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FOOD PRODUCT AND PROCESS FOR PREPARI NG I T

FI ELD OF THE | NVENTI ON

The invention relates to food products. Mre in particular, it
relates to a starch containing food product having controlled
or delayed energy release properties and to a process for

preparing such product.

BACKGROUND TO THE | NVENTI ON

According to Wrld Health Organisation recommendations, the
optimal diet to maintain health conprises at |east 55% total
energy from a variety of carbohydrate sources. Cereals wth
high starch content provide the main source of carbohydrates
wor | d-wi de. Many other food products conprise starch, such as

bread, pasta, and pot atoes.

Starch is a honopol ymer of glucose. It consists of essentially
I inear anyl ose nolecules and highly branched anyl opectin

nol ecul es. Starch can be rapidly converted to glucose in the
intestinal tract. The glucose then enters the blood stream and
provi des the body with energy. In humans, starch degradation
is initiated by the action of alpha-anylase in the saliva. The
di gestion of the remaining starch nolecules is continued by
the actions of pancreatic al pha-anylases . In general,
pancreatic amylase is nore inportant for digestion because
food generally does not remain in the nouth |[ong enough to be
di gested thoroughly by salivary anylase. The mgjor products of
starch digestion by human al pha-anylase are di- and

ol i gosaccharides. Final hydrolysis of these products is
carried out by the oligosaccharide-degrading enzynes

anyl ogl ucosi dase (glucan 1, 4-al pha-glucosi dase) and isonaltase

(oligo 1,6 glucosidase) in the brush border.
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However, there is increasing evidence that a high intake of
food products leading to a high glycaemc (blood glucose)
response has a deleterious effect on type-2 diabetes and

cardi ovascul ar disease. Diets leading to a |low glycaemc
response appear to be useful in the managenent of the

met abolic syndrome and of hyperlipidaem a. Lowering of

chol esterol levels has also been observed in healthy subjects
and there are also indications of inprovenents in fibrinolytic

activity.

Differences in the post-prandial glucose profile may also be
of physiological significance for satiety and weight
mai nt enance. Data regarding the satiating capacity in relation

to glycaemc features are, however, not consistent.

Much less information is present regarding the potenti al

i npact of post-prandial glycaemc |evel on cognitive function
and nmental performance. There are sone studies to support a
rel ati onship between glucose availability and changes in nood
and/or mental function ('energy' , 'alertness' ,

‘concentration' , 'reduced irritability' , 'reduced fatigue' |,
‘vitality' ). The optimal blood glucose curve has yet to be

defi ned.

The concept of 'energy' is used widely in the food industry.
However, nost 'energy' <clains are not scientifically
substantiated and the underlying technology is nostly generic.
Furthernore, the concept is very nmuch restricted to cereals
and biscuits. For other applications in which the water

content is higher and heat is applied in the production
process, this approach wll not work. For exanple, when starch
granules are heated in the presence of water, gelatinization

occurs, which renders the starch nolecules fully accessible to
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di gestive enzynes, resulting in rapidly digestible starch.
Dependi ng on the process, part of the starch mght also turn

into indigestible starch without nutritional value.

It is therefore an object of the present invention to provide
a starch containing food product having controlled energy

rel ease properties and which overcones one or nore of the
above nentioned draw backs. Surprisingly, it has now been
found that the above-nentioned object can be achieved by the
starch containing food product according to the invention,
wherein at least 25% preferably at |least 40% nore preferably
at least 60% by weight of the starch is contained within

intact plant cells.

According to the invention, natural plant cell barriers (i.e.
the plant cell wall) are used to delay the hydrolysis of
starch inside the plant cells. In particular intact pea cells
and banana cells showed, also after heating, excellent

controlled energy release properties.

SUMVARY OF THE | NVENTI ON

According to a first aspect, the invention provides a starch

containing food product having controlled energy release
properties, wherein at |east 25% by weight of the starch is

contained within intact plant cells.

