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　　　　“1〈oji”　which　is　i：r？ade　from　“Tane－1〈oji”　or　Moyashi，　leaven

aiid　steamed　rice，　is　mixed　with　steamed　rice　in　order　to　mal〈e　Sal〈e，

the　comtnQn　beverag’e　of　Japan．　IR　the　process　the　rice　starch　is

converted　into　alcohol　by　the　enzyinatjc　actio’氏@of　Asperg’illus　oryzae

g’rown　in　the　1〈oji，t

　　　　Tane－koji，　a　yeilowish　greeii　powder　consisting“　of　the　spores　of

Aspergillus　oryzae，　is　prepared　both　in　Sake　breweries　and　iR　special

worl〈s，　as　it　is　used　for　various　purposes　in　Japan　besides　Sal〈e　mal〈ing’．

　　　　In　the　preparation　of　Tane－1〈oji，2　the　polished　rice　is　boiled　by

steam；　to　it　are　added　i　m．　of　rice　and　o．2　iih．　of　a　plant　ash，　aRd

the　whole　is　Pacl〈ed　in　straw　matting’　and　piaced　on　stands　in　the

l〈iln．　After　the　lapse　of　ten　days，　inould　developes．

　　　　The　writers　have　interested　themselves　in　the　process　of　the

preparation　of　Tane－koji　and　especia21y　ii｝　the　use　of　plant　ash．　The

Koji　worl〈s　ii3　K．　yoto　use　for　making　Koji　plant　ash　prepared　by　burn－

ing　in　air　the　young　twigs　of　the　Hoso－tree，　9　uercus　senata　［1］htunberg，

grown　at　Ohara，　near　Kyoto　City，　g－athered　ln　summer　and　dried　in

the　shade，　but　the　ash　frotn　soy　bean　stems　is　usually　employed　for

making　al｝in£erior　klnd　of　Koji．　We　aユso　leam　from“The　Hlstory

of　Sal〈e－mal〈ing　at　Nacla3”　that　Tane－1〈oji　is　prepared　there　from　steamed

rlce　and　plant　ash　obtaiRecl　from　the　young　leaves　of　the　Nara　or

Tsubaki　which　are　gathered　ln　summer　and　driecl　in　the　shade．

　　1．　王（・Yabe＆：S．　Sugiyama：The　Brewing工ndustry　of　Japan；】：ndustrial　Japan　53Q－547

〈lg2g）；RW．　A面nso11：S亡udics　on　Sake。〈1880－1881）．

　　2．・工．」．三｛o施〕an：Sake　Brewin9三n　∫apan　（エ872）．

　　3．　ln　Japanese，　in　referring　the　writers’　thanks　to　Mr．　Y．　Ttttsuma．
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　　　　Accordlng　to　R．　W．　AtkinsoRt　who　has　made　a　comparative　study

of　polished　rice　and　Koji　by　analysis，　the　formation　of　Koji　is　an　illus－

tration　o£　the　growth　of　the　mycelium　of　a　fungus　which　uses　tlae

starch　o£　the　rice　grain　crLs　food．

　　　　　　　　　　　　　　　　　　　　　　　　　　　Table　1

S七arch

Cellulose

ヨ）extrose　＆二dextriti

Fat

Albumenoldes

Ash

XVh；．tened　rice　driied　at　looO

82．27　％

4・79　．

1・9王　　

o．49　，，

9・45　．

1．09　”

！〈oji　dried　at　iooe

s6．oo　％

4．20　．

28．go　．

o・43　”

g．84　．

o．6i　．

　　　　However，　tl｝e　writers’　opinion　is　that　some　of　the　ash　constitutents

in　Koji　have　aR　int2mate　connectlon　with　the　growth　o£　the　or．cranism　；

in　other　words；　they　play　an　important　r61e　in　the　conversion　of　．the

starch　molecule　o£　the　rice　into　CO2　ancl　water　and　other　organic

conapounds　of　lower　molecular　wei．crht，　and　the　ener．cry　released　by’the

process　is　used　for　the　growth　of　organi，sm．

　　　　Referring　to　the　literature，2　we　notlced　that　the　ash　prepared

from　Sal〈e－yeast　and　spores　of　1〈oji　was　mostly　coniposed，　as，　may

be　seen　in　Table　1，　of・P，　IK＆Mg．　’
　　　　［lrhe　resu！ts3　of　analysis　of　tlie’　ash　from　yeasts　of　various　sources

