STARCH KYDROLYSI S PRODUCTS The present invention relates to
starch hydrol ysi s products which have use as fat and/or oi

'substifutes in food conpositions. It also relates to 5 a nethod of naking
the stdrch hydrol ysi s products and ‘to,the use of such products in food
‘conposjitions to repl ace 'the fats and/or oils conventionally used in :
such cdnpositions The i nvention particularly rel ates to the use of the

starch hydrolysis products in | ovspaléley !gts %{S&@ PRopuctal ad dressings.
Starch hydrol ysis products are o enzym c
conversion of starch. The conponents of a conposition, and therefore
the properties of a conpa® tpoesent ainedntioni dtealatesyic seawsilsi on
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have .a hot flom/@|s§@grcy depend on the operating condztxons employed in
the conversion process, particularly the concentration
of the reactants, the temperature at which the
reaction is conducted and the timé for which the

reaction is carried out. L
20 Starch hydrolysis products (SHPs), as fat- and
oil-substitutes in food compositions, have already
been proposed. For instance, GB 1,423,780 discloses a
process for the production of starch hydrolysis
products having a dextrose equivalernit (DE) below 25%,
wherein a starch suspension is treated with an
X-amylase which is preferably bacterial «-amylase, at
a temperature at which thé starch granules swell, for
from 5 to 30 minutes. The SHPs produced in this way
form thermoreversible gels that are reportedly
freeze-thaw stable. Recommended - food applications
uging these SHPs include cuttable, low-fat mayonnaise.
US 4,510,166 also discloses converted starches for use

25

30

as fat- or oil-replacement in foodstuffs which are
characterised in that the starch has a DE of less than
5 and in that aqueous dispersions thereof at 10 - 50%
by weight of starch solids have a hot flow viscosity
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- 2- - of at |east about 10 seconds at 55[err] C and are capable of

form ng gels having a strength of at least 25 g within 24 hours at
4[err]T.  The converted starches may be obt ai ned by heating an aqueous
starch slurry and [err]-anylase until the desired conversion (indicated
by -. DE) 1s reached. W have found that sal ad dressings

pr epar ed using the prior art SHPs and no added oil have an 10

unaccept abl e pasty or gumli ke consi stency -or2 have ot her organol eptic
properties that are undesirable in such products.

[err]-Anyl ases, which cat dr ol t|c attack err]-D-(1[err]4)
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there is provid 13,5834 or the production of a starch 25
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belng not significagflLy- ﬁf&ﬁ@gt han the gel ati ni sation
tenperature of the starc ii) treating the agqueous starch
suspension with a 35 *‘W@Sﬁé:p&fkﬂ@’aﬂ%ﬁbﬁﬁ hrgreketig attack
tenperature of x-D-(1%4) linkages in starch molecules, occur

15 widely in nature; in plants, bacteria and animals.

The properties of an SHP produced using -amylase
catalysed hydrolysis of starch have been found to
depend on the type of X-amylase used.

We have surprisingly found that SHPs not

20 suffering from the disadvantages of the prior art SHPs

may be produced using, as the conversion enzyme,

porcine pancreatic «(-amylase. ’
According to the present invention there is

provided a process for the production of a starch

25 hydrolysis product which contains partly gelatinized

starch granules comprising the steps of

'(i) preparing an agqueous starch suspension
containing from 10 to 30% by weight (dry
substance) of starch;

30 (ii) heating the aqueous starch suspension to a
temperature in the range of from 58°C to 80°C
being not significantly higher than the
gelatinisation temperature of the starch:;

35 (iii) treating the aqueous' starch suspension with a

porcine pancreatic ™K-amylase at a temperature



- 3- - in the range of fromb58[err] to 63[err]C for a

suitable period of tinme to achieve the requi red DE and/ or

nol ecufar wei ght for the wat er sol uble fraction of the product;
and . (iv) deacti vating the enzyne. ' The SHPs

obt ai nabl e according to the process of the invention preferably have a
DE in The range of from3 to 12, nore preferably 4 to 10, and are
partly soluble in cold water, i.e., wateg of a tenperature of 10
20[err]C and below. In addjti t he SHPs re gene Il y |l e
at 90[err] C and contain par’t‘?y%é‘a a‘f?ﬂ??ea"g ‘%taré% r%ﬂulﬁej;w%bserva l e
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mol ecul ar wei gﬂ pr26fCeand bakowangEnohdfdivuos,t bhe SHPS(Q arBa gepeshddybl y

in the range of fropgyg kB2 -at goh cgtr:%ﬁ/dbggumt harehgr egbeltat}?_ng_&gaent

i nvention also 30 provides a starch si.s product suitabl use
as a fat and/or oil SEGB%‘EH grapules f?}?ﬁf%’@r?&c?s iy gHeroscony §¥amination
characterised in thand ttypieallly eehilitisome bisedninigenaed indewat er

sol ubl e fraction hacs:r{)i%g?g %ansera flgﬁol ecr:l{_‘gg? h%%t of 4 uéé‘dt lgg

range of from e produced
according to thé replace, partially or completely, edlblg fats orppéggnt

invention, the sourgegnQlentliyddl 54 PeREL6FelO in food compositions. 1In
' particular, they can be used to prepare low- or zero-
fat salad dressings, such as mayonnaise, which do not
suffer from the textural disadvahtages associated with

20 dressings prepared from prior art SHPs.

The starch hydrolysis products of the
invention are partly soluble in water at 20°C at a
level of 1% by weight and typically comprise from 20%
to 60% by weight of a fraction which remains insoluble
25 in water even after boiling. The water soluble
fraction of the products preferably shows a peak in
its molecular weight profile in the range of from 6 to
30 kDa, preferably in the range of from 8 to 20 kbDa.
Accordingly, therefore, the present invention also
30 provides a starch hydrolysis product suitable for use

as a fat and/or oil substitute in food.compositions
which is characterised in that it is partly soluble in -
cold water and its water soluble fraction has a peak
in its molecular weight profile in the range of from 6
to 30 kbDa.

For the SHPs to be produced accordlng to the
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enzym c -conversion nmay be a cereal or root starch, typically selected
from barl ey starch, wheat starch, 5 corn starch, potato starch, tapioca
starch; rice starch or sago starch. The starches nay be chemically

nodi fied-(e.g., phosphorus cross-bonded) and may be genetic variations
such as waxy corn starch and high anyl ose corn starch. W have found

t hat SHPs produced 10 from wheat starch according to the present invention
are preferred since these have better fat m-net+c properties than SHPs
produced using the other starch sour ces. Starches from
different sources may have 15 different gel atinisation tenperatures. For

i nst ance, not orAEeseat; (inveatigge that soyEcgelcdt iHiarah oipbjected to

tlerrperﬁtures of hmeﬁnz?haE:Cfbo’mr@ﬂs&BhOQﬂaﬁtBéﬁf& adlsereal gt f frorNtstucH,t 1S .
al so the case that Fur an at. star.c e inizes at t enper.at ur e
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gel atinizes. Thi's diddry eatarech, @otatst sgandh, tHapioca tstamehdi frfisyeence

between the climati GaeRdi brOBEgo st#HF&YAI lPHY séttazﬁh%sdinﬁ?eﬁénéhérf?f@éims-
To take into account_.t hese %lfferences, t he process of_ the 25

invention requires™odt&ied; J&g- - iPROFPRORNR oFROSS -Danfstdn iR MR [he
heated to a tenperatgenetiie tvaeiadigfs suchf abr eaxyS[oorn dtardd and GiyH
whi ch tenperature i Lgni ficantl i_gher, n t.i.ni on
tenperature ofqqt hzaﬂ}goée'recﬁoﬂr’)e%%f&g‘secwe r?‘agy‘%hifs?]i"gg tfﬁ%ﬁa [ nél’j1 ]{ng%tedo
tenperature can béraferdegitnatarch ageordingt 410 ythe mpresents dnvention

:stiarc.h gragulbefs al’eared ;Si_ﬁélﬁ@ﬂ:ﬁé@ swalkle fﬁ}%ééensbér%ﬁ@i} bss’(ej)rfﬁigértltiica! l'y
Breferably, the aqueBSBestaren tned SHESCRECONCE NEAPE T8 1 VTpet SHARD
which is -~ slightlspureesw, e.g., 1 - 2[err]C below, the tenperature
- 9" at which swel | ingsehthesSt AEGR REOEPASrent s urcesThﬁ]ﬁq%%Q}és
starch suspensipf h%\glfr}:%rtég%n 1 theat eg_ as 1(:jesc‘:rlgted a oveFl t etn
subj ected to treat- gelatinisation temperatures. or instance,
not only is it the case that the gelatinisation
temperatures of wheat starch and tapioca starch are
different but it is also the case that a Eurépean
wheat starch gelatinizes at a temperature different
20 from the temperature at which an American wheat starch
gelatihizes. This difference is, at least partly, Que
to the difference between the climatic conditions
prevailing at the different locations. To take into
account these differences, the process of the
25 invention requires the starch, in an aqueous
suspension, to be heated to a temperature. in the range
of from 58° to 80°C but which temperature is not
significantly higher than the gelatinisation
temperature of the starch being used. This
gelatinisation temperature can be determined

experimentally. As a result, the starch granules are

30

. caused to swell and the starch may become partially
gelatinised before or during the onset of enzyme-
catalyzed hydrolysis. Preferably, the aqueous starch
suspension is heated to a temperature which is
slightly below, e.g., 1 - 2°C below, the temperature
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5 nment -with a porcine pancreatic [err]-anylase at a tenperature within
the range of fromb58[err] to 63[err]C, preferably 58 - 60[err]C for a
suitabte period of tine. A typi cal porcine pancreatic [err]-anyl ase
that is suitable for use in the present inventionis E.C. 3.2.1.1 Type .
10 VI-B (Sigm) No. A-3176 which has a reported activity of 25 units/ng
solidat pH 6.9 and 13% noi sture. QOne unit of this enzyne is defined as
| i berating 1 ng of mal tose fromstarch-ip 3 mnutes at 20[err]C and pH
6. 9. Reported [err]-anylase activity is 7.4 units/ng solid at 15 pH
4.8. The reported pH optimumfor this enzyne is 6 - 7 and the enzyne is
t her nol abi | e above BO[WiyidhCswelhdng of ctive esftangh dyegdMmst-he enzyne used in

the invention is typi caley ddubbEs’ A& Eﬁgpbygléd)ﬁéogng been
units/litre. 20 The periqd of tinme suitable for the_enzymatic

conversion of tpe teR%8d 35 Seserdbshoghevendsi ﬁei‘hﬁ"‘bJecb?%f EPrERe®E in
the range of from 3nent?wainghiors tgercineprpdpcirec bt eott amydasght aprodi | e
having a peak in e &Q&:A@ggs g fhd O gk DB <! %Aras?w o piad) e 20
fraction is general rom :3{ es an cal fromILl =
mnutes for a prodtR;Ite fieratdy &8 - 5Q)Eclf\°1€h'=bﬁ1ﬁsqabé-ﬁeﬁ’éﬁfﬁ-8§ PENGEmef f40m4

to 10. Wﬁmélhq:di@ih@e%aﬁ)&raaﬁli@rxmhysséartM&tghé suité®let he
wat er sol ubl e fract on of the 1_lg‘?gduct IS achj eved i 4: ge? gs]ra t hat
further hydrol ygis HEPFEBY é'nﬁ?‘é M etf bé hattfvar %”?Ghe
enzynme. | nact i Wet+Boril S:s;nta;bplml Ay 33@hi ehichbhasecat kagorhed activity
conposi tion Contwiufwhé QQ5%6835Q13 E@”Bﬁretyrﬁn@fl3% m@&s*@f@t One
80[err]C, preferabgﬁp% errJ 5[err]C ol I ow ng enzqv)

i nactivation, the h’c’bo?‘&i’"t?rl’rf‘r defined aﬁ1e‘-’§—15'arﬁ%3?9 dptThrf | vy,
be maltose from starch in 3 nfinutes atdr20e?d€ lana gsthné cies
known per se in the ' b e-qry- g

The SHPs obt ai Rgd ac or Ogr?%lase é’céi{v%. %vie%l%ﬁllég/ &E)]?licph%t\:/e a

DE in the range of HH dhﬂQ} Thet G'-'ePE’rtﬁér SHpPREEPWR| §°¥r‘é‘i’r+% ERE YR a#ﬁj @re
partly sol ubl e i n7cehd whéeeneyme. isVaiRimallaBilemavoveurs®efl. The
- concentration of the enzyme used in the invention is
typically in the range of from 700 to 2100
units/litre. '

20 The period of time suitable for the enzymatic
conversion of the starch to give a product having the
preferred DE in the range of from 3 - 12 and/or the
preferred molecular weight profile having a peak in
the range of from 6 to 30 kDa for its water soluble

25 fraction is generally from 5 to 30 minutes and
typically from 11 - 15 minutes for a product having a
DE in the most preferred range of from 4 to 10.

