1 Carbohydrate bar The present invention generally relates to the field of nutrition, in particular
performance nutrition. In particular, the present invention relates to a novel 5carbohydrate bar. It is
well established that carbohydrate ingestion during exercise improves endurance performance during
prolonged (>2 h) exercise, but also during shorter duration exercise (Coyle EF, J Sports Sci 22: 39-55,
2004; Gisolfi CV. Med Sci Sports Exerc 24: 10679-681, 1992, Eukendrup AE and Jentjens R. Sports
Med 29: 407-424, 2000). Endurance exercise, and in particular running, has been associated with
gastrointestinal (Gl) disturbances which can uGariadblydaéitecbaerformance (for reviews see: (Brouns F,
et al., Int J Sports Med 8: 175-189, 1987, Gisolfi CV. News Physiol Sci 15 15: 114-119, 2000, Peters
HP, et. Al., Gut 48: 435-439, 2001). In fact, a 30 to 50% prevalence of exercise-related adverse Gl
symptoms has! Be RR§S5Etef Gy eraaraihce alfirste o AtRRriE)Mordy MPIHIAR. mAy PREIGH Biring
exercise, whicheméyhaacaitrinuigidio disopdarsul2f) ofdeprppait(6aophagisrantstomaeah)ravigawer
(small boy%/el acrédrb%%lynr)apelt;[ract. Upper Gl symptoms include reflux, nausea, bloating, and upper
abdominal cramping: Swer Gl complaints comprise lower abdominal cramping, the urge to defecate,
increased frequency of bowel movements, flatulence and diarrhoea. Many of these symptoms have
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Medicine (AGSM) current recommendations for carbohydrate intake during exercise is 30-60 g CHO/ h
(American College of Sports Medicine, American Dietetic Association, and Dietitians of Canada. Med
Sci Sports ExénedBPart30exdd5s6004)d 2iRRepartitylar satiesiod studies basrshagsodhméd caitrbination
of muliple carbolyrale aTRas oRigi AT dLGRRS and Uieiane, CaIRden BBqHEgRR,I the
form of a sports drink can result'in a higher total carbohydrate delivery during exercise than a single
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AE,. Nutrition ZOe:VGiS9n-0677df2004t;c‘lls%g#<e§r%rgup A% I%gd %Fnst'(?nnstoFrzﬁ,SSﬁé)rtsbg/le%d r289: érlt%-424b n2000;
Jeukendrup Ag e ael., 3AppFi5‘?1yS|ol, ) ). en subjects consumed a COMBIARIOnN o??fluc%se and

fructose this resglkeanive sitimifieantly greater endurance performance compared to an isocaloric amount
of 10 glucose alone (Currell K and Jeukendrup AE. Med Sci Sports Exerc 40: 275-281, 2008). In this
study subjects were able to complete a 1-hour time trial, after 2 hours of moderate intensé;y cycling,
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the form of a SaPL el MORIRY fBaSslUbEl SR AmRH DA CRUBRIBAI ISR HiPe fepssary to
consume large amounts of liquids. These controlled laboratory findings are in contrast to real-life
competition, d@liﬁ@mplalnts comprise lower abdominal cramping, the urge to defecate, increased

frequency of bowel movements, flatulence and diarrhoea. Many of these symptoms
have been shown to be exacerbated with fluid intake, and specifically carbohydrate

25 intake, which slows gastric emptying and can lead to significant Gl disturbances.

In line with these negative Gl issues related to a high carbohydrate intake, and given
the fact that previous research has shown that a single source of carbohydrate can
only be oxidized at a maximum of 1 g/min or 60g/h (Jeukendrup AE and Jentjens R.,

30 Sports Med 29: 407-424, 2000.), in 2000 the American College of Sports Medicine
(ACSM) current recommendations for carbohydrate intake during exercise is 30-60 g
CHO/ h (American College of Sports Medicine, American Dietetic Association, and
Dietitians of Canada. Med Sci Sports Exerc 32: 2130-2145, 2000).



20 which athletes tend to drink smaller amounts of fluid, and ingest only small amounts of
carbohydrate for fear of Gl upset. No studies on the tolerance of multiple carbohydrate sources in
real-life situations have been conducted so far. Further, during exercise the ingestion of large amounts
of liquids and carbohydrates 25 causes an increase in osmolarity, which causes a decrease in gastric
(stomach) emptying, and thus, a decrease in fluid deliyery. This decreased gastric emptying during
exercise is not wanted, since this causes bloating and an uncomfortable feeling of too much liquid
sloshing in theRstoentygha 3eAdslitibsalties drasushingririhetos ecsritioatioricob eneltjpéeiedisp distdestsiul to Gl
problems with afeles dharlagauieidd e ploscand hirsiaemeiRl il ShlneRimMdispi T, et
al., J Sports Med Phys Fitness 41: 121 -123, 2001& In short, the prevalence of Gl disturbances is high
among endurSRostaBtesaheesek s adiskoe inlal 58" eagsiat Slégeﬂl‘tﬁmgjlé&@‘ﬂc%@rﬁ'ﬁﬁéhﬂfh?ar when
consuming frusitasge my&ﬁ@mwmﬁcbase@lt@mthmt&r@bnggreacbtrevﬂewmmﬂbéemawth the
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supply. For example, the bar of the present invention 15 can be very well used as transportable food
for people, wh%oag )bt Wl§tﬂ‘6d<¥aﬁﬁ‘91ﬁ%sh’é%{\?yﬁ9tﬁ\;%mpt%tﬁékérﬂﬁt€ HONGrigab Rt ee S8 Cf he bar
of the presentmmcmmtmm’oayseyt@Hyngeﬁ%efmedMyqneaptedmpgmdedhﬂwbﬁ:dy wiitieadsohydrates for
example beforfe Qr ggrlg @Hg{hbglgﬁ ool or at the university. 20The present inventors have
investigated the gastric tolerance o a carbohydrate bar delivering a mixture of glucose and fructose at

