Nutritional Composition for Infants This invention relates to a nutritional composition, more
specifically to a nutritional composition for infants which may help to reduce the risk of development of
obesity 5later in life. Mother's milk is recommended for all infants. However, in some cases breast
feeding is inadequate or unsuccessful or inadvisable for medical reasons or the mother chooses not to
breast feed either at all or for a period of more than a feyv weeks. 10 Infant formulas have been
developed for these situations. The prevalence of obesity and overweight in adults, children and
adolescents hag increased rapidly oyer the t 30 years in the United States and globally and
continues to rlsyﬁﬁfwgé%Wéféﬁ&ﬂ@ﬁfég’&ﬁy currently affects 18 million 15 children under age
5 worldwide Almost 30% of US children and adolescents and between 10 and 30% of European
children are oveof .ei%ht or.obes Increasinﬁ;1
n

Ie. ly it is believed.that the first 6 pths of Iife.recpr sent one
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a critical windowedatpprigsarfoningaexcedichimayiadiydatetucelde: Mbreddevehypmantepgideesiological
data and an'gmal a§1(:3uqlileﬁfgvidence that elevated body weight at birth or during infancy are associated
with a risk for devefopment of diseases such as metabolic syndrome, Type 2 diabetes and
cardiovascular problems later in life. 25 Korotkova et al. investigated the influence of the ratio of
linoleic acid (L 0.8 Jinolﬁ(nic acidm(gr\‘LAa i(r#the [Eat rrl%l jet on serum Iegtin Ievt()als irtlghe'r suckling
pups and found Oa{l?étseél?ﬁg GaRea Giet rich T ALA EATA Rvygt\fgrol.ﬂﬁylaeccraesgger &&rim (relﬁtin levels
in the suckling psipsatuneace drwitistgessiuiose mathseb wefe fadtdicibtreastaining thotimb/kand ALA
(LA/ALA ratio 9.Q). Mean erug}f!e tip I%‘ivelt of 3t0 rﬁthir? %rotﬂ) of ups WhO%E motkflers haq(been fed
a diet rich in LATLAZAL AYatld P18)were betvedn thelelIiN e oifel iWo Groups but Not-
significantly @iffénéntt ffamdiik dave e audbock pbd $ex th steisiyuaenm leptin levels in the pups as a
number -2- of earlier studies already suggest that circulating leptin levels during the perinatal period
could be important for normal development and health. On the basis of their findings, they go on to
predict that it colile lpecdchatantebeatitseend._AvandefdbA in thimltatdriddedi et tikr tbam thd@@mount of
LA or ALA per se that is important for 5 adipose, tissue growth (Korotkoya et al, "Leptin Jevels in rat
offopring are BTG BY TGO R T ele S el T e b Rt ot L
Research, Vol 43n20025 pages.17dBildh3d9)olrwa2b0810b4bed it ¢srctaithyedfthets th8 whidlenadipose
tissue massof infants is nqt 10 a good predictor to detexmine ri f diseases later in life,and that
it is rather t 52 agl(l:%[riﬁa a |08ne{)1gl gles%evr‘é(flfé%}v rhé;&ss’%r?%%ﬁy%?@r?éﬁﬁa‘?@i%ﬁ?dage 8?)1?113%5 eerne% .aﬁ%as been
demonstrated thetwiswelllaadipotytd Eovrpdsnprinidirtly ateteyamimeglduringdsdancy and the inventors of
W02008/054192 believe that it would be useful to be able to control visceral adipogenesis during this
period. The solution proposed in 15 W02008/054192 is to reduce the amount of LA fed to infants such
that the LA/ALAInatimésgbtwesnb2lan & thitiltcafitise Gamosttimeldnsuripgesieat bAcamdbeitmestless than
14.5% by weight of tqtal f ids. H ' pro practical limitations as regards
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approaches ai r I C ion.of f durj i I isk of 25
developing ob(gl?%%}[egﬁﬁ%ﬁ%a%%%%ﬁ%ﬁﬁg%é %gg%\ﬁgfgg%%%ﬂ%ﬂgg%%ggﬁggﬁﬁﬁ%%#obesity.
Summary of thebinheritiduridg Tianpyeserastogeriedrs Hhverislirfrisicybdiounut thad fsesknguclcemposition

relatively rich in g NglR0iG, AGI AU ARG IRTURES ASFHILIAIPD ALIGIR! [Akpaspater n fe. -3

Accordingly, the present invention p a nutritional composition comprising a protein source, a
lipid source and a carbohydrate source wherein the lipid source includes at least 16 wt% linoleic acid
and at lea Y0 adlinolenic aci t cid ' ch case
and in am?u%tzlgﬁﬁt a%t eargatllllgvgét?é ﬁ?}%?e{h@jé%{:}%{- iﬁgltgr%% %%{Ig)%hljn t efé %nag%é)({;rt'g”rr)riE )llr}?e(;%i_o. The
invention also ekteieicaaie(ddehofiinblaintaeith adiditinorenideatia levile imtwifacelitegpamutritional
composition for gdynistiation fecahaRHINArSIAHMRMRS PRI thelnfanssasas eseduce the
risk of development of obesity later in 10 life wherein the composition includes at least 16 wt% linoleic
acid and at Igassezum%mind@v@ﬁéra&w %»@Asﬂé%eupwm@n@@bp@p@d@@tyla@%m@éf the
composition in eaghcasEANAIBAMPUNS PUThAhaLte rRta S drglelgacid.alinalsnic acidisn the

range from 1 to 10. 15 The invention further extends to a method of reducing the risk that an infant will

develop obkityadbéidigtifsrcofipisind:fse divghershadnbasn ifedhe &t mahthd ¥ b At buatigonal
composition CO@P&EW&@MJ&@&% $RUIEGR 1Rt SAUUER ARF RAHLBIYHERIE SRHISRWGLRHhe lipid

source includes at least 16 wt% linoleic acid and at least 2 wt% a-linolenic acid expréssed as a
percentage of tdtanfatiheicidlho sehapicirsath tade sidnnlepfisdarsisuatih aupicaratiownhableic

acid: a-linolenic acid is in the range from 1 to 10.