When the desired DE and/or molecular weight
for the water soluble fraction of the product is

30 achieved it is necessary that further hydrolysis of
the substrate is prevented by inactivating the enzyme.
Inactivation is typically achieved by heating the
composition containing the enzyme to a temperature of
at least 80°C, preferably 90°C - 95°C.

Following enzyme inactivation, the SHP is

cooled prior to use. The SHP may, optionally., be

35



about 20[err]C). Typically, the SHPs are not pourabl e at 90C. Also
t he SHPs obtai ned according to this 10 invention contain partly

gel atini zed starch granul es and general ly exhibit birefringence under
cross- . polarised light indicating the presence of sone starch
crystals. W have al so found that the SHPs of the I nvention w ||
typically have a break strength in the 15 range of from5 to 160 g,
preferably 5 to 55 g, and a gel strengt-hgnet greater than 25 g/ mm
preferably 2 to 13 g/mm as neasured on a 20% paste of the nodified
starch (matured for 24 hours), and a peak viscosity of 80 to 1200 BU
(Brabender units) n@as%@e‘eh(ate@hmuet%ﬁmm&_ﬁfﬂ‘ -they| @F% | CSReh aas
Brabender anyl ography freeze- drylngTB§ §5E§ {Kgused as oil- and/or fat-

substitutes in food corrp05|t|ons in 0% Qi l_.or 0% fat
conposi tions. SThey are e 'f' 5 ma%%°¥ 10g; kg; ithe present

(body-i nparting andima&&ommﬂﬂr@b&y— hager &i DY matheerst)gemf Ogem 0B |
salad  dressings,osysh garen dakcealayl ey oNho09 and arEXBRELMGNTAL

SHPs according to t pr ésent ventl on re prepared as described_in
the foll owi ng Exanpfekublerhin cold é’ﬁi?ﬁe(ﬁséd- |‘1’P‘E% aty S eBeeRasupsr 8f ne
pancreatic [ er aboatyiese) Pr%mdany?;l?cﬁe Enpe ¥reBnobt gonedbleoart

Si gma Cheni cal Conpapy Wwith e cti 2 MOe 5
at pH6.9). g ?p s d%if 3;9-.[,% $udg c%lbofé%la'?gd %fcordgfw#ral%{oose rom
starch in 3 mn at lnvenﬁﬂ@@rcydxaln partly gelatlnlzed starch granules

-7~ and pH 6. gnd [@Hﬂrﬁwwl3§§e§9@d§éﬂbé@ﬁnae4 cross-
units/ng solid at pH Ther orted pH,opti

enzyne was t her nol aBPF-ér’a%%‘%el teﬁnri@cagm the paniance °%Os§’me 13ak08

crystals. We have also found that the SHPs of the

invention will typically have a break strength in the

15 range of from 5 to 160 g, preferably 5 to 55 g, and a

gel strength not greater than 25 g/mm, preferably 2 to

13 g/mm, as measured on a 20% paste of the modified

starch (matured for 24 hours), and a peak viscosity of

80 to 1200 BU (Brabender units) measured at a

20 temperature of 51 - 59°C in a Brabender amylograph.

The SHPs may be used as oil- and/or fat-

substitutes in food compositions, particularly in 0%

oil or 0% fat compositions. They are especially
useful as fat mimetics (body-imparting and/or

25 consistency-imparting carriers) in 0% o0il salad

dressings, such as in low calorie mayonnaises.

EXPERIMENTAL
SHPs according to the present invention were

30 prepared as described in the following Examples. The

enzyme used in the Examples was porcine pancreatic
o(~amylase (Product A-3176, Type VI-B obtained from
Sigma Chemical Company with a reported activity of 25
units/mg solid at pH 6.9). One unit was defined as
35 liberating 1 mg of maltose from starch in 3 min at

20°C



Wheat starch was di spersed in 0.02 M sodium phosphate'buffer' (pH 7),
with or without 0.02 M sodium 10 chloride added, to give a final starch

concentration of 30% Thus, 9 kg starch was m xed with 21 litres of
buffer; 12 kg starch with 28 litres of buffer; and 20 kg starch with
46.7 litres of buffer. The enzyne was di ssol ved in the same buffer and
added to the starch 15 slurry to give the appropriate activity
(units/litre of starch slurry) at time -zare. The hydrolysis was
carried out in a 100-litre surface-scraped, steam j acket ed m xer
(Agenore) wth a central paddle counter-revolving at 45 rev/mn. The

tenperature of 20 taedvedisd-Uas Eemomfiaed3bpmyH@spRFEAVIASH dfas 7.4
intermttent steam gheeSiid s¥1ia R @AW BDNY THe . repofiﬁé’ii:tp!-plbp&ﬁdluﬁ\t was

d th t t t S th t
Tackets 0 T e ARsamg e peSo e ﬂmﬁ#% 595 owed 10

] acket . 5
take place at~” 58 - 60C and the’ concentration enzynme added

was 700 - 2100 gpxAMbisd ity The time of. hydrolysis (hoI ding tine)
was varied from 11'-—It>hrﬁ§'énvr€rro produce DEs from 3.8 to 9.0. The
reaction was termnated by rapid 30 heating of the starch m x to above

90[err]C to : Inact ijvat e WHea e ngdich Thes ha&sﬁglg?ws ipow .t imt godhiAl
trays, allowed to c ast e err r .
fregze- dryi ng. {ghce O“?'h%w APLI\,\gi ng%tﬁdor s doutotga%r%egqorsnofiﬁu?'o

obtain a powder. chlorlde ad'dmi.com seivé aydiob)sistamed momicestodthyn
periodic renmoval ofosagptes rids,t ve gt §EQBCH1%£§r&&xed with 21 litres of

{eeze-drying and rRALTEheH '“aC“ GRe g ol dibpes of hi¥ERen mdlan. s

Exanpl es of reactlohgpatanehavisttardéﬁsmdwtneus of blufifler.l . The enzyme was

Table | 10  Reach]on AR} efSe USHHL | Duffif PLAPALAALEN ST tBEPS tarch

15 slurry to give the appropriate activity (units/litre

of starch slurry) at time zero. The hydrolysis was
carried out in a 100-litre surface-scraped, steam-
jacketed mixer (Agemore) with a central paddle
counter-revolving at 45 rev/min. The temperature of
20 the vess;l was controlled by the application of
intermittent steam pressure at 5 psig during the
reaction and at 15 psig during the enzymic
inactivation stage (90 - 95°C)'to the steam jacket.

The enzymic hydrolysis .of the starch was
allowed to take place at 58 - 60°C and the
concentration of enzyme added was 700 - 2100
units/litre. The time of hydrolysis (holding time)
was varied from 11 - 15 minutes to produce DEs from
3.8 to 9.0. The reaction was terminated by rapid
heating of the starch mix to above 90°C to inactivate
the enzyme. The hot SHP was éoured into metal trays,
allowed to cool and blast frozen at -30°C prior to
freeze-dfying. Once dry, the material was ground in a
hammer mill to obtain a powder.

25

30

35

The course of hydrolysis was monitored by
periodic removal of samples of the starch mixture



DE- Amount of enzyne Hol ding Exanpl e Nad (units/ 1)

time at 59-63[err]C _ (mn) 15
1 Yes 4.4 1400 30 2 Yes 4.5

1400 . 5 3 No 4.9 1400 17
4 Yes 6.7 1400 12 5 Yes 8.4 '
1400 - 19 20 6 Yes 9.0 - 1400 22
7 No 9.2 2100 22 8 - 8 No 9.6

2800 27 9 Yes 11.0 1400 30
25 Slurries were prepared by dispersing 80 qxof the SHPs in
distilled water to Md€hy weFeabajdiedngpfinactiygfenithe anzyng folkowad e

heaafd in a BrabendQF fgee!%Saﬁgiﬁﬁﬁhddﬁﬁghéﬂlhmahk Bgttegggiﬁ@ §gﬁﬁrs by
ei ght - prong sanpl,e , _a,seyen-prong sensor and a -cny
measuring head f$ogﬁf§[e%g% F8t€9%}ai 1.5[err] C per mnute. The
slurries were hefd at 97C f Brkamplesi afit geactiohopryamgtpbyscagei isfpown in

30[err]C. Viscositiggpiare.
heat i ng and cooling cycl e,

nonitored on a chart recorder throughout the
the recorder being set to zero 35 viscosity

bet ween each sanmple with 400 ml of distilled water in the bow . Peak
viscosity was recorded in Table I -9-
Brabender Units. The viscosifying properties of a range of SHPs
prepared are sh in Table I'l. 5 Tabl e |

Vi scosities of starchReastien pacameters, ysped in the preparation of SiBfler
Vi scogr aph ' )

DE Amount of enzyme Holding
{units/1) time at 59-63°C

Example NaCl

15 1 Yes 4.4 1400 30

2 Yes 4,5 1400 5

3 No 4.9 1400 17

4 Yes 6.7 1400 12

_ 5 Yes 8.4 1400 19

20 6 Yes 9.0 1400 22

7 No - 9.2 2100 22

8 No 9.6 2800 27

9 Yes 11.0 1400 30
25 Slurries were prepared by dispersing 80 g of
the SHPs in distilled water to make a total volume of
-400 ml. The slurries were heated in a Brabender
Viscograph (Type 801201) fitted with an eight-prong
sample bowl, a seven-prong sensor and a 700-cmg
30 measuring head from 25° to 97°C at 1.5°C per minute.
The slurries were held at 97°C for 15 minutes,
followed by cooling to 30°C. Viscosities were
monitored on a chart recorder throughouf the heating
35 and cooling cycle, the recorder being set to zero

viscosity between each sample with 400 ml of distilled

water in the bowl. Peak viscosity was recorded in



10 (Al

Exanpl e DE Starting
viscosity .tenp.

([err] Q) ([err]Q
1163 2

3 4.9 365

50 25 : 410
220 55 6

7 9.2

65 40 .

350 52 25

bastes cont ai ned 20% wt / vol

180

éég"%’éder 0“3“5?8 9 40
The Thel VMifGOPLEpERE| BEORRT T4 Of a range of SHRa SHPs

sanpl e unl ess

59
11.0

ot herw se indi cat ed)

Pasting Peak viscosity No
(BU) Tenp. 15 ( BU)
1 4.4 - 100 28
4.5 38 27 1200 57
34 615 53 4 6.7
5420 5-9- 8.4 60 27
9.0 460 37 460 51

8 9. 6

wer e dispersed i npghdrdd eerdhownatin TabBecongcentration of 20% (wt/vol),

heated in a BfSabender 30 Viscograph as descri bed above,
m nut es and poured, whilst hot,
necks of which had been extended with

above the rim cool ed
hour s.

into 120-nm capacity
TabiepEl

held at 97C for 15
glass jars, the

The jars were filled to

and allowed to mature at 20C or at 4[err]C for 24

The mat ured starch

2d | gels fornmed a tough skin,
was removed at the ri mVYigaesitiepcofnhgbarch pastes measured

whi ch
in a

- 10 - cutter. The gels meBeaaéﬁhgﬁedlytddraph LFRA/ St evens
P WG L e R e Sk v Hif
centre of the gelat ise depth of 20 nnlat a speed of . 0.5 mmi s.
The | oad on the probe was continuously recorded on a chart
Example DE Starting Pasting Peak viscosity
No viscosity temp. (BU) Temp.
15 (BU) (°c) (°C)
1 4.4 100 28 1163 53
2 4.5 38 27 1200 57
3 4.9 365 34 615 53
4 6.7 50 . 25 410 54
20 5 8.4 60 27 220 55
6 9.0 460 37 460 51
7 9.2 140 35 180 59
8 9.6 65 40 83 58
: 9 11.0 40 27 350 52
25

The Gelling Properties of SHPs

The SHPs were dispersed in distilled water at
a concentration of 20% (wt/vol), heated in a Brabender
Viscograph as described above, held at 97°C for 15
whilst hot, into 120-ml capacity
glass jars, the necks of which had been.extended with
tape. The jars were filled to above the rim, cooled
and allowed to mature at 20°C or at 4°C for 24 hours.

