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i nvent i odhandeQRstertiifeS or to lengthen or shorten gelatinization time. In one embodiment of the

30  present invention, the modified starch is starch that has been heat-treated and/or acid-treated.
In a further embodiment, the modified starch is a cross-linked starch. In still another
embodiment, the modified starch is a starch graft polymer. In still other embodiments, the
modified starch is an oxidised starch, alkaline-modified starch, bleached starch, enzyme-

treated starch, acetylated starch, acetylated oxidized starch, or pre-gelatinized starch. In a
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derivatives are further defined in described in the following literature, which is incorporated
30 by reference: Rompp Dictionary of Chemistry, Keyword “starch derivatives”, J. Falbe and M.
Regitz (Editors), 10. Ed., Thieme, Stuttgart, New York (1999); Houben-Weyl 14/2, 900;
Schriftenr. Fonds Chem. Ind. 1986, H. 25, 5. The terms “starch derivative” and “modified
starch” may, in some cases, encompass identical substances. However, both terms are

common terms in standard literature.
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20 under nonlimted growth condition. Appl M crobiol Biotechnol 1996;
(46) 1 524-282400f094081 Ckeni ng of sauce 25A sinple sauce P?X?ﬁ‘??dﬁb)ﬁﬁ%ﬁl
al t eman.

selected for testing the viscosity-formng properties o

Basi c reci pe Chicken broth 89.85% Starch 2. 83% Soybean oil 3.63%
Fl our 2.12% Chi cken bouillon 1.21% Xant han 0.25% Salt 0.10% WO
2009/ 109408PCT/ EP2009/ 001761 13 Al tenman, produced as in Exanmple 1,
and/or starch (Resista(r), a nodified waxy-nmaize starch from Tate &
Lyl e conipaeng) cmimdinans eellvese tderivitvae prs. colldotsk phers. eropsidvdalagetheratandg

the reci Qslkmﬁlé}s,abhﬁﬂa%n} M?ﬁtermlﬁ%tﬁ,h%e &{(egéé-@&& A xR QguRte,

this tenperature for 10 mnutes.. no cooking step with alteman was
carri ed svdivmecerhexysiethelegiiniongs crosslipkedgsodiymearberymethyicellupsee feneyigatically)
10-m aut g NGrbbk HethyWefEOS (o BRI RITB R e QoS MM flcefiul

Br 0ok iekﬁ'gl%% Vi scgrgﬁér}i eTﬁe Speed was “set t%eggﬁlo cor’lstan){?c 500
rev/ m n.etiieelllosendl es otbylmedilgeltpdese.dependironylcgiulesse t hi chearmlesgulgse. t he

sanpl e. %%xglg&ﬁﬁcé@ﬁﬁ)ﬁézfought *ﬁrgxggg}lgglmgg’ ature (%&%ggﬁﬁceuulose,

Vi scositi‘es re 1n the range from 20 cP to 80000 c

cent i poi sehylhydroxyethylcellulose, methylhydroxypropylcellulose, methylhydroxybutylcellulose
ethylhydroxyethylcellulose, hydroxypropylmethylcellulose, and Cyanoethylcellulose. See
10  also: Whistler u. BeMiller (Hrsg.), Industrial Gums (3.), S. 475ff., San Diego: Academic

Press 1993.

A quite especially good synergistic thickening effect is further achieved with alginates and

carrageen.

15

Still other beneficial embodiments of the invention are mixtures comprising alternan and
another thickening agent which is selected from starch, modified starches, starch phosphates,
starch derivatives, cellulose, derivatized cellulose, alginate, carrageen, and a mixture of two or
more of these substances.

20
In the thickening agent composition according to the invention the alternan and the other

thickening agent are preferably in a weight ratio from 10:1 to 1:10, more preferably 8:1 to 1:8,
even. more preferably 5:1-1:5, especially preferably 2.5:1-1:2.5 and most preferably 1.5:1-
1:1.5.

25
The thickening agent composition can be in a great vartety of forms, for example as granules

or powder, and a powder is the most preferred.