According to a second aspect, there is provided a process for

preparing such a food product.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The invention relates to a starch containing food product. By
the word "starch", we nmean any honopol yner of gl ucose,
including naturally occurring conjugated forns of starch such

as phosphorylated starch. Naturally occurring starches contain
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Iinear anylose nolecules and highly branched anyl opectin

nol ecul es

The food product of the present invention has "controlled"
energy release properties. There are now several ways to
visualise and quantify the glycaenic effect of foods. The
glycaemc index (d) concept has been introduced to enable
conmpari son of foods based on their glycaenmic effect. It
provides a standardised conparison for the 2 hour post-

prandi al glucose response of a carbohydrate with that of white

bread or gl ucose.

Avoi ding products that cause an imrediate high blood sugar
level will help to get a lower glucose response, but that can
al so be acconplished by "slow' -carbohydrates. In that respect,
one now speaks of rapidly available carbohydrates (RAC) or
slowy available carbohydrates (SAC) or, specifically for
starch and its digestibility, of rapidly digestible starch
(RDS) , slowy digestible starch (SDS) , and resistant starch
(RS) . Rapidly digestible starch is starch that is quickly
hydrol ysed, which results in high blood glucose

concentrations, which are maintained for only a short tine.
SDS is defined as starch that is likely to be conpletely
digested in the small intestine but at a slower rate,
resulting in lower blood glucose levels that are nmintained

for a longer tine.

Resistant starch is the sum of starch and products of starch
degradation that are not absorbed in the small intestine of
healthy humans. RS therefore reaches the colon where it can be
fernmented by present mcro-organisnmse and where it can play a

role in the maintenance of human digestive health.
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The determinants of post-prandial glucose excursions are
nunerous and include the amount and nature of the
carbohydrates ingested, the rate of gastric enptying, the
rates of intralumnal carbohydrate digestion and of intestinal
gl ucose absorption, the entero-pancreatic hornonal response,
and specific postabsorptive netabolic changes. Of these
processes the rates of gastric enptying and digestion/
absorption were the npbst inportant ones. The rate of digestion
is the major determinant of glycaemia in the case of starchy
foods. Differences in glycaemic responses to dietary starch

are directly related to the rate of starch digestion.

As indicated above, slowy available glucose (SAG is likely
to be conpletely digested in the snmall intestine but at a
slower rate, resulting in lower blood glucose levels that are
mai ntained for a longer tinme. On the other hand, rapidly

avai |l abl e glucose (RAG is carbohydrate that is quickly

hydrol ysed, which results in high blood glucose

concentrations, which are nmaintained for only a relatively

short tine.

Englyst et al. (Englyst KN Englyst HN, Hudson G, Cole TJ,
Curmings JH Rapidly available glucose in foods: an in vitro
nmeasurenent that reflects the glycaemic response. Anerican
Journal of Cdinical Nutrition (1999) 69:448-54.) wused an in
vitro test that correlates significantly to the in vivo
glucose curves. The in vitro neasurenent of RAG and SAG coul d
predict the glycaenmic response neasured in human studies.
Englyst et al. defined RAG in the in vitro situation by the
anount of carbohydrate hydrolysed to glucose after 20 nmin
(called &0) . Also the anobunt hydrolysed was neasured after
120 minutes (called Gl20) . The anount hydrolysed during these
120 minutes was considered to be available for absorption in

the small intestine. Anything hydrolysed after the 120 mn was
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considered not available for absorption and considered
resistant. The amount of carbohydrates hydrolysed between 20
and 120 mn (i.e. Gl20 - &Q0) was defined as SAG In the ideal
situation one would like to have a carbohydrate with a very
low Q20 and a very high G120, resulting in a high difference
between &0 and Gl20. However, many efforts in industry to
make certain products slowy digestible render them (partly)
resistant. As such one wants to keep Gl20 as close as possible
to the theoretical maxinmum (i.e. 100% of the total anpunt of

theoretically available carbohydrate)

In the present invention, we define "controlled energy

rel ease" as the release of carbohydrates represented by an in
vitro hydrolysis (curve) , where GL20- (20 is significantly

hi gher than in a proper control that contains the sane anount
of avail able carbohydrate, while GlL20 is as high as possible,
i.e. at least 50, 65 80 or even 90% of the theoretical

maxi mum

By varying the relative anmounts and by conbining rapidly
di gesti ble carbohydrates (i.e. starch) and carbohydrates wth
t he above-nentioned properties, the release properties of

energy in a food product can be controll ed.