The matured starch gels formed a tough skin,

which was removed at the rim with a wire cheese-

30

minutes and poured,

35



recorder  as a function of penetration distance. The ~texture anal yser
was calibrated with a standard 200 g 10 weight such that a response

range “of 0.200 nVv (corresponding to a | oad of 200 g) was obtained as
a full-scale deflection on the chart recorder paper. The
gelling properties of a range of SHPs are shown in Table I11. 15

Table 11 Gel preparations-of starch pastes neasured in a

St evens/ LFRA Texture Anal yser 20 (Al'l -.gebs-cont ai ned 20% starch unl ess
ot herw se i ndi cat ed) Exanpl e DE Br eak El astic

Gel 25 No strength limt strength

(9) (nm) . cuttefg/ mhhe gels were analysedq with amQLFRA/Steveng O
12.8 2

Téx®ure AndPyser fﬁzfﬁéfkﬁkh a hemispﬁ%?%#éﬂly t%%ygg

gg 42. 51051 Persg'egt probe gt.iaaméter 13 mm x 3.5 &:_né. The prdbe5_8
6 9.0 bds?programméd Oto penetratelthke centre/of the geld to
8.0 3.7 ; 2 : :

5 4 9 11;“ gaxlmgm %%gﬁh o@ 20 rgt.x4a.@ a6 speed o%dé.s mm/s. 21‘hje

M cr oscopy load op thesHohe Magr €enEdRLALRALY S8fer{Rd (9mIq Fhart

recorder as a function of penetration distance. The
texture analyser was calibrated with a standard 200 g

10 weight such that a response range of 0.200 mVv
(corresponding to a load of 200 g) was obtained as a
full-scale deflection on the chart recorder paper.

The gelling properties of a range of SHPs are
shown in Table III.
15
Table IIX
Gel preparations of starch pastes measured in a
Stevens/LFRA Texture Analyser

20 ‘

(All gels contained 20% starch unless otherwise
indicated) '
Example DE Break Elastic Gel

25 No strength limit strength

(g9) (mm) : (g/mm)

1 4.4 50.0 3.9 12.8

2 4.5 159 6.3 25.4

30 3 4.9 42.5 3.5 12.1
4 6.7 38.2 3.8 10.1

5 8.4 24.8 4.3 5.8

6 9.0 54.2 - 4.9 11.1

7 9.2 8.0 3.7 2.2

35 8 9.6 5.0 2.1 . 2.4
9 11.0 46.4 5.4 8.6



gel atini sed starch grains, as determ ned by I|ight m croscopy. Thus,
conpact, angul ar fragnents, 30 - 100 [err]min size containing tightly
packed starch grains wer e observed. The fragnents hydrated slowy in
wat er. Sonme birefringence was al so observed. In 10 contrast, a commerci al
pot at o :SHP such as Paselli SA2 from Avebe, contained no intact or
partially gel ati ni sed granul es.: EXAMPLES 10 - 18 15

In the foll owi ng Exanples | ow DE SHPs were 11 -prepared from sone Latin
American starches (Brazilian corn starch, Brazilian wheat starch and
Mexi can t api oca, starch%’. In these exanples the [err]-anylase was 20
the sane porcine PAHEFRSEIRY [err]-anyl ase as was used in Exanpl es 1-9.
The wheat starch SHPs were prepared by di spersing the starch (1.2 kg)
in 2.8 litres of 10 nmM | p t e buf . to giVe. i nal
starch 25 congentration opffgg%}?géTEgggggf?e é&?a‘é%%é% \Z}‘)é’a‘"'. rﬁ%&gﬁﬁ of
the sane buffer angelAtinigedd stax¢k gradisls. as sdeteymined hy zbight The

starch mxture waspgéidd&sby. ©RLEY *BmRuetheathguadd! eerfdgrintdnt idg tbe
onset of gelatjnisation at around,60Q this, the 30

er r%.C. Fol | ov‘\g ng:
reaction was stirrtQ0 Rt 15438 SR ERABIRG T LR ERY (Rpcked srarch, BTR1BF ( he
m xer arrangenent.werét obsersell Of The tfwagmantsorhydraved (slewlyol dang
time' ) the tenpegaLur € Qind F@ipérﬁi-yhg #es LAlShiQ BBGelYed. 1n
i nactivate thggenzyne. 1€ dr ol ysis of the tapioca starch was
carried out essentfR¥ZAHs MHFERIMEESipt PRERLPHEHP such as Paselli SA2
-12- starch stom yavedeecateh tdind@feridC tndaeld oved pareadily (at
anbi ent tenperature), to. 6.04%2%0 b(if(s)re addi ti on of the enzyne (the
por ci ne anyl ase wod! ]da%Jtrhle SBE-B= "t her mal | y-inactivated). At the end
of the reaction period, the tenperature of the m xture was raised to

EXAMPLES 10 - 18

15

In the following Examples low DE SHPs were
prepared from some Latin American starches (Brazilian
corn starch, Brazilian wheat starch and Mexican
tapioca starch). In these examples the o(-amylase was

20 the same porcine pancreatic o(~amylase as was used in
Examples 1-9.

The wheat starch SHPs were prepared by
dispersing the starch (1.2 kg) in 2.8 litres of 10 mM
sodium phosphate buffer (pH 7) to give a final starch
concentration of 30%. The enzyme was dissolved in 10
ml of the same buffer and then added to the starch
slurry at time zero. The starch mixture was stirred
using an overhead paddle mixer until the onset of
gelatinisation at around 60°C. Following this, the
reaction was stirred manually as it was too thick to
be stirred by the mixer arrangement. . At the end of
the reaction period (the 'holding time®') the
temperature of the mixture was raised to 80°C to
inactivate the enzyme.

25

30

5
3 The hydrolysis of the tapioca starch was

carried out essentially as above except that the



80[err]Cto inactivate the enzyne. The noi sture content of all

t he SHPs prepared in this study was very simlar. Thus, SHPs of 10-
Exanpl®es 10 and 11 prepared from Brazilian wheat " contained 2.4 and 2. 6%
noi sture,. respectively; SHPs from Exanples 13 and 14 from Mexi can

t api oca cont ai ned 2.8 and 2. 1% noi sture, respectively; and SHPs from
Exanpl'es 17 and 18 from Brazilian corn contained 2.9 15 and 3. 1% noi st ure,
respectively. Tabl e V shows the LReel ogi cal properties of

the Latin American starches and their SHPs as mneasured in a Brabender

Vi scograph. The results obtained with Brazi|ian wheat vwere simlar to

t hose obtained for starchpslprepavasl heateduk®pédnCwABdt 2l11le8pdefqnGrel sHP
from Exanple 10 withag Bmbiknt. LemipeRatfdelr @ 60°Bregforanaddtaiomadta
peak viscosity of 1% 0 BU whils SHP.from I e

Eur opean wheat with 8¢ enzl?fﬂ'eof{'?f?% Rﬁﬁcén%egﬁ‘%lgsggog‘f yﬂ{of B%ggw%{émkg
Mexi can tapi oca St atbarmallly+ sngriadied Juer eAt thgprand)jafolbet IFpgction

Brazilian wheat stapghiggd khs tempBEREYFd Sof asheNpaWRtube TaBLe r¥ised to
Al t hough Brazilian corn _and jts SHPs were not as viscous as the Mexican.

tapi oca and its pro88cEstot Rgehiaredhe $PZ¥BEs than 30 the Brazilian
wheat starch and its producthe moisthire efomtenti foft led 1l dthien SHAs iprePared

starches were Iiste_q.n t%%g grtqlec{ o&agegegl%;i Y 4 S£PST t Y8, Olsify s Wayl d

be: Mexi can,§api_oca Brazi 154 corn | an eat. Thesg . ener al
trends in viscosityEBxamplirg alPerad W Preparfeaht P aBIAst ¥ FAFRSca,
corn and wheat . contained TP€ 4CQdra St a6€hmSEEure| € naspeatddedy; alstiPs

were experienced dui2i.8g gvddaeclt omodstuke., 5 respestivedy: SHMG ERBRPI £TPF) at -

a concentration of %:Q%h les 39 thQ Sledr ot Hrdeanadnt o ectitaneantz ohat
stirring becamegiffl uPt and it was not possible to prepare a

honogeneous pr oduct AnghdrdBomeistiFfefRSRECtivVel¥rn SHPs (Exanpl es 16 to
18) were prepared at a 10 cpapget vatswowsof ti®%rhéblbhdcehd paopertieeadfi on

the Latin American starches and their SHPs as measured

- 13 - h h I
al lowed fo cool (o OPB FYGREPRr b A (1A gl PRELEHD Radi06d qqndilnen

in a Brabender Viscograph. The results obtained with
Brazilian wheat were similar to those obtained for
20 SHPs prepared from European wheat. For example, SHP
from Example 10 with a DE of 4.9 prepared from
Brazilian wheat had a peak viscosity of 1300 BU whilst
SHP from Example 2 prepared from European wheat with a
DE of 4.5 had a peak viscosity of 1200 BU.
25 Mexican tapioca starch and its products were
more viscous than Brazilian wheat starch and its
products, as shown in Table V. Al;hough Brazilian
corn and its SHPs were not as viscous as the Mexican
tapioca and its products, they were more viscous than
30 the Brazilian wheat starch and its products.
Therefore, if the Latin American starches were listed
in order of decreasing viscosity the order would be:
Mexican tapioca Brazilian corn Brazilian wheat. These
) general trends in viscosity were paralleled in
35 European starches from tapioca, corn and wheat.
The corn starch SHPs were prepared as above



period,-ihe~tenperature of the m xture was raised to 80[err]Cto

i nactivate the enzyne.

The course of each hydrolysis reaction

was - nonitored by periodic sanpling (5 - 10 m) of the 15 reaction

m xture and boiling for 10 mn to inactivate the enzyne. These sanpl es
were frozen before freeze- drying in a Lyolab Bll |aboratory freeze )
dryer (Life Sci ence Labs. Ltd., Luton, Beds., UK). The bul k of t he
SHPs at the end of reaction were poured hot- 13t e 20 netal trays, cool ed at
anbi ent tenperature, and frozen before freeze-drying in an Edwards

"M ni - Fast’ | aboratory/pilot freeze dryer (Mdel 3400, Edwards Hi gh

Vacuum Crawl ey, VE§F°SE§S§£PtUK?? etazchr FLuEFY was heatgd: &0 % Gt
mlled to powders, tahaokelktsas®pbEStaB60IC defarecaddikliof Chf i shey emmmdarri s

Ltd.), and the

a pestle and norg ar.

