2238132 A METHOD OF PREVENTI NG A DECREASE | N THE SWEETNESS OF THAUMATI N
DESCRI PTION 5 The present invention relates to a nethod of preventing a
decrease in the sweetness of thaumatin. Thaumatin is a sme?Eenlng agent
whi ch can be obtained 10 by extraction fromthe aril PR&3Fruit of
t he plant Thaumat ococcus Danielli Benth. or by expression of the gene
encodi ng thaumatin in a suitable host m croorgani sm using standard
reconbi nant techni ques. Wen negativel y-charged substances, such as fsruit
j ui ce.,15 and anionic surface active. agents, are present in agueous
solutions of thaumatin, precipitates are fornmed. It has previously been
‘found by the present inventors that thitosan is effective in preventing
such precipitation, and al so that ascorbic acid and chitosan 20 when
used together can prevent any unpleasant after-taste resulting from an

| uti
aqueous sol uti o Qferon oF PREVENTING A DECREASE IN THE SWEETNESS

OF THAUMATIN

DESCRIPTION

The present invention relates to a method of preventing

a decrease in the sweetness of thaumatin.

Thaumatin is a sweetening agent which can be obtained
10 by extraction from fhe aril of the fruit of the plant
Thaumatococcus Danielli Benth. or by expression of the
gene enceding thaumatin in a suitable host
microorganism, using standard recombinant techniques.
Whén negatively-charged substances, such as fruit juice
15 and anionic surface active agents, are present in
aqueous solutions of thaumatin, precipitates are
formed. It has previously been found by the present
inventors that chitosan is effective in preventing such
precipitation, and also that ascorbic acid and chitosan
20 when used together can prevent any unpleasant

after-taste resulting from an aqueous solution of



-2- thaumatin (of. Japanese Laid-Qpen Publication 02/174,649). However, the
sweet ness of thaumatin .decreases when an 5 aqueous sol ution of

t haumati n contains ¢oloring agents, such as Tartrazi ne, Sunset Yell ow,
Ponceau 4R, |ac dyes and cochi neal dyes of the anthraqui none series, red
cabbage dyes of the anthocyanin series, annatto dyes of the carotenoid
series, ssaffl ower yellow 10 dyes of the flavonoid series, or contains
pol ysac®hari des, such as carrageenan, xanthan gum sodi um

car boxynet hyl cel | ul ose, sodi um al gi nate, hi gh nethoxyl pectin, |ocust bean
gum or guar gum Until now, no nmethod, for preventing a decrease in the 15
sweet ness of thaumatin in the presence of such substances has been found.

The present inve%q%rﬁha{‘ﬁg_tz E&Ag§%iaiﬁ§%£%%ﬁgﬁecrease in the

sweet ness of thau presence” o such as
col ori ng agents I chari des, commonly used in foods, drugs,
R ces |

cosnetics and rel ances.
However, the sweetness of thaumatin decreases when an
S agueous solution of thaumatin contains coloring
‘ _ agents, such as Tartrazine, Sunset Yellow, Ponceau 4R,
s lac dyes and cochineal dyes of the anthraquinone
series, red cabbage dyes of the anthocyanin series,
annatto dyes of the carotenoid series, safflower yellow
10 dyes of the flavonoid series, or contains
polysaccharides, such as carrageenan, xanthan gum,

- sodium carboxymethylcellulose, sodium alginate, high
methoxyl pectin, locust bean gum or guar gum. Until
now, no method for preventing a decrease in the

15 ~ sweetness of thaumatin in the presence of such

substances has been found.

The present invention relates to a method of preventing
a decrease in the sweetness of thaumatin in the

20 presence.of additives, such as coloring agents and
polysaccharides, commonly used in foods, drugs,

cosmetics and related substances.



-3- According to the present invention there is provided a nethod of
preventing a substance capable of so doing from causing a decrease in the
sweet ness of thaumatin, characterized by addi ng chitosan, ‘hydrol yzed
chitosan, 5 or a mxture thereof, to an aqueous sol ution containing
thaumatin and said substance, in an anount effective to prevent a decrease
- in the sweetness of thaumatin. In a second aspect, the invention prowdes a
10 conposition in which a substance capabl e of so doing, is prevested
from causing a decrease in the sweetness of thaumatin, conprising an
aqueous sol ution of said substance, thaumatin, and chitosan, hydrolyzed
chitosan or a mxture thereof, in an3amount effective to prevent 15 a
decrease in the sweetness of thaumatin. The chitosan used in the present
_invention may b3ceprdingdtoy theaeaepent dnudntsion jthexanks i provnidedeal or
exoskel eton or certain Crustaceae, such as crabs and 20 . shrinps, with
al kali. Hydrol %EHO@hPﬁo%ﬁVmw SERIEANRE faRpkle OF FRtdeing - -

e portor med usFRORaRARROPGa Hesmanses it 1 pRonTs ot thavmatii, ™
characterized by addlng chltosan, hydrolyzed chltosan,
5 .0r a mixture thereof, to an aqueous solution’ containlng
thaumatin and said subStancé} ihfanmamountféffective to

prevent a decrease in the sweetness of thaumatin.

' In a sécond'aspect;'therinventioh provides a
10 _gompositibn in which a substance capable of so doing,
is prevented from causing a decrease in the sweetness
of thaumatin, comprising an aqueous solution of said
substance, thaumatin, and chitosan,'hydrolyzed chitosan
or a mixture thereof, in an amount effective to prevent.

15 a decrease in the sweetness of thaumatin.

The chitosan used in the present invention may be
obtained by deacetylation of chitin found in the shell
or exoskeleton or certain Crustaceae, such as crabs and
20 shrimps, with alkali. Hydrolyzedighitosan may be’
obtained by acid or enzymatic hydrolysis of chitosan.
More specifically, acid hydrolysis of chitoSén may be

performed using an inorganic acid, such as hydrochloric



*4- acid, or an organic acid, such as acetic acid, at a tenperature of
100-121[err] for 5 to 180 mnutes, as disclosed in Japanese Laid Open
Publ i cati on 01(1989)/128775. Enzymatic hydrol ysis of chitosan may 5 be
perfornmed, using an enzyme, such as an acid protease, pectinase, cellul ose,
papai n, chitosanase, at pH 3-5 and at 40-60[err]C for 1-24 hours as
di scl osed_ in Japanese l.aid Open Publications 62/83877 and 63/ 63388,
Japanesk~Pat ent Application 121852/88 and 10 Japanese Laid Open
Publ i cati on 02/231,065. Dependi ng upon the average nol ecul ar wei ght of
chitosan to be prepared, the tenperature and |length of tinme for which the
hydrolysis is carried out may be adj ustged accordingly. 15 It has been found
that the average nol ecul ar weight (as calculated fromthe calibration curve
obt ai ned by gel pacidat benanhoogandgr aptid usuch dextacetics acid) aatlar
wei ght standard) of the hydrolyzed chitosan used in the
temperature of 100-121°C for 5 to 180 minutes, as
‘disclosed in Japanese Laid Open Publication
01(1989)/128775. Enzymatic hydrolysis of chitosan may
5 be performed, using an enzyme, such as an acid
protease, pectinase, cellulase, papain, chitosanase, at
pH 3-5 and at 40-60°C for 1-24 hours as disclosed
in Japanese laid Open Publications 62/83877 and
63/63388, Japanese Patent Application 121852/88 and
10 Japanese Laid Open Publication 02/231,065. Depending
upon the average molecular weight of chitosan to be
prepared, the temperature and length of time for which
the hydrolysis is carried out may be adjusted
accordingly.
15
- It has been found that the average molecular weight (as
calculated from the calibration curve obtained by gel
permeation chromatography using dextran as a molecular
weight standard) of the hydrolyzed chitosan used in the
20 present invention is preferably within the range of
2,000 to 100;000. When the average molecular weight is

less than 2,000, no prevention of a decrease in the

sweetness of thaumatin is detectable, whilst, when the



20 present invention is preferably within the range of 2,000 to

100, 000. When the average nol ecul ar weight is |ess than.2,000, no

prevention of a decrease in the sweetness of thaumatin is #etectable,

whi | st, when the -5- nol ecul ar weight is nore than 100, 000, an

astringent taste results. In a preferred enbodi nent, hydrolyzed chitosans

- of various nolecular weight are mxed and the resulting m xture used 1o

prevent a decrease in the 5 sweet ness of thaumatin. There is a w

di fference between chitosan and hydrol yzed chitosan in the anobunt effective

in preventing a decrease in the sweetness of thaumatin. The anmount of 10

hydr ol yzed chitosan required to produge-such an effect is 0.0002-100 parts

by weight to 1 part by weight of thaumatin, or, preferably, 0.0025-10 parts

. by weight to 1 peledmlawivgight ishawereithan| 100.900; hancaastriageot s

dependent upon the nol ecul ar weight of the 15  hydrol yzed chitosan.

