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PROCESS FOR EXTRACTING PROTEIN CURCULIN 

BACKGROUND OF THE INVENTION 

[Field of the Invention] 

This invention relates to a process for producing 

protein curculin, which will be also called curculin in 

some cases.hereinafter, of improved qualities. 

[Description of the Prior Art) 

The applicant forI1,1erly foun.d out a process which 

comprised thoroughly washing Curi:uligo latifolia fruits 

with water until the washing water wa:s not colored any 

longer and then extracting curculin by using an aqueous 

solution of a salt of a concentration of 0.01 M or 

above <refer to Japanese Patent Laid-Open No. 

104263/1990). 

However, this water-washing operation suffers from 

several problems such that it achieves only an insuff i­

cient effect of eliminating impurities and causes 

browning of the Curculigo latifolia fruits. 

Further, the protein curculJn extract obtained by 

the above-mentioned salt-extraction process contains 

·the salt ~nd thus has a saltiness, which makes it 

necessary to desalt the extract before applying to 

foods. Furthermore, there is a fear of bacterial 

spoilage of the protein curculin extract thus obtained, 

since it is ·neutral in nature. Furthermore, the 
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above-mentioned process achieves only an unsatisfactory 

extraction efficiency. 

SUMMARY OF THE INVENTION ·· 

Accordingly, it is an object of ·the present inven­

tion to _provide a process whereby prote.in curculin of 

improved qualities can be produced by treating Cur~uli-

· g.e latifolia fruit~ in such a manner as· to selectively 

eliminate irnpur i ties other than curculin without caus-

ing browning of the Curculigo latifolia fruits and then 

extracting .curculin. 

It is another object of the present invention to 

provide a process for extracting protein curculin 

whereby a curcqlin extract having no saltiness and 

being in little fear of spoilage can be obtained from 

Curculigo latifolia fruits or . processed curculigo 

latifolia fruits and the extraction efficiency can be 

elevated. 

To achieve the above-mentioned objects, the 

present inventors have conducted 'xtensive studies. As 

a result, they have successfully found out that impuri­

ties other than curculin can be selectively eliminated 

from plant bodies containing .curculin under acidic 

conditions. . ' 

The present invention, which has been completed 

based on the above-mentioned finding, provides a proc-
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ess for extracting protein curculin which comprise.s 

adc:]ing an aqueous acid solution to plant bodies con­

taining protein curculin so as to adjust the pH of the 

resulting mixture to 3 or below and then.extracting the 

protein curculin <hereinafter referred to as the first 

invention>. 

The present invention further provides a process 

for extracting protein curculin which comprises adding 

an aqueous acid solution to plant bodies containing 

protein curculin, treating the resulting mixture Cl> 

under such conditions as to give a pH value of from 1.8 

to 4. O and then extracting the protein ·curculin from 

the mixture C2> thus treated <hereinafter referred to 

as the second invention). The term ~the present inven-

tion" as used herein includes both of. the first and 

second inventions. 

According to the process for extracting protein 

curculin of the present invention, curculin-containing 

plant bodles are treat~d with a~ aqueous aeid solution 

and, as a result, the efficiency of the elimination of 

impurities can be elevated compared with ·the . conven-

tional water-washing operation. Further, browning of 

the Curculigo latifolia fruits w6uld not proceed, since 

the treat~ent is effected under acidic conditions. 

Thus, protein curculin having improved qualities, 
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compared with the conventional ones, can be obtained~ 

According· to the process for extracting protein 

curculin of the present inve.ntion, furthe.r, ·a curculin 

extract having no saltiness and b~ing in little f~ar of 

spoilage can be obtained from curculin-containing plant 

bodies and the extraction efficiency can be elevated. 

Furthermore, the curculin extract obtained by the 

process of the present invention has no unnecessary 

saltiness and is in little fear of spoilage in the 

extraction step, which makes it easily applicable to 

foods. Furthermore, ·the above-mentioned curculin 

extract can be easily subjected to post-extr~ction 

operations, for example, clarification by rnicrofiltra­

tion or conc:entration by ultrafiltration, since the 

impurities present therein are liable to aggregate due 

to· the acidity. 

DETAILED DESCRIPTION OF THE INVENTION 

First, the process for extracting protein curculin 

according to the first invention will be described in 

detail. 

The curculin-containing plant bodies to be used in 

the first invention include turculigo latifolia fruits 

§1.nd processed curculigo latifolia fruits as well as 

plant cells obtained through biological techniques with 

the use of a gene originating in curculin. The plant 
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cells obtained through biological techniques with the 

use of a· gene originating in curculin are not particu­

larly restricted, so long as they are one ·which have 

been bbtained by using a curculin gene or a curculin­

like gene. 

The above-mentioned Curculigo latifolia fruits or 

processed Curculigo latifolia fruits are as follows. 

As the curculigo latifolia fruits or processed 

curculigo latifolia fruits, fresh Curculigo latifolia 

fruits and processed ones (for example, dried or frozen 

fruits, powders or grinds thereof, or sarcocarp puree> 

may be cited. It is preferable to use curculigo lati­

folia fruits free from peels and seeds, since no·curcu-

lin is contained in peels or seeds. 

In the present invention, the method for drying 

the fruits is not particularly restricted. It is 

recommended, however, to conduct drying in the shade, 

cold-drying, freeze-drying, vacuum-drying or drying in 

a relatively low temperature range therefor. 

In the present invention, the method for freezing 

the fruits is not particularly restricted. As the 

method therefore, slow freezing, rapid freezing and 

self-freezing may be cited. 

In the present invention, the method for powdering 

or grinding the fruits and processed fruits is not 
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particularly restricted. It is undesirable~ however, 

to powde·r or ground seeds distributed in the sarcocarp, 

since these seeds are rich in oily components and 

therefore make the subsequent purifying operation 

difficult whe~-powdered or ground. 

As the aqueous acid solution to be used in the 

first invention, those capable of giving a pH value of 

3 or below when mixed with the curculin-containing 

plant :bodies are usable. However, the curculin-. 

containing piant bodies have a buffer capacity of 

neutralizing an acid. Thus a mere aqueous acid solu­

tion of a low concentration is insufficient for main-

taining the acidity at the desired level and therefore 

an aqueous acid solution containing an acid in an 

increased amount s~ff icient for compensatin<.=J for said 

buffer capacity should be used therefor. 

In the .first invention, it is preferable that the 

mixture of th.e curculin-containing plant bodies with 

the aqueous acid solution has a pH value of 2 or below, 

still preferably from 0.5 to 1.8. This is because the 

extraction efficiency can be thus elevated. Although 

the protein curculin can be extracted when the pH value 

~f said mixture is 0.5 or below, it is feared in this 

case that the protein curculin might be denatured. 

