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I nvention The present invention relates to the regulation of fat or lipid
nmet abol i sm by nmeans of conpositions and diets which are high in resistant
5 starch and unsaturated fats. Background to the invention Cbesity and
overwei ght in general as well as a range of netabolic diseases such as
non-insulin dependent diabetes nellitug., dislipidemas, 10 hypertension
and coronary heart disease are a W despread:- problem in large parts of the

world. I'n many cases,stAcisdes Trts; Eirph 2ROfiseases is the

devel opnment of insuli : ribute to the
onset' and devel opnent of insulin resistance have not been fully
elucidated but the type of fat and/or carbohydrate in the diet have been

exposed aFidld vfild irfveptions 15 (Storlien et al., 1993, Diabetes, 42:
starch, .an inportant conponent of human carbohydrate

457-462). Diet
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| i nkeds 2tainh end tngdtusated &th- 6) bonds. I ngestion of anylopectin starch is
known to produce a rapid and prolonged rise in plasma insulin and gl ucose
concentrations which has been postulated to be detrinmental to whol e body

i nsul i n spasdetdiitid ¥ tHe inbentieg term I n humans, consunption of foods
which cause a lTarge rise 1n postprandial 25 plasma gl ucose concentration is
al so associ at ed®hgsity anrd iaverweight! incganeent antwalh asf a frapge fodt mptabolids i n t he
pl asma. T‘hls d concentr causes a

L pcrease. | l.a free fatty. acj t4.0
decr ease !ngagsfggco%c oXi EQBTIB%%%QW \ %’iage{efhg‘e S ?#B@Wﬁ%i d
cycl e Whyperi@yionTRAl lcorfisty! esyE@3delabd/ Ik -2 widespread problem in large

parts of the world. In many cases, the underlying cause of these diseases is the

development of insulin resistance. The factors which contribute to the onset*

and development of insulin resistance have not been fully elucidated but the

type of fat and/or carbohydrate in the diet have been exposed as crucial factors -
15  {Storlien et al., 1993, Diabetes, 42: 457-462).

Diétary starch, an important component of human carbohydrate intake,
is composed of two types of glucose polymer, namely amylose and
amylopectin. Amylose is a linear polymer of glucose residues linked by o 1-4)
bonds whereas amylopectin is a branched polymer of giucose residues linked

20 by (1-4) and o(1-6) bonds.

Ingestion of amylopectin starch is known to produce a ra;iid and
prolonged rise in plasma insulin and glucose concentrations which has been
postulated to be detrimental to whole Body insulin sensitivity in the long term.
In humans, consumption of foods which cause a large rise in postprandial

' 25 plasma glucose concentration is also associated with an increased
concentration of free fatty acids in the plasma. This increase in plasma free
fatty acid concentration causes a decréase in glucose oxidation. presumably via

the glucose-fatty acid cycle, which may impair insulin sensitivity.



1 7 AUG 2004 -2 Sunmary of the invention The present inventol§ hayeZlibw
shown: t hat consunption of a diet high in resistant starch and unsaturated
fats or lipids results in desirable effects on carbohydrate and fat

nmet abolism Specifically, it has been shown that 5 consunption of a diet
high in resistant starch and unsaturatgd fats or lipids leads to reduced
post - prandrial plasnma glucose concentrations after neal intake, as well as

| over pl ag{{ih.d, il . a reduction i:n plasma leptin concentrations
t oget her g) %%ﬂfuﬁ?éi‘ég‘lniﬁ satiety; and a decrease in the levels of
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10 tissue, together with an increase.in glycogen synthesis in the INver:.™
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individul'g saturated fat int&]ge ﬂiﬁgmth unsaturated fat Specificg
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i ndi vi du ' tdog, ' : I,0ng. at % .
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10% of t hencadireticnstogstieatwitihbrdnfmbse RDsdtidtpkendd Hecreasainithetledelsat .
at netaboljsming] udes, a redgctio in fat

» Preferably,,.t.ne, enhancenent, .of [

~accunul at‘%&ﬁ"an@ﬁﬂﬂs‘%‘?il Fl?lé"fl'&?sé‘gm‘?s? &S5 B%i }éfgf"ffbﬁ‘.glp(:’éﬁ tssue AREPEfer educi ng
pl as I | W’E | : | Is {5 n i ndividual ,

whi ckrlmne'?%tgggct:onpri sestﬂtra?ng’éﬁg“%?%ggﬁ Ejg%}gl%%tlﬁtetye 121{5'261{"indi vidual 's daily
car bohydr at e i cebrdinglyh theepiesenininvention lpravideatin lacfist adddtod mdathed

i ndi vidual's saturate at inta w t h, unsat.urat ed..fat. . A hod of
treati pg%%rqgﬂfgslt{ﬂﬁﬁﬁé%oéﬁrﬁher ?“FFS??*HB?@BB&%’P’[‘?, aw%w%%%@ E‘Eﬁ'ﬁ? ses
repl aci ngogiprisea sbplatd:yf att RAsi BoH ¥ dherlin@ivipldly dAlPONRERRdRte intake
with resistant starch and at least 10% of the individual's saturated fat intake
15  with unsaturated fat. |

Specific embodiments include: _

(1) a method for enhancing fat metabolism in an individual which
method comprises replacing at least 5% of the individual’s daily carbohydrate
intake with resistant starch and at least 10% of the individual’s saturated fat

20  intake with unsaturated fat. _

Preferably, the enhancement of fat metabolism includes a reduction in
fat accumulation and/or an increase in fat oxidation.

(2) a method for reducing plasma leptin concentrations and increasing
satiety in an individual, which method comprises replacing at least 5% of the

25  individual's daily carbohydrate intake with resistant starch and at least 10% of
the individual’s saturated fat intake with unsaturated fat.

(3) a method of treating an individual suffering from obesity, which
method comprises replacing at least 5% of the individual's daily carbohydrate
intake with resistant starch and at least 10% of the individual’s saturated fat

30 intake with unsaturated fat.



intake with resistant starch and at |east.10% of the indivi dudlAiés <&04r at ed
fat 30 intake with unsaturated fat. 1 7 AUG 2004 -3 (4) a nethod of

| owering the risk of obesity in an individual, which nethod conprises
replacing at least 5% of the individual's daily carbohydrate intake with
resistant starch and at |east 10% of the individual's saturated fat intake
with unsaturated fat. 5 (5) a nethod of lowering the risk of non-insulin
dependent diabetes nellitus in an indi-% dual, which nmethod conpri ses
replacing at |least 5% of the individual's daily carbohydrate intake with
resi stant starch4hrdmethddaétlowdsingfthetfisk bhobesitiuah 'an ﬁﬁﬁﬁda&bdﬂhimh i nt ake

al ucoso antHeRSH SOREHELR ForIROUBIAL 1p4Ft 24t ChOPS I RO OO Hg e

consunpti Ofhtile Whh kék@ét&hﬂy@kch whél Gt 18Bétha, Ccﬂrméuﬁaﬁna@a* agitdGtad feast 5%
of the individual's daily carbohydrate Intake with resistant starch and at .

Feast 10% uﬂakmmthnmsamaéﬂ fat. saturated fat intake with unsaturated fat.
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i ndi vi dual ' s saturaé ED(/ %ﬁ) intake with unsaturated fat. I n a second
aspect, t hiadiaduals @1 pbﬁdra@ byRke avith pasistert grrchprd,at least W% Sddst uf f

for use. ' a&&taﬁ?wﬁ%ﬁﬁsaﬁﬁ%&f%' ch 20 met hod

conpri ses subH§ utl ng const uen OW resistant starch content
Wi th constituents) wi n‘mthodhquhrefchﬁmg aht poarprbndiahtpiaémangusedesendfoti ng

sone or all of
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the total rohydraeningde. Wlth resistant starch and at least 10% of the individual’s
saturated fat intake with unsaturated fat. ' :
(7) a method of controlling an individual’s body fat composition which
15  method comprises replacing at least 5% of the individual’s daily carbohydrate
intake with resistant starch and at least 10% of the individual's saturated fat
intake with unsaturated fat.
In a second aspect, the present invention .provides a methed of
preparing a foodstuff for use in a method according to the first aspect which
20 method comprises substituting constituents with a low resistant starch content
with constituents with a high resistant starch content and substituting some or
all of the saturated fats with unsaturated fats. '
| In a third aspect the present invention provides a composition

comprising at least 2g of resistant starch and at least 2g of unsaturated fat

25  wherein the resistant starch is present in a proportion of at least 5% by weight
of the total starch content.
Preferably, the unsaturated fat is present in a proportion of at least 25%
by weight of the total fat content. .
' Preferably the unsaturated fat is selected predominantly from poly-
30 unsaturated fats, with a good balance bel;weenz omega-3 and omega-6 types, and

mono-unsaturated fats.



; Be
Preferably, the unsaturated fat is present in a proportion oftwg gt Apéazs)[gerS%
by weight of the total fat content. Preferably the unsaturated fat is
sel ected predom nantly from poly- 30 unsaturated fats, with a good bal ance
bet ween onega-3 and onega-6 types, and nono-unsaturated fats. 1 7 AU O

2004 -4 The conposition may, for exanple, be in the formof a tablet, a
foodstuff, a conponent of a prepackaged neal or a conponent of a calorie-

control | ed di etThd wompoaitid nespefdr, extddgple! @2l theVERh @F PriaNiedeg a

met hod fotxl'q SHrgg ul ati ng car pohydrate and fat netabolismin an i ndividual
whi ch et 17885t %’pF?%lé‘Q 8RfnPhAsRIEPAHEEed mhdl pndi wopenerd afoaakiris-on of
t he i nvendgn@mllednsiel fi ¢ enbodi nents include: (1) a nmethod for reducing

pl asma | eptin concentrations and increasing satiety in an individual,
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in an individual, which 15 nethod nprises adm ni Stering t he
i ndi vi dual a cERpedictemppdimentinciydeent i on. (4) a method of |owering the

ri sk of non-ingyuli e jabetes .nmel.litus in an indjyidual, which
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i nventi omsatidy (6)an iretibidgahf whichiCinRethddecdiasiisdd aadiialstdl@s "B qhslcose
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i ndi vP dudfdivighal g GomPRsatie Abeda¥eni@eR-ni stering to the individual a

conposi tion of (Ahe mdiA¥ Y @éating an individual suffering from obesity, which
method comprises administering to the individual a composition of the
invention.

(3) a method of lowering the risk of obesity in an individual, which

15 method comprises administering to the individual a composition of the
invention.

(4) a method of lowering the risk of non-insulin dependent diabetes
mellitus in an individual, which method comprises administering to the
individual a composition of the invention.

20 (5) a method of reducing the post-prandial plasma glucose and/or
insulin levels in an individual following food consumption by the individual
which method comprises administering to the individual a composition of the
invention.

(6) a method of of controlling an individual’s body fat composition

25 which method comprises administering to the individual a composition of the
invention.

The present invention also provides a composition of the invention for
use in a method according to the fourth aspect of the invention. The present
invention further provides the use of a composition of the invention in the

30 manufacture of a medicament for use in a method according to the fourth

aspect of the invention.



-~ (6) a nmethod of of controlling an individual's body fat conpoiitLqp 2@?
whi ch net hod conprises admnistering to the individual a conp di t¥8n“of the
i nvention. The present invention also provides a conposition of the

i nvention for wuse in a nethod according to the fourth aspect of the

I nvention. The present invention further provides the use of a conposition
of the invention in the 30 manufacture of a nedicanent for use in a nethod
according to the fourth aspect of theStnvention. 1 7 AN N 2004 .5 The
present invention also provides a nethod of enhancing fat wutilisation in a
di et of an indi Vilsugiresehhenvention glsapprciides caormemlniogg of rerhangingerfatreal at

| east 2 gof resjstant starch wit.h.fh at ta be utilised. The.present
i nvent | on_"Ft_EllI‘staﬁ'é’P el B\Fﬁ'ﬁe%f ap ?‘Fé‘i‘ﬂkffi‘ag’f {qeomgﬁl‘?ﬁgc?wmglgi ?RRS&EHQ% 82 obesity
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oxi dation,” the nethod rising placing the individual on a high
car bohydrate di dhe preshni pnvesdiont dnrther sprotides atinathod: of i lowicsiagethd evel s |

of fat _ oxidation inn the i.ndividyal., met hpd,,i s _al s rovid or
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15 Conposi '-ﬂﬁﬁ f s The present invention provides conpositions
conpri si ng?gc%l g Iﬁalgl\cjtglegﬂ%ﬁ&gaiési stant starch and unsaturated fat. As used in

this specificat Aomethd®id elson proekiedt furtlosteringhthei cidehes dfhoseins2linf or s
defined as RS1, RS2, RS3 and R4 as defipeq i.n Brown, MNaught and Mol oney
(1995)10 Foéepm%wacﬁﬁéetasz .11193}?121521?15@11 Elgweﬁ]uaﬂo&er mégbqﬂf COMBEIE RGCing

the individual on a high carbohydrate diet, rich in resistant starch, to stimulate

increased levels of fat oxidation in the individual.