Thus, if the rot@SRSarsfilit. ofn it P¥RERETSS embodinenh, f hxdrrdwzed | ow,-a
chitosans of various molecular weight are mixed and the
resulting mixture used to prevent a decrease in the

5 sweetness of thaumatin.

There is a difference between chitosan and hydrolyzed
chitbSan_in the amount'effective in preventing a
decrease in the.sweetness-of.thaumatinﬁ_ The;amount of
10 .. hydrolyzed chitosan reQuiféd.to'éroduce such an effect
is 0.0002-100 parts by Qeight to:1fpart;by weight of -
thaumatin, or,,preferably,;o,obzs-lo parts by weight to
1 part byaweight of théumétin; although:the exact
amount is dependent upon the molecular weight of the
15 hydrolyzed chitosan. Thus, if the molecular weight of
- the hydrolyzed chitosan fraction is low, a W
- correspondingly- large amountjmaYQbe_used, without fear -
of any astringent taste resuiting, For .chitosan which
has not been hydrolyzed;”the:amoﬁntnof chitosan
20 required to produce such a-effeét-is-o.oooz-loo parts
by weight to 1 part by weighﬁ“éf thaumatin, or,
preferably, 0.0025-1 part by:ﬁéight to 1 paft by weight

of thaumatin.



correspondingly |
taste resulting.

arge amount may be used, w thout fear of any astringent
For chitosan which has not been hydrolyzed, the anount of

chitosan 20 required to produce such a effect is 0.0002-100 parts by

wei ght to 1 part
wei ght to 1 part

by wei ght of thaumatin, or, preferably, 0.0025-1 part by
by wei ght of thaumatin. -6- It is also possible to use

chitosam and hydrol yzed chitosan together in the present invention. Wen
the methetl of the present invention is carried out in an aqueous sol ution

at pH 6 or above,

it is preferable to 5 use hydrol yzed chitosan

because of its enhanced solubility. The method of the present invention is
usual | y conducted in an aqueous sol uti én=in which thaumatin is 10

present with other additives. There are a nunber of ways of preparing such
a solution: (i) chttbsanlsp ppasdbyeectochseoshitosanandadwdnalyzed aci dic

aqueous sol ution

5
g
10
15
«
20

and thaumatin added thereo; (ii) chitosan or
chitosan together in the present invention. '.When the

‘method of the present invention is carried out in an
aqueous solution at pH 6 or above, it is preferable to
use hydrolyzed chitosan because of its enhanced

solubility.

The method of the present invention is usually
conducted in an aqueous solutioﬂ.in which thaumatin is
present with other additives. There are a number of
ways of preparing such a solution: (i) chitosan or
hydrolyzed chitosan may be made into an acidic aqueous
solution and thaumatin added thereo; (ii) chitosan or
hydrolyzed chitosan may be dissolved in an (acidic)
aqueous.soiution of thaumatin followed by addition of
other additives thereto; or (i) or (ii) may be added to
an aqueous solution of the additives, whereupon the
desired liqui@ preparation is obtained. To obtain a
solid preparation, a solution containing the correct
amounts of thaumatin and chitosan or hydrolyzed
chitosan may be spray-dried or lyophilized, and the

resulting powder used as desired.

-



hydr ol yzed chitosan may be dissolved in an (acidic) 15 aqueous sol ution
of thaumatin followed by addition of other additives thereto; or (i) or
(ii) may be added to an aqueous solution of the additives, whereupon the
desired liquid preparation is obtained. To obtain a solid preparation, a

sol ution containing the correct 20 anounts of thaumatin and chitosan or
- hydrol yzed chitosan may be spray-dried or |yophilized, and the resul t/ng
powder used as desired. -7- The method of the present invention may be

applied to any of the fields in which thaumatin is used as a sweeteni ng
agent, including foods, drugs, cosnetics, feeds, and related uses. 5 The
present invention is illustrated by Wway- of the foll ow ng exanpl es. Exanpl e
1. 10 I: Preparat|on of sanpl e sol utions.
The method of the present invention may be applied to -
any of the fields in.which-thaumatin is used as a
‘sweetening agent, including foeods, drugs, cosmetics,

feeds, and related uses.

The present.invention is illustrated by way of the =
following examples. '

Example 1.
10

I: Preparation of sample solutions.

pH adjustment of each of the following sample solutions .
to pH 4 or pH 6 was made'uSing 0.01N or 0.1N

15 hydrochloric acid or sodium hydroxide.

~a: Thaumatin solution (0.4% w/v) adjusted to pH 4 or

- PH 6 was prepared and kept at 4°C.

20 b: Chitosan of averagé molecular weight 1.19 x 10
(hereinafter referred to as "chitosan A") was dissolved

in 0.08% (w/v) of acetic acid solution, so as to make



pH adj ust nent of each of the follow ng sanple solutions to pH 4 or pH 6 was
made using 0. OLN or O 1IN 15 hydr ochl oric acid or sodi um hydroxi de. a:
Thaumatin solution (0.4% w v) adjusted to pH 4 or pH 6 was prepared and
kept at 4[err]C. 20 b: Chitosan of average nol ecul ar weight [err]
(hereinafter referred to as "chitosan A") was dissolved in 0.08% (wv) of
acetic acid solution, so as to make -8- the concentration of chitosan A
0. 04@6(M#v) FNdronzed chitosan of average nol ecular weight 5.6 x [err]
(hereinafter referred to as "hydrol yzed chitosan B") was dissolved in 8%
(wv) acetic acid solution as as to 5 make the concentration of

hydrol yzed chitosan B 4% (wv) . The_pgl of chitosan A solution of
concentration 0.04% (wv) was adjusted to pH 4 to 6 followed by dilution 10
wWith water (adj usiis dohddhtr£Eién 6P @ﬁf@@é&ncﬁ'bQBQQ Ly ehut | RS yzed

concentration [err] [err]
chitosan of average'molecular weight 5.6 x 10
(hereinafter referred to as "hydrolyzed chitosan B")

was dissolved in 8% (w/v) acetic acid solution as as to

5 make the'concentration of hydrolyzed chitosan B 4%

s (w/#).

The pH'of chitosan A solutioh of concentration 0.04%
(w/v) was adjusted to pH 4 to 6 followed by dilution

10 with water (adjusted to pH 4 or 6) to prepare chitésan

A solutions of concentration 4 x 10-8, 4 x 10”7

-6 -5 -4 -4
4

4x1o‘6,ax10 , 4x1072, 1x10°% 2x 10

-4 3

4 x 1074 'y 8 x 1077, 8 x 107~ and 0.04% (w/v). These

solutions were kept at 40°C.