also　show　that　the　elements　K，　P，　Ca　and　Mg　are　its　chief　constituents．

　　　　　　　　　　　　　　　　　　　　　　　　　　　Table　II

1〈，O

Na20

CaO

MgO
I？e203

1）20，

SO3

SiO2

Ash　of　yeast

23・33　一　39・S　％

O．5　一　2．26　．

1．o　一　xs8　．

　3・77　一　6・34　．

o．06　一　o．7　，，

44・8　一　59・4　，，

o．s7　一一　6－35　．・

o．g2　一　x．88　，，

Ash

Sake－yeast

31・9

1z6

trace

　5・9

44・S

　o．4

Spoyes　of　Koji

4S・9

4．I

　I．1

4・4

4・9

39．6

2．O

o・4

　　1．一　Loc．　cit．

　　2．　K．　Kurono：　Handbook　of　1’hysiology　of　Feymentation　（Japanese）　（ig27）　p．　420・

　　3．　E．　Duclaux　：　Traite　de　microbiqrog’ie　III，　135　（lgoo）　；　H．　Euler　＆　P．　Lindner：　Chemie

der　Hefe　（1915＞　p・．72・
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　　　　Froin　these　reports，　it　may　be　suppQsed　that　stich　inorganic

’elements　as　K，　P，　Ca　＆　M．cr，　which　constitute　the　greater　part　of　the

ash　of　yeast　and　Koji　have　an　intimate　connectlon　with　the　develop－

ment　of　Asperg’i11us　oi“yzea　which　’uses　the　starch　of　the　rice　as　food，

and　accordingly　these　lnorganic　materials　are　supplied　to　accomplish

the　metabolism　of　tke　starch　in　the　living　cells　froin　the　plant　ash

employed　in　the　preparation　of　Tane－1〈oji．　This　idea　is　partly　il－

lustrated　by　reference　to　the　analysis　of　the　ash・　from　soy　bean　stems

and　the　Nara－tree．

Table　II［1

Soy　bean　stems

Nara－tree

i〈，o　1　Na，o

15・3

44．6

江2

2
ヒ

2

CaO

44．6

40．o

tvrgO

15・3

7・9

］］’20S

IO．0

4・3

SO3

4
・
2

サ
　
　
の6
0

SiO2

5・S

3・3

　　　　The　ash　of　the　ltloso－tree　is，　therefore，　used　simply　as　a　source

of　potassiuin，　calciun3，　magnesium　and　phosphorus，　which　are　important

inorganic　materials　in　tl｝e　metabolism　of　starch　in　tl｝e　Asperg’illus

oryzae，　and　lt　may　be　assumed　that　the　reason　why　the　plants’ モ≠窒

gathered　i．n　sumnier　is　that　there　is　an　abundaBce　of　these　elements

in　the　plant　tissues　in　th｛s　season二　The　p玲sent　study　of　the　seasonal

variatlon　of　ash　coBstituents，　was　therefore　undertaken　by　the　ivriters

to　confirm　this　suppositidn．

　　　　The　samples　used　for　the　experiment，　twlgs　one　or　two　years

oid，　were　gathered　once　a　inonth　from　i　o　to　i　i　o’clock　on　fine

mornings’・from　i　8　trees　grbwing’　on　a　mountain　slope　about　i　20　m2

in　area　in　the　Gosho－tani　forest，　1／lanazono，　lwakura，　1〈yoto，’located

about　4　miles　from　the　laboratory．

　　　　Each　sample　was　divided　lnto　two　parts，　leaves　and　twigs，　and

weighed　anct　dried　to　constant　wei．o．’ht　in　an　air　bath　at　i　osO，　and　the

loss　of　weig’ ?ｔ　was　designated　inolsture－content．

　　　　The　samples，　drieC｛　as　above，　were　incilterated　in　the　usual　way　；

the　crude　ash，　prepared　by　burnin．cr　in　a　platinum　crucible　with　an

aicohol　lamp，　was　treated　with　water　to　extract　the　soluble　constituents，

and　the　insoluble　residue　was　a．crain　heated　in　an　electric　oven　at

6000．

　　　　The　results　given　in　the　table　show　the　mean　value　．obtained　in

雛β曾expβ細β纏s．
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Table　IV
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’KXrt．　of　dried　sampie