PrER1ERE" Sv?eéea_?ggésgfgd%nge(? r %ﬂ%xﬁg S dld el 8E Wil

t he SHPs ar € surfimeits edrnnSHRD| BxampleTHS )r @4cei 6ANSEN BEAbHAN 9% I0Fod
for the preparationf ShESsftdden thElAéhban theghoneren eestidd @l knaery

simlar to those

enzynme. This

essSi ng par ers used to prepare

ysed for the manufacture of European wheat SHPs. = The
reaction paranet er s SFSEF1PG, beramp, SA5FAERLR BRdy dEc¥as nok, POSFADLE RO
fromLatin Anerica gireparedaf hofogenseusSptoduatheat ThelPefore i hatbsapient

starch substrate wag J¥if-sups gﬁkg&b@éyxhgrkgrfé5tpgrgd%ggg?%éﬁ Lie 5

alteration inr%ﬂhoG&ﬂRﬁPﬁE@t%ﬂ@epﬁaRQﬁdr14¢gﬁbe gnd of the gpeagtdpn
resul ts which shovegeRaes,chMeiperith¥e of the miixthreOwasanGilsa@ ara

substrates w t hout %%L

Table |V
Initial

15

20

25

30

35

RATR e of the i
Rggég{gﬂaﬁﬁ?gﬁ%ﬁé?gsﬁgéﬁgkﬁazLgnpreparation of SHPs

The course of each hydrolysis reaction was
monitored by periodic sampling (5 - 10 ml) of the
reaction mixture and boiling for 10 min to inactivate
the enzyme. These samples were frozen before freeze-
drying in a Lyolab BII laboratory freeze dryer .(Life
Science Labs. Ltd., Luton, Beds., UK). The bulk of
the SHPs at the end of reaction were poured hot into
metal frays, cooled at ambient temperature, and frozen
before freeze-drying in an Edwards 'Mini-Fast'
laboratory/pilot freeze dryer (Model 3400, Edwards
High Vacuum, Crawley, West Sussex, UK). Once dry, all
the materials were milled to powders, the bulk samples
in a hammer mill (Christy and Norris Ltd.), and the

a pestle and mortar.

The processing parameters used to prepare the
SHPs are summarised in Table IV. The reaction
parameters used for the preparation of SHPs from
Brazilian wheat were essentially very similar to those
used for the manufacture of European wheat SHPs. The-
reaction parameters used for the preparation of yucca
and corn SHPs from Latin America differed from those
for wheat SHPs in that each starch substrate was pre-
gelatinised prior to the addition of the enzyme. This

time-course samples in a Braun coffee grinder or with '



Exanpl e "Starch Starch DE Anount of enzyne Holding Tine

Substrate concentration (units/1) at 60[err] C(m n)

(9 10 Brazilian 30 4.9 2,100 4.5
wheat 11 - Brazilian 30 10.7 2,100 14..5
wheat 12 Brazilian 30 11.7 2,100 20.0
wheat 13 Mexi can 30 _4.18 . . 2,100 8. 0*

t api oca 14 Mexi can 30 . 8 2,100 20. 0*
t api oca 15 Brazilian corn 30 6.2 2,100

20.0** 16 Br azaltearationnin lfethodology /wads undexXxak@f in light of 6. 0**
17 Brazilian c 0 18
Brazilian corn 10 Sf&m]:g %esults Zm%% showed anor enz*?m ¢ a*c% é?ét‘éh

pregel atini sed by he?ﬁf‘f-’hg"?’ﬁ‘ 7% r 1aREocE, SYRELERRAK ‘b‘tht?BBI PRYCT PrH-

60[err] C ** St ar cgeyateipdkatisn.sed. by heating to 75[err]C. Enzynme added
on cooling to 60[err]C.

15 - Table_V : Vi scosities of
starch pastes measured in a Brabender Visk@¥€af¥ Exanple DE
Concentration Starting Pasting Peak Vi scosity

(BY) ([err]Q

(% wt/vol) Vi scosingggrg%{r%arm%%ﬁcg_s,g&ym dlhe3B-8phddtion of SHPs
(BU) ([err]Q '

Initial .

Example Starch Starch DE Amount of enzyme Holding Time

Substrate concentration (units/1) at GO‘C(min)
(%) '

10 Brazilian 30 4.9 2,100 4.5
wheat .

11 Brazilian 30 10.7 2,100 14.5
wheat '

12 Brazilian 30 11.7 2,100 20.0
wheat .

13 Mexican 30 4.6 2,100 8.0*
tapioca .

14 Mexican 30 6.8 2,100 20.0*
tapioca

15 Brazilian corn 30. 6.2 2,100 20.0%*

16 ' Brazilian corn 10 7.3 2,100 6.0%*

17 Brazilian corn 10 7.8 2,100 B.0%*

18 Brazilian corn 10 6.3 2,100 10.0**

* Starch pregelatinised by heating to 70°C. Enzyme added on cooling
to 60°C.

** Starch pregelatinised by heating to 75°C. Enzyme added on cooling
to 60°C.



native Brazilian 0.4 ~ 10 ' 0 67 385 97

1200 wheat 10 4.9 20 840* 35 1315 55
2080 r1 10. 7 20 _ 370* 35 755 55 1130
nati ve Mexi can 0.4 10 0 65 2015 77

1250 yucca 13 4.6 15 : 600 32 1910 54
1705 14 6.8 15 - 36 - 32 2290 54 2105
native Brazilian 0.4 10 0 70 1075 91

1950 corn 18 6.3 20 615* 38 590 49

ND 17 7.8 15 Taple V 37 63 55 ND

* viscosity decreased with initial stirring

- 16 - vidabdfi¥E SHQMRrtRpLRks iRkl e &f BEieddd Riscograph
Anerican starches and their SHPs as neasured in a St evens/ LFRA Texture
Anal yser. Again, the SHPs 5 prepared fromBrazilian wheat starch had

br oadl y Exampie ar DFel |Gangeproafden| estarsingosas5Ea9 nd@3krom  Vigkesigean
wheat starch. For exanplewedddl)f rom Bs@icy templ W tiisaodityof at030c

prepared from Brazilian wheat had I str(ngth of @egig/mﬂy\gli_,j st SHP
from Exanple 9 10 prepared from European 'wheat wth a DE of,11.0 had a

gel strength of 8.6 g/mMm Native Mexican tapioca st'& &h, Yike its

"Eur opean"” counterpart (tapioca), failed to gel at the concentrations

used in thigeive study. However, SHPs from Exanple 13 (DE = 4.6) and 15
Exanple 14 (DE.= 6.8),prepaked from Mexi gan tapigca 3g8r oduged gebgo Wi th
simlar geIB(rgf?%Jﬁag'i zés""as tﬁgse prepa?’ed fron619either European or
Brazilian wheat. The

10 4.9 20 840%* 35 1315 55 2080
11 10.7 20 370* 35 755 55 1130
native

Mexican 0.4 10 0 65 2015 77 1250
yucca

13 4.6 15 600 32 1910 54 1705
14 6.8 15 30 32 2290 54 2105
native _

Brazilian 0.4 10 -0 70 1075 91 1950
corn _ .

18 6.3 20 . 615* 38 590 49 ND
17 7.8 15 58 37 63 55 ND

* viscosity decreased with initial stirring



t wo SHP§ prepared fromBrazilian corn differed substantially in gel
strength: SHP from Exanple 18 20 with a DE of 6.3 had a gel strength of

17.5 ¢g/ mm whil st SHP from Exanple 17 with a DE of 7.8 had a gel
strength.of 8.5 g/ mm Table VI 25 Gel
properties of starch pastes neasured in a Stevens/LFRA
Texture Anal yser Exanpl e DE - Concentration Break Elastic Gel 30
(% wt/vol) | oad limt strength - 16 - (9)
(nm (g9/ M native Brazilian 0.4 10 157.6 6.13
25.7 35 wheat 10 4.9 20 71.6 . 5.2% 13.6 .

- 17 - 11 10. 7 Tablep¥I shows theggel properiies githe Latjn,j e
Mexican 0.4 lBmerican starches goldfohaed SHPsyuxsameasut@d in a 4.6
15 37.0 é :

7.13 6.0 10 1S Peens/LPgR rextlre, apaifsfr.  Adaipy, yne by
19.7 corn IBrepared grpm Bragilian whegy ®tarch jBad brpadly 17
7.8 15 sZfiBar g2138ng Prdperties to those obtained from

European wheat starch. For example, SHP from Example
11 with a DE of 10.7 prepared from Brazilian wheat had
a gel strength of 6.8 g/mm whilst SHP from Example 9
10 prepared from European wheat with a DE of 11.0 had a
gel strength of 8.6 g/mm. Native Mexican tapioca
starch, 1like its "European" counterpart (tapioca),
failed to gel at the concentrations used in this
study. However, SHPs from Example 13 (DE = 4.6) and
15 Example 14 (DE = 6.8) prepared from Mexican tapioca
produced gels with similar gel strengths as those
prepared from either European or Brazilian wheat. The
two SHPs prepared from Brazilian corn differed

substantially in gel strength: SHP from Example 18

20 with a DE of 6.3 had a gel strength of 17.5 g/mm
whilst SHP from Example 17 with a DE of 7.8 had a gel
strength of 8.5 g/mm. '

Table VI
25
Gel properties of starch pastes measured in
a Stevens/LFRA Texture Analyser
Example DE Concentration Break Elastic Gel
30 (% wt/vol) load limit strength
(g) (mm) (g/mm)
native
Brazilian 0.4 10 157.6 6.13 25.7
35 sheat '

10 : 4.9 20 71.6 5.25 13.6



15 ‘M croscopy Both differential interference contrast

and -’ crossed pol arised light showed typical ungelatinised 20 starch
grains in all three native starches. In addi tion, polarised lLight
showed di.stinct Maltese crosses in the native starches. Al'l the SHPs -
contai ned fragnents of partially gelatinised starch of di fferent sizes.
Sone wheat hairs and cell wall 25 material were also observed in the SHPs
prepared from Brazilian wheat. Under era%sed polarised |light, the

corn SHPs showed slight birefringency (brightness) but no ungel atini sed
granul es were observed. The SHPs prepared from Mexi can tapi oca showed
slightly more 30 bittefringent§-than @8rn and so pBs&i bl y* ht ai néd 7sone

| ess gel atinised starch. The SHPs from Brazilian wheat showed t he
nost birefringency gL all the SHPs prepared in this study and Ml tese

crosses could b 54%% in sone of the fragnents.. Overall; all the SHPs
prepared in this stMdyicamtai fbdt the d@arp fragnments no ge¥ foymedct ed and
partially gelatinis9qc§garch granul es

- 18 -

not found in nost commercial nmaltodextrins. Pr dgct :

Trials 5 13 Zero oi 14l ad dPessi ngs wer '%repa?’e’c? usi n%' t he
SHPs obtained in Exaaples 10, &8 13 asd 14 as 42adove.7.13 6.0 The
formul ati ons of the salad dressings 10 (control and 0% oil) were as
follows: . 10 ) Cont r ol Experj nent al
32.5% oi | peFave

Brazilian 0.4 10 182.4 9.25 19.7

corn

18 6.3 20 71.2 4.13 17.2

17 7.8 15 20.8 4,38 4.7

15
Microscopy

Both differential interference contrast and

crossed polarised light showed typical ungelatinised

20 starch grains in all three native starches. In
addition, polarised light showed distinct Maltese

crosses in the native starches. All the SHPs

contained fragments of partiﬁlly gelatinised starch of

different sizes. Some wheat hairs and cell wall

25 material were also observed in the SHPs prepared from

Brazilian wheat. Under crossed polarised light, the

corn SHPs showed slight birefringency (brightness) but

no ungelatinised granules were observed. The SHPs

prepared from Mexican tapioca showed slightly more

30 birefringency than corn and so possibly contained some

less gelatinised starch. The SHPs from Brazilian

wheat showed the most birefringency of all the SHPs

prepared in this study and Maltese crosses could be

seen in some of the fragments. Overall, all the SHPs

prepared in this study contained the sharp fragments

of compacted and partially gelatinised starch granules

35



(Actual

= 34%fat) (Actual =
o)

1.5% fat 15

due to egg yolks 32.5

Wat er * 49.9 76 4 20 VYol ks

4.9 4.9 Starch 4.6 - 4.
(hﬁtlonal Purity HPC) Sucr ose 3.2 3.2
Vi negar 3.1 3.1 25 (12% acetic acid)

Sal t 1.5 - 4.58 - Mustard fl our

0.1 0.1 Pot assi um sor bat e 0.1 0.1
Xant han gum 0.1 30 _Fat mnetic

6.0 Met hod ofn%ntﬁ%% Uife MoE tt FeMBEFGiaby BRLEPRRX T ins. The

foll owi ng standard net hod of manufacture

eval uat ed.
19 -

iii)

whil e the

15

20

25

30

35

was used for al

kg were prepared.

ro 6§¥wéﬁf5h dressit%s weﬁbfpﬂhﬁéﬁfﬁ “afg? .
s s u
Shes eaapéae?olgo[%ma%egndf’ ofl 13 PE s

Loss in 10 wei ght by evapor ati on was

ed) wa < The §Q§ﬂﬁyékig%éﬁowm¥¥?ysaladV&resé@@ 5899

(control and 0% oil) were as follows:

Control Experimental
32.5% oil 0% oil
(Actual = 34% fat) (Actual = 1.5% fat

due to egg yolks due to egg yolks

0il 32.5 0
Water 49.9 76.4
Yolks 4.9 4.9
Starch 4.6 4.6
(National Purity HPC)

Sucrose 3.2 | 3.2
Vinegar 3.1 ' 3.1
(12% acetic acid)

Salt 1.5 .
Mustard flour 0.1 0.1
Potassium sorbate 0.1 0.1
Xanthan gum 0.1 .
Fat mimetic 6.0

Method of Manufagfure of the Salad Dressings

The following standard method of manufacture
was used for all fat mimetics evaluated.
of 1 kg were prepared.

