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Studies on the Tannin-decomposing Enzyme of Molds (X)
Tannase Formation by Molds in Liquid Culture with Phenolic Substances

Hiroshi NISHIRA (Inst. Agric. Chem., Hyogo Univ. Agric.)

Some conditions of the tannase formation by Penicillium sp. No. 80B” were examined 1n
shaken cultures with CZAPECK-DOX solution containing 0.5% tannin as the secondary
medium.

The results obtained were as follows. :

1) Age of pre-culture had an effect on the adaptability of the mold to tannin;
tannase formation by old cells was faster than that by young cells.

2) For abundant formation of tannase, it was necessary to use nitrogen sources such
as NaNQO, and (NH,),SO, which were found to be more effective than organic ones
such as aspartic and glutamic acids.

3) Addition of 2,4-dinitrophenol to the secondary culture did not cause considerable
inhibition of enzymatic hydrolysis of tannin to gallic acid, but inhibited the subsequent
decomposition of gallic acid. In this case, tannase formation was poor, but its activity
lasted comparatively long.

4) Iron, in the form of FeSO,:-7H,O, had little effect on the tannase formation.

5) Stimulating effect of various kinds of phenols upon tannase formation was
examined, and it was presumed that gallic acid is the smallest structural unit effective
as inducer.

6) Various tannins such as Turkish allotannin, sumach tannin and myrobalan tannin,
which are similar to Chinese gallotannin in structure, could give rise to tannase forma-
tion.

The above results are consistent with the view that this enzyme is an inducible
(or adaptive) enzyme. In designation of this enzyme, the author has an intention to
propose that “gallo-” is prefixed to tannase to compose the name gallo-tannase to this
enzyme.
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(1) FEREHRIOERS = BEESVLEBRUNCT CRELEDORELMNEEL SN D  Penicillium sp. No.
80 B'E, MAEREREEFLVAMINI Y0 =0 ThH B,

() WHRIRBEEERIBRBORY : S00ml OFMRBEIIE Y 5 2 21T, ¥ - 5 %ER (b30iE
) 0mlz ANEERE®R, EHBE 27°CT 2~ 3 HEEEEE (B 8 cm, RBAEOE | SRIICH110)
UTHEIE—RER? L RICERLUTKS2HE (COEAEKIIIBERIETH2. 2871k, 4T 420
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BEREE (PHS5.8) 2ml, FREBOBEMB, M4 —- V¥, £ABI0ml, KEEFEE.3%THD. KB
OEAIE2%4 > = U ¥EH 5 ml, N/IOMEEER (pH5.8) 5ml, HMKI0ml, BEEH 5ml, bovx—10.5
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BERIOBANL, 558K 0mlps, 40°CT24RRGR I BERIITA T2 4 = DB2 DO TRLIL. 0

I I I W i3 Fig. LITRTWML TH 3,
600 ¢ o A Table 1|7, B RILHEK
- / @ FeCl,Fx KCN (2 &69F
& 400 0 &4 = L DR AR OEE
2 o / o hES HEARENTV S,
2 200} g 9 MEEIHA, 4AEOE
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— React. time (hrs.) DRMENR L, ZREsE
Fig. 1. Influence of the age of pre-culture on the enzyme | BB CHRTHEE Y = Tk
formation. (Activity of culture liquid). A4 = DB I
Age of pre-culture in CzAPEK-DOX’s medium, —O— : 2days, Sd, TREEE2 BET,

—[J— : 3days, —~— : 4days.  Activity is expressed in mg

_ xpre 2= KOEUIRATER
of tannin hydrolyzed by 10ml of culture liquid at 40°C

for 24 and 48 hrs. Replacement shaking culture period in e OB UR sNT
CzaPEK-DOX’s medium containing 0.5% tannin— | : lday, W3, Fig. LiT/ranamd,
T : 2days, Il : 3days, ]V : 4days. BIgE 2 BB OB OB P H
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Table 1. Change of phenolic substance in culture liquid
during replacement shaking culture.
Pre-culture : 5% glucose CzaPEK-DOX’s medium. Secondary
culture : 0.5% tannin CzAPEK-DOX’s medium.

