and
t he second week of each replicate. Food intake was nonitored daily during
t he ent iTable dudihexatfechef afld, idigtantkbleedgpomhedy sompssitionearnidearrelationdd and
t he | ef tbouyefat frodolysvas recorded as the ampbunt consuned in one day for each
dog. During the baseline period) the dogs were fed to maintain body wei ght
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Di agnost imodtlatidcthe dbpcemic resporswin elder G8Ys, independent of percent body fat
and glucose kinetics. Although diet had no effect on glucose tolerance, the absence

of rice as a starch source in the diet lowered postprandial insulin secretion.
Therefore, the removal of rice (a high glycemic starch) from the diet provides a
30 beneficial preventive nutritional strategy.
Starch source may be even more important with aging as the CRS-old dogs
in the experiments had elevated, albeit nonsignificant, IAUC for plasma glucose and
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observed. The effect of age on mtestmalgabsorptlon of nutrients has been previously
examined in the dog; nutrient balance experiments on young and old Beagles found
no observable age-related differences in protein, fat, starch, vitamin and mineral
20 absorption, suggesting the gastrointestinal tract can compensate for small
decreases in absorptive capacity. Indeed, gastrointestinal adaptation has been
previously demonstrated in other conditions, such as small bowel syndrome.
Because absorption has not been shown to be a major factor in glucose
intolerance during aging, the GR protocol that uses one-half of each animal's daily
25 meal allowance was chosen. Some studies use a standard glucose load, whereas
in others, a meal is offered. But because of the interest in evaluating the glycemic
response to a total diet matrix rather than the independent effects of starch sources,
the meal protocol was chosen. The animals were fed equal amounts within dietary
treatment groups on a gram feed per kg body weight basis. Although total quantities
30 varied on an individual basis, when expressed on a gram feed per kg body weight
basis, all animals received similar amounts.
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a=0. 10 and LSD used a=0.05. Tine dependent responses were studied using a
repeat ed neasure analysis 20 of variance and the per-tine glucose or
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the enti the ésélrlmjg %rgggss by increasing the amount of glucose available to bind with

proteins. Glucose adduction to lysine residues followed by the Maillard reaction
results in an important post-translational modification of proteins, the formation of
advanced glycation end products (AGE). Consequences of protein glycosylation

25 include a reduction of protein digestibility and turnover, cross-linking resulting in
increased tissue rigidity, reduced enzymatic activity (such as Na'’K* ATPase), altered
protein antigenicity and altered receptor-ligand interactions. Protein glycosylation
secondary to hyperglycemia has been linked to many complications including
accelerated atherogenesis in persons with diabetes, skin/joint changes and

30 retinopathy. AGE accumulations have been related to altered nerve conduction

velocity and increased secretion of various cytokines (tumor necrosis factor-g and



JUN 2003
there were no differences (P>0.05) between treatnent groups (datgzn

shown). ™e@00A982 di et produced exaggerated gl ucose and msﬂﬂwsuownms I n
response to a glycemc tolerance test in dogs when conpared with the BARLEY
and OAT diet 25 fed dogs. This effect can be quantified over the entire
240-mn test as an increnmental area u ggr the curve. Although these effects
were not si gnlflcantly different at a '95% confi dence interval, these
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Example 2
The same animals and diets as described in Example 1 were used; see

Tables 1 and 2. The test procedures were as reported in Example 1. In this
experiment, the effects of age on glucose metabolism were studied.

25 As in Example 1, animals were fed to maintain ideal body weight. individual
animals did not fluctuate significantly in body weight. Animal weight did not differ by
diet (19.5 £ 0.9 kg vs. 20.8 + 0.9 kg, CS and CSR respectively, p = NS) or age (20.1
+ 0.9 kg vs. 20.3 £ 0.9 kg, old and young animals respectively, p = NS). However,
breed did significantly affect weight (31.9 £ 0.9 kg vs. 8.5+ 0.9 kg, LR and FT,

30 respectively, p<0.0001).
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. MBAs ( L.shown. inN[able 5. AS9. A% A9. An. AY . Al . Afl . AU?. AHY