Batch sizes

due to egg yol ks
0

fat mnmetics

Batch sjze of .1
5 gf?&‘t'%%'r S qgredi ents were nixed together in

a pan and the wat er and V|negar wer e added.
pan and contents was 5
heated to 90[err]C and held
The m xture HB&
contents were rewei ghede.
corrected for, by
yol k and oil (|{0 us

The wei ght of the

to the starch paste



m xture-was mxed for a total of 12 minutes 15 using a Silverson

m xer . V) The dressing was distributed into 100-m

steril’e jars and stored. - During manufacture of the zero-oi

dr essi ngs, the SHPs prepared in this study forned pastes that 20 were
easi |y dispersed and snmooth and that thickened on heating. The final
SHP pastes were general |y sonewhat thi nner than that of the control

dr essi ng. The or ganol epti c assessnent3 5 the dressings 24 h after
manuf acture are shown in Table IV. Both Brazilian 25 wheat and Mexi can

t api oca SHPs affordegl) acceptghl %F?(eia?trgr iﬁﬁﬁ%ﬁigktgwgﬁ(t’ﬂ"%}? gg\rggi__ﬁg__ f‘%ht

dressi ngs when assessed 24 acture although ry sl
st archy of f-flavour wa® Ramspedakhe watest &apd vinegar wergopfddedng

storage for 6 and 14 days, tige 3QeiCPtr @f dEASSI PInCUHAI BioWk St 8%0wA 4
had remained- g unchanged in tergs of appearance, texture and flavour.
However, the zero-oil dressi"'f‘?’gjasg’""[f‘flg pared with the Brazilian wheat SHPs
devel oped a slightlyihbre g&he mixtukpkeastheated ctonid0fCQ iamd. hiiddefoheldess,

the dressings 35 were consiéggogﬁsqgitt EhRECeRhSR Srure FUrthernore, the
dressing prepared with the nore hydrol ysed Brazilian

- 20 - wheat SHPLL SHP Theo RixtaRs ovast then —copled 59,29 °Ed ansl the
benefit from the thickening gid eshd ovon tihs?-week rewesidiae pPeloisdd in
changi ng from ajgour abl e dr%si q vgth 0 a

5. starchy off-flavours.at. 24 h t
t hi ck dressing simlar intexture ?%a?%’ég%%%r%/rg?sar‘f o FSeecf"frl'a\r}E)’ﬁr
after 14 days. Yhegleddigprovefiev@teni th tine in texture,
mout hf eel and flavouivyere almed e§§ertk | Aniheil0 (deesHdWS RagPAHELeav th
Mexi can tapi oca SHPs. _ Tal%I e Vi !I:e whil '
Informl organol eptic assesSHetPUBtI¥ertote starch pas e the
mixture was mixed for a total of 12 minutes
15 using a Silverson mixer. .
v) - The dressing was distributed into 100-ml
sterile jars and stored. _
During manufacture of the zero-oil dressings,
the SHPs prepared in this study formed pastes that
20 were easily dispersed and smooth and that thickened on
heating. The final SHP pastes were generally somewhat
thinner than that of the control dressing. The
organoleptic assessments of the dressings 24 h after
manufacture are shown in Table 1IV. Both Brazilian
25 wheat and Mexican tapioca SHPs afforded acceptable (in
terms of texture) zero-oil dressings when assessed 24
‘'h after manufacture although a very slight starchy
off-flavour was occasionally detected. |
Following storage for 6 and 14 days, the
30 control dressing containing 32.5% o0il had remained
' unchanged in terms of appearance, texture and flavour.
However, the zero-oil dressings prepared with the
Brazilian wheat SHPs developed a slightly more gel-
like structure with time. Nevertheless, the dressings
were considered quite acceptable. Furthermore, the

dressing prepared with the more hydrolysed Brazilian

35



15 3 dressings 24 h after manufacture Appear ance

Texture Fl avour 20 Control Wi te, opaque, Snoot h, creany
Cr eany, (32.5% t hi ck spoonabl e, nout h- coat i ng wel | - oil)
snmooth . rounded Starch 25 Substrate
BraziLian wheat : SHP of Thi ck, shiny, _ Snoot h, thick Wl | -
Exanpl e 10 yel |l owi sh, spoon- (but |ess than balanced, 30 (DE = 4.9) able,
slightly control) | ess acidic - 20 - gel |l ed

t han contr ol SHP of Snoot h, shi ny, Bodi | ess, Very slight
Exanpl e 11 pourable, not wat ery, not starchy of f - (DE = 10.7)
gel | ed tHPGEtOFHP {SHP ﬁqqmvggpmple 11, DE 10.7) appeared to
creany benefit from the thickening 2ffect ovd¥xthan 2-aplekca:

Spoonabl e, - o cauprEpe Berof [ Hardih, e L Bliiprg EAHRG I

little watery ?haﬁt@@ﬂhKNOff flavours ath?ﬁna'tmaﬁ thick dressing

control SHP 0%1m11§9095hteﬁiuﬂ3hto thee8hRrol hahd 1ﬁ§$o¢é&ﬂ¥ﬁﬁ#ﬁd& 10
Exanpl e 14 thick, spoonabl t hi nner accept abl e (DE 8)

slightly gelled 2fR&R &6n@?¥ﬁ starchy of f -

Slight improvements with time in texture,
mouthfeel and flavour were also observed in the

10 dressings prepared with Mexican tapioca SHPs.
Table VII
Informal organoleptic assessment of zero-oil
15 dressings 24 h after manufacture
Appearance Texture Flavour
20 Control White,'opaque, Smooth, creamy Creamy,
(32.5% thick spoonable, mouth-coating well-
oil) smooth " rounded
~  Starch
25 Substrate
' Brazilian wheat:
SHP of Thick, shiny, Smooth, thick Well-
Example 10 yellowish, spoon- (but less than balanced,
30 (DE = 4.9) able, slightly control) less acidic
gelled ' . than control
SHP of Smooth, shiny, Bodiless, Very slight
5 Example 1l pourable, not © watery, not starchy off-
3 (DE = 10.7) gelled thick or flavour

creamy



flavour - It is of interest to note that the results 15 obtained
with the Latin American starches were paral l el ed by those obtained with
Eur opéan sources of starch. Thus, both European and Latin American
SHPs .gave satisfactory dressings with a progressive: t hi ckeni ng
effect over storage tine. Slight 20 inprovenents with tinme were
observed with "European” t api oca SHPs, as with the Mexican tapioca

SHPs . Al t hough certain dressingg e.g., that cont ai ni ng SHP
from Exanpl e 10 (from Brazilian wheat), were considered to have an
acceptable texture, all 25 were different fromthe control in terns of
"creany nout iMexglcan Thpsocahe control dressing was considered

‘creamy” in a sligpety/ oi | ysgs0se Wiy, the BShner tR&AO- OldcsUAsHigs
wer e consi dered "creany” on account of therr stickiness and sl ow

breakdown in the E¥gfPle 38 spoonablerne resul t §OR§FChedl ogi cateSSRaifics

of dr essi Ags,(pEUBTAL betramshaddr VI | | coatile whtery ottganaomiziol

observations rmade in Table V%l. e1T%EEn t he dressings considered

t hi nnest on sensory ass&SSHRTT €.¢d., dressings containing Brazilian

wheat SHP from Exanpl e ¢dntrell Mexi can t api oca SHP from Exanpl e 13,

al so had the | owest instrunental ' -

22 - Vi scosj ti es. [t would , appear _that. the. gel-]|ike

structure of 1bhe SEEpof; essi FRROTR: a}mﬁt ed a§"‘°°th't£h‘b‘f<'gessd°tof°f'}?é'er’fﬁr}€(n
I

assessor whil'St tHxamPaer 14nebisk, i spdonariet, gbuésthinsesure cicaaphaisliet.y
fol | ow ng br%’ﬁdg""@.gﬁ éPg%ﬂrlg# 'gfénu% | I ed §LAUELHEFo1  TNAdddHy off-

dependence of viscosity déeve dr essi ngs, obser ved
informal |y during organol eptic assessnent, was confirmed £lavour
Instrumental ly. 10 TABLE VI |

It is of interest to note that the results
15 obtained with the Latin American starches were
paralleled by those obtained with European sources of
starch. Thus, both European and Latin American SHPs
gave satisfactory dressings with a progressive
thickening effect over storége time. Slight
20 improvements with time were observed with "European”
tapioca SHPs, as with the Mexican tapioéa SHPs.
Although certain dressings e.g., that
containing SHP from Example 10 (from Brazilian wheat),
were considered to have an acceptable texture, all
25 were different from the control in terms of "creamy
mouthfeel". Thus, the control dressing was. considered
"creamy" in a slippery/oily sense whilst the best
zero-oil dressings were considered "creamy" on account
of their stickiness and slow breakdown in the mouth.
30 The results of rheological analyses of
dressings, summarised in Table VIII confirm the
organoleptic observations made in Table VII. Thus,
the dressings considered thinnest on sensory
35 assessment e.g., dressings containing Brazilian wheat

SHP from Example 11 and Mexican tapioca SHP from
Example 13, also had the lowest instrumental



Vi scosi.ti es (PaS) of dressings Containing

Latin Aneri can

SHPs' f ol | owi ng storage for 24 h, 6 days and 14 days
15 ) STORAGE TI ME '

24 h 6 d 14 d 20 _ Shear rate [err]
Shear rate [err] Shear rate [err] Starch substrate 10 30

100 10 30 100 10 30 - 100 - Control 13.9 5.8 2.5

12.9 5.5 2.4 12.5 5.3 2.3 (32.5%oLl) 25 Brazilian wheat :

SHP Exanple 10 7.0 2.9 1.2 9.0 3.4 1.3 10.3 3.8 1.4 (DE =
4.9) SHP Exanple 11 5.2 2.5 1.2 6.2 2.7 1.2 7.3 3.1 1.4 30
(DE = 10.7) vibevisddridsapi odt woSHR Em@mpear that Sthe 2g€l-1iRe 6.9

2.9 1.3

29 13 L 8crkdruledor {IF Sy Mregsiifa DA faltathd o3 1 1.4

23 - ESARPERESAY by Lhe human assessop|yRikst sHifbIGFTamSAPs
accor di ng tDd t bfs trumentv yiived) avahi€apuepabed viisdus iteatosiawehgand potato
starch. The pojalo, sL&H ChrVRRe ORh3LESH GEOTLECYYEL Bure. The time
- dependence of viscosity development in SHP dressings,
observed informally during organoleptic assessment,
was confirmed instrumentally.