As the method for measuring the pH value of the 
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above-mentioned mixture, ·publicly known ones, for 

example,· the method with the use of a glass electrode 

and the one based on the comparison.of changes in pH 

test paper sheets may be cited. In the present inven­

tion, the logarithm of the reciprocal of the hydrogen 

ion activity (a+> is defined as pH. Since this value 

corresponds to the value measured with a common glass 

electrode pH meter, the pH value may be measured in the 

·present invention by using a common glass electrode pH 

meter . 

. As the acid to be used in the extraction, sulfuric 

acid, hydrochloric acid,· nitric acid and phosphoric 

acid are preferable. In addition, ~ulfur oxides such 

as sulfonic acid, halogen oxides such as perchloric 

acid, chloric acid, chlorous acid and hypochlorous 

acid, nitrogen oxides,. various ph.osphorus oxides such 

as orthophosphoric acid and pyrophosphoric acid, acids 

constituting the TCA cycle, vitamins such a ascorbic 

acid, dibasic acids such as oxalic acid, various other 

organic acids and mixtures thereof may be used there-

for. 

It is preferable to use strong acids such as 

'ulfuric, hydrochloric and nitric acids, sine~ the 

·amount of the employed acid can be reduced thereby. In 

particular, sulfuric acid is the most desirable there-
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for from the viewpoint of the handling characteristics 

of not ·corroding a stainless contain.er. Further, 

phosphoric acid is pref er able from the viewpoints of 

safety and flavor, though it is to be used in an amount . 
about 5 to 2~ times as much as a strong acid in order 

to give a pH value of 3 or below. 

The acid concentration of the above-mentioned 

aqueous acid solution may be. preferably 0.01 N or 

above, still .preferably from 0.02 to 1.0 N, in the case 

where sulfuric acid is used as the acid; 0. 005 N or 

above, still preferably from 0.02 to 1.0 N, in the case 

where nitric acid is used as the acid~ 0.005 N or 

above, still preferably from 0.02 to 1.0 N, in the case 

where hydrochloric acid is used as the acid; or 0.03 N 

or above, still preferably from O .1 to 5. O N, in the 

case where phosphoric acid is used as the acid. 

Next, a typical example of the process for ex­

tracting protein curculin by.using the above-mentioned 

aqueous acid solution according to the first invention 

will be given. 

Protein curculin can .·be extracted by adding an 

.. ·aqueous acid solution directly . to curculin-containing 

:plant bodies in such a manner as to adjust the pH value 

of the resulting mixt~re to 3 or below and stirrin~ or 

homogenizing the mixture followed by, for example, 
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filtering or centrifuging. The extraction may be ef-

f ected over such a period of time as -to allow the plant 

bodies to be sufficiently suspended in the aqueous acid 

... solution. The extraction time preferably ranges from 1 

·minute to 2 hours. The extraction may be carried out 

at room temperature. 

A pref er able process comprises, prior to the 

extraction with the aqueous acid solution, adding water 

to .. the above-mentioned plant bodies, stirring or ho­

mogenizing the resulting mixture, repeatedly filtering 

or centrifuging· it to thereby thoroughly wash pulp 

components with water and then extracting curculin with 

the above-mentioned aqueous acid solution from the pulp 

components thus obtained. ·This is because water-solu­

ble coloring matters and other impurities can be elimi­

nated from the above-mentioned plant bodies by washing 

the same with water prior to extracting with the aque­

ous acid solution,. since protein curculin is not ex-

tracted with just wat~rw ·.• 

The protein curculin extract obtained by extract-

ing with the aqueous acid solution is subjected to 

post-treatments such as concentration, neutralization, 

qesal ting or drying and thus a protein curcul in­

containing product .which is sufficiently usable in 

practice can be obtained. It is particularly prefera-
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ble to neutralize the above-mentioned protein curculin 

extract. · This is because protein curculin, which has a 

_low solubility in a neutral aqueous solution, can· be 

precipitated by neutralizing and the post-treatments 

such as drying can be easily performed by collecting 

the 'precipitates thus formed by, for example, centri­

fuging or filtering. 

The protein curculin extract may be neutralized by 

appropriately adding, for example~ sodium hydroxide, 

potassium hydroxide, calcium hydroxide or -magnesium 

hydroxide. 

In the pres~nt. invention, the method for concen­

trating the protein curculin extract is not particular-

ly restricted. Thus it may be performed with the use 

of, for example, an ultrafiltration membrane. 

In the present invention, the method for the 

desalting is not particularly restricted. Thus it may 

be effected· with the use of for example, a dialysis 

membrane, an ultraf iltration membrane or a desalting 

machine. 

In the pres~nt invention, the drying may·· be ef­

fected in the sa.rne manner as those cited above for 

9rying the Curculigo latifolia fruits. 

After the ne~tralization, the protein curculin 

extract obtained by extracting with the above-mentioned 
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aqueous acid solution may be further purified by a 

publicly known method for purifying proteins, for 

example, salting out, solvent precipitation or chroma-

to9raphy, if necessary. 

The above-mentioned salting out may be effected by 

using, for example, anunonium sulfate, sodium sulfate, 

potassium phosphate, magnesium sulfate, sodium citrate 

or sodium chloride. 

The above-mentioned solvent precipitation may be 

effected by appropriately adding a polar solvent such 

as methanol, ethanol, isopropanol or acetone. 

The above-mentioned chromatographic purification 

may be effected by ion exchange chromatography with the 

use of, for example, CM-Sepharose or Amberlite IRC-50 

or gel filtration chromatography with the use of~ for 

example, Sephadex G-100. 

Next, the process for extracting protein curculin 

of the second invention will be described in detail. 

As a method for extract rpg curculin from the 

above-mentioned mixture C2), a method wherein the pH of 

the mixture C2> ·is adjusted to '3 or below followed by 

extracting and ano·ther one wherein it is extracted by 

~sing an aqueous solution of a salt of a concentration 

of 0.01 M or above may be cited. 

The aqueous acid solution to be used for preparing 
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the mixture ·<l> is. not particularly restricted and 

various· ones including the aqueous acid solutions 

employed in the extraction step in the first invention 

are usable-- ther.~for .•.... However, the curculin-containing 

plant .bodies t1~ve a buffer capacity C?f the neutralizing 

an acid. Thus a mere aqueous acid solution of a low 

concentration is insufficient for maintaining the 

acidity at the desired level and therefore an aqueous 

acid· solution containing an acid in an· increased amount 

sufficient for compensating for said buffer capacity 

should be used therefor. 