Without wishing to be bound by theory, the present inventors believe on the basis of their experimental
observations that feeding a diet rich in a-linolenic acid during 25 infancy may in some way reduce
either or both of adipogenesis and increase in size of adipocytes and that these beneficial effects may
persist in later life, thus reducing the risk of development of obesity later in life. Further, obesity is
known to be associated with increased risk of conditions such as insulin resistance and glucose
intolerance which may lead to development of Type 2 diabetes. 30 Brief Description of the Drawings
-4- FIG. 1 shows the evoluti n of body weight of three uin s fed different diets
over the frt 158! 0T T e P L ABR hd WIS BUDY TGN AR BB PR HEL groups
between day 5 p¢rividodald 12 iﬁt@or&ﬁhﬂw&dﬁmﬂmhab@htargaqadteﬂdytesmlmﬁemas affthegtion of
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percentage of tahal m&;nuetght aithiaytiéh d&ya]:ﬁﬂuandfd[ast L2RAIA b5 56 ghousithpomearf@lasma
insulin Ievelg of the three P ahrelag 136 FI E Vé T éiancretat insulin cont?ﬂsa?tbthe three
groups at day 130, Bseetatl eosvc‘:’np TR anehtIO(FP B iR |slrstr)aec(? cRIiGR, T8 owmg
expressions havkethatineafitigsleissigned iimitein balbvin- thd Avianeansdetinoleniaacicl (CiBd3n-3); 25
"infant” means g child under t of 12 S 'infancy” shall be construed accordingly; For
the purpose of t & presfllér?te o%men %%g%sqlr;}qgnfaﬁ& omprlses young baby animals, such as young
pets, young dogs, young horses or young cats. -5- Iater in Ilfe means, in the context of an infant, any
point in life after C n ne e 0|nt Would be at the.age .of the
adiposity reboundwﬁﬁ%%nb §ﬁman %S Ci “ty‘)é%%] y occurs & é’gen S%uggne%sso Ft\lllef%tngilss&cy)/tears 5
All percentageszagmbraprmshaterby dteeginﬁmmthsmsithexﬁ/ﬂmapednﬁﬁdnmwﬂﬂahai gosnpdsitide
according to the present invention c ses at. Ieast 16% LA t 2% AL f bly the LA
content is in the rgange tlon %I B@m%} tgta?sfaﬂ T 1sn More prefsera b168 ok i@‘?} (grg Z}a ly the
ALA content is ibetime dﬁﬁnmgmtﬁm nthattor ik28mbfadiad fpiity @cids,imn prmmte]‘erdbﬂgﬂumcﬁ doririgho. The
LA:ALA ratio is preferabl the range fro the nutritional ositj of the
present mventroih%asya pﬁ/rlo ein con gOrt otp\)@ @g/ﬁgﬁ%ica etO detafrgrggma g% ofe the
protein source |ahietta&blattek/eckdzerbleacchm«»génesthelmnegettnsnpﬁmrbn ﬂitm/mmmpthpqwdlmum
requrremerit§ fo é% /3'52@5 .qontent are met é Asatr(sf%cltn rowﬂr ds,e 'E us
protein sources on cows' mi pro elns ‘Stch as w ey, casein an mixtures t ereo may be used
as well as protemtsnurbesvbaséchmh s siow gvesamixtiure sioluwhg yhanhtl A aseinpsdteless dnen
preferred. The caser/n egl %ttr% tme%llrf% n 20 &he range from 70:30 to 30:70 but is preferably 30:70.
The protein(s) in the prgteln %ource maytb% Intact or partially hydrolysed or a mixture of intact and
hydrolysed proteins may be used. The proteln source may additionally be supplemented with free

amino acids if this is.n t r ent 0 acid
content. These?&urre%gﬁf% POE%Ith gn 152 amp%e?’rlh q{élt gr%ef:%\%g %ﬁt&ﬁ‘*‘f@@é rﬁ%%d above,
the preferrél prm@ntsgm@etmahw&wﬁemﬁcésérmmwh@ petiseaes]sT Hatwh dythretads mbiglbe a
whey protein |s%I§JI'g fagéds(}% é/s,lg %HHQ%X dg sweet 30 whey from which the

caseino-glycomacropeptide een removed (modified sweet whey). Preferably, however, the whey
protein is modified sweet whey. Sweet whey is a readily available by product of cheese making and is

frequentt used fidhe - magiRctie A1 nLiianal conposiiRnARasH g Higwayer,

sweet whey includes a componerit w IS undesrrab y rich in threonine and poor in tryptophan called
caseino-glycomesshapepticks y(OEMP) REnfHvalash tider@E Mbifdbaodwed: Wiveyredugitgirriakpiein with

a threo”'”%onh%%ﬂgﬁf‘%' 6%45@ ?Jt&“metﬁef%kw/“lﬁa‘grgq%eﬁ %rfrﬁ&)@t‘éﬂ%géﬁé\éfs dLousyigepwhey is

described in EP 880902.71f moditied sweet whey is used as the whey proteln in a mixture of 70% whey
and 30% caseirtyithespebtebessburce may be supplemented by free histidine in an amount between 0.1
and 0.3% of total protein content.

Summary of the Invention

30 The present inventors have surprisingly found that feeding a composition relatively

rich in a-linolenic acid during infancy reduces accumulation of total fat mass later in

life.



10 The nutritional composition of the present invention contains a source of carbohydrates. The
preferred source of carbohydrates is lactose although other carbohydrates such as saccharose,
maltodextrin, and starch may also be added. Preferably, the carbohydrate content of the nutritional
composition is between 9 and 15 14 g/100 kcal. The nutritional composition of the present invention
contains a source of lipids. In addition to LA and ALA, the lipid source may include any lipid or fat
which is suitable for use in nutritional compositions to be fed to infants. Preferred fat sources 20
include coconut pil, low erucic rapeseed oil (canola o.%{ soy lecithin, palm olein, and sunflower oil. The
ipid source may SSRGS AR GONES B RS W SO BRSSP e s
arachidonic acig{62i0:40tb¢and lisidosalrexasiioic aclsbigdAensI)rdcishirilsiartha Hpithblaigeurce of

docosahexaenoic E’%‘d’ alt rn?iéeé}/t ing{ cell microbial oilst%re suitahle sources of both arachidonic
acid and 25 docSSalERAENBI agidl 4 tt %,lﬁw%cﬁaf’dl SHERY MY Be B SINISHIT AA AR EFAD keal.
The ratio of araahdaricae dfincasanexadhouaaidinnction ipid sodiaaisopietesadiyizetveenid:1 and
1:1. The nu%i}tiogﬁ.co position :ln?i also C(Huain t%” vitamiPs anldtmilaerals understood to 30 be
essential in the alﬂllo fer i Nutfitidh zﬁwcs?ﬁhlffééﬁt aerﬁ%rlﬂ%ets.r%ﬁnimoum'requirements have been
established for certain vitamins and minerals. Examples of minerals, vitamins and other nutrients
optionally present in.the nutritignal -7- composition include vitamin A, vitfamin B1, vitamjn. B2, vitamin
56, vitarin 512, U RO BN R e, i 50 R B T ot
pantothenic acidnahdlicercaltiumirifosplonossiiaaife; #bninisagtiesittrandofipe inzircfinsiasiganese,
chioride, potassiumsodiy selenium, ehromiun, mobidenym, 3 aurine and b caniting, Minerals
are usually added in salt form. If necessary, the nutritional composition may contain emulsifiers and
stabilisers $0chlé® sdyeteaitthia coitrjosidichastdud af antmact Bndtdh-giycleidasdand théckike2 This is
especially the case if the composition is provided in liquid form. 10 The nutritional compaosition may
Optionally conteq DIHSH S ot 5L RS HEReH AT et Such e SPABBNS babria
fibres, lactoferrinpmpolettioles, pardleasidesdand dheliks isuitie atothetsaisstoimardiefourddinazutritional
compositions to,be fed tg infants. 15 The r%utritiianal1 omposition may be prepared in any suitable
no}emc aci .{s n tlhe range from I to 10. . :
manner For example, a nutritiona com|§OS|t|on may be prepared by blending together the protein
source, the carbohydrate source, and the lipid source in appropriate proportions. If used, emulsifiers
may be included.jn the blend at lﬁis stage The vitamins anfl minerals 20 may be added at thig point but
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may be dissolvettiatoptebdsitsdateremphity torblemdiggicvdaiertpriefardhly water sihicloiths bben
subjected to revgrse osmosis, may then. be mixed in.to form a liquid mixture..25.The liquid mixture may
then be thermalliraaty 1 o el Fonier Tk At Jolies, o Sl Ty