In another variant of the present invention the previously described components, alternan and
30 another thickening agent, are prepared in the form of a kit. This means that the two
components are present unmixed but are put together in a packing unit, for example in a
packing unit with two separate containers, with the alternan contained in one container and
the other thickening agent in the other container. By means of the kit, a thickening agent

composition according to the invention can be prepared as required in the form of a mixfure
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to cold chicken broth, whisking vigorously 4. Determn
viscosity (scale from1 to 10, where ®1 denotes |ow viscosity and 10
denotes very high viscosity) 5. Add the chicken bouillon and salt

256. Addofttnﬁ%&}gongm 43 %hy E@?P%%P irfhe. Bofh LFFRRAALL R @f%@gﬁfe%ﬁﬁn

Determ ne t ot viscosity (sca rom , Where otes 'l ow
vi scosi t goveadfosr® denotes very high viscosity) 9. Cover the pan and
mai ntain the tenperature for 10 mn 3010. Renobve the cover and whi sk
t he sauce while it slowy cools. The sauce is still hot (65- 71C) 11.
Add t he et ethemthioerdnsggest imtlid kit san baghd yaned sedlrcedy spéaderbovadon the

e P LA STd d dh, eige
2009/ 10940ERETVEN2E0DA GRS of 1 ar3noreefithish subslerdes Td praortions by weight
preservi %?((})1% %5151 nt3 & th&fb klé k@% gge?er%{ﬂ@ Qel?&éﬁkwgre‘ééy dP%%ﬂﬁé&r QJOL? Sor the

chi cken rem X and alteman an present,
st arch, ®@ickerig aghrd compositiors.ure to col d chi cken broth, whisking
vigorously 4. Determne the cold viscosity (scale fromlto 10, where
1 denotes | ow viscosity and 10 denotes very high viscosity) 105. Add
t he thi clremobwuiabieointhanptessal inventiondr¢latdsetoothe upe oficthe prevéouply xdageribed o a

tenper attchEen%Ig §gr%h§%&nposition or of the previously described kit for the thickening of
foodstuffs, foodstuff starting products or foodstuff intermediates.

Use for the thickening of (dietetic) foodstuffs is one embodiment of the invention. Foodstuffs

15  may without limitation be selected from sauces, meat juices, soups, dressings, dips, milk
products, such as yoghurt, drinking yoghurt, cream, full-fat milk, skimmed milk, buttermilk,
sour milk, kefir, whey, mousse, jelly, pudding, spreads, jam, ice cream, bakery products and
doughs.

20  The previously described thickening agent composition or the previously described kit can be
mixed in with (dietetic) foodstuffs during production of the foodstuff or directly before

consumption of the foodstuff.

The composition is added to a foodstuff in an amount with which the desired degree of
25  thickening is achieved. Usual amounts are 0.1-10 wt% based on the total weight of the
foodstuff, 0.1-5 wt.%, 0.1-4 wt.%, or 0.1-3 wt.%.

In yet another aspect, the present inventio:-l relates to a foodstuff, foodstuff starting product or
foodstuff intermediate that contains a thickening agent composition as described above. The
30 content of thickening agent composition is preferably as stated above. The thickening agent
composition can be mixed in with a foodstuff during production of the foodstuff or directly

before consumption of the foodstuffs.
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and nmaintain the tenperature for nbn 10. Renpbve the cover
whi sk the sauce while it slowy coolé 11. Put the finished sauce in a
preserving jar and seal 20Results: Starch and alteman have a
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concentration of 2.83%there is a 4-fold to 5-fold increase in

vi scosi tveffaﬁbrbék‘?fyﬂ@éw ¥pyoyghen t he al teman concentration is
increased from2%to 6.25% These results are shown in Fig. 1.
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starch concentration. WD 2009/ 109408PCT/ EP2009/ 001761 16 - | %&t
The present invention is described below with examples, but these are not in any way to be

20  regarded as limiting the scope of the invention.

Examples
25 1. Production of alternan
Method 1

The plasmid pAI-B-AlSu Q29 was transformed in E. coli dH5a. pAI-B-AlSu contains the
30 coding sequence of full-length alternan sucrase from Leuconostoc mesenteroides strain NRRL
B-1355 (cf. WO 00/47727), without the N-terminal 39 amino acids of the signal peptide,
linked to an octapeptide strep-tag at the C-terminal end. The strep-tag is linked via a dipeptide
linker to the protein. Expression of the altenan sucrase is under the transcription control of

the tetA promoter/operator and repressor. The tetA promoter is strongly regulated by the tet-
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repressor, which is encoded on the same plasmid and is expressed constitutively by the B-
lactamase promoter. In this way expression of the alteman sucrase is stringently suppressed

until efficient chemical induction by tetracycline or anhydrotetracycline, AHT, occurs.