Detailed description of the invention

15
Compositions and foodstuffs

The present invention provides compositions comprising high levels of
resistant starch and unsaturated fat. ,

As used in this specification, the term "resistant starch” includes those

20 forms defined as RS1, RS2, RS3 and RS4 as defined in Brown, McNaught'and
Moloney {1995) Food Australia 47: 272-275. Either modified or unmodified
resistant starches or mixtures thereof can be used in the presenf invention. A
particular resistant starch can be the product 6f multiple modifications.
Modified resistant starches include breakdown products such as resistant

25. maltodextrins.

One form of resistant starch particularly suitable for the present
invention is starch containing resistant starch. Preferably, the starches have an
amylose content of at least 40% {w/w), although the amylose content of the
starch may 1ifflz'_v depending on the plant species from which the starch has been

30 obtained. In a preferred form the starch is from maize having an amylose

content of at least 70% {w/w); at least 80% {w/w} or at least 90% (w/w). The



resistant starches or m xtures thereof can be used in the preiéfntﬂ\qg 2004
I nvention. A particular resistant starch can be the product of’ milti pﬁle
nodi fications. Mdified resistant starches include breakdown products such
as resistant 25. maltodextrins. One formof resistant starch particularly
suitable for the present invention is starch containing resistant starch.
Preferably, the starches have an anylgose content of at |east 40% (ww),

al t hough the anyl ose content of the starch may vary dependi ng on the plant

speci es fromwhich;t rechyhas. heemn;. 30 i I [ : formthe
slto arch i ss%%f%%sé) hﬁeag%%?cg%lyé%%glg@lﬁc% n@%&’ﬁgg Hgt&}ﬁagadsjto ?%S%glﬁ%ﬂ]"w) . at

| east 80%Chefidal ofacdlifitaditst cA0%bé VW) oxidigod, CrodskBaadidg,- thetificatioman al s
be chem cally, physically, or enzymcally treated or dif]ed Cheim' cal
modi f i cat peeTilieations Bidifsatien i éeﬁm@i%@nbowdinﬂ@f}u@éhﬁ?rwtat Fhysica
esterificatiof L di f1cati ) .on, or mxtures thereof. _
Physi cal %ﬁ%ﬁ@&ﬂgnd#gaegg&oqﬁég%{_rr%%t?jge%r}f e treatnent, 5 Preferably the
resi stgnt star gheferably ter respdant stakilrisned derpradrer obtaifedringm mgizsi | | be
appreci ated, however, that other sources_ of resistant sifarch .cquld be used

in the préosam: Itnvdhteappresiaied) bewewel (that othes souTses et TSy AR CRheat |

barl ey, oglsg Béiﬁéec@liahg{%itpﬁgse%dinrw}reggon:[ UB8L% lEl‘eiglaPﬁcPet Q@fealNdiket api oca,

| egunes suUCh asS peéas, ers including starches derived from 10
convent i opgrghiumb metkak teelbyn gatsetritivaleianaize dndaiceydnbeiscidkd potatgs fandd pl ant

_species. Starches can al so be treated t.o enhance the resistant.starch
“content biEPIPCan JegIEReH FUBh AS PERS: cﬂndcﬁg?'ﬁréépgﬁ@éﬂ%.s‘%wg?% cieﬁlé’%%t% ¢ch has
been abtaifGdnsbRAM g2 sfdehoRl 8BheSRAB) asditiée plagul ting
treatie)(g s{:ar cﬁh%g%@&g?i Is%lg%t%lr:}r%gﬁ%r%n-(avg rgsi%tan? starch. ptIlzor a
nunber of speedsons relating to the regulation of GVMO foods and consuner

preference. |t e e Lo ooy SO0 A0 AL bbb
number of physical or chemical means. Where the starch has been obtained

from non-genetically modified plant species, the resulting treated starch can

15  still be termed non-GMO resistant starch. For a number of reasons relating to

the regulation of GMO foods and consumer preference, it may be desirable to

use only non-GMO starch, whether treated or untreated, in compositions of the

invention.
One preferred treatment means is to heat-treat starch in the presence of
20 moisture (heat-moisture treatment) which can be achieved by a number of
processes including heating under negative, atmospheric or positive pressure
under elevated moisture, or cycling techniques through different temperatures
and pressures, Heating can be in the order of 100 to 180°C, preferably around
120 to 150°C and moisture levels of 10 to 80%, preferably 20 to 60%. Repeated
25 autoclaving' and rapid cooling can also be used to increase the resistant starch
content of starches. It will be appreciated that these processes and conditions
can be changed to achieve the desired increase in the level of resistant starch in
the starch being treated.

Treatment can also be by solvent extraction to remove fats and/or

30 minerals from the starch.



One preferred treatnent neans is to heat-treat starch in the presghee’os

20 noi sture (heat-noisture treatnent) which can be achi eved by a nunber of
processes including heating under negative, atnospheric or positive
pressure under el evated noisture, or cycling techniques through different
tenperatures ~and pressures. Heating can be in the order of 100 to 180C
preferably around . 120 to 150C and noi ;_t ure levels of 10 to 80% preferably
20 to 60% Repeated 25 autoclaving and'rapid cooling can also be used to

i ncrease the resij t ch ntzent. of ~st,arches. Lt will_b reci at ed
that these proc&gté%é@bg%ﬁﬂpt‘& néfjl%%fﬁg' B’égllﬁ’arﬁ’g"é& Slt%‘:}%%ﬁw"iﬂ_gvagsc?ﬁ%dzesi red
i ncrease kfhithearkeydlistait f@pdHekamid Shah@R infhizd RearshalHAnPpaimantyleat ed.
.Treatment can al so be by solvent extraction to renmove fats and/or _30

m neral s teatent v $9%r 3Hw) 1or7mans, partcrlarly BB fwhHeloaD mare, Woe 7garchy 4342,

"high any S ' ' r i . o8aNnd
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parti csl afwjwBemoré WFurthebsre, pattivalat grantlarhive nggencistyiohee haoitgent  of
27% (W w) or nmpre, or a wheat starch havjng, 35%5 (ww or re.

Fur t her noAB, AIBECEE GRSt RIaPRACPT SroT8 &%g&bﬂ%ﬂfedsr%ﬁ#%ﬁ@ssq%ﬁrﬁ fEnteRy anyl ose
content o % I H:Pﬂbc LSk ar ’ s w1 1 e

st ar ches F'hréeu%%\g @mlﬁglg?%zr ey, e%rr]{ﬁrs %ﬁn@g“ﬁ#%u :mlﬁ\c}gﬁfg%%n ilés tillE’g’t,
however, howeten linnitedsthetoformsaff resistant atarclst Rocéxantule, etbanfireys aft her

fornms of _resistant .starch can derived from saurces su s _bananas and
{ubor s e Sarched b deBRed Bl FPBEc (o 4h RHEBgRS BB dRpa s den
~nodi figatg atcd @hdPRofifledab Al th&bOsS- bonding, etherification,

esterification, aci _dificatlon, dextrinisation and the |like are well known
in this art as Grémirabui tedificativasi casudr eaasmenwgdatShmi | aress;bandieg,

5 known 0eTAGEEOR I eR AP Rbincnd FRPMEEEondube i B¥ERy he
degree of ewNnR ShisCaRtdsbbéinkysiifable chemical treatments. Similarly, other
modifications can be induced physically, enzymically or by other means well
15 known to those skilled in the art.
It may also be useful to modify the degree of enzyme susceptibility of
the resistant starch by altering the conformation or structure of the starch.

Examples include acid or enzyme thinning and cross bonding using di-

functional reagents, heat/moisture tireatment and thermal annealing.

20 Modification of the starch may also be carried out by manipulation of the

crystalline nature of the starch. Such modification methods are known to the

art and starches produced by these methods would be suitable for the present
invention.

Preferably, the resistant starch is derived from maize, sorghum, rice,

25 barley, oats, triticale, wheat, legumes, potato, or banana starches. As the

amylose content of some starches appears to be related to the resistant starch

content, one preferred embodiment is the use of starches having an amylose

content of at least 40% (w/w). Resistant starch obtained or derived from maize

starch has been found to be particularly suitable for the present invention. In

30  many starch-containing plants, the amylose content does not need to increase

to the high levels found in,;;x;laize iﬁ':’:order for them to demonstrate the



the resistant starch by altering the conformati on or structurejo? Alb® 2004
starch. Exanples include acid or enzyne thinning and cross bondi ng usi ng
di - functional reagents, heat/noisture treatnment and thermal annealing. 20
Modi fication of the starch may al so be carried out by mani pul ati on of the
crystalline nature of the starch. Such nodification nethods are known to
the art and starches produced by these nethods woul d be suitable for the
present invention. Preferably, the resistant starch is derived from nai ze,
sorghum rice, 25 ,barley, oats, triti6ale, wheat, |egunes, -potato, or
banana starches. As the anylase content of sone starches appears to be

rel ated t repertieesifgesistantstaraih Theset properidescanprlifedy tededohndimertieats t he

use of star hayi ng.,an_anyl gse ,‘cqntens of ~at_|east 40% (w w), Resistant
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starch-contai ning 'plants, the anyl ose content does not need to increase to
the high esigtagce o@ihdhe rstarchnpresule o stardbr démved heaterial denattatk abe t he 17

AUG 2094 - ef.t] resistant starch. These properties are likely to
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. Mai ze slamstBe® hefwing strleastydoss wgwhiaehipreferel dseste é0fekoylMdntani | east
80% (W w),or, at least 90% (w.w)_ are preferred as these starches contain io

hi-h tevePigbdevels éF?IE;]i‘&W@Pé%S @W&ﬂ@ﬁ%@%‘ﬂ%ﬁﬁb; starch. The term _
"unsaturated fafie thig '“Hﬂﬁﬁ?&@é@tﬁ'{saﬁﬁ ‘at%% %sﬁ*ﬁiégteﬁsxf?%f%#i edQknysol i d

and liquid form The terns fats, olils, fatty acids an s are used
i nt er chanbetdiiojidhendtiqnid form. The terms fats, oils, fatty acids and lipids are used
interchangeably herein. |
Preferably, the fat is a mono-unsaturated fat, a poly-unsaturated fat, an
15 omega-3 fat, or an omega 6 fat. Further vegetable triglycerides relevant to the
present invention include those obtained from seeds, beané, fruits, nuts and
other plant materials, often obtained by mechanical expelling and/or solvent
extraction. Examples which are particularly suitable for use in the present
invention are sunflower oil including high and mid oleic varieties, soybean oil,
20  cottonseed oil, canola or rapeseed oil including low linclenic and other
modified varieties, flax or linseed oil including high linolenic varieties [Linola},
maize or corn oil, olive oil, peanut oil, rice bran oil, palm oil and fractionated
palm oils, palm kernel 0il, coconut oil and the like. -
Triglycerides of animal origin can be used in the present invention and
25  include those obtained from milk and from the processing of cattle, sheep and
fish. Preferred examples include n-3 polyunsaturated fatty acids (PUFAs) and
n-8 PUFAs, such as fish oils. |
Compositions according to the present invention comprise high levels
of resistant starch and high levels c;f unsaturated fat as a proportion of

30 carbohydrate/fat content compared with fypical foodstuffs and dietary



Preferably, the fat is a nono-unsaturated fat, a poly- unsatu{gtﬂgl@flam an
1.5 omega-3 fat, or an onega 6 fat, Further veget able trigl ycerl des

rel evant to the present invention include those obtained from seeds, beans,
fruits, nuts and other plant materials, often obtained by nmechani cal

expel ling and/or sol vent extraction. Exarrpl es which are particularly

suitable for use in the present i nvené ion are sunflower oil including high
and md ol eic varieties, soybean oiI 20 caottonseed oil, canola or rapeseed
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oil inclu en| var etles I nol-al mai ze or corn oil, olive
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include n-"3 pol yunsaturated fatty aci and n-6 PUFAs, such as
fish o5l sstaﬁchrmﬁstbﬂl porsTeaistartdiypg, sock s pme'kemtmns/temh, o‘mtbol’@élsit@tt hi gh

| evel s of t ant eyel s unsat ur
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foodst uf f sradetion eifafhe Wt starbh~¢ortentd of tHe 'c%nﬁiﬁ@ﬂiﬁﬂefftor @@Ql@}blfal thel 1y,
conposi tions of 'the present invention conprise at Ieast 24 tg@;l st ant

starch antesijerifsteredamay be paeseat In FRsepeisionodiatilerss 188y b m'ﬁ;g S | east
5, 10, 15, font
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t ype, 1 uchy ageighitybb plee total ﬂ&milcbonmnt h Steslaglya it isspreferhed ithati esistafter r ed
that the resistant starch, is. present as ni fi.cant roportion qQf the
total st af@FFICISRIBRNIGS AR HERHJEPPPTIPR ‘P%ih% F‘g)q}ﬁ@m COPEUAL starch

may be prgse o] t fo y t ot al
starch coﬁlt%e?l%rdpeﬁﬁ?dei{ agﬁ{l; é%@asﬁelggﬁg%mtégﬁ%od\%} T 89&5?%{]%%05 70 or

80% 10 bypmupogiiun cbat lehs SPobuiweighdrafiihe cbmabnarbosvdmalt@cmytent tpre@r@lgf erred
that resistant: 1o, 15, 20, 25, 30, 35, 40, 50, 60 or 75% by weight of the total

15 carbohydrate content. Types of resistant starch that may be included in the
compositions are described above.

