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menbrane filterspaTeY oF PRECINVERIRON on of the

starch product to increase the concentration of
ose fragnents that have a degree of polynerization
( &F ebogimentoft the boienties is Apeackssr foe rpm;hacmm stefcht HBhe process

compﬁ%e%sﬁ&\gm' ny efnc‘éd L %%rr%hi g%lé S(:toranirpcffgesp ral%% Iabsc :rgv?]l Ceol%ca%(%%ansferase to
producé uehhinesxtendled [seac, aﬁ@fwhtn@%:@amthended starch with a debranching
enzyme to preduce a starch product that comprises amylose fragments. At least about 38%
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35. The process can optionally further include recovering the amylose fragments. As another
option, the process can include membrane filtering a solution or dispersion of the starch
product to increase the concentratlon of amylose fragments that have a degree of
polymerization (DP) of at least about 35.

Another embodiment of the present invention is a starch product produced by the
above-described process. In some embodiments of the invention, at least about 40% by
weight of the amylose fragments have a degree of polymerization (DP) of at least about 35.

If the process used to make the starch product includes membrane filtration, then in some

embodiments at least about 50% by weight of the amylose fragments have a degree of
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chain lengths (i.e., starch molecules having a degree of polymerization of at least 35) and
therefore does not have the thermal stability needed for a resistant starch. In addition, the
debranched dent starch contains a fraction of long chain lengths from amylose as well as
short chains from-amylopectin. This combination of heterogeneous chain lengths is not
optimal for crystallization and amylase resistance.

The feed starch used in the present process can come from a variety of sources,
including dent corn, waxy corn, high amylose ae genetic corn (ae is the name of a genetic
mutation commonly known by corn breeders and is short for “amylose extender”), potato,
tapioca, rice, pea, wheat, waxy wheat, as well as purified amylose from these starches, and
alpha-1,4 glucans produced according to patent application WO 00/14249, which is

incorporated herein by reference, and combinations of two or more of these starch sources.
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solutidncanlBeSobtained from a Glucose Release Kit from WAKO, or can be prepared with
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solution is also used. The substrate solution is 1% maltotriose (0.1 g maltotriose in 10 ml of
50 mM phosphate buffer at pH 6.0).
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100 gram of starch, preferably about 5-12 ml/100 g. The glucanotransferase can be contacted
with the starch in a single dose, or split into multiple doses. In one embodiment of the
invention, the total dosage is split into three portions which are provided at separate times
(for example, three separate doses of 2.5 ml/100 g each), with at least one hour between each.
In some embodiments, the reaction temperature can be from about 75-85°C, and the reaction
time can be less than about 8 hours, preferably less than about 6 hours.

Optionally, an additional starch-based material can be added to the chain-extended
starch prior to debranching. For example, a maltodéxtrin can be added.

The resulting chain-extended starch can then be treated with a debranching enzyme,

such as isoamylase or pullulanase, for example at a temperature of about 30-60°C and a pH of
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the c&lﬁerﬂegf’ tlcl)r\{gae% ec%alk%y components. This can be carried out, for example, by
microfiltration of the crystallized debranched product at a temperature of at least about 80°C
using a ceramic membrane with a pore size of about 0.45 microns. After collecting 1.5 to 2.5
volumes of permeate relative to the volume of the starting slurry, while maintaining the
volume of the retentate by addition of deionized water, the product is isolated by
concentrating and spray drying or by centrifuging and oven drying the retentate.
The product produced by the process contains a high percentage of amylose which is
suitable for making starch that is resistant to alpha-amylase. The resistant starch can be
added to a number of food products to reduce their glycemic index, and increase dietary fiber

and probiotic effect in the colon.
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the suspension carefully heated to 65-70°C under constant stirring to form a thick gel. A lid
was placed on the glass beaker which was then transferred to an autoclave. When the steam
pressure had reached 40 psi (140°C) the conditions were maintained for 30 minutes, after
which the autoclave was allowed to cool.

The cooked starch was then partially debranched after it had been transferred to a

stired glass reactor. The temperature was adjusted to 55°C, pH 4.3, and 0.0872 g

Pseudomonas amyloderamosa isoamylase (350,000 IA units/g, from Hayashibara), was
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The reaction was stopped by lowering the pH to below 3.0.

Example 4

A sample of the glucanotransferase treated dent starch from Example 1 was received
as a frozen slurry. After saving a 50 g sample of the thawed slurry, the remaining slurry
(495.3 g) was diluted with 200 g of deionized water and pH adjusted to 6.5 with 5% NaOH.
The slurry was placed in a stirred high pressure reactor. After purging with nitrogen, the
reactor was heated to 140°C for 1 hour, and then cooled to 105°C. The product was removed
from the reactor by purging through a valve connected to a dip-tube into a 3-neck round
bottom flask. The flask was placed in a 45°C water bath and the pH was adjusted to 4.5 by
adding dilute HCl. When the temperature of the solution reached 45°C, 18 mg (300

units/gram of starch) of Hayashibara isoamylase was added. The solution was allowed to stir

overnight. The enzyme was deactivated by heating to 85°C for 1 hour.
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45°C, 40 mg (300 units/gram of starch) of Hayashibara isoamylase was added. The solution
was allowed to stir overnight. After adjusting the pH to 6.0, the sample was heated to 95°C in
a water bath and stirred for 1 hour. The flask was then placed in a 45°C water bath, pH
adjusted to 4.5 with dilute HC] and 30 mg of Hayashibara isoamylase was added when the
temperature of the solution reached 45°C. After stirring overnight, the pH was adjusted to 6.0
and heated to 85°C for 1 hour.

