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Abstrace

Pet owners have increasitg concerns nbour the numrition of their pers, and
they desire foods and treats that e safe, traceshle, and of high nuerisive value.
To meet these high expectations, demiled chemical composttion chanicier-
ization of ingredients well bevond that provided by prosimare analysis will
be reypuired, ax will infisrmaton abs hose physiology and metabolism, Use
af faster and more precise snatytical methododogy and aovel technologies.
that have the potensial w smprowe pet food safery and quality will be iimpale-
miented, In vieroand in vivo asays will contine 1o be used a% sereening tools
b evahuate murrient quality and sdequacy in novel ingredients prior o their
use in animal diets. The use of malecular and high-throughpue eechnolbogies
allorwes implementation of nonmvasive stsdies in clorgs and cats 1o investigate
the impact of dietary interventions By sing systems hiclogy spprosches

These approaches muy further improve the healeh and loagevity of pegs,
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INTRODUCTION

The companson animal population i+ mercasing worldwide, Recent sirveys show that more
than A% of all Anwericun howseloalds have ai lesse one cat o derg. and thens are approximarely
A3 million dogs and % milliss cats in te Unitad Staees (1), Besides therr populasity, the im-
partance ul companivn aninals has changed consniersbly in the paist eversl docackes, Previousty,
dhiogs anel vars were kept modtly autdooes 1o weork 1 guardinns, lvestock herders, husters, and
pest contrdlers. Althangh a few per dogs and cas may still be used for these purpoycs, the
mpeartinge of convpunion anirmals in wdsy's siuclety oo well bevond those poles. Ber owners
today have & strong ematsonal bond with their gnimal companians. Many consider thelr pets 1o
be: members of the Gmily and sttribuee human charseteristics to theiy, a phenomenun known
A% anthuopnmorphism, There ts alsa inereasing evidence of the important role that COMER AT
anisals play in the peychedogicdl, social, and phwsiodogieal bealth of bunwns,

Contemporary pet awners, self-sdentified “pet parents” are fucwses| an enhaniing the helih
status, well-benyg, quality of iy, and langevity of their pers. Conedris Peertainung o the mutrtion
of cempandon aniinals Far surpass concerns sbour the nutnient adequacy of commercial per frods,
bt rather emplisize the sifity, quality, sol raceability of ingredicnns’ ProcesEng ransureny
ansl st of functional ingredients to improve pet heslih, Amang the differeny sectors of the pee food
bimhasery, oganie, narural, grain-free, €60 -free, human-grade. holistie, whalesame ingresficiils,
s raw and dehydrated produces are in the spotlight, Despite comsurners’ (pet owners’) ingerest
i these priduces, very lire scientific infarmation i available alunir the heilth benefio of these
ingredients s prodoces for pets Farthermere, many of these teems are peocdyabefmed and have
lettle, if any, regulatory supervision or mEaning,

Tirconunue w mieet the high expectationg of e awmees, undmﬁmhurdn’elm: omr kol
Htuenpanion anumal nued bon snd pet fusinil technology snd rafety, the generatinn of sclentific evi-
dence will he imperative. Research shiould be done to expand the pordfolic of novel and alternagve
ingredients and v determine their chemical coimpositon, jeetrointestinal wlerance, and aumri-
ent dipestibilivy, a5 woll as cheir poenial health benefin and sabety. As scieatific effirts contimme
t b e bn whis field, resenchers mast consider the availahiliy sl acceprunce of scientific
methods and technology ed in cotmpamion antmal nutriion rsearch, The dose CORNpATIGH
ariemal-hunman bond wnd the humanication of dogs and cats resule in the lack of acvepance of
bsvasive techniques and terminal studies. devpite their scientific monit. Ths, in Cotparting animal
murrition, technelogical insovanion is por always related 1o development of new technolomes or
to use of the best available research methads, but ratder to the aluiliry to adusr o new paradign
and apply accvpable scentific methads thas meet the soiter reguarenents anil demainds of the it
food tndosry and socien] vales,

In vitro sysiems have heen used extensvely to-asess hydrolytic and (or) fermentative elipres-
ko capueity and kinetics of aingle ingredients or die matrces (14, [ addivion, aleernative animal
munidels, sich is the cecectomized Fooster and young chick and rodent [used in provein eficieney
rateo {PER}) assays), also have been widely used in companion animal nutrition o estimane s |
stestinal and sandardized aminn scid (AA) digesihility and protein quality, respectively. In ad-
dirion, the rapid development of analytical amd reseaseh ol such s near-infrared reflectane:
Fpectruscopy (INTRS) aid nano- and -omics (e, nutrrenome, microbiome, ond nsetatilinne |
rechnnlogics, along with advases in hicdnfirmtics and daia inalysas, hove offered new analyiical
plarferrmm i companion aninal nusrition. T hese technoajies snd research merhnds are the fesruas
o this review,

v Cader v ad



Hixescd, 20LGA8) 1333, Dewmosled from www i idviens arg

Avess provided by Undversity of Hlinois - Uphana Chamspaggn on B3 1906 For perspial wse anly

Anmu. Koy, Anim

USE OF SELECT TECHNOLOGIFS FOR INGRFIDMENT
AND PET FOOD EVALUATIONS

Pet owners demanid innevative, high-quality, uod safe finod prashiects for their pets. The pet foud
tndugary hus responded 10 1his demand hy emnbracing rechnolomical sdhvances in the sprres-fisog
seetor. Emerging technolugios have presented new approaches to stady pet foods and will allow
the pet fowiel sevtor to offer higher quality, safir produces in the forare.

Proximare Analysis, Near-Infiared Reflectance Spectroscopy, Nanutechnology

Provdmage analysbs. Originally, the meost extensive infirmation about the coanpasitson of fods
wwas baseal on g svrtem of analysis describod a6 the Weende method of prevemate analysis of fiods,
deviserd aver 150 years ago {3), Recently, new disalyrival rechnigues have been introdured, and the
nhirmation shoar food compasizion i exfrindingr rapedly. Heowever, prowinvate analysis sill forms
the basis for the mandy tory declaratson of nisrmient composition on food Tibels i Eurvge: and the
Ltiter] Srares,

The pravimate, or Weende, system of foed analysis s u quantiative methiod to determine select
acronurrients in feed. Badecally, it is the partitionime of lfonl cnmponents ine dx CALEmT s
aceording o their chembeal properties: moisrre (erude watery, evude ash (CA), cride protein
(6P, ether extract (EF: fats or lipide), crude fiber (CT), wanl witrogen-fros wxiraer (NFE), ‘Thix
system i viewed by some as being archaie and mpresise, and in the majorinr of lilwortories, it
has heen compled with mare suphistieared aidyrical procedures. Major concerns relire 10 the
rmpreciaion of CA CF, CP, and NFE messurements, For exdmiple, the ash procedire provides i
tntormagon about the minera] compasition of the food, and when required, analytical technigues
invalving atomic shsorption spectrcopy ase generally wsed (4), along with 1CP-MS (iductrvely
corpled plasma imass spectrometry),

Knowledge of the CP content of & food likewise 18 an madfient mieasure for use in per
nutrition. CP is o calevlated value obaained from measuring total slgrogen (N} content of u sample
thar will include both protein and tonprotEn N, lewding w an overestimarion of seral fod
peutern content {5 ). The CP value should be reported wlong with che AA vompottien of the foid
wr ingredient. This information is indicative of hew 4 fiod o imgedient might meer the esseniinl
AA requirements of the animal