heated to a temgetafuydritetiewmngehefabdbe 8@BitecabouinthoEsfat &aoutl 6 satohidsltocabodt 5

minutes. This may,b led out injection. o e : for p plate heat
exchanger. 30 - d s%%gggsggtg a‘g%ﬁgt%ﬁ&/?@gy %@ae%%l(?t%f\%%g(?r% %hé«ﬁr%tp %qt&a%é é)rfd@%loé% t§' !\ﬁlglé?to about
14 MPa in Me seounut StagechTbeshontbgeaisedhtristghethagyhbeatioeofulthadeicoatet arlthalopiceat
sensitive comp%ragﬁg;h?wr‘@rgﬁ i@%nft%'g% minerals may be added. The pH and solids content of the
homogenised mixture Is conveﬁ|ently standardised at this 5 point. If it is desired to produce a
powdered composition, the homogenised mixture is transferred to a suitable drying apparatus such as
a spray drier or [ r [ tent of
less than abo ut{)l(g 5 %tcti)%/%vbel ttS %ﬁé@i&%ﬁ%ﬁ? r’ou[g-%1 (%%%\%Pﬁé' gc%%é%g%%%%gﬁﬁ%%%ce%ied
mixture is filled thedr senssimeaataibeesyareferdilly sdptivalldidd owbvir aHaiitang comdpdsitih may
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illustrated by reference to the following examples. Example 1 = A mple of the composition of a
nutritional compeghidacaraserditiy tofthendBipnieptidnds Hivelinbesosianck anibstysesd dokéepes litre

Energy (keal) 1QG;c may lead to development of Type 2 diabetes.
30

Brief Description of the Drawings



630 Protein (g) (skimmed milk powder, modified sweet whey) 1.5 9.45 -9- free histidine (mg)
casein:whey ratio 2.5 40:60 15.8 40:60 Fat (g) Linoleic acid (g) a-Linolenic acid (g) DHA (mg) ARA
(mg) L nole c acid: a-Linolen c acid 5.31.00.511.511.52 33.46.6 3.3 72.572.5 2 Lactose (g) 11.6
73.1 Minerals and Electrolytes Na (mg) 25 158 K (mg) 89 561 CI (mg) 64 403 Ca (mg) 64 403 P (mQ)
32 _4_

FIG. 1 shows the evolution of body weight of three groups of guinea pig pups fed
different diets over the first 136 days of life.

FIG. 2 shows the median body weight gain of pups in the three groups between day
5 21 and day 79.

FIG. 3 shows the number of large adipocytes plotted as a function of ALA intake.

FIG. 4 shows the evolution of fat mass in the three groups expressed in grams from

10 day 21 to day 128.

FIG. 5 shows the evolution of fat mass in the three groups expressed as a percentage

of total body weight at day 79, day 107 and day 128.

15 FIG. 6 shows the mean plasma insulin levels of the three groups at day 136.

FIG. 7 shows the pancreatic insulin contents of the three groups at day 136.

Detailed Description of the Invention

20
In this specification, the following expressions have the meanings assigned to them
below:-
“ALA” means a-linolenic acid (C18:3n-3);

25

“infant” means a child under the age of 12 months and “infancy” shall be construed
accordingly; For the purpose of the present document the term “infant” comprises

young baby animals, such as young pets, young dogs, young horses or young cats.

30 “LA” means linoleic acid (C18:2n-6);



202 Ca/P 2.0 2.0 Mg (mg) 6.9 43.5 Mn (kg) 8.0 50.4 Vitamins and Trace Elements Vitamin A (1U) 350
2205 Vitamin D (IU) 60 378 Vitamin E (IU) 1.2 7.6 Vitamin K1 (kg) 8.0 50.4 Vitamin C (mg) 10 63
Vitamin B1 (mg) 0.07 0.44 Vitamin B2 (mg) 0.15 0.95 Niacin(mg) 1.0 6.3 Vitamin B6 (mg) 0.075 0.47
Folic acid (kg) 12 75.6 Pantothen c acid (mg)

_5-

“later in life” means, in the context of an infant, any point in life after completion of
infancy. One example of such a point would be at the age of the adiposity rebound

which, in human infants, typically occurs between the ages of five and six years.

5 All percentages and ratios are by weight unless otherwise specified.

A nutritional composition according to the present invention comprises at least 16%
LA and at least 2% ALA. Preferably the LA content is in the range from 18 to 30%
of total fatty acids, more preferably 18 to 25%. Preferably the ALA content is in the

10 range from 2 to 12% of total fatty acids, more preferably from 6 to 11%. The
LA:ALA ratio is preferably in the range from 2 to 6.

Preferably, the nutritional composition of the present invention has a protein content
of less than 1.85 g/100 kcal. The detailed make-up of the protein source is not
15 believed to be critical to the present invention provided that the minimum
requirements for essential amino acid content are met and satisfactory growth is
ensured. Thus, protein sources based on cows’ milk proteins such as whey, casein
and mixtures thereof may be used as well as protein sources based on soy. However,
mixtures of whey and casein proteins are preferred. The casein:whey ratio may lie in

20  the range from 70:30 to 30:70 but is preferably 30:70.

The protein(s) in the protein source may be intact or partially hydrolysed or a mixture
of intact and hydrolysed proteins may be used. The protein source may additionally
be supplemented with free amino acids if this is necessary to meet the minimum
25 requirements for essential amino acid content. These requirements are published for

example in EC Directive 2006/141/EC.

As noted above, the preferred protein source is a mixture of casein and whey proteins.
The whey protein may be a whey protein isolate, acid whey, sweet whey or sweet
30 whey from which the caseino-glycomacropeptide has been removed (modified sweet
whey). Preferably, however, the whey protein is modified sweet whey. Sweet whey

is a readily available by-product of cheese making and is frequently used in the



0.45 2.83 -10- Vitamin B12 (kg) 0.3 1.89 Biotin (pg) 2.2 13.9 Choline (mg) 10 63 Inositol (mg) 5.0
31.5 Taur ne (mg) 7.0 44.1 Carnitine (mg) 1.6 10.1 Fe (mg) 1.2 7.56 | (pg) 15 94.5 Cu (mg) 0.07 0.44
Se (kg) 2.0 12.6 Zn (mg) 0.75 4.72 Nucleotides CMP (mg) 2.3 14.5

-6-

manufacture of nutritional compositions based on cows’ milk. However, sweet whey
includes a component which is undesirably rich in threonine and poor in tryptophan
called caseino-glycomacropeptide (CGMP). Removal of the CGMP from sweet
whey results in a protein with a threonine content closer to that of human milk. A

5 process for removing CGMP from sweet whey is described in EP 880902.

If modified sweet whey is used as the whey protein in a mixture of 70% whey and
30% casein, the protein source may be supplemented by free histidine in an amount
between 0.1 and 0.3% of total protein content.
10

The nutritional composition of the present invention contains a source of
carbohydrates. The preferred source of carbohydrates is lactose although other
carbohydrates such as saccharose, maltodextrin, and starch may also be added.
Preferably, the carbohydrate content of the nutritional composition is between 9 and

15 14 g/100 kcal.