It is not preferable that the pH value of the 

mixture Cl> is lower than 1.8, since a large amount of 

curculin would be extracted into the treated solution 

in this case. Although curculin is extracted at pH 3.0 

or below, the amount of the curculin thus extracted is 

very small. Therefore it is preferable to effect the 

treatment at pH 1.8 to 4.0, since the effect of elimi-

nating hardly removable impurities thus achieved is 

more advantageous. 

On the other hand, it is not preferable· that the 

pH value of the mixture <l> exceeds 4.0, since impuri-

ties are scarcely eliminated and the browning of the 

Curculigo latifolia fruits proceeds in this case. 

It is particularly preferable that the pH value of 
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the mixture <l> is adjusted to 2.0 to 3.0. 

Next, a typical e-xample of the embodiment of the 

process for extracting protein curculin of the second 

invention will be described~ 

To curculin-containing plant bodies is added an 

aqueous acid ~olution to thereby adjust the pH value of 

the resulting mixture Cl> to 2.0 to 3.0. After stir-

ring or homogenizing, the treated solution is separated 

by, for example, filtering or centrifuging. Although 

impurities can be effectively eliminated by effecting a 

series of the operations c treatments> once, it is 

prefer~ble to repeat these operations several times so 

as to sufficiently eliminate the impurities. 

From the obtained residue of the curculin-

containing plant bodies which have been thus treated 

with the aqueous acid solution [the mixture <2>], 

cu'tculin can be extracted by a method with the use of 

an aqueous solution of a salt of a concentration· of 

0.01 Mor above or by another method of adjusting the 

pH value of. the mixture <2> to 3 or below. 

Next, the above-~entioned meth6d with the use of 

an aqueous solution of - a salt of a concentration of 

0.01 M or above will be described. 

Examples of the salt usabie in the extraction 

include hydrochlorides of sodium, potassium, calcium, 

13 
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magnesium and ammonium; phosphates of sod1um, potassi­

um, calcium, magnesium and ammonium, carbbhates of 

sodium, potassium, calcium, magnesium and· ammonium, 

sulfates and sulf i tes of sodium, potassium, calcium, 

magnesium and ammonium, nitrates and nitrites of sodium 

and potassium, lactates of sodium and calcium, alum, 

burnt alum, sodium acetate, pyrophosphates of sodium 

and· potassium propionates of sodium and ca:J,.cium, sodium 

benzoate, sodium fumarate and sodium polyacrylate. 

The concentration of the aqueous salt solution may 

be at least 0.01 M. It preferably ranges from 0 ~·1 to 

1.0 M, from the viewpoint of the purification step~ 

Now, an example of the above-mentioned extraction 

with an aqueous salt solution will be given. 

To the residue of the curculin-containing plant 

bodies [i.e., the mixture <2>], from which impurities 

have been eliminated by the above-mentioned treatment, 

is added an aqueous solution of sodium chloride· of a 

concentration as specified above~ After homogenizing, 

the obtained mixture was· extracted by centrifuging or 

filtering. The salt-extract of curculin thus obtained 

may be purified by conventional procedures such as 

t::oncentration, desalting, salting out or chromatogra-

.· phy. 

In the present invention, the method for concen-

14 

\ 



This Sheet Has Been Replaced 

11110IDI1111 llfi 

tration is not particularly restricted. Thus it may be 

effected with the use of, for example, an ultrafi1tra-

tion membrane. 

In the present invention, the method for desalting· 

is.not particularly restricted. Thus it may be effect-

ed by molecular sieve chromatography or with the use 

of, for example, a dialysis membrane, an ultrafiltra-

tion membrane or a desalting machine. The desalting 

may be preferably continued at least until the curcu-

lin-containing component shows no saltin~ss. 

The purification by salting out or ·chromatography 

can be effected in the same manner as those described 

above regarding the first invention. 

Also, the pH value of the above-mentioned mixture 

C2> may be adjusted to 3 or below by the same method as 

the one described- above regarding the first inv.ention. 

The protein curculin-containing product obtained 

in accordance with the present invention~ ~the first and 

second inventions> may be taken as a taste-modifier or 

a sweet protein either as such or after neutralizing. 

Alternately, it may ·be appropriately blended in to 

foods, drinks or drugs. 

Jhe content of protein curculin in the above­

mentioned taste-m~dif ier or sweet protein may be deter­

mined depending on the purpose and usage by reference 
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to the taste modification activity and sweetness activ-

ity of the protein. The content of highly pure curcu­

lin may preferably range from O.l to 1,000 ppm, still 

preferably from l to 100 ppm. The term "highly pure· 

curculin" as u,sed herein means a product obtained by, 

when extracted with an aqueous salt solution, effecting 

salting out followed by ion exchange chromatography, 

gel filtration chromatography and salting out, or when 

extracted with an aqueous acid solution,· neutralizing 

followed by ion exchange chromatography, gel filtration 

chromatography and salting o.ut. 

The taste-modifier containing the protein curculin 

obtained by the present invention may be formulated 

int.o, for example, a powder, .a solution, a sheet, a 

spray or an emulsion. 

The contents of the protein curculin in the 

above-mentioned foods, drinks and prugs may be deter-

mined depending on the purpose and usag~ . by reference 

to the taste modification activity and.sweetness activ-

i ty of the protein curculin. More particularly, the 

contents of the highly pure curculin in foods, .drinks 

and .drugs may preferably range from .1 to l; 000 ppm, 

~till preferably from l to 100 ppm~ The foods, drinks 

and drugs containing the protein curculin obtained by 

the present invention may be processed into various 
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formi depending on the properties. 

When the protein curculin obtained by the present 

invention is held . in the mouth and then a sour sub­

stance or water is taken, or it is taken together with. 

a sour subst~nce or water, it acts on the receptor 

membrane of the tongue and thus exerts an effect of 

giving a sweetness. When the protein curculin obtained 

by the present invention or, for example, a food con­

taining the .same is previously taken, a sweetness is 

felt ~t the intake of a sour substance or water. 

The taste-modification activity of protein curcu­

lin may be measured in the following manner. 3 ml of a 

protein curculin solution Cin a 50 mM phosphate buffer 

solution, pH 6~0> is held in the mouth for 3 minutes, 

followed by slight rinsing out of the mouth. Neit, 3 

ml of a 0.1 M solution of citric acid is taken and the 

intensity of the sweetness thus. felt is expressed in 

terms of the sweetness of sucrose <molar concentration 

of sucrose> and employed as t~e taste-~odification 

activity <sweetness intensity>. 