Simluriy, the total EE content of food o ingredients dies not provude sufficient infermation
abwat food lijpids becanse it s importan: oo know their Gty acid composition, iminly thelr ewential
Bty acid conrent. When detailed infornstion abous AA commposition of protein or fary scid
eenpasition of far is required, then rechniques mvodving chromatgraphic separation foust be
used, | High-performance liquid chromarngraghy (HPLE) and gas-liquid chramarography are used
toanalyze AA and fary acid prodiles o foads, including ion-exchange ehramasography and reverse-
phase lquid chromatoaraphy (6, 71,

Larbahydrate messurernents have been the s diffiealt oFall he prosiie enmsttuenoe, 13-
westible corhuhydrates, mainly starch and sugars, are included as NFE; however, because the NEE
Fraction is estimated by difference, it indudes thime components of the cell wall thar are incom-
pletely recovered in the CF residise ur are TESISEANT 10 panerestic enzymes, such as 1 portion of the
hemivelluloses and bynin as well a3 3 varishle paetion of nitrogen fractions that escape Kieldshl
analyss, resulting i a poor representation of the setanl digessshle curbobydrate fraction of the
foad. “This agrees with stuies showing that the apparent dipestibiliey of NFE is usually somsewhar
lewer than sorch digesibiliy resulrs using direct starch stalvsis mechodology (R, Sugars can ba
determined colortmetrically angd by LEMLA Siarch asimlly is devermimed by dilute scid hyidrolyaia of
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the sumple followed by specrrophotonserric detestination of the released sugure nrher eeymintic
and chromatographic rechmigues ulso have been deseribed (L CF includes most of e celluloze
and a variahle portson of twe hemigellulose 3 lignin, plant vell wall constituents nor availalile
tovinreseital eneymes and with low (0 meoderate fementanion in the hindgur of dogs aml ars. Iy
15 well kiown thar CF serioisly nndervitinarcs chetary libur content of food resistant s digestive
ertymies (10-12} but includis eermain ¥ compounds from animal connective timsiee § | 1), The €F
vilue is mandatory information an the peet foond lobsel despie its lack of aceuracy anild usefulness,

The fher content of anbmm! feeds and pet Foaods may he detormined by ather fiber amalysis
micthods, suich 2« the otal ber moehad (14), thi: newtral dutergent Bher mcthod {15, the toal
iliesary tiber (1139 mediod (0, the nonstrchimad pobvssceharide medhad (171, il aeveral othis
itheicls {16, 18-20). These natheods cam be catgyurised 14 either gruvieneris or chemical anplyses
(21 Gravimerric methods du nor provide ifurmeation about the inonsmeric ST LIRSt o
the Bber. However, TUF analysic is capabie of separating and quantfang solible and inseluhie di-
etary fiber fractions, The TDF prescedure {18 i more diffieule t er iy rnore |abser pienshbee, and
Inore expensive than CF, but it provide sn accumate estiomuee of rhe fiber conten of the inpredliont
ar diet {11}, Even if some solnble filtous fractions, such us Jrwemedecilar weipht nondigestible:
igamacchanidis ur resistant starch, are notquantificd in the analysis, miost fermentuble snd nonfer-
merishle fbers will be ineladed i ile TDF fractinm, Taday, iethinls exisr g capitire all fiber frac-
téaits thint Feach the lugye liawe] of the dug and eat le-g., ADAC methods 2009.01 and 2011.25)(2 il

Approaches i essrimate the energyvaloe uf b and cae diets without the need forin vivo halames
trials are hased mainly on facteral models wsng proximate analysis of foods end empirical models
with determingd or eytitnated emergy valies of foods wial extimation of emeryy digestibality from
thear fiber content, Measurement of rmeTgy cumdint of pes foods i nat currently srnsdatery for pet
forod murnafacraress: thus, peediction methods based on presimate anulysis [modified Atwater fue-
torsy Marinnal Resesreh Counl {243 ari: currently scoopred by the Assaciation of Amesicm Feed
Control Uficials (AAFCO) (27 and by Euarigean law (FU Comm, Dhir, 951008 C) as accepizhle
far derernining the metablizalile entrny (ME) comtent of dow and et foods, Ay instruracy of
machifiel Atwater facoes has been demonsirated in dogs (12, 26, 37), improvemenis in nEEwracy
have heon achieved when food fiber content js inchardedd in the equatimes (28), Mistvwwer, relared
srsdies (1)) also dememstrated more accurate resulis wing TDF rather chan CF for digestibile en-
erpy (L3E) predictinn of dry dog foody. In June 20615, AAFCD (25} recommenied enforeement of
walesrie enntent fue all et and halanoed fonds, saocks, mreans, dil nedexemipe el for dirgs
andd ruis;, Existing commercial produces will have 4 grace it of until Janary 2017 o comply,
whereas new prosdfucts will have o comply promply, The caloric contenr must be elisplayed gy
keal/kg of produce and kealfumit of prosduct (e, cap, rreath. A sarement aboue the method sed
tor determine the calorie comtent also will be piquited 10 enaire compliance.,

Near-infrared reflecrance speetuscopy. Currently, NTRS is wsed routinely for eval uating the
nutritional qualiey of 3 wids range of foods and food ingredients, The principles of NIRS were
developed 30 vears sgoand were eventually estabilished 34 2 new hranch of agriculoiml chemisery,
MNorris ev al. {29 applied the bechnique 1o the evaliaton of forage quality for the first thme in
V276, NIRS quickly beesme a popualar laborstory technique owing to its aclvantages (e speed)
compared with wer chemisary methads, NIRS is used in the food and leed industries 1o estimare
st andd available nutrient and enerpy comtent in both frod ingredients and compound fonds and
18 wsed a0 feed formulanon and quality-control pragrams in the feed idusmy, Te may be wsed as
an alternative 1 im viteo or progimre atalysds- haseil systems (30,

WIRS hae been veed 1o quantfy a wide range of mutrients. Examplis mehsde estiration of
mnisture, protein, fat, starch, and fiber concentrations in graums (3 -2 A conmposition in wheat
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{ =395 and m|1|:f-:*r-mj;u.‘a-um:.l;||t~eu.-[-|:|.-riTgTv:':E.in-m:-.~ The use of NIRS toestimape pvailabile nstrient
colicentrutinns has been hnmpered by the Lsck ol aabveuate dotalmses of in vsvo notrient availabilities
i foed mpradients, However, aver the past fewe decades. NIRS has been isexl i estimate the MF
content of feed mgredients and diets G poaltey (40, 31), the DVE content of feads and feeal ingred:
ents o pais (42, 433, the ileal digesthle procein and AA conceertranions in feed ingredisnts for pigs
anil penilery (44, 45), aned the gross energy (GE) and MF, concentrations ol rereal food prodoers (313).