The nutritional composition of the present invention contains a source of lipids. In
addition to LA and ALA, the lipid source may include any lipid or fat which is
suitable for use in nutritional compositions to be fed to infants. Preferred fat sources
20 include coconut oil, low erucic rapeseed oil (canola oil), soy lecithin, palm olein, and
sunflower oil. The lipid source may also include small amounts of preformed long
chain polyunsaturated fatty acids arachidonic acid (C20:4n-6) and docosahexaenoic
acid (C22:6n-3). Fish oils are a suitable source of docosahexaenoic acid, alternatively
single cell microbial oils are suitable sources of both arachidonic acid and
25 docosahexaenoic acid. In total, the lipid content may be between 4.4 and 6 g/100
kcal. The ratio of arachidonic acid:docosahexaenoic acid in the lipid source is

preferably between 2:1 and 1:1.

The nutritional composition may also contain all vitamins and minerals understood to
30 be essential in the daily diet in nutritionally significant amounts. Minimum
requirements have been established for certain vitamins and minerals. Examples of

minerals, vitamins and other nutrients optionally present in the nutritional



UMP (mg) 1.5 9.5 AMP (mg) 0.7 4.4 GMP (mg) 0.3 1.9 A nutritional composition according to the
invention may be fed to an infant as the sole source of nutrition from birth to the age of four to six
months and subsequently as part of a mixed diet during the introduction of solid foods until weaning is
5 complete at about the age of 12 months. Example 2 This example investigates the effect of feeding
diets containing different amounts of 10 LA and ALA to fiewborn guinea pig pups on the development
of total fat mass of the pups in the post-weaning period. The infant guinea pig is considered to be a
good animal model to study to predict the d elo ment fat mass in human infants because, like
eviborn numar TTRR PRIBAP G bicp dHRrarS Esrr AR At apTUB IO SR B Bl fat
whilst newborn naﬁapupsare/mmﬂeﬁn vissindg degignin Newhoin seale gisisied, pigscmergiclivided into
three groups with 20 animals . | T roun. Each group was fed suckllng/weanl diet in which 44%
of the encray WAL 15y%at B15 SR HREPRG BrolS s e IS8 TSRS REPET oy in
their ALA contenisc Tﬂﬁﬂ'gglfekl,/&lﬂtﬁtdmmatlmlﬁQ%&hMmdlmﬁpt&irfaﬁmﬁl aaidsitenmiedium
ALA diet con talned 2. 4%%% bas d or‘ﬁotal fatt aC|ds g{:g low (ﬂ t contained 0.85% ALA based
on total fatty am&grl‘?ﬁ’ Pevelg%rfli_%} Were eé% fefativet % TP BRtWEER: diets such that the LA:ALA
ratios were about 2, 10 and 30 respectively. Further detalls of the fatty acid composition of the three
diets are given i%l_ Table 1. 1Q Tab e L: Faié acid c osmon of the sggsél%%] (Iél Q%dlets %, of total
fatty acids 10%ALK S 2% A EHA fﬁ“BO? é“%"&’ii“& 8% BB TS34D1 8
C16:1 0.2 0.1 O0ak soy lecithin, citric acid esters of mono- and di-glycerides, and the like. This is

especially the case if the composition is provided in liquid form.

10
The nutritional composition may optionally contain other substances which may have
a beneficial effect such as probiotic bacteria, fibres, lactoferrin, nucleotides,
nucleosides, and the like in the amounts customarily found in nutritional
compositions to be fed to infants.

15

The nutritional composition may be prepared in any suitable manner. For example, a
nutritional composition may be prepared by blending together the protein source, the
carbohydrate source, and the lipid source in appropriate proportions. If used,
emulsifiers may be included in the blend at this stage. The vitamins and minerals
20 may be added at this point but are usually added later to avoid thermal degradation.
Any lipophilic vitamins, emulsifiers and the like may be dissolved into the fat source
prior to blending. Water, preferably water which has been subjected to reverse

osmosis, may then be mixed in to form a liquid mixture.

25 The liquid mixture may then be thermally treated to reduce bacterial loads. For
example, the liquid mixture may be rapidly heated to a temperature in the range of
about 80°C to about 110°C for about 5 seconds to about 5 minutes. This may be
carried out by steam injection or by heat exchanger; for example a plate heat
exchanger.

30
The liquid mixture may then be cooled to about 60°C to about 85°C; for example by

flash cooling. The liquid mixture may then be homogenised; for example in two



C18:0 3.0 3.2 3.0 C18:1 33.5 33.0 33.3 C18:2n-6 (LA) 20.2 26.2 28.5 C18:3n-3 (ALA) 9.9 2.4 0.8
C20:0 0.0 0.0 0.0 C20:1 0.0 0.0 0.0 C20:4n-6 0.0 0.0 0.0 C20:5n-3 0.0 0.0 0.0 C22:0 0.0 0.0 0.0
C22:5n-3 0.0 0.0 0.0 C22:6n-3 0.0 0.0 0.0
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stages at about 7 MPa to about 40 MPa in the first stage and about 2 MPa to about 14
MPa in the second stage. The homogenised mixture may then be further cooled and
any heat sensitive components; such as vitamins and minerals may be added. The pH
and solids content of the homogenised mixture is conveniently standardised at this

5 point.

If it is desired to produce a powdered composition, the homogenised mixture is
transferred to a suitable drying apparatus such as a spray drier or freeze drier and
converted to powder. The powder should have a moisture content of less than about

10 5% by weight.

If it is desired to produce a liquid composition, the homogenised mixture is filled into
suitable containers; preferably aseptically. However, the liquid composition may also
be retorted in the container. Suitable apparatus for carrying out filling of this nature
15 is commercially available. The liquid composition may be in the form of a ready to
feed composition having a solids content of about 10 to about 14% by weight or may
be in the form of a concentrate; usually of solids content of about 20 to about 26% by

weight.

20  The invention will now be further illustrated by reference to the following examples.

Example 1

An example of the composition of a nutritional composition according to the

25 invention is given below:-

Nutrient per 100kcal per litre
Energy (kcal) 100 630
Protein (g) 1.5 9.45

(skimmed milk powder, modified

sweet whey)




LA/ALA 2.0 10.7 33.6 At the end of the suckling/weaning period (day 21), all groups were fed a diet
with a moderately high fat content (35% of energy from fat) containing 2% ALA and 26% 15 LA until
day 136. Body weight and fat mass were recorded at days 21, 51, 79, 107, -12- 128 and 136 and
retroperitoneal adipose tissue cellularity, plasma fatty acid composition, and insulin were recorded at
day 21 and day 136. Results: 5 As expected, at the endyof the suckling/weaning period (day 21) the
concentrations of ALA, in plasma phospholipid (Table 2) and triglyceride (Table 3) fractions, were

higher in the 10%A

LA aranin than in tha Athar ~r

Hps—Fable2athracid-tigini}-gomposition in

plasma phospholig
0.1 0.07 C12:00.3

8.940.2 3.6 C17:
trans 23.4 7.6

LA-group-than-in-the-other g
i S MBEh + SEM High
» 0.030.2 0.020.3 0.13 C14

) 1,21 0:38,1:% 041 1.2 0.10 ¢

wps—]
ALA Medium Al
00.8 0.23 1.0 |
18:0 70 23.6

4 APANCS LR B
A Low'APA C1d
).10 1.1 0.17 C1
98.6 28.4,68.6

00.1 0.020.1 0.03
6:035.9 9.149.3
1.2 C18:1 n-9 cis +

Fat (g) 53 33.4
Linoleic acid (g) 1.0 6.6
a-Linolenic acid (g) 0.5 33
DHA (mg) 11.5 72.5
ARA (mg) 11.5 72.5