The following Table l shows the results of the 

measurement of the taste-modification activity <sweet­

~ess intetisity> by using the highly pure curculin 

acco~ding to the present invention obtained in the 

Production Example 2 as will be given hereinafter. 
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[Table lJ 

Curculin concn. 14 28 56 111 222 (µg/ml) 

.Sweetness 0.08 0.17 0.24 0.30 0.36 . 
intensity (M) 

To further illustrate the present invention in 

greater detail, the following Examples will be given. 

Example 1 

To 1 kg of .freeze-dried Curculigo latifolia fruits 

was added 401 of water. Then the mixture was subjected 

to solid-liquid separation with the use of a continuous 

centrifuge Hl30B <Kokusan En,shinki K.K. > under stirring 

in a mixture. After removing the liquid phase, 40 1 of 

water was added again to the solid phase. Then the 

solid-liquid separation was repeated thrice in total 

until the liquid phase was not colored any longer. 

Subsequently, 20 .l of water was added to the solid 

. phase thus obtained under stirring in a mixer. Then 

the pH of the mixture ·was adjusted to 1. 5 by slowly 
·' 

adding a 30% solution of sulfuric acid. Next, the 

mixture was subjected to solid-liquid separation again 

with the use of a continuous centrifuge under stirring 

in a mixer. This extraction operation was repeated 

thrice to thereby give a crude curculin extract <liquid 

phase). 
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The concentration of curculin in this crude curcu-

lin extract was determined by the method as will be 

specifi~d below. It was found that the.curculin con­

centrations of the first, second and third extracts 

were respectively 149. pg/ml < 20 .1 .J. ; the amount of the 

extract, the same will apply hereinafter> , 48 pg/ml· 

<19.7.l> and Gpg/ml Cl9.9.l>. 

Method for determining protein curculin: 

10-pl portions of highly pure curculin <prepared 

in· the following Production Example 2) solutions, the 

concentrations of which had been adjusted to 0.5 mg/ml, 

0.2 mg/ml, 0.1 mg/ml, 0.05 mg/ml, 0.02 mg/ml and 0.01 

mg/ml for the comparison of the intensities of bands, 

were electrophoresed on a polyacrylamide gel in accord­

ance with the method of Lae~mli [refer to Laemmli, 

U.K., Nature, 227, 680 Cl970>l. 

After the completion of the . electorphores is, the 

polyacrylamide gel was stained with Coom~s~ie Brilliant 

Blue R-250. After destaining,. ~he color intensity of 

each sample was compared with the color intensities of 

highly pure curculin bands of known concentrations by 

using a densitometer. Thus the curculin contained in 

~he sample solution was determined. 

Production Example 1 

The 3 aliquots of the crude curculin extract 
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obtained in the abcve Example l were combined and 

clarified <filtered) by using a ceramic membrane 

ccefilt MF mfd. by NGK Insulators, Ltd.; nominal pore 

size: 0.1 pm, form: monolithic, size: 30/4 in diameter· 

- 19 pores x ~000 L x 2>. The 'treatment time was 60 

minutes. 

The clarified extract thus obtained was concen-

trated to 4.2 ..R by ultrafiltering with the use of a 

ceramic membrane CCef ilt UF mfd. by NGK Insulators, 

Ltd.; nominal pore size: 100 A, 'form: monolithic, size: 

30/4 in diameter - 19 pores x 1000 L x 2>. The treat-

merit time was 90 minutes. 

Ne~t, the obtaihed cdncentrate was neutralizing by 

adjusting the pH to 7.0 by using sodium hydroxide. 

When tasted, this neutralizer concentrate showed nei-

ther .any sourness nor saltiness but a refreshing sweet­

ness of curculin. 

Further, the precipitates formed i~n the neutral­

ized solution were collected by centrifuging at 12,000 

rpm for 10 minutes and dried. Thus about 5.2 g of a 

crude curculin powder was obtained. 

Production Example 2 

30 ml of the neutralized solutipn obtained in the 

above Production Example l was passed through a CM­

Sepharose CL-GB column C22 mm in diameter x 18 cm. in 
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height, column bed volume: 68 ml, mfd. by Pharmaci~ 

· LKB Biotechnology> and adsorbed thereby. subsequently, 

the unadsorbed fraction was washed with a O. 01 M phos-

. phate buffer. solution <pH 6.8> and the protein curculin 

was eluted with a solution containing a linear gradient 

of Oto 1.0 M of sodium chloride <flow rate: 5 ml/hr., 

fraction volum~: 5 ml, total amount of the eluate: 500 

ml>. 

The protein thus eluted was monitored b~ a peak at 

280 nm. It was found that a fraction containing the 

protein curculin was eluted at a sodium chloride con-

centration of around 0.4 M. 

To this protein curculin-containing fraction was 

added ammonium sulfate in such a manner as to achieve 

80% saturation and thus the active substance was pre-

cipitated (salting out>. After centrifuging C32,000 

rpm, 60 minutes>, the precipitate thus obtained was 

dissolved in 1. 5 ml of a O. 01 M phosphat.:e. buffer solu-

tion tpH 6.8> and concentrated • This.concentrate was . • . 

further separated with a 0.01 M phosphate bu££•r s6lu­

tion <pH 6.8) containing o.s M NaCl by using Sephadex 

CG-100 column, 1.6 cm in diameter x 58 cm, 160 ml, mfd. 

l?Y Pharmacia LKB Biotechnology>Cflow rate: 8.4 ml/hr., 

fraction volume: 2. 8 ml, total amount of eluate: 182 

ml; gel filtr~tion). 

21 



This Sheet Has Been Replaced 

1111111111111 

The protein thus eluted was monitored by a peak at 

280 nm. It ~as found that a peak of th~ protein curcu-

. lin was eluted. 

To the fraction of this peak was added ammonium· 

sulfate in such a manner as to achieve 80% saturation 

and thus the active substance was precipitated <salting 

out>. After centrifuging (32,000 rpm, 60 minutes>, the 

precipitate thus.obtained was dissolved in 1.5 ml of a 

2 M solutio'n of ammonium acetate. The resulting solu-

tion was treated. with a Sephadex .G-25 column <9 •. 1 ml> 

which had been equilibrated with a 2 M solution of 

ammonium acetate <gel filtration> and> then freeze­

dried. Thus 8.6 mg of a powdei of highly pure curculin 

was obtained. 

Production Example 3 

The procedure of Production Example 2 was repeated 

except that the CM-Sepharose CL-GB column employed in 

Production Example 2 was replaced with Amberlite IRC-50 

ClO mm in diameter x 13 cm in h~ight, column bed vol­

ume: 10 ml, mfd. by:Organo) which had be~n equilibrated 

With a .Q.05 M phosphate buffer solution CpH 5.5). Thus 

8.9 mg of a powder of highly pure curcu~in.was ob­

tained. 