— 15
The pH of hydrolyzed chitosan B solution of
concentration_4% (w/v) was similarly adjusted to pH 4
or 6, followed by dilution with water (adjusted to pH 4
or 6) to prepare hydrolyzed chitosan B solutions of
20 concentration 0.04, 0.4, 0.8, 2.0 and 4% (w/v). These

solutions were kept at 40°C. Aqueous solutions of

chitosan A of concentration 0.4% (w/v) and higher



k4

[err] These solutions were kept at 40[err]C. 15 The pH of hydrol yzed
chitosan B solution of concentration 4% (wv) was simlarly adjusted to pH
4 or 6, followed by dilution with water (adjusted to pH 4 or 6) to prepare
hydrol yzed chitosan B sol utions of 20 concentration 0.04, 0.4, 0.8, 2.0
and 4% (w v). These solutions were kept at 40[err]C. Aqueous sol utions of
chitosan A of concentration 0.4% (w v) and hi gher -9- concentratiops
were very highly viscous,, and m xing with thaumatin sol uti on was wet
difficult. Accordingly, hydrolyzed chitosan B of |ow viscosity was used. 5
c: landa-carrageenan sol utions of concentration 0.08% (wv), adjusted to
pH 4, or 0.45% (wv), adjusted to pH% -nere prepared and kept at 40[err]C.
The amount of the | anda-carrageenan was chosen such that the sweet taste of
. thaumatin at a ¢onaentgationsawese yexy. @L%m visqaus,) and prixingd 6

conpl etel y di sappear ed.
. With thaumatln solution was dlfflcult Accordlngly, N

hydrolyzed chltosan B of low vlsc051ty.was used.

5 cs .1amda—éarragéenén solutibns.dfnconcénttation_O.Qa%
(w/v), adjusted to pH.4} or 0,45%'(w/v), adfusted to pH C:
6 were prepared and kept at 40°C. The amount of |
the lamda-carrageenan was chosen such that the sweet
taste of thaumatln at a flnal concentratlon of 0.01%

10 (w/v) at pH 4 and 6 completely dlsappeared.
'II: Mixing of the sample solutions.
Each of the samplé'solutions,_which:were_adjusted to pH

15 4 or 6 and kept at 40°C, was mixed in accordance

with the following procedures.

(3

IT-1: . Effect_of.order of mixing of threefsample
solutions on the sweet taste of thaumatin.

20
a: To 50 ml of thaumatin sdlutign was added 50 ml of

0.04% (w/v) chitosan A solution, followed by mixing for



11: Mxing of the sanple solutions. Each of the sanple solutions, which
were adjusted to pH 15 4 or 6 and kept at 40[err]C, was mxed in
accordance with the follow ng procedures. 11-1: Effect of order of mxing
of three sanple solutions on the sweet taste of thaumatin. 20 a: To 50 mi
of thaumatin solution was added ‘50 ml of 0.04% (w/ v) chitosan A sol ution,
foll owed by m xing for - 10 - one mnute. 100 mM of |anda-carrageenan
sol uti dn-was added and the m xture shaken at 40[err]C for 5 minutes. b: To
50 m of thaumatin solution was added 100 mi of 5 | anda- car r ageenan
foll owed by mxing for one mnute. 50 m of 0.04% (w v) chitosan
A sol ution was added and the m xture.shgken at 40[err]C for 5 mnutes. C
To 50 M of 0.04% (w v) chitosan A solution was 10 added 100 m of

| anda- car r ageenanofieél minate.f 0100wmdl lof Tamdagdayragyeenam gl uttilom was

t haumatin sol uti on was added and the m xture shaken at 40[err]C for 5

sol uti on,

m nut es.

10

15

20

added and the mixture shaken at 40°C for 5 minutes.

b: To 50 ml of thaumatin solution was added 100 ml of

lamda~-carrageenan solution, followed by mixing for one

‘minute. 50 ml of 0.04% (w/v) chitosan A solution was

added and the mixture shaken at 40°C for 5 minutes.

c: To 50 ml of 0.04% (w/v) chitosan A solution was
added 100 ml of lamda-carrageenan solution, followed by
mixing for one minute. 50 ml of thaumatin solution was

added and the mixture shaken at 40°C for 5 minutes.

The mixed solutions of a, b and c were heated at
80°C (liguid temperature) for 10 minutes and cooled

down to 25°C in cold water at 10°C.

II-2: Effect_of concentration of chitosan A or
hydrolyzed chitosan B solution, in which the mixing
order of the three sample solutions was the same, on

the sweetness of thaumatin.



The m xed solutions of a, b and ¢ were heated at 15 80[err]C (liquid
tenperature) for 10 m nutes and cool ed down to 25[err]Cin cold water at
10[err]C 11-2: Effect of concentration of chitosan A or hydrol yzed
chitosan B solution, in which the m xing 20 order of the three sanple
solutions was the sane, on the sweetness of thaumatin. - 1l - The m xi ng
. method was the same as that in the I1-1 a above. Thus, to 50 nl of ey
t haumatin sol uti on was added 50 m each of chitosan A or hydrolyzed .
chitosan B sol ution of various concentrations, followed by m xing 5
for one mnute. 100 m of |anda-carrageenan solution was added and the
m xture shaken at 40[err]C for 5 mautes. The m xed sol utions prepared in
accordance with 11-1 10 and |I1-2 above were heated at 80[err]C (liquid
‘tenperature) fofh&0miximge mesthbd wdedchivsane &6 that Cinnthel dIwatar at
10[err]C. Control solution was prepared as follows. 50 m of

above. Thus, to 50 ml of thaumatin solution was added

50 ml each of chitosan A or hydrolyzed chitosan B

solution of various concentrations, followed by mixing

5 . for one minute. 100 ml of lamda-carrageenan solution
was added_and the mixture shaken at 40°C foxr 5 .- e
minutes.

The mixed solutions.preparedgin,accordance with II-1
10 and II-2 above were heated at 80°C- (liquid
temperature) for 10 minutes.and=c¢oled down to 25°C

in cold water at 10°C.

Control solution was prepared as follows. 50 ml of
15 - thaumatin solution; 100 ml of  lamda-carrageenan
solution and 50 ml of water (adjusﬁed to pH 4 or 6 and R
kept at 40°C) were mixed, the mixture shaken at
40°C for 5 migutes, heated atv809é_(liquid
temperature) for 10 minutes and cooled down to 25°C

20 . in cold water at 10°C.



15 t haumatin solution, 100 m of | anda-carrageenan sblution and 50 m
of water (adjusted to pH 4 or 6 and kept at 40[err]C) were m xed, the
m xture shaken at 40[err]C for 5 mnutes, heated at 80[err]C (liquid

tenperature) for

10 mi nutes and cool ed down to 25[err]C 20 in cold

water at 10[err]C. - 12 - 111. Oganoleptic test of the sweetness of
thaumatin. a: Preparation of standard sweet solution. Standard sweet

sol uti ok& of thaumatin (pH being 5 adjusted to 4 or 6) of
concentrations of 0 to 0.01% (wv) wth a concentration interval

(W v) were prepared. b: Organol eptic nethod. 10 The sweet ness of

t haumati n sol uti ons of concentration-0181~ 0.009, 0.008, .., 0.001 and 0%

(wv) were defined to be 100, 90, 80, .., 10 and 0, respectively. Test
panel s each conpriEl n@rganobéptiantesenaf eshecsweébness oft thpumatin.
I nstructions were given to the panellers that they should choose a standard
sweet ness sol uti on havi ng

a: Preparation of standard sweet solution. .-
Standard sweet solutions of thaumatin (pH being
adjusted to 4 or 6) of concentrations of 0 to 0.01%

(w/v) with a concentration interval of 0.001% (w/v)

- were prepared.

5

10

15
)

20

b: Organoleptic method. -

The sweetness of thaumatin solutions of concentration
0.01, 0.009, 0.008, .., 0.001 and 0% (w/v) were defined
to be 100, %0, 80, .., 10 and 0, respectively.