Linoleic acid: a-Linolenic acid 2 2

Lactose (g) 11.6 73.1

Minerals and Electrolytes

Na (mg) 25 158

K (mg) 89 561

Cl (mg) 64 403

Ca (mg) 64 403

P (mg) 32 202

Ca/P 2.0 2.0

Mg (mg) 6.9 43.5

Mn (ng) 8.0 50.4

Vitamins and Trace Elements

Vitamin A (IU) 350 2205

Vitamin D (IU) 60 378

Vitamin E (IU) 1.2 7.6

Vitamin K1 (ug) 8.0 50.4

Vitamin C (mg) 10 63

Vitamin B1 (mg) 0.07 0.44

Vitamin B2 (mg) 0.15 0.95

Niacin (mg) 1.0 6.3

Vitamin B6 (mg) 0.075 0.47

Folic acid (pg) 12 75.6

Pantothenic acid (mg) 0.45 2.83




30.8 7.323.2 1.9C18:1n-7es+trans3.1 0.86.2 1.45.2 0.9 C18:2 n-6 (LA) 67.5 22.299.0 26.3
77.0 7.5C18:3n-6 (GLA) 0.1 0.06 0.1 0.09 0.2 0.13 C18:3n-3 (ALA) 2.9 1.80.9 0.20.6 0.2 C20:0
1.2 0515 0.20.9 0.03C20:1n-90.5 0.20.7 0.080.6 0.1 C20:2n-60.8 0.11.2 0.11.3 0.2

C20:3n-6 0.9 0.21.1 0.251.0 0.07 C20:4n-6 (AA) 11.4 3.6 14.8 3.011.71.1 C20:3n-3 0.3 0.08 0.2

0.06 0.1 0.03C22:01.9 0.9 -10-

Vitamin B12 (pg) 0.3 1.89
Biotin (pg) 2.2 13.9
Choline (mg) 10 63

Inositol (mg) 5.0 31.5
Taurine (mg) 7.0 44.1
Carnitine (mg) 1.6 10.1
Fe (mg) 1.2 7.56
I (ug) 15 94.5
Cu (mg) 0.07 0.44
Se (ug) 2.0 12.6
Zn (mg) 0.75 4.72
Nucleotides

CMP (mg) 2.3 14.5
UMP (mg) 1.5 9.5

AMP (mg) 0.7 4.4

GMP (mg) 0.3 1.9

A nutritional composition according to the invention may be fed to an infant as the
sole source of nutrition from birth to the age of four to six months and subsequently
as part of a mixed diet during the introduction of solid foods until weaning is

5 complete at about the age of 12 months.

Example 2

This example investigates the effect of feeding diets containing different amounts of
10 LA and ALA to newborn guinea pig pups on the development of total fat mass of the
pups in the post-weaning period. The infant guinea pig is considered to be a good
animal model to study to predict the development fat mass in human infants because,
like newborn human infants, newborn guinea pig pups are born with an appreciable
amount of body fat whilst newborn rat pups are very lean.
15
Study design:



2.10.41.102C22:1n-90.4 0.20.4 0.11.5 1.0 C20:5n-3 (EPA) 0.2 0.1 0.1 0.030.1 0.03
C22:2n-61.1 0.51.5 0.20.8 0.1C22:4n-61.2 051.8 0.31.2 0.2C24:02.6 1.234 0619 04
C24:1n-92.4 0.82.8 0.32.0 0.5C22:5n-3 (DPA)2.10.81.7 0.30.9 0.1 C22:6n-3 (DHA) 1.1 0.4
1.3 0.30.7 0.1 Table 3: FA (ug/m1) composition in plasma triglycerides at d21. Mean + SEM High
ALA Medium ALA Low ALA 11

Newborn male guinea pigs were divided into three groups with 20 animals in each
group. Each group was fed a suckling/weaning diet in which 44% of the energy was
supplied by fat for 21 days. The different diets were isocaloric and differed only in
their ALA contents. The high ALA diet contained 10%ALA based on total fatty

5 acids, the medium ALA diet contained 2.4%ALA based on total fatty acids and the
low diet contained 0.85% ALA based on total fatty acids. The levels of LA were kept
relatively constant between diets such that the LA:ALA ratios were about 2, 10 and
30 respectively. Further details of the fatty acid composition of the three diets are
given in Table 1.

10
Table 1:Fatty acid composition of the suckling/weaning diets:
% of total fatty acids 10%ALA 2.4%ALA 0.8%ALA

C12:0 7.1 8.2 7.9
C14:0 3.4 3.9 3.7
C16:0 22.7 22.0 21.8
C16:1 0.2 0.1 0.1
C18:0 3.0 3.2 3.0
Cl18:1 33.5 33.0 33.3
C18:2n-6 (LA) 20.2 26.2 28.5
C18:3n-3 (ALA) 9.9 2.4 0.8
C20:0 0.0 0.0 0.0
C20:1 0.0 0.0 0.0
C20:4n-6 0.0 0.0 0.0
C20:5n-3 0.0 0.0 0.0
C22:0 0.0 0.0 0.0
C22:5n-3 0.0 0.0 0.0
C22:6n-3 0.0 0.0 0.0
LA/ALA 2.0 10.7 33.6

At the end of the suckling/weaning period (day 21), all groups were fed a diet with a
moderately high fat content (35% of energy from fat) containing 2% ALA and 26%
15 LA until day 136. Body weight and fat mass were recorded at days 21, 51, 79, 107,



C10:00.2 0.10.1 0.040.2 0.01C12:009 0.21.0 0.10.8 0.3C14:04.0 1.14.6 0.74.0 24 C16:0
49.1 10.7 52.8 5.7 42.2 18 C17:00.9 0.21.10.20.7 0.09 C18:015.7 3.314.4 2.3 10.5 3.5C18:1
n-9 cis 85.0 17.8 85.4 6.0 63.2 18 -13-C18:1 n-7cis 2.6 0.52.8 0.32.0 0.6 C18:2 n-6 (LA) 72.8
13.785.46.0 71.1 27.9 C18:3n-6 (GLA) 0.2 0.20.6 0.050.5 0.1 C18:3n-3 (ALA) 11.1 2.5’

-12-

128 and 136 and retroperitoneal adipose tissue cellularity, plasma fatty acid

composition, and insulin were recorded at day 21 and day 136.

Results:

5 As expected, at the end of the suckling/weaning period (day 21) the concentrations of
ALA, in plasma phospholipid (Table 2) and triglyceride (Table 3) fractions, were
higher in the 10%ALA group than in the other groups.