According to the present invention, natural plant cell

barriers (i.e. the plant cell wall) may be used to control the
hydrolysis of starch inside the plant cells. In the follow ng
Table 1, sone exanples are given of plant cells that contain
sufficient amunts of starch during sone of their

devel opnental phases, i.e. at |east about 5% by weight, so

that they may be used in the present invention.
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Roots/Tuber:

Cassava (Manihot esculenta)

Potatoes (Solanum tuberosum)

Parsnips (Pastinaca sativa)

Yam (Dioscorea spp)

Tannia (Xanthosoma saaittifolium)

SEEDS:

(a) arains

Corn (zea mays)

Durum wheat (triticum durum)

Hard white wheat (triticum aestivum)

Buckwheat (Fagopyrum esculentum Moench)

QOat (avena sativa)

Wild rice (Zizania spp.)

Brown rice (Oryza sativa L.)

(b) nuts

Brazil nuts (bertholletia excelsa)

Chinese chestnut (casteanea mollissima)

Cashew (anacardium occidentale)

Japanese chestnut (casteanea crenata)

Butternut (juglans cinerea)

Ginkgo nuts (ainkgo biloba)

Pistacio (pistacia vera)

Acorn (quercus spp)

Beechnut (faqus spp)

(c) leaumes

Lima bean (phaseolus lunatus)

Black/kidney beans (phaseolus vulgaris)

pinto beans (phaseolus vulaaris)

white beans (phaseolus vulqaris)

vellow beans (phaseolus vulgaris)

broad beans (vibia faba)

winged beans (Psophocarpus tetragonolobus)

hyacinth beans (Dolichos purpureus)

chickpeas (Cicer arietinum)

yambean (Pachyrhizus spp.)

cowpeas (Vigna unquiculata)

cowpeas (Vigna unquiculata cylindrica)

lentils (lens culinaris)

vardlong bean (Vigna uniguiculata sesquipedalis)

mung bean (viana radiata)

mungo bean (vigna mungo)

soybean (glycine max)
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peas green (Pisum sativum)

Fruits:

banana (Musa paradisiaca)

plantains (musa X paradisiaca)

(unripe) dates (Phoenix dactylifera)

(unripe) durian (Durio zibethinus)

(unripe) mango (Mangifera indica)

(unripe) figs (Ficus carica)

Two types of cells were found to be of particular use in the

present invention, namely pea cells and banana cells.

Intact plant cells or aggregates of intact plant cells may be
prepared from conplete plants or parts thereof by a process
wherein the cell adhesion is reduced, such that the individual
cells or small aggregates of cells are forned. Aggregates of
plant cells are small lunps or clusters of plant cells, which

may be from 200 pum up to 5 mm in dianeter.

The process of preparing intact plant cells generally involves
a soaking step or a honobgenising step, a heating step and a
sieving step, optionally followed by a spray-drying step.

Sui tabl e aqueous nedia for reducing the cell adhesion by pre-
soaki ng i nclude:

1. 0.1M O0.5M and | M EDTA sol utions,

2. 0.04, 0.05 0.08 and 0.2g NaHCO; / g solutions

3. Water, Nayccy solutions

4. 0.05-0.5 Mcitrate

5. 0.50-0.5 M phosphate

O her agents that could result in cell separation are suitable

enzynmes such as pectinase, pectate and pectin-|yase.