relatively high rates during a real life situation of either running or cycling outdoors. It was found that

an intakg of em%@wmaﬁfwbaéwdfmte&ﬁem Whmﬁtfwma%@mm&m&me@mwell as
30-60 g CHO/ h as recomtmenglI tRX ]the AGSM, is well to % rable |}|niqesteﬂ1as carbo drate mixture

comprising gluc&eaé?t%ﬂuc%ose i 3 ratio m ?hsed%r? e'0r3N 96T 10 prétérabny 2R he Rof a bar.

It was surprisintjsafbohiditatestiavifyestienssatydo epasisia t@frmeeamwéscérbmw@rate 30 mixture will
allow to keep the distress of the Gl-tract of athletes minimal, and at about a rate of -15% of subjects.
Furthermore it was found that the minimal Gl distress was not increased as co rH.Bared with an intake of

60 grams of a EATBOHYAARESAAEREUBH JREIRg iato R RAMASEHRLSA A FafORPHESAngEBI%:1 to
1:1, prefecablywbithpathlebes. teh Clandeaiuemieo amemizodifidd: afdhegassety swehtomines of
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g sources in real-life situations have been conducted so far.

Further, during exercise the ingestion of large amounts of liquids and carbohydrates
25 causes an increase in osmolarity, which causes a decrease in gastric (stomach)
emptying, and thus, a decrease in fluid delivery. This decreased gastric emptying
during exercise is not wanted, since this causes bloating and an uncomfortable feeling

of too much liquid sloshing in the stomach.

30  Additionally, consuming fructose is known to be especially distressful to Gl problems
with athletes (Ledochowski M, et al., Scand J Gastroenterol 36: 367-371, 2001; Mitsui
T, et al., J Sports Med Phys Fitness 41: 121 -123, 2001.). In short, the prevalence of Gl
disturbances is high among endurance athletes and seems to be related to CHO intake
during exercise, in particular when consuming fructose alone.
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5A carbohydrate bar is a food product, preferably in bar form, which comprises at least one
carbohydrate source, and preferably a multiple carbohydrate source such as the combination of
glucose and fructose, or maltodextrin and fructose. The shape of the carbohydrate bar is not essential,
it does not have to be rectangular, it may equally well have other shapes, for example round or
triangular. 10 The carbohydrate bar is preferably a dried food product. It may comprise a crust and a
filing. The carbohydrate bar of the present invention contains preferably less than 30 %,
15preferably |€&sHegnetlyobaved onotieeseeferdaddessdhanied %f prozencs laitipritke @ driessothan 8 %
moisture. The &@BRQYHEL hal Bk ONAIE A0 AU Bt HiSoRARRdried frult, fuit paste,
sweeteners and other ingredients. These ingredients can be mixed with a binder 20 such as a sugar
syrup or shortening and compressed into bars or slabs which may be later cut to a desired size.
Depending onBhsecashahigdyade dratsveemeostiiedt sfnmaypbesshikiedefdiones pesdidsiat aniged and/or
baked prigr to packaaing and sale. _Far, achieving good results in compressed foods, glycerine and/or
otner polyhyd i S ARO s e o T sy e S S NG g
of the overall deetRsIepdrEate IPALXPEENPUAtIAE RVOGHpdTHtation didiea siarristumosaitegiattse in a
digestible formintalnaarsiARGAE fidriOsERAMPRR Rrevidrd Withetogasebiiaaagmssand/or glucogenic
30 carbohydrates. Fructogenic carbohydrates are carbohydrates which upon theoretical total
hydrolysis release at least one fructose molecule. Glucogenic carbohydrates are carbohydrates which
upon theoretichheopabssmirolysisarsieesre stlpasedrie fhactisd theyeoculdd a@dneeg)tisatbhjectdmbahydrate
can be begh, gluaOARIG ALIHEIRESIISHE Wit ARSHRICSR Y QMBI RRHMANGS]AFS,
glucogenic sources may be also 35extruded cereal pieces, cereal flakes, flours and starches. 5
Hence, the carbohydrates may comprise or consist of monosaccharides, such as glucose or fructose
as basic carbohyieattes unitgect heattoruishe ghrasisias ivantivepesemialp aitediddis fachiarades, isuch as
SUCTOSE, 'aCtOES“/g@FO%?eQF ‘iﬁ!&?gh%s%a%%‘ﬁﬁ%rﬂ%ﬁ?&cﬁfa@ee?%‘é% 4 Hﬁ%?ec% fB‘éCE?sseequQV also
of 50 sacc re

represent a part ligosaccharides or po arides. erred carbohydrate sources forthe

present invent®Radyiaieer ffrrrshahysritesiride. e sameyakaselifee PrRSERLINRIKIIN

comprisg indigestible erybrby drseadtraashowat §dess Hhesaskolykliale faclian abtharhaoay