5  The cells were precultivated in mineral medium (Horn et al., 1996) with 100 pg/ml ampicillin
and 10% LB medium. Mineral medium, without LB, was inoculated with this preculture. The
cells were grown at 37°C and induced with anhydrotetracycline (AHT) (0.2 mg/L), and grown
further at 25°C. The cells were harvested, resuspended in [10 mM MOPS pH 7.6; 2.5 mM
CaC)2 and 0.05% Triton X-100] and extracted using a high-pressure homogenizer. The cell

10  lysate was centrifuged for 20 minutes at 4°C and 20000 rev/min. The supernatant was filtered

on a 0,22 um filter and an alternan sucrase extract was obtained.

Alternan was produced in a 60-liter biotransformation, which contained 0.13% acetic acid,
100 mM NaAc pH 5.3, 20% sucrose, | mM DTT and 1600 ml filtered alternan sucrase extract

15 (approx. 3900 units), The reaction mixture was incubated for 60 hours at 37°C. The alternan
obtained was precipitated with 60 liters of technical ethanol for 40 h at 4°C, then washed
twice with 60 liters of technical ethanol and once with 60 liters of 60% absolute ethanol. The
product was dried by lyophilization. The weight-average molecular weight of the alternan was
approx. 37 000 000 g/mol.

20

Method 2 (for Example 3)

The plasmid pA[-B-AlSu Q29 (for description see above) was transformed in E. coli dH5a.
25  The cells were precultivated in mineral medium (Hom et al.,, 1996) with 100 pg/ml ampicillin
and 10% LB medium. Mineral medium, without LB, was inoculated with this preculture. The
cells were grown at 37°C and at an optical density (ODggg) of 50 they were induced with
anhydrotetracycline (AHT) (0.2 mg/L), and grown for a further 22 h up to an ODggp of 140 at
25°C. The cells were harvested by centrifugation, resuspended in 100 mM NaAc, pH 5.3 and
30  disrupted with a high-pressure homogenizer (2 cycles, 1200 bar). The cell lysate was treated
with DNase/RNase (3 mg/l). The resultant extract was centrifuged in order to obtain the
undissolved cellular constituents including the inclusion bodies. The supematant was
discarded, the pellet was resuspended in 8 M urea, 50 mM NaAc pH 5.3 and incubated for an
hour on ice, with shaking. Undissolved cellular constituents were removed by centrifugation.

35  For renaturation the supernatant was diluted 1:18.75 times in 0.5 M urea, 2.5 mM CaCl2,
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100 mM NaAc pH 5.3. The renatured inclusion bodies were frozen immediately in liquid

nitrogen and stored at -20°C.

The activity was determined in an activity assay (Lopez-Mungia et al., 1993). One unit of

5 alteman sucrase corresponds to the conversion of 1 pmeol fructose per minute at 37°C.

Alternan was produced in a 30-liter biotransformation, which contained 75 mM NaAc pH 5.3,
20% sucrose and 5000 ml renatured inclusion bodies {approx. 11950 units). The reaction
mixture was incubated for 47 hours at 37°C. The alternan obtained was precipitated with 30
10  liters of technical ethanol for 40 h at 4°C, then washed twice with 30 1 technical ethanol and
once with 30 liters of 60% absolute ethanol. The product was dried by lyophilization. The
weight-average molecular weight of the alternan was approx. 40 000 000 g/mol.

15
Reference:
Horn U, Strittmatter W, Krebber A, Knupfer U, Kujau M, Wenderoth R, Muller K, Matzku S,

Pluckthun A, Riesenberg D. High volumetric yields of functionally dimeric miniantibodies in
Escherichia coli, using an optimized expression vector and high-cell-density fermentation

20  under nonlimited growth condition. Appl Microbiol Biotechnol 1996; (46): 524-532.