Molecular distribution data showed that this sample was not completely debranched,
indicated by the presence of a significant amount of >16,000 Dalton material. The sample
was pH adjusted to 6.5 with 5% NaOH and heated as described above to 140°C for 1 hour in
a high pressure stirred reactor. The sample was removed from the reactor and placed in a

flask in a 55°C water bath and pH adjusted to 4.5. After the solution reached 55°C, 79 mg of
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6 MicasTilrieat & te@rra08utfiara dydhahilcomprising a reservoir with a heating
jacket connected to a recirculation pump and a housing containing a Millipore 0.45 micron
ceramic membrane. The jacket was heated with a circulating oil bath and the membrane
housing was heated with an electric heating tape. The membrane housing was generally
maintained at 10-15°C higher than the reservoir temperature to prevent crystallization of
debranched material in the membrane.

The debranched glucanotransferase-treated dent starch suspension from Example 6
(1056.9 g at about 5% solids) was diluted with 297 g of deionized water and heated in the
microfiltration reservoir with recirculation to 80°C and held for 1 hour before starting to draw
permeate from the membrane housing. As permeate was collected an equal volume of
deionized water was added to the reservoir. After 3360 grams of permeate were collected, the

retentate (1236 g) was withdrawn from the reservoir and allowed to cool in a beaker placed in
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Example 9

GT enzyme treatment of dent starch:

Dent Starch Pearl-C (15%) was jet-cooked (285-290°F), the pH was adjusted to 5.7,
4-o-glucanotransferase (GT) [2.4.1.25] was added (10 ml/100 g starch), and reacted at 80°C
for 4 hr. The starch slurry was heated to 140°C for 1 hr, the slurry was incubated at 55°C, pH
4.5, isoamylase was added (Img /g staréh) and the slurry was incubated for 24 hr, The
starch slurry was cooled to room temperature, and then stored at 4°C.

Debranching GT treated starch in DMSO solution:

Debranching of GT treated starch in an experiment in which STAR-DRI® 10
maltodextrin (Tate and Lyle, Decatur, Illinois) was conducted in DMSO solution. Dry starch
(35 mg) was dissolved in 1 ml aqueous DMSO (DMSO:water = 9:1 v/v) or wet samples (269
mg, 13% DS in GT treated samples) were dissolved in 0.9 ml pure DMSO. The starch
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Figure 2 shows chromatograms of GT treated resistant starch that was debranched
using 1 mg isoamylase/g starch in the reactor for 24 hr, and further debranched by analytical
debranching. The microfiltration retentate had a peak DP of about 35, while the
microfiltration permeate had a peak DP of about 14. The filter paper retentate had a peak DP
of about 30.

Figure 3 shows chromatograms of GT treated resistant starch that has been
debranched using 1 mg isoamylase/g starch for 24 hr in the process, and GT treated resistant
starch further debranched by analytical debranching. Figure 3 shows that GT converted
starch was almost completely debranched in the reactor using 1 mg isoamylase/g starch for
24 hr. u

Figures 4 and 5 show percentages of different DP ranges of three portions of GT
converted starches. Microfiltration retentate had about 38% DP 37-100, 59% DP 25-100,



i soanyl ase [10 ng/ M isoanyl ase (1, 280,000 U g solid)

in 0.1 N NaQAc buffer, pH 4.5] was added to the starch
wa@eianswor The starch and i soanyl ase m xture WaST/US2006/034666

i ncubated in a water bath at 390C for 2 hr. The starch

and isoanyl ase m xture was peated in boiling water for

10% BP 1012) an@BgbstHE - g&k ﬁﬁ%ﬁrbt rﬁ@&gha&%uﬁz%a% 37199, 26%

[ soarryl ase was ad xture was 1 ncu
DP 25800 40%2PPdr12) @bd AAHdP @24t Feltetpaperheteniate hadrabwais33% DP 37-

te r,,20 mn, and cool ed
100, %%o{i\lp%dzé g%(fﬁn‘l{/elﬁgém@r %?&}&Ibéj 4al | guot of the
m xture was diluted with 2 nL of pure DMSO The DVSO
m xtures (about 5 starch/m) were heated in a
bdibledy Parseripghef Piffesnt B Ranges il GoiodvertedcStotcht o war m
terrperature Dovvex MR-3 resin (O 5 g) was added to the

st Ch—S©o t e shalkenr—fo o---ehve--NaQAc.
hoDeRsr oh 0T ST Jae 951 ilopergE)Pthll%um a 0. PP At
Polyperization M1 ipore flilter attached to & 3 m syrinde.

SECRetenfak®C fol um. Fijgure 1 shomws the tptal dietary
fiber conteht (TDF) of differe portiohs of GT

c doefittsationbnt st %M. |f rB&ofi|trdd%hn was 1@eh
uselermeate pfeci pit at ¢d converted starchjwas filtereqg

T, T tte A 50 C ;e
efore e/at-m)lstl e treat%rﬁ,
isture trelat nent en_the
mcrofiltrati on was used, the retentate had a TDF of

SR DB B3k BT i ST B T A B
retentsto wag ﬂrlpd acihpioed G9°C) B@fer@@la]; fandibk cHRSnREY (DSC) data showed
al yzed. y everything in the retentate and
two mﬁB ‘EfsBﬁééB C&?%/V‘h ag% %n79aﬁ (8879 {/zpbetpre helaémmsture
treatnfRRt dlji‘@téz dan%lq_lw'o %elf?@éggai(s 7050 %18 ahaks 4@§w1t§1 t %}*Rﬁalpy of

per heat gur e OWs ¢ roma granms  of
21.23 digsifest heftt-mchstundtretatmd:nt\@g ﬁ)ebﬂ&ﬂmb’edloisﬁlrél @redtiEnt was done at

- o ase/. tarch in the reactor for 24 hr, and -
250 Fr@fﬁi’f’ ?%%éﬂ%‘aul:?y anal yti cal debranching. The
iR fthd feicidi®Wak @él%ﬁe@tlﬁlﬂ'gqglcﬁ)fﬁﬁﬂ%n%S@ d@zﬁﬁ%&;\reﬁﬁwo melting

while the mcrofiltration perneate had

peaks gbbift- 9 Aandrhis. 79°Crwith foda) enthalpy exftl 2188 Jl‘gablefarer}gakmbl%tmé

weam @it 35 el B e P S T 280 B do i taﬁgenthalpy of

21.50 Uigadiey hes el @stateataabiné@(Figdofr in the process, and
treated resistant

Théicfafiltraionll sanp8%s [wer e im%(;[Fd I mbw| t he HPLBGo t|h

d
g

Example 10

GT enzyme treatment of dent starch:

Dent Starch Pearl-C (DS 89.56%) was weighed (502.5 g), and 2497.5 g deionized
(D.L) water and 135 mg CaCl,"2H,0 were added to starch (15% starch slurry). The pH of
starch slurry was adjusted to 5.5 using 2N NaOH solution. The starch slurry was jet cooked
(285-290°F, 140-143°C), and usually the dry solids content decreased from 15% to 13.19%.
The pH was adjusted to 5.7 if it was different. 550 g of starch slurry was weighed to each of
several 1000 ml reactors. The GT enzyme was added according to the quantity of dry solids

in each of reactors, as explained further below. The starch and GT enzyme mixture were
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Figure 10 shows the percentage DP 37-100 changes at the four dosages over 24 hr.

The DP 37-100 components are desirable for resistant starch, and increased greatly in the first
4 hr of reaction. At the high dosage (10 m1/100 g starch), there were decreases of DP 37-100
after 6 hr of reaction. At the dosage of 5 ml/100 g starch, there was a decrease in DP 37-100
after 22 hr of reaction.

Figure 11 shows the percentage DP 25-100 changes at the four dosages over 24 hr.
The pattern of changes is exactly the same as for DP 37-100. The DP 25-37 components may
be desirable for resistant starch with less heat-stability, and increased greatly in the first 4 hr
of reaction. At the high dosage (10 ml/100 g starch), there were decreases of DP 25-100 after
6 hr of reaction. At the dosage of 5 ml/100 g starch, there was a decrease in DP 37-60 after 22

hr of reaction.
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Example 11

GT enzyme treatment of dent starch:

Dent Starch Pearl-C (DS 89.56%) was weighed (502.5 g), and 2497.5 g D.I. water and
135 mg CaCl,.2H,0 were added to starch (15% starch slurry). The pH of the starch slurry
was adjusted to 5.5 using 2N NaOH solution. The starch slurry was jet cooked (285-290°F,
140-143°C), and usually the dry solids decreased from 15% to 13.19%. The pH was adjusted
to 5.7 if it was different. 550 g of starch slurry was weighed to each of several 1000 ml
reactors. The GT enzyme was added according to the quantity of dry solids in each of several
reactors. The starch and GT enzyme mixture were incubated in water bath at 80°C up to 24

hr. Samples (about 5 ml) were drawn to analyze the branch chain length.
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solutibchhmsmudhfand) isodm¥Tasé MmixtOre was incubated in a water bath at 39°C for 2 hr.
The starch and isoamylase mixture was heated in boiling water for 20 min, and then cooled
down to 39°C. 100 ul isoamylase was added and the mixture was incubated for 16 hr. After
debranching, the starch solution was heated in boiling water bath for 20 min, and cooled
down to warm temperature. A 2 mL aliquot of the mixture is diluted with 2 mL of pure
DMSO. The DMSO mixtures (about 5 mg starch/ml) were heated in a boiling water bath for
20 min, allowed to cool to warm temperature. Dowex MR-3 resin (0.5) g was added to the
starch solution and shaken for 1 min to remove NaOAc. The starch solution was filtered
through a 0.45 pm pore size Millipore filter attached to a 3 ml syringe. The filtered samples
were injected into the HPLC with SEC or GPC column.
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DP 3%@(&\7&5‘5@@}:@0]@@ to 29%) at three dlfferent temperature but the hlghest
percentages of DP 37-100 were early at 85°C and later at 80 and 75°C. There was a
detrimental effect (decrease of DP) if the reaction lasted longer than the optimum (highest
peak DP or highest DP “37-100”). An experiment was performed 1) to examine the DP 37-
100 and peak DP in the early stage (0.5 hr) at higher temperature, and 2) to test the GT heat
stability by pre-heating the GT enzyme at 85°C for 4 hr.

In this experiment, GT 10ml/100 g starch was used in all four treatments. GT
reactions with starch were conducted at 80°C, 85°C, 85°C with pre-heat converted GT (85°C
for 4 hr), and 90°C. Figure 28 shows the results. In the first 1.5 hr, the percentage of DP
37-100 was higher at 95°C. However, pre-heating GT at 85°C gave a higher DP 37-100 than
GT reaction at 85°C. The DP 25-100 fraction (Figure 29) followed a similar trend.

The results regarding the short DP chains (DP 1-12 and 1-24) were inconclusive

because of the variation of the data but no significant detrimental effect was seen at higher
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Example 12

GT enzyme treatment of dent starch:

Dent Starch Pearl-C (DS 89.56%) was weighed (502.5 g), and 2497.5 g D.I. water and
135 mg CaCl,.2H,0 were added to starch (15% starch slurry). The pH of the starch slurry
was adjusted to 5.5 using 2N NaOH solution. The starch slurry was jet cooked (285-290°F,
140-143°C), and usually the dry solids decreased from 15% to 13.19%. The pH was adjusted
to 5.7 if it was different. 550 g of starch slurry was weighed to each of several 1000 ml
reactors. The GT enzyme was added according to the quantity of dry solids in each of the
reactors. The starch and GT enzyme mixture were incubated in water bath at 80°Cup to 24

hr. Samples (about 5 ml) were drawn to analyze the branch chain length.
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the seqpnd 143 Ql(pﬁ@gg(?_ % /100 g starch) after 2.5 hr reaction, and the third 1/3 dosage (2.5
ml/100 g starch) after 4 hr reaction; 3. GT was added after starch was incubated at 80°C for
5.5 hr after jet cooking.