AL A ASe. A AUSir'?‘g ‘é’e'réb‘msan's minimal model method, insulin sensitivity (Si), glucose
effectiveness (Sg), acute insulin response to glucose (AIRg), and the glucose
disappearance rate (G(0)) are measured by mathematical modeling. Sgq is defined
as the efficiency by which glucose can restore its own concentration independent of

20 any dynamic insulin response. These insulin-dependent mechanisms of glucose
restoration involve the mass action effect of glucose on peripheral utilization. This
parameter represents the fractional glucose turmover at basal insulin. Or,
quantitative enhancement of glucose disappearance due to an increase in plasma
glucose concentration. G(0) is defined as the glucose concentration at t=0

25 estimated by extrapolating the prediction of the glucose kinetics model to the
moment of injection. AIRg is defined as the acute insulin response to glucose. Siis
defined as the increase in fractional glucose disappearance per unit insulin
concentration increase. In healthy individuals, there is a balance between insulin
secretion and sensitivity such that secretion x sensitivity = constant.

30 For the oral glucose tolerance test (OGTT), after consumption of a meal,

plasma glucose and insulin were measured at -10, 0, 10, 20, 30, 45, 60, 120, 180,
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Young dogs 16.8+1.1° 0.13 -0.46 0.23 -0.33
Oid dogs 30.4+1.2° -0.11 -0.03 0.18 -0.30

10 FT 23.6+1.1 0.15 -0.28 0.23 -0.28
LR 23.611.1 -0.49 -0.52 0.54 -0.47
Young-CS 16.611.5° 0.06 0.01 0.30 -0.07
Young-CSR 16.9+1.5° -0.03 -0.58 0.30 -0.39
Old-CS 31.2¢1.7° -0.58 -0.18 0.40 -0.15

15 Old-CSR 29.5%1.7° 0.16 -0.86* -0.02 -0.58
Young-FT 15.9+1.5° 0.27 0.16 0.21 0.06
Young-LR 17.6£1.5° -0.38 -0.79* 0.71 -0.68*
Old-FT 31.2%1.7° 0.10 -0.57 0.06 -0.71*
Old-LR 29.6+1.7° -0.72* -0.69* 0.51 -0.57

20 CS-FT 23.5+1.7 0.20 0.27 -0.04 0.05
CS-LR 24.4+1.5 -0.92** -0.67* 0.59 -0.64*
CSR-FT 23.7+1.5 0.18 -0.51 -0.08 0.04
CSR-LR 22.8+1.7 -0.13 -0.73* 0.45 -0.65

Data for body fat is expressed as mean + SEM (n=36 total, n=18/single treatment group and

25 n=9/interaction treatment group; however an Old-CSR-LR was removed from the study therefore
n=35/17/8 for respective treatment groups) and data for correlation’s are expressed as Pearson
Correlation cosfficients. In body fat data set, values which do not share similar superscripts are
significantly different (p < 0.05). For correlation data set, * indicates (p < 0.05) and ** indicates (p <
0.01). Si =insulin sensitivity, Sg = glucose effectiveness, AIRg = acute insulin response to glucose,

30 G(0) = glucose concentration at t=0 estimated by extrapolating the prediction of the glucose kinetics

model to the moment of injection (thus cardiovascular mixing is not included), CS = corn/grain
sorghum diet, CSR = corn/ grain sorghum/ rice diet, FT = Fox Terriers, LR Labrador Retrievers.
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$10% & CBRZOId $10% 784%2.52' 9° $10% 0O7H0.01®  $10%R60+35 351+37%

CSR-Young 8.8+2.3 0.11+0.01° 19432 431+34°
CS-FT 7.8+2.5 0.08£0.01% 205135 321+37
15 CS-LR 7.7£2.3 0.06+0.01° 243+32 328134
CSR-FT 8.54+2.3 0.10+0.01° 214132 399134
CSR-LR 7.7+2.5 0.0810.01% 24035 384137
Old-FT 8.5+2.5% 0.09£0.01% 23035 349+37%
Old-LR 3.9+2.5" 0.05£0.01° 277435 304137°
20 Young-FT 7.8+2.3® 0.10x0.01° 190132 371434
Young-LR 11.542.3° 0.09+0.01% 206432 408134