Example 2 (extraction with sulfuric acid> 

30 mg of freeze-dried Curculigo latifolia fruits 
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were weighed into a mi_cro-centrifuge tube <1.5 ml in 

capacity>~ After adding 600 pl of water thereto, the 

obtained mixture was stirred in a mixer for 1 minute 

and then centrifuged at 12,-000 rpm for ·10 minutes. 

Then the supernatant was removed and 600 pl of water 

was added again to the residue. Then the procedure of 

removing the supernatant was repeated 4 times in total 

until the supernatant was not colored any longer. 

To the obtained residu• was added 6-00 pl of a 

0. 0625 N solution of sulfuric acid CpH value of the 

mixture: 1.56). The resulting mixture wa~_stirred in a 

mixer for l ·minute and then centrifuged at 12,000 rpm 

for 10 minutes to thereby obtain a crude curculin 

extract as the supernatant. 

The concentration of curculin contained in this 

crude curculin extract was 154 pg/ml Cthe curculin 

concentration was determined in the same manner as the 

one employed in Example 1). 

Examples 3 to 8 and Comparative E~amples 1 to 2 

C8xtraction with sulfuric acid) 

The procedure of Example· 2 was repeated except 

that 600 pl of the ·o.0625 N solution of sulfuric acid 

~mployed in Example 2 was replaced with 600 J..11 of a 

0.0039 N solution of sulfuric acid <Comparative Example 

l> and 600 pl of a 0.0078 N solution of sulfuric acid 
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<Comparative Example 2><in these cases, the pH value of 

each mixture of. the freeze-dried Curculigo latifolia 

fruits with the sulfuric acid solution was higher than 

3> and 600 pl of a 0.0156 N solution of .sulfuric acid. 

<Example 3) 1. 6QO pl of a 0.0313 N solution of sulfuric 

acid <Example 4), 600 ul of a 0.125 N .solution of 

sulfuric acid <Example S>, 600 pl of a 0.25 N solution 

of sulfuric acid <Example 6>, 600 pl of a o.s N solu­

tion of sulfuric acid <Example 7 > and 600 pl of a 1 N 

solution of sulfuric acid <Example 8 ><in these cases, 

the pH vaiue of each mix~ure of the freeze-dried Curcu­

lig:o · latifolia fruits with the sulfuric acid solution 

was lower than 3). 

The following Table 2 shows the curculin concen- · 

tration of each crude curculin extract and the pH value 

of each mixture. 

The results given in Table 2.,indicate that curcu­

lin was extracted when the pH value of ~h~ mixture was 

3.0 or below and the extraction ~fficiency of. curculin 

was further elevj;lted at a pH value of 2. O or below. 

[Table 2] 

24 



.. .._ 
... 

Extraction Sulfuric acid Curculin with concentration pH of concentration sulfuric (N) mix tu.re (.µg/ml) acid 

Comp. Ex. l 0.0039 3.57 -
2 0.0078 3.04 -

Ex. 3 0.0156 2.33 .. 9 

4 0.0313 1.89 130 

5 0.125 1.25 144 

6 0.25 o. 98 153 

7 0.5 0.73 144 

8 1.0 0.55 157 

Examples 9 to 16 and Comparative Example 3 <extraction 

with nitric acid> 

The procedure of Example 2 was repeated except 

that 600 pl of the 0.0625 N solution of sulfuric acid 

employed in Example 2 was replaced with 600pl of a 

0. 0039 N solution of nitric acid <Comparative Example 

3) C in this case, the pH value of the mixture of the 

freeze-dried Curculiqo latifolia fruits with the nitric 

acid solution was higher than 3> and 600 pl of a 0.0078 

N solution of nitric acid <Example 9), 600 pl of a 

0. 0156 N solution of nitric acid. <Example 10 >, 600 pl 

of a 0.0313 N solution of nitric acid <Example 11>, 600 

pl of a 0.0625 N solution of nitric acid <Example 12>, 

600 pl of a 0.125 R solution of nitric acid <Example 

13>, 600 pl of a 0.25 N solution of nitric acid <Exam­

ple 14>, 600 pl of a 0.5 N solution of nitric acid 

<Example 15 > and 600 pl of a l N solution of nitric 

25 
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acid <Example 16>Cin these cases~ the pH value of each 

mixture of the freeze-dried curculigo latifolia fruits 

with the nitric acid solution was lower than 3). 

The following Table 3 shows the cur cul in concen­

tration of each crude curculin extract and the pH value 

of each mixture. 

The results given in Table 3 indicate that curcu­

lin was extracted when the pH value of the mixture was 

3. 0 o·r below and the extraction efficiency of curculin 

was further elevated at a pH value of 2.0 or below. 

[Table 3] 

Extraction Nitric acid pH of Curculin 
with nitric concentration concentration 

acid (N) mixture (µg/ml) 
Comp. Ex. 3 0.0039 3.49 -
Ex. 9 0.0078 2.81 3 

10 0.0156 2.24 12 

ll 0.0313 1.85 129 

12 0.0625 1.37 150 - . 

13 0.125 1.05 141 .. 
14 . 0.25 0.76 156 

15 0.5 0.49 142 

16 1.0 0.30 154 

~xamples 17 to 24 and Comparative Example 4 

<extraction with hydrochloric acid> 

The procedure of Example 2 was repeated except 

26 



,, " 
This Sheet Has Been Replaced 

Jal~llllBll 

that 600 pl of the 0.0625 N solution of sulfuric acid 

employed in Example 2 was replaced with 600 pl of a 

0.0039 N solution of hydrochloric acid <Comparative 

Example 4><in ·this case, the pH value of the mixture of· 

the freeze-dried curculigo latifolia fruits with the 

hydrochloric acid solution was higher than 3) and 600 

pl of a 0.0078 N solution of hydrochloric acid <Example 

17), 600 pl of a 0.0156 N solution of hydrochloric acid 

<Example 18>, 600 pl of a 0.0313 "N solution ... of hydro­

chloric acid <Example 19), 600 pl of a 0.0625 N solu­

tion of hydrochloric acid <Example 20>, 600 pl of a 

0.125 N solution of hydrochloric acid <Example 21>, 600 

pl of a 0.25 N solution of hydrochloric acid <Example 

22 >, 600 pl of a 0. 5 N solution of hydrochloric acid 

C Example 23 > and 600 pl of a l N solut.ion of hydro­

chloric acid <Example 24><in these cases, the pH value 

of each mixture of the freeze-dried curculigo latifolia 

fruits with the. hydrochloric acid. solution was lower 

than 3>. 

The following Table 4 shows the curculin concen­

tration of each crude curculin extract and the pH value 

of each mixture. 