10
TABLE VIII
Viscosities (PaS) of dressings containing
Latin American SHPs following storage
for 24 h, 6 days and 14 days
15
STORAGE TIMHNE
24 h 6d 14 &

20 Shear rate (s™') Shear rate (s=') Shear rate (s™')
Starch . .
substrate 10 30 100 10 " 30 100 10 30 ' 100
Control 13.9 5.8 2.5 12.9 5.5 2.4 12.5 5.3 2.3
(32.5% oil)

25
Brazilian
wheat: .

SHP Example 14 7.0 | 2.9 | 1.2 9.0 | 3.4 { 1.3 10.3 | 3.8} 1.4
(DE = 4.9) : )
SHP Example 1} s 2| 2.5} 1.2 6.2 | 2.7 | 1.2 7.3 | 3.1 ] 1.4

30 (DE = 10.7)
Mexican i=picca .
SHPExample 13| 5.6 | 2.5 | 1.2 6.9 | 2.9 1.3 7.9 | 3.2 | 1.3
(DE = 4.6)
SHP Example 14§ 6.6 | 3.1 | 1.4 8.1 | 3.5 | 1.5 8.7 ] 3.7 1.6
DE = 6.8 i

35




Freres (ref 474095) The wheat starch was also * obtained from

Roquette Freres (ref: 466539). The enzyne used was porcine pancreatic
[err]--anylase EEC. 10 3.2.1.1 Type VI-B (Sigma Chenmia Co.) No. A-3176
(activity - 25 units/ng solid; 13% noi sture). The reaction was
carried out in a Brabender vi scograph (801201) fitted with a 700 cmg
sensitivity cartridge. The starch (approx._30%dry starch 15 content)
was suspended in 0.01 M sodi um phosphate ~ BUfter to a total wei ght of
498 g and transferred to t he Brabender vessel. ' The enzyne was added
to the slurry i ngkkwpi¥ab@nden,vessel -as a dry powder. The
starch was heated fromzboferrfCcto 60[err]C at a 20 rate of

1.5[err]C mnute and the tenperature was held at 60[err] C for 20-

m nutes (15 minutes in one @mnéﬁents)amples Tbe Sérwgha%%m;?dtbo the

90[err]C at 1.5[%rr] e and then

bath to inactivate ﬂ@%rﬁ%ﬁ.o&nz%ﬁ pnﬁ?grfgsbllsllf'ﬁg wgﬁﬁi \ﬁé?ﬁcél PB%B°F8“EOOI
25 and were then fretaFrfhend Theomdtatoed tiamchn vBdvwabtaivE® fromORBqRetbée
scal e freeze-drier. Frahesdruz@ck-slﬁw@ss TE OWid &lt0 é’téf@ﬁ' %‘%deélég a

coffee grinder. g reduci ng sugar content of npl e
det erm ned using the obtaireds FPES/I%Q?“%‘E:??! FreRSR) (ﬁ%tﬁéﬁséﬂl)l ‘| er'“@L
(1959) "Use of dinitensphecybied was asdticifnaypaindra tlhid exvamgliage Oof.C.

"10
(rjg)cil?(rzlogg Zggﬁ\r/al ents (DE&'Yi %%rn vidh #@% %cegls?sr'{éioatrélcgegﬁsﬁ%?te%'e%i-;c:?lt
in the f0||0mﬁng achivigyx - 25 units/mg solid; 13% moisture). - 24

The reddtdonX was carr:.ed eaedijhi NSpaBEndOF
Eggy%oggﬁégg{]r g{ | gnHP sdsograph (801201) flt@g&i rae%ot %r&t gu%)g{smgf’.gim‘.g,y
starch) Startiidgs . st Tiheh st@rycl'st(aapbro:PorEDBe dryDEtarch
content) was suspended in 0.01 M sodium phosphate
buffer to a total weight of 498 g and transferred to
the Brabender vessel. The enzyme was added to the

slurry in the Brabender vessel as a dry powder.
The starch was heated from 25°C to 60°C at a
20 rate of 1.5°C/minute and the temperature was held at
60°C for 20 minutes (15 minutes in one experiment).
The starch was heated to 90°C at 1.5°C/minute and then
boiled for 15 minutes in a water bath to inactivate
the enzyme. The resulting SHPs were allowed to cool
and were then frozen and lyophilised in an Edwards MFD
0.5 Pilot scale freeze-drier. The dried SHPs were

25

ground to a fine powder in a coffee grinder.

The reducing sugar content of SHP samples was
determined using the dinitrosalicylic acid (DNSA)
method - (Miller G.L. (1959) "Use of dinitrosalicylic
acid reagent for determination of reducing suéar".
Analyt. Chem., 31, 426). Results were quoted in
dextrose equivalents (DE).

30

The process conditions are set out in the

5
3 following Table IX.



10 Ex No. source content (%9 content (% [err]-anylase 19

Pot at o 30 24 8 8 20 Pot at 0 36

28.8 ° 7. 3 7 21 Wheat 30 26.1

8.1 9.7 15 22 Pot at o ' 32.6 : 26. 1 ' 8 7.1

It was observed that all sanples of SHP prepared as descri bed above were
not pourable at 90[err]C but were sem -solid and had to be transferred '
to a 20 beaker with a | adle. EXAMPLES 2% = 25 Three SHPs

were prepared according to the 25. present invention using wheat starch.
Porcine [err]-anyl ase was obtai ned from i%—zcxo(:hem cal Conpany Ltd. The
enzyne preparation (No. A- 6880, Type nt ai ned sodi um chl ori de
and | act ose as extenders and had a reported activity of 14 units/ 30 ng

soli-d at pH 6.9. One uionditdaéns deéd cfor ahe prddid&eriahi 6¢ Surg of

mal tose fromstgch in 3 mn at Ol,err] C and Report ed
[err]-anyl ase a?t’ivity was 3.3 ﬂ%% ss‘%Tr}iadB' %5%4 The reported
t enperature optimum for porcine [err]-anyl ase was 37[err]C 35

Wheat starch (1.2 kg) was dispersed in 2.8 I|tre$\_ngg,mg ggn%,wpémn
phosphate buffer (pH 7) to

give a final concentration of 30%starch and a final Unitsyg| ére %‘Fa‘ZFh)
litres, in a five-litre rcs&adchotwemétasdh Dgn sxalredt i ngofra:l:ttée ;::]

enzyme was di ssgf ved, i .t f angd -added slurry
to give the appropri ate UEEEI Vi éy %tg)at 1 ITe ?elgt%? The r?% JI]OI’]
m xture was stirred using a top-|loaded paddl e m xer unti | the start of
gel ati ni sati on. Ad | ow Potaltbs, 30 24 8 8
20 Potato 36 28.8 7.3 7
21 Wheat 30 26.1 8.1 9.7
15 ?2 Potato 32.6 26.1 8 7.1

It was observed that all samples of SHP
prepared as described above were not pourable at 90°C
but were semi-solid and had to be transferred to a
‘20 beaker with a ladle.

EXAMPLES 23 ~-25

Three SHPs were prepared according to the
25 . present invention using wheat starch.
Porcine K-amylase was obtained from Sigma
Chemical Company Ltd. The enzyme preparation (No. A-
6880, Type VI-A) contained sodium chloride and lactose
as extenders and had a reported activity of 14 units/
30 mg solid at pH 6.9. One unit was defined as
liberating 1 mg of maltose from 'sta:ch in 3 min at
20°C and pH 6.9. Reported 3-amylase activity was 3.3
units/mg solid at pH 4.8. The reported temperature
optimum for porcine «-amylase was 37°C.
35 Wheat starch (1.2 kg) was dispersed in 2.8
litres of 0.06 M sodium phosphate buffer (pH 7) to



the m x 'was stirred nmanually and the tenperature of 10 the m x was rai sed.
The enzyne was all owed to hydrol yse the starch " at the appropriate
tenperature for varying | engths of time (holding tinme) to produce

di f f erent- DEs. The reaction was termnated by rapid heating of the
starch 15 mx to 70 - 85[err]C to inactivate the enzyme. The hot SHP
was poured into netal trays, allowed to cool and bl ast frozen at -30C
prior to freeze-drying (Edwards M ni - Fasa5 Mbdel 3400). Once dry, the
materi al was- ground in a hammer mll (Christy and Norris Ltd) to 20
obtain a powder. . . The course of selected hydrolysis reactions
was nonitored by p&iv&didc H@mdygrneentration ehe30% stazgihiend a fridadnd

t heir additioR to b@lmheOBfn!tbﬁﬂ@és.lintd)ﬂﬂ%ﬂNMitgéerbbﬁdeﬂatfﬁmEﬁmhsk
precipitate the starch, These es r [ ot ar vaporation.
Details of the r-og’é's% r%%ﬁéggng?égggﬂseﬁﬂgogngym%r%%%r%l%%e%ﬂgipnar%eshovvn
bel ow in Table X same buffer and added to the sTapkch X18ory to Edemiihe

Amount  of Hol di ngpridphdiaRe acti™oty units d&Etime zer80ZYPRe reactidi
tenperature ] . uni ts/| gmn) i)err]C) ) 23
3.8 0.20  70pmixture)jpas stirrefy uging,a tob-logdgd pagdlg mixgp
15 59. urdil the &tdrt of. gélatidflBation. 1IFollowing Gthis,
- 26 - Eh P . qagggﬁgf L pEt i ' sglad
. . . th .

dressings cont gigni n 13'3.}?;‘?8%%.@{)%%% C Qﬁd%grgrult%ﬁdgggt or t f’gse
dressings and al so % m3x wascgaised-. dressing were as fol |l ows: '

| ngredients Control (9ReSénfymhe wakhb’%%1didwed0%oOhyydrolyse the starch

0 0 0

(9 (9 at éh@ appropriate temperature for varying lengths of

time (holding time) to produce different DEs. The

reaction was terminated by rapid heating of the starch
15 mix to 70° - 85°C to inactivate the enzyme. " The -hot
SHP was poured into métai trays, allowed to cool and
blast frozen at -30°C prior to freeze-drying (Edwards
Mini-Fast Model 3400). Once dry, the material was
ground in a hammer mill (Christy and Norris Ltd) to
20 gptain a powder.

The course of selected hydroiysis reactions
was monitored by periodic removal of 5 ml of the
starch mixture and their addition to 10 ml of methanol
to inactivate the enzyme and precipitate the starch.
25 These samples were dried by rotary evaporation.

Details of the processing parameters used to

prepare the SHPs are shown below in Table X.

Table X
30

Example Amount of Holding Holding
No DE enzyme time temperature

(g) units/l (min)  (°C)
23 3.8  0.20 700" 11 58
24 4.5  0.20 700 15 59 .

25 9.0 0.60 2100 - 11 60

35



10 Hot sol ubl e starch 4.6 4.6 4.6 (Purity HPC,
Nat i'onal Starch) Egg yol k 4.9 4.9 4.9
Vi negar 3.1 3.1 3.1 15 (12% acetic acid)
Salt - 1.5 1.5 1.5 Sucr ose

3.2 3.2 .3.2 Mustard fl our 0.1 0.1
0.1  Potassium sorbate 0.1 0.1 0.1 20 Xant han
gum 0.1 0.1 0= 126 - Water

49. 9 63. 6 76. 4 a I 32.5 15.0
0 SHP % 25

1) The total fat contmﬁhQﬁsﬁﬁ% UFE§SFM§§W&£§@.3$ at mlmetl%ﬁ%*ﬁgher

than suggested by ta@lécevei—e@émyé containing 15¥deill andn@st @itthe fThe

content of the egg

MﬁeasfMImng

27 -
Cont ent
Ex 23
15%

Ex 23

B

10

15

20

25

30

?Emulat;( ygéé(xs-' these dressing-gheag&esasﬂws £REPA ed_
cantrol dressmg Wepe cax|follows Iy essi ng

SHP Used 5

Ingredi S

15%

(%)

(%)

0
Aontrol (32.5% oil) 15'?‘%2.41 0% oil

(%)

al
C

Hot soluble starch 4.6 4.6 4.6
(Purity HPC,

National Starch)

Egg yolk . 4.9 .
Vinegar . . 3.1
(12% acetic acid) .
Salt 1.5 1.5 1.5
Sucrose 3.2 . 3.2 .3.2
Mustard flour 0.1 0.1 0.1
Potassium sorbate 0.1 0.1° Ofl
Xanthan gum ' 0.1 0.1 0.1
Water -49.9 63.6 76.4
0il 32.5 15.0 0 -
SHP 0 3.8 6.0
Note:

'l) The total fat content of the dressings was 1 -
2%'higher than suggested by the level of oil
added, owing to the fat content of the egg
yolks.