After soaking for a nunmber of hours for instance overnight,
the cells can separated by a mld heating at tenperature of 50

to 75°C for up to 90 mnutes. Then, the plant material (cooled
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or warn) is sieved sequentially through a nunber of sieves

with an aperture equal to or higher than:

1. 5mm
2. 2mm
3. Imm
4. 500um

5- 250um sieves

Depending on the need for separation of the cell at specific
clusters or aggregates, a suitable subset of sieves can be
used. Maximum cell separation can be obtained by using the

| owest aperture sieve. A maximum degree of cell separation
reduces the likelihood that intact plant cells are detected in

the food product during consunption.

For the purpose of the present invention the intactness of the
plant cells in a suspension can be quantified by two
appr oaches:

(a) Using a haenocytoneter : The heanocytoneter can be used for

gquantifying the maxi num nunber of single intact cells
produced. A haenocytoneter consists of a glass slide with a
chanber for counting cells in a given volunme. The chanber
contains a ruled area and the counting was done visually wth
the aid of a light mcroscope. The single cell material was
turned to a suspension by being diluted to 0.056g material/m.
One drop from the cell suspension was added to the centre of
t he haenocytonmeter glass. The dispersion of the cells was kept
honmbgenous by adding 1 to 4ng/m guar gum The nunber of cells
in each main square was counted. The nunber of cells per

vol une was cal cul at ed; knowi ng that the depth of
haenocytoneter glass is Inmm and one main square of the
haenocytoneter corresponds to an area of Im?. A LEICA DVRB
(Das M kroskop Research Biologisch) |light microscope with a
JVC KY55 camera was used to obtain the inmages. Sone typical

values obtained for pea cells are shown in Table 2 bel ow.
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Table 2

Cell counts corresponding to each treatnment condition. All

were sequentially sieved through Imm 450pum and 250um si eves.

Soaki ng conditions | Tenperature-Tine Cel | count
(cells/ mmd)

Overni ght, 0.056g 500C, 90 minute 12

NaHCO,;/ ml soln

Overnight, 0.05g 60°C, 90 minute 31

NaHCO,;/ ml soln

Overnight, 0.05g 709C, 15 minute 27

NaHCO;/ ml soln

Overnight, 0.05g 70°C, 90 ninute 50

NaHCO;/ ml soln

(b) Wt sieving: Wt sieving could be used for obtaining an

overview of the percentage of intact cells (either single or
aggregates) vs. the percentage of broken cells and free
starch. After the creation of intact cells (either single or
aggregates) a given anount (say 5Qy) is being suspended to a
gi ven amount of water. The suspension is passed through a
series of sieves. The selection of the sieves with the [|ower
apertures is nade on the basis of the cell dianeter of the
comodity that was cell separated. For the case of the pea
cells a series of sieves with apertures equal or lower of 5mm
2mm  500um, 250pm, 200um and | OOpm were used. The sanple
retained on the sieves of 100 pum was collected and centrifuged
at 3500y for 3 minutes. The precipitate was collected and its
wei ght was neasured. The weight of the precipitate was
expressed as percentage of the initial weight of the plant

mat eri al
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The % starch contained in intact plant cells (either in single
cells or aggregates) can be calculated wusing the follow ng

met hods

An amount of the plant material is collected and analysed for
starch content (TS) . An amount of plant material paste is
mxed with water. The wet sieving is performed as described
above in the wet sieving section and the fractions of intact
cells (either single or aggregates) are collected and its
starch content is analysed. This wll provide the amount of
intact cell starch (1CS) which will result in a delayed

rel ease of the glucose. The percentage of starch retained in
intact cells is calculated on the basis of the nmeasured val ues

of ICS and TS.

The intact plant cells may be stored in an aqueous solution,
but they are preferably spray-dried to obtain a dry powder.
Such dry powders can be conveniently wused in the preparation

of conplete, starch containing food products.