Age of used mycelium 1n

per-culture days j 2 I‘ 3 4
“Age of replacement ’ | | -
s%aking culture in days ,’ I { | i W ; I | v L)1 ||
FeCl;-colouring substances | ! ‘
(Tarxﬂnin and gallic acid) i + + - - ‘ + - - i B Bl Bl
KCN-colouring substance | | [ i | -
(Gallic acid) I A et At B NS N Mt Mt Il ol il
Precipitate by quinine ! |
hydrochloride (Tannin) l + | - - - - - ’ ST T T T
Detection of gallic acid ‘ |
by papar chromatography } + ; + - | - + - - - S Bl A B
VIR, TRIEERICH T SRR, = I I I
mEE I ARTRBACED SN, 288 1200 8
BICS BETRAICET S, chuckL, M B |
HERIAH +‘ABOEWATIZ, ZREE T 800f
| HECERCIEM B L, MEEORNS G °
H Emﬁﬁiwgéc;, :migﬁ 2 =} E?%c: 3 400} e ‘ E/ Dég
FAA CBEREHER L TR, 3HE, 4 0 /u ° ©
HETE, SREER I RR B £ =t p——a
Z» oz, §Fig 1, Tablel 554 B 2¢ 48 24 48 24 48
SR, 4= ORBAREBRERE — React. time (hrs.)
B DRI B RO ET B C & Fig. 2. Influence of the age of pre-culture
. on the enzyme formation.
PEABND, (Activity of mycelium extract).
(b) %ﬁiﬁﬁtﬂ%@ﬁiﬂ Activity is expressed in mg of tannin hydrolyzed
BRNBEAOFERE, FEERSEESRDOE by 10ml of mycelium extract at 40°C for 24 and
MEBEABRDO20EBICHY T 2 MEBEEHRK T 48hrs. The extract was obtained by treating
i, < OMHKIOmIYS FIROEKMT, R myecelia with 20-fold by weight of N/10 phosphate

_ buffer. Other signs are the same as in fig. 1.
Th4 = BTRUL g &

Fig. 21TR 7104, BHBEBEOES LEE, ZBEBROFTHEMICHLUTERLS L, B OBREEDORRIR
V., BRRECRIERICHON T, BEAERENOBAREZEOBACEONIEREIRRR, BBEOLRE
GG EREDFREICEETSEIGEETH D, B OBEERIIZmMEHRlsd XL AEIN DD, ERROBIGH
HEOMISER I T AREZEFELR, RKRES —RKIEE TORBERTOBREOHEBICBWTEHIIHL MK
Ronh s,

FIEE 2 AV ICBERATKDOHFIZHS N T, Growth phase & iGEERAERICOWNT, Old cell & Young cell
D7 /BT —VTEIT 3 HET2b, Old cell DFERMAEDEABAGRN SN T 355", SBELEE
BITHBWNTD, BSEEEDOENEAITIE, & =rd 50 B ATRODSBBE/LSESZMIAT L 5TEBN,
AEEOENERO STV L O ESUBSNERERE.

2) BoRIEEWROBRBFRINOGEVEELECRITTHE,

AR T2 H, SR I Fig 3IORTEAREHIT0.5%ICHEMU T2 4 = 2% RIMUTCEH, =K
BETER UNCERE RS2 2.2 (W T420mg), BERNBIE SRR+ = S RBRUSIT L 5. BERIMETR
FGERC AR (BUBARIMHROEBEE 1L, EAEEOMSICEY T 2 BB ERIC THE, OO 10m!
P LRIV THET 3 4 o= VBICT/RLUTC, Fig. 3 RO'Fig 4 ITRSN B WL, FWROLEIR, &
EFBEMEOMTERFEOFEZVBE L L, BRFORIFITEEBRPOBEOMBEBITEWTHEECRONS,
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Table 2. Influence of 2,4-dinitrophenol on the decomposition
of tannin during secondary culture.