comprise at lepst 30,36 glucose and iiciase, proferadly at least 20.% gluegse andriclose more
preferably at least B9 glucose AR fictose. 1 ohe emboa‘f?nénpof e preseFr)]t mvention H\e

carbohydrate freeotien «sfithevetir poviges kit 1eespIB0t90 prreideathly dodasviio gardbiiydretrs giplof the

bar. The carbqiyaisie bl 5he@rﬁgsrsnté%m§mmﬂ§sﬁo@ seshotyderigyfraction and, optionally, a
protein fraction and/or a fat fraction. The presence of proteins and/or fats in the carbohydrate bar of

the present invention
20 The present inventors have investigated the gastric tolerance of a carbohydrate bar

delivering a mixture of glucose and fructose at relatively high rates during a real life

situation of either running or cycling outdoors.

It was found that an intake of even 90 grams of carbohydrate per hour in the form of a
25  carbohydrate bar, as well as 30-60 g CHO/ h as recommended by the ACSM, is well
tolerable if ingested as carbohydrate mixture comprising glucose and fructose in a ratio

in the range of 3:1 to 1:1, preferably 2:1 in the form of a bar.

It was surprisingly found that the ingestion of 90 grams/h of the above carbohydrate
30  mixture will allow to keep the distress of the Gl-tract of athletes minimal, and at about a
rate of ~15% of subjects. Furthermore it was found that the minimal Gl distress was not
increased as compared with an intake of 60 grams of a carbohydrate mixture
comprising glucose and fructose in a ratio in the range of 3:1 to 1:1, preferably 2:1 per

hour.



20 has the advantage that this way it is possible to provide the athlete with a more complete nutrition
during performance. Furthermore, the presence of proteins allows producing a carbohydrate bar with a
modified taste. As protein source, any suitable dietary protein may be used, for example animal 25
proteins (such as milk proteins, meat proteins and egg proteins); vegetable proteins (such as soy
protein, wheat protein, rice protein, and pea protein); mixtures of free amino acids; or combinations
thereof. Milk proteins such as casein and whey, and soy proteins are particularly preferred. 30The
proteins may l&»nseqientlyy dvoby sedmydinmanttuse tfantaesand inydntilysed paoteartsoHydnziy beadesirable
to supply partighiydralvsed Biirins dpges CLEaNS s REMNEenE ANAGY/R JoFmEAmIRYE o
athletes believed o be at risk of developing cows' milk alfergy. Additionally, in generally at least
partially hydrol§868 Btéidifs'ate easier and faster to metabolize by the body. This is in particular true
for amino acids. 35Consequently, it is further preferred if the carbohydrate bar of the present invention
6 containg single, aminoasids. st Risieried ate esseniiy) ATinoacids; .one epedimantdpe
carbohydrate bar oP?hg presen invention Containg amino acids such ds L+ eucme? L-valine and/or
L-isoleucine. Sinéheacephpesitfoadnigadastrafesive meligteseamendote sadvariege ardhfor

example an imprayR@dEBRWHJRRLSAMRE AtbisyedoAmuiiBliceauirana sHikabie. rAE examwlsr anémal or
plant fats may be used. '{'o increasi the nu%itional valtt , N3- unsaturated %nd n6-unsatuiated fatty

e
acids may be 88?%%}?%%8 By AP SRR AP HE 4R R BB YRAD RS REREkIR Tohd BN SRRl Rl
and/or mediurhateaithitshapéss fdGHxamptanople] aritkidagutzmola oil, almond butter, peanut butter,
corn oil gpd/or high- oleic acid sunflower oil may be used. Preferably, the bar contains less than 40 g
protein per 100g bar and/or less than 20 g fat per 100g bar. 15 The carbohydrate bar may also contain
minerals and MitG GARARYIERLRIERTHS BEEe 8Tt S FRPYiRIATHELiM A6 FOMRISH PR and a
recommendatiiiivggof Government bodies such as the USRDA 20The carbohydrate bar of the present
invention may contain vitamins, such as Vitamin C, Vitamin E, Vitamin B12, Niacin, Vitamin B6, folic
acid, biotin, panthotenic acid, Vitamin B2 and/or Vitamin B6, preferably in amounts that correspond to
at least 10 % dhth&FERBIvERRIAdRRT dilhBoyesoBtT uehiie festanpitaraiRsayessntfdutddto/the
effectivensss préhedpnf RRE May Jorhacensatemitpraféririe |dsertryample;, theparesaaepreferi@min C
will help to pr%escéttﬁg%igacf‘gtlcs%r}g acommon cold.  The bar may also comprise electrolytes and/or
minerals, such as sodium, pocfassiu'm, 30calcium, iron, magnesium or zinc. These compounds may be
helpful to replenish the body with compounds that the person is constantly loosing due to the

generation of syeatpsindiRNEsinemEYeYoman AsgriplRFogPame e Alian< RojL-ggrcise
sore muscles. 7 The car S(E%drate bar of the giresent invention may further contain one or more

compounds sélB¥R BRSPS HAG I Erd ISR SRAFRALIRAS, FEPe e Y T hRN R ives,
guaranaacididyicty asge sig dvisging agemigegidoanidiogmmedsse,imatearsrait§labe whidts neaytioidants,

colouring ageMifsr cut to a desired size. Depending on the carbohydrate bar's composition it may be

mixed, formed, extruded, enrobed and/or baked prior to packaging and sale.