The experiment was intended to reveal the stability of the GT enzyme at 80°C and the
effect of retrogradation of starch on enzyme activity. If starch retrogradation has no effect on
the enzyme activity and the enzyme is stable, then the end product (debranched starch GPC
profiles) would be the same after extended enzyme reaction. Also, with each GT enzyme
addition (2.5 ml/100 g starch, three times), the debranched starch GPC profiles would change
until they reach the same profile as one full dosage (7.5 ml/100 g starch). The results are '
shown in Figs. 39-40.
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Figure 43 shows that DP 100+ dropped quickly and was close to the end value after
initial 2 hr enzyme reaction. It is surprising that even though low dosage GT (2.5 ml/100 g
starch) was added DP 100+ dropped to a similar end value as with high dosage (7.5 ml/100 g
starch) after 2 hr reaction. It was also unexpected that DP 100+ increased from about 0.5% to
4% with the second addition of GT (2.5 ml/100 g starch).

Figure 43 also shows that incubation of the starch slurry at 80°C for 5.5 hr after jet
cooking gave a higher end value of DP 100+. It is logical to conclude that some amylose
retrograded at 80°C for 5.5, and that GT can not work on these retrograded amyloses.

More data (every 0.5 hr) were obtained from the reaction when GT was added in 1/3
of the dosage a time. The detailed DP changes in 8 hr reaction are shown in Figure 44,

The best peak DPs of GT enzyme (7.5 ml/100 g starch) converted starch were the
same with the same GT dosage (7.5 ml/100 g starch) after 6 hr reaction, regardless of whether



hr. Sanples (about 5 m) were drawn to anal yze the

branch chai n | ength. Debranchi ng GI' converted starch: A
wowi7adoseonvert ed sanpl e (about 13% solid) wasPEEESMA6/034666

in a test tube with a tight cap in a mcrowave oven at

full power until it became g fluid. Sanples (19225 ny)

the G’S’?\gg Sﬁ@édqf%f? bl S)%p%%\{g)tgu(ﬁgl?) or g%/ %ggt&g%he\?%r:#gageélﬁgy%b% for

5.5 hrs(See €. W89 wei ghed to be dissolved in 2.5 m purifi ed

STt e bR o Loh e o &oﬁ%aﬁ%& A O aaagtnatn2.,
and 4 ﬁP%éé%éc@i%l%? Qh@gesg [%15‘ 1@%79%‘36&' 19 abpu fl‘m%qég%vegk DP,

|soany ase

after thi whelsldodjgei (. SO“IIIKI(ND gxlsdﬁmh) va$ &(kled, w&* bla‘flﬁ} tlwasd&tid& df the whole
d the starch solution. The starch and isoanylase m xture
0sagG Lo Uf%at ed i n an oven at 550C for 2 hr. The starch

and isoanyl ase mxture was heated to above 1000C to

i nacti vate isoanyl ase. The starch sol ution was cool ed

d&wampde kY hot tap water (about 500C), and 0.1 g Dowex

ygfﬁi{aﬁﬁétﬁfmg%g%gﬁa%&g Q&Pﬁéo%st%gtrlcﬁé }‘R&?ﬂ glggd \Atg)r}@}glg&
51.7% of the fledr inky oiie Hakd festfAmperican A saecidtidnl dfi@eieal Thkingsts (AACC)

ed fil d |
test S AECRhETetifed) Sonh b kechibpiseSAEoRh €58 exsh dRICvR AR Has
collectdd®ony @S'n‘i’ééﬁ 208 Qfé(f %‘EH the %?}éﬁ%@ﬁl& HBuPE 2@5 ‘?ﬁesﬁélebé The

was directly corre ‘at ed zyme  dosa
particlersizegaeam wis 208ciminend themodt wholBcbpoent r at | ons of GT

c ke pad e AT L ik AR e et pighgr in wate

holdlﬁgf'@ba@tyt thet pdshs flohr, HoZeNEr, ths mba®itdnYat esafdt 86cdubf B what
four hr of reaction or starch is retrograded so that

happegytothp ingsedietts dering/&e hegiingicyels of Beoekiaduting Paking.
determ ne which factor wag,gLgw ng down the reaction,
t hree experinents were per?orrred 1. GI was added
ri ght afMasdr uohilng?(m{kC@@&Q Bodiuatcaftionbtedosageon(y). 5

s_added ri ght after jet
cookina %H%Feglﬁm of t hp total dosaqge (2 %ﬁfIWRG)OJ q

starch Basty flwy . the seconHl 1/3 @oehdl(@savent/eitbory
st ar chptaadht simpde 5 hr react| on, 20d1t(hS ltgvobni/g 3tarch)
dosage (2.5 M /100 g starch) after 4 hr reaction; 3.
s added after starch was incubated at  8Q0C for
5@%“%& fegler at useddR imRgSUreKiau %gflm*ﬁéml d sakingss-eagepn Corp.,

Cantoglgl(\e/f@,“ﬁ Mehl il prbBRInigdeY f8te NG Shr&BA%PEL 530k, ?e@fjspeed = 2

mm/s; post test speed = 10 mm/s; distance of penetration = 15 mm.) 150 grams of dough

were weighed into a pan which had a height of 8.4 cm, a width of 3.2 ¢cm, and a length of
10.2 cm. The dough was compressed into the pan with a single stroke of a rolling pin.
Average values of at least three Instron compressions were recorded.

If a resistant starch imbibes excessive water, the dough becomes firm. The starch
sample used in this experiment produced a dough that was less firm (lower maximum load)
than the pastry flour and was found to be less sticky as measured by force to release the probe

after compression (min. force).



ef fect of

retrogradation of starch on enzyne activity.

