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Introduction 

While 'Miso', 'Shoyu' and 'Sake' are Japa
nese traditional fermented foods and are a ll 
brewed by the use of Koji-molds, it was found 
in 1960 that Aspergillus flavus , a mold closely 
related to the Koji-mold, produces aflatoxins 
which are substances very strong in car
cinogenic effect.•> 'l'his discovery started from 
the poisoning of poultry fed with peanuts im
ported from Brazil to England. Since then we 
are often questioned by some people both at 
home and abroad who know little of the dif
ferences between brewing Koji-molds and the 
aflatoxin-producing ones as to whether J apa
nese industrial Koji-molds produce aflatoxins 
or not. 

In consequence, whether Japanese industrial 
Koji-mold strains produce aflatoxins or not 
has become an important question to be settled. 

On the other hand, the problems of aflatoxin 
were taken up by the Toxic Microorganisms 
Panels in the Joint U.S.-Japan Cooperation on 
Development and Utilization of Natural Re
sources (UJNR). Experts of the Japanese 
and U.S. Govemment offices, such as Ministry 
of Agriculture and Forestry, Ministry of 
Health and Welfare, U.S. Department of Agri
culture and U.S. Department of Health, Edu
cation and Welfare, cooperated in the inves
tigations, and a symposium and a joint 
conference on the toxic microorganism were 
held in October, 1968 in Hawaii. 

In the Food Research Institute, Ministry of 

Agriculture and Forestry of Japan, studies 
were made in the first place to establish a new 
method of analysis for aflatoxins and then 
thorough investigations were made on the 
possibility of the presence of aflatoxins in 
Japanese fermented foods and their raw ma
terials, including industrial Koji-mold strains. 
But no aflatoxin was detected in them as 
reported by many Japanese and fore ign re
searchers, as Masuda et cil ., Hesseltine et al. , 
Aihara et cil., Yokotsuka et al. and Murakami 
et al. 

Fermented foods in Japan 

1) Miso 

'Miso' is one of the most important foods 
in Japan. It is made from soybeans, rice and 
others and contains 10- 18% of protein and 
5- 12% of salt. There are at present about 
3,000 factories producing 530,000 metric tons 
of 'lVIiso' per year in Japan. In addition to 
this what is called home-made 'Miso' is also 
popular in agricultural districts. A Japanese 
consumes about 22 g. of 'Miso' per day mainly 
in the form of 'Miso-soup'. And just as there 
are varieties of cheese in Europe, so also we 
have many kinds of 'Miso' in Japan, depending 
upon the type of raw materials used, their 
mixing ratio and the method of processing. 
The manufacturing method is outlined in 
Fig. 1. 



47 

Rice 1~ Sifting Cleaning Soaking _. Cooking 

Tane-l<oji ( l<nji-startcr) (A.sw•rf!.il/us "ryzile)-----------+ l<oji-making 

Soybeans . I_.. 
Salt 

Sifting --+ Cleaning ___. Soaking --+ Cooking '-.. ! 
Mixing 

Fermentation - 131ending and Chopping ____., Packing __. I Miso 

Fig. 1. F low Sheet of Miso Manufacture. 

2) Shoyu 
'Shoyu' is a traditional seasoning indispen

sable to Japanese people. It is made from soy
beans and wheat, and contains about 18% 
of salt. There are about 4,500 factories pro
ducing 'Shoyu' at present in Japan and the 
yearly output amounts to about 1,080,000 kl. 
A Japanese is said to take about 1 l of 
'Shoyu' per month. Since Japanese foods 
were generally composed of vegetable sources, 
some seasoning materials besides ordinary salt, 
sugar and other spices were necessary for giv
ing delicacies to them. And for this purpose, 
'Shoyu' has been known to be the most suitable 
from very early times. The use of 'Shoyu' is 
now popular also in many countries besides 
Japan. 

Although there are variations in the method 

Soybeans I- Sifting - Cleaning 

as materials instead of intact soybeans and 
wheat. 

Aflatoxins2>· 3> 

There are 8 kinds of aflatoxins whose chemi
cal structures are known at present, and B,, 
and B2 and their derivatives, M,, M, and 
B,,. are blue-bluish purple and G,, G2 and 
their derivative G2., are green-yellowish 
green in fluorescence under ultraviolet light 
(Fig. 3) . Bi is the most toxic among them 
according to Butler et al., its carcinogenic 
effect on the rat is about 900 times as high as 
that of butter yellow. 