Pre-culture ; 2 days in malt extract. Secondary culture
medium : 0.5% tannin CzAPEK-DOX’s medium.

Control D.N.P. (M/2500)

P B v |y

Age of secondary shaking
culture in days

i

(Tannin and gallic acid) - - + B

" KCN-colouring substance
(Gallic acid)

Detection of gallic acid

|
FeCl,-colouring substances ,
|
l

|+ ]+
+l+ ]+ | =
AR

+
P Ry
+

"Precipitate by quinine l
hydrochloride (Tannin)

Autolysis of mycelia ‘ - , — ! + ) + l Ht -

| v
| -
R
| N
| -1 &

- ‘_ -

— : Addition of DNP. —> : Addition of DNP.
300

200 r l

ST

(o) O

— Activity (mg)

secoplaiy el 2 s g 12 3 4 5
secondary culture
in days after i———-—-—-—*] I | | I I K
addition of D.N.P

FeClg-react. ’ + | + -+ + + -+ + + +

KCN-react. + 1 + + + -+ -+ + + +

Ppt. by quinine _ _ B _ _ . _
hydrochloride + [ +

Fig.6. Influence of 2,4-dinitropheno! on the enzyme formation.
(Activities of culture liquid are shown).

Pre-culture : 2days in malt extract. Secondary culture medium :
0.525 tannin GzZAPEK-DOX’s medium.

FERHTRISE 2 B D OEK2.8g (HES30mg) i, ZRigE :0.5%4 = o— - PR BERINE
FEEIR 10mIH40°C, 4B THRT S 4 v = VB TUITRLIL.

Table 2 IT/RTIAL, 2,4-F= 1o 7 1/ —vOEMI, 2= OBRES~DONRBITIZEDEE LWV,
2 URBBOMBECTIZT o ~VESE (RAETERZOM) O, TOROSEBRILEZPES S, HOTEX
DEEMRZRRBIGEES LD, LU Fig6 ilr3ml, RICBROLSTRBEL T RN IREE L HE
ORI RAERLORN 25 o¥ 505, BUTRBLIZ2 BEORINTB TR, TOBEREL % £  f
HULH D, BHY OmL, 7= RS = UREDBR A TENEHRICTHBHEET 5 &, Bhilens
SEBEU THREZRBMELSRL S 20T 5. AFEBR T4 v = v OSMRITE D TEUREETBOB{L)S, Bin
Fz oD =TI O THEINS IO, D TRECKEEOMOBEREY (BERR0HmZS
VD) BAFRMINCAEERBL TV A bDEELON D,
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(6) BMEREBTRIITHONE

100,
FeSO, %R\ Iz Y - Rl (HWHE S %) 1T TH

=§
L}

323
R k-]

| /— 3 ERURMAEEC FeSO, BIRELI #2221 —
/ B KEH (5 V= 0.5%) ToRERL, BIE
/f : BORHEL, —FHED=RAMIC a,a'—
g /" ' Y 2 — 0 (0. 1592 W % S0mI R 33 LT 10m1

" e

5 10 15 20 24
— React. time (hrs.)

Fig. 7. Influence of Fe on the
' enzyme formation.

—» Activity in 9% decomposition
@ ‘

(Activities of mycelium extract I I

are shown). : Fig. 8. Paper chromatograms of
Pre-culture and secondary culture, various tannin.