The results given in Table 4 indicate that curcu­

lin was extracted when the pH value of the mixture was 

3.0 or below and the extraction efficiency of curculin 
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was further elevated at a pH value of 2.0 or below. 

[Table 4] 

Extraction Hydrochloric Curculin with acid pH of 
hydrochloric concentration mixture concentration 

· acid (N) (µg/ml) 
.. 

Comp. Ex. 4 0.0039 3.42 -
Ex. 17 0.0078 2.77 5 

18 0.0156 2.19 14 

19 0.0313 1.80 120 

20 0.0625 1.34 149 

21 0.125 1.01 155 

22 0.25 0.73 144 

23 0.5 0.45 156 

24 1.0 0.28 151 

Examples 25 to 31 and Comparative ~xamples 5 and 6 

<extraction with. phosphoric acid) 

The procedure of Example 2 was repeated except 

that 600 pl of the 0.0625 N solution of sulfuric acid 

employed in Example 2 was repla<;:ed · with 600 pl of a 

0.012 N solution of phosphoric acid <Comparative Exam­

ple 5) and 600 pl of a 0.023 N solution of phosphoric 

aci-d CComparativ·e Example 6) <in these cases, the pH 

value of each mixture of the freeze-dried Curculigo 

latifolia fruits with the phosphoric acid solution was 

higher than 3> and 600 pl of a 0.047 N solution of 

28 
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phosphoric acid <Example 25), 600 pl of a 0.094 N 

solution of phosphoric acid <Example 26 >, 600 pl of a 

0.188 N solution of phosphoric acid <Example 27>, 600 

pl of a O. 375 N solution _of phosphoric acid C Example 

28>, 600 pl of a O. 75 N solution of phosphoric acid 

<Example 29>,·600 pl of a 1.5 N solution of phosphoric 

acid <Example 30> and 600 pl ~f a 3N solution of phos­

phoric acid <Example 3l>Cin these cases, the pH value 

of each mixture of the freeze-dried curculigo latifolia 

fruits with the phosphqric acid solution was lower than 

3). 

The following Table 5 shows the curc~lin concen-

tration of each crude curculin extract and the pH value 

of each mixture~ 

The results given in Table 5 indicate that curcu-

lin was extracted when the pH value of the mixture was 

3.0 or below and the extraction efficiency of curculin 

was further elevated at a pH value of 2.0 or below. 

[Table 5] 
·' 

Extraction Phosphoric Curculin with acid pH of concentra'tion phosphoric concentration mixture (µg/ml) acid (N) 

Comp. Ex. 5 0.012 3.50 -. 
6 0.023 3.01 -
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Ex. 25 0.047 2.45 7 

26 0.094 2.13 15 

27 0.188 1.84 128· 

28 0.375 1.61 138 . 
29 0.75 1.43 143 

30 l. 5 1.21 146 

31 3.0 0.97 147 

Comparative Example 7 <.extraction with acid solution of 

pH value higher than 3> 

The procedure of Example 2 was repeated except 

that 600 pl of the 0.0625 N solution of sulfuric acid 

employed in ·Example:2 was replaced with•600 µl of a 2 N 

~elution of acetic acid. It was £ound- that the pH 

value of ~he mixture of the freeze-dried Curculigo 

latifolia fruits,with the acetic acid solution was 3.54 

and no curculin was detected in the crude extract. 

Referential Example 1 

The procedure of Example l was repeated except 

that the adjustment of the pH of the mixture to 1.5 

with the use of 30% sulfuric acid. was replaced with the 

addition of 3% by weight of common salt to thereby give 

a salt-extract of ciude eurculin. 

The curculin concentrations of the first, second 

and third crude curculin salt-extracts were respective-

ly·l20 pg/ml ·c20.o J. ~ the amount of the extract, the 

same will apply hereinafter>, 42 µg/ml Cl9.9 .P > and 20 

30 
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pg/ml <19.8 1 > and each extract showed a pH value of 3 

or above. 

Referential Example 2 

Th'e 3 aliquots of the crude curculin extract· 

·Obtained in Referential Example 3 were combined, clari-

f ied and concentrated in the· same manner as the one 

described in Production Example l. The clarification 

and concentration times were respectively 80 and 110 

· minutes. After neutralizing, no curculin precipitate 

was formed. 

When the obtained concentrate was tasted, an 

intense saltiness was felt while a sweetness was also 

felt at the same time. 

Referential Example 3 

To salt out 15 ml of the concentrate obtained in 

the above Referential Example 2 instead of is· ml of the 

neutralized solution employed in Production Example 1, 

ammonium sulfate was added in such a manner as to 

achieve 80% saturation and the pr .. ecipi tates thus formed 

were collected by·centrifugingi The collected precipi­

tates were dissolved in 15 ml of a 50 mM phosphate 

buffe;r solution· CpH 6.0) and subsequently tr·eated in 

~he same manner as~the one described iri Production 

Example 1. Thu$ 7.3 mg of a powder of highly pure 

curculin was obtained. 
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Referential Example 4 

600·pl of the 0.0625 N solution of sulfuric acid 

employed in Example 2 was replaced with 600.pl of a 0.5 

·N solution of· sodium chloride. !t was found that the 

extract had a ~H value of 3.44 and a curculin concen­

tration of 117 pg/ml. 

Example 32 <treatment with sulfuric acid) 

20 g of freeze-dried Curculigo latifolia fruits 

were weighed into a breaker and BOO ml 0£ 0.0156 N 

sulfuric acid was added thereto, followed by stirring. 

The suspension thus obtained was centrifuged at 12,000 

rpm for 10 minutes and thus separated into a· superna-

tant <treated solution l> and a precipitate <pull 

fraction>. 

To the pulp fraction obtained above was added·SOO 

ml of 0.0156 N sulfuric acid again. Then the mixture 

was stirred and centrifuged it 12,000 rpm for" 10 

minutes to thereby separate into a supernatant <treated 

solution 2 > and a precipitate <pulp fraction>. Fur-

ther, 800 ml of 0.0156 N ~ulfuric acid was added to the 

pulp fraction again and the resulting mixture was 

stirred and centrifuged at 12,000 rpm for 10 minutes to 

thereby separate into a supernatant · C treated solution 

3> and a precipitate <pulp fraction>. The treated 

solutions l to 3 thus obtained were subjected to polya-
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crylamid~ gel electrophoresis <hereinafter referred to 

as· SOS-PAGE> in accordance with the method of· Laemmli 

[Laemmli, U.K., Nature, 227, 680 Cl970)]. 