2. Thickening of sauce

25 A simple sauce system was selected for testing the viscosity-forming properties of alternan.

Basic recipe

Chicken broth 89.85%
Starch 2.83%
30 Soybean oil 3.63%
Flour 2.12%
Chicken bouillon 1.21%
Xanthan 0.25%

Salt 0.10%
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Alternan, produced as in Example 1, and/or starch (Resista®, a modified waxy-maize starch

from Tate & Lyle company) were used as thickeners.

5  Cooking: defined as heating the recipe with alternan to a temperature of 85-87°C and holding
at this temperature for 10 minutes. If no cooking step with alternan was carried out, the

alternan was stirred into the sauce after the 10-minute holding time.

Viscosity measurement: measured with a Brookfield RV viscometer. The speed was set to a
10 constant 20 rev/min. The spindles were changed depending on the thickening of the sample.
The sauce was brought to room temperature (21°C). The viscosities were in the range from 20

cP to 80000 cP (cP = centipoise).

15
Method:
a) Method without cooking
1. Measure the chicken broth
20 2. Premix the flour with starch, if present
3. Add the dry mixture to cold chicken broth, whisking vigorously
4, Determine the cold viscosity (scale from 1 to 10, where 1 denotes low viscosity and 10
denotes very high viscosity)
5. Add the chicken bouillon and salt
25 6. Add the oil
7. Heat the mixture to a temperature of 85-88°C
8. Determine the hot viscosity (scale from 1 to 10, where 1 denotes low viscosity and 10
denotes very high viscosity)
9. Cover the pan and maintain the temperature for 10 min
30 10. Remove the cover and whisk the sauce while it slowly cools. The sauce is still hot (65-

71°C)
11. Add the alternan in stages until thoroughly mixed
12. Determine the viscosity after adding the alternan (scale from 1 to 10, where I denotes

low viscosity and 10 denotes very high viscosity)
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13. Put the finished sauce in a preserving jar and seal

b} Method with cooking
5 1. Measure the chicken broth
2. Premix the flour and alternan and, if present, starch,
3. Add the dry mixture to cold chicken broth, whisking vigorously
4. Determine the cold viscosity (scale from 1 to 10, where 1 denotes low viscosity and 10

denotes very high viscosity)

10 5. Add the chicken bouillon and salt
6. Add the oil
7. Heat the mixture to a temperature of 85-88°C
8. Determine the hot viscosity (scale from 1 to 10, where | denotes low viscosity and 10
denotes very high viscosity)
15 9. Cover the pan and maintain the temperature for 10 min
10. Remove the cover and whisk the sauce while it slowly cools
11. Put the finished sauce in a preserving jar and seal
20  Results:

Starch and alternan have a significant effect on viscosity. At high concentrations of starch and
alternan a synergistic effect can be observed. At 0% starch an increase in viscosity is observed
when the alternan concentration increases from 2% to 6.25% (approx. 10000 cP). At a starch
25  concentration of 2.83% there is a 4-fold to S-fold increase in viscosity (approx. 45000 cP)
when the alternan concentration is increased from 2% to 6.25%. These results are shown in

Fig. 1.

Cooking has an effect on viscosity and there is interaction between cooking and the alternan
30  concentration. When the alternan concentration is 2%, cooking does not increase the viscosity
significantly. When, however, the alternan concentration is 6.25%, the difference in viscosity
between cooking and noncooking comes to about 20000 cP. These resuits are presented in

Fig. 2.
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3. Thickening of pudding

Three different concentrations of alternan (0, 2.5 and 5.0%) and three different starch
5  concentrations (0, 2.25 and 4.5%) were tested in instant pudding and synergies between

alternan and starch were evaluated.

Alternan was prepared according to Example 1. The starch in experiments A-F was Firm
Tex®, a modified starch derived from waxy maize from National Starch company, and in
10 experiments G, H and I with 4.5% concentration it was Ultrasperse 2000®, a modified starch

derived from waxy maize from National Starch.