WIRS echanlozy Iulongs o the discipline of chemmmetrics that penenites commelaibone b
tween expenmettal dani and chemscal oomposton or jhysical propacties of the tested samipiles Ly
applying narthemadcal und starstical procedures The absorpstion ingensities thur correlate with
eomeenttations are determined, and standardization curves for the indfisdileinl constitments dre sub-
sequently constructed by means of Tinear negressinm by using sultalile software, By using the NIRS
spectruin and the standurd curves relaring the specerum with the sairrple eoncenstraticn, unknown
srmples muay be swessed for nurrenr concentr i,

Civensetal, () smmmariwed the advantaoes s limirgons of NTRS compared with rradisonul
techiiques, The advantages include the speed sfanalysis, which requires muimal sample preparas
taon. [ addivion, NIRS analsisis g ngmubestraczive method that allows simnsleineous messremens
nf several componenes with high precision, and no reagent or chemical waste is pencrared. More-
over, o spite of the high insrument cost. high theoughin makies NTRS rebarividy mexpensive
technigue when expressed on 3 per-sample hasis. Flowever, its sam linduton is the froeat cire
and ettore needed in devdopmg calibwarinns. Calibeation pracedures nepuire a preat number of
reference medhosd anabyses, which are expensive and time consuning and worthwhile anly if larpe
suripke numbers are uvatlaible. Moreover. che caipleity in the cholee of dars tresyment demands
highly trained personnel.

Although NIRS ix nsed peisarily in quality-assurance prograas in the per food indusry for
tprredients and Gl produets, very lew studies have béen published on using NIRS (o pet fund
assesament. Caseri llo et al. (471 analyeed 56 extrucded dog foods and renerared culiliration BYUATInNS
lor nutrents and energy, a3 well as for apparent nutrment digestibitivies and DF. contene, with
gownl revalts. The viclficients fur deturmining crossovalidating wire sluve 0.0 exwapt for [E
(R.4T), anal the standard errors alss wen: rebatively low, Alomar et ul, (48) anabvesed 5% everuded
dog Faoils, abtaining calibeation equations for GE of nutriens ani National Research Conngl
INRC -estimuted (24) ME content of foods in addition 1 some A% s trace elemenms, The
resulis altained for GF and for estimarcd ME were accurage., In those sudien, o less: precise
estisnativn of svailahle energy was expected compared with GE, aref comsequently 1F and ME,
because they depend an G charsetestitics as well as anin rexpomse to freding. Indead, | lerver
et al. (49, wsing 71 commercial exmraded day Mol samples, Gomad NIRS estimanions accurile s
estutated through application of the recommendid equations. (e NRC {50) for predicton of
GE and DFE in pet food,

Nanutechnology. Nanotechnology is the study of the manipulation of matter on atomic and
tnolecular seales. Nanotechnolugics promise new benefits i many arvas of soence and technol-
ogy; Thelr potential uses rnge from water puribicasion o energy storage m multple medical
applications,

In food and agricultural systems, nannechnologes cover many asgpects, such us food silety,
packaging rmaterials, disese treatment, defivery systems, hivavailability, new tools for moleculir
anl cellular hinkogy, and mew sirategies for pathogen detection (51, 529, Actually, food namorecl-
nology started with the pasteirization process Intrmoduced by Pastewr o kill spoilage bacteria
(hanoparticles of spprocdmarely 1000 nm, which led o key advances in fesud processing il
improvement in food qualine (51,
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Nanotechnaligy applicating for the food secror have beai developing rapddly in recent years,
effécing swviral opportunities to provide berrer and safer ennsumer producrs rhac have heen rep-
resentedd in pet foonl producuion echnobogies, e areas afkey luias fur the development of food
industey upglicarions el maim particles ave la) o sive mucoonorrients as e rticles incot poraring
wavel funetional propermies u products, (1 oo encapsolare and deliver Biosetve food Emponens
by nsikg sammmarerials o cnhance their Wivivsilabilicy, {ch eo fenconalise nanopartcles for de
tewtlon of food-rolsted ricrabdals, and (v develop inovitive packaging to enhuanee food safigy
agralast pathogens by increasing the shelf life of foods [33)

In the prer frind industry, nanotechnolouies have been apspliend T smprove rextures and seability
of ingredients (23 nanoemulsans to improve thermodynamie stability and avoed sililivion &F el
sifiers). Moroover, ss nanoparticles are mure elliciently absorbod and distributed thronghout the
by, the assocsarion of poordy higavailable subitances with anapartices resules i enhancad di-
gestibility aad shsorprion raies, alang with redueed spoilage il wastage aml inereased safery and
quiality uf foods {54, Similary, nanoeihnology is bty vsed to oaimiain the nutridion) valoe asd
stilidlity of food matertals during geocessing, storsze, and defivery by microenespealation (e,
probintics passing tnacr through peseric acidy,

Another impartant epplicasion of manoreehnobogy i the per food inahimstry 18 food preservarion.
Nancrechnology-derived fond-packaging materials are the Lergnest category of current spplications
tor thie foeel seeroe, A relutively low mannparticle level sadhcient v e the properticy of pack-
aging materials. Applications for fuod packaging inelude {#) lmproving packaging properics (e,
Aexibility, gas harrier propertes, temiperatire/mosaure sinbabing), §iy INMCOTPOTAL T Artic]es
WIth antimpcrolsbal or ORFRUN=SCIVENZtyY properTies, (O incomiorsting nanosensoes t monitor and
repart the eondition of the food, and (d ) producing bindepradable CORnpGEites | 54,

The saime charaereeisnes that miay allow nanoparmels 1o provide healthier, safir, and higher-
quatity charseteristics 1o foods may result in toxicologreal outcomes during thedr interaction with
biclogicsl cells, tssues, and organs, Health implications for consumers mmy resuly wEngE to the
greater absorption of cerrain nanoingredionsy or nancadeditives. that miay' Lead 1o letier healih
vutcemes. Ivis of concerm that the intreduction of nunopartcles i foods desermed 1w carry dierary
supplemnents vould lead 10 introduction of foreign substances inteo the blood or (11 interactions with
the normsal microflora of the consumer in an unsapeeted way (52, £53 Such porential risks and
knowledye gaps make it dilliclt o assess the sveral] sk ol manopartele consanption and ue m e
fuod tndusiry, The Eurapuai Food Safery Autharity and the US Food and Drrug Acininiseration
amalyzed and provided wafery sesesment guidance fur manateihusuligy spplicadons o food and
Feeil and stressel the need for suitable characterieation and walety tese appenaches for such a
I:]ﬁr-du'n;']rlpi'ng new fedd (586, 573

In Vitro Notrient Disappearance

In vitro eneyme digestihility methods lave been used for yesin moananempt i predicn in vve
digestilulity by hoth nonrminant and romisant animals, Liwdeed, perhaps the e widely used
i vitro method & that of Tilley & Tearmy (38}, which simulates the degradation of digtary drganic
natter i the remen by incubating tesr sabstrates in 3 vosel with nnmen fAuid, The method has
proven 1o e reliable and remaing widely wsed in the evalustion of rumingnt feeds, matmnly forages
andd high-hber ingredients,

Broisen (39, p. 156) cancloded thar *in vitmn digestilafity methods have considernhie pitentinl
for improving and optimizing the farmulation of diers for Farm animals." und the same may be sid
ar diets for companion animals. In vitro meodels simulatmg gastric ond smiall incestinal digession
aztel (r} femmenrative digession i rhe lirge bowel are o relagvely inexpersive and rapdd mesns of
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stmulating events ocowring throughout the sstrodntessinal rrace of the dog sl cor. Several Iypes
of In vitro mwsdels exist, incladimg boreh ealiures, chenostar sinibators, snd counputersconmolled
systems, They range widely (o cmplexine and wapahility, sodig systoms are capabie ol =mulatng
either hydrodyric or fermenmtive digestion, whereas others can sl both, By minitoring
digestive: cvents at select time points, kinetic outcomes., such os rate of nutrient digestnn, wasiemal
e of shore-chain Gty acid production, and time i schisys masimil cate of short-chain fary
il preduction, can be devermned along with extent of dey marter or aurient digesthiting