Table 2:Fatty acid (ug/ml) composition in plasma phospholipids at d21. Mean £ SEM

High ALA Medium ALA | Low ALA
C10:0 0.1+0.02 0.1 £0.03 0.1 £0.07
C12:0 0.2 +0.03 0.2 +0.02 0.3+0.13
Cl14:0 0.8 +0.23 1.0+ 0.10 1.1+0.17
Cl6:0 359+09.1 49.3+8.9 40.2+£3.6
C17:0 1.2+0.38 1.9+041 1.2+0.10
C18:0 70.1 £23.6 98.6 +£28.1 68.6+4.2
C18:1 n-9 cis + trans 234+7.6 30.8+73 232+19
C18:1 n-7 cis + trans 3.1£0.8 62+1.4 52+£0.9
C18:2 n-6 (LA) 67.5+22.2 99.0 +26.3 77.0+7.5
C18:3n-6 (GLA) 0.1 £0.06 0.1 +0.09 0.2+0.13
C18:3n-3 (ALA) 29+1.8 0.9+£0.2 0.6+0.2
C20:0 1.2£0.5 1.5+0.2 0.9 +0.03
C20:1n-9 0.5+0.2 0.7 +£0.08 0.6 £0.1
C20:2n-6 0.8 £0.1 1.2 £0.1 1.3+£0.2
C20:3n-6 0.9+0.2 1.1+0.25 1.0 +£0.07
C20:4n-6 (AA) 11.4+36 148 +3.0 11.7+1.1
C20:3n-3 0.3+0.08 0.2 +0.06 0.1 +0.03
C22:0 1.9+0.9 2.1+£04 1.1+£0.2
C22:1n-9 0.4+0.2 0.4+0.1 1.5+1.0
C20:5n-3 (EPA) 0.2+0.1 0.1 +0.03 0.1 +0.03
C22:2n-6 1.1£0.5 1.5+0.2 0.8+0.1
C22:4n-6 1.2+0.5 1.8+0.3 1.2+0.2
C24:0 26=+1.2 34+£0.6 1.9+04
C24:1n-9 24+0.8 2.8+0.3 20+0.5
C22:5n-3 (DPA) 21+08 1703 0.9=0.1
C22:6n-3 (DHA) 1.1+04 1303 07=0.1

10

Table 3: FA (ug/ml) composition in plasma triglycerides at d21. Mean + SEM

High ALA Medium ALA | Low ALA
C10:0 0.2+0.1 0.1+0.04 0.2+0.01
C12:0 0.9+0.2 1.0£0.1 0.8+0.3
C14:0 40+1.1 4.6 £0.7 40+24
Cl16:0 49.1 +£10.7 52.8+5.7 422+ 18
C17:0 0.9+0.2 1.1+0.2 0.7 +0.09
C18:0 15.7+33 144+£23 10.5+3.5
C18:1 n-9 cis 85.0+17.8 85.4+6.0 632+ 18




51 07b27 02bC20:005 0.20.7 0.10.2 0.1C20:1n-91.2 0.11.3 0.11.1 0.5C20:2n-61.4
0.215 0.21.6 0.8C20:3n-60.8 0.1 0.7 0.09 0.6 0.09 C20:4n-6 (AA) 3.7 0.43.5 0.33.7 0.3
C20:3n-30.4 0.10.2 0.050.1 0.09 C22:00.4 0.04 0.4 0.050.3 0.02 C22:1n-9 0.3 0.08 0.2 0.02
0.2 0.03 C20:5n-3 (EPA) 0.3 0.040.1 0.04 0.1 0.08 C22:2n-6 0.3 0.04 0.3 0.06 0.2 0.08 C22:4n-6

0.9 0.1 _13-

C18:1 n-7 cis 2.6+0.5 2.8+0.3 2.0+0.6
C18:2 n-6 (LA) 72.8+ 13.7 85.4+ 6.0 71.1+27.9
C18:3n-6 (GLA) 02+0.2 0.6 +0.05 0.5+0.1
C18:3n-3 (ALA) 11.1+2.5° 51+0.7° 27+02°
C20:0 0.5+0.2 0.7+0.1 02+0.1
C20:1n-9 1.2+0.1 1.3+0.1 1.1£0.5
C20:2n-6 1.4+0.2 1.5+0.2 1.6+0.8
C20:3n-6 0.8+0.1 0.7 +0.09 0.6 + 0.09
C20:4n-6 (AA) 3.7+0.4 35+03 3.7+0.3
C20:3n-3 0.4+0.1 0.2+0.05 0.1+0.09
C22:0 0.4 +0.04 0.4 +0.05 0.3 +0.02
C22:1n-9 0.3+0.08 0.2 +0.02 0.2+0.03
C20:5n-3 (EPA) 0.3 +0.04 0.1+0.04 0.1+0.08
C22:2n-6 0.3 +0.04 0.3 +0.06 0.2 +0.08
C22:4n-6 0.9 +0.1 0.9 +0.1 0.9+0.2
C24:0 0.7 +0.1 0.8+0.1 0.6+0.1
C22:5n-3 (DPA) 0.8+0.1 0.6+0.1 0.4 +0.01
C22:6n-3 (DHA) 03+0.1 0.3 +0.06 0.2+0.05

Different letters indicate statistical significance at P < 0.05, ND; not detectable

As may be seen from FIG. 1, mean body weight did not differ significantly between
the three groups during the course of the experiment. However, FIG. 2 shows that

5 Dbetween day 21 and day 78 the high ALA group tended to gain less body weight than
the other groups.

At the end of the suckling/weaning period (day 21), total fat mass measured by NMR
did not differ between the groups. Nevertheless, on average, the diameter of

10 adipocyte cells from retroperitoneal adipose tissue of the high ALA group tended to
be smaller than in the other groups (Table 4).

Table 4: Adipocyte diameter. Mean = SEM

Groups Cell diameter (um)
High ALA 27.5+0.8
Medium ALA 31.1+1.5
Low ALA 319+ 1.7

15 The High ALA group had a smaller number of adipocytes in the larger diameter range
(from 30 to 50 um) (Table 5).



0.9 0.10.9 0.2C24:00.7 0.10.8 0.1 0.6 0.1 C22:5n-3 (DPA) 0.8 0.1 0.6 0.1 0.4 0.01 C22:6n-3
(DHA) 0.3 0.1 0.3 0.06 0.2 0.05 Different letters indicate statistical significance at P < 0.05, ND; not
detectable As may be seen from FIG. 1, mean body weight did not differ significantly between the
three groups during the course of the experiment. However, FIG. 2 shows that 5 between day 21 and
day 78 the high ALA group tended to gain less body wgight than the other groups. At the end of the
suckling/weaning period (day 21), total fat mass measured by NMR did not differ between the groups.
Nevertheless, 021 %\ieer?%e tZe#{ame er of ig}fdéjﬁp te cells from r troper neal adij ose iIssue of the
high ALA group 18Rl 19154 SHAE AR i h &St Sﬁﬁgnﬁea%’? reéfoﬁfr diameter
Mean + SEM Gralipseelbdiaareler. (WOAMEA;LAZ? 5 0.8 Medium ALA31 1 1. 5 Low ALA31 917

-14- Table 5: Tets 3 al-adipose tissue
at d21. Mean + @@Ata@%tﬁrduameter 11@/%% 2.4% A%A@%%ALA 15 159 §°/2 Léz 1.19 0.20.91 0.2

40 NA

192938206€5H1J9U0600 6:830-392:18 64

127£02 1.19+£0.2 091+0.2
19-29 3.82+ 0.6 3.70£0.5 3.68+0.8
30-39 2.18+0.4 3.54+0.2 443 +0.8
40-49 0.37+0.1 1.47+0.2 1.85+0.7
50-60 0.07 £0.02 0.34 +0.04 0.49+0.3

Interestingly, a dose response relationship was observed between the number of large
5 adipocytes (>40 um) and the percentage of ALA in the diet. As may be seen from
FIG. 3, the higher was the ALA intake, the lower was the number of large adipocytes.