—O—: Czarex-DoOX’s medium I ; chinese gallotannin. J : Tur-
without FeSO,, —a— : CZAPEK- kish gallotannin. [ : myrobalan
Dox’s medium with F cSQ,, tannin. ]V : mimosarinde tannin.
—{J— : Gzarek-DOX’s medium Y :sumach tannin. V] : valonea
without FeSO,, and with a,e’- tannin. V] : Aralia chinensis var.
dipyridyl in secondary culture. grabrescens matsum tannin. Develo-
Arrows show the time-points at ping method : one dimensional
which  precipitation by quinine ascending method. Solvent system:
hydrochloride became negative. n-BuOH-ACOH-HOH (4:1: ).

Spray reagent:0.1% FeCl; in
3095 methanol.

Table 4. Inducing effect of three kinds of tannin.

Pre-culture : 3days in malt extract. Secondary culture : 2days in CZAPEK-DOX’s medium
with each tannin (0.5%). Other experimental conditions arc the same as in Table 3.

Tannin used in secondary - . . . Sumach
culture as inducer Chinese gallotannin Turkish gallotannin tannin
Substrate of enzyme | Chinese Turkish Chinese Turkish Chinese
reaction - | gallotannin | gallotannin | gallotannin | gallotannin | gallotannin

~ 2 hrs. 3.4 6.8 0.0 0.0

g 2 6 18.7 27.2 1.7 0.0 3.4
~ 3

° g 8 22.1 28.9 ’ 3.4 0.0

8 e | 24 107.1 59.5 30.6 39.1 11.9
'é —~ __-3 " ppt. - - + + +
BF | O | 48 122.4 71.4 59.5 - 45.9 22.1
E§ ppt. - - + .+ +
L RN

28| « 2 20.4 30.6 24.6 26.3

SE 8 6 49.3 42.5 52.7 49.3

’é’ g g 8 54.4 66.3 64.6 52.7 88.4
=9 g 24 117.3 88.4 127.5 85.0 134.3
gv 3 ,

273 :?L; ppt. - - - - -
§ g > 48 129.2 96.9 139.4 93.5 136.0
& | 2 ppt _ _ _ - | -
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WD %2i0A, TREEUNEEKOMEBKICOWT, SEENZ R GIEE  BEOY - FO.5%M 5.
TOEEE 1 0.5% 4 = o—y - FigH) EEEEREHE UL, BRAOBEEERICLIOTHEL, 2=
DOHRRTRUT., TORKRIL Fig 7 iIORTINL T, EEREETIROBBIIRVZA SNV,

6) 7/ —VEHEOHBISEREEICRKIITHE .

BUREHE  FHHICT 3 BEEE. TREE v - FERRYEC.3% (4= LBARTHOEE130.6%) BN
U T, BUREERE gAY, 3 B HEBROEERHHRORBER IRIE BRI E I LT,

ZOfEHEE Table 3 ITRTWL, # 0= ROBAETFRUMIR 2 EBEREERNG 2DV, MO
FRIBOBEBITONTIIRITEET 3,

(M %= OEBEOEEI S v = o HRBEREEIC RIS THE

SRIEEICE, FFTTE AR 3 BEA2.8gr A, BRINEIEBEEITLY, BEEERIZ20mg 4
v OBERMBCEIOTAHUNEETFROMEETRD UL,

RS = D—RIER—r8—2 8= b5 6L Fig8ICRTML TH D, €D R~¥—r v bJ5 208
LLUTWBEETF, AT, 279 20%42 =0 2R0T, BROMNE ZXEE (&5 = viREI30.6%)
BRIV, BISBERROERMEELBREE LT, %= OBRUSERZ{Ts DIz ERE Table 4 TR
TUWL Th A,

BB DH 5 AT 4 > = (Pentagalloyl glucose 3 ERKS), A<y ¥ » &4 = (Pentagalloyl
glucose) [3FfEF # = (Pentadigalloyl glucose) & RIFRIT & { BEHARE 2RSS S, T v x5 (Chebu-
linic acid), @ =4 (v 5 FVEEL 4 o = >, Phloroglucin, Protocatechuic acid %2FH4}), ' » v =+ (Ellagic
acid DEEK), #5 (45 D4 =, Protocatechuic acid 2&F) DK 4 =0, ZEREOLEEITY
I 3EGHIRIER RIS, B3 FiTHL, FNEHR L, 0N, MEET 4 = v OEAIEER, kAT
TNRERTEE R RDIIY, BATF, A7y &2 0= OBAIEERMEEOFITXDROTEENRD S0,