For achieving good results in compressed foods, glycerine and/or other polyhydric
25 alcohols may be added to the bar to yield better mold release and bonding strength of

the overall carbohydrate bar.

The multiple carbohydrate source contains fructose and glucose in a digestible form.
Glucose and/or fructose may be provided in the form of fructogenic and/or glucogenic
30 carbohydrates. Fructogenic carbohydrates are carbohydrates which upon theoretical
total hydrolysis release at least one fructose molecule. Glucogenic carbohydrates are
carbohydrates which upon theoretical total hydrolysis release at least one glucose
molecule. Consequently, a carbohydrate can be both, glucogenic and fructogenic (e.g.,
saccharose). For example in performance bars, glucogenic sources may be also

35 extruded cereal pieces, cereal flakes, flours and starches.



5 These agents may improve the carbohydrate bar of the present invention with respect to many
properties, such as taste, consistency, colour, and stability during storage, digestibility, and many more
that are known to those of skill in the art. 10The energy density of the bar is not critical for its
effectiveness. However, a high energy density has the advantage that less food needs to be ingested
to replenish carbohydrates as fuel to the body. Conseguently, high energy densities are preferred for
the bar of the present invention. 150ne embodiment of the present invention is characterized in that
the carbohydrétenbay Ittees aarleoterdppidensity ot B0OFHR2 06 kddheiBY,qbreferaishcdRAGI2€08uchl/ 140g, most
preferred 120y400k 100000 KRR ABBRYRAR 8o fremBlpdising o magtiBn.olr.

between competitions 20 - the serving size of the bar of the present invention is preferably relatively

small. PreferaBlyP3fe ehriiSAGEhateRnr Aacha 3erdivj&ige KiCiere0dMg tprerePaALREIR280g, Bt
preferred 50-8@gnosAlieinativelysubie Rrr gfiibespresertinusetionayayistsadndyevided gertbits size
bars 25with a sgrving size between 3 and 15q, preferably between nd 10qg. This way, the
catbonyrate SRR CHATS Oo bobi Aeinande b e MR Tt oo IR MRlRS e bar
of the presentivaataoraiaajetiodfxises thedfondgitigssercentages of daily values (DV) based on a 2000
calorie diet: Between 4 and 6 % 30 total fat, including between 1 and 3 % saturated fats, between 5
and 9 % sodium, between 0,5 and 1,5 % potassium, hetween 12 and. 16 % carbghydrates, including
petweon Sand 16 GBS dAH koS s DR SR I SRR S PRGBS 6 Pand 120
% DV thiamin pbatodarfiBérand 120 % DV riboflavin, between 80 and 120 % DV niacin, between 80
and 120 {4 DV vitamin B6, between 80 and 120 % DV folate, between 80 and 120 % DV vitamin B12,
between 80 and 120 % DV biotin, between 80 and 120 % DV pantothenic acid, between 20 and 30 %
DV phosphorus!S $ERRREH 36 BACHIS0 oh PR/ ANGRESEMP TG REERS B At Y89SDINSiHURSGreen 25
and 35 % coppesfeanishybetveass 36 #ngldmse B dhuocissemorae ceebatlly drateabasdfdhglpcesent

invention mayé?gd YRRLLY SrAMPIG AR aifoad r?ﬁgfié‘cﬁ%%(%%ﬂ ff?x?&%%f%%%%t?o%ﬁd%ﬁ%%%ﬁa& 101na

preferred embodiment of the present inventio ydrate the present invention is used
for the prepardfi®RBFRITYEESRbIEEE 8P > ArRIetbhoriUeERd foviabtan sReFreustihBd#drmance, in

particulaggndurance performance. 15The formulation of this carbohydrate bar of the present invention

may also be used to prqvide an increased carbohydrate delivery without any increased.gastrgintestinal
Cisorders and/ o BRI oS e RS Al PO A e
glucose and frerfioselin eheretgibdiagticat@tsipiod fabfiaetiamt 20 invention allows it that the high
carbohydrate content of the bar of the present invention is well tolerated by the body, so that problems

of the gastrointestinal tract that one would normall% expect after a high level of carbohydrate intake

during exercist @55 BRAGIRINS ALY RIS 4R ek SR Ao Rl LIS BT R5eBLBEHY R Ates, in
particular@he phaxdbe/fdetosagmiktiatratos thaypriesentonsibidido widvideiibecadete2with a more

complete nutrition during performance. Furthermore, the presence of proteins allows

producing a carbohydrate bar with a modified taste.

As protein source, any suitable dietary protein may be used, for example animal
25 proteins (such as milk proteins, meat proteins and egg proteins); vegetable proteins
(such as soy protein, wheat protein, rice protein, and pea protein); mixtures of free
amino acids; or combinations thereof. Milk proteins such as casein and whey, and soy

proteins are particularly preferred.

30 The proteins may be intact or hydrolysed or a mixture of intact and hydrolysed proteins.
It may be desirable to supply partially hydrolysed proteins (degree of hydrolysis
between 2 and 20%), for example for athletes believed to be at risk of developing cows'
milk allergy. Additionally, in generally at least partially hydrolysed proteins are easier
and faster to metabolize by the body. This is in particular true for amino acids.