In relation to the fat/lipid content, compositions typically comprise at
least 2g of unsaturated fat or its equivalent. For example compositions may
comprise at least 3, 4, 5, 6 or 8g of unsaturated fat [highér for food spreads such

20  as margarine]. It is preferred to include unsaturated fat such that the ratio of
resistant starch to unsaturated fat is from about 1:1 to 1:2, although '.che ratio
can be markedly different for an individual food which is used in the context of
the diet of an individual. |

Since one of the aims of the present invention is to replace saturated

25 fats with unsaturated fats to achieve the desired metabolic effects that have
now been shown to occur when both resistant starch and unsaturated fats form
a significant element of an individual’s diet. it is preferred that the unsaturated
fat is present as a significant proportion of the total fat content of the
composition. For example the unsaturated fat may be present in a proportion

30  of at least 25% by weight of the total fat content, preferably at least 35, 50, 75

or 80% by weight of the total gtérch:coﬁtéﬁt. In one embodiment, saturated fat



starch is present as a significant proportion of the total ca@xw%g%@;
content of the conposition. For exanple the resistant starch y be
present in a proportion of at |east 5% by weight of the total carbohydrate
content, preferably at least 10, 15, 20, 25, 30, 35, 40, 50, 60 or 75% by
wei ght of the total 15 carbohydrate content. Types of resistant starch that
may be included in the conpositions d@e described above. In relation to
the fat/lipid content, conpositions typically conprise at |east 2g of
unsat ur at éd stlattamtialty sbsspii vainetite, cémpositionp| Fypespbdsinsavwatedeafpt thatnpri se

at least 3 5,,6. 05, 89 of unsaturated fat i.gher for food spreads such
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element of an individual's diet. it i's preferred that the unsaturated fat
i s presenvesistant propeifs’camy plepdet inudsd ttoeensira opimat physirlogiFak he
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. 35, 50, 7 ey c8RYobitioeb e Phvditon, ahsly shbald hioewatlgre skpplisdeas a

~ enbodi nent, saturated fat 17 AUG 2004; _10 s _substanltsi al | E@%SQI from
the. tbnpeepnlewant 1o g compasisienplathednvantiondn othese ElePFgP h the
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car bohydr'gé]glagggl racegﬁgt%éjiﬁ?ﬁ%gnregg Istan tgtﬁ ggéﬁ?ﬁgg%!{%fri‘gtxggﬁ?g{e&

f I avour i ntheagrmicsition bt mventinarialistended b eapplyl o telsstantislqurebkthent s and
ot her con additives. Proteins, particul arl ot ei ns re '%t ant to

. di gesti onyogaéhgagglrﬁfc? syfjediathe pplBeRal BB s are Praf mg\[YoP’eGP?&t'F al so be
I ncluded [0,,6NSYREIAPHSEL: £UY BLOARBAGR! This is of particular importance for
15  overweight or obese subjects on a weight reduction treatment, by which it is
important that all essential nutritional ingredients are supplied in
recommended amounts. '

Vitamins and minerals may be added to-the composition in accordance
with the limits laid down by health authorities. The composition of the

20  invention may comprise all recommended vitamins and minerals. The vitamins
will typically include A, B1, B2, Bi2, folic acid, niacin, panthotenic acid,
biotin, C, D, E and K. The minerals will typically include iron, zing, iodine,
cobber, manganese, chromium and selenium. Electrolytes, such as sodium,
potassium and chlorides, trace elements and other conventional additives are

25  also added in recommended amounts. _

The composition of the invention may take any form which is suitable
for human or animal éonsumption, such as a foodstuff or drink. In one
embodiment. the composition is a powdery mixture which is soluble,
suspendable, dispersible or emulsifiable in a water-containing liguid such as

30 water, coffee, tea or fruit juice. For such purpose, the composition may be

packed in a package intended for covering thé total nutrition requirement fora



performance or utilisation. If any of 'these optional ingredizgﬁggag@ﬁnot
present in the conposition of the invention, they should no y be
supplied as a 10 supplenent to the conposition of the invention in other

el enents of the diet, so that an adequate supply of all essenti al
nutritional ingredients is ensured. If the conposition of the invention is
i ntended to supply a substantial part of the food intake of a subject, the
optional ingredients are preferably ptldsent, so that separate intake

t hereof can be avojded. This is of-particular ipportance,for 15 gverwei ght
or obese <ebinedpeTion & tipe.gchias dOES st PR MPEKL WE‘SEPWE ﬁoﬂpof’ibon

i nportant _that Q. Al 1t ' | fouedol fiy
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in accor dgabaniwi fob vidiged amd feurltaistx oty foe adrh penddily dosage. winigh
conposition of the 20 inyention nmay conprise all reco nded vitam ns and
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separately eing packed 1nto the package, he package witl
fat spread or margarine.

15 Compositions may form part or all of a prepackaged meal, included
chilled and frozen ready-made meals.

Compositions may also be formulated as tablets. Since the quantities
of resistant starch and unsaturated fat as well as o’;her ingredients such as
binders and flavouring agents result in compositions of at least 7 to 8g, the

20 tablets may be relatively large. Consequently, the tablets will typically be
formulated sur:;h that they. can be chewed prior to swallowing. Alter_natively,
the compositions may be subdivided into a number of tablets.

Thus compositions of the invention may be provided. for example, in
the form of consumer meals, drinks, powders, tablets, health foods, nutritional

25 supplements and animal feeds. '

The compositions may form all or part of a calorie controlled diet, for
example a calorie-controlled diet having an energy content of from 800 to 1200
kcal per day, or more than 1200 kcal per day, such as more than 2000 kcal per
day. -

30 ‘
Production of foods high in resistant stach and unsaturated fats



5 be provided with neans for aportioning of such sub-units.giai not her

preferred embodi ment, the conposition of the invention is q@_% %ﬂﬁd?&%

Autritrional preparation in a water-containing liquid, in which the solid
i ngredi ents are dissol ved, suspended, dispersed or emulsified in an anount
of 10 to 40 weight % Wen the liquid nutritional preparation is-intended
for 10 drinking, it will usually conH5[se a flavouring agent as di scussed
above. In a further enbodi ment, the coffposition of the invention nay be in

he f f |id ' X Atr Il b fruit bar,
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typically be formulated such that they can be ‘chewed prior to swall ow ng.
Al t er nat i ®epiing digteof caripdisiduan sAmeteh meshbd is/ tadprpvide normalifdedriterhs

tabl ets. .JThus.gopposition f t I nvention, may be proyvi ded. for,.egxanpl e,
bl et AP RSBl b Tl YR O TR BN B FRLBRETT!
nutriti ongl prodidesal fedERRER b tia DebrasdedblevE8 e Sresit g t GRIFBR Hrid Ghsatifdted Or m al |
or part of a calorie controlled diet, for exanple a calorie-controlled

: di et havifa§ (and loneardgvalont eor-refistanbsiesdocarbobpdmte kudisapuatedaipl). or nore
of s hign iAvPElbla i drafel et il arordres TralSe 13 MeoiiowE Fons of
the i nvenidmposifien b@@ﬁla_sidﬂrfeﬁﬁohimchrm&m%iclséoaﬁ@ﬁﬁs%gthciﬁ@@i)léaﬁ@trw dted fats
are intended as a partial or full replacenent” for the
of the carbohydrate content of a foodstuff or drink with resistant starch and
(ii) some or all of the saturated fat content of a foodstuff or drink with
unsaturated fat. ' *
15 The present invention also provides a method of preparing a foodstuff
which method comprises substituting one or more food components with one
~or more food components that have a higher resistant starch content and
substituting some or all of the saturated fats with unsaturated fats so as to
increase the proportion of resistant starch, increase the proportion of
20 unsaturated fats and lower the proportion of saturated fats.
This may be achieved by simple substitution of ingredients during
manufacture and/or processing of ingredients, intermediate products- or final
products to increase the resistant starch and/or unsaturated fat content. A
discussion of suitable sources of high resistant starch content ingredients and
25  unsaturated fats is provided above as well as methods for increasing the
resistant starch content of starches. Preferably, the resistant starch content is’
increased to at least 5% by weight of the total carbohydrate content of the
foodstuff or composition, more prefer'ablyrat least 10, 20, 30, 40, 50 or 70% by
weight. Preferably the unsaturated fat-content is increased to at least 20% by
30  weight of the total fat content of the foodstuff or composition. more preferably

at least 30, 40, 50, 60, 70, 80, 90. 95 or 100% by weight.



carbohydrate and fat intake in the normal diet of individug . @nexnethod
of achi eving the necessary replacenent is to provide nutritional

suppl ements 5 together with a reduction in quantities of food or
particular food itenms in the existing diet of an individual. Another nethod
is to provide normal food itens in which the carbohydrate and fat content
and conposition has been nodified to provide a foodstuff with increased

| evel s of resistant starch and unsaturldted fat (and |ower |evels of
non-resi stant starch carbohydrate and saturated fat). 10 Accordingly, the
present i nvent iBhe pbové dexdsiuffe ohodripnsitiorsdmeynbe Prepyaposing STHA t he

I nvention I ch t hod co | ses replaci.n 1)..S0 t .al f &
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(i) somfﬁsﬁ{ffopéoﬁggsigahpr ated fat content of a foodstuff or drink with
unsaturated fat. 15 The present invention also provides a nethod of
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resistant starch content ingredients and 25 unsaturat fats is provided
aboveltas mesmal yehifebresddand up ﬁ@c&téﬁ%sﬁﬁ@%%’espeﬁéﬂgtfa S)starch content of
starches. Preferably, the resistant starch content is increased to at

| east 5% by wei ght of the total carbohydrate content of the foodstuff or
conposi t i Methadsrof medélatingloprbohydrate/fat metaliolis80, 40, 50 or 701/ 6 by

ight.. Pref bly. t t t.ed fat- tent.d S.i : : | t
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100% by wei ght . '
15 fats with unsaturated effects to achieve the desired metabolic effects. For

example, the levels of resistant starch and unsaturated fats, such as

polyunsaturated fatty acids, may be increased as compared with the
individual’s existing dietary intake. In particular, the proportion of resistant
starch relevant to total dietary carbohydrate intake and the proportion of

20  unsaturated fats such as polyunsaturated fatty acids relative to total dietary fat

 intake may be increased.

This manipulation of an individual’s diet may be achieved either by a
total diet approach or by a single food approach where compositions of the
invention rich in resistant starch and unsaturated fats are administered.

25 Where the total diet approach is used, the increased levels of resistant
starch may be provided by one food or food group and the increased levels of
unsaturated fats such as polyunsaturated fatty acids may be provided by
another food or food group. By way of example, a bakery product, such as
bread, which has been specifically formulated to be high in resistant starch

30 may be provided together with a dairy spiead formulated to be high in

polyunsaturated fatty acids.



-13 The above foodstuffs or conpositions may be prepared u%qugggr¢£% f ood
manuf act uri ng techni ques known in the art relevant to any particul ar
foodstuff or conposition. The extent to which the resistant starch and
unsaturated fat content 5 can be increased will vary for different food
types. By way of exanple, the amount of resistant starch in currently
avail abl e- white bread is about 1% by weight and the anount of fat (mainly
as pol yunsaturated fatty acids) is abol 2.5% by weight. The resistant
starch content of bread may be increased to from 6 to 12% by wei ght. The
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of the invention rich in resistant starch and‘ unsaturated fats are
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be high i ROPQSPin Researsh Bullatinehe: 785p74R)i deigce dhesenesgions bf theibraip spread
formul at egdyd Qngﬁnmogﬂlaivrh role in the regulation of energy balance and satiety, the |
observation that transcriptional activity/neuronal activity in these regions is

15 affected by dietary changes is important. Furthermore, these results are
consistent with the changes in satiety and plasma leptin concentrations seen
when the resistant starch and fat content of the diet is altered,

Accordingly, the present invention aims to provide methods for
regulating carbohydrate and fat metabolism as well as. methods for regulating

20  the mechanisms that regulate satiety. :

This is typically achieved by administering 10 the individual a
composition of the invention and/or placing an individual on a diet such that
the amount of resistant starch in the diet is increased compared with their
normal diet.