(i) HEREECSITARES = v ORMDPBREELCLRIITHE

FREBAREE CIOERICK ) A TH B, FERYY LRABROBERERICSNT, AL = OB
MOBERAEITRIZTHEOMBLZRR LI, TOKERI Table 5 ITRTWL TH 5.

Table 5. Effect of various tannins as inducers in solid culture with wheat-bran.

Quantity of tannin added : 0.2g/5g wheat-bran. Age of culture : 4 days. Preparation of
enzyme soln. : the same method as in previous report”. Decomposition of tannin (%)
was measured by acidimetric method®.

Marks, (+) and (—), show the positive and negative precipilation reaction, respectively,
by quinine hydrochloride.

Tannin used Decomposition of chinese gallotannin (%)
th . i
iziluc:r Chinese Turkish ’ Myrobalan “Tara” Mimosa- | Valonea Sumach

gallotannin | gallotannin tannin tannin* |rinde tannin| tannin tannin

1 24.6(+) | 24.6(+) | 18.4(+) | 12.3(+) | 6.15(+) | 12.3(+) | 6.15(+)

2.5 | 36.9(+) | 30.7(+) | 43.1(+) | 24.6(+) 1zx+)§3an+) 18.4(+)

5 61.5(—) | 39.3(+) | 59.1(—) | 55.4(x) | 30.7(+) | 43.1(+) | 43.1(+)

7 67.7(—) | 55.4(=) | 67.7(=) | 61.5(—) | 36.9(+) | 54.1(x) | 55.4(%)

68.9(—) | 67.7(—)  67.7(=) | 67.7(=) | 43.1(+) | 61.5(—) | 55.4(—)
|

24 67.7(—) | 61.5(—) | 67.7(=) j 67.7(—) t 59.1(x) | 61.5(=) | 61.5(—)

Reaction time (hrs.)

* Aralia chinensis var. grabrescens matsum tannin.
£ = UERINEIoE T L T0.2g, MERNRE BT, BHEORRI 4 v = v OGRETIRUIL.
4FiT Gallotannin 328 OTMET, BRT, 105, A9 P&HE=iE, WING LK EBEE
OHEERRIST 505, 247, €4, ¥V, o=vi3Fs, HUBRKRBCRERCOU 2BEESEIRDNG
L,
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(FER) WERERCISY 24 v = U IBBROEERBECOVT (20 2) (145)

£ ®

BEAROmM S, SERIEMPICHEREE 4 v = VOFET ARICOAFBEGHCEEINLIBETH 505
2= DHTILL FOBRNMRED TH PEBEFRL 2 =V LRIBRIC X BBREELRRT 2. AT
BOBHED S/08 L LA BRRLERYTE, ¥ BED -OH & —COOH OWMEOAHNEVSEZEALNS.
D BHELEND, AENEOFEINIEZET . / —VIEHEICONT, TOREPRR LIz Table 3 T
b5, 5uT-OHDHLDHETH 3D, ~r¥rBER2@O-OH2ETAT LV yHTFFL, N4 Fax/) L,
VOvy 38, 31D -OH %#5 7 oo /vy v RUBARFEBPERBRINIIEED ¥ o & o —viddhic
ZOEERESRERIMBETH S, HOTRIC —COOH #£OBENEZLLNS, LirL —COOH 1 [ER2&E DR
FRRICIEE BT AERBIIED SN2V DT, —COOH EBMOHEIEZ SNV, BRREEDME
LTz &s -OH & —COOH OFMEDHAMSHEHKS, LhrLErH e -V ERRERDRAE
BOEALMEEERFLE LD, 2D EmS -OH & —COOH & @3F—~ v ¥ U ERERIN T
BLENBETHA, LHURU~Nr¥ B -OH & —COOH OWiZE2FOV YV FIE, To bbb
BRITI3 = DRSS ED SNBVEED S, SR ESAU~r £ it -OH & ~COOH Diij%%2H
L, B -OH ORI ETNE/RED N ¥ UK A EEY, FBEOLERSEEELERE2HFOTH
BEWVS T EMHEIN, BBEOEERBROB/IMEERMIBETRTHL EEAL.