35 Consequently, it is further preferred if the carbohydrate bar of the present invention



The problems with the gastrointestinal tract as mentioned above are not particularly limited but are
preferably selected from the group consisting of upper abdominal problems such as reflux, heartburn,
bloating, upper abdominal cramps, vomiting, nausea; lower abdominal problems such as intestinal
cramps, flatulence, urge to 30defecate, left abdominal pain, right abdominal pain, loose stool,
diarrhoea; or systemic problems such as dizziness, hegadache, muscle cramp or urge to urinate. For
exercise in general, but in particular for competitive exercise it is essential that the body has blood
sugar availablediciaihe sioglelesrtinbuatias alhtivae priefepeadicatar astketidbendind aacds itimusicbe
avoided, or the ablate sl aHS $f BRAEDKa BEURIRS A MAliRlH (BREIRSERTIBVEqtion svell

suited to prevent this. According to one embodiment of the present invention the carbohydrate bar of
the present infSritYERR bevatae IHAbW R4S BRhanced blood sugar maintenance late in exercise.
5The carbohydrate bar of the present invention cannot only secure a long lasting blood sugar
maintenagee, f g2 aiso beised (8 Bravids an Inpreased exogenouscarhaudials oddation,,
Increasing exogenous cg(rqbohydra?e oxidation Was 1gund to bé 1h particular increased if the

carbohydrate @ptaxeleRa peromad gredtefaehsanghaiachirvedaiipyyfehroulsania . Jugabier d&n more
preferred greaiQpihae hrdrBANBY PRAEGRECHHSNThS SERSISTROMcRRISDaheXAGRNBHS Callkehydate

oxidation is reached at a carbohydrate ingestion aboye the theoretical threshold once thought for
Carbohycirato DRI AR AL AR T BREHT B e B8 D A2 30055 Fhie way,
the energy delistespdroenroaybalhgdranéssrd iy ghiaysitzdtyeaeids sendam ineediaximiseal fatty uatidsr, the
carbohydpte bar Qb heRresaRt {ayenion Bay Qﬁ&%%&%&[%@%ﬁﬁﬁtﬁfﬁ?ﬂ%ﬂé{ Qﬁ'%}ﬁ’riﬂi#ﬁrticu'w

to working muscles, and/or to provide more sustained 20energy to muscles. Both effects will contribute
to an optimal PEIDAALRUETET QtHRA% PEINERY: the carbohydrate bar of the present invention may
also be used to treat or prevent symptoms of fatigue and/or to improve cycling cadence, for example

measured in r ' [ /or_to rease rati ' tion. ( The
present mventog o B e B B P 2 s o
carbohydrates&afpriefiegbglucose and fructose in a ratio of 3:1 to 1:1 to be ingested. 30However, best
results wgye obtained, when the carbohydrate bar was used in an amount that corresponds to an

ingestion of at_llﬁast 3% CHO/h, referabzlaY at le{{i%Soiﬂé:ﬂ?éP/% more referably at I%asé}SG?rgC%HO/h

and most preferaeolglaf)e \r/‘\)géﬂt% g chAHE PIET hOLrI?IISr,O e more The exogenous

carbohydrate eldoetits arthviermesdassdomanagivitinthef regogerndatianbsihyeheeenorétbtiodiempears
to be reached yhgRdhedasROAE present invention is consumed so that 100g - 150g carbohydrates
are consumed per hour, preferably 110g - 130 g carbohydrates per hour and most preferred
115g-125¢g 5carbohydrates per hour. It is clear to those skilled in the art that they can freely combine
all features of e prebehydnatentiamaditdgseddnt ieiemitmootagegsntiing itamitise sudbjest Wittten as
disclosed. ¢ vitamin E, Vitamin B12, Niacin, Vitamin B, folic acid, biotin, panthotenic acid,
Vitamin B, and/or Vitamin B6, preferably in amounts that correspond to at least 10 % of

the recommended daily dose.

25 The presence of vitamins may contribute to the effectiveness of the bar and may
further protect the athlete. For example, the presence of vitamin C will help to protect

against catching a common cold.

The bar may also comprise electrolytes and/or minerals, such as sodium, potassium,

30 calcium, iron, magnesium or zinc.

These compounds may be helpful to replenish the body with compounds that the
person is constantly loosing due to the generation of sweat during exercise. They may
also help to prevent the generation of post-exercise sore muscles.

35



10 Further features and advantages of the present invention are apparent from the following Examples
and Figures.  Figure 1 shows the results of the study of Example 2. 15Figure 2 shows the results of
the study of Example 3. Example 1: Bar formulation A typical formulation for a bar in accordance
with the present invention is presented in 20table form below: Ingrethent A3310tir" Total Garbs Sugars
Sugars Mar Oaths WO in Bur C-lluer-Ngc.440. (EructtNgn:4:0 (1gft..un* :a Bar in Bar in Bar
Witotextrin

The carbohydrate bar of the present invention may further contain one or more

compounds selected from the group consisting of aroma compounds, fiber, caffeine,
conservatives, guarana, acidifying agents, binding agents, gel building material, water,

fruit juice, fruits, antioxidants, colouring agents.

These agents may improve the carbohydrate bar of the present invention with respect
to many properties, such as taste, consistency, colour, and stability during storage,

digestibility, and many more that are known to those of skill in the art.

10 The energy density of the bar is not critical for its effectiveness. However, a high
energy density has the advantage that less food needs to be ingested to replenish
carbohydrates as fuel to the body. Consequently, high energy densities are preferred

for the bar of the present invention.