25 For example, an inciividual may be placed on a diet such that in the
combined meals, the combined meals contain at least 10 grams of resistant
starch or at least 5 grams higher than a comparable meal containing a high
quantity of readily digestible starches. It has been found that the consumption
of at least 15 grams, preferably at least 20 grams. and more preferably around

30 30 grams total resistant starch per day with meals provides an improved fat



pol yunsaturated fatty acids. i 7 AU G 2 -14 The desired néiqb@ﬁgqﬂmeffects
include reduced post-prandrial plasma glucose concentrations after, "neal
intake, as well as lower plasma insulin |levels; a reduction in plasm

| eptin concentrations together with an increase in satiety; and a decrease
in the levels of-lipid deposition in white adi pose tissue, 5 brown adi pose
ti ssue and nuscle ‘tissue together with an increase in glycogen synthesis
in the liver. In addition, we have founrth-t hat .transcription of c-fos is
modul ated significantly in the |ateral hypothalanmus (LH), ventronedia
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I ndi vi dual ﬁ&%dna %gposi tion of the invention and/or placing an individual on

a diet suc at  the amount of resistant starch in the diet is increased
conpared with thai addiiomatheddizt. map oo covapmsce AnainAreasedi PRPRPTHREY Pe

| aced on a diet sych that.in th conbi ned neals,. tihe.c ' ‘real _
(F:)ont ain at uPé%%?atfg QF%ngregﬁrglPlé's arpount o r”d:ﬁathﬁffi ﬁéé@@%ag%al%%%lﬁgher
than a conparabl §.4Rabo6PRF ahBi BehiBbM Mhlories from fat are provided by the

unsaturated fat, more preferably at least 70%.
Respiratory Quotient (RQ) is the molar ratio of carbon dioxide (CO,}

15 produced to oxygen (O,) consumed and this ratio varies depending on the
energy source being utilised by the body. RQ when oxidising carbohydrate as
the sole energy source is theoretically 1.00, RQ when oxidising lipids as the -
sole energy source is theoretically 0.71. Mixed diets will produce RQs which
vary between these two theoretical values. _

20 The results shown herein demonstrate that the RQ is lowered in
indiﬁduals consuming a diet high in resistant starch (see Figure 13). This
indicates that the resistant starch is causing a shift in fuel mobilisation that
favours fat oxidation over carbohydrate oxidation.

Thus the present invention provides a method for regulating

25 carbohydrate and fat metabolism in an individual which method comprises
replacing at least 5% of the individual's daily carbohydrate intake with
resistant starch and at least 20% of the individual's saturated fat intake with
unsaturated fat.

Preferably at least 7. 10, 20, 30, 40, 50 or 60% of the individual's daily

30 carbohydrate intake is replaced with resistant starch.



gquantity of readily digestible starches. It has been found th tRBA apis
consunption of at |east 15 grans, preferably at |east 20 graﬁ%? gﬁﬁ #@#e
preferably around 30 30 grans total resistant starch per day with neals
provides an inproved fat ! AUG 2004 -.15 netabolismof fat, nanely

I ncreased oxidation of dietary fats and/or nobilisation . and utilisation of
stored fats, in an individual. Preferably, the high carbohydrate diet rich
.in resistant starch provides approxiﬁﬁ?ély 50% (it may be higher or |ower)

igries.from 5 carbohydrate, with at |east .5
Vi fe'iﬁ.

of the avail abl e cal e,
preferably 10 grrefsrablpaticashp) ¥ 1. 3%a8; 4005, 6G0LA0%R rlgflé‘f‘gmlf at

| east 25 : ¢ ] | stant  starch per day.
- The consu(r}r%atl%%t%@%%c% E{tgﬂcé%% @g}, gepg%ce[rag@%tl.g%ta ngI%ger%c%t[ preferably at |east
10 g in a singl Thegaesaitlihverditon ARveravidesn aidthod forefealutingycarbolirhaieng f at
oxidation. 10 In addition, the diet nmay also_cqonprise an ingfeased

pr opor t i orfigat medanqlism é‘H@é&*@W@ﬂ%‘fV\éhléglf??ﬂlPﬁéOW RspvidiameLrasted f at .

in thegdi i . ) : f. vai ' f.Laom f at
ire pr vi aigh o ghy ltuvidials Shay SAmoAE itdlls Al PRl ERMAN S ob 8
Respi r at op%ubtheandi ¢IRQY'S fat thakeak amsstarateddht. car bon di oxi de (CO ) 15

produced to oxygen (Q2) consuned and this ratio varies dependi ng on the
energy source b&ﬁ’ﬁ{ff r@%é@wtt%ereﬁwt W%EW%@?@i%i%@r%rgeﬁﬁr ate as

he S0l o oRL i abHe BuprRl e etk Bl s B R e R
Mhi ch  vaBpybeExmessddassepéioontadge of ¢he catal diwtuiess prdferfod thatsthletasneimiwn
herein dempnstrate that the Is lowered in individuals nsum a diet
high #f r E’EF%stlgﬁ{lt_ stach I gisleastFyuitepieally fram § to W;ﬁ{%@ﬁ@%&%ﬂ%g%
st 0t oAl oG Hllan Bl 102 o that e [t
a method for reBypiatllpgthe? drmoanafyenmterated] fdtapravideabab ias prapordon of
' ndivi d“a'da:yl‘g? ii"acthin’c tehioscinctgg%ghgg from 60 to 959%, preferably at least 60, 7, 50 or
90%. Expressed as a percentage of the tofal diet, it is preferred that the amount.
15  of unsaturated fat is at least 15%, typically from 15 to 30%, such as at least 20 -
or 30% of the total diet based on calorie content. |
The compositions and methods of the invention may be used to achieve
- one or more of the following:
An enhancement of fat utilisation in an individual, for example a
20 reduction in fat accumulation (in white adipose tissue, brown adipose tissue
and/or muscle tissue), and/or an increase in fat oxidation [wh;'ch may be
evidenced by a reduction in RQ).
- Areduction of plasma leptin concentrations;.
An increase in satiety in an individual for a given caloric intake;
25 Treatment of obesity: ' |
A lowering of the incidence or risk of obesity in an individual;
A reduction in the incidence or risk of non-insulin dependent diabetes
mellitus in an individual, o _
A reduction in the post-prandial plasma glucose and/or insulin levels in

30  anindividual following food consumption by the individual;



replacing at |east 59/6 of the individual's daily car bohydra.tz 1t K8 W th
resistant starch and at |east 20% of the individual's saturat ¥ ati'ht ake
wWith wunsaturated fat. Preferably at least 7. 10, 20, 30, 40, 50 or 60% of
the individual's daily 30 carbohydrate intake is replaced with resistant
starch. ; 17 AUG -16 Preferably at least 5, 7, 10, 20, 30, 40, 50, 60 or
70% of the individual's daily saturated fat intake is replaced with
unsaturated fat. "The present inventi ofl7al so provi des nethod for regulating
carbohydrate and fat netabolismin an. individual which method conprises
provi ding at | eRsgulafioh%fodn tihdividithl'si hdyt 'msasdaffory examplehyeingegasmebke as
resistant starch and at |east .,60% of the individual's.fat jntake
- unsat ur at 8gcreage %Hicﬁﬁﬁdl‘-‘?fs %ﬂ@%ﬁﬁph@ﬁ OF dQ TN K g?sb‘Fdeﬁ% |H@§§as a
.proportio%@éx,daily carbohydrate intake is in the range from5 to 90%
preferably rc!’m 10 to 60% Expressed as a percentage of the total diet, it
is preferred t hBody bhaginguartd 10 of resistant starch is.at |east 5% -

typically from5 to 45% preferably from5 to, 30%of the total diet based
on cal®rie contéﬁtl.ml?ﬂf’ﬁf%’@ém% et‘WéglyaHBE‘ﬁ?ﬁ%‘F %Eé&%%‘%%‘-‘& ?%C‘?‘ %Sr Sg?xﬁsed as a
roportio e odali : At e range from 60 to 95% preferabl

ot Teast B gt rabich B SRS phrlolpate 2 0 Lot '

at | east ssed as a percentage of the total diet,
it is preferredndividuslsepmdinposed 16 obksidy sat nerrizsnl it dependant| diahates 504

typically f 15 tp 3Q% .su. at .l east 20 309 i et
baced on’ ElEsccazh Ae IECothat SBAVHE &5 Areant oharRigiid of EBEES on ' 1ay
be used tgnaghbeVRe Qi3aser st © Slsot iRlifidabal@adPnsEfdrane éromnt these f at

utilisation 1n an I ndividual, for exanple a 20 reduction I n fat

aq:cumm at conditions whi: teffeaithpes changss de thodinkas parpefsiettrapdment BedP8r nuscl e
tissue), and/orean | NCLGASQddliciis QU Slab GPLGIAEYaRE nihensPd. by a
manipulating the diet through feed, food, supplements and pharmaceuticals.
In the case of humans, the present invention is typically applicable to all age
ranges, such as prepubescents, young adults (18 to 24 years of age), middle
15 aged adults (from about 35 to 50) and older adults (over 50 years of age). The
precise nature of the diet will vary according to the symptoms, risk factors,
objective of treatment and age of the individual concerned and can be readily
determined by a dietician, physician or other suitably qualified person.
Throughout this specification, unless the context requires otherwise,
20 -the word "comprise’, or variations such as "'comprisesf' or "comprising", will be
3 understood to imply the inclusion of a stated element, integer or step, or group
 of elements, integers or steps, but not the exclusion of any other element, . s
integer or step, or group of elements, integers or step's. |
In order that the present invention may be more clearly understood,
25 preferred forms will be described with reference to the following examples and

drawings, which are illustrative only and non-limiting.

Description of the Figures

30 Figure1. Post-prandial plas};:ia glué@ge concentrations in response to
a) cooked or b) uncooked staiches of different amylose concentration. Values

for each diet group {n=7) are expressed as means+ s.e.



A reduction of plasna leptin concentrations;. An increase |n satlet¥ I n
an individual for a given caloric intake;, -~ 25 Treatnent of ob sTt%U“/W
‘lowering of the incidence or risk of obesity in an individual; A reductlon
in'the incidence or risk of non-insulin dependent diabetes mellitus in an
i ndi vi dual .- A reduction in the post-prandi al plasma glucose and/or insulin
|l evels in .30 an individual follow ng food consunption by the individual;
1, 7 ALl" ~, 2t"")YmA -177 Regulation ofgan individual's body nmass (for
exanple to increase or decrease 'the individual's body mass index or to
mai ntain a desired body mass index); Body shaping; and An inprovenent in
energy uti|Figardbn Rostrirendisleplesme imulih cascenpatisrs inaetponid tea) Codked

. t t
non- i neul Pﬁ‘)d‘%ﬂ;gﬁ%%‘ﬁ%tﬁﬁﬁ%ﬁeﬁ Aifeleht i) e R RRAST Ve B ¥ eome o
means- of pr VOFATP REPTBISCd a3 mpans stthe  onset of the di sease state. Also

I ndi vidual s already suffering fromthese io condition~ can effect these
changes art-of the treatnent The present -
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factors, "objectiveo trea age o
can be r18aéllilqa§15 #€t erm ned by a d| et ci an, . physi ci an or other suitably
qgqual i fied person, Throughout this specifi cat | on, unless the context

5 requl ‘r es Otfqgelirvemf €, a) Plasma glucose (mmol/L) concentrations of the four dietary groups in
' response to a 2-hour intravenous glucose challenge (10%). Values for each diet group
(n=12) are expressed as means+ s.c. The saturated fat/amylopectin ‘diet (Sat/AP) is
16 significantly different from the h-3/amy16pectin (N-3/AP) diet (p=0.05), while the n-
3/amylose (N-3/AL) diet is significantly - different from the n-3/amylopectin diet
- (N-3/AP) (p=0.001). b) Plasma insulin (ng/ml) concentra_tioﬁs of the four dietary
groups in response to a 2-hour intravenous glucose challenge (10%). Values for each
v diet group (n=12) are expressed as means+ s.e. The saturated fat/amylose (Sat/AL) diet
20 1is significantly different from the n-3/amylose (N-3/AL) diet (p=0.001), while the
n-3/amylopectin (N-3/AP) diet is significantly different from the n-3/a:mylose diet

7 (N-S/AL) (p=0.05).