If starch retrogradation has no effect on the enzyne

W@ewresasy7 and the enzyne i s stable,

then t he eP@I/US2006/034666

product (debranched starch GPC profiles) would be the
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three tines),
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(O hr) or after

t he starch was incubat ed at 800C for 5.5 hr.

trend was true f

or The DP

The sane
25-37 inclu

00.
meyPoBEliRREt AR (4"6%00%9.#1 §f Sifficist Analitipali Cherists) @gthod 991.43,

bt aay,

t hen decreased f
addi tion of GI (

in H0F8istact <

jet coo

roml1.5 hr to 2.5 hr.
2.5 m /100 g starch),

Earrc}f ﬁgléehgaﬁl?rkrll%atﬁﬁ arlngS o of that

matergnl Nap ,callwlatea-aﬂiﬁmlr fmd:lbwamd)okm Hakimgi ni ti al

1.5 hr and
Wth the second
the DP 37-100

i ncreased qui ckly. \Wen thgpfhy rd dosage GI (2.5

m /100 g starch)

was_added, th

change

S _not as

gieedientas wilt hComRetaddi t Fawples the Goeliond |dosleglie 11 is
hypot hesi zedotffdermulay igeskiedeypalaf ot rf‘églﬂ‘1 dat/i ofor®Elaur ff ed
after reaction with clddi tion of lﬁﬁ ondmé? %‘56@ GT
Ot tiIUIUdLLI DLIUD +-o—the " |||U||uu| Ittbl t he
reaction wjth tB‘,e segond dosage. otﬂ?ore DP 3/100
NIRRE @& ik S oRgal ned wWhgn7 Gt wWas @bygeu at—1/;33dosage
a Ede Thanm Whengi T Was ad@ed 1[N agspngl § dopage:
Figgds es 4 1 an@d442 show fohaat The pergentage @fzDP 1-24
Fine grngllatbd Jugarvver € @.471 tt1je higdgver whensdab was adsted ri ght
af fg@r et c¢ookidmg (0]hr)ighan after -the starch was
High frectdsatoed at 8QOC forl 5. B.5br. Howewer, the diof7ffer ence
syrup (42’ finciese) 2% \When GI was added rightl after jet -
ARy in|1/308f dosage9@2.5 m /10679 stlarch3at 0
fgarbonais 1. 24 decreased from 0 to 1 hr bufl increased
Flour\(paé-‘f}’\lﬂfu@gs 3 hr42’ eck as_e_wha_r_Fﬂ Vi %-Qgh addit3le¥] of t he
Resgté%'s‘ﬁrﬁhgﬁosa e—of GT land*tHen ¢ontisived to-ditlease
v Lthe th.y. uréu"ﬁésa:g' of 16:,5? There—Wwas—-ess—DbR1-2
when GI was added at 1/ 3 dosage at a tine instead of
one full dosage. Table 7
Control Test
Cookie % TDF 3.54 23.44
(fat and moisture free)
Contribution to TDF before 0 0
baking from flour
Contribution to TDF before 0 24.60
baking from resistant starch
(TDF=71.94%) -
Contribution to TDF after baking 3.54 1.71
from flour
Contribution to TDF after baking 0 21.73
from resistant starch
Loss of resistant starch TDF% - 11.67
during baking




Fi gure 43 shows that DP 100+ dropped quickly and was
close to the end value after initial 2 hr enzyne
WO e@ehsmdn It is surprising that even though |POT/USREEE34666

GIr (2.5 m /100 g starch) was added DP 100+ dropped to
a simlar end value as w thyhigh dosage (7.5 m /100 g
stRie@pkiafhbipht for e doRasl pRk i i
that DP ,100%‘hi,ncr eased fl?om?gggﬂwl%ff%ﬂé%g%ﬁ%%égmOfthe

cookig dhaf reniainsdiessans staph.( AdlitianallpOcapkist spread) (widhy wae 13 for the

I ' ' f. the starch slurry at
conr) SR PR 4Bt PRI Bl GBI ) Ghratieabriicend reduced
height &l diee tofthORvE G@ter Holding plopgits af tHeresiRat steRhARALNESIEs that the
aded at, 800C for 5.5, and that GI can

..a ose..retr or 5.5 .
reswtﬂgt%{ Hd gt gff%%t@ oF gettigly gelatinizpiregthe brking precess, but remained
relati&e@ygﬁdhaggél'hr) were obtained fromthe reacti on when GT
was added in 1/3 of the dosage a tine. The detailed DP
changes in 8 hr reaction are shown in Figure 44. The
best peak DPs of GI enzynﬁ‘&7.5 m /100 g starch)
converted starch were thel@4f€ with the same GT dosage
(7.5 m /100 g starch)cafiéePeforfanteact i on, regardl ess
of whetherthe GT was added right after jet cooking (O
hr) Cookigf t er t he| st aVidth (eysragnotibat edl at 8COCIdight 5. 5
hr. (See Fig..45.) WencGikisgs added|in 1/3 of the
tAdt Bdurdosmge a tlime (2. 58.01ckl00 g starch at Qo &pbo,
51.7% nepldbehiient €Saet || vel y), gdecRest peak DP I nchapggd
withegsigsgiswely. The final best peak DP, after the whole
dosage (7.5 m/ 100 g starch)y—was added,—was—better—
than addition of the whole dosage in one tine. Exanple
13 Resistant starch prepared according to the present

i pyenti o s used to replace 51.7%of the flour in a

c Bk PIECEdine dssTptipnaksmegily crabodknens ohihefmaatiels not intended to
be a Ldied Sleby POATKR b ) 65 S h. _had :

been passed thr oughhgé%%%gﬁTﬁ‘gmgllsg’v?eg%glsv\%gfe% "¢ art will
Tecogrygy thég‘t’té@lf @rbadlinysntamohldgovithie vies scape bf thadolidwiag claims.

passi ng through the 200 nesh sieve. The particle size

- mean was 202.5 mm-and-the node was-185.4 mm As

anal yzed by test AACC 56-11, the starch sanple was

found to be higher in water holding capacity than

pastry flour, however, this neasurenent does not

account for what happens to the ingredients during the
heating cycle of a cookie during baking.