Test panels each comprising ten males and females were
set up. Instructions were given to the panellers that
they should choose a standard sweetness solution having
the same sweetness as that of each one. of the mixed
sample solutions at pH 4 and 6. The results were
collected, subjected to verification by pair test and
the sweetness significant at p < 0.05 ﬁas'judged to

be the sweetness of the mixed sample solution.

of 0.001%



%

the same sweetness as that of each one of the nixed sanpl e solutions at pH
4 and 6. The results were collected, subjected to verification by pair test

and 20 t he sweet ness si gnlflcanJe at p < 0.05 was judged to be the
sweet ness of the m xed sanpl e sol ution. - 13 - Table 1 Effect of the

M xing Order of the Sanple Solu- tions on the Sweetness of Thaumatin

Sweet ness of Thaumatin (% Final oEwyal 1 Final Concn of pH 4 pH 6
Concn Concn X- Carrageenan of of ' % (Wv) Heating st
Heating Chito- Thau- Tenpera  Tenpera- san A natin

at - ture[ferr] A4wWv) %wv) pH 4 40 80 40 80 control Soln
- 0.01 0.04 0.225 0 O 0 O Sanple Solna 0.01 0.01

0.04 0.225 100 90 100 100 Sanple Soln b 0.01 0.01 0.04 0.225 30
30 80 BPSamel 85Uk fuixthdlorad0z 0nl4safedeSsoll- 30 90 90

tions on the Sweetness of Thaumat:m

Sweetness of Thaumatin (%)

Final Final PFinal Concn of ._DH 4 pH 6
of of $(w/v) . EHeating  Beating o
Chito~ Thau—~ at R - Terpera- Tempera~ '
san A matin : ture (°C) ture (°C) NS
Sw/v)  %tw/v) pH4& oDH6 40, 30 420 80

Control Soln - 0.01L 0.04 0.225 @ O o o

Sample Solm 2 0.0l 0.01 0.04 0.225 100 90 - 100 100

Sample Soln b - .0.01 0.01 0.04 -0.2_25'-_ 30 30 . 80 80

Sample Soln ¢ 0.0l  0.01 0.04 0225 30 30 S0 90

Sample Soln a: Thaumatin - Chitosan A '—>1a.mda;-Carrageenan
" b: Thaumatin -» lamda-Carrageenan -» Chitosan A
" c: Chitosan A » lamda-Carrageenan - Thaumatin o/

T



éanple Soln a: Thaumati-n Chitosan A el anda- Carrageenan b: Thaumatin 4
| anda- Carrageenan -> Chitosan A c: Chifgsan A . | anda- Carrageenan >

Thaumatin - 14 - Table 2 Effect of Concentrations of Solutions of A or B
(of Sanple Solution a with the Same M xing Order) on Sweetness of Thaumatin
Type Concn Ratio Final Final Final Concn Swet ness of of of A or
B Coincn Concn of [err]CarrgébleTEaunatln (9% Chi- to Thau-

of A of geenan pH H6 to- mat i n or B
Thau- % (w v) at heat ed heat ed san (W' w) % W V) mat i n
pH 4 pH 6 at at % wv) 40 80 40 80[err]C
control 0:1 0 0.01 0.04 0.225 0 0 0 0 So

0. 000001: 1 1 x [err] 0.01 0.04 0.225 0O O 0O 00.00001 :1 1
X [err] 0.01 0.04 0.225 -0 O 0O 00.0001 :1 1 x [err]

0.01 0.04 (E22sct of Goncgntrarimg @dofolutionsxofedArpr B 01 0. 04
0. 225 20 20of Sempde Solution a with the Same Mixing Order)
on Sweetness of Thaumatin

iype Concn Ratio Final Final Final Conen Sweetness of
of of AorB Conecn Concn  of \-Carra~ Thaumatin (%)

Chi- to Thau- of A of gesnan pPH4  ©DHS®S
to~ matin or B Thau~ %{w/v) at heated  Theated
{, san (w/w) $(w/v) matin pH4 pHS -_at at
) % (w/v) : 40 80 40 80°C
Control
Soln 0:1 0 0.01L 0.04 0.225 g O 0 0
0.000001:1 1 x 103 0.01 0.04 0.225 0O 0 0 0
0.00001 :1 1 x10~7 0.01 0.04 0.225 0 0o 0 0
0.0001 1 1x 10-4 0.01 0.04 0.225 0 0 0 -0
0.0002 :1 2x 10-3 0.01 0.04 0.225 20 20 30 40
A 0.001 :1 1x107° 0.01L 0.04 0.225 40 30 SO0 60
0.0025 :1 0.25x10~4 0.01 0.04 0.225 80 70 90 100
0.005 :1 0.5 x10~4 0.0L. 0.04 0.225 60 S50 100 100
0.01 1l 1x10¢4 0.01 0.04 0.225 60 50 100 100
0.02 1 2.x 1004 0.01 0.04 0.225 60 50 100- S0
0.1 :1 1x103 0.01 0.04 0.225 80 70 100 100
o 1 sl 0.01 0.01 0.04 0.225 100 90 100 100
1 . :1  0.01 0.01 0.04 0.225 90 80 100 90
10 <1l 0.1 0.01 0.04 0.225 80 70 80 70
B 20 1 0.2 0.0L 0.04 0.225 50 40 S0 40
50 :1 0.5 0.01. 0.04 0.225 30 30 30 40
100 sl 1.0 0.01 0.04 0.225 20 20 30 40

Note: A - Chitosan A
B - Hydrolyzed Chitosan B



°

A 0.001 :1 1 x [err] 0.01 0.04 0.225 40 30 50 60 0.0025
©1 0.25x[err] 0.01 0.04 0.225 80 70 90 100 0.005 :1 0.5 x[err]

0.01. 0.04 0.225 60 50 100 100 0.01 1 1 x [err] 0.01 0.04
0.225 60 50 100 100 0.02 ; 1 . xX[err] 0.01 0.04 0.225 60 50
100- 90 0.1 1 1 x [err] O. 01150704 0.225 80 70 100 100 1

1 0.01 0.01 0.04 0.225 100 90 100 100 | 1 0.01 .~
0.01 0.04 0.225 90 80 100 90 10 t1 0.1 0.01 O0.04 =48, 225
8070 80 70 B 20 1 0.2 0.01 0.04 0.225 50 40
50 40 50 1 0.5 0.01 0.04 0.225 30 30 30 40 100

1 1.0 0.01 0.04 0.225 20 20 30 40 Note: A - Chitosan A B
- Hydrolyzed Chitosan B - 15 - Exanple 2. |: Preparation of sanple
.solutions. 5 a: Thaumatin solution (the same as that in Exanple 1). b:

Chi tosan or hydrol yzed chltosan sol ution. Hydrolyzed chitosan of average
nmol ecul ar weight 1 x Ce : _ _—

Example 2.

=
v

Preparation of sample‘solﬁtiohs. :
5 a: Thaumatin solution (the same as that in Example 1).

b: Chitosan or hydrolyzed chitosan solution.
Hydrolyzed chitosan of average molecular weight 1 x
10% (hereinafter referred to as "hydrolyzed chitosan
10 - C"), hydrolyzed chitosan of average molecular werght

3

3 92 x 10 -(“chltosan D“), hydrolyzed chltosan of

- average molecular weight 1 x 103 (“chltosan E") and
chitosan A and hydrelyzed chitosan B used in Example 1
were used. Solutions adjusted to7pH 4 or 6 containing

-3

15 4 x 1073, 0.04 and 0.4% (w/v) of chltosan or hydrolyzed

chitosan were prepared
c: lamda-carrageenAn solution (the same as that in

Example 1).
20



Terr] (hereinafter referred to as "hydrol yzed chitosan 10 c),
hydr ol yzed chitosan of average nol ecular weight 3.92 x 10 ("chitosan D"),
hydrol yzed chitosan of average nol ecul ar weight [err] ("chitosan E') and
chitosan A and hydrol yzed chitosan B used in Exanple 1 were used.