" Figure 5. Fasting plasma leptin concentrations (ng/ml) in the four dietary groups
25 following a 16-week dietary protocol. Values for each diet group (n=12) are expressed
as meanst s.e. There were significant differences between the starch groups (p=0.05),

but not between fat groups.

Figure 6.  Fasting c-fos activation of different hypothalamic regions of the brain in
30 the four dietary groups following a 16-week dietary protocol. Values



20 -the word "conprise", or variations such as "conprises" ;-fqﬁﬁpréﬁgng",
will be understood to inply the inclusion of a stated el ement’, . tgger or
step, or group of elenents, integers or steps, but not the exclusion of
any other elenent, integer or step, or group of elenents, integers or
steps. In order that the present invention may be nore clearly understood,
25 preferred forms -will be described with reference to the follow ng
exanpl es and draw ngs, which are iIIu%trative only and non-limting.
--Description of the Figure 30 Figure,lﬂ'Post4prandiaI pl asma gl ucose

trati J t .cacked or,. b ked f
Q11T or ent fanairb SieLBRUBRET &1 Ror JOVARNESIschah EHERe 4T ) T SRPERLAS o1 o
expr essedgl%gggfgggi*cffo@mﬁez of th&variblis Jré%igggelbg%a bridesivery stadiatalht asna

insulin c oNns i n response to a) or b) uncooked starches of
“di f f er ent sighificase ato(pehDOHt fam DNH, ugs=9.01) dox ARE.e{PFPEHG) fondHAqr e

Tor 2 o GEoRB0 Anipn Vi e {(R205); for pONGE TRV paPLTgitiitiabiek, @R (CHO
conceri  at) b Tkl BRSAREHIcic AnBERILT (oRNY, dheterenetar InGolRamion  he

0% amyl ose group 1 n the sanme category (ie cooked or wuncooked). (#)

r epr esent sudless g(PVHardrcaite f drypotkalapro. 0Bicldusoniirak ﬁh@ocﬂ@é%?fg?‘ﬁ?-]ch of

t he sane anyl pse concentr afi Val ues for each diet group (n=7) are

expr essedhwﬁi@nﬁﬁwie%@%]gure 4. a) Plasma glucose (mmol/L)
concentrations of the four dietary groups in response to a 2-hour
intravenous glucose challenge (109 . Values for each diet gro(gg n=12) are
expr essedFigarer@an Rats oblipogenesiat{mvstogiamatomilimipétatd bowtag tp is 15

signi ficant di f.ferent .fromd n- 3/ anyl opect | i =, 05), -
whi| i hé%£¥°37%rﬁﬁ?8%% Pﬁ”ﬁ%‘&h i tefkd Fgﬁ? Ha@%}%‘?lét ‘3{ @ﬁf‘?%lr“gtr?%@?%m t )he |

n- 3/ anyl opgtbhfraldb! v #i@s%f&ch( 8750 g9 (nbp) Headrpresseduds megmy s p.
concentrations of the four dietary "groups in regsponse tqQ a %-Bho r

i nt r avenafmypsscuskaylopeciin ded 1sgwerymgisisandy défg‘i*ﬁm &t @46 i HB%E{PF:M) are
express’edpéai%t&?_ggﬁhs.e. The saturated fat/anyl ose (Sat/AL) diet , :

15 Figure 8. Rate of lipogenesis (microgram atom H/min/g) at 1 hour and 2 hours
in gastrocnemius muscle tissue in response to starches of different amylose

concentration. Values for each diet group (n=8) are expressed as means + s.e.

Figure 9. Rate of lipogenesis (microgram atom H/min/g) at 1 hour and 2 hours

20 in white adipose tssue (WAT) in response to starches of different amylos_e
concentration. Valueé for each diet group (n=8) are expressed as means + 5.€.
Amylose and amylopectin fed rats wers sigificantly different at the 1-hour time
point (p=0.01). |

25 Figure 10. Rate of lipogenesis (microgram atom H/min/g) at 1 hour and 2 hours
in liver tissue in response to starches of different amylose concentration.

Values for each diet group (n=8) are expressed as means -+ s.e.

Figure 11. Rate of lipogenesis (microgfam atom H/min/g) at 1 hour and 2 hours
30 in liver tissue in response to starches of different amylose concentration.

Values for each diet group (n=8) are expressed as means + s.e.



20 is significantly different fromthe n-3/anylose (N-3/AL) diet (p=0.001),
“while the n-3/anylopectin (N3/AP) diet is significantly di fif éﬁéngﬂff’rom
the n-3/anylose diet (N-3/AL) (p=0.05). Figure 5. Fasting plasna |leptin '
~concentrations (ng/m) in the four dietary groups 25 follow ng a 16-week
~dietary protocol. Values for each diet group (n=12) are expressed as neans+
s.e. There were significant differences between the starch groups (p=0.05),
- but not between fat groups. Figure 6. Fgati ng c-fos activation of different

hypot hal ami ¢ regions of the brain in -307the four dietary groups follow ng
a 16-week dietary protocol. Values T17 AUG 2 4 -19- for each diet group
(n=5, n=1.;for saturated fat/amyl ose group) are expressed as neans s.e.

C-fos val uesigafe 15€ R4® bPYSydcpeheds (alick r &y | $tH [Al

si gni fi cant gt e(_p=0. 041) %g}r, c%E/H (p(=0f:0 a@o?%%ﬂ@%og)ﬁﬁfﬁd LZHA .
(p=0.001) flaurp\in, gastdoqneaOugsSpubde Hkswe fKewespbmeetal stimrhes hafl diffeseqii ), 5
vent r or nedi al _shypot hal am ¢ nu us (Vi araventricul ar hypot hal am c
nucl eus (PVH)Y 10%?&35‘??%%%%’?’hgjﬁﬁ'}ﬁscéoﬁh@c@ugl tABTOMP, R éb%%r?g‘@ir%ﬁseg as .
hypot hakamifieanscd-aes (DMH)]. Figure 7. Rate of Iipogenesis (mcrogram atom

H mnlg) at 1 hour and 2 hours 10 in brown adi pose tissue (BAT) in
response to starches of different amnmyl ose concentration. Val pes for each

di et group ¢:p= r Xpres .as_nmeans . s.e.. . Anryl ose, and ,anmy| gpegtin fed
Tacs ter o SGERE ChEME! IR (B uTBoNE o iivtaniyetainn i e itor ] el
Figure 8. Radeksaiftdri poaanrasirg 6"DS' GURBHAIOMa 14)0|sgbiedts fefiPhdd 356 a2
hours in gastrocnem us nuscle tissue in response to s{ arches of different

anyl ose coreléewrun fastng Yinadesample aswlch 3dicar mealupst| iHB test meak porsisied as
.e. ¢hi fadd s . m n at H,m. n/ 1 -
nour  addr 5% B besttastbec? 2o REOENE RGOl At SEBAISA L ches

of L di f f er emtuffiny (t@astedpne®nigfaCiansla Mﬁgg@mé‘ @ndeaghg dbefarfll OWRshisSArear e
expressed as neans .s.e. .Anylose an angl opectin fed rats were
si gi fi cant PYPIgFsechre HREaR: Tt N (h&ud2tfprdS solid circles, n = 11 for RS, open

circles). *p < 0.03 for difference from the RS group at the same time point.
15 EXAMPLES

Example 1 - Acute Study
Rats were provided with standard rat chow for one week before surgical
implantation of canulae. Canulations were then performed one week prior to
20 ‘conducting the acute meal tests. One week post canulation, rats were fasted
overnight. The following morning, the rats were presented with one gram
carbohydrate /kg body weight and post-prandial blood samples we:le taken over
a 2 hour period. Two hours after eating, the rats were sacrificed and their
tissues were harvested for later analysis.
25

Table 1. Diet composition of acute meals.

Diet Composition of Acute Meal Test Diet

Ingredients . co grams/kg {diet)
Starch 514
Sucrose - 83

Methionine 2



point (p=0.01). 25 Figure 10. Rate of |ipogenesis (m crogr amAatem snn;
1-1/min/g) at 1 hour and 2 hours in liver tissue in response to starches
of different anyl ose concentration. Values for each diet group (n=8) are
expressed.as neans s.e. Figure 11 . Rate of |ipogenesis (rnicr gram atom
Hmn/g) at 1 hour and 2 -hours 30 in liver tissue in response to starches
of.different anyl ose concentration. - Values for each diet group (n=8) are.
expressed.- as neans s:e. 1 7 AUG 2~0 -20 Figure 12. Rate of glycogenesis
(m.crogramatomH mn/g) at 1 hour and 2 hours in gastrocnenius nuscle
‘tissue in response to starches of di fﬁler ent  aznyl ose concentration. Val ues
for each diet group (n=8) are expressed as 5 neans s.e. Figure 13. Change
in RQin response to resistance starch in the diet. Two weeks after
conmencing a DSWR RS diet (day 14), subjects réfurned for a follow up
fasting bl ood s‘%\@rﬁ% and a 3 hour neal test. Th¥ test meal consisted 10 of
60 g breakfast v@flewproibbd/kg) Lite Wiite nilk, 25slice of bread (toasted),
1 muffin (toadtandleoil{odkgl Canola margarine an?6 20 g of jam Results are
expressed as nezaseinSEM (n = 12 for DS solid cir#®bes, n = 11 for RS, open
circles). *p <Vit@8nd or difference fromthe RS toup at the same tinme .
poi nt. 15 EXAMMmEraksxanpl e 1- Acute Study Rats gere provided wth standard
rat chow for one week before surgical inplantation of canulae. Canul ations
were then perforogedrone week prior to 20 'congggiing the acute neal tests.
One week post canulation, rats were fasted overnight. The follow ng ' '
norning, the rats were presented with one gram carbohydrate /kg body
wei ght - andripQadunphRRdbwh inPkigRds S " PhRSTMRI £ taken over a 2 hour period.
- Two hours after eating, therats. were sacrificed and their tissues were
harvested for later analysis. 25 : '

-5 "Example 2 - Chronic Stady _
Offspring of lab bred rats were injected at 2 days of age with Streptozotocin, to
 induce a non-insulin diabetic condition, or with standard buffer solution. At 8 weeks of
' 'age,'the rats were fasted overnight and given a glucose tolerance test to determine their
diabetic state. Rats were divided into diabetic or non-diabetié groups and fed test diets
10 for 8 weeks. Metabolic rates were obtained on each rat at week 7 of the feeding period.
Upon completion of feeding, glucose tolerance tests were repeated and blood samples
 obtained. Rats were then sacrificed and brains and muscle tissues were harvested for

later analysis,
15 The results are shown as Figures 4 to 6.

Table 2. Body weights, basal plasma glucose and insulin, and kcal of diet

consumed during meal tests,

~ Diet Group Weight (g} Basal Glucose  Basal Insulin  kcal Consumed/ -
, (mM) (ng/ml) kg Body Weight
Uncooked Starch
0% 2725+ 11.0 8.70 +0.22 0.50 + 0.07 3.79+0.48
27% 271.1+ 6.0 8.32+0.64 0.51 +0.07 3.97+0.53
60% 266.1+43 . 848+030 0.47.+ 0.08 426 +0.20
85% 2688+84 - 8.18+043 0.44 +0.05 4181032

20



Table 1. Diet conmposition of acute neals. Diet Conposition of Acute Meal
Test Diet Ingredients grams/kg (diet) Starch 514 Sucrose BF AWNbepfitoni ne
2 1 7 AUG 2Q0 21 Bran50 Gel atinel9 Sunflower oil (m/kg)25 Canola oil
(m/kg)25 Casei n200 Vitam ns1l3 M neral s67 TOTAL1000 The results are shown
in Figures 1 to 3 and Table 2. 5 Exanple 2 - Chronic Study O fspring of |ab
bred rats were injected at 2 days of age with Streptozotocin, to induce a
non-insulin diabetic condition, or with standard buffer solution. At 8
weeks of age, the rats were fasted overnight and given a glucose tol erance
test to determne their diabetic state. Rats were divided into diabetic or
non-di abetic groups and fed test diet82-10 for 8 weeks. Metabolic rates were
obtai ned on each rat at week 7 of the feeding period. Upon conpletion of

~ feeding, ﬂl Ecgge iol erance tests were repeated and bl ood sanpl es obtained.
Rat s wer L ificed and brains and nuscle tissues were harvested for

| at er ané’l‘@si s. 15 The3Pe8ut i40ar e’ gligwn.49s Figuresn.doto 6igilalys 2. Body
wei ght's, “B#sal plasnma GPUEase2.and SASWE 0129 andpkoalo.of di ef.39 @nEuUNed .

duri ng rréaj/" tests. Di eBO0&fdupei ght.30g) Basal Gh.egas®12 4.99 + 0.44
85% 319.8 +16.9  7.38 + 0,32 0.68 + 0.11 5.23 + 0.70

Example 3 - Absorption Study
Rats were provided with standard rat chow for one week before surgical
implantation of canulae. Canulations were then performed one week prior to
5 cond.ucting the acute meal tests. One week post canulation, rats were fasted
ovemight_. The following morning, animals were presented with one gram
carbohydrate per kg body weight. After eating, rats were injected with

radioactive marker and post-prandial blood samples were taken over a 2 hour

peried.
10
Rats were sacrificed at either 1 hour or 2 hours after feeding and their tissues
were harvested for later analysis.
Table 3. Diet Composition, Total Energy, and Percent Enérgy of the long-term
15 diets.