Tabl e 4 Water hol ding (AACC 56-1 1, sodium carbonate
solvent only) An Instron tester was used to neasure

waelewgh3dsiT mess and sti cki ness. (I nstron Corp. PCIZHS10061034666

MA; 1 inch ball probe; trigger force = 10 g; pretest
speed = 5 nm's; test speed 33 2 m's; post test speed =

WH!’}fIg@ﬁﬂl\gﬁﬁtﬂpce of penetration = 15 nm) 150 grans
of doug

L.

were wei ghed into a pan which had a hei ght of
8. Apmxessdorprdthicing a Stakzhcenmp@isthga | engt h of 10.2 cm

The dou S coppressed into the pa ith a single

s theaies %?eeﬁg%ﬁa tﬂﬁtgcomml.se%wlaa%ctlvwﬂbgue%nogﬁangggqto produce a
three lAghIQEnaoRERESARINS Were recorded. If a

resistant starch inbi bes excessive water, the dough

b érsetins the ehain-Txtendadastarhh swithp kelebwadhing enlajmse to produce a starch
experi men& g o?uced. a doulgh hat was less firm (I ower

maxi mum o8 gha cr%rﬂar{Sﬁ%arag ??f?a%‘}’%‘tﬁa and was found to
beviegss aflldaskibas IBRadBYRslgiyofl Bk GRnfiese! #hBAGRs hBR a degree of
probe after conpression (mn, force). Table 5 Cookie

Dough Pebmsrizaiee(RR) ofehleastabowydSt nst ron According to
AQAC (Association of Oficial Analytical Chem sts)

met hod 991.43, 71,94%fi ber was present in the

r d3ie praess st cdaimhl, ifmighice domptisipg reaovérnghk amglosa fidgB8nts %o
of that material was calculated as fiber follow ng
cooki e baking. Table 6 Table 7The cooki e height for

t e GRGEPSS A Al i r %x?r

hei ght of theﬁig{‘?’g&? %g?& géggtsgﬁrﬂg%’ fg{glg?gl?acr?%&st a rcbﬁ) ™, potato,
Adirtiiedagried Ipya, vdwek ivexs prheald of avcainbipativsof] tewor fnmre theecof.
control and greater for the resistant

starch-contai ning cookie. Geater spread and reduced

haihgprodess dfi€laing 11 Mbeletiheat&l stehdi Bgatbd ARG dlMcadbirhiierase in
resi stant starch and indicates that the resistant

sPEPRINS aplytipp or sHpaensien & e tempetare of ghovh 9109 endra pid of about
ttgq?_bgg)i' ng process, but remained relatively unchanged.

Tabl e Cooki e Performance The precedi ng description

of specific enbodinents of the invention is not

intended to. , . - - .. . .. R
€ process oI claim 1, wherein the debranching enzyme is isoamylase or pullulanase.

The process of claim 1, wherein the starch product has a polydispersity of about 2-4.

The process of claim 1, further comprising membrane filtering a solution or
dispersion of the starch product to increase the concentration of amylose fragments

that have a degree of polymerization (DP) of at least about 35.

The process of claim 1, wherein at least about 40% by weight of the amylose

fragments have a degree of polymerization (DP) of at least about 35.

The process of claim 7, wherein after membrane filtration at least about 50% by

weight of the amylose fragments have a degree of polymerization (DP) of at least
about 35.



be a |ist of every possible enbodi nent of the
i nvention. Persons skilled in the art will recognize
wao bav/ostsher enbodi nents woul d be within the scPEEUST006/034666
the followng clainms. WHAT IS CLAIMED | S: 1. A process
for producing a starch, conpjising: treating a feed

10. stBffeqitotdiabf ClRIRN| FBSreAMb SRRG | i
gl ucanot ransferase to pr oducg&aﬁrgﬁﬁttr}@se?( eeankdxgaltlélgatﬁné%%rature of

arfdeaterdhan shyut heS°Ehai n- ext ended starch with a
debranchi ng enzyne to produce a starch product that

. conpri ses anyl ose fragnents; wherein at | east about

. 38%ebprovess gift clgifn 1 ) €ureidy lcos®rikin

of. polymer L2at Lon (DB ot ar' | DEQTHIhS MEYGch B S aqueous
pFBE@Q ObPUSEPRNIGN o 2 teperAkFe efoatieassiboyt P&¥Covering t he
anyl ose fragnents. 3. The process of claiml, wherein
the feed starch is fromdent corn, waxy corn, potato,

12, t dfiequecess pEepinpd 4, winreiat the wiaxsh moeadt is Béatél in aqueous solution or
re thereof. 4. The process of

c ination of t or
cl(gg;li)ﬁ{l??n %ae"regﬁpﬁ’yg?%(’fé@aa%%&wt??% treated with
gl ucanot ransferase in aqueous sol ution or suspension
at _a tenperature of about 70-1000C and a pH of about
13. S.T@e -pregess ob .Cla'ﬂhel,whﬁreissthofsltam}apmdﬁct ishibceidlytfigle in water at
IS i ase or pullul anase. 6.
Tﬁégﬁ%éggtg}gg%pg?&%?%tﬁ?%@mei n the starch product has
a pol ydi spersity of about 2-4. 7. The process of claim

14 1T further gon‘{)ri sing nenbrane filtering a solution or
- dilBBAFeEhobplaimd 35 plietemn hectiarel prastuich s tamealtyhsable in water at

C GRMIARL LP o 81 W gnents that have a degree

of pol ynerigat?to%a% 296? | east about 35. 8. The
process of claim1l, wherein at |east about 40% by

l.ght of t anyl ose fragnents have a degree of

15, DT BhoRabt Gt e Horei gt Bad o h & 3Ny Gtrchend wherein the
ppRRessuftherCdodtgfsds tr¥iiRbahs rabit S SAR . ation
at | east about IJSHO% by vvgi ght of the anyefgfgoégl#clrhg{ggneé%y@e before
hthgdeed siagh isdtrestedpuitly glacanoamnsferagdP) of at | east about
~-35.10.- The process-of -clai m1, wherein the starch
product has a peak nelting tenperature of greater than

16. ablprot&5@Cclaim 1, wherein the glucanotransferase is used in a dosage of about 1-

15 ml per 100 grams of feed starch.

17.  The process of claim 16, wherein the glucanotransferase is used in a dosage of about

5-12 ml per 100 grams of feed starch.