After the completion of the sos~PAGE, the gel was 

stained with t:oomassie Brilliant Blue R".""250. After 

d~coloring, the color intehsity of each a~mple was 

compared with the coloi intensities of highly pure 

curculin bands of known concentrations by using a 

densitometer. Thus the curculin contained in the 

sample solution was determined. Impurities were con-

firmed depending on the color intensities of unknown 

bands observed on the polyacrylamide gel. 

The following Table 6 shows the results of the 

analysis. 

[Table 6] 

. 
Treated · Curculin 
solution pH concn. Impurities 

No. (µg/ml) 

1 3.43 ND broad band: <8 kd. 

broad band: <8 kd. 
2 2.45 1 

band: 12 kd. 

3 2.08 8 ND 

ND: not detected. 

As the above Table 6 shows, impurities of 8 kd and 

12 kd in ~olecular weight were extracted into the 

treated solutions. However, curculin was not detect~d 
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in the treated solutions l and 2 and l pg/ml of curcu­

lin was extracted in the treated solution 3. the pre­

cipitate Cpulp fraction> suffered from little browning. 

Comparative Example 8 <treatment with water) 

The. proce~ure of Example 32 was repeated except 

that 800 ml of the 0.0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of water. The 

follo~ing Table 7 shows the results. 

[Table 71 

Treated Curculin 
solution pH concn. Impurities 

No. ( µg/inl) .. 

l 4.09 ND slightly extracted: <8 kd. 

2 4.45 ND ND 

3 4.93 ND ND 

ND: not detected. 

As the above ~able 7 shows, ·little impurities 

detectable by SOS-PAGE were extracted when treated with 

water. In. this case, the precipitate <pulp fraction) 

suffered from browning. 
·' 

Example 33 C extraction of curculirt with aqueous salt 

solution) 

To the precipitate <pulp fraction> o~tained in the 

above Example 32 was added 400 ml of a 0 .. 5 M aqueous 

solution of NaCl, followed by stirring. The suspension 

thus obtained was centrifuged at 12,000 rpm for 10. 
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minutes to thereby separate into a supernatant <extract 

l) and a· precipitate <pulp fraction>~ To the obtained 

pulp fraction was added 400 ml of a 0.5 M aqueous 

solution of Naci a9ain. The obtained mixtur~ was 

stirred and centrifuged at 12,000 rpm for 10 minutes to 

thereby separate into a supernatant <extract 2 > and a 

precipitate <pulp fraction>. Further~ore, 400 ml of a 

o.s M aqueous solution of NaCl was added again to the 

obtained pulp fraction, followed by stirring. The 

obtained mixture was centrifuged at 12,000 rpm for·lO 

minutes to thereby separate into a supernatant <extract 

3) and a precipitate <pulp fraction). The extracts l 

to 1 thus obtained were artalyzed by sos~PAGE in accord­

ance with Laemmli's method as described in Example 32. 

It ~as found that the curculin concentra~ions of 

the extracts l to 3 were respectively 114 <pg/ml>, 43 

<µ9/ml> and 16 <p9/ml>. 

Comparative Example 9 

The procedure of Example 33 was repeated except 

that the precipitate <pulp fraction> employed in Exam­

ple 33 was replaced with the precipitate <pulp frac-
. 

tion> obtained in the above Comp~rative Example 8. It 

~as found that the curculin concent~ations of the 

extracts l to 3 thus obtained were respectively 108 

<p9/ml>, 39 <pg/ml> and 19 <p9/ml>. 
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A comparison of the extracts of Example 33 with 

those of Compara.tive Example 9 indicates that the 

former ones suffered from less browning. 

Example 34 <preparation of highly pure curculin> 

To 140 ml. of the extract 1 obtained in the above 

Example 33 was added ammonium sulfate so as to achieve 

80% sa.turation and thus an active substance was precip-

itated. After centrifuging < 32, 000 rpm, 60 minutes>, 

the· precipitate thus formed was dissolved in 50 ml of a 

Q.01 M phosphate buffer solution <pH 6.8). Then it was 

passed through a CM-Sepharose CL-6B column < 22 mm in 

diameter x 18 cm in height, 68 ml, mfd. by Pharmacia 

.LKB B-iotechnology> and adsorbed thereby. 

After treating the unadsorbed fraction with a 0.01 

M phosphate buffer solution <pH 6.8), curculin was 

eluted with a solution containing· a linear gradient of 

0 to 1.0 M of sodium chloride Cflow rate: 5 ml/hr., 

fraction volume: 5 ml, total amount of the eluate: 500 

ml>. The protein thus eluted was monitored by a peak 

at 280 nm •. · 

It was found that a fraction containing the 

taste-modifier curculin was eluted at a sodium chloride 

~oncentration of around 0.4. M. 

To this protein curculin-contai-ning fraction was 

added ammonium sulfate in such a manner as to achieve 
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80% saturation and thus the active substance was pre-

cipitated. After cent r i f u 9 in 9 C 3 2 , 0 0 0 rpm , 6 0 

minutes>, the precipitate thus obtained was dissolved 

in 1. 5 ml of a O. 01 M phosphate buffer solution CpH 

6.8). 

The concentrate was further separated with a 0.01 

M phosphate buf.fer solution <pH· 6. 8 > containing 0. 5 M 

NaCl by using a Sephadex <mfd. by Pharmacia · LKB Bio­

. technology> G-100 column Cl. 6 cm in diameter x 58 cm, 

160 ml><flow rate: 8.4 ml/hr., fraction volume: 2.8 ml, 

total amount of eluate: 182 ml>. 

. The protein thus eluted was monitored by a peak at 

280 nm. It was found that a peak of the taste-modifier 

curculin was eluted. 

To the f.raction of this peak was added ammonium 

sulfate in such a manner as to achieve 80% saturation. 

After centrifuging <32,000 rpm, 60 minutes>, the pre­

cipitate thµs obtained was dissolved in 1.5 ml of a 2 M 

solution of ammonium acetate. 

~he resulting solution w~s treated with a Sephadex 

G-25 column C9.l ml> which had been equilibrated with a 

2 M solution of ammonium acetate and then freeze-dried. 

~hus 8.5 mg of highly pure curculin ~as obtained. 

Comparative Example 10 

The procedure ·of Example 34 was · repeated except 
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that 140 ml of the extract l employed in Example 34 was 

replaced· with 100 ml of the extract 1 obtained in the 

above Comparative Example 9. Thus 8. 0 mg of highly 

pure curculin was obtained. 

Example 35 Cex~raction of curculin with aqueous acid 

solution> 

The procedure of Example 33 was repeated except 

that 400 ml of the 0.5 M aqueous solution of NaCl 

employed in Example 33 was replaced with 400 ml of a 

0.05 N sulfuric acid. It w~s fbund that the curculin 

concentrations of the extracts 1 to 3 were respectively 

132 <pg/ml>, 42 <µg/ml> and 10 <pg/ml> and the pH 

values of the extracts l to 3 were respectively 1. 48, 

1.45 and 1~44. 