Ingredients grams/kg (diet) eﬁergy (kcal) % energy

Sucrose 150 600 12.6
Protein 140 560 11.8
Starch 450 1800 37.8
fat 200 1800 37.8
fibre 50
Vit&min 10

TOTAL 1000 - 4760 100

The results are shown as Figures 7 to 12. ,



Basal Insulin kcal Consunmed/ (MW (ng/m)kg Body Wi ght Uncq?§eg tarc
09%272.5+11. 08. 70+_0. 220. 50+_0. 073. 79+0. 48 UG 2084
279%271. 1+6. 08. 32+0. 640. 51+0. 073. 97+0. 53

609266. 1+4. 38, 48+0, 300. 47. +0. 084. 26+0. 20

85%268. 8+8. 48. 18+0. 430. 44+0. 054. 18+0. 32 20 -22 Cooked Starch
093805. 0+14. 07. 410. 490. 420. 09 4. 810. 5243 27%320. 8+ 12. 46-7570-290.50 4.39
0.71 0.14 60%306. 416. 37. 300. 220. 530. 124. 990. 44

85%819. 8+16. 97. 38+0. 32Q. 68+0, 115. 23+0. 70 ua“ le 3 - Absorption Study Rats
wer e pr oviliesnsgion o fresitsaht lBI'FdWWﬂPSEﬁ@ week before surgical

I npl ant ati on of canul ae. Canulatlons were then performed one week prior to
5 conduct icifgs atlivifyut e neal tests. One week post canul ation, rats were

* fasted overni f n h one
gr zm ca\r/bohlyd ?Sﬁhér focb gé\%;{g\‘/\%@%ﬂtﬁgﬁl ﬂé’tsl \rll\g'h?er g{ltgﬁer ?A)rll%e%ct ed
with gadigaghd HeitsBmipaEt &D@bt@péﬁer?y&:mﬂhzﬁ:le trhe datess iipipedhalenmst (AKA) over

"2 hour perio 10 Rats were sacrificed at either ghhpur or 2 tﬁ_?‘f{s after.
feedi ng aksithought to hesthedeeding cantea wisizinghe parasympatheliiRpigm.

associated with positive energy balance. The ventromedial hypothalamus
(VMH), however, is con_sidered the sati_ety centre of the sympathetic nervous

system and represents negative energy balance. Figure 6 illustrates that diets

’a

10  high in unsaturated fats and resistant starch have decreased activation of the

o hunger céntre (LHA) and increased levels of activation of the satiety center,
whereas diets high in saturated fat and low in resistant starch have the opposite
effect. When taken together (LHA/VMH), these values determine total energy
balance.

15

Absorption
Preliminary results from RQ data suggest a shift in substrate utilisation,

from glycogen to fat oxidation, when increasing the proportion or percentage of
resistant starch. However, it is unclear if, when and where these changes
20 actually occurred. Figures 7 through 12 illustrate the ’éffect of resistant starch
on the glycogen synthesis/utilisation and lipid sjrnthesis/oxidaﬁon of various
tissues, following ingestion of starches of different concentration. Figures 7
and 9 show significant differences in the rate of lipogenesis within brown
adipose and white adipose tissues and a trend toward increased glycogenesis
25 within liver tissue. This confirms that consumption of resistant starch,

especially long-term, may in fact shift substrate utilisation from glycogen to fat

oxidation.

Leptin levels _
a0 leptin is a protein synthesized ixi'-adfpose tissue and is thought to inhibit
food intake and increase satiety. Leptin receptor is found in the hypothalamus

of the brain and may be a key link between the neuronal (c-fos) and hormonal



Table 3. Diet Conposition, Total Energy, and Percent Energy qgfythe 2004

| ong-term 15di ets. |ngredi entsgrans/ kg (diet)energy (kcal)% energy

Sucr 0sel5060012. 6 Protei n14056011.8 Starch450180037.8 fat 200180037. 8
fibre50 Vit&m nl0 TOTAL10004760100 The results are shown as Figures 7 to
12. 1 ? AUG 20-04 -23 Discussion of results obtained in Exanples ;1 to 3
. c-fos activity The effect of diet on ne) ronal (c-fos) activity is quite
“interesting, when 5 looking at its inpact on total energy bal ance. The

~lateral hypothal anus (L I s thought [ th hdai N the
par asynpat ﬁﬁ&tﬁ@ssa@tg}ﬁﬁggf?@ho’? §aP°£%sé8P§P gtgm\%m ?‘Hﬁlgg i ﬁ%/%e%ﬁ\lggegs‘;/ht;}éé: ance.
The vent rogﬁg‘;\,ﬁl dﬂ%?ﬁﬁ{é@' AUSptih Viddels heveyar ,grovpse dadi sitnmded Het s et y
centre of e synpat hetic ner€ous' syst em and represteélés I{;i&‘g'ative ener gy
bal ance. Fugsaterdied |faysFigatees shears gigaificand diffgrences ARRAFTAEER SRR and

resi stant star have .decreased, agti yahi f eRiMdachiehetr) and
i ncr eased l‘“@&bﬁ’}s}f%?mdgﬂ quﬁﬁngpﬁpﬁéa%gﬁhé?l yth%}(r;bﬁ}[/vggfé %reas di gts high -
S0 satugat gl (ihomei RnEaSkatbantat sgrouph Differeriche hmipesi tihe $ATMC .

When taken t'ogether (LHAIVMM these val ues determ pe total ener al ance.
15 Absor pt groupsRaal herexplaineddyutheslargsn fiffareaes i égg fat ‘ﬁ"ﬁ?gﬁg?g?\tﬁ

substrate utjlisati from gl ): faty oxi i whenidtaar egasdhng t he
propor t i oneBIm3Ey %%5 . WEE Apeeqaen HRightliodx vial | RoniehRRi
' consumption. This weight loss could be attributed, in part, to the substrate

utilisation shift we noted in the absortion study. Also, with the fat loss will be

10  adecrease in leptin production.

Example 4 — Effect of Resistant Starch Diet on RQ values in Humans

METHODS |
15 ‘Twenty-four healthy meles (18 - 34 years of age) participated in the
present study. - Approval for this work was granted by the University of
Wollongong Human Ethics Comunittee and full written consent was obtained
from all subjects prior to commencement of the trial.
Subjects were randomly divided into two groups. The first group
20 rteceived a traditional starch (TS) diet, low in resistant starch, whereas the
second group received a Hi-maize™ (HM) diet, high in resistant starch. The TS
diet consisted of standard commercially available products whereas the HM
diet consisted of commefc:ially available i:roduct containing [Hi-maize™ (Table
1). For the TS group, mean and SEM values for age, height and weight were
25 22.3 + 0.6 years, 180 + 3.1 cm. and 73.5 + 3.7 kg, respectively. For the HM
group, mean and SEM values for age, height and weight were 23.5 + 0.6 years,
185 + 1.8 cm, and 74.1 + 2.4 kg, respectively.
All subjects were requested to eat at least 60 g breakfast cereal, 4 slices of
white bread, and 2 muffins per day plus 3 pasta meals (125 g servings) per
30 week for 14 days. An excess of these foods was provided such that subjects
could exceed the intake guidelines-if necessary as all participants were

exercising regularly (4-8 times per week). All subjects were e%dvised not to eat



T 0
resi stant starch. However, it is unclear if, when and where tfaéfsemé’hg%@é“es
20 actually occurred. Figures 7 through 12 illustrate the effect of
resi stant starch on the glycogen synthesis/utilisation and lipid
synt hesi s/ oxi dati on of various tissues, follow ng ingestion of starches of
different concentration. Figures 7 and 9 show significant differences in
the rate of |ipogenesis within browmn adi pose and white adi pose tissues and
a trend toward increased glycogenesis 25 within liver tissue. This confirns
t hat consunption of -resistant starch, -2gspecially long-term may in fact
shift substrate utilisation f romglycogen to fat oxidation. Leptin levels
30 leptin hsdAcphRIRING & Vighitasint eghdintad pasaati satch eyl legumenggbento
inhibit food intake and i'ncrease satiety. Leptin receptor is fo%i n the
hypot hal arhasanes and dispati ﬁcg)n@um&ﬂb%sfe\ldééym Mt%é?%@n&%léa%{ﬂ Jial
(e-fos) and, hornon 7 004, = (o J ' f tthege cal ori c
honmeost asilgtaﬁ](ﬁl ?@%‘335%&%% ﬁ@&s gd?%sslgt%g?/é%g 0\]/"\(/?1Ilﬁ dﬁ‘#r%érlgﬁglgg %lgﬁl eptin

level s betpwﬁaeg'ra@?mﬁoemesaudyptam faid sasupplied sat subjece dveratdonklegupe 5
- shows significant |ff,erencef only, between groups 1.t h %iffereﬁ?l_ arch

- concenbr athustescum| Blens Unsie TRk 'sa Corapaist ran‘f%\i,\%ﬁ@r galeatl P hvel's in
t he unsat t aﬁ:Pq. | . f ween the starch groups can be
expl ai nedl#t’gg&‘?%%foﬁa]?eg{e |Fggfér£%§%§1§%%2‘$&and fat weights of the acpi mal s,
as there was sBéfsrantdmmenenghthel adstted tdiet dagniod, r faFiRavenguaiee

consunption. This weight.|loss could be .attri,hute L0 apart., : .
subst r at e 3B i(%%FFFBﬂlt%lhi“fats Réeh e ?e}‘f&’t'ﬁ'éb’ﬁ%tsgdrutoi“%ﬁl S ud%%e?&fi g%ryvm th
the fat | Qgerield ah@ thbrEhdeesleaston bfl @it didtayogudelines forEdanpiudyd -
Effect of Resistant Starch Diet on RQ values in Humans ME S HIJIS :
Twent yof oiwhemeks aftencommenging g digh(dapldagubiepitrietemsadenaifAliowe

ol 1 ongondiPHEERE Bl At ccs B f T e TR e G DR &Y 2
HM, based upon the subject's diet over the two week study period, and
consisted of 60g breakfast cereal, 250 ml Lite White milk, 1 slice of breacll
(toasted), 1 muffin (toasted), 10 g of Canola margarine and 20 g of jam. (

15 Venous blood samples (antecubital) were taken 30, 60, 120 and 180 min
post-ingestion of the test meal. Respiratory quotient (RQ) measurements ‘were
taken at 0, 60, 120 and 180 min after ingestion of the test meal using a Datex
Deltatrac 1T (Helsinki, Finland). In addition, all blood samples were analysed
for serum glucose, serum insulin, plasma cholesterol, plasma total lipid and

20 plasma free fatty acid concentration,

Table 4. Resistant starch (RS) content of foods consumed {% w/w)

Traditional starch group (TS) Hi-maize™ group (HM)

Product RS content | Product RS content

Cereal Uncle Toby's MaxNRG | 0.7 Uncle Toby's Grinners | 3.4

Bread Buttercup Super 0.8 : Buttercup  Wonder | 2.9
Sandwich Maker : White

Muffins | Bufttercup English { 0.8 | Wonder White | 1.6
Muffins Sl uttins




fromall subjects prior to cormmencenent of the trial. Subjects were

randomy divided into two groups. The first group 20 recei v&cf &UG 2004
traditional starch (TS) diet, lowin resistant starch, whereas the second
group received a H-maiz' (HV diet, high in resistant starch. The TS diet
consi sted of standard commercially avail abl e products whereas the HM di et
consi sted of comercially avail abl e product containing [H -maize'" (Table
1). For the TS group, nean and SEM val ues. for age, height and wei ght were
25 22.3 0.6 years, 180 + 3.1 cm and-73.5 + 3.7 kg, respectively. For the
HM group, nean and SEM val ues for age q’heiight and wei ght were 23.5 + 0.6

years, 185 1.8 cm and 74.1 2.4 kg, espectively Al'l subj-ects were
request ed ~t-o—eat—atteast—60-—g-breakfast—cer 4-slices-of whi-t-e bread;