176　g．ms．

144
166

142

142

166

159

250
162

140－

zi8

182

130

210

123

i80

195

139

140

T／L　（ratio　of　twig．．　（T）　to　leaf　（L＞＞

o．9

1．O

1．O

1・5

1．2

L尋

1．7

o．9

　　　　The　ratio　of　dry　weight　of　tw1gs　to　that　of　leaves，　as　may　be

seen　in　the　table，　increased　gradually　from　o．g　to　i．7　ancl　then　decreased

to　o．g，　dependin．o．’　mostly　upoll　their　water－content．

　　　　The　percentage　of　water　and　ash　in　twig’s　and　leetves　changes

with　the　months　in　the　following　nianner　：一

Table　V

・IV

v
V工

『V王1　（16）

V工1（31）

VIII

IX

x
XI
x工I

I

rrwig

H，O　％

43－Si

68．17

53．86

48．14

sl．67

S2．II

48．os

48．i6

52．87

46．07

SO・79

Ash　pto

2．93

4・72

4．12

3・04

2．99

3．王2

2．39

3・31

3・49

4・OS

4・IS

Leaf

H20　％

64．60

68．71

57・0

54・07

5967

s8．8s

56．io

g4・s4

4S．oo

fallen

fallen

Ash　％

4．Io

4・49

5．18

5・24

5．26

S・31

5・24

4・94

4・14

Twigr＋一Leaf

Ash　％

4・37

4．6s

4・14

4・87

4・53

4・29

3．88

3・63

4・03

4・15
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　　　　The　inonthly　change　in　the　ash　conteRt　o£　the　twigs　runs　parallel

with　that　of　the　water　content，　showinf．r　a　maximum　in　MaY　and　a

minimum　in　September，　but　in　the　ccise　of　the　leaf，　the　monthly　chang－e

in’　these　constituents　is　clifferent，　the　water　content　climinishing　gradual－

ly　with　time　from　6s　0／o　to　4s　e／o　thoug’h　the　ash　content　shows　a

maxinaum　in　August．　．IIIowever，　the　average　ash　content　of　twigs

and　leaves　shows　a　maxiintim　in　summer．

　　　　The　chemical　coinposition　of　the　ash　both　o£　txvigs　and　leaves

was　studied　by　analysis　with　the　folloxvin．o．’　restilts　（Table　VI）．

　　　　As　may　be　seen　in　Table　VI，　the　content　of　elemen’ts　in　both

twigs　and　leaves　changes　with　the．month，　ancl　P20．r　and　1〈20　in　the

twigs　show　the　hi．crhest　percentage　in　August　and　July　respectively

（is　o／io　and　30　O／io），　bLit　in　leaf－ash　thgse　compounds　show　a　high

percentag’e　at　the　en（1　Qf　spring一　cancl．then　their　content．　decreases

．crrad“ally　with　time．　［L’he　content　oE　both　iTVIg　anct　］Yln，　how’ ?ｖｅｒ，　is

the　maxinium　in　summer．
　　　　1一“yom　the　seasoltal　variatioR　of　the　content　of　the　ash　cbnstitueitts

expressecl　on　the　clry　bases　of　twigs　and　leaves，　shown　in　Table　Vn，　we

learned　that　such　elements　as　P，　K　aBd　Mg’　are　accumulatedl’abundaRt－

ly　ln　the　plant　tissues　ki　summer．

　　　　As　a　matter　of　fact，　the　essential　elements　of　the　ash　of　Sal〈e－

yeast　ancl　Koji－spores　are　found　as　the　chief　constituents　of　the　asli

of　X－loso－trees　in　the　stag’e　of　vig’orous　growth　ancl　also　of　soy　beati

stems　ancl　the　N’ara－tree，　and　thus　the　bioclaetnical　significance　of　the

use　of　plant　ash　in　1〈oji－mal〈ing　is　expiained　；　it　supplies　the　inQrgaRic

elements　whiclt　facilitate　the　developnient　of　the　organism．

　　　　“Moyashi，”　as　mentioned　above，　is　preparect　in　Japan　by．　the

method　handed　clown　from　ancient　times，　a　methoci　unl〈nown　to　western

peoples．　The　essential　part　of　this　methocl　is　here　explained　bio－

cltemically　；　it　being　supposed　that　the　inorg’anlc　elenients　which　occur

iia　the　active　parts　of　plant　tissues　play　an　essential　part　when　they

enter　the　body　of　a　ihicro　org”anlsni，　in　the　process　of　the　metabolism

of　organic　niateri，al，　this　view　was　confirmed　by　the　study　of　the

seasonal　variatiolt　of　the　ash　constituents．

　　　　It　is　the　desire　of　one　of　the　writers　（S．　K．）　to　devote

to　the　biochemical　stucly　of　oriental　custonis　or　phases　of

civilization　which　are　based　on　the　utilization　of　indi．crenous

sub＄tan’ces　as　a　means　of　suppordng　or　enriching　life．

h量mself

oriental

natural
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1

rrable　VI
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9
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II