15  One embodiment of the present invention is characterized in that the carbohydrate bar
has an energy density of 800-2200 kJ/100g, preferably 1000-2000 kJ/100g, most
preferred 1200-1800kJ/100g.

To be easily consumable - for example during a competition or in between competitions

20 - the serving size of the bar of the present invention is preferably relatively small.
Preferably, the carbohydrate bar has a serving size of 10-200 g, preferably 20-100g,
most preferred 50-80g.

Alternatively, the bar of the present invention may also be provided as bite size bars
25  with a serving size between 3 and 15g, preferably between 5 and 10g. This way, the

carbohydrate uptake can precisely be adjusted to the needs of an athlete.

A typical carbohydrate bar of the present invention may comprise the following
percentages of daily values (DV) based on a 2000 calorie diet: Between 4 and 6 %
30 total fat, including between 1 and 3 % saturated fats, between 5 and 9 % sodium,
between 0,5 and 1,5 % potassium, between 12 and 16 % carbohydrates, including

between 5 and 10 % glucose and fructose, and between 10 and 14 % proteins.

Additionally it may comprise between 80 and 120 % DV vitamin C, between 20 and 30
35 % DV calcium, between 25 and 35 % DV iron, between 80 and 120 % DV vitamin E,
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between 80 and 120 % DV thiamin, between 80 and 120 % DV riboflavin, between 80
and 120 % DV niacin, between 80 and 120 % DV vitamin B6, between 80 and 120 %
DV folate, between 80 and 120 % DV vitamin B12, between 80 and 120 % DV biotin,
between 80 and 120 % DV pantothenic acid, between 20 and 30 % DV phosphorus,

5 between 20 and 30 % DV magnesium, between 25 and 35 % DV zinc, between 25 and
35 % copper, and between 15 and 25 % DV chromium.

The carbohydrate bar of the present invention may be used for example as a food
product, as a food additive or as a nutraceutical.

10
In a preferred embodiment of the present invention the carbohydrate bar of the present
invention is used for the preparation of a food product or as a food product to provide

an increased performance, in particular endurance performance.

15  The formulation of this carbohydrate bar of the present invention may also be used to
provide an increased carbohydrate delivery without any increased gastrointestinal

disorders and/or to treat or prevent problems with the gastrointestinal tract.

The combination of glucose and fructose in the carbohydrate bar of the present
20 invention allows it that the high carbohydrate content of the bar of the present invention
is well tolerated by the body, so that problems of the gastrointestinal tract that one
would normally expect after a high level of carbohydrate intake during exercise are at
least partially avoided. Also the gastrointestinal tolerance for carbohydrates, in
particular the glucose/fructose mixture of the present invention will be increased.
25
The problems with the gastrointestinal tract as mentioned above are not particularly
limited but are preferably selected from the group consisting of upper abdominal
problems such as reflux, heartburn, bloating, upper abdominal cramps, vomiting,
nausea; lower abdominal problems such as intestinal cramps, flatulence, urge to
30 defecate, left abdominal pain, right abdominal pain, loose stool, diarrhoea; or systemic

problems such as dizziness, headache, muscle cramp or urge to urinate.

For exercise in general, but in particular for competitive exercise it is essential that the
body has blood sugar available for the muscles to burn at all times. In particular at the

35 end of a race it must be avoided, or the athlete will run out of energy. The subject
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matter of the present invention is well suited to prevent this. According to one
embodiment of the present invention the carbohydrate bar of the present invention can

be used to allow for an enhanced blood sugar maintenance late in exercise.

5 The carbohydrate bar of the present invention cannot only secure a long lasting blood
sugar maintenance, it can also be used to provide an increased exogenous
carbohydrate oxidation. Increasing exogenous carbohydrate oxidation was found to be
in particular increased if the carbohydrate uptake of a person is greater than 1 g/min,
preferably greater than 1.1 g/min even more preferred greater than 1.2 g/min.

10
Consequently, surprisingly, optimal exogenous carbohydrate oxidation is reached at a
carbohydrate ingestion above the theoretical threshold once thought for carbohydrate
oxidation (Jeukendrup AE and Jentjens R., Sports Med 29: 407-424, 2000).

15  This way, the energy delivery from carbohydrates during physical exercise can be

maximised.

Further, the carbohydrate bar of the present invention may be used to provide faster
energy delivery, in particular to working muscles, and/or to provide more sustained

20  energy to muscles. Both effects will contribute to an optimal performance of an athlete.

Finally, the carbohydrate bar of the present invention may also be used to treat or
prevent symptoms of fatigue and/or to improve cycling cadence, for example measured
in revolutions per minute and/or to decrease ratings of perceived exertion (RPE).

25
The present inventors found that the above listed uses can be successfully carried out
with any amounts of carbohydrates comprising glucose and fructose in a ratio of 3:1 to

1:1 to be ingested.

30 However, best results were obtained, when the carbohydrate bar was used in an
amount that corresponds to an ingestion of at least 30g CHO/h, preferably at least 50g
CHO/h, more preferably at least 65g CHO/h and most preferably between 80g CHO/h
and 110g CHO/h.