=4 uuu. Tt AVER v seu Y

and 2 muf { FHE per Ttﬁgf"?lspastmﬁr?eal s “Iiaz’se aétérSW'ﬂgs 18er 30 jweek for
14 days. An excess‘l“@mlnkeemalf ood ‘2was pragvi ded such that subj ects jcould
exceed t he—tntak ottt gdetnres—+F recessary—as o+ P&t -4 —puuuo were
exercising regularly (4-8 tinmes per vveek) Al subjects were advised not to
eat 1 7 A%b?e B, PXctnaonieRrMs iARM i iR tRe Hid | aRbe s Qeds@ql St ant
starch (e egunes, green bananas and bismati Tice) during the study in ,
effort t ogm@mdtail histeay’ recoridyrodratbjedt'sdakdy fobdreheckimnt Elaesinditaed
resi st ant starch from sourc ot her hen rqQvj ded as part of. the

a8t oG FaloBR B

study). APf f&ﬁ%tﬁ?pﬁpfeesﬁ QSE,*HJC@% - Buttercup Bakeri es,
Uncl e gfoby' s Conmpany Ltd, and New Zeal and Starch Products on behal f of

Starch Austral asia Ltd. Before onmencing the allo
fasting venous bl ood sarrpl e. ( ’Bt%imdmetlarte)rch@ompk
fO||OV\Bd S . cavaTua
dietary g ‘EF'éSYh%fé‘kP IPhe stu}/357i10'—"—'?\?/80v\eeks " af
(day 14), EIBbECIStE BaW ned T o5 F T ppiow _up -T2
hour neal] fest. e test neal s"E| ther TS or _HM
subj ect' s Rhsﬁta@b/ﬁ&rdlﬂ@/d)v\o week4st udy period, andfgaonsisted of 60Qg
br eakf astj—cereal 250 LiteMhite mlk 1 ell.e f bread
Protein (%) : 17 + 0.3 {16+ 0.2
Total Fat (%) 27 + 0.3 24 + 0.2
{ Saturated fat (%) 12 + 0.1 11+ 0.1 :
Mono-unsaturated fat (%) {10 + 0.1 ' 8+ 0.1
Poly-unsaturated fat (%6) 5+ 0.1 5+ 0.04
RESULTS

Of the 24 subjects recruited, one subject from the'HM group was found
to be insulin resistant according to World Health Organisation (WHO) criteria
10 and was eliminated from the study. Total energy intake and macronutrient
| composition of the diet did not significantly differ between the TS and HM
groups (Table 5). : '
There was no difference in fasting RQ values between the TS and HM
groups (data not shown). RQ values ranged between 0 83 and 0.91 and were
15  plotted as ARQ Which represents the difference between the RQ at each time
point and that at O min (Figure 13). The ARQ at 60 and 120 min after meal
ingestion showed no difference between the TS and HM groups. -After 180 min,
however, the ARQ for the HM group was approxlmately 509 of that for the TS
group.
20 ‘



(toasted), 1 muffin (toasted), 10 g of Canola margarine and 20 g of jam 15
Venous bl ood sanples (antecubital) were taken 30, 60, 120 and 180 At 2pns
post-ingestion of the test nmeal. Respiratory quotient (RQ neasurenents
were taken at O, 60, 120 and 180 m n after ingestion of the test neal
using a Datex Deltatrac U (Helsinki, Finland). In addition, all blood
sanpl es were anal ysed for serum glucose, seruminsulin, plasma |
cholesterol, plasma total lipid and .20 plasma free fatty acid
concentration. Table 4. Resistant starch:- (RS) content of foods consuned (%
w W) Tra%tional starch group (TS)Hi*-mai zeTM group (Hlvl) ProductRS

cont ent PFOERERE cont ent Cereal Uncl e Tobv's MaxNR®&. 7Uncl e Toby' s

G inners3. 4 BreadBiimr ofiph&ifiyr malkButdger A8BAyeds) coTBumatd dHgh

Maker White MuffinsButtercup Engljsh 0.8Wnder \Wi.t | tfins 1 7
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TOTAL per Nealy stafchior ﬂlgﬁ?éee"' %%Nﬁ%rb\&hc@‘lﬁéh e tedisthakearby doigetifordi et ary
i nt er venttd r let h

h as” assesse om I story records and subject's daily
f ood ghegyol inleks. VAQemernutenent dands biogde rsesptlesy eweep ek t PASHERSRer cent age
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and total lipid concentration. At 3 hours the ARQ for the HM group (0.04 + _
0.01) was approximately 50% of that for the TS group (0.09 + 0.02; p < 0.01).
This data provides evidence that a diet high in resistant starch causes an acute

10  shift in fuel utilisation that favours fat oxidation over carbohydrate oxidation
with the consumption of elevated levels of dietary resistant starch.

In absolute terms, carbohydrate was the primary source of energy at 1, 2

‘and 3 hours post-meal ingestion as RQ values ranged from 0.90 to 0.92. The
decrease in RQ which was observed in the HM group relative to the TS group 3

15 hours after eating represents an increase in fat oxidation. Although the
| magnitude of this decrease in RQ (0.05 units) seems small, it accounts for a
large difference in fat oxidation. For example, if subjects in the TS group were
oxidising 509% fat and 50% carbohydrate, the observed decrease in RQ would
mean that subjects in the HM group were oxidising 67% fat and 33%

20 carbohydrate. This substantial difference in fuel utilisation is of particular
interest, esﬁecially since the difference in the total resistant starch‘content
between the EIM and TS diets was relatively low. The meal used for thg acute
assessment contained approximately four times as much resistant starch as the
TS diet (28.2% versus 7.2% (w/w), respectively). A larger increase in the

95 amount of resistant starch may result in an even larger effect on fuel

e

e

utilisation.
Resistant starch consumption caused an acute increase in fat oxidation.
In addition, consumption of a high carbohydrate dist, irrespective of resistant
content, lowered fasting plasma FFA concentrations. Taken together, these
30 results indicate that a high carbohydrate diet, rich in resistant starch may be

beneficial for those who suffer metabolic diseases in which plasma FFA



Car bohydrate (g'a)53+ 1.057 1.4 Resistant starch (gld)2.49.4 Protein
(/a)17+ 0.316+0.2 Total Fat (% 27+ 0.324+0.2 Saturated fat (% 13+A05132%0. 1
Mono-unsaturated fat (% 10 0.18+0.1 Poly-unsaturated fat (%95 + 0.15 +
0.04'" RESULTS O the 24 subjects recruited., one subject fromthe HM
group was found to be insulin.resistant according to Wrld Health
Organisation (WHO criteria 10 and was elimnated fromthe study. Total
energy intake and nmacronutrient conposition of the diet did not
significantly differ between the TS and HM groups (Table 5). There was no
difference in fasting RQ val ues betwee®8the TS and HM groups (data not
shown) . RQ%vaI ueﬁ ranged between 0 83 and 0.91 and were 15 plotted as ARQ
whi ch' r epr SEEHIRPY At sARpiameliic sudte aswbesitthendRebatingdab dbpaRd@Ridiibeags t hat
at 0 mn (1559#[‘? 13). The ARQat 60.and 120 mi n after neal ingestion
showed no difterence between the TS and HM groups. After 180 m n, however,
the ARQ for thelItHwiil & &8 j | 3y 000:0f 1t hat, for, the TS group..
20 1 7 AUG ?Gnat - 27 Di g:ﬂl?s_si o%@ppr’%?%‘?gﬁﬁsﬂ%‘?%é% ?}?yg"r?al A pumerqus 34
years) contSGiREans apdin medibisationa mayibe madentoathei ingegliéhes shbag i anal

starchg(T dy i.n_.resistant starch or H -maiz' (HV) products .
hi gh i n rgg?‘gi?lgnfﬁfsbti’éiﬁ‘gﬁﬁ%ﬂ?@ﬂ“tf grPaming, drom cthe. sRiitmeasseancenf thed bl ood
sanpl es wéneerntiineas baatlyRedcribege st for..al ucose, Jinsulin,
free fatt¥ aci,d (,FFA) c}ﬂgl é:ste.raoIsr‘t"héglﬂlcnlli'z'tstg 3?2?1%&8%%{ %&goaﬁg’e%%f%?feoﬁp bﬂt 3
hours the ﬁﬁ@if’@ indl HwPects ap illostoative and not restrictive.

All publications mentioned in the above specification are herein

incorporated by reference. Any discussion of documents, acts, materials,

10  devices, articles or the like which has been included in the present

s

specification is solely for the purpose of providing a context for the present
invention. Itis not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed in Australia or any other country

15 or territory before the priority date of each claim of this application.



0.01) was approximtely 50% of that for the TS group (0.09 ggz P <
0.01). This data provides evidence that a diet high in resist rﬁU%tZQWCh
causes an acute 10 shift in fuel utilisation that favours fat oxidation
over carbohydrate oxidation wth the consunption of elevated |evels of
dietary resistant starch. In absolute terns, carbohydrate was the primary
source of energy at 1; 2 .and 3 hours msst-neal ingestion as RQ val ues
ranged from0.90 to 0.92. The decrease in. RQ which was observed in the HM
group relative to the TS group 3 15 hmlmester eating represents an
increase in fat oxidation. Although the nagnitude of this decrease in RQ
(0.05 units) seens small, it accounts for a Iarge difference in fat

- oxidation. Ror ex hollf fsubd 0% f at
and 50% car bohydr%pgﬁ&glﬁg {)ogsgéﬁﬁ%é%%&aggsﬁa& qnentggélg%@a{bg ﬂléloj ects
in the HV gmﬂh}md}t@ﬂ Mbbchdmsthmg cERphif et r@iahlﬁg%tﬂeaﬂaﬁ%aﬁfyﬂareaﬁmwlhﬂg
of partic intere

-sub'st ant differ uti, I isation. is

especi allf gF“r]iXeCEfﬁ ﬁﬁ‘ihfafee ﬁ’é‘@ th esistany stapdy Qmatlsjkea%ﬂ ?,ébr?cfe

bet ween theuhﬁ\i’krﬁ!ilﬂl d SaHlirgfed félﬁ%tdl@'@fth‘fﬁfs!tdr&ﬁé’d fafie meal used for the acute
assessnment contai ned approximtely four times as nuch resistant starch as

the TS diet (28.2% versus 7.2% (wWw), respectlvel y). A larger increase in

t he 25 anoupt of C res | arger .ef. { on
fuel utili gatl on“g(;:%%etz]itog}1 t5?\ rdﬁ%&cﬂ%@ﬁsw fﬁ”&ﬁt i%ﬁjgéﬁ&"a@gd?g“?%@aéase in
fat oxi dat i fatintake isedhihisaratedfsunpti on of a high carbohydrate diet,

irrespective of resi.stant content, |owered fasting plasm FFA
concentthtions. Taken together, these 30 results indicate that a high

car bohydrate di et j i sl &Eﬁ . ‘ . nefi.cial . for..those
who suffer ?ret abé? étgpgégksées I Ei t#eq%%@ﬁa%hggin%%%@lﬁﬁhlﬁ th?g
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di abet es [t wi by persons skill in the art

el
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as S_hOWn | nwith@nsaturated fat.
15
4. A method according to claim 2 wherein the enhancement of fat

metabolism includes a reduction in fat accumulation and/or an increase in fat

oxidation.

20 5. A method for reducing plasma leptin concentrations and increasing
satiety in an individual, which method comprises replacing at least 5% of the
individual’s daily carbohydrate intake with resistant starch and at least 10% of

the individual’s saturated fat intake with unsaturated.. fat.

25 6. A method of treating an individual suffering from obesity, which
method comprises replacing at least 5% of the individual’s daily carbohydrate
intake with resistant starch and at least 109% of the individual's saturated fat
intake with unsaturated fat.

30 7. A method of lowering the 1nc1dence of obesity in an individual, which

method comprises replacmg at least 5% of the individual's daily carbohydrate



5 specific enbodinents. w thout departing fromthe spirit or scope of the
invention as broadly described. The present enbodinents arg,7 h@ge

be considered in all respects as illustrative and not restrlct|ve Al l
publications. nentioned in the above specification are herein incorporated
by reference. Any discussion of docunents, acts, materials, 10 devices,
articles or the Iike which has been included in the present specification
is solely for the purpose of providing a context for the present

invention. It is not to be taken as gg. adm ssion that any or all of these
matters formpart of the prior art base or were common general know edge
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or any oth coun bef'ore t priority te of each

cl ai m of lﬁtgkgswmpjnga@jmmdfatl 7 AUG 2004 29 CLAI I\/B 1. A nmethod for

regul ati ng carbohydrate and fat netabolismin an individual which method
conprises replacing at |least 5% of the individual's 5 daily carbohydrate

i nt ake wyth regi t S‘l?éet bMt Hitdbics
sat ur at \é\% f at é n?étggﬁ ot lﬁ%gﬁgg?%? gltlcelg Oiigo/ﬂ %Slﬂﬁﬁd?égggiér ding to claiml
wher & n ﬁiellitﬁ&&ﬁ aﬁG%dtwﬁdﬁilewhﬁch viedhiod comprizts repladiag iat least 5!%5 ﬁhﬂat ed fat.