Surprisingly and as may be seen from FIGS. 4 and 5, the Low ALA group had higher
fat mass values in both gram and percentage values than the High ALA group at day
10 79 (p<0.01), day 107 (p<0.01) and day 128 (p=0.08).

Plasma insulin levels were not different between groups at day 21. However, as
shown in FIG. 6, at the end of the experiment, the Low ALA group showed about a
1.5-fold higher concentrations of plasma insulin compared to the other two groups.
15 FIG. 7 shows that similar results were observed regarding the pancreatic insulin
content. The Low ALA group showed about a 1.4-fold increase in the pancreatic

insulin content when compared to the High ALA group (p=0.08).

This example clearly demonstrates that feeding a diet rich in ALA during infancy

20 plays an important role in programming or imprinting the adipose tissue in such a
way as to reduce its susceptibility to excessive development later in life. Specifically,
the results indicate that a low ALA intake with high LA:ALA ratio during the
suckling/weaning period leads to increased adiposity and a tendency to
hyperinsulinemia later in life.

25



3.54 0.24.43 0.840-490.37 0.11.47 0.21.85 0.7 50-60 0.07 0.020.34 0.04 0.49 0.3
Interestingly, a dose response relationship was observed between the number of large 5 adipocytes
(>40 pm) and the percentage of ALA in the diet. As may be seen from FIG. 3, the higher was the ALA
intake, the lower was the number of large adipocytes. Surprisingly and as may be seen from FIGS. 4
and 5, the Low ALA group had higher fat mass values ifxboth gram and percentage values than the
High ALA group at day 10 79 (p<0.01), day 107 (p<0.01) and day 128 (p=0.08). Plasma insulin levels
were not different between groups at day 21. However, as shown in FIG. 6, at the end of the
experiment, the%leﬁ_egsgroup showed about a 1.5-fold higher concentrations of plasma insulin
compared to the other two groups. 15 FIG. 7 shows that similar results were observed regarding the
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cacrifice at cay TH el FTo UL ot o e R I R S
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body 10 weight) i3 the morning of the. first day., Thereafter, the pups dr deuterated water (8%
enriched in deu{eé%%na?g ﬁi?oftlgré})e (??rtlﬁlén earﬁéffrzf%fé’rnoeﬁﬁehg C g%_yf)ﬁis re?/%\r}vié?egt %%S'saclrll??éewcf: E)ey
exsanguination thedesdsofluednbyarasingsiaatidre bioled Wasloelectest ftierndhe dbrtablodepasnized
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189-195). Brieflgnahgsigenomic DNA of AT-cells and the triglycerides (TG) were extracted from the
adipose tissues (about 50 mg). Deuterium enrichment in DNA and palmitate from TG were determined
by mass-spectrometry hyphenated with gas-chromatography (GC/MS, Hewlett-Packard, 25 Palo Alto,
CA). Use of D20 ncorpgtaidprimetheedads bietioprofiDNA deplidedi ONesel Rgkobfidration Casd DNL is
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animal. 5 DNL or “fractiona thesis rate of palmitate” (FSRpalmitate in % new palmitate/ 5 days) in
TG was calculategsfrepsaherisie] nmherited imdhgrorahivnriztrarevhte ((HEOVIS Iperhitaadsing mass
isotopome&@ist@?}gigﬁgr@ 5is (MIDA). The present maximum deuterium enrichment reachable in
palmitate was calculated based upon 10 the measured body water enrichment (calculations are
detailed in Hellerstein MK and Neese RA "Mass isotopomer distribution analysis at eight years:

theoretical, anajylic o?!i’ﬂ6’%8@655?‘?9&%%’?%ifé%ﬁ@ﬁﬁ%ibﬁ%}fbﬁW?réggtﬁz&i el frdittfaddh’0):

Results The adipose tissue and liver weights are summarized In

and DNL is based on the precursor-product relationship (Hellerstein MK, Neese R.

“Mass isotopomer data analysis: a technique for measuring biosynthesis and turnover
30 of polymers” Am J Physiol 1992; 263: E988-E1001). In this method the cell

divisions that occurred during the labeling period are counted by quantifying the

proportion of labeled DNA strands present. The fractional proliferation rate of



15 Table 6: Adipose tissue (AT) and liver weights (in g) at day 21 and day 136. Groups Liver
Epididymal AT* Retroperitoneal AT d21 High ALA 8.57 0.54 0.15 0.02 0.56 0.14 Low ALA 7.09 0.40
0.09 0.010.380.06 d136 High ALA 29.732.15 8.09 1.55a9.36 1.21 Low ALA 30.10 1.11

-16-

adipose tissue cells (FSRcell in % new cell/ 5 days) was calculated as the EM1
(isotopic enrichment in excess) in adipose DNA divided (normalized) by EM1 in
bone marrow DNA. Bone marrow enrichment was used to approximate maximum

DNA enrichment achievable within each animal.

DNL or “fractional synthesis rate of palmitate” (FSRpalmitate in % new palmitate/ 5
days) in TG was calculated from the label deuterium incorporation from water into
TG-palmitate using mass isotopomer distribution analysis (MIDA). The present
maximum deuterium enrichment reachable in palmitate was calculated based upon
10  the measured body water enrichment (calculations are detailed in Hellerstein MK and
Neese RA “Mass isotopomer distribution analysis at eight years: theoretical, analytic,

and experimental considerations” Am J Physiol 1999; 276: E1146-E1170).

Results

The adipose tissue and liver weights are summarized in Table 6.

15
Table 6: Adipose tissue (AT) and liver weights (in g) at day 21 and day 136.
Groups Liver Epididymal AT* Retroperitoneal AT
d21
High ALA 8.57+0.54 0.15+0.02 0.56+0.14
Low ALA 7.09 + 0.40 0.09 £ 0.01 0.38+0.06
di13e6
High ALA 29.73 £2.15 8.09+1.55° 9.36 +1.21
Low ALA 30.10£1.11 10.94 +0.58"° 10.98 £ 0.54
Different letters indicate statistical significance at P < 0.05.
* At d136, P=0.020 between High ALA/Low
20  The effect of early diet treatment on the fractional synthesis rate (FSR or fractional

proliferation rate) of cells in adipose depot is summarized in Table 7. The AT-cells

include all type of cells such as the adipocytes and the stroma-vascular cells (pre-

adipocytes, enterocytes, macrophages, etc.) of the whole adipose tissue.