The results are presented in the following table. Alternan and starch have a thickening effect.
A synergistic interaction between starch and alternan was found, and it was especially

15  apparent at a higher starch concentration.
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3. Synergistic effect wth starches, cellul ose derivates, alginate
and car r agwesrgistia effect/ithstageheseallesealerivates, olginate and carrageenan

3.1 Material characterisation:

Starches:
o Regular comn starch (Sigma)
o Waxy corn starch (Sigma)
o Rice starch (12-14% Amylose, 0,5 nmol/mg C-6-Phosphate)
10
Cellulose derivatives:
o Walocel CMC 50000PA (Na-carboxymethylcellulose) of DOW chemical company
o Methocel K4M (hydroxypropyl methyl cellulose) of DOW chemical company
o Methocel A4M (methylcellulose) of DOW chemical company
15
Alginate: Na-Alginate (Sigma)

Carrageenan : lota-Carrageenan (Sigma)

20 3.2 Methods :

Rapid visco Analyser (RVA):

Alternan in combination with a second thickener was tested in a watery solution (25 g total

weight) in Rapid Visco Analyser (Newport Scientific Pty Ltd., Investment Support Group,
25  Warriewod NSW 2102, Australien). The test profile consists of the following:



Starches: Regular corn starch (Sigma) Waxy corn starch (Sigm)

Ri ce star cWolzbdnibdfg Anyl ose, 0,5 nnol /g G 6- Phosphat e)pcq@td2bloRi 61
derivatives: Wl ocel CMC 50000PA (Ng-car boxynet hyl cel | ul ose) of DOW
chem cal conpany Methocel K4M (hydr §<ypropy| met hyl cel | ul ose) of
DOV chemi cal conpany Methocel A4M (methyl cel | ul ose) of DOW cheni cal
conpany 15 Al ginate: Na-Al gl nate (Si gm) Carrageenan :

| ot a- Ca 2 2 Mpet hode. - IDalr\l d l: SEO Anal vser A)

Al t emanj i P] a |secohiemitiether whs t SBIEEPTH a watery
solutiop (25(g total weight) iln RapiideWngeanteal yser (Newport

Sci enti -t-SLHQpGLt_—@LGu-p,—QS-\AA-H—F_e%?—N%N—ZlOZ,
Aust r al consi st & the fol | oHFGHgtial ggsed)
2009/ 10 8 Tenpggfure (O] e (mn:sec) 5.0
(Idl e tenperature) speed (rpm| 1 25.0 0:20 1000 (initial speed) P
25.0 5:p0
3 95.0 10:20 160
Hold 13:20 160
Cool down
4 25 18:20 160
Hold 22:20 160

End of test 23:00

The measured viscosities were as follows:
- Initial cold viscosity: viscosity at 5:20 min
- hot viscosity: viscosity peak at 95°C
- end viscosity: viscosity at end
10

Texture Analyser (TA):
The gel strength of RVA-samples was measured after storage at room temperature (23°C) for
about 20 hours using a TA XT2 texture analyzer. The settings on the texture analyzer were as

15 follows:

Measurement principle: force in direction of pressure
Forward speed: 2 mmy/s
Test speed: 0.5 mmy/s
20  Trigger value: 20¢g
Reverse speed: 0.5 mm/s

Distance: 7 mm

The positive peak (F1) and the negative peak (F2) in grams were determined.
25
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The measured viscosities were as follows: Initial cold viscosity:
viscosity at 5:20 mn hot viscosity: wpscosity peak at 95C end
viscosity: viscosity at end 10 Texture Anal yser (TA): The gel
strength of RVA-sanpl es was neasured after storage at room

t enper at@laing: 23C) for about 20 hours using a TA XT2 texture anal yzer.
The settings on the texture anal yzer were as 15fol |l ows: Measurenent
principle:force in direction of pressure Forward speed:2 mmi s Test
speed: 0.5 i thickerRbg ﬂ'g’engngﬁfpoviabﬂeoﬁpﬁhng zﬂi&ﬁﬁh&ﬁd &ﬂ%ﬂo&cﬁhﬁ&ﬂﬂ%&zﬁ?m