10 3. A t h h fat t hal d t hod
conpri segledil‘él P&g nFE?‘T ¥ T%g&%qﬂ H h‘?ﬁqqﬁlﬁghgtgrl } I‘¥F€P éﬁtr rgf e °
i ntake e@gfe 1de\ﬁ&ﬁ§ltsaﬁttu1%ttﬁf 2 iRde %ﬂ{ ?ﬁmﬁ&e@ ¢ft. t he individual’

sat ur at fat rntake wth unsaturated A net hod accord| ng to
claim?2 wherein the enhancement of fat nmet abol i smincludes a reduction in

% fat accurml at A% ee}ﬂgé%rf r‘é‘é‘ué1?1§r gsp%s dt1a1 I%Sdat 18C6se and/or insulin
10 levels in an individual following food consumption by the individual which
method comprises replacing at least 5% of the individual’s daily ;arbohydrate
intake with resistant starch and at least 10% of the individual's saturated fat

intake with unsaturated fat.

15 10, A method of controlling an individual's body mass which method
comprises replacing at least 5% of the individual's daily carbohydrate intake
with resistant starch and at least 10% of the individual’s saturated fat intake
with unsaturated fat.

20 11 A method of preparing a foodstuff for use in a method according to any
one of claims 1 to 10 which method comprises substituting constituents with a
low resistant starch content with constituents with a high resistant starch

content and substituting some or all of the saturated fats with unsaturated fats.

25 12, A method according to claim 11 wherein at least 5% of the
-carbohydrate content is replaced with resistant starch content and at least 10%

of the saturated fat content is replaced with unsaturated fat.

13. A compositibn comprising at least 2g of resistant starch and at least 2.8
30 of unsaturated fat wherein the resistart starch is present in a proportion of at

least 5% By weight of the total starch content.



20 5. A nmethod for reducing plasnma | eptin concentrations and 4icy, ]
satiety in an individual, which nethod conprises replacing aﬁ ?é%g?%@@g f
the individual's daily carbohydrate intake with resistant starch and at

| east .10% of the individual's saturated fat intake with unsaturated. fat.
25 6. A nethod of treating an individual suffering fromobesity, which

met hod conprises repl-acing at |east 5% qQf4.the individual's daily
carbohydrate intake with. resistant starch and at |east 10% of the
individual's saturated fat intake wi th unsaturated fat. 30 7. A nethod of

| owering the incidence of obesity .in an individual, which nmethod conprises
repl aci ng atl4l eastA Setnpbsitioa acwbrdinguad chinail B ywhereho thelredistaht Ztach) i€ 2001

-30 intake with resistant starc d at | east 10% of_ the individyal,s
satur ated 1 USH e MIOPRTATS o GLaPed P DYewelehheinBtr (el GARITE A Re
i nci dence ofgoRfiti Nsul i n dependent diabetes 5 nellitus in an individual,

~whi-ch nmethod conprises replacing at |east 5% of the individual's daily
carbohydfate intake with resistant starch and at | east 10% of the

i ndi vidual ' g.satur,ated fat intake.with. unsaturated fat.. 9.. A nethod, of
reduci ng thzapostép‘ioé?ﬂ?séﬁmb?% 104 Wc‘gglgliﬁcﬂrc?ﬁa%gilwl??mi’osqné%@ gll % an
i ndi vi dual tid beaxpétast Sraesh HORS WEEHOS] Bbrh h@,hh(‘]%}ijhﬁi | middeCdiariBl Bi4ng
conprises replacing at |least 5% of the individual'$ daily carbohydrate

i nt ake wi t haR@grdesmeontent efbQh @r anoredysweiehds of the i ndivi dual's satur at ed
fat intake with unsaturated fat. 15 10. A nethod of controlling an

i ndi vidual's body mass which nethod conprises replacing at |east 5% of the
i ndi vi dyal ' g6.dai | % corhpedieh akeoldih@hs aW bie rdStlatmnt 3sial s RvRiidiths east
10% of the individual's saturated fat intake wth unsaturated fat. 20 11.
A met hod of upsadpeated fatisfrsewst in & proportian phatleast 2694 tycweightof tho tefall  one
of clains lfttgofipen‘@hi ch method conprises substituting constituents with a

| ow resi stant starch content with constituents with a high resistant starch

17, A composition according to claim 16 wherein the unsaturated fat is

15  present in a proportion of at least 50% by weight of the total fat content.

18. A composition according to claim 17 from which saturated fats are
substantially absent.
20 19 A composition according to any one of claims 13 to 18 wherein the

unsaturated fat is selected from one or more of a mono-unsaturated fat, a poly-

unsaturated fat, an omega-3 fat, and an omega 6 fat.

20. A composition according to any one of claims 13 to 19 which further
25  comprises at least one further ingredient selected from the group consisting of a
flavouring agent, a vitamin source, a mineral source, an electrolyte, and a trace

element.

21. A composition according to any one of claims 13 to 20 in the form of a

30  low calorie diet having an energy content of from 800 to 1200 kcal per day.



content and substituting sone or all of the saturated fats vw%? gggaﬁt_\{_p\rﬁat ed
fats. 25 12. A method according to claim 11 wherein at |east 5% 05t Hak
carbohydrate content is replaced with resistant starch content and at | east
10% of the saturated fat content is replaced with unsaturated fat. 13. A
conposition conprising at |east 2g of resistant starch and at least 2.g 30
of unsaturated fat wherein the resistant starch is present in a proportion
of at |east 5% by weight of the total starch content. 1 7 AU C' 2C0~4 -31
14. A conposition according to claimJ3 wherein the resistant starch is
present in a propertion of at |east 5% by weight of the total carbohydrate

content. 15. ifion according to-clai.ml14 or_clai 5 wherein sone
or all of 2. t heAf%ogﬁggsgﬁ?n &591%‘}:95 g‘j}':*a_!&? Opg-.ogé:?zi‘%dlef \%o?'r‘? 1%'&&%’ g‘?fnéﬁglaose

mai ze st dietthaviryg 89 enaigyIOntaROIGAGRRNO2000%Pher@e by weight. 10 16. A
conposi tion according to any one of clains 13 to 15 wherein the

unsaturated fat is present in a proportion of at |east 25% by wei ght of the
total f con . onpesi tion according t | al m 1,6 erern the
unsat ur afda’ T ot Sempditiof aEQTRARY Id Bl BESRE R .0 A MR BURLSE Rel ohe o
the t®t alidtdavigieshergdGonfer@fRgsetthen 2000 %cdl pér dogy. ¢l ai m 17 from whi ch
saturated fats are substantially absent. 20 19.” A conposition according to

any one of clainms 13 to 18 wherein the wunsaturated fat is selected from

one or e of E@SE?;" d, f |y~ t ted f onega- 3
fat, antrzlrE %n orr‘%gzg é#ﬁg%égrg'{%%’p%g Pilfil%rﬁ)’?ﬁgaég’ggli%?\té’%%l%%e go%rén gﬁacl ai s
13 to 19pwhdety fmikhes, dCcypuawdags Mmixtueasbenige ddmblaer sifignedbRit

sel ected,fromthe group, consisting of a flavouring agent, a vitam n source,
a m ner afiispesitle or gmsifieblesin e avaterepidaining diquid.enent .

10
25. A composition according to any one of claims 13 to 23 in the form of

granules.

28. A method for regulating carbohydrate and fat metabolism in an
15 individual which method comprises administering to the individual a

composition according to any one of claims 13 to 25.

27. A method of enhancing fat utilisation in an individual, which method
comprises administering to the individual a composition according to any one

20 of claims 13 to 25.

28, A method for reducing plasma leptin concentrations and increasing
satiety in an individual, which method comprises administering‘ to the
individual a composition according to any one of claims 13 to 25. |

25
29. A method of treating an individual suffering from obesity, which
method comprises administering to the individual a composition according to

any one of claims 13 to 25.



21. A conposition according to any one of clains 13 to 20 in ngTnp;ﬁb f a
30 low calorie diet having an energy content of from800 to iz Yt A ger
day. -32 10 22. A conposition.according to; any one of clainms 13 to 20 in
the formof a diet having an energy content of nore than 1200 kcal per
day. 23. A conposition according to any one of clainms 13 to 20 in the form
of a 5 "diet having an energy content of nore than 2000 kcal per day. 24.
A conposition according to any one of clainms 13 to 23 in the formof a
powdery m xture, said. powdery m xture being soluble, suspendable, -

di spersible or emulsifiable in a wat‘er-containing Iiquid. 25. A conposition
according to any one of clains 13 to,23 in the formof granules. 26. A
nmet hod for regul ating carbohydrate and fat metabolismin an 15 individual

whi ch nmet hod conpri ses m nistering. to fhe ndiv dua ide@NPRAidH on
accor di n3p-t o a%yméﬁg’dop?gf"é’leﬁ'ﬁ‘glgwt %5%59£f$’.'3 HExﬁjn;ét %gd{nocfﬁwg%hangi ng fat
utilisati ' ndi Wi gherssd | ghiHEetdiedid uab aprdspesi domant erding to the
i ndi vi dugﬁ%%dcfggﬁr%ggll@tgél g%ﬁl%h?ggerﬁ(ﬂyng to any one 20 of clainms 13 to 25. 28. A .
.met hod fgiy 6eeloftlagmplidso@5] eptin concentrations and increasing satiety in
an individual, which nmethod conprises admnistering to the individual a
conposi tion according to any one of clains 13 to 25. 25 29. A nethod of
-treatd ngzan i ndi yjeghvsH oTUldviiringo the of3johefs hby-inwhliz hdepesdret Habfies ses

admi i stering to the individual a conppsition_accor .n%\;\:;[écgrin gpg of

clai ms 1ellorua5in By indivigluglposhich3 method ACORPRSES PN n€ he risk of

obesi ty 1 i aual St o Ml B s i i pgstering to the
i ndi Vi éu@r}hgay BQF{HOSWO&%%:%FI Hg‘?{:gﬁg SHRBIdISiess 880 28 g

32. A method of reduéing the post-prandial plasma glucose and/or insulin
10 levels in an individual following food consumption by the individual which

method comprises adrninistering to the individual a composition according to

any one of claims 13 to 25.

33. A method of of controlling an individual’s body mass which method
45 comprises administering to the individual 2 composition according to any one

of claims 13 to 25.

34. A composition according to any one of claims 13 to 25 for use In a-.
method according to any one of claim 26 to 33.

20
35. Use of a composition according to any one of claims 13 to 25 in the

manufacture of a medicament for use in a method according to any one of

claim 26 to 33.

25 36. A foodstuff comprising a composition according to any one of claims 13

to 22.

37. A prepackaged meal comprising;at least one meal component which

* ., B I3 ) ' [ . L3 7 .
comprises a composition according to any one of claims 13 to 25.

30



any one of claims 13 to 25. 5 31. A nethod of |owering the rL%k of
non-insulin dependent diabetes nellitus in an individual, whilch At 760
conprises adm nistering to the individual a conposition according to any
one of clainms 13 to 25. 32. A.nethod of reducing the post-prandial plasna
gl ucose and/or insulin 10 levels in an individual follow ng food
consunption by the individual which nethod conprises admnistering to the
i ndi vidual a conposition according to any one of claims 13 to 25. 33. A
met hod of of controlling an individual4-s body mass which nmethod 15
conprises admnistering to the individual a conposition according to any
one } ofbcl ai ﬁgngﬂlodogjzgquQmiag,a Foropogitivnt 402Brdiag a6 dnforioohblinee of

cl ai ns 1E3E€g§§g$g§_us EQ a - .. methad agcording to_ any one_ of claim26
to 33. 35 %ISﬁbO FYUPBHS T ARG (D sompyoials obthe pashehvdmteo 25 in
L, manediiaitof 10k QUIBSHEGHTPI Rsidtof Linh WENIEA BEEOLOIMOSE WaNY: 0N
of claim26 to _33. 2536. A foodstuff conprising a c ositron according to
any one $fturdted fat coptent of the 8Fmaopitimavkidnekameatedcfatpr i si ng; ; at | east one
meal conponent which conprises a conposition according to any one of clains
13 to 25. 30 A7 AUG 2.0 -34 38. A nethod for producing a conposition
according to any one of clains 13 to 25 which nethod conprises replacing
(i) some or all of the carbohydrate content of the conposition with
resistant starch and (ii) sonme or all of the saturated fat content of the
conposition with unsaturated fat. :