Laongland (600 identificd the major chareteristics uf an jdesl gastrointestinal in viro nuded
l#) Physealeypienl quantitses of enzvmes shouhl be wsed in scrjuence 10 digest the st sulsirans
) the pEl of the comparmment shoalil allow the sctivigon of cneymes and other cofscenm:
(s} higestive end-produces shoulil be removed fronn the syseenm v o timiedy faslvion: (d ) a1 each shupe,
digesta ehonsld be adequarely minced; (¢) the time that the digesia resides ity any one COmEEArtTen
shoulil sirmulate the resdence time in the representativie host anmal spectes s {72 serier araer-
obic environment is required for survival, yrowth, and actviry of the et microbioe used in the fer-
mentano phase of the in vitro experiment. Mast in vitio svsteins used today sill noe resch this high
standard, with the major prohlei being inabitiey to remove end-products sfrer digestion hishad o
change to procesl. All other criteria described uhove can be achleven, some more eanily rhanothers,

The simpliss i vitro swstiem o evaluate hydrolytically and fermentatively digestible submirates
wia batch system thar consists of o single. self-contmined vessel i1 which damples arc first bydrodyr-
weally digested for 6 b using simulated prsede pice (HCl-pepsing amd for 18 b wsing inyessinal
enxymes (panereatin) at 39 Follewing hydralytie digestion, fermentative digestinn may be
messurisd by tilrering the simple, then adiding a fecal saispension e the reddie wosel a5 o mi-
crabial tanculum, When sitiuliting fermientutive eveists in the d-:q; ar ¢ar, nnke of fermeniatnn
beually ts apgenxemarety 12 b o allow the microlitota some lag tine at the heginning, This inethod
et noe allow addidition o removil of test substrate from the vessel, and over time, this causes the
microbes to enter the death phase, where cessation of fermenturion decurs (21 This generally i
ned i probles prowided shorter incubation tdnes are sodied. The thiree-stage merhod Jeas heon
validated with in vive data (6163} Several other methods have heen devisedl with a particular
fistr ey tamy protein digesthilite. T hese are reviewed |:|1l.' Boisen (3%,

An exarnple of 3 comples digestion model {s the 1™ Intesting] Model (TIM-1) developed at
the TNO Notrition and Food Research Institute in Leist, the Netherlands (64). Thiz CUMTIptET
contratled system is capable of dmulating charscveristics such 48 el size, meal duration, peri-
sealsis, pH, gastric and intescinal secretions, gastroinrestinal transit time, and albsesrption of water
anvd nuirrients. [t consists of four seecessive camprinicts simulatng the stomach, duodemum, je-
puthiaiat, snd teum. TIM- L is designed eo mimic physielngieal characrerissics (Le., gastromeesingl
transit rate and gastric and intewingl secretions) based on in vivo dats from the species of inerest,
in this case, the human,

The functinnal gastrodniesting dug aeidel {FIDOY is samibar g TIM-1 bt has bten madificd
to nimic the gaseromtestinal tract of the doy. Smeets-Peeters (65} validared FIDO wsing duta
obtained from ileal cannulared dogs as the University of Winoks. Substrates evaluated weee selecy
earbohtyidrates, poultry by-product meal, and fresh poulery. FIDCY proved 16 be an excellent madel
o rank subsrrates inferng ol degestibiling, but nor to predicr seeaand in wivik eligestibiliny coefiemns.

heme substrates need not be tested by using 4 three-stape in vitrs methad, as their hvdralytig
digestibility is low or negligible. Dictary fibers would 1 primne canmples in this cotegore, There-
fore, For Bhroos substrates, oobva fermentation phase is reguired. A micrabdal inocubu from the
species of interest is necessary, and this is usnally obtained from fresh foces, Apain, armple basch
systeans can e wed involving  single anaernbic veswel contaiming nuertent medio mixed with the
test substrate, The vesel then is inoculared with 3 fecal suspension containing microbing and
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iscubiatedd ar 37-39C for various periods of tine Fermencabulity of the subserate is quantific] Iy
measureinenl of subseate Jdry matter disippearance, changs m plE of e medium, produetion
of shart- and hranched-chain ety acids and drases, ancl changes in concentratinns of microlsot
present ar the beginming and end of 1l lermentative phase,

A more comples in vitro model tw simulace in vivo termentative events is TIM-2, which simnu-
lates the priosimal cobon of the human (66). The system ts inoculuted with fresh Feeud inocularm, and
subserace is allowed oo ineubare for 16 1, The pHLof the system s kegot comstant at 58 the plof the
pruximal eolon. Holliw fber membranes connected o s dialysic mackhine remeve fermentative
end-produets, such us shorr-cham faery aebds, and water oo provent build- up of mersbalites that
hinder hacuerial growth amd survival. Physiological charscresisics of this syseenn were establishied
fenm dats collecied on victine of sudden dearh. Agreensent has heen notesd with in vive dita where
novel crrlichydrates and prebioto have been testod, but ot in all cases: Llnforiumaeely, o e
knowledie, this system has nut Ieen rested with the caticne or fpline

Drbier complex i vitro siosislation modiels exa. Thest inclode SHIME (snulated humsan
intestinal microbal eposstem), 5 chemosatic sysbirn that evalunres the complere digestive process
from stonmch o calon in one clased system (673, Usi of different vense s allows predicsions of the
hyidealvtic amd fermentane processes occurring in each region of the intestingl race, However,
despire the eonsistent movement of media thronigh the vessels, this systemn lacks the ahility to
remove digested mutnents, all uf which enter the simulized codon vesscls, causing problems with
the interprezation of these tosulis a6 additional hydenlyng end-produees are fermented ar this sice
vt that wonld net be present o vivo,

Uhber fenmentation-only models include e Rearding Sinmwlator, 2 three-stape continus
culture devies eomsisnng of three vessels miinicking the provimal, imesverse, wndd diseal cglo
of the human (65), and the EnteraMiy Calan Simulator, o semlcontinuoes device that vankiss
of foar vessels represeneng the eecum and mscending, transverse, descenating, and distal colon,
Pespectively (850 1t obtarsed o both systerns catpared bivarably with in vive dat, bor
these, ton, have not been tested usings experimental conditions and imocoluns relesarnt to the per
amimal,

Incomparing these methads, baich culture iseapable of sirularing bt hylredytic and fermen-
tatrve: digestion eveils Lot does nir allow stesly-state conditions 1 be sidieved in Ny gUE o=
parmment and, e veeason, will produce results fae remoend Freim whval veoars in vive L hemsmauis
i anly the fermentatsve phase o dhyrestion, so their wse is limied, TIM=1 and -2 i lwsth
bydrofytic and fermentasive phases of digestion bt are laluir intensive s CAPEMEve [0 maitmn.
Alsi, resiclis obained using these systeins sunetites di not correlate well with i v resules,
Few validation studies have been conducted et in ive and In viro responses in the same
experiment, and so fo now, 11 is recommended that in vitre systemis be used ag screening rools o
redbuce the number of subswrares that must bee evaluaced in vivo (2) and w prevent HNRCOEESARY i
of animaly for experimentation.