18.  The process of claim 16, wherein the glucanotransferase is used in a plurality of

dosages that are supplied to the feed starch at separate times.

19.  The process of claim 1, wherein the feed starch is treated with glucanotransferase for

a time less than about 8 hours.

20. The process of claim 19, wherein the feed starch is treated with glucanotransferase for

a time less than about 6 hours.



21.

22.

23.

24.

- 25.

26.

217.

28.

11. The process of claim1l1, further conprising heating
the starch product in aqueous solution or suspension

wa@roog/ossnper at ure of at | east about 900C. 12. HEEUS2006/034666

process of claim 11, wherein the starch product is

heated in aqueous sol ution.gr suspension at a

tenperature of at |east about 980C. 13. The process of

claim1, wherein the starch product is thermally

Sll“h@bmcéﬂ ofialaim 19 twhessip eealebradshinp ehoynad islused in albdesde of about
5 14. The process of claim 13, wherein the starch

}‘& 0§ PFIETeMAL §8M9y stable in water at tenperatures

up to at | east about 1000C. 15. The process of claiml

wherein the feed starch is a waxy starch, and wherein

t ke pravessef tlaim ¥ vdengin itlse detiramdinghgnzynee fsewdd Sh ar ddsage of

Wit h dsdebranchln me before the feed starch is

t?‘%oé’tti Wﬁ’ﬁr%rlaﬁ’c%ﬁg}r? nsferase 16. The process of

clai m1I5wherein the glucanotransferase is used in a

dosage of about 1- 15 m per 100 grams of feed starch.

12, stamlepmdu@teg@,d@pd by aipiecEss comhuiséla t he

g*rgeﬁﬂl% %%{] &%Iginlgﬁag f()O gHg&%%tﬂg)T C‘%Cgﬁ %\Q&.ﬁj@éﬂlﬁ?@ %né%ergse]tg pl’OdllCC a
claim dlﬁa.m-mﬁ@drstatrblﬁg @Hucanot ransferase is used in a
P B SERSORET o B0 RS O ) S » st
\Nh L th

al ﬁtrzglngﬁo?gﬁst%gfcgg@} os(r:d?%l};léSe ﬂ%%ge?gs ¥Mhan about 8 hours.

2@hetEire apleastedmud B8 by melght ofttbe amyldshdrdgnemtsshavech degree of

is treated with apotransferase for a time |ess
than aBYSPeEZ4Hisy i)l}lé ?tlﬁ?élb 3355 of claim 1,

wherein the debranchlng enzyme is used in a dosage of
about 1-10 per gram of starch. 22. The process of
cThe mareh, pmm of alat @3 dwbergicihe pepcesszpmiher eomprisgs rasorering the

d%%?g)g %Ig %Jt 1-5 ng per gramof starch. 23. A

produced by a process conpri sing:
treati ng a feed starch that conprises anylopectin with
cano ransferase, t roduce. a
lI"He starc product o? laim 33 pwhereln the feed starch is from dent corn, waxy corn,
potato, tapioca, rice, pea, wheat, waxy wheat, or a combination of two or more

thereof,

The starch product of claim 23, wherein the feed starch is treated with
glucanotransferase in aqueous solution or suspension at a temperature of about 70-
100°C and a pH of about 5.0 — 6.0.

The starch product of claim 23, wherein the debranching enzyme is isoamylase or

pullulanase.

The starch product of claim 23, wherein the starch product has a polydispersity of
about 2-4.



29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

chai n-extended starch; and treating the chain-extended
starch with a debranching enzyne to produce a starch

w@e@dustsor hat conpri ses anyl ose fragnments; wWhePEI/NSANG6/034666

| east about 38% by wei ght of the anylose fragments
have a degree of polynerization (DP) of at |east about

3 24. . The ,st.ar ajim erein

e Stiety BRgRarSCalh ‘igegvﬁifr%@ar bt e, FBphdts membrane
f RGN Solut?én orldigpesdiod 6NthRrseEtIChrodfictad didiRads the\/hfmbﬁitmtlon of
the feed starch is fromdent corn, waxy corn,

t &ipylesairagments thebbavegiegree qﬁ,@gl)ynwﬁ]@&tgon @&P)of at east about 35.

conbi nation of two or nore thereof. 26. The starch
product of claim 23, wherein the feed starch is
t Thabteﬂi:hvp'rbducg bficlaino 28 awbkdreinas deastrabagti4@ié dysweight afith® amylose

syspensi ate ature of t 000C and a
pﬁag‘w&ﬁgw adegree o RgySFIZatigiL( @Pb> aﬁleﬁt@ﬁ%@ of clai m
23, wherein.the debranching enzynme is isoanylase or

pul | ul anase. 28. The starch product of claim 23,
whbe starehtredust af gllalnp Qadwh@reimaea?tea neollyaiesfilération gt lsast about 50%

¢ RS Usieht S0 B% ay Fst BEsT TR 4 e b ) TP B at least

sgbgi BoN or di spersion of the starch product to
i ncrease the concentration of anyl ose fragnents that
have a degree of pol yrreri zati on (DP) of at |east about

3%he ?éga'r%h-r%? d}% ;El%?g ?Ife Cludy EIE&F%S fMpﬁEtehé} ? speak melting

| east ragne
hwmq:eﬁamiegxfg&:atdrtlmlajom]l()zsat.l on (DP) of at | east about
35. 31. The starch product of claim?29, wherein after
menbrane filtration at |east about 50% by wei ght of

t 1ge %Mé@?ﬁdﬁét%%? 2BavBeRif8R B8cat BFh "BlFAEL ﬁé‘atmg the
(DP) of at |east about 35. 32. The starch product of

c btarcin (#8duaitie agiiepus lselugioa ras Fsuppensdino tat latsmpergak of at least about
"Bde ng tenperature of greater than about 1050C.

The starch product of claim 33, wherein the starch 7producAt"is heated in aqueous

solution or suspension at a temperature of at least about 98°C.