Solutions adjusted to pH 4 or 6 cont ggi-ng 15 [err] and 0.4% (w v) of
chitosan or hydrol yzed chitosan were prepared. c: | anda-carrageenan

sol uti 0w (the sane as that in Exanple 1). 20 - 16 - 2: Mxing of the
sanpke solutions (the same as that in nmethod Il-a of Exanmple 1). 3:
Organoleptic test of the sweetness of thaumatin 5 (the sane as that in

Exanple 1). - 17 -
2: Mixing of the sample solutions (the same as that in
method II-a of Example 1).

3: Organoleptic test of the sweetness of thaumatin

5 3 (the same as that in Example 1).



Table 3. Effect of Degree of Deconposition of Chitosan on Sweet ness of

Thaumatin Rati o of Fi nal Fi nal = Hilhat Concn of Sweetess of Thaumatin
Concn of Concn Concn [ err] Car ageenan (% A B, C of
of % W' V) at Dor E AB Thau- at
PH 4 pH 6 to Thau- C Db mtin pHA4 pH 6 heat ed
heated matin or E % (W V) 1 at at (w w),~
(W' v) s0C ggkle e‘rr] Con- trol 0:1 £ 4
0.0T 0.04 Efge250f Degred) of DecOmposdiSeim of Lhiitosgrerr] A
0.01 0.01 0.&n Sweekztess106 Theumati®) 100 A and B 10: 1
0.1 0.01 0.04 0.225 90 80 100 100 (1:1) 0.1:1
[err] 0. Qdtio 04 7i8a?25 rin9 Hnal Ccncg.oc: 99‘;wét1ess o 01
0.01 0.04 ¢ WncH0 condl) atfickenan O %’%’?‘m%”m
0.225 80 X0 g, c, 8Qs 70 Ok 1 x%(x,g 0 01 gt04 0.225 70
60 80 7& Alg;L TRul1 N QO 0. 22555 §0 70
90 80 10:1 to fhab~ ¢, D,0- &htinO. %4 U- éé??_s_ 7@.ea Heiteg 70
matin or E g (w/v) _ . at
(w/w) S (W/v) _:40°C_80°c 40°C 80°C
Con~ |
trol 0:1 0 0.0L 0.04 0.225 0 0 0 0
A 0.1:1 1x10~3 0.01 0.04 0.225° 80 70 100 100
B 1:1 0.01 0.01 0.04 0.225 100 .90 100 100
P TR LI SR 0.0L. 0.04 0.225 90 80 100 100
0.1:1 1x 10-3 0.01L 0.04 0.225. 80 70 90 . 90
B 1:1 0.0L 0.01 0.04 0.225 9 80 100 20
10:1 0.1 0.01 0.04 0.225 80 70 80 - 70
0.1:1 1x103 .01 0.04 0.225 70 60 80 70
C 1:1 0.01L 0.01 0.04 0.225 8¢ 70 %0 80
-10:1 0.1 0.01 -0.04 0.225 70 60 80 70
0.1:1 - - 1x 1070 0.01 0.04 0.225 40 40 70 70
D l:1 0.01 0.01 0.04 0.225 40 40 70 70
10:1 0.1 0.01 0.04 0.225 30 30 60 60
0.1:1 1Ix 10-3 . 0.0L . 0.04 0.225 0 0 0 0
E 1l:1 0.01 0.01L 0.04 0,225 0 0 0 0
10:1 0.1 0.01L 0.04 0.225 0 0 0 0
Notes: A - Chitosan A
B - Hydrolyzed chitosan B
C - Hydrolyzed chitosan C
D - Hydrolyzed chitosan D
E -

Hydrolyzed chitosan E

1:1

%

C



J1:1 [err] 0.01 0.04 0.225 - 40 - 40 70 70 D 1:1

ojeollololoNe

.01 0.01 0.04 0.225 40:;40 '~ =:70 70 10:1 0.1
.01 0.04 0.225 30 30 60 60 0.1:1 [err] 0.01 0.04
. 225 0 0 0 0 E 1:1 0.01 0.01 0.04 0.225
0 0 0 10:1 0.1- 38 - 0.01 0.04 0.225 0 0
O; Notes: A - Chitosan A B - Hydrolyzed chitosan B C - Hydrol yzed
chitosarm C D - Hydrol yzed chitosan D E - Hydrol yzed .chitosan E - 18 -
Example 3. |: Preparation of sanple solutions. 5 " a: Thaumatin

solution: (the sanme as that in Exanple 1). b: Chitosan solution: Solutions
adjusted to pH 4 or 6 containing 4 x 10 4 and 0.04% (wv) of chitosan A
were prepared. 10 C Solutions of coloring agent or polysacchari de:

Example 3.
I: Preparation of sample solutions.
5 a: Thaumatin solution: (the same as that in Example i).

b: Chitosan solution:
Solutions adjusted to pH 4 or 6 containing 4 x 1074 and
0.04% (w/v) of chitosan A were prepared.

10 |
cs Solutidns of coloring agent or polysaccharide:
Solutions (adjusted to pH 4 or 6) containing 0.4% (w/v)
of xanthan qum, carboxymethylcellulose sodium, sodium

Vit 'alginate or hydroxymethyl pectin; containing 0.01%
15 (w/v) of Tartrazine pigment; or containing 0.4% (w/v)
| of lac dye, coqhineal dye, red cabbage dye, annatto dye

and safflower dye were prepared and kept at 40°C.



Sol utions (adjusted to pH 4 or 6) containing 0.4% (wv) of xanthan gum

car boxynet hyl cel | ul ose sodi um sodi um al gi nate or hydroxynet hyl pectin;
containing 0.01% 15 (wv) of Tartrazine pignent; or containing 0.4%
(wv) of lac dye, cochineal dye, red cabbage dye, annatto dye and saffl ower
dye were prepared and kept at 40[err]LC_ - 19 - 1l1l: Mxing of the
sanpl e solutions. Each of the sanple Solutions, adjusted to pH 4 or 5 ard
kept at 40[err]C, was m xed in accordance with the 5 fol |l ow ng g
procedures. To 50 ml of thaumatin solution was added 50 ml each of chitosan
A sol ution of various concentrations, followed by m xing for one mnute. 10
100 mM of pol ysaccharide solution or coloring agent sol ution was added and
the m xture shaken for mnutes, heated at 80[err]C (liquid tenperature)
for 10 m nutes and cooled down to 25[err]Cin cold water at 15

10[err] C

III: Mixing of the sample solutions.

Each of the sample solutions, adjusted to pH 4 or 5
and kept at 40°C, was mixed in accordance with the

5 following procedures.

To 50 ml of thaumatin solution was added 50 ml each of
chitosan A_solution of various copcentrationé,_fqllowed

. by mixing for one minﬁte. | o “

10 |

100.m1_of_polysac¢ha£ide solution or coloring agent

_ solutioﬁ.was addéd and the mixture shaken fo:ﬁs
minutes, heated at 80°C (liquid temperature) for
10 minutes and cooled down to 2500 in_cpld.water'at

15 10°C.

Control solutions were prepared éé fbll@ﬁs, .50 ﬁl of

thaumatin solution, 100 ml of soiﬁtioﬁ 6f-coloring

agent or polysaccharide and 50 ml of water (adjusted to
20 PH 4 or 6 and kept at 40°C) were mixed, the mixture

shaken at 40°C for ‘5 minutes, heated at 80°C



Control solutions were prepared as follows. 50 ml of thaumatin sol ution,
100 mM of solution of coloring agent or pol ysaccharide and 50 m of water
(adjusted to 20 pH 4 or 6 and kept at 40[err]C) were m xed, the mxture
shaken at 40[err]C for 5 m nutes, heated at 800C - 20 - (liquid
tenperature) for 10 m nutes and cooled down to 25[err]Cin cold water at
10[err]C.3: -Organoleptic test of "t B® sweet ness of thaumatin was 5

conduct®d in the sane manner as in Exanpl e 1. - 21 - Table 4. Effect of
Pol ysacchari des and Col ori ng Agents on Sweet ness of Thaumatin Sweet ness of
Thaumatin (% (Pol ysacchari des) -- Xant han gum

0O O 70 60 100 100 10 O 90 100 100 100-

(1igquid temperature) for 10 minutes and cooled down to

25°C in cold water at 10°C.