The dressings prepared were as follows (Table
X1)

35



10 . E ' 0% Ex 24 F

0% Ex 25 The dressings were prepared
according to the procedure descri bed above in Exanples 10 - 18. 15
Fol | owi ng- storage, at 4C, the dressings were allowed to equilibrate to
roomtenperature for 2 hours and were then subjected to organol eptic
assessnent. The results are shown in Tables XII - XV bel ow.
Tabl e Xl | Organol eptic Assessnment @ff Bressings (15%oil)
Fol l owi ng Short-Term Storage at 4[err]C 25 Dressing Appear ance
Tast e Contr ol Snoot h,” white, shiny, Very snooth, bland,
(32.5%0il) holds shape well. stickEEEéEeﬁiant (Age 6 days)
tang, leaves film 30 A Shi ny, snoot h, Very snoot h,
bl and, (Age 1 d Lghtly thinner .. Lightly vinegar
t han control. 5 %¥LSS§ | unpy. 35 811 Content Shiny,thix§¥¥%g§§g
Very snooth, stitky, . (Age 1 day) holds shape well. bl and,
Sty 1 A 158 0 280t vel BN Red
starchy avour ut wel |- l'i_ked.
5 C Spoonable, shi ny, VEr§5§nDoth, not (A&@ f4day)
t hi nner than B C grainy, tangy, 15% ' Ex 25

D 0% Ex 23

10 E 0% Ex 24
F 0% Ex 25

The dressings were prepared according to the
procedure described above in Examples 10 - 18.

15 Following storage, at 4°C, the dressings were allowed
to equilibrate to room temperature for 2 hours and
were then subjected to organoleptic assessment. The
results are shown in Tables XII - XIV below.

20 Table XII

Organoleptic Assessment of Dressings (15% oil)
Following Short-Term Storage at 4°C

25 e d
Dressing Appearance Taste
Control Smooth, white, shiny, Very smooth, bland,
(32.5% 0il) holds shape well. sticky, pleasant
(Age 6 days) tang, leaves film.

30 '

A Shiny, smooth, Very smooth, bland,
(Age 1 day) slightly thinner slightly vinegary.
than control. not lumpy.

35 e . . .

B Shiny, thixotropic, Very smooth, sticky.

(Age 1 day) holds shape well. bland, slightly_



or control. clear favourite. Tabl e

X1 10 Organol eptic Assessnent of Dressings (15%oil)
Fol | oWi ng Longer-Term Storage at 4[err]C Dr essi ng Appear ance
Taste 15. Contr ol White, opaque, thick, Bland with a (32.5%
oil) _spoonable. vi negary ' kick', " (Age 109
filnmy, snooth, days) : slightly gumy. 20
A Spoonabl e, thi ck, Very sode 1, (Age 100 i ke
control, slightly vinegary, days) slightly yellow.
not grainy, well- _ [ cond
25 . ' favourite?tarcn§ gf?bOEF
Spoonabl e, very like Closest in texture (Age 10but welbrmiiksd.
to control, days) pl easant flavour, 30
first favourite$ C onahl.e, a Smpot h
slightly (Age foo sugge%??%ﬁggﬁé' By, t hi YREY ?Tﬁégh' dotyays)
' nousse-like' (Age dodardl , tvinnmprthan B grainyonsamgency.
after-kick, third _ or control. clear EAVOWEideE;
- 29 - Tabl e XI'V _
Table XITI
10

Organoleptic Assessment of Dressings (15% oil)
Following Longer-Term Storage at 4°C

5 Dressing - Appearance Taste
Control White, opaque,.thick, Bland with a
(32.5% oil) spoonable. vinegary ‘'kick’',
(Age 109 _ filmy, smooth,
days) _ slightly gummy.
20
A Spoonable, thick, Very smooth,
{Age 100 like control, slightly wvinegary,
days) slightly yellow. not grainy. well-
liked, second
25 favourite.
B Spoonable, very like Ciosest in texture
(Age 100 contfol to control,
days) - pleasant flavour,
30 first favourite.
(o] _ Spoonable, a Smooth, slightly
(Age 100 suggestion of " thicker than
days) 'mousse-like'’ control, vinegar
35 consistency. after-kick, third

favourite.



Organol eptic Assessnent of Dressings (0%oil) 5 : Fol'l owi ng 24

Hour Storage at 4[err]C Dressi ng Appearance Texture

Taste” D Tr ansl ucent, Spoonabl e, Sweet, 10

slightly .yellow. snoot h, vi negary, :
slightly nore pleasant. gel -1i ke than
control . 15 E Transl ucent,- Thi ck, snpoth, Acceptable

al nost trans- spoonabl e and sweet , - 29 - parent, slightly
slightly gel- tangy, no yel | ow. i ke. of f
flavours. 20 F Tr ansl ucent and Spoonable . Sharp,

creany, slightly thick-bodied, acceptabiigble XIV yel | ow.

creany; no off snoot h.

flavours. 25 y g%m; bayer d S

wer e prepared acgording ?obgﬁ@ﬂ%%i\'/‘g stc?%rru at% ot D s/iiz)éoc‘(ra(g%tsjrei{"lg'ut usi ng
prior art SHPs. ~ These were Following, 24\ Hour 568?39% f4 @ Nat i onal
Starch, & 30 Chemi cal Conpany (believed to be a product according to US
4,510, 166) and pota pr pduce accordlng GB 1, 423,780 by
converting potato spgrggzgg nggEEEéénﬁﬁ ng “&Ryl ase an i ned
directly fromthe proprietor of that patent The results of an 35

or ganol epi ¢ assessmpnt of t herfdiesniduit Prepar ggobshbfle,  thangedPs are
shown bel ow i n §gbl e XV. .. - 30 -
slightly yellow. smooth, vinegary,

slightly more pleasant.
gel-like than

control.

15 E Translucent, Thick, smooth, Acceptable
almost trans- spoonable and sweet,
parent, slightly slightly gel- tangy, no
yellow. like. off

flavours.

20

F Translucent and Spoonable, Sharp,
creamy, slightly thick-bodied, acceptable
yellow. _ creamy, no off

smooth. ' flavours.

25

In addition to the above; 0% oil dressings
were prepared according to the above formulation and
procedure but using prior art SHPs. These were
"Instant N-Oil" obtained from National Starch &
Chemical Company (believed to be a product according
to US 4,510,166) and potato SHP, produced according to
GB 1,423,780 by converting potato starch using
bacterial {-amylase and obtained directly from the
proprietor of that patent. The results of an
organolepic assessment of the dressings prepared using
these SHPs are shown below in Table XV.

30

35



Tabl e XV Dressing Appearance Texture Taste 5 Usi ng

Crangy yel l ow, Just pourable, Slight "I nstant translucent. not
snoot h of f-flavours NG " fl owi ng, not

det ect ed.- spoonabl e 10 :
reasonabl e body. Pot at o Cr eany,

pal e Thi ck and St ar chy, SHP yell ow, shiny, spoonable,
floury, 15 (Acadam e translucent. stromgB9 - very acidic. der
gel | ed. W ssenschaften DDR) 20 Rheol ogi cal anal yses
confirmed the sensory observati ons. F:gurg 1 shows the flow
curves of shear stress versus shear r t he control dr essi ng
(32.5%0il), and three 0% o0il dressings (E and F and the prior art

pot ato SHP) shovvs t BabskhRq25 A aq{égoertleq. ebubbe dressi nggsednt ai ni ng
wheat SHPs ?e—gnve% nttar 1o those of THe

contr ol dreSS|ng dreSS|ng F was a I|ttIe thlnner and dressing E was a
little thicker thanushfigcontr drankis-yellowhapgust péerdbbsy clSMeHtor the

dressing F nost 30 §P8§gl¥ naéééggiéég% fgggen%@ gggoggntrol SEE VB avoudl

t he ot her hand, the W curve ng cont ai ni ng the prior
art potato SHP was UefpR8tely di fferent . flowing, not Thdeteqaheds i n
Figure 1 can al so be shown in tabul ar f ogBoonath@él € XVI bel ow shows
t he dynam c 10 yields and viscosities at three dif frent shear rates.
reasonable
body.
Potato Creamy, pale Thick and Starchy,
SHP yvellow, shiny,  spoonable, . floury,
15 {Acadamie translucent. strongly very acidic.
der gelled.
Wissenschaften
DDR)
20

Rheological analyses confirmed the sensory
observations. Figure 1 shows the flow curves of
shear stress versus shear rate for the control
dressing (32.5% oil), and three 0% oil dressings (E
and F and the prior art potato SHP) shows that the
25 flow properties of the dressings containing wheat SHPs
of the invention were very similar to those of the
control dressing; dressing F was a little thinner and
dressing E was a little_thicker than the control. The
shape of the flow curve for the dressing F most
30 closely matched the shape of the control ‘curve. On
the other hand, the flow curve for the dressing
containing the prior art potato SHP was completely
different.

The results in Figure 1 can also be shown in
tabular form. Table XVI below shows the dynamic

yields and viscosities at three different shear rates.

35



- 31 - - Again, the results show that the rheol ogical - properties of

t he "dressing contalnlng the prior art SHP were very different from
t hose*of the control or of the dressings contai ning SHPs of the
i nventi on. During rheol ogical analysis, it was noted that
the dressing containing the prior art potato SHP behaved quite
diffefently in that it tended to break up and fall apart |like a gel
whi |l st the other 10 dressings remai ned snmeoBh and paste-|i ke under shear.
Wil st all starch containing dressings tended to thicken with age, the
probl em was nost severe in the dressi ng contai ni n?’ﬁf/ grl or artlpot ato
SHP and | east eRGAR ve tiye tFRsSHidSsi floN Jhahet
Table XVl pBbgekegesabfcmwauufﬁssﬂugxxaﬂtaﬁﬁxngckmsspngsr art
(Al dressings were §¥a|%?26 tﬁ 3rd3YS £85m2noSt Ob89%he contrsile
Dynam c Yield Vi \! f
at shear rates of the drESSIBQS comy(iading) SHPs of thesinstqntiomy 5ierr]
10[err] 25 Cbntrol Dur1ng7§héélog1cal an&ﬁ?s;s, 1t4ﬂa§.notéh4ﬂ&at '
(32. 5% oil) ess& e & 0%4 th & art’Sidtato ?H% 30
Dressing F 3g. §he dr 551330‘:6“3"“3’2“91 el(?rf' B9
93. 4 326. 7behavéd. quite2differentppt abhotBaP 35 tewded| to bre@@B
1,423, 780) up and fall apart like a gel whilst the other:
10 dressings remained smooth and paste-like under shear.
Whilst all starch containing dressings tended to
thicken with age, the problem was most severe in the
dressing containing the prior art potato SHP and least
extensive in the dressing F of the invention.
15 '
Table XVI
Rheological characteristics of salad dressings
(All dressings were evaluated after 23 days of
20 storage)
Sample Dynamic Yield viscosity (NM~2-5)
' at shear rates
(NM—2) - 0.5s"1 2.58-1 10s-1
25 :
Control 77.2 186 44.1 14.0
' (32.5% oil)
Dressing E 60.4 201.0 49.1 15.2
30
Dressing F 38.9 130.0 32.4  10.2
Prior art 93.4 326.7 73.2 20.4
potato SHP
35 0% oil

(GB 1,423,780)



-32 - : " Mol ecul ar Wi ght Pr of i li ng The nol ecul ar wei ght
profile of the water sol ubl e fraction of the products of the invention
was ~ investigated for conparison with prior art products.

Al'l sanpl.es were made up as 0.1% solutions in 0. 1M sodi um sul phat e by
heating to 85[err]C and filtering t hrough 45[ err] m nenbranes. They
were eluted froma TSK PW col um set (5000/4000/4000) at 45[err]C at
0.5m / mn. The anpbunt of any insol uble f¥action was deterni ned

after boiling a 1% m xture of the product in water for 5 m nutes by

I sol ati ng- and drying t-}ﬂe |fsol b) terial. A range of pullulan
standards was nade u%—%—%&sz‘—ts&ﬂé B8bhat e sol ution and el uted
under the same conditions. The results of the nol ecul ar

wei ght profile Investlgﬁséomslae'm@vweighﬁ %%gﬁe fmt&@ t\b%ﬁer

amount of fractison in ihe eluate |s p
time axis converted £8*4 £ the @%‘P%&Feqﬁy tlhéf éF‘EﬁBElPB vas

results for the 1wééuigm:e&1 Maedaparﬁenpdmﬂs mdﬂwazgcr @&bda&esas
fol |l ows. - Dashed n resent he resul t.s
. A#l%*ﬁgl%g %% %ahe up % B l% go uglon a%

starch hydrol ysis product
frompotato starch if+1M sodium SUth@GGr@Xn@GamﬂnE the 8FE€hsudofikkanphes 1

to 9 buthpshéw 4% rPQﬁéiﬂlﬁ:Par{e%rr] ¥eeeUsedrhd £ TSK
Exanpl es 23 to 6. 3 N 45Tl THEY ke rom a

Exanpl o 7. P gptvmy phet o0l Fold Haddy L rFERe oot B Buddpin.