Sone Exanples of starch containing food products in accordance
with the present invention (but not limting to these) are:
drinks/ beverages, neal replacenent products such as drinks,
bars, powders, soups, dry soups / powdered soup concentrates,
(fat) spreads, dressings, (whole) nmeals, desserts, sauces,

sport drinks, fruit juices, snack foods, ready-to-eat and pre-
packed neal products, ice creans and dried neal products.

(Dry) soups are especially preferred.

The starch containing food products can be prepared by
adm xing the starch containing plant cells, in dry form or in
the forms of an aqueous suspension, wth the rest of the food

pr oduct
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The starch containing food product may optionally further
conpri se conventional ingredients such as proteins, fats,
salt, flavour conponents, colourants, emulsifiers,

preservatives, acidifying agents and the Ilike.

The invention can be further illustrated by nmeans of the
following non-linmting exanples. In the draw ngs:

Figure 1 shows a G ucose Release curve from pea cells and
crushed pea cells upon standard glucose assay. Suspensions
were subjected to pre-assay treatnment at 100'C for 40 minutes
(Megazyme D-d ucose HK Assay Kit) .

Figure 2 shows a G ucose Release Curve from crushed pea cells
and starlite pea starch which were used in equivalent total
hydr ol ysabl e carbohydrate anmount, upon the action of a
standard gl ucose assay. Suspensions were subjected to pre-
assay treatnment at 100°C for 40 minutes. (Enzytec HK Assay
Kit)

Figure 3 shows Maltose concentration (g/L) based on the 540 ran

absorption of the DNSA treated sanples of Banana cells.

Enzymatic starch hydrol ysis
Al pha- anyl ase based on Bernfeld

(Bernfeld, P., 1955, Anylases, o and [3, Methods in Enzynol ogy,
Vol. 1, Academ c Press, Ny, 149-158). A suspension of 1%
starch was nmade in 0.02 M phosphate buffer pH 6.9, containing
0.067 M NaCl. In some cases, suspensions were heated about 1
mnute at 800 Win a mcrowave oven. A 1% solution of Biobake
a-anyl ase was nmade in 0.9% NaCl. Starch sanples were mxed one
to one with enzyne solution and m xtures were incubated at
370C at +/- 100 r.p.m in a shaking incubator (Ilnnova 4080) .
Sanples were taken at different tinme intervals and anal ysed
for the degradation of starch by the colourinetric assay
descri bed below. Blanks were prepared w th phosphate buffer

and denatured enzyne solutions.
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Al pha anylase or pancreatin and anyl ogl ucosi dase based on

Engl yst
(Englyst, KN, Englyst, HN, Hudson, GJ., Cole, T.J.,

Cumm ngs, J.H., 1999, Rapidly available glucose in foods: an
in vitro neasurenment that reflects the glycaem c response,

American journal of clinical nutrition 69, 448-454) .

To 10 to 20 m starch sanples, ranging from 0.5 to 2% (wv)
starch, 2.5 or 5 m enzyne solution was added. Starch sanples
were made in 0.1 M sodium acetate buffer of pH 5.2, containing
0.004 M Cad , (Englyst et al., 1999). Wen starch was heated
in order for gelatinisation to occur, starch suspensions were
heated for 5-60 nminutes at 1000C in a water bath (Lauda) , and

cooled to room tenperature afterwards.

The enzyme solutions used for the incubation of starch sanples

contai ned either:

1. 3375 units/m a-anylase and 16 units/ ml anyl ogl ucosi dase

2. 3375 units/mM pancreatin, and 16 units/m anyl ogl ucosi dase
Al enzyne solutions were nmade in water. Wen using pancreatin
for the enzyne solutions, 18 gram pancreatin was dissolved in
120 ml water and suspended by stirring. After centrifugation
for 15 mnutes at 1,500 g, 90 m of the supernatant was m xed
with 10 ml water. To this solution, anyloglucosidase was

added. Incubations were performed in a shaking incubator or in
a shaking waterbath (Gant) at 379c, at 100-160 r.p.m Sanples
were taken after different tinme intervals, but always after 20

and 120 m nutes of incubation.