3:..Organoleptic test of the sweetness of thaumatin was

) conducted in the same manner as in Example 1.



CMC- Na 0O 060 50 100 90 10 O 70 80 100 100 Ma

al gi nate 10 0 90 80 100 100 20 10 100 100 100 100 High

met hoxyl pectin O 0 60 50 100 90 10 O 70 80 100 90 (Coloring agents)
Tartrazi ne 30 20 80 —-743 100 90 20 10 80 70 100 90 Cochinea
dye 50 50 70 70 90 80 40 40 90 90 90 90 Lac dye 10
0 70 60 90 80 10 0O 70 70 90 80 Red cabbage dye 30 30 90 100.-80 80
20 10 70 70 80100 Annatto dye 10 10 50 60 80 70 10 10 340
40" 50 Safflower dye 50 8@ do 70 80 30 20 70 80 40. 50 (Notes)

Final concentrations of t he sanpl es: Thaumatin: 0.01%w v) Chitosan A
0. 2% W v) RE3sEEharPebyslcelarides) ahilt iCekdrEic O ¢wW v) Cochi neal
dye; lac dye; red embbageclges afngHauntitein and saf fl owerdye: 0.2% (w v)
each - 22 - Exanple 4. |: Preparation of sanple solutions.

Sweetness of Thaumatin (%) -

. I = 4 ) =
Ratio of Chitosan A tO)—p5—- -°HO 3 _OH 6_. ,
4

i1 -

. : 01:1 L:1 7 021 0.01:1
Thametin onens (wWAN g5 45 §0 0 80 %0 80 40 80 40 BO°C
(Polysaccharides) - o o
Xanthan gum 0 0 70 60100100 10 O 90 100 100 100
Qr-Na 0 0.60 502100 9 10 O 70 80 100 100
Na alginate 10 0 90 80 100 100 20 10 160 100.100 100 -
High methoxylpectin O 0 60 50 100 90 10 0 70 80 100 90 S
(Coloring agents) - ]
Tartrazine 30 20 80 70100 90 20 10 80 70 100 90 -
Cochineal dye - 50 50 70 70 90 80 40 40 90 90 .90 90
Lac dve - . 10 0 70 60 %0 80 10 O 70 70 90 80
Red cabbage dye '30 30 90.100 80 80 20 10 70 70 80 100
Amnatto dye 10 10 50 60 80 70 10 10 30 40 40 50

Saffiower dye 50 60 80 90 70 80 30- 20 70 80 40. 50 -

(Notes)_ Final concentrations of the samples:

Thaumatin: 0.01%(w/v) T

Chitosan A: 0.2%(w/v) '

Polysaccharide: 0.2% {(w/v)

Tartrazine: 0.01% (w/v) N ;

Cochineal dye; lac dye; red cabbage dye; annatto dye; - o,
and safflowerdye: 0.2% (w/v) each L



‘5 a: Thaumatin solution (the same as that in Exanple 1 except that the
solution was allowed to stand at roomtenperature prior to use). b

Sol ution of chitosan or hydrolyzed chitosan: 10 A solution adjusted to
pH 4 or 6 containing 0.04% (wv) of chitosan A or hydrolyzed chitosan C and
a 1:1 (by weight) mxture of chitosappA_and hydrolyzed chitosan C were
prepared. and all owed to stand at roomtenperature. 15 (o
Ianda-éaﬁrageenan solution: (the sanme as that in Exanple 1 except that the
solution was allowed to stand at roomtenperature prior to use). - 23 -
I1: Methods of m xing and drying of the sanple solutions. Each of the
sanpl e solutions, adjusted to pH 4 or 6 and 5 allowed to stand at room
tenperature, was mxed in accordance with the foll ow ng procedures. To 500
m of thaumatin solution was added 500 ml of chitosan or/and hydrol yzed
chitosan solution, followed 10 by m xing for 2 m nutes.

Example 4.
I: Preparation of sample solutions.

5 a: Thaumatin solution (the same as that in Example 1
except that the solution was allowed to stand at room

temperature prior to use).

b: Solution of chitosan or hydrolyzed chitosan:

10 A solution adjusted to pH 4 or 6 containing 0.04% (w/v)
of chitosan A or hydrolyzed chitosan C and a 1:1 (by
weight) mixture of chitosan A and hydrolyzed chitosan C

were prepared and allowed to stand at room temperature.

15 c: lamda-carrageenan solution: (the same as that in
Example 1 excepf that the solution was allowed to stand

at room temperature prior to use).



I1-1: | anda-carrageenan solution (100 m) was added to 100 ml of m xed
solution of thaumatin and. chitosan and/or hydrol yzed chitosan, the m xture
shaken at 15 40[err]C for 5 mnutes, heated at 800 (liquid tenperature)
for 10 m nutes and cool ed down to 25pgr] C in cold water at 10[err]C. -
24 - 11-2: A mxed solution (1,000 m) of thaumatin and chitosan was: (i)
spray-dried using an atom zer having an inlet tenperature of 160[err] G,

outlet tenperature of 5 - 80[err]C and a revol ution speed of 25, 000~ pm
or (1i) lyophilized in vacuo (0.15 Torr) at -50[err]C for 48 hours. The
resulting dried product (0.04 g) was dissolved in 10 wat er at room

tenperature to a final volune of 100 mM. To this was added 100 ml of

| anda- carrageenan sol ution and the m xture shaken at 40[err]C for 5

m nutes, heated at 80[err]C (liquid tenperature) for 10 m nutes and cool ed
down to 25[err]Cin cold water at 10[err]C. '

IIs Methods of mixing and drying of the sample

solutions.

Each of the sample solutions, adjusted to pH 4 or 6 and
5 allowed to stand at room temperature, was mixed in

. accordance with the following procedures.

To 500 ml of thaumatin solution was added 500 ml of
chitosan or/and hydrolyzed chitosan solution, followed
10 - by mixing for 2 minutes. '

II-1: lamda-carrageenan solution (100 ml) was added to
100: m1 of mixed solution of thaumatin and chitosan
and/or hydrolyzed chitosan, the mixture shaken at

15 40°C for,S_mihntes, heated at 80° (liquid
temperature) for 10 minutes and cooled down to 25°C

in cold water at 10°C.

3



15 111: Oganoleptic test of the sweetness of thaumatin was conducted in
the same manner as that in Exanple 1. - 25 - Table 5. Effect of Drying
Met hod for t.he M xed Sol ution of Thaumati n/ Chitosan and/ or Hydrol yzed
Chi tosan on Sweetness of Thaumatin Sweetness of Thaumatin (% Form of

Fi nal Fi nal
Ccn=  .Cocn

Final Final Cocnn nH 4 OR 6 m xt of Concn
of | adnc- heapgd.- heat ed Mhauna- or of

of Zar r ageenan at at tin/Chi- Chi- Hvdro- Thau-

% W'v) tosan
and(or) A
Chi t osan

0 0 0
100

10

15

t osan lyzed nra- at .40 80 40 800C
Chito- tin pH 4 ca 6 Hydrol. %wv) san C %wv)

% (W v) Control _ _ 0.01 0.04 0.225

0 Soln 0.01 _ 0.01 0.04 0.225 100 90 100

II-2: A mixed solution (1,000 ml) of thaumatin and
chitosan was:

(i) spray-dried using an atomizer having an inlet
temperature of 160°C, outlet temperature of

80°C and a revolution speed of 25,000 rpm; or

(ii) lyophilized in vacuo (0.15 Torr) at -50°C for
48 hours.