Pasel |'i SAZ2. - The apouhtdofincGanyasiresblubile DEraptimenyas adptesmined.
art product which 'Sap€$ffﬁﬁﬁifﬂﬁ RaY¢ ReRBure of the prodictdifiedatdr for

accordance with the neth
5 mlnutes by isolating and drying the insoluble

material. A range of pullulan standards was made up
in cold sodium sulphate solution and eluted under the
same conditions.

15

The results of the molecular weight profile
investigations are shown in Figure 2 in which the
amount of fraction in the eluate is plotted against

20 time, with the time axis converted to a molecular

weight scale by reference to the results for the

pullulan standards. The plots on the graph are  as

follows. )

- Dashed line A represents the results for a

25 starch hydrolysis product of the present
invention. made from potato starch in

accordance with the method of Examples 1 to 9

but using the porcine ®-amylase used in

Examples 23 to 25.

30 - Continuous line B represents the product of
. Example 7. .
- Dotted line C represents the prior art product.

Paselli SA2.

- Dotted and dashed line D represents a prior
35 art product which is believed to have been

produced in qccordance with the method
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coi nci*des in 5

wei ght material,

di sclosed in GB 1, 423, 780. - Al sanples
contain a salt peak (sodium sulphate) at the end of the run and this
sone cases with SHP material of |ow nolecular weight.
Since it was not possible to conpletely resolve the | ow nol ecul ar

peak, it was not
wei ght ‘di stributions and avealiagassed lLnscBall, 423 780. nmol ecul ar wei ght
scal e, as determ ned by reference to pul l ul an standards, is given.

The elution profiles C and D indicate that the prior art materials

have quite different noleculkliSamplsyhCom&A+Phdt iohLt P (60 HeTe

SHPs are

nol ecul ar

mat eri al

heat ed an

el ution profil es sho

whi ch
dt he

nanely tri- di- and - Iwpnosaccharides fromthe salt

possible to quantify the data to produce nol ecul ar

conpl eselpyhsed Ydte tHe \er@elof the Ran WA WRESM coincides in

conponents whilst D shows a bro di I bytion |ncre i.n_content
ro The: ol ecul 25 vel ST s SRkt P il o oW medZeUdak ! yEBhE!
' melghslnesomhdweSOQOdaMDaﬁsthumﬁ1Qnmpknthk¥vwe$plm% the

| over nol ecul ar vei gmwcaameasmr Otvngnt TH%tQEQQHCt namely! lde4SLr aigd QB{d
li'ne D al so contains a highe (

ag t1on of [ oqwer nDIecuIar mequ?
%@Pgéé%ﬁ?ﬁrﬂﬁg%; ¥°ﬁe£@e salt peak. f ¥ASs tthe
present invention arpos‘@ibfé to qutﬁ.lf?t ethe saatd| &d nprodwce emeleahiar

gl&%% %xf%o?:tx%ﬁ S%' Ué)&gr%é%gt ' OnIRQltgaﬁt Tpﬁe

ecul ar

10

increasing in contenmohscwlﬂ?:Mﬁlghhﬂaggéharaﬁeﬂgh?r@éeﬁéabﬁsraﬁarﬁﬂﬁﬁuEQng

a peak at

ar ou

ngulP0h daldndasas) Retgieases. This peak occurs

a significantly higher nole Iarimilggt th? t he

is much less material of lo
i nventi on.

35
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prior art materials have quite dififlerent molecular
weight distributions. Both of these SHPs are
completely soluble in water. C has two major
components whilst D shows a broad distribution
increasing in content as the molecular weight
decreases. D also shows a peak at low molecular
weight, around 6000 daltons, which coincides with the
lower molecular weight component of C. The product
illustrated by line D also contains a higher
proportion of lower molecular weight material which
merges with the salt peak.

The SHPs of the preserit invention are not
completely soluble in water even when heated and the
analysis applies to the soluble fraction only. The
elution profiles show a broad distribution of
molecular weight, increasing in content as the
molecular weight decreases and producing a peak at
around 12000 daltons in both cases. This peak occurs
at a significantly higher molecular weight than the
peak in D and there is much less material of lower
molecular weight in the products of the invention.

[ e bR s B



CLAI MS - 1 A process for the production of a starch hydr ol ysi s

product which contains partly gelatinized starch granul es conpri sing

t he st'eps of (1) preparing an aqueous starch suspension
containing from10 to 30% by wei ght (dry subst ance) of starch;

10 (i,i) heati ng the aqueous starch suspension to a :
tenperature in the range of from58[err]Cto 80[err]C bei ng not
significantly higher than the gel atti ni sation tenperature of the
starch; (itii) treating the aqueous starch suspension with a 15

porci ne pancreatic [err]-anylase at a tenperature I n the range
of from58[err]. to 63[err]C for a CLAIMBt abl e period of tine to
achi eve the requi red DE and/ or nol ecul ar wei ght for the

wat er sol ubl e fraction of tbe product ; deact | ﬁatl ngtt he

enzynme. process 3585F§sngf?5 cﬁ%‘aﬁ n%f"ziv\ﬁe arch
t enper at ure |n s?ephydrp}waﬁ aboedu@d)[whidhC contains partAYprcnﬁé@s:lag-zeddl ng

to either claiml ogtskehngranul?es WripRiig ihle tRer sedp®fofine in step (iii)
is fromb5 to 30,m nutes. A process according to any one of

claims 1 to 3, Whérein ?ﬁépﬁrdr% 2 céﬂr‘l'es‘?'é?cr?tﬂﬁﬁ& spgPgpsion
barl ey starch, tapioca starctntafhahg Eromhlorite 30% shyr eleightSagary
starch. 5 A proces§9§§¥g%gg ngst g clghn14 wherein the starch

i s wheat starchyg FOCce c%?ﬁl ng to claimb5, wherein the
tenperature to V\:hl chiihe aq@e@nsngugpengmm#s sshathh suspensiomrdto nast ep

(i) inclaimlis in the r?é}&%zqture :.fnr Qme5§-an§8 B8l ecbmCss°c té 8o°c A
process according to any onge

- 35 - 6, wherein the ‘éh??rré“?gsﬁée?&’r%?é&w hBASHRF ¢ f@an the
suspensi on to a tenperat ur egekatfindisad@per temper§tire r¢f£.the starch;

(iidi) treating the aqueous starch suspension with a

15 porcine pancreatic X-amylase at a temperature
in the range of from 58° to 63°C for a
suitable period of time to achieve the
required DE and/or molecular weight for the
water soluble fraction of the product; and

20 (iv) deactivating the enzyme. .

2 A process according to claim 1, wherein the
temperature in step (iii) is about 60°C. '

3 A process according to either claim 1 or claim
2, wherein the period of time in step (iii) is from 5

. @ to 30 minutes.

4 A process acceording to any one of claims 1 to
3, wherein the starch is corn starch, wheat starch,
barley starch, tapioca starch, potato starch, rice
starch or sago starch.

30 5 A process according to claim 4, wherein the

starch is wheat starch.

6 A process according to claim 5, wherein the
temperature to which the aqueous suspension of starch
is heated in step (ii) in claim 1 is in the range of

3% from 58° to 63°C. , )

7 A process according to any one of claims 1 to

A



8 A process according to any one of clainms 1 to 5 7, wherein the step
(ii1) of treating the aqueous starch suspension wth the

[ err]-*anyl ase enzyne is carried out for a'period of tine to. give a
product . having a water soluble fraction which has a peak in its
mol ecul ar wei ght profile in the range of from6 to 10 30 kDa. 9 A
process according to any one of clainms 1 to 8, wherein the step (iil)
of treating the aqueous - starch suspension wi3h the [err]-anyl ase enzyne
is carried out for a period of time to achieve a DE in the range of
from3 to 12. 10 A process according to any one of claing 1 to

9 which conprises tfe f’HF‘Fﬁgﬁ’ thepeBryYREpjigctdsarliyated By sRedtinh, theter
the enzyne has beensdsperis i ad, at @emperdtytra@of Hronl B0° to ASSCarch
pydrolysi s product guitabl g tQlo i3l accodfifig! 8b RY" 8heObt BHRERL 11! €| N
food conpositiong charact®erised int af'.lgt I's obtalnable by a process
accordi ng to any oné.oWhergims the sugp Gaid)pofdueteatingeithe AgYequs

sol uble in cold watgtarbfi Rhdpdn PO aRitn25that W-eily Xas& 0ahlyitiendis
partly gelatinized starch, gr a{m)lies and exh%bl:ti ng, hirefrin ence,under
crossed-pol ari sed C3T¥igfhout fog,a pergod 9% tH0Y, 5Py IV %rdafED
according to clai mhaviind sapabee sbliblei fgagfdenuvyhdehs haas & peak in

concentration 30 of2Q% ](é/g,'ﬁ ' Fllét:irﬁrﬁ{eh fnde0b £ME8mt Hako
25 g/mmin 24 hpyrs_at 4? err 1?: t}g\'{'bfllg prd A starc hy%rn_g:éysi S prt(')lduct
according to clai m 30 kBa. or ¢l ai m 12 havi ng a DE in the range of from3 to

12. 35 14 A s9arch hydrgidoeceiss peedpdingutdadhe omwé ofeclaimsisl atd at
and/or oil substituge | 0SL1LOpS: s .
- 36 - char ac érl{vgg %?'g’ tﬁa% %%spgérlt)lffsoifﬁ%?gl? é:(ﬁed aqueQEt er

and its water sol ub$ta¥ehEuspensionavwhthkthe Ktamylasey@ngymeadswepgried

profile in the rangeuef £6F 0an fedibdBBHO tile to ackieve aPbedyat thAe ehageed
in claiml4, mhﬁ5eigft£¥%m 3 tgg%g'in t he nol ecul ar wei ght profile is in the
range - - ..
10 A process according to any one of claims 1 to
9 which éomprises the further step of subjecting the
suspension, after the enzyme has been deactivated, to
drying.
20 11 A starch hydrolysis product suitable for use
as a fat and/or oil substitute in food compositions
characterised in that it is obtainable by a process
according to any one of claims 1 to 10, said product
being partly soluble in cold water, being not pourable
25 at 90°C, containing partly gelatinized starch granules
and exhibiting birefringence under crossed-polarised
light. ' '
12 A starch hydrolysis product according to claim
11 capable of forming aqueous gels at a concentration
30 of 20% (wt/v) having a gel strength of not more than
25 g/mm in 24 hours at 4°C.
13 A starch hydrolysis product according to claim’
11 or claim 12 having a DE in the range of from 3 to
12,
35 14 A starch hydrolysis product suitable for use

as a fat and/or oil substitute in food compositions

*x € L M S %



of from8 to 20 kDa. 16 A food conposition containing one or nore

food 10 ingredients and a body-inparting and/ or consistency- | nparting
carri & characterised in that the body- i mparting and/ or

consi stency-inparting carrier conprises a starch hydrol ysis product
according to any one of clainms 11 to 15. 15 17 A food conposition
according to claim 16 which contains no oil. 18 A food
conposition according to claim 16 or claim173®hich is a sal ad dressing.
20 25 30 35

characterised in that it is partly soluble in cold
water and its water soluble fraction has a peak in its
molecular weight profile in the range of from 6 to 30

5 kDa.
15 Product as claimed in claim 14, wherein the
peak in the molecular weight profile is in the range
of from 8 to 20 kDa.
16 A food composition containing one or more food
10 ingredients and a body-imparting and/or consistency-
imparting carrier characterised in that the body-
imparting and/or consistency-imparting carrier
comprises a starch hydrolysis produét according to
any one of claims 11 to 15.
15 17 A food composition according to claim 16 which
contains no oil.
’ 18 A food composition according to claim 16 or
claim 17 which is a salad dressing.
20
25
30
35
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