35 The inventors have found that the higher the amount of carbohydrates ingested per
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hour is, the more the exogenous carbohydrate oxidation can be increased. A maximum
of exogenous carbohydrate oxidation appears to be reached when the bar of the
present invention is consumed so that 100g - 150g carbohydrates are consumed per
hour, preferably 110g - 130 g carbohydrates per hour and most preferred 115g-125¢g

carbohydrates per hour.
It is clear to those skilled in the art that they can freely combine all features of the
present invention disclosed herein without departing from the subject matter as

disclosed.

Further features and advantages of the present invention are apparent from the

following Examples and Figures.

Figure 1 shows the results of the study of Example 2.

Figure 2 shows the results of the study of Example 3.

Example 1: Bar formulation

A typical formulation for a bar in accordance with the present invention is presented in

table form below:

Ingredient Amount Total Carbs  Sugars Sugars Other Carbs
(%) in Bar (Glucogenic)  (Fructogenic)  (glucogenic)
in Bar in Bar in Bar
Maltodextrin 12.933% 12.22 0.75 0.00 11.47
Milk Protein Isolate 8.979% 0.01 0.01 0.00 0.00
Soy Protein Isolate 0.500% 0.01 0.01 0.00 0.00
Rice Flour 5.273% 4.01 0.00 0.00 3.74
Flour Peanut 0.100% 0.02 0.01 0.00 0.00
Oat Bran 14.360% 6.98 0.00 0.00 4.77
Rice Crisps 8.985% 7.01 0.31 0.00 5.84
Crystalline Fructose 6.800% 6.77 0.00 6.77 0.00
Evap Cane Juice 33.150% 27.85 13.92 13.92 0.00
Syrup
salt 0.300%
Glycerine, 1.000% 0.04 0.00 0.00 0.00
Almond Butter 3.278% 0.25 0.16 0.00 0.08
Vanilla 1.234% 0.72 0.19 0.19 0.32
Vitamin/Mineral/Ami 3.108% 0.20 0.00 0.00 0.20
no Premix
Total 100.000% 66.08 15.36 20.88 26.45
Glucogenic Carbs 41.80 0.67
Fructogenic Carbs 20.88 0.33
Glucogenic Carbs/Fructogenic Carbs ratio 2.00
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The bar is produced as follows:

All wet ingredients are mixed together (syrup, glycerine, almond butter and flavours) at
50°C. Separately, dry ingredients are mixed together, then the wet slurry is added to
the dry mix and the mass is mixed for 2 to 5 minutes under high shear. The dough is

slabed and cut into bar shape before packing.

Example 2:

The tolerance of a carbohydrate (in the form of glucose and fructose in the ratio of 2:1)
intake of 90 g /h in the form of bars was tested. The bars were prepared according to
Example 1. 14 cyclists cycled 68 miles at an average speed of 19.5 miles/hour and
consumed 6 bars (app. 7z bar every 15 minutes). Each rider completed a questionnaire
immediately after the ride with questions about gastrointestinal complaints during the

ride. Results are shown in Figure 1.

While with a composition comprising only glucose consumed at a rate of about 90g
glucose/hour all cyclists would be expected to suffer from severe gastrointestinal
problems, the bars of the present invention allowed to reduce these problems

significantly.

Example 3:

The exogenous carbohydrate oxidation rates of a bar formulated with a 2:1 glucose
and fructose ratio were investigated versus a sports drink formulated also with a 2:1
ratio of glucose and fructose, as compared to previous research data of glucose and
fructose alone. The bars were prepared according to Example 1. 8 male cyclists rode in
the lab for 3 hrs at ~60% VOZ2peak, and consumed 2 bar every 15min, or the
equivalent in sports drink, so that the bar and sports drink resulted in a consumption of
1.55g CHO/min. Blood and breath samples were collected throughout the 3 hrs to
measure exogenous carbohydrate oxidation rates of the bar vs. the sports drink. Each
subject also completed a questionnaire immediately after the ride with questions about
gastrointestinal complaints during the ride. Results are shown in Figure 2. As shown,
there was no statistical difference in carbohydrate oxidation between either the sports
drink or bar form, showing the bar is as effective in providing carbohydrate at a high

level of efficiency (~75%) as the multi-carbohydrate source sports drink. The peak
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oxidation of the multi-carbohydrate sources (2:1 glucose:fructose) bar and drink was
~1.2g/min, which is considerably higher than achieved with a single carbohydrate

source (glucose alone at ~0.8g/min and fructose along at ~0.4g/min).
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Example 2: The tolerance of a carbohydrate (in the form of glucose and fructose in the ratio of 2:1) 10
intake of 90 g /h in the form of bars was tested. The bars were prepared according to Example 1. 14
cyclists cycled 68 miles at an average speed of 19.5 miles/hour and consumed 6 bars (app. 1/2 bar
every 15 minutes). Each rider completed a questionnaire immediately after the ride with questions
about gastrointestinal complaints during the ride. Residts are shown in Figure 1. 15 While with a
composition comprising only glucose consumed at a rate of about 90g glucose/hour all cyclists would
be expected to suffer from severe gastrointestinal [@tziesns, the bars of the present invention allowed
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a bar formulated with a 2:1 %ucose and fructose ratio were Investigated versus a sports drink
formulated alsBUFiB§RIP A reBA S TYNGesESan? flilctose, as compared to previous research data of
glucose and fructose alone. The bars were prepared according to Example 1. 8 male cyclists rode in
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of the bar vs. thefersiks ok, GReBsBiRFtiAlsR sOMPIRIssadtHBstiannaie Bampdiniebsaltaidhe ride
with questions about gastromtestlnal complaints during the ride. Results are shown in Figure 2. As

shown, there \Mg P& statistical difference in carbohydrate oxidation between either the sports drink or
bar form, showing the bar is as effective in providing carbohydrate at a high 35level of efficiency