Sanmpl es obtained from both incubation nethods were analysed
for the degradation of starch by a colourinetric assay
measuring reducing end groups or by quantification of the

gl ucose concentrati on.
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Acid total starch hydrolysis

Starch was suspended in 0.5 ml water and hydrolysed under acid
conditions (0.5 m 2M HCO added) at 99°C during 2 hours to
obtain total starch hydrolysis. After cooling 0.5 m 2M NaCH
was added to neatralise the sanple. The anount of hydrolysed
starch was determined via quantification of glucose either by

a colourinetric or enzymatic assay.

Quantification of hydrol ysed hydrol ysed starch

(a) Colourinetric

Reducing end groups were neasured with a method described by
Bernfeld (1955). 10 g of 3,5-dinitrosalicylic acid (DNSA) was
di ssolved in 200 ml 2M NaCl and 500 m H,0. Stirring and
heating the suspension up to 609C pronoted dissolving. After
that, 300 g Rochelle salt (sodium potassium tartrate
tetrahydrate) was added and the solution was adjusted to 1,000

m with H,0. The DNSA solution was kept from light at room
tenmperature. 500 Ml of sanples to be analysed was added to 500

Ml DNSA solution and heated for about 5 minutes at 1000C in a
t hermomi xer  (Eppendorf thernom xer confort) . After that, tubes
containing the mxtures were cooled under running tap water or
on ice. Solutions were diluted properly with H,O and the
absorbances were neasured at 540 nm (Shimadzu) . Standard
concentrations of maltose (ranging from O0-5 ng/m) were
prepared in 0.02 M phosphate buffer pH 6.9, containing 0.067 M
NaCl. From the absorbances neasured, nualtose concentrations

wer e cal cul at ed.

(b) Enzynmtic gl ucose assay

The glucose concentration of sanples was neasured using an
enzymatic kit (Megazyne DG ucose HK Assay Kit, available from
Enzytec) . The neasurenent was based on the follow ng

principl e:
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hexoki nase

D gl ucose + ATP » (ducose-6-phosphate + ADP

d ucose- 6-phosphat e- dehydr ogenase

d ucose- 6- phosphat e + NADP* » 6-PG + NADPH + H*

The reaction was performed in 3 m plastic cuvettes. To 1 ml

of triethanol am ne (TEA) buffer of pH 7.6, containing

approximately 80 mg NADP and 190 mg ATP, 100 pl of sanple or
Standard glucose solution was added, followed by 1.9 m H,0.
To the blank solution, 2 m H,O was added. Solutions were

m xed and after approximately 3 minutes the absorbance was

measured at 340 nm against water. Then, 20 ul of a

hexoki nase/ gl ucose- 6- phosphat e dehydrogenase suspension (200 U
/ 100 uU) in amonium sul phate was added to the solutions and
solutions were mxed. After 10-15 mnutes the absorbance was
nmeasured again and neasurenents were repeated after 2 mnutes
to check if the reactions had stopped. The glucose

concentration of the sanples was calculated with the follow ng

formul a:

c = (v x Mvx A) / (¢ x dx v x 1000) [g glucose/1l sanple
sol uti on]

c = (3.020 x 180.16x AA) /(6.3 x 1 x 0.1 x 1000) = 0.8636x AAlg
glucose/1 sanple solution]

Exanple 1 - Pea Cells

Cells were isolated from dried marrow fat peas purchased from
the local supermarket. The intercellular interactions were
weakened by overnight soaking in 0.2 g/n NaHCO;, followed by
a heat treatnent at 700C during 90 minutes. The cells were
then physically separated by 3 subsequent sieving steps (Imm