It is generally accepted that specific strains 
of Aspergillus flavus and Asp. parcisiticus are 
the only molds which produce aflatoxins. And 
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F ig. 2. Flow Sheet of Shoyu Manufacture. 

Koji-making 

! 
Mixing 

of 'Shoyu' making, the principal processes of 
natural brewing are as shown in Fig. 2. De
fatted soybeans and wheat bran can be used 

Murakami takes up the position that aflatoxin 
producing Asp. flavus ATCC 1551'7 is a mold 
belonging to Asp. parasiticits. According to the 
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Fig. 3. Chemical structure of afiatoxins. 

classification by Sakaguchi et cil., Asp. oryzcie 
and Asp. soj ae which are Japanese industrial 
Koji-molds can be clearly distinguished from 
aflatoxin-producing Asp. pa.rci!liticus and Asv. 
fla.vits. But the discrimination is not always 
clear in the classification by Raper and Fennell 
and gives r ise to various questions. 

Hesseltine et cil. reported that aflatoxin
producing molds grew well on various agricul
tural products, as rice, wheat, corn, sorghum 
and soybeans, including peanuts, to produce 
aflatoxins. The product ion of aflatoxins, how
ever, is the lowest in soybeans among them. 
The aflatoxin-producing molds are considered 
to be distributed now in all the world center
ing around the t ropics. 
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Investigation on the possibility of the 
presence of aflatoxins in fermented 
foods 

1) Estciblishment of ci new m.ethod of an
ctlys-is f 01· a.flatoxins•> 

T hin-layer chromatography (TLC) has been 
a usual method of chemical detection for 
aflatoxins. In TLC, silica gel is used generally 
as adsorbent and methanol-chloroform is a 
popular developer. But it is difficult to main
tain the activity of s ilica gel thin-layer always 
uniform, and separation and quantitative 
analysis of the four kinds of aflatoxin (B,, B2, 
G1 and G2) often become difficult due to fluctua
t ion in Rf value when the thin-layer is not 
uniform. In view of this fact, t he authors 
carried out studies on TLC to improve their 
mutual separat ion . 

As a result, it was found that 5% acetone 
in chloroform was a favorab le developer giv
ing good separation in case Silica gel G ( ex 
Merck) was used as adsorbent and 1- 3% 
methanol in chloroform was suitable to Silica 
gel HR (ex Merck) (Fig. 4). 

However, TLC can not be a satisfactory 
method for exact detection of aflatoxins, a nd at 

~ 
OB 

QB, 0 13 0 
g Oc, ., 

OB2 
OG2 r QG, 

oG, 

1 2 3 4 
Sil ica gel G S ili ca gel HR 

Fig. 4. 'l'LC chromatogram of afiatoxin mix. 
1. 3% methanol in chloroform 
2. 5% acetone in chloroform 
3. 3% methanol in chloroform 
4. 5% acetone in chloroform 



least examination of ultraviolet absorption is 
necessary to make up for t he deficiency. The 
authors, therefore, developed a new liquid 
chromatographic ( LC) method for separation 
of aflatoxins in liquid state to meet the need 
of larger amount of sa mples for their ex
amination of ultraviolet absorption. 

Among the various kinds of columns, such 
as a lumina, si lica gel, Sephadex G-10, G-25 
and LI-I-20, Sephadex G-10 showed good mu tual 
sepa1·ation of t he aflatoxins. When crude afla
toxins dissolved in a minimal volume of 
methanol were developed on a Sephadex G-10 
column and eluted with 1 % methanol in water 
or with distilled water, the fraction eluted fii·st 
was a mixtu 1·e of coloring matters, and then 
fractions of aflatoxins Gt, B,, G, and B, were 
obtained in this order successively. And it 
was proved that this chromatographic method 
could be used to analyze aflatoxins quantita
tively within 10 per cent erl'or when their 
contents in a sample were 10 /J.g ot· more 
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( Fig. 5 and Table 1). 
2) Investigcttion on the possibility of the 

presence of aflcitoxins~>. •> 

Extensive studies were made by the above
mentioned method to investigate whether or 
not aflatoxins are contained or produced in 
industrial Koji-mold strains (A spergillus 
01·yzae and A sp. sojcte), rice and fermented 
foods in Japan. Liquid or solid cu ltures of 
Koji-mold strains, rice, rice 'I<oji' in factories, 
'lVIiso' and 'Shoyu' were t reated with chloro
form to extract afla toxins, and the extrncts 
obtained were analyzed by the sili ca gel thin
layer chromatography. 