10.94 0.S8' 10.98 0.54 Different letters indicate statistical significance at P < 0.05 * At d136, P=0.020
between High ALA/Low 20 The effect of early diet treatment on the fractional synthesis rate (FSR or
fractional proliferation rate) of cells in adipose depot is summarized in Table 7. The AT-cells include all
type of cells such as the adipocytes and the stroma-vascular cells (preadipocytes, enterocytes,
macrophages, etc.) of the whole adipose tissue. -17- Tiaple 7: FSR (in % new cells / 5 days) at d21
and d136 Groups Subcutaneous AT* Epididymal AT Retroperitoneal AT d21 High ALA 8.98.7 13.5

205323 LOW’FaLbAl\elﬁ'lz§ﬁ'Zin]"%'geé\lz\}]éél:saP57dag/ssgt dyfgaflllab\&ﬁgﬁ 1.7a 7.71.34.00.6

Groups Subcutaneous AT* Epididymal AT Retroperitoneal AT
d21
High ALA 8.9+8.7 13.5+£2.0 53+23
Low ALA 18.7+13.7 15.0+4.1 33+0.7
d136
High ALA 8.6 1.7 7.7+13 4.0+0.6
Low ALA 152£1.3" 7.8+26 7.9+23

Different letters indicate statistical significance at P < 0.05.

*: At d136, P=0.021 between High ALA/Low ALA

5 These results show a higher (doubled) cell proliferation rate in the subcutaneous
adipose tissue at day 136 (P=0.021) and a higher cell proliferation (but not
significant) in the retroperitoneal and an unchanged cell proliferation in the
epididymal adipose tissues in the Low ALA group compared with High ALA group.
Since the subcutaneous adipose tissue is the major fat depot in the whole body of

10  adult guinea-pigs, the increase of cell proliferation in this adipose tissue may explain
the increased fat mass composition observed after a low ALA intake (results obtained
in Example 2). Mechanistically, the results suggest that the increase in body fat mass
in the Low ALA group involves an increase in the adipose tissue cell proliferation
rate (a hyperplasia) in the guinea-pigs at the later adult period.

15

A low ALA intake did not induce changes in de novo lipogenesis (DNL) in the fat
deposits but a higher hepatic DNL (P<0.001) was observed in the low ALA group as
compared to the high ALA group at day 21 (Table 8).



Low ALA 15.2 1.3b 7.8 2.6 7.9 2.3 Different letters indicate statis ical significance at P < 0.05. *: At
d136, P=0.021 between High ALA/Low ALA 5 These results show a higher (doubled) cell proliferation
rate in the subcutaneous adipose tissue at day 136 (P=0.021) and a higher cell proliferation (but not
significant) in the retroperitoneal and an unchanged cell proliferation in the epididymal adipose tissues
in the Low ALA group compared with High ALA group. §ince the subcutaneous adipose tissue is the
major fat depot in the whole body of 10 adult guinea-pigs, the increase of cell proliferation in this

adipose tissue he increased fat ma sitio ed after a low ALA intake
(results obtain @%Efrﬁﬁé %1 &él@ﬁ'aﬂ?é%‘gl P rigai%snéo é@ﬁ%ﬁé&‘gﬁ\(@f %ﬁé increase in body fat mass
in the Low ALA greypujivolves aigerease |§umt§1qé9&sgﬁlssu% Rliprelifarption Latp da e rptasia)
in the guinea-pigs at the later adult period. 15 A low ALA intake did not induce |changes in de novp
lipogenesis (DNL) in the fat deposits but a higher hepadirt DNL (P<0.001) was observed in the low ALA

group as compared to the high AL A group at day 21 (Table 8). -18- Table 8: DNL (in % new palmitate
/' 5 days) at dayR2itteatiAlay| 1388GraWds Liver SABctitemeous AT Epididyhial AT Retrigpetitoheal AT

d21 High ALA8-826'9-3-6-6149 28138 54tewALA 7437221817125
Low ALA 17.4+£3.7° 22+ 1.8 17.1+£2.5 129+£2.3
d136
High ALA 5.7+0.6 1.87+0.26 1.18£0.16 1.40+0.39
Low ALA 5.6+ 0.4 1.29+0.18 0.92+0.12 1.06 +£0.07

Different letters indicate statistical significance at P < 0.001.

This example 3 shows that a low ALA intake during the suckling/weaning periods
5 increases the rate of hepatic DNL in 21 days-old guinea pigs and increases the cell

proliferation rate in the subcutaneous adipose tissue in adult guinea pigs.



12.9 2.3 d136 High ALA5.7 0.6 1.87 0.26 1.18 0.16 1.40 0.39 Low ALA 5.6 0.41.29 0.18 0.92
0.121.06 0.07 Different letters indicate statistical significance at P < 0.001. This example 3 shows
that a low ALA intake during the suckling/weaning periods 5 increases the rate of hepatic DNL in 21
days-old guinea pigs and increases the cell proliferation rate in the subcutaneous adipose tissue in
adult guinea pigs. -19- The invention claimed is: 1. A nritional composition comprising 4.4 to 6g /
100 kcal of the composition of a lipid source, 9 to 14g / 100kcal of the composition of a carbohydrate
source, 5and less than 1.85 QO0kcal of the composition of a protein source wherein the lipid source
comprises at Iea Pié‘\?&fd}"m%o?i%"é% a'sand 6 to 11wt% a-linolenic acid expressed as a percentage of
total fatty acid content in each case and the ratio of I|noIe|c aC|d a- Ilnolenlc acid is from 1 to 10, and
the composition com rises. aracﬁndonlc acid (ARA%\ %cos r%oui g g (DHA) in a rat%o 100f
2:1t0 1:1 ARA: T ST Rty ST mg}‘io Tty FER08 B CHBHRATIOR Ueid
content is from 18 to 8(]1%d3§d01t6é fatty bagdsl ()I&&Poﬂtltéltton@iosamp@ﬁ* tiearacbodeingstanictaim 1,
wherein the Jinoleic aci ont nt i 0 25% of total fatty acids. 4.A nutrltlonal ition
according tOACIalm 12 %leerseslrt(l?l n? g c/>lie.$1(|)1ci;“§u foégnf:eﬁ]tlﬁ’s Sfrtz{)m toli%/e of ?&affa&ergcﬁzl 205. A
nutritional composmohrpa@coudtlgctm@iaaml,lwhterélwmehadlmiamd agdicbaoritewtis d-Oinel &piof total
fatty acids. 6. A nutrltlondal )n(:orrg seglztllspg accordin t? Cl |?1 %L re| the. linoleic acid: o 25linolenic
acid ratio is from 2 tO percentage o total tat }} a01 ent in each case and the

ratio of linoleic acid: a-linolenic acid is from 1 to 10, and the composition

comprises arachidonic acid (ARA) and docosahexaenoic acid (DHA) in a ratio

10 of 2:1to 1:1 ARA:DHA..

2. A nutritional composition according to Claim 1, wherein the linoleic acid

content is from 18 to 30% of total fatty acids.

15 3. A nutritional composition according to Claim 1, wherein the linoleic acid

content is from 18 to 25% of total fatty acids.

4. A nutritional composition according to Claim 1, wherein the a-linolenic acid

content is from 2 to 12% of total fatty acids.

20
5. A nutritional composition according to Claim 1, wherein the a-linolenic acid
content is 10 wt % of total fatty acids.
6. A nutritional composition according to Claim 1, wherein the linoleic acid: a-
25 linolenic acid ratio is from 2 to 6.
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