9
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1）20s

33

S4

63

49

37

43．

33
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33
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34

31

31

27

27

31

20

IS

31

AI　L，　Oa
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1

7

1

5
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5
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H9

II3

r2S

133

II8

179
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13
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17

34

17
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14
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IS
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17
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26
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123
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90

ITa20

IO

21

正0

8
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9

s
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6
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3

4

2
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3

3

1

4

2

1

2

1

5

s

　　　　The　ash　content　of　leaves，　as　may　be　seen　in　Table　V，　drops

suddenly　before　tlie　autumn　lea£一fall，　xvhile　tlnc　t　of　twi　gs　lncreases

after　that　season，　and　this　fact　is　explained　by　assuming’　that　some　of

the　inorganlc　elenients　mig－rate　from　the　former　to　the　latter　before

auttunn　comes．　’］］he　assuiinption　tl｝at　the　loss　of　ash　in　leaves　is

baianced　by　an　accumulation　in　the　twigs　may　be　confirmed　by　the

fact　that　the　average　ash　content，　both　of　twigs　and　leaves，　as　is　seen

in　Table　V，　remains　almost　constant　after　spring　has　passecl．　1－low－

ever，　the　percentage　of　ash　constituents　expressecl　on　water　free　bases

shows　that　when　autumn　coiines　the　content　of　IP，　fXl，　ITYIn，’　Ca，　NTa

and　Si　is　decreased　in　both　lecltf　and　twlg，　This　is　probably　due　to

the　fact　that　they　are　given　off　from　the　plant　by　the　£allen・一leaf　in

the　forrn　of　mineral　matter　and　o£．　org，anic　constituents，　a　view．　put

爵
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forward　in　the‘‘Biochemical　Study己on　the　Autumn　Fall　of　the　Leaf”

by　one　of　the　writers（S．　K．）and　Qzawal．　There　it　is　stated　that

olte　of　the　most　impertallt　functions　of　the　auUlmn　leaf－fall　is　to　enable

the　plant　to　get　rid　of　inorganic　mater三als－ash－so　thεしt　the　accunユu噂

1a乞ed．ash　const難ue1隻ts　are　prevented　fro嘩　controlling　the　metabolic

changes　of　the　tissue　materlals　and　the　plant　is　able　to　live　a　normal

life　in　winter．　　　　　　　　　　　　　　　　己　　　　　　　　’

　　　　The沁organic　e圭emekts　in　the　Hoso－t磨ee　are　divideCt　biochemically

into　three　classes：（1）elemen£s凱ζe　Si，　the　content　of　which　irlcreases

with　time：（2）those　like　S，　P＆Kwhich　decrease　as　the　season

progresses，　and（3）such　elements　as　AI，　Mn，　Mg　alld　Ca　wh圭ch　show

amaximum　or　minimum　ln　their　seaso1ユaユchange．　The　characteristics

of　the　elements　in　their　seasona正　va！」iation　are　probably　intimately

connected　with　the　fullctiolls　of　these　elements　in　the　vital　processes

of　plant　tissues，　The　fu13ctions　of　the　elements沁the　life　Qf　the　plant

are　supposed　to　be　d｛fferent　from　each　Qther；the　eleme航s　which

belong　to血e　first　class　probably　give　rigidity　and　comparative　perma－

1ユense　to　the　plant　skeleton，　and　those　belonging　to　the　second　and

the　third　class　are　regarded　as　tald119　Part　勧　metabolisin　or　photo麟

syrlthesis．

　　　　It　is　t6　be　supposed　that　the　inorg“anic　elen3ents　which　function

至三ユthe　metabolic　process　of　the　organic　願a，tter　in　plants－the　germi－

11atioll　of　seeds　and　budding　etc．L一一will　be　foimd　abun（i＆ntly　in　the

ash　obtained　fronユ　Plants　ill　the　stεしges　of　vigorous　groNvth，　Such

ele1ηents　as　Ca，　Mg，　P＆Kwhich　coRstitute　the　major　part　of　the

ash　of　leaves　of　the　Hoso－tree　gathered　in　summer　will　partly　m至grate

from　leaf　to　twig　before　the　autzznln　leaf－fall呈110rder　to　prepare．for

the　budding　or　vital　processes　in　the　plant　tissues　in　the　following己

　　　　

sprm9・
　　　　　　　　　　　　　　Aprll　I　g　28，：Laboratory　of　Organic＆Bio－Chemistry．

i．　These　Memoirs，　15，　S7　（i932）・
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