The tests proved no presence of aflatoxins in 
such samples as a) 238 Koji-roold strains in 
use fot· manufacturing of 'M:iso' and 'Shoyu' 
in Japan, b) 46 samples of domestic rice from 
a ll prefectures in Japan (produced in 1966 or 
~967), c) 11 samples of imported rice (from 
U.S.A., Spain, Bu1·ma, Thailand, Communist 
China, Taiwan in 1966- 1967), d) 28 kinds 

Tube No. 

I 

• 
36 48 

mix. Tube No. 

Fig. 5. Above: Fractionation of anatoxin mix. 
on a 8 X 600 mm Column of sephadex 
G-10. Eluant: H20. Below : Cln-omato
grnm of fract ionated afiatoxin on 'l'LC. 
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Table 1. Separation and refine method 
of aftatoxin 

Sample (contaminated by allatoxin) 

l 
Defatting ... ......... hexane 

1 
Extraction ..... .... chloroform or methanol 

l 
Dehydration ......... sodium sulfate 

1 
Concentration 

l ·- - - hexane 

Precipitation 

l 
Liquid chromato. Silica gel column, 1ft l methanol in chloroform 

Dry in vacuo. 

I - - - methanol 

Liquid chromato. Sephadex G-10 column 

l H:0 or 1ft methanol 
in H20 

Fractionation (R., B2, G, a nd Gz) 

l 
Ex traction .... .... .... chloroform 

l 

l 
Dry in vacuo. 

~ l •- ·---<:hloroform 6. 6 ml 

t; Filtering,- --chloroform 2. 0 ml 

~ l ! •- - hexane 16. 5 ml l at 20

1
c overnight 

Crystallizat ion 

of rice 'Koji' from various 'l\Iiso' factories in 
eight districts of Japan, e) 108 items of 
'l\i[iso' from a ll prefectures in Japan, f) 21 
items of farmers' home-made 'Miso' from vari
ous districts of Japan and g) 6 representative 
brands of 'Shoyu', showing· that Japanese 
fermented foods were non-toxic in every step 
from raw materials to pt·oducts so far as 
aflatoxins are concerned. 

Although chloroform-soluble fluorescent 
compounds were found to be contained in some 
of the samples tested and showed aflatoxin
like behaviors on the chromatogram, they were 
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proved to be not afla toxins by the examinations 
of ultraviolet absorption spectra and others. 
For example, all Koji-molds tested contained 

Table 2. Statistics of the Koji -molds that 
produce compounds similar to four 
afiatoxins on Czapek's solution 

Aflatoxin-like 
Usage fluorescent Aflatoxin Total 

compound 

+ + 
Miso 6 7 34 0 47 47 
Shoyu 21 8 36 0 65 65 
Sake 4 0 25 0 29 29 

Miso or Sake 0 0 10 0 10 10 

Tamari 3 0 3 0 6 6 
Enzyme 0 0 1 0 1 1 
Shochu (Spirits) 1 0 3 0 4 4 

Ama.zake 

Others 

Total 

Per cent 

C -~ 
Q. .. 
0 ., 
~ 

Fig. 6. 

1 0 2 0 3 3 

16 10 47 0 73 73 

52 25 161 0 238 288 
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Authentic aflatoxi n G1. 
Allatoxin-like substances. 

Ultra-violet absorption spectra 
Green fluorescent substances 
(Methanol). 

no aflatoxin but aflatoxin-like compounds were 
found in about 30% of them (Table 2). And 
these compounds were clearly different in 
ul t raviolet absorption spectra from aflatoxins 
as shown in Fig. 6 and Fig. 7. 

The Japanese fe rmented foods which were 
feared to be toxic by some people, especially 
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foreigners, with the question of aflatoxins have 
been thui; cleared of the suspicion and assure 
their positions as traditional foods. It is neces
sary hereafter to be fully prepared for periodi
cal checks on aftatoxin-producing molds to 
meet their invasion from abroad. 
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