0.5 mMm and 0.25 mm respectively). After the sieving steps the
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pea cells were spray-dried (LabPlant, SDS20) and stored in
powder formto be used in the assessnent of the barrier
properties of the cells. To assess the effects of cell barrier
properties, starch hydrolysis assays were applied to both the
intact cell powder and the physically crushed cell powder. The
crushed cell powder was prepared fromthe dried pea cells

after sieving through a 0.075 mm sieve. The material that
passed through the sieve was crushed with nortar and pestle
into crushed pea powder. Before the enzynme assay both the
intact and the crushed cell powder were heat treated at 1000C
for 40 minutes. The intact and crushed cells were subjected to
the hydrolysis assay with pancreatin and anyl ogucosi dase

(based on Englyst) and glucose content was quantified with the
enzymati ¢ glucose assay. The ampbunt of the sanples of the
intact and crushed cells in the hydrolysis assay was based on
an equal anount of starch as determned with the total starch
hydrol ysis assay. The results are given in Figure 1. It is
clear that intact pea cells give a significantly slower starch
hydrol ysis conpared to the crushed cells, which shows that
controlled energy release can be obtained by neans of intact

pea cells.

The hydrolysis pattern of crushed cells was also conpared to
that of a comrercially available pea starch. Figure 2 shows
that the hydrolysis patterns are nearly identical, indicating
that the intactness of cell is essential for controlled energy
rel ease. Furthernore, a conparison between crushed pea cells
and cooked mmize starch resulted in nearly identical

hydrolysis curves in the starch hydrolysis assay, indicating
that the slower rate of the hydrolysis of the intact plant
cells was due to the cell integrity rather than to other

constituents of the pea cell
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Exanple 2 - Hydrol ysis of banana starch

Banana cells were isolated in a simlar manner. To this end
unri pe banana (plantain) fruit was peeled and cut into snall
slices. Slices were soaked overnight in a citric acid buffer
containing 1% ascorbic acid and 0.185% (ww EDTA and bl ended
in a kitchen blender. The resulting slurry was sieved through
0.5 and 0.25 nm sieves and cheesecloth. The filtrate was
stored chilled overnight and the cells were dried in an oven.
The cells were suspended 0.2M phosphate and heated at 979C
during 10 minutes. After cooling the rate of hydrolysis of the
banana starch was determned with the Bernfeld assay. For
conmpari son, a sane anmount (as determined by the total starch
anal ysis assay) of cooked maize starch was also hydrolysed in

the Bernfeld assay.

After a heat treatnment, a slow hydrolysis of the banana starch
as conpared to the nmize starch was obtained, indicating that
controlled energy release can be obtained by neans of intact

banana cells. The results are shown in Figure 3.
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CLAIMS

1. Starch containing food product having controlled energy
rel ease properties, wherein at |east 25% by weight of the

starch is contained within intact plant cells.

2. Food product according to claim 1, wherein at |east 40%
by weight of the starch is contained within intact plant

cells.

3. Food product according to claim 1, wherein at |east 60%
by weight of the starch is contained within intact plant

cells.

4. Food product according to any one of the preceding
claims, wherein the intact plant cells occur in the form of

aggregates of plant cells having a dianeter of less than 5 mm

5. Food product according to claim 4, wherein the aggregates
of plant cells having a dianeter of less than 1 nm preferably

less than 0.5 mm

6. Food product according to any one of the preceding
clains, wherein at npost 80% of the starch is present in a

gelatinised form

7. Food product according to any one of the preceding
claims, wherein the plant cells are selected from the group
consisting of roots/tubers, seeds (grains, nuts or |egunmes) or

fruits.

8. Food product according to any one of the preceding

clainms, wherein the plant cells are pea cells or banana cells.
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9. Food product according to any one of the preceding

clainms, having a high noisture content.

10. Food product according to claim 9, in the form of a
liquid product selected from the group consisting of sauces,

soups and dri nks.

11. Process for the preparation of starch containing intact
plant cells from conplete plants or parts thereof, conprising
a soaking step or a honogenising step, a heating step and a

sieving step, optionally followed by a spray-drying step.

12. Process for the preparation of a starch containing food
product according to clains 1-10, conprising the step of

adding intact starch containing plant cells to a food product,.

* k%
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Fig.1.
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Fig.3.
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