The starch product of claim 23, wherein the starch product is thermally stable in water

at temperatures up to at least about 90°C.

The starch product of claim 35, wherein the starch product is thermally stable in water

at temperatures up to at least about 100°C.

The starch product of claim 23, wherein the feed starch is a waxy starch, and wherein
the process further comprises treating the feed starch with a debranching enzyme

before the feed starch is treated with glucanotransferase

A food product comprising a starch, wherein the starch is produced by a process

comprising:
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40.

41.

42,

43.

44.

45.

33. The starch product of claim 23, wherein the
process further conprises heating the starch product

WO e00ag8s0Us sol ution or suspension at a tenperBCTIUS2006/034666

at | east about 900C. 34. The starch product of claim
33, wherein the starch prodyct is heated in aqueous

S [ ' : - hIT

- et s sEARERSbABri & Sl GBS SRycBhotBlngleFBo produce a
wher ei chditrextshdadattargh;addct is thernmally stable in

water at t eratures up to.,at |east . about 900C. 36.
Thttogabe Baeiraded fakth, wh s oGRS Srvancs fo; prajuce a starch

DI 0UC ol ARl Yes AN ffhrtgleer al temper at ur es
up to gt | east ggigutelo 0C. 35% The starch product of

cwheneip @t leasteaboiih 38Yeby ansizhé tofithd ainylase ippgmentsahayie, a degree of
and wher.ein .t he ess (further ,conprises treating the

f eed SP%}V%WHG\?Q{OHQ;)%@8@?%?1865?1?1?%“ é%’zyrre before the feed
starch is treated with glucanotransferase 38. A food
product conprising a starch, wherein the starch is

pA BRI fRasipreguy of cdramsS, vdepin dhanprosess diithey cenipsises recovering the
S nprises anyl opectin with

g%‘ﬁgg’ﬁ%??%ﬁ%‘?‘%r ase to produce a chai n-extended starch;

and treating the chai n-extended starch with a

depranchi ng enzy t oduc starch .produgt that
ciﬁ“p??@d%régvﬁ}|°§§g?mr3§g A figtec tproh i€ Foi fera 5o waxy com,
3?8@*&}/ RO tricRf pEAICwRdRY| R8y WIREEH & BRAPaBol A SR or more
of polynerization (DP) of at” | east about 35. 39. The

f Betbopr oduct of claim 38, wherein the process further
conprises recovering the anylose fragments. 40. The

food product of claim 38, wherein the feed starch is

f Then gt weedutt WEXHa@Or B8, PeHeddif, tHeafe€F astafchCes fB&@@ed with
wheat , vva;?/ wheat, or a conbination of two or nore

t Beeanpfransferaser e aqusols selgHeR O SESPERPIAB S teTpRARIH of Rlout 70-
f @GS CSIAS BPaﬁo%?ﬁ"Oe—dﬁW th glucanotransferase in

aqueous sol uti1on or suspension at a tenperature of
about 70-

The food product of claim 38, wherein the debranching enzyme is isoamylase or

pullulanase.

The food product of claim 38, wherein the starch product has a polydispersity of
about 2-4. |

The food product of claim 38, wherein the process further comprises membrane
filtering a solution or dispersion of the starch product to increase the concentration of

amylose fragments that have a degree of polymerization (DP) of at least about 35.

The food product of claim 38, wherein at least about 40% by weight of the amylose

fragments have a degree of polymerization (DP) of at least about 35.



46.

47.

48.

49,

50.

51.

52.

1000C and a pH of about 5.0 - 6.0. 42. The food
product of claim 38, wherein the debranching enzyne is

w0 s@anyisase or pul |l ul anase. 43. The food produR€T/082006/034666

clai m 38, wherein the starch product has a

pol ydi spersity of about 2-4¢ 44. The food product of

c 8 r ei e 0

R T

sb@melzhp dei&CHm)thsel frpneamschdvb e dagma)ﬂ;foa;tmatzaﬁbn (DP) of at least

anyl ose fragnents that have a degree of polynerization

(@’5!—%‘-“-%5- at | east about 35. 45. The food product of

claim 38, wherein at |east about 40% by wei ght of the

anyl ose fragnments have a degree of polynerization (DP)

oThatfobcéqxd)dtmbmft clgitn 48, vilivecif abel sparcldywodwet ok ad pedld, melting
erein af rane filtration at |east about 50%

m@’%fa&l‘ﬂe {ﬂger%ﬂﬂ 8¥el®ragment s have a degree of

pol ymsrlzatlon (DP) of at |east about 35. 47. The food

product of claim 38, wherein the starch product has a
th¢< forsd pradgct efrpl@rrati& evhsteig rthe pegcess Sntheb campligsoisating the

?&01;&%0@110%) %rglge% 108I ?hsgép?é P\é\%? %1?‘('8 {Aﬁlrg oP &f Yehst about

aqueJous sol ution or suspen3| on at a tenperature of at

| east about 9Q0C. 49. The food product of claim48,

wherein the starch product is heated in aqueous

S ORga e r
a0 aE R EE PRI I8 S hEEch SRS BrofliCls RERSLin, aqueous
t bdutsdraorcluspEmsidu et a tesnpicnanmit Iayleastabblﬂ 98Cwat er at
tenperatures up to at |east about 9Q0C. 51. The food
product of claim 50, wherein the starch product is

t trge mdl pro&icBF 8laih 3\8@%&6% tht @FRA RbB#iRSs therthly3dtable in water
| east about 1000C. . food product of claim 38,
mfetp@mrattm@sumt@dltbqaatra@huﬁ%o@ waxy starch, and wherein

the process further conprises treating the feed starch
with a debranching enzynme before the feed starch is

t That@d moditt @ uRan G0[ ahsical s Starch product is thermally stable in water

at temperatures up to at least about 100°C.

The food product of claim 38, wherein the feed starch is a waxy starch, and wherein
the process further comprises treating the feed starch with a debranching enzyme

before the feed starch is treated with glucanotransferase.