Example 36 <preparation of highly pure curculin) 

As a substitute for 140 ml of the extract 1 em-

ployed in Example 34, 140 ml of the extract 1 obtained 

in the above _Example 35 was used. The pH of the ex­

tract. was adjusted .to 6.0 with l ~ NaOH and adsorbed by 

a CM-Sepharose CL-6B column <22 mm in diameter x 18 cm 

in heighti 68 ml, mfd. by Pharmacia LKB Bibtechnology> 

by passing therethrougn. Subsequentiy, it was ·treated 

~n the same manner as the one d.escr ibed in Example 34 

to thereby give 9.1 mg of highly pure curculin. 

Example 37 <treatment with hydrochloric acid> 

38 
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The procedure of Example 32 was repeated except 

that 800 ml of the 0. 0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of 0.0156 N hydro-

chloric acid.· Similar to the case of Example 32, 

impurities were detected in the treated solutions. 

The pH values of the treated solutions 1 to 3 were 

·respectively 3.39, 2.43 and 2.01. In this case, the 

precipitate <pulp fraction> suffered from little brown­

ing. 

Example 38 (treatment with nitric acid) 

The procedure of Example 32 was repeated except· 

that 800 ml of. the O. 0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of 0.0156 N nitric 

acid. ·Similar to the case of Example 32, impurities 

were detected in the treated solutions. 

The pH values of the treated solutions 1 to 3 were 

respectively 3.41, 2.45 and 2.04. In this case, the 

pr.ecipi tate Cpulp fraction> ·suffered from little brown­

ing. 

Example 39 <treatment with phosphoric acid) 

The procedure of Example 32 was repeated except 

that 800 ml of the 0.0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of 0.0313 N phos-

phoric acid. Similar to the case of Example 32, impu-

rities were detected in the treated solutions. 
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The pH values of the treated solutions 1 to 3 were 

respectively 3.50, 2.92 and 2.45. In this case, the 

precipitate <pulp fraction> suffered from little brown­

in9. 

Example 40 Ctr~atmerit with acetic acid> , 

The procedure of Example 32 was repeated· except 

that 800 ml of the O. 0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of 2. 0 N acetic 

acid. Similar to the case of Example 32, impurities 

were detected in the trea~ed solutions. 

The pH v~lues of the treated solutions 1 to 3 were 

~~spectively 2.90, 2.36 and 2.09. In this case, the 

precipitate <pulp fraction> suffered from little brown-

ing. 

Example 41 <treatment with citric acid) 

The procedure of Example 32 was repeated except 

that 800 ml of the 0. 0156 N sulfuric acid employed in 

Example 32 was replaced with 800 ml of 165 mM citric 

acid. Similar to the case of ?xample 32, · impurities 

were detected in the treated solutions. 

The pH values of the tr.eated solutions l t.o 3 were 

respectively 3.02, 2.41 and 2.14. In this case, the 

P.recipitate. <pulp fraction> suffered from little brown­

ing. 

Example 42 (extraction of curculin with hydrochloric 
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acid) 

The procedure of Example 35 was repeated except 

that the precipitate <pulp fraction> obtained in the 

above Example 37 was used and that the 0.05 N sulfuric 

·.acid employed· in Example 35 was replaced with O. 05 N 

hydrochloric acid. The following Table 8 shows the 

curculin concentrations and.pH values of the extracts 1 

to 3 thus obtained. 

Example 43 <extraction of curculin with nitrfc acid) 

The procedure of Example 35 was repeated except 

that the precipitate <pulp fraction> obtained in the 

above Example 38 was used and that the 0.05 N sulfuric 

acid employed in Example 35 was replaced with 0. OS N 

nitric acid. The following Table 8 shows the curculin 

concentrations and pH values of the extracts 1 to 3 

thus obtained. 

Example 44 <extraction of curculin with phosphoric 

acid) 

The procedure of Example 35 was repeated except , 
that the pi:ecipi tate <pulp fraction> obtained in the 

above Example 39 was used and that the 0. OS N s.ulfur ic 

acid employed in Example 35 Wf3S replaced with 0. 75 N 

phosphoric acid. The following Table 8 shows the 

curculin concentrations and pH values of th~ extracts 1 

to 3 thus obtained. 
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[Table 8] 

Extract 1 ·Extract 2 Extract 3 

Acid soln. curculin curculin curculin 
. cc:mcn. concn. concn·. 

(pH) (pH) (pH) 

Ex~ 42 0.05 N HCl 
0

135(1.44) 40( l. 40) 9(1.39) 

Ex. 43 0.05 N HN03 131( 1. 45) 42( 1.43) 11(1.41) 

Ex. 44 0.75 N H3P04 133( l. 43) 39(1.41) 8( 1. 40) . 
(unit) (µg/ml) (µg/ml) · (µg/ml) 

.• 
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1. A process for extracting protein curculin which 

comprises adding an aqueous acid solution to pl~nt 

bodies contai11;ing protein curculin to thereby adjust 

the pH of the xesulting mixture to 3 or below and then 

extracting the protein curculin. 

2. A process for extracting protein curculin as 

claimed in Claim 1, wherein the pH value of the mixture 

is 2 or below. 

3. A process for · extracting protein curcul in as 

claimed in Claim 1, wherein the pH value of the mixture 

is from 0.5 to 1.8. 

4. A process for extracting protein curculin which 

~omprises adding an aqueous acid solution to plant 

bodies containing protein curculin, treating the re­

sulting mixture Cl> under such conditions as to give a 
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pH value of 1.8 to 4.0 and then extracting the protein 

curculin· from the treated mixture (2). 

5. A process for extracting protein curculin as 

claimed in Claim 4, wherein the pH value of the mixture 

Cl> is from 2.0 to 3.0. 

6. A process for extracting protein curculin as 

claimed in Claim 4, wherein the pH value of the mixture 

C2> is adjusted to 3 or below and then the protein 

curculin is extracted from said mixture C2>. 

7. A process for extracting.· protein curculin as 

claimed in Claim 6, wherein the pH value of the mixture 

<2> is 2 or below. 
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8. A process for extract in9 protein curcul in as 

claimed in Claim 6, wherein the pH value of the mixture 

C2> is from 0.5 to 1.8. 

9. A process· for extracting· protein curculin as 

claimed in Claim 4 i wherein the protein curculin is 

extracted from the mixture C2> with the use of an 

aqueous solution of a salt of a concentration of O~Ol M 

or above.-

·' 

45 