In Vive Nurrient Digestibility

As nosed in the NRC (50, p. 12 publication Nureienr Brquirearenrs o Dlogy amad Carr, “nutrlent
digeitibiline values provide isformation on the relative arnoungs of nutrignts in che diet that can
be wsed for productive purpases and, additionally, serve a5 an index of overall squality of the
tgredients of dog and var diets.” Nurrlent digesdbelity is the difference berween the ditenrmt oof
nurrient consumed by the animal and the amount of nutrient excreted in the st diviided by the
ammncuret of nutrient consamesd and multiplied by 100% in arder that the value miy b esgeressed an g
perentage basis. In conventional real eracr digesahiliry studies, 3 distinction isnot made between
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unshigesmed distary nuerienes and endogeneons nutrients secrered into the digesrive race that are nor
reahsorbed, Calvulsred dagestitility values, then, should be peferred 143 as “asparent,” Fos A4 and
Far. endeogenuis lodses are quite subsrantial wad are infivenced by the presenice of sther nutrienss
# well @ nonnrtrents in the diet (70), Sovnihod eval, (710 comeluded that erdigenoas matrent
lnsses intesfere with the additiviey of mutrien igesmbilities in mismres of ingrediens presun
b conmplere foods, and with metaliilic losses assoianesd with the ase ot absaehed murients for
productiven, e sceount Tor ersdnmenous losses, ileal digestihiline muogt be dewerinned, This alliws
nutricnts to be quantified before they reach the lurye howel andd are modified by the sabstansial
mucrohinm popalation present at this sive, s this procesture, anmals we conmilased st the ferinal
Heirin, and digesta sre callected from this site ot spevific times threghour sy expeninsenral period,
Iner digestion muarkers ace ssed 1w ek the passuge of miserients i this dee. el ilpusilbabiny
couflicients sill should be considered “apparent™ rathes than “troe." g endogenims secretinns
make up a porgon of the fleal chyme. Nevertheless, thee vatues are much mere ucowsare and
reflectve ol mutrlent digestion events than are 1ial teace digesuibilivy messuremenis. Consderabiy
research las heen conducted ar the University of TWinois im momerous et b ingredsenis fed o
ileal eanmlated dogs (72T

Saner f Chimuk (79) and Scot o al, (80) identified inherent inaccuracies in determining
nutrient digestibilioes and avadalabities, Problems can oceur with samipiing of the food, sstimation
of sutrient intake, conduct of the chemical analyses, and improper collection smd samuping aof fleal
itigesta and for) feces, Use of indigestille markers in the diet can help ta overceme wme qf
these problems, bur they, nw, have their shorreomings, as several sssmpeions muse be nuade
ubiowt marker we (e, homwprencos distribution of the marker in the gastroinestinal tract,
imarker recovery, marker analysis, penper srmging procedures), AAFCO (259, the Of LAt
thar publeshes protocols wed (1 measure the norritve valge of dlenr and cup s, recomimends o
feve=chy dierary acdaptation petiod followed by 5 fvec-day fecal colleetion period to ensire accarate
digesubility messursmens. A chorrer pereoad {three and four days, respectively) may be wed for
dugrs but vt for cans because thelr consumive and exeretion parteras ofien are more virsble
than that of dogs.

Shickis (81} identified four mojor Gctors that cn affect digesiibilioe values. Thess inelsde
far) Foinid processing wives (ingredient partiele size and modifications m the preconditioner, peller
mill, extruder, rorert apparatus. or drying oven, (i) feeding nanagement practioss {previnnes dier
led, amennt of food offeredy, (1) aninsal factoes (heeed, age, pender, aetviny level, plysiological
state}, and {4y howsimg and environmental Gictors (mezaboloan rages versas sovered Lennels, etfec-
tive emvironmentl eemperature, caretaker-gnimal relatonship, phoseperiod), Maore data exist for
same nf these faetors than others, bist all could Bave 2n effect on the exent of orriene dipestihility
by the disg and ear,

Alernative Animal Models

The damestic dug and car are the ideal animal wodels for evaluition of ingredients and fisods
mtended for canine and feline pet nutriginn, Hevwever, new socletal values, incTessing comcerns
about andmal welfare, the high eost of snimal care and specialized Facilities, and echical consider-
utions have hinderod thefr uae in this field, tncreasing the need to seck ahermative animal models;
The PER assdy, the cecectomiced ronsicr, and the ileal cannulated pig are potential altemative
antmal models o sereen ingredients thar migkit be suived fur canine and feline nurrition, exgencially
thase pertiming w protein quality and AA digestibility of select bygrredients wed in pet foods, a
well a5 energy staties of anirals fid the suloct ingredients. These alternative animal models should
complement in vivo spparent total tract futrient digestibality and pet fond palatabitity sradies
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i thie dutesric dug or cat, 25 well gy soudice scarching fur beneficial cffeces of sutithon (o,
nutrmeenmcal migeediennd on eantne 2wl feline kealth,

The PER assay ts a method used o evaluaie the quality of proeein in foodsentfs. This ewsay re-
quites the use of a growing animal mobel (e clicks or e pispel s protern deficicrey ond lack of
an adespuate dieaey supply of essentzal AAs can be mr ¢ sisily and rapidly detecred during growth,
The PER assay was usend tirss 10 prect protein quality of human foods (82} and latet' 1o cvaluace
the protem quality of varms proteinscenus bnredients wsed in animal faeding (75, B3, B1), The
simplicrry, low vost, and sensdtivity of the PFR assay make i oa pood screening el for pritein-
quslivy evaluasion wsd determingtion of bdolegical value of novel inpredicnts with peetential wse in
pet foods, prior w maling lurge invesments in dier muanufactiring and in vivo teering using dujes
and atx. The PER amay consists of leading a tem ingredient as the sele soree of dietary protein
Lt & diet comaining Y=10% crode protein for a pertod of time ranging from 28 days in rats to
fi=14 dhavs in pouliry (82, B3 A contra] diet olten bs nsed. This diet can be either Nofree, which
Allows correction for maintenance weight loss (36), or casein-contaming and can be wed 35 2
reference mo report the refative PER value of the s ingredient (875 The PER value ix calewlated
as the grams of bady weight secreced divided b the grms of protein intake. A PER value eiqual
o or grearer tan 2 s consulera] indicative sl 3 good-qualisy protein. Whey, casein, amd iy
are contsilered three of the highest-quality prateins, with PER valucs alove 1, Becuuse anirmal-
ani plant-peotein meals and vther protein LprdRens dre commonly used in per foods, 2 gued
understanding of vartabilisy and bacvailability of the Ads in these ingredicnss is mpertint fir
formulation of complete and halanced diets for dogs and cors, Substantiol research las been
comauered ar the Universiey of Niinois on muiermis Protein seves as petential ingredients fne
pet fombs using the PER sssay (5800