Values are means £ SEM (n=18/single treatment group and n=9/interaction
treatment group; however an Old-CSR-LR was removed from the study therefore
n=35/17/8 for respective treatment groups), values with different superscripts are
25 significantly different (p <0.05) within a treatment. Values with * indicate a trend
(p<0.1) within a treatment. Si = insulin sensitivity, Sg = glucose effectiveness, AIRg
= acute insulin response to glucose, G(0) = glucose concentration at t=0 estimated
by extrapolating the prediction of the glucose kinetics model to the moment of
injection (thus cardiovascular mixing is not included), CS = corn/grain sorghum diet,
30 CSR = corn/ grain sorghum/ rice diet, FT = Fox Terrier, LR = Labrador Retriever.

Similar to the human population, the segment of older companion animals is
substantial as demonstrated by recent demographic surveys conducted in the
United States and the United Kingdom. In agreement with human studies, geriatric
pets require a decreased total daily energy requirement. Inactivity alone may cause
35 a decrease of up to 20% of the pet's total daily energy requirement. This decrease,
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' 10%VVENst- D& HEkdd from! prbteld Pérbohydrates and fat. If one component is
increased, the other two must be reduced in order to compensate, thereby reducing
the essential nutrients derived from these dietary sources.

20 This experiment demonstrated the effects of age and breed on glucose
tolerance. Since body fat remained unchanged between diets and breed, and it has
been reported that carbohydrate absorption is not changed with increasing age, an
unidentified adiposity independent effect must be responsible for the changes in
glucose tolerance seen in this experiment. Differences between breeds were noted

25 for glucose and insulin responses during a glycemic response test. In this
experiment, differences were found between breeds for Sg.

Example 3
Twenty-one geriatric beagle dogs were studied to evaluate the glycemic
response for three different diets. The study consisted of four periods (baseline and

30 three experimental periods). The dogs received a standard diet during the baseline
period. Following the baseline period, the dogs were randomly assigned to three
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Each period conS|sted of a two week stabilization period where either the
baseline diet or one of the test diets was offered. A glycemic response test (a
general term describing the glucose and insulin response to a meal) was performed
during the third week. Resulting samples were assayed for insulin and glucose.

10 Stool characteristics were also obtained during each period.

The dogs were weighed weekly and a glycemic response was performed at
the end of each period. Glucose and insulin levels were determined at baseline and
at 10, 20, 30, 45, 60, 120, 180, and 240 minutes postprandial. Stool characteristics
were obtained for one week during the second week of each period.

15 Animals, husbandry: Twenty-one healthy geriatric Beagle dogs (Covance,
Cumberland, VA) of which 19 were female and two were male were used in this
experiment. The dogs were treated humanely and ethically during the entire study
period. All the animals were current on their vaccination and parasite prevention
program. The dogs were housed individually in oversize pens and identified by a

20 unique ear tattoo. Fresh water was provided ad libitum during the entire study
period. The average body weight of the dogs was 12.83 kg (range: 9.93 to 18.85 kg)
and the average age was 9.44 years (range: 6.86 to 13.10 years) at the initiation of
the study. The dogs were fed ad libitum for 30 minutes each day during the
experimental period. The dogs appeared to adjust very well to a limited time of food

25 presentation. One of the dogs was euthanized due to a cervical disc problem.
Another dog became sick and no data was collected for the last two periods of the
study. Another dog was diagnosed with diabetes and the data generated from this
dog was discarded. No other animals were sick or required medical attention during
the study period. )

30 The experiment consisted of a baseline period and a tfeatment period of
three replicates evaluating three dietary treatments in a cross over design. During
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F. 1&10cy 1r( 930—m|nute period in preparatlo or the glycemlc challenges. During the
experimental period, the same feeding regimen was maintained and the dogs were
fed at approximately the same time each day.
The body weights of the dogs were measured weekly before feeding in the
morning. Scales with dynamic weighing mode (Mettler Toledo KB60s platform with
20 a 1D1s Multirange indicator [60,000g x 1g] or Mettler Toledo SM34-K scale [32,000g
x 1.0g], Toledo Ohio) were used to measure body weights. The stool characteristics
of the dogs were observed for seven consecutive days during the second week of
the baseline period and each replicate of the experimental period. Fecal scores

were assigned according to Table 7.
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Table 8- Ingredient composition of experimental diets