The resulting dried product (0.04 g) was dissolved in
water at room temperature to a final volume of 100 mi.
To this was added 100 ml of lamda-carrageenan solution
and the mixture shaken at 40°C for 5 minutes,

heated at 80°C (liquid temperature) for 10 minutes

and cooled down to 25°C in cold water at 10°C.

III: Organolepﬁic test of the sweetness of thaumatin

was conducted in the same manner as that in Example 1.



0.005 0.005 0.01 0.04 0.225 90 80 100 90 -0 ~ _ 0.01

0.01 0.04 0. 225 80 70 90 80 Spray- 0.01 - 0.01
0.04. 0.225 100 100 100 100 drizey - 0. 005 0. 005 0.01 0.04

0. 225 100 90 100 100 Prod. - 0.01 0.01 0.04 0. 225

90. 80 100 90 Lvophi - 0.01 - - 0.01 0.04 0. 225 100 90
100 100 li zed 0 005 0 005 %Pé. 5 0.04 0.225 90 80 100 90
Prod.- 0. % 0.225. . 80_ 70 90 80 - 26;,
For nul ati ons %‘r %t?’onDT"' Methﬂ? FPL I BixedtBelwadéondded 1 part of
gl aci al acetit a H—ng ér"c’tﬁaﬂ a/ n}%{a’ﬂfd%?l%ﬁ??o%’éht—ﬂsms added and
the mixture stirred at B3t¥rssol ved. 1 part thaumatin

was added and the soI ut | on

di ssol v_nd The resulting sol ution
was 10 : and

out | et Roemperat ﬁ‘:Laalof ‘i&[ er E‘ﬁ.ﬁhhndf‘&ﬂ{lecc:h@ res;sze@t i vel yr(bereinafter
t he spr\'a.yﬁtdmxedcpnuducccnw}.I Benaref eof ddntia—as ' driveaited - heated

Thauma—- of of of Carrageenan at at

tin/Chi- Chi- Bydro—- Thau-~ g (w/v) - . -

tosan tosan lyzed ma- = at .... .40 80 40 80°C

and{or) A Chito- +in pH4 ©oH6 S

Hydrol. %(w/v) san C %(w/v)

Chitosan % (w/v)

Soln - ;.O_.OJ_. :0.04._ 0225 0 0 | 0 .. 0 "
0.01 - 0.01 0.04° -0'-.'2 2'5* 100 .- 90" 100 100

0.005 0.005 ~0.01 0.04 0,225 90 80 100 90

Soin - 0.0l  0.01 0.04 0.225 ~ 80 70 90 - 80
Spray- 0.0l -~ 0.0l 0.04 0.225 100 100 100 100
driedi ~ 0.005 0.005 0.01 0.04 0.225 100 90 100 109
orod. = 0.01  0.01 0.04 0.225 90 80 100 90
Lyophi-  0.0L <= 0.0l 0.04 0.225 100 90 100 100
lized  0.005 0.005 0.0l 0.04 0.225 - 9 80 100 90

Prod. . - ~ 0.01 - 0.01 0.04 0.225 80 - 70 ..90 - 80




“thaumatin-chitosan"”). 15 Dried thaumatin-chitosan A (0.04 part) was

di ssolved in 36.75 parts of water at roomtenperature, 1 part of

| anda- carrageenan was added -and di ssol ved, and the m xture was stirred with
42 parts of cal cium secondary -27- phosphate, 18 parts of glycerol, 1.2
parts of sodiumlaurylsul fate, 0.012part of butyl p-hydroxybenzoate and 1
part of pepperm nt fragrance. The resulting conpositions were deaerated in

vacuo &sd used to fill a 5 container, to give a tooth paste having
good sweetness. Formul ation 2. 80.45 parts of corn, 12 parts of soybean
cake, 5 parts 10 of fish powder, 1.5 parts of cal cium phosphate, 0.5

parts of cal ciumcarbonate, 0.5 parts of salt and 0.05 parts of dried

t haumati n-chitosan A were m xed, the m xture kneaded with 20 parts of 1%
Xant han gum sol uti on, granul ated using a granulator and dried by 15
heating to give a granul ar feed having good sweet ness

Formulations

Formuation 1.

5 To 97 parts of water was added 1 part of glacial acetic
acid and, after mixing, 1 part of chitosan A was added
and the mixture stirred at room temperature until
dissolved. 1 part thaumatin was added and the solution
stirred until dissolved. The resulting solution was

10 spray-dried in an atomizer as described above having
inlet and outlet temperatures of 160°C and

Lo 80°C, respectively (hereinafter the spray-dried
product will be referred to as "dried
thaumatin-chitosan").

15 '

Dried thaumatin-chitosan A (0.04 part) was dissolved in
36.75 parts of water at room temperature, 1 part of
lamda-carrageenan was added and dissolved, and the

mixture was stirred with 42 parts of calcium secondary



and suitable as feed for young pigs. -28- Formulation 3. 0.04 parts
glacial acetic acid was m xed with 87.09 parts of water, 0.02 part of

hydrol yzed chitosan B was 5 di ssolved therein at room tenperature,
0.03 part of thaumatin was simlarly dissolved therein, and the m xture
heated at 80[err]C for 10 m nutes, after adding 0.4 parts of sodium
L-glutamate, 0.02 parts of sodiumb5'-inosinate, 1 part of |anda-carrageenan
and 0.2 parts 10 of carotene dy&, %’he m xture was cooled to 60[errl& 1
part of salt, 10 parts of brewed vinegar and 0.2 parts of spices were added
and the solution mxed until dissolved, followed by cooling to give an
oil-free dressing having sweetness and a good taste. - 29 - CLAIM

phosphate, 18 parts of glycerol, 1.2 parts of sodium

laurylsulfate, 0.01 part of butyl p-hydroxybenzoate and
1 part of peppermint fragrance. The resulting -
compositions were dgaerate& in vacuo and used to fill a

5 container, to give a tooth paste having good sweetness.
Formulation 2.

80.45 parts of corn, 12 éarts:of?soyhean cake, 5 parts
10 ‘of fish powder, 1.5 parts of éalcium phosphate, 0.5
parts of calcium carbonate, 0.5 parts of salt and 0.05
parts of dried .thaumatin-chii;as_aﬁ A were mixed, the
mixture kneaded with 20 .parts_;df.-f'l% zanthan gum O
solution, granulated using a grahulator'and dried by
15 heating to give a granular.feed héving good sweetness

and suitable as feed for young pigs.



¥

"1. A nethod of preventing a substance capable of so 5 doi ng from
causing a decrease in the sweetness of thaumatin, characterized by addi ng

chitosan, hydrolyzed chitosan, or a m xture thereof, to an aqueous sol ution

contai ning thaumatin and sai d substance,

in an anount effective to prevent

a decrease in the sweetness of 10 thaumatin. 2. A nethod as clainmed in

claim1; wherein said anount of chitosan, hydrolyzed chitosan, or m xture

thereofsis 0.0002 - 100 parts by me%ghg to part by weight of 15

t haunmat i n.

3.
chitosan is 0.0025 -
4. A nmethod as clained in clains 1 or
chitosan is 0.0025 -

A nmethod as clained i

- 30 - 5 Anethod as clained in any of clainms 1, 2 or 4,

10

Formmlation 3.

0.04 parts glacial acetic acid was mixed with 87.09
parts of water, 0.02 part of hydrolyzed chitosan B was
dissolved therein at room temperature, 0.03 part of
thaumatin was similarly dissolved therein, and the
mixture heated at 80°C for 10 minutes, after adding
0.4 parts of sodium L-glutamate, 0.02 parts of sodium
5'~inosinate, 1 part of lamda-carrageenan and 0.2 parts

of carotene dye, the mixture was cooled to 60°C, 1

. part of salt, 10 parts of brewed vinegar and 0.2 parts

of spices were added and the solution mixed until
dissolved, followed by cooling to give an oil-free

dressing having sweetness and a good taste.