Ins addizion o the PER waay, the cecectomised ronster sty alsn i e used o estimare the
AN digestibilaty of protein ingredients used i animal nutrition, In contrast 1 digesahility snodies
w0 dogs and caes, thiv sy is faster and [ess espensive and minlinkzes the conlounding factor of
protens degradation by acterial populbstions in the hinalgue {in this se, the cees), providing u
meire decurate evaluanon of different progein suurves by encymanic and hydeolye digestinn. This
methodulogry invelves the eecectomy, remaoval of the paired cec of the bird, the majue fermentarive
organ honsing the gut microbiota of an udlr poosser, followad by an 8-week rew wery period (W1}
In this assuy, the roosters are fasted for 24 b o @ crop intubation of spprodmanely 346 g of
the test mpredient (921, Faren furine and feces) are collecred for g perid of 48 b Seandardiced
AN digestibitity also can be determined by measaring cnuogenous secretions af AA by eosnsners
that are muinwained in ¢ fsted stare throughou the experimental perind, Facreta samples ol crop
intulmted fod and fusced hivids then are tyorphilized and ground prior o derermunation of Jrrasy
enerzy, mitrugen, and AA concentrutions, By applying these rechnigues, apparent and standardize
AA dipestibulity, 25 well 35 trise metabnlihle energy varrected for nitregen (TMEn), can I
ealeulated, as described by Sibbald 92} s Parsom et al, (93}, respecrively.

Johasom and cownrkers (75 ol the cecevimmteed foosier mnd the len) canpobared dog
comprare the AA Sigestibility of dog fonds made with different proten sesrces (meat aind boge
meal, pualtry by-product mes], lamb mesl). These suthoss found thar AX digestibiliny values
obtained hy employing these two animal models were highly correlated, espectally for lysine (r =
(EHS], cystine {r = 01.54), thresnine {r = U871, methionine (F = D590, tnend 2esentiul A5 (F =
U400, and toral AL fr = (h42), The protein gquality of select pratein ingredients sustable for per
food manufacturing, such as cam protein concentrates, fish and meat cuts, neals, and hydrolyasres,
has been determined with this model (78, B4, 9. Similar e the cevecerinibmed Fosster sseay, the
cunventionl {noncececiomined) moster alsu has been wed o deteruiine the TMER for varioms
novel carbohydrates and fiber sources with paential wse in pet and human foods (94-06), The
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conventional roester wsay has been o valeable animal medel oo evalugte the mbaric cotter ol
fewwlstuds produced for their low calirie content aiod How-density properties, Tn recent years, this
area of cesearch hos gained ineraised anengon owing to the prevalenee of health complicarions
asscceated with overweiitht or abesity, The use of the roosser muodel allaws 3 Tetier PEPTESELILTIn
of the digestive process in contrase with in vitro assays low determining ME content of foodsiffs
bt also allows for a shorer, easer, and mare serurate eollertion of dag than ncewsrs when himan
stahjects and the canine mosdels are emploved (94).

The dleal cannulased piy iv anacher anisl moded for studying hyilreslyric dagestion of novel
ingredients that iesy have relevance o the cormpanion animal, The peg shares maore gastrointestinl
tract similanities with the dog than does the cecectomized rooster. Similar 1o the fleal cannulaged
dog, the ileal cannnlaved pay allows samuple wlleetion befure digesta passes through the laige
ntestine fecum and colun), where most fermentarive scervity takes place. Like the deyg, the pig i
an auvre with smilariies in feeding behavior and Bexbiliy in bypees ol Funds and ingeedaenis
aceepted (g8, raw Inprredients, sl diers, dey extroded pet foods, canmed per foods, per mears),
Also, the quantity of samiphe that can be collected from the fleum of the pep s sutficient vo copdus
mumerous isrys. Seandardizel AA dgestibilicy mesurements vty be e, 35 well as 1V content
and metahotizable eneryy conrent if uring is collectad.

IMPACT OF NUTRI'TION ON PET HEALTH

Advances i companion animal suteision and vieterinary care of pel dope and cars have rsalied in
longer life expectancy than ever before (971 Recemtly, itwas reporied that over 90% of the ciidne
anid feline populativn of developed countries such as the United States and Awstralia voname
at least half of cheir food intake from comaiercal produces, Thos, the populurity esf Aatritionally
coanplere and balsnesd pet fonds seems 0 be 3 comtributing factoe o the improvement i
pet health (96}, Furthermore, comymmicn animal nutrition pracices go well bevamd providing
nuteitionally adeguate fosds for dogs amd cuss. They foeus on impeoving the health, lomngevity,
aned quality of fife of pets by investipnring the role of nevel ingredienes and undertanding
the relationships between the anitmal, iss nutrigonal physiclogy, and the metagename on rhe
previemtion and treasmment of diseases

Novel medecular and hagh- throughpar methindulesies allow foe a faster. mare infrrmative, and
haliszic view of arganisms ind systems b Inferess (999, Some of these methndologies are currentiy
being wed in the Geld of companion aninsal nurrition, for eanmple, nutrigenimic smaterics thae
by nutrient-gene interactivns snil how diet iy turn on or tuen off genes relared W nuarrient
metabolism or penes related 1 cortain discases tegr., nbesity); microbiome sudies that focus en
charscterzing the populution af microorganisms present in various bindy sites and wnderstunding
thelr rode as it pertains o host health and (or) disease stams; and metibolomics spproaches tha
providke vew plathoris foe the identification aml sualitative or quantitative analysis of hundreds
{prtenially thotmands) of metabolives thar may be altered nwing e nueritional interventions and
tor) disedve statux. "Thess methodolagies are further exphored in the following sections.

Nurrigenome

The genomics field includes the various high-thraughpur rechaologies wsed 1o penerute, Process,
and apply molecalar biology dasa 1o the eamposition and biviogical purpnses of penomes
(100, Browdly defined, genamics not anly pertains 1o the study of genomes i terns of DNA
sequence but aleo inchodes 1NAdchromatin st fepimenumics), tramcrption of DNA
messenger RNA (mBNA; ranscriprmics], transhition of MRNA w proceins (protenmics), and
Maasres of metnbolism {inctabolite profles; mewlolomics]. The e oof gravainic hiology 1 smdy
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Autreni=penc mrerackony i referred Lo e nrgenomics. Nurigenomics i the sty af how
mutsients or linacrve dictary compoonds affece hosr gens sxpression (mRNA)L Nutrigenencs,
a sloiiler term that s didined ox the study of hivw rhe genctic hackpround of wi asidemal affects
nustrient slsarprion, metabolia, and ramsport, often is incluoded in the nuEFigemamics discusion,

Although radivsomnal assays sgll may be osed o mewsore and study DNA (e.g, Southern hlo-
tingl, RNA (e.g, Nowthern blorrng), and proveing {e.p. Western bloting), the avadlahility nf
high-thrmaghpat molecular assivs and the cumputer software progeams and hininformaties strate-
gies required fo bnterpren the lirge data sets they penerate have dramatically aliered the research
landscape over the pasr devade und are mai centitonly used i notrigenomics research projedts
tliy, For the mesarement of mENA, peal-sine Huantitative reverse transcriptase polvmerase
chuin reserion (gl U-BCH), microarigvs, and BNA sequencing (RNA-Seq) are most comimmn.
RT-PCR bs non hagh- thraushpue bt is wsed o amiplify usad cpuantify = specitic mRNA sequence
that is known 1o he andque for che gene ofinrerest. Because it i highly sensitive and has g rather low
vesl, i Bk most ceanmonly need 1 Icsl.qw,-iﬁq: orechanizims of acton wiire msch di.Ll.l"iﬂnn'lf.-ﬂﬁe
alreddy gxiviu,