RICE diet | BARLEY diet | OAT diet
9/kg

5 Beet Pulp 4.0 , 4.0 4.0
Brewers dried yeast 1.0 1.0 1.0

Vitamin mix’ 0.2 0.2 0.2

Dried whole egg 1.0 1.0 1.0

Poultry fat 44 54 4.4

10 Sodium chloride 0.1 0.1 0.1
DL-methionine 0.2 0.2 0.2
Poultry by-product meal 33.2 25.4 27.3

Dicalcium phosphate 0.5 0.7 0.6

Calcium carbonate 0.7 1.0 1.0

15 Potassium chloride 0.4 0.6 0.5
Choline chioride (60%) 0.2 0.3 0.2

Monosodium phosphate 0.4 0.6 0.5

Menhaden oil 0.5 0.5 0.5

Ground flax 1.0 1.0 1.0

20 Mineral mix* 0.3 0.3 0.3
Biodigest 2.0 2.0 2.0
Fructooligosaccharides 0.3 0.3 0.3
Ground corn 16.5 18.4 18.3
Grain sorghum 16.5 18.4 18.3

25 Brewers Rice 16.5 —— e
Barley —— 18.4 ————
Oats — — 18.3

Provides the following on a 92.5% dry matter basis: 15.6 KlU/kg vitamin A, 937 IU/kg vitamin D,
75.4 1U/kg vitamin E, 128.7 mg/kg ascorbic acid, 11 mg/kg thiamin, 34.3 mg/kg riboflavin, 21.5
30 mg/kg pantothenic acid, 58.5 mg/kg niacin, 7.4 mg/kg pyrodoxine, 1.2 mg/kg folic acid, 0.4 mg/kg
biotin, 0.15 mg/kg vitamin B,,.
? Provides the following on a 92.5% dry matter basis: 213 mg/kg magnesium, 412 mg/kg iron, 34.5
mg/kg copper, 61.6 mg/kg manganese, 227.8 mg/kg zinc, 3.48 mg/kg iodine, 0.27 mg/kg selenium.
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MlO%"&'()--#'#L -Y M 109% "' & ()--#Y M 10% ' & ()--#hL, 4Y
M10% ' "' & ()--#Y M10% "' & ()--## L'Y M10% "' ' & ()--#Y M 10% ' "' & ()--#Y
M 109" & ()--# # L' =DEFeGrdY M 10%' ' & ()--## L'Y M 10% "' & ()--#Y
M10%'' & ()--#Y M 10% " &()--## L' 10% ' &()--#Fgl mMmeE+4Y
M10%''& ()-Y M1 [ﬁﬁh m#vmw%.. --#YMl W& # LY
M 109 & ()--sY M1 le 9» Ntirient gomppsi nl RXPRLimen 1008 & (V- -H# #
L'Y M 1P% & ()--#Y M09 'RICE diet#y M|109BARLEY digt # U UviRAPdiey
M10% [& ()--# # LY M 10% & ()--#Y M 10%g/Kg()--#Y M10% & ()--§ #
LY Ash 6.23 7.1 6.76
Moisture 9.07 9.05 8.79
Fat 14.06 13.65 13.82
5 Protein 29.41 27.11 26.77
Starch 36.91 36.37 38.36
Calcium 1.26 1.30 1.18
Phosphorus 1.02 1.09 1.03
kcal/ g '
Gross Energy 4.53 | 4,52 ] 4.47
10 The data were analyzed as follows: Glucose and insulin were measured at