1 parts by weight to 1 part by weight of thaumatin.
2, wherein said anmount of hydrol yzed
10 parts by weight to 1 part by weight of thaumatin.

clains 1 or 2, wherein said anmount of

20



wherein the average nol ecul ar wei ght of the hydrolyzed chitosan, as
nmeasured by gel perneation chromatography, is 2000 - 100,000. 5 6. A nethod

as cl ai ned

in any of claims 1, 2, 4 or 5 wherein the hydrolyzed chitosan

conprises a mxture of hydrolyzed chitosans of various nol ecul ar wei ghts.

10 7.

A nethod as clained in any_of clains 1-6, wherein chitosan is

-added to the aqueous solution. 8 A fietthod as clained in any of clains.-1-6,
wherei n hydrol ysed chitosan is added to the aqueous solution. 15 9. A «
met hod as clainmed in any of clainms 1-6, wherein a m xture of chitosan and

hydr oyl sed
as clainmed
aqueous sol

chitosan is added to the aqueous sol ution. 20 10. A nethod
in any of clainms 1-9, wherein the substance, present in the
ution, which can decrease the sweetness of thaumatin is a

coloring agent and/or a polysacchari GbAIM$11111 1111111

10

15

20

l. A method of preventing a éubstance dapable of so
doing from causing a déérease in the sweetness of
'thauma;in;'Characterized_by adding chitosan, hydrolyzed e
chitosan, or a mixture thereof, fo-an:aqueous solution \!
containing thaumatin and said substance,.in an amount
‘effective to prevent a decrease in the sweetness of

. thaumatin.

2. A method as claimed in claim 1, wherein said amount
of chitosan, hydrolyzed chitosan, or mixture thereof,
" is 0.0002 < 100 parts by weight to. 1l part by weight of

thaumatin.

3. A method as claimed in claims 1 or:2, wherein said
amount of chitosan is 0.0025 - 1 parts by weight to 1

part by weight of thaumatin.

4. A method as claimed in claims 1. or 2, wherein said
amount of hydrolyzed chitosan is 0.0025 - 10 parts by

weight to 1 part by weight of thaumatin.
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“-31 - 11. A nmethod as clained in anyﬁdf_qﬁains 1-10, wherein said col ouring
agent is selected fromthe group consisting of Tartrazine, Sunset Yell ow,

Ponceau 4R,

| ac dyes and cochi neal dyes of the anthraqui none 5 seri es,

red cabbage dyes of the anthocyanin series, annatto dyes of the carotenoid
series, safflower yellow dyes of the’% ravonoi d series, and m xtures
-thereof. 12. A nethod as clained in any of clains 1-11, wherein 10 sai d.
pol ysaeeharide is selected fromthe group consisting of carrageenan,

xant han gum sodi um car boxynet hyl cel | ul ose, sodi um al gi nate, hi gh net hoxyl
pectin, |ocust bean gum guar gum and m xtures thereof. 15 13. A nethod as
clainmed in any of clainms 1-12, wherein the aqueous solution is
substantially free of ascorbic acid. 20 14. A conposition in which a
‘substance capabl 8. of Asmetibodgasi slpimedntiad anyoofc aldaims al detresmase, i n the
sweet ness of thaumatin, conprising an aqueous sol ution of said substance,
thaumatin, and cWhessin thedayeyege molecular weight of the hydrolyzed . ..

5
L

10

15

20

- chitosan, as measured by gel permeation chromatography,

6. A method as claimed in any of claims 1, 2, 4 or 5,
wherein the hydrolyzed chitosan comprises a mixture of

hydrolyzed chitosans of various molecular weights.

7. A method as claimed in any of claims 1-6, wherein

chitosan is added to the agueous solution.

8. A method as claimed in any of claims 1-6, wherein

hydrolysed chitosan is added to the aqueous solution.

9. A method as claimed in any of claims 1-6, wherein a
mixture of chitosan and hydroylsed chitosan is added to

the aqueous solution.

10. A method as claimed in any of claims 1-9, wherein
the substance, present in the aqueous solution, which
can decrease the sweetness of thaumatin is a coloring

agent and/or a polysaccharide.

) B



- 32 - chitosan or a mxture thereof, in an amount effective to prevent a
decrease in the sweetness of thaumatin. 15. A conposition as clained in
claim 14, wherein said 5 anount of chitosan, hydrolyzed chitosan, or
m xture thereof, is 0.0002 - 100 parts by weight to 1 part by weight of
thaumatin. 16. A conposition as claimed in claim14 or claim15, 10
wherein said amount of chitosan is 0.0025 - 1 parts by weight to 1 part-by
wei ght of thaumatin. 17. A conposLIhﬁQ_as claimed in claim14 or cl akm
15, wherein said anount of hydrolyzed chitosan is 15 0.0025 - 10 parts
by weight to 1 part by weight of thaumatin. 18. A conposition as claimed in
any of clains 14, 15 or 17, wherein the average nol ecul ar wei ght of 20
hydrol yzed chitosan, as nmeasured by gel permeation chromatography, is 2000
- 100, 000. 11111111.11alfméthoddl Akl Elhlihield in Gnyt of Maims 1£10; wherein

said colouring agent is_sélected from the group
consisting of.Tartrazinef Suﬁéét’YelloWy Ponceau 4R,
lac dyes and cochineal dyes of the anthraquinone

5 series, red cabbage dyes of the apthocyanin series;
annatto dyes_of thercarotenoidmsefiés;qsafflower yellbw  i;

dyes of the'flavonoid-series; and mixtures thereof.

12. A method as claimed in any of claims 1-11, wherein
100 - said polyéaCGharide is selected from the group |

consisting of carrageenan, xanthan gum, sodium

carboxyméthylcel;ulése, sodium alginate, high methoxyl

pectin, locust bean gum, guar gum, and mixtures

thereof..

15 | .
13. A method as claimed in any of ciéims 1+12,-wherein :&)
the aqueous solution is substantially free-bf ascorbic |
acid.

20 14. A composition in which a:substanée'capablé of so |

doing, is prevented from causing a decrease in the
sweetness of thaumatin, comprising an agueous solution

of said substancé, thaumatin, ahd chitosan, hydrolyzed

AR



- 33 - 19. A conposition as claimed in any of clainms 14, 15 17 or 18,
wherein the hydrol yzed chitosan conprises a mixture of hydrolyzed chi tgsans
of various nol ecular weights. 5 20. A conposition as clainmed in any of
clainms 14-19, wherein the substance which can decrease the sweetness of
thaumatin is a coloring agent and/or a polysaccharide. 10 21. A
conposition substantially as herei pbgfore described in any of exanples 1-4
and f &mul ations 1-3. : :

chitosan or a mixture thereof, in an amount effective

to prevent a decrease in the sweetness of thaumatin.

15. A composition as claimed in claim 14, wherein said
5 amount of chitosan, hydrolyzed chitosan, or mixture

thereof, is 0.0002 - 100 parts by weight to 1 part by

weight of thaumatin.
16. A composition as claimed in claim 14 or claim 15,

10 wherein said amount of chitosan is 0.0025 - 1 parts by
weight to 1 part by weight of thaumatin.
17. A composition as claimed in claim 14 or claim
15, wherein said amount of hydrolyzed chitosan is

15 0.0025 - 10 parts by weight to 1 part by weight of

g%= thaumatin.

18. A composition as claimed in any of claims 14, 15
or 17, wherein the average molecular weight of
20 hydrolyzed chitosan, as measured by gel permeation

chromatography, is 2000 - 100,000.
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- 33 -

19. A composition as
17 or 18, wherein the
mixture of hydrolyzed

weights.

20. A composition as.

wherein the substance

pq;ysacCharide;

-
Ayt

claimed in any of claims 14, 15
hydrolyzed chitosan comprises a

chitosans of various molecular

claimed in any of claims 14-19,

which can decrease the sweetness

of thaumatin is a coloring agent and/or a

21. A composition substantially as hereinbefore

described in any of examples 1-4 and formulations 1-3.
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