Far hiological provesses or diseases where firdle is ko, high-thromighpur assays thar enable
the messurement of thowsands of genes simultansously may be wed not only ro rest hypotheses
bt aben g0 genwrate them. Targeicd assavs such as BRT-POR then rmy he wsed o stimly specific
miechuisms of action nmoree deail in stilmeauient experiments. Microarrags were devielupe| in the
micl- 1990 (101, 1023 and were ased heavily for such putposes for 1015 vears, Sieveral Projecis
have wsed 2 commiercial canine micrarray 1o stsdy aging and natrition {103 107) and ubesity
UDE-110) in dogs. A iskcroarriy i now aviilable for cats, bur few hays used ir for the study of
ugrition (U, Microorrivs had o dramaric impaect o The Geld wheis thiy were first developed, but
they are only semiquantitative in nature wnd are lingied o measuring the mRNA sequences that
have had Anorcscent probes desigaed and incheded on the ehip. RMNA-Seq, however, couliles the
measurement of all mENA sequences piresent in g sastipile. Because sequencing asaays, eapecially
thase of the urming plafoem, also have improved greatly in eems of cost, sequence length and
apualicy, ard turmaround me over the past five yers, RMA - Seng oshign i used mstesd of micrrrays
RN A-Seqp has been used sparingly to study cunine and feline rovesrbedisen i ilaee (11.2)

As regands nutrigenetios, in which DINA is the primary wrget, SNP cligs have beci dieveloped
anct used for o variery of specics, incheding thee dog (1135, Atnple-nucleatide polymarphians (SNP)
are single-nucleoeide differences in the DNA sequence of & mene. Depending on the loeation and
type of SNF, the effeccan thue animal may be undeesciable, mild, or severs, Fhe gffects ol S5 alsn
snay be alditive, soeven i thevare noe desected on an individual basic, SNP combinations ey aller
protein fanctionality significansly. Alrhoagh many ave suceesshilly used SNP chips o identify o
penetc hasis for disease susepahility or response o dict, dheir commprbixity and costy agsociated
with the analysic of the millions of SNP thar exiss in manmalian gennmes hiave Bmited thtr ase.
similar 1o what has nocureed with nicroarrays used for geme expression anndysis, whaole-genome
sejuencing strategics are now often wied instead of SNP cluips (114),

Gastrointestinal Microbiome

Many of the strategies and tonly ised to advance the field of nutrgenomics have heen used o
charactenize and study the gastrointestinal microbiome of maminalian host species, mecluding
dogs anid cars, Previosly, our knowledge and understanding of miceobil communities were
based primarily on rescarch sing culture-hased techniques, Beconse o small Fraction of the
WETDOrgnsns present in the gasteointestngd traoe can be culoured and stisdied, progress in
the field was gremlv hindered. The recent availability of molecalar assays has dramarreally
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acdvunial this Beld and has enbanced greatly onr understanihing of the composition, dynamics,
and fuctomlitg of the host icrobion ecosysten in o and cats. Mulriple DNA-based,
culture-independeat methods for microbivme analyses have emerged recemly wnd may be oseful
tly wo effectively idenrify and quantily microbial popiilatioms, These mwihods are sunmmarized
bricty in Table 1, with more m-depth reviews available in the lirernure for dpUANTITaL L
PCR (qPCRY (015, 108), fusreseen in sim hvbiridizavion (FISH) (117, sestidction frapmicnt
lengrth polyrmorphism (RFLP) (118, 119, denuturing gradient gel clecrraphoresis (IGGE) and
teniperature gradiens gel elecoropharesis (TGGE) (120, 1217, and sespuencing assavs {122, 1235

Many of the medecular methods for determming the Idenrity of bacteria are bused on the 165
fRNA gone, includimg QPCR: FISHE and gel-hased techniques, such a8 RFLP amalvds, DGGE,
and TGGE, Alchough they are not high throughpoe in nature, thise procedures wiere an effective
mieans by which wadvance the ficld a decade age; many reseatch groups el these srmegies
stuidly the effects of gastrointestinal disease and diet on the micihine Al g { 241 26) and eats
(127=130), and vice vera. Sequencing astys were the next lesrical atege, with clome Hbearies sl
Sanger sequencing being ngsd initially (131, 132} Berause sequencing sssivs are not dependent
tepans knvowm primer sevs or probes, these ssays ureatly incrcaed the ressarch scope and b
our vision of the microbiots communities that exist in the canine and febine pastrnintestingl wracts,
Alchough Sanger sequencing was used extly on, the high-<throwphpor seiquencing echninues ii.e.,
54 pyrossquencing, loming) were guickly adopred onee available (133, a4

Although 165 -based assays, especially these that indode sequencing., have greatly expunded
i vishun of the gut microbions, the rRNA gene prewvides infarmation only on the identoy of
bacteria, It also does ot allow for the study of wrchaea, fungi, ainl suksrvotes present in the
gastreanrestinal trict. Shitgun sequencing, which includes sll DNA content in 4 satiple, provides
naronly txonomic infoemation hoe afso informsthon us m the functimal eapacity of 1he miceobiors
ctiminunity, A few recent shotgun sequencing studies fircusidd an dietary intervention hove bees
performed in dups and cas and published (185=1 38, Although these experiments bave provided
miach infiirmation, mmach more remains e he understood, Civen the great fnsctiomal redundancy
that exisis within the micrabiome, a angle txvonomic snafrbicnt does not isbenity the mechinisms by
which microbiota impact the healthand nutrisona? st of the hiost and tor] how the host-microbe
relusionship may be altered by envirrmmental factors, incloding diet. Hundreds of metabofiess are
symthesized by gur mierobiona, including short-chain turry wceds, bile acids, indulic and phenalic
coenpaunds, vitaming, polvamines, lipids, and many sthers, thar play & role it 0 wide vasiery of
hisdogical functions in the haos (134 In the lutvere, messiremient of mierohial shifis amd imatialiofic
b= products over sime that will provide imparmant data pertming 1o microbial sdapaliitin and
elficieney is needed o inceease oor undecstanding ol mdcralic-hust relariniships and how ibictary
imtervention impacts health and disease,

Menbolome

Metubadomics has boen defined s the qualitative and quantifative characterization of global
metabolic prdiles, and the sudy of the composition and interactions of the metabolites in
FESpanse tn interventions e, diett and environmental, cellilur, vissoe, and aflud minlifici-
tions (140, 1410 Do ters, metnbolites can be defined as small molecules of intermediate ar final
metahabism (190} thar provide a dynamic readout of bislogicsl processes und 2 perteneral link with
transcripioiicy and proteomics data (147), Metalalonie s eomiplex discipline, as mammalian
and plan cells may comoin 3,000 w000 metabolies A3 Dhwing eo irs complexiny, more
specific disciplines have emerged o srdy smuller wrops of macealeslites of crest i hiolugical
Systeme:. For example, Hpedondes is o research fidd dedicaied 1o studying the metabnlites
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invedvesd in pathways and nesworks related e the memboliss ol ligcls {1 44). The discipline of
teetalielomics can be applied in o myriad of scientific ficks, such as erop seiences, toaeology,
pharmacology, snabytical chermisery, and sutritinnal and Bomiedies| scieness (145, 146),