nine different time points as shown in Figs. 16 and 18. Time point “0" was
considered as the baseline and consisted of the average of both baseline samples.
Area under the curve (Figs. 17 and 19), area above baseline, time of peak and peak
amplitude were calculated for both insulin and glucose. These variables were
15 analyzed using analysis of variance for randomized block design (SAS User’s Guide:
Statistics, Cary, NC; SAS Institute Inc., 1989). The classification included sources
for: Treatment, Replication and Error. All F-Tests used a=0.10 and LSD used
a=0.05.
Time dependent responses were studied using a repeated measure analysis
20 of variance and the per-time glucose or insulin observations. The classification
included sources for: Time, Treatment x Time, Replicate within Treatment-Time
combinations and Error. Treatment effects were tested using Replicate, Treatment,
Replicate x Treatment for the Error term. All F-Tests and LSD used a=0.05.
Results: There were no differences between diets for body weight or weekly
25 food consumption quantities (data not shown). There were no differences detected
between the individual time points and between the other variables evaluated
(P>0.05). As shown in Fig. 16, RICE diet resulted in a slightly higher glucose peak
and a slightly elevated glucose response compared to the BARLEY and OAT diets.
Several dogs did not return to baseline glucose levels by the end of the glycemic
30 response test indicating a reduced ability of geriatric dogs to respond to glucose
elevation. The incremental area under the glucose curve (Fig. 17) for those dogs
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CLAIMS
1. A pet food composition for controlling postprandial glycamic and insulinemic
responge In a companion animal comprising a source of proteln, a source of fat, and
5 a source of carbohydrates from a grain source consisting of a blend of com and
sorghum; a blend of com, sorghum, and oats; and a blend of oats and barley.

2. A petfood composition as claimed in claim 1 in which sald grain source is a
blend of com and sorghum.

3. A petfood composition as claimed In claim 2 in which the ratio of com to
10 sorghum s from 1:5 to 5:1.

4, A pet food composition as claimed’in claim 1 in which said grain source is a
blend of com, sorghum, and oats.

5. A pet food composition as claimed in claim 4 in which the ratio of com to
sorghum to oats Is from 1:1:5 to 4:5:1 to 5:1:1.

15 6. A pet food composition as claimed In claim 1 in which sald grain source Is a
blend of oats and bariey.

7. A pet food composition as claimed in claim 6 in which the ratlo of oats to barley
is from 1:5t0 5:1. '

8. A pet food composition as clalmed in claim 1 comprising from 20 to 40% crude
20 protein, from 4 to 30% fat, and from 2 to 20% total dietary fiber.

9. A pet food composition as claimed in claim 1 further including chromium
tripicolinate.

Amended claims
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12. The use of a pet food composition contalning a source of protein, a source of
fat, and a source of carbohydrates from a graln source consisting of a blend of corn

10 and sorghum; a blend of com, sorghum, and oats; and a blend of oats and bariey In
the manufacture of a pet food product for use in controliing postprandiai glycemic and
insulinemic response In a companion animal.

13. A use as claimed In ¢claim 12 In which ;aid grain source is a blend of com and
sorghum.

15 14, A use.as clalmed in claim 13 In which the ratio of comn to sorghum is from 1:5
to 5:1. ‘

15. A use as claimed In' claim 12 in which sald grain source Is a blend of comn,
sorghum, and oats.

16. A use as claimed in claim 15 In which the ratio of corn to sorghum to oats is
20 from 1:1:5 to 1:5:1 to 5:1:1. '

17. A use as claimed In claim 12 in which said grain source Is a blend of cats and
barley.

Amended claims
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18. A use as claimed In claim 12 comprising from 20 to 40% crude protein, from 4
5 to 30% fat, and from 2 to 20% total dietary flber.

4 20. A use as clalmed in claim 12 In which the compositlon further includes
; chromium tripicolinate.

21. A use as claimed In claim 12 In which the composition further includes a water
_ soluble, cellulose ether.

10 22. A use as clalmed In claim 12 in which the composition further Includes from 1
to 11 weight percent of supplemental total dietary fiber of farmentable fibers which
have an organic matter disappearance of 15 to 60 weight percent when fermented by

fecal bacteria for a 24 hour period.

23. A use as claimed in claim 12 in which sald companion animal Is & geriatric dog.
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