(-75%) agthe gnulti- CéQ?BQW&F‘}PeS%HPeuﬁPOJ&E&?HQKcJ hGieaknd2 @Xidationbiheg  claims,

multi-carbohydrate sources (Zﬁb?iucose fructose) bar and drink was -1.2g/min, WhICh is con5|derably

higher than acHiBRGERP Qi haoevarydrasufactiguebbeiBae @P‘@Pﬁ@/ﬁﬁde@ﬁﬂ fActese along
at -0.4g/min). fetrdtiy2ex Basr L% of the energy of the bar.

4, Carbohydrate bar in accordance with one of the preceding claims,
15  characterized in that the carbohydrate fraction of the bar comprises dextrose and/or

maltodextrins.

5. Carbohydrate bar in accordance with one of the preceding claims,
characterized in that it contains less than 40 g protein per 100g bar and/or less than 20
20 g fat per 100g bar.

6. Carbohydrate bar in accordance with one of the preceding claims,
characterized in that it further contains vitamins, such as Vitamin C, Vitamin E, Vitamin
B12, Niacin, Vitamin B6, folic acid, biotin, panthotenic acid, Vitamin B, and/or Vitamin
25  B6, preferably in amounts that correspond to at least 10 % of the recommended daily

dose.

7. Carbohydrate bar in accordance with one of the preceding claims,
characterized in that it further comprises electrolytes and/or minerals, such as sodium,

30  potassium, calcium, iron, magnesium or zinc.

8. Carbohydrate bar in accordance with one of the preceding claims,
characterized in that it further contains amino acids such as I-leucine, L-valine and/or L-

isoleucine.



Claims 1.Carbohydrate bar comprising a carbohydrate fraction comprising glucose and fructose in a
ratio in the range of 3:1 to 1:1. 52.Carbohydrate bar in accordance with claim 1, characterized in that
the carbohydrate fraction of the bar comprises at least 30 % glucose and fructose, preferably 50 %
glucose and fructose more preferably at least 85 % glucose and fructose. 103.Carbohydrate bar in
accordance with one of the preceding claims, characterized in that the carbohydrate fraction of the bar
provides at least 50 %, preferably at least 70 % of the energy of the bar. 4. Carbohydrate bar in
accordance wih one @drtiehpdestedibgrclamsctbolarestenitied am¢hadfthéhearpodnatiiate fréamtian of the
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preceding claims, characterized in that it contains lessthan 40 g protein per 100g bar and/or less than
20 20g fat per 100g bar. 6. Carbohydrate bar in accordance with one of the preceding claims,
characterized i that ¢drsthgteastains viiemigsosieiz@s Witamond, ditagmen lpradéamin Blaimbliacin,
Vitamin Bg, folic_acid, biotin thotenic acid, Vitamin or Vitamin 2586, preferably jp amounts
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with one of theisfetekling cl@ens, characterized in that it further comprises electrolytes and/or minerals,
such as sodium, 30potassium, calcium, iron, magnesium or zinc. 8. Carbohydrate bar in accordance

with one of the1 Prece%n@ ?%a(ign , Characterized in that it further contajns, amino acids such as
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compounds seletitedifirgs) ¢beuring agents.

12. Use of a carbohydrate bar in accordance with one of claims 1-11 as a food
15  product or for the preparation of a food product to provide an increased performance, in

particular endurance performance.

13. Use in accordance to claim 12 to further provide an increased gastrointestinal
tolerance and/or to treat or prevent problems with the gastrointestinal tract.
20
14. Use in accordance with claim 13, wherein the problems with the gastrointestinal
tract are selected from the group consisting of upper abdominal problems such as
reflux, heartburn, bloating, upper abdominal cramps, vomiting, nausea; lower
abdominal problems such as intestinal cramps, flatulence, urge to defecate, left
25 abdominal pain, right abdominal pain, loose stool, diarrhoea; or systemic problems

such as dizziness, headache, muscle cramp or urge to urinate.

15. Use in accordance with one of claims 12-14 to allow for an enhanced blood
sugar maintenance late in exercise.

30
16. Use in accordance with one of claims 12-15 to provide an increased exogenous
carbohydrate oxidation, to provide faster energy delivery, in particular to working

muscles, and/or to provide more sustained energy to muscles.



10 group consisting of aroma compounds, fiber, caffeine, conservatives, guarana, acidifying agents,
binding agents, gel building material, water, fruit juice, fruits, antioxidants, colouring agents. 12. Use of
a carbohydrate bar in accordance with one of claims 1-11 as a food 15product or for the preparation of
a food product to provide an increased performance, in particular endurance performance. 13. Use
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cadence, for e @nlglﬁ /easgrﬁﬁqiél g[fa/o/ utions per minute and/or to decrease ratings of perceived
exertion (RPE§ . ks ith one of claims 12-16, wherein the carbohydrate bar is used
in an amount that corresponds to an ingestion of at least 30g CHO/h, preferably at least 50g CHO/h,
more prefgrably at least 65g CHO/h and most preferably between 80g CHO/h and 110g CHO/h. 10