I'.lt'qﬁ'ile 105wk agrisaciom, Use Gebil of meabalonies i rilatively newy It wis firs applivd
in the 1970 by Pauling ev al. (147), who investigined metabeliies in urine samples o monior
health seatus in harmans, Tn 2004, the National Tnistitutes of | Tealeh's {1481 Merbolopiic Hisilmiap
Initiative stimulated herther metabolomics research. Becse of the eomplexity of memaboling
identificurion, and their qualitative and quantitative measurcinents, mulnple sualytivsl platfocms
are rajnred. The most common aralyiol technologies enploved o stody metabolomics have
been hased on liquid clromangrraphy-mass speotromessy (LL-MS), gas chromatography conpled
with mass spectronery (GC-MS), and nuelear mngnetic resonance (NMRY Tn addidon, capil-
lary electrophnresic-mas specrromaery, ulraperfurmance liguid chromatogugphy (UPLE), and
phutodinde array abso have been emploved (144), Amwng the instruments wed in mesabedomics,
GC-MS and LOC-MS are uble to detect 2 wide ratige of metabodites in comples miviures, espe.
cially the LU techaodogy chareasily separates compounds of varving polaricy, In conteast, the
LPLC offers faster spoeed and bemer chrsmutgraphic resoliion compared with HPLC XMHR is
% highly slective and pondestructive analytical techmicjue, provides reproducible meavirements.
amd requires minimal sample preparation, bt offers lower semitivity. [ocan be used o idenrify
1 malecule and characierize ite chemica] siructure CBL 146, 140 The "HoNME rechnology
uften is used i metalaolomics studies, as the ' 1T mucles hasa high natural shundance (=99.98%)
{158, "This rechnology alau i used 1o ideitiiy inetabolites of the sime mass anil eonfguration
that cannoe be differentiated by MS (151}, Some wchvanicages of the M5 mechnologios are high
sensitivity and selectivity; seme dre even able to provide information shout the chemical strucrre
of metabolites (141), The combinution of LE-MS=NMR i perhaps the mos fficien: method
to iclentify metaholices: however, it is not wadely el nwing m i eomplexiny (1523, Ulrimately,
the selection of o particular technodugy will depernl un the seape of the stsdy and CORpIrOTTiSE S
aifomy instrumentation sensitviey, selectivity, and speead (141} Dierasled deseriprions of the rech-
Acdogies used in mesabolomics are beyond the st oF this review, but these wechnologies have
been escribed i gwret derall (141, 146, 149

The hundreds o1 thonsnds of metabolines identificd v applying vartations in the echnology
described above cun be quantified @ 3 relatve change: or an absolue comeentration, methods
known as untargered and targeted anulyses, respectively, The untargeted analysis convists of the
hormlization of metaholive signal intensities in relation 1 internal standards or ridative matabio-
lites, whereas taepeted analysis is performed by means of external or isstopically labeled standurds
(1 The bigh cost of targeted snalysis has limed is e in sxphoratory studics evaluating lunge
numbers af metabolites,

Metahalomics is 0 new discipline in eomparion sntimal putrigion, and uniy o faw stulies have
been published hased on this wechnedogy (153-155), Using GE-MS and 1LC-MS rechnology,
Allaway et ol (133) investignted fasted plusma metaliobic profile differences between adult s
and cats fed a complete and halanced diet with or witheout ghucose supplementation. [espire
the idsosymcrasies i their mesbolic adaptations, dogs and cars cesponded stmilaely when
supplersented with dietary slcose, Lising dimilar technology, Deng et al, (1 74 charactetized the
plasina metsholive profile of cars fed dic varying in thesr nueromimient composition, In thar
stuly, o dastiner ictabolite profile for cars fud hagh  protein versus high-fat or high-crbuhydrase
dict was observed. Cars fed the high-peotsn dier had decressed nucleotide catabolism, whersas
cats fedd the high-far diet demanscrated increased fpid metabolism and displaved markers of
adatrve stress. Maore recently, de Gioday et al, {155) used uneargered plasma metabalite previling
to iddentify metsholic changes related rapidd body weight gain in sdule dops fed ad libinmm,

sy Cavies and Fedns Naimims
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Drierinet saetabolire pasterns were nbsepved hering early wnad late phases of by welght gain,
with inetaluslives eebated o AA and lipis! mesabalisn Incong masic affecied.

Additinnal stedies thar enaploved the neehnbomics appreseh i companin amtmals haie eval-
inted metaluifite prostile varations in g ainl vats (1563, hread-geecific meabuolic fmEerprins i
dhogs (157}, the metaholize profile of tdctlogical markers in digs (1581, and the metabaline pisii-
file of corebrosping] Huid in Bealthy smd epilepric dogs (159, 160, Adeironally, the Companinn
Asurnal Murrition Prograen at the Universioy of Hlinais i currently applving mietaledimics tech-
nology to investigate effects of exercise arl dier, aging, gastrointestinad microbiota, sl weight
loss in dogs and cata.

FUTLURE OF COMPANION ANIMAL NUTHITION
AND TECHNOLOGICAL APPLICATIONS

Future sdvances in the ficld af companion andssal nutrition will focus o understanding the ipace
of dietury interventions by wniny 3 sysets ool approsch, in an antempl o tnregrate lanee dars
sews frown biological processes with nuerients and nunmutrient compounds peesent in g vanety
of ingredients and pet food marrices, Althuugh this is an exciting area of resenreh i seems
to b a promising ool to further mprive the health and quality of life of companion animals,
the tntegration and application of these technologier will noe be without challenges. Firsr, the
expransion of knowledge about the chemical cushpiestion. of autreenr and nogmethent compounds
in novel inyredient sourees osed in pet foonds will allow the ereation of o ilarabase of compeunds
that may affecy endogenous and senobiotic metalolism ol dogs and caws during and jor} sfrer
digtary imrerventions, Socond, the effecr of food processing (e,g., exnision el Fetorting) is an urem
at research thar must be explired. Similar 1o the other terhnologies covered i this review, food
meocesang technslipgies are advancing. The vast majority of the commescially svailable e Tosss
are esther extraded or tetared, and veery lirrle information w avzilabile on chemical transformutions
owing 16 processing conditions and their impheations in animal siesbiolism, Thied, dse char-
aeterization anil elocdaton of the fusctional capaaity of microbinl commrumies inhabrting 1l
gastromntesrinal tract of dogs and cars will provide furtherinsights into thetr b in and intersction
with host metabolisn. Fourth, the development of ssanidsrdized protocols for nutritinnal studies
pertaining w eype of sample (e, food, blowd, rine, stool, ussue), sunple collecton, handling,
processing, mechodology spplied, and dae curition and analyses will be erucal 1o develip an
accurate pubile datbase Iinking rnseriptomic, progenmic, metagenomic, and metabolamic data
wts with specibe nuritional interventions, hos physiobogical satis, and host disease staius thay
tan be used In furure stushies. Such endeasors sre camples and will require swholarly collabarative
effors; however, they will be 3 major step wvwarr ibenrifeing consdeen biodogicsl signasares
of rebevince in the detection of small groups of metabedites thae can e used as bismarkers of
spreihe discases, physinlopical status, sl (arh eharactedzation of frtriconal INFETVE NGNS,
well 35 in the develupment ol dingmgstic wads fur early divease deteerion N T s
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