Di stance: 7 nm The positive ea F1 nd the negative pea iIn
grams wer e3&f8h r]'r‘r‘fhﬁéaele‘:t@fbﬁ" Pr%l% ‘?Sta%ihfsﬂﬁt EHFWQ"‘U&@% PF?"Ch
conposi t i OphdspRARES, §lgﬂl9te§l|chﬁ£§:@n adaﬁvﬂ;ze& @@}ﬁﬁos@ NRd HifeFes bht%&%&g of
agent, which is selécted fromstarch, nodified starches, starch

deri vat i vethesesuhgtancephosphat es, al gi nates, carrageen, derivatized
cellul ose, and m xtures of two or nore of these substances. 2. The

t hi ckeni ng agent conposition as clainmed in claim1, wherein the

al t er narf. afige thickeninpelgenthionipesition aagivhedaineclaim 4, whérgint the altermad andnthe
10:1 to 1: The thickenin it as claimed in one
of clainms ﬂgggﬁh?%%?gfnﬁarﬁe{% f’%&tﬁ?tﬂﬂ ﬁﬁlwggant&lol 4. A kit conprising,
as.- conponents, alteman and at | east one other thickening agent, which
is selected fromstarch, nodifjed starches, starch derivatives,

starch ﬁho%@tcg]gnm%?@h%&n&?m@aﬁ ggrsd, in 9o pRalaims d B, adnghys dse fempt
m xtures ofpdwkror nmore of these substances. 5. The kit as claimed in
one of clal m4 wherein the alteman and the other thickening agent
are in a weight ratio from10: 1 to 1:10. 6. Use of a thlckenl ng
agent cqnp C cl ai S._..
cl ai rredg'| nR%edogJ;Sr@]ﬁé Asaéoﬁﬁgll'lfll Qﬁﬁmg{ ?néc é%?tn%neo “%8“ et%l aée%’ which
foodst uff is saecttcm@mprstadahc lrmdﬁ‘redfstmmim u;iaﬂ“ch derigatives saarelsphoiphaTd%ealgﬁete@,s
claimed in _cla t he fo i s sel ect fr Qm sauces,
reat | ui cogrgservREd ey w Rt of i ptmer ot st o g hur ¢
drinki ng yoghurt, cream full-fat

5. The kit as claimed in one of claim 4, wherein the alternan and the other thickening agent

are in a weight ratio from 10: 1 to 1:10.

6. Use of a thickening agent composition as claimed in one of claims 1-3 or of a kit as
claimed in one of claims 4-5 for the thickening of foodstuffs, foodstuff starting products

or foodstuff intermediates.

7. The use as claimed in claim 6, wherein the foodstuff is selected from sauces, meat juices,
soups, dressings, dips, milk products, such as yoghurt, drinking yoghurt, cream, full-fat
milk, skimmed milk, buttermilk, sour milk, kefir, whey, mousse, jelly, pudding, spreads,

jam, ice cream, bakery products and doughs.

8. A foodstuff, foodstuff starting product or foodstuff intermediate, which contains a

thickening agent composition as claimed in one of claims 1-3.

9. The foodstuff, foodstuff starting product or foodstuff intermediate as claimed in claim 8,

which it is selected from sauces, meat juices, soups, dressings, dips, milk products, such



mlk, skinmred mlk, butterm |k, sour mlk, kefir, whey, nousse,

jelly, pudding, spreads, jam ice cre bakery products and doughs.
8. A foodstuff, foodstuff starting product or foodstuff internediate,
whi ch contains a thickening agent conposition as clained in one of
clai s 1-3.as Qog Tﬂ}?dﬁﬂlﬁdgybléﬁurt bRags Rt fat SHR! Emﬂ&eemﬁy%tt&ﬁm‘ico&ﬁﬂﬂfﬂ
i ntermedi ate_as ainmed in claim8, which |t is selecfed from sauces;
meat j ui ceefis Hligs mopses ielligmddggpspreads, lam.geoeean.dakenorodugts and doughs.
yoghurt, drinking yoghurt, cream full-fat mlk, skinmed mlk,
butterm |k, sour mlk, kefir, whey, nousse, jel I y, puddi ng, spreads,
jam i celQ:ﬂelantilocbaﬁiamyaqiug)mwissosim@f thodgthifs, fd:ﬁistu;ﬁfmnﬂtg)pl-odtﬁcts or foodstuff

i ncreasi ng. 0Si t odst uf f f oodst uf f st roduct s
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starting product or foodstuff internediate. 11. The nethod as cl ai ned

in claim10, wherein the foodstuff, foodstuff starting product or

foodst ufffi, RS BleRdidtcihed LA | @ dvitePeifl ﬂk&eﬁt)dsttﬁ@,%%mff starting product or

foodstuff intermediate is submitted to a heat treatment.