Table 5 DT 4 v = v OBEOHEELIEEREE I THEICSNT, E Gallotannin E&2HT 54
RO 4 = (BEF, BATF, 1055 0%) QI BEEEERPRRTS. LrLEOBEBRIES 2
Y, 49, U,uovEDORL L= CE3EBROBEDESHB TH S, T OBSRISREIR DIRTS I RERE K5
HITHT 5 &0 b, BIERERY “REBCBSOTLIVEECRD 3 MRS (LY = 7 —VIEYE DRIE
RERITIN TS FEROBEMDEED SNTD). THUIRS (BB FEOEBCRET 50T, EREROE S,
B EEIND C EUPRINIRANOVERTY » / —VHEYREORECERT LD LMEEBINS.

Table 4 ZRANDZWL, AEFEFEFOEL =3, BUAORERNTS, BATF L = OhEPE
FAERERMEDE. IRy, FAETF 4 » =3 Pentadigalloyl gecucose TaH Y, BAEFD Kid Penta-
galloyl glucose L #7 LN TWALDIT, &= BEESE LTHEALTWS BATRIEOZ DY
BLTWAHDERDNS. HOTEATRSEDODISOVEAET S = v ORIGEED, BRATIBEOREVERE
Fao=rDENEDOMIITHIEE I EBEALLNS,

WMr =2 EEDTHED AV WEOTHERRAELELTTS, > TREEHES v+ —+ (Tan-
nase) LEREONTVABED, INHELTOL V= EFENTHWAHETIERATIHDIDHDTIZEL, £
ROWL, FEEHNTIEH s 4 v = (Gallotannin) HERFOTVWE & = (BN DREBT, &R
FO/RAE V=) RILSRTHDOTH S, HEDTTOEDBRIZET A12DIC FHE, ERHBEOLNTNS
Tannase |T Gallo- DFERM LT, “Gallotannase” L EHMZORBLZZEATNED, Dot THRET ST
FThHD), B2 F~FLEDOTHRENELZ L v =id, TOGFhRIH e g v = U iEERFEOC LY
BTHBH, —HEAIRE S = oD EBEEEREEICRET 2 D2 2 v = v Thhut, TOBERTS
BlEbHe A PP LE S C LOMITHEER S DI TH S,

E #9

Penicillium sp. No.80B" EE% ALY, 0.5% & v = VERIMY < v 7« F o 7 ARHITI T 3 B IRIRIEIRERTEIT
£OT, BRFEOEERBZRFELT, RO E2HSMITUIL

(1) PIESEARODOESI, BHOREH4 v = VT T ABWIGHEICHE 2 RIT L, EMR0L & EMIRITHE L
TEBEEENBE EEINIT.

@) HOBRARCE, BEBEORMEBREL L, HDNaNO; © (NH(),80, D& @BER LD 7 A1
SXUER, e VEROMEEBRERVLODEYTH S LB N,

(3) TIRBEHEWD2,4-F = b+ v D o —VORINE, FEE 4 = 2 DEETEDBICEROE VR
D SV, 2 U= UL THRABATEROXOBOMNHM ZHE L, ROTHRAEREIIFOM, U
»LeOFEEGHBIE L ERIN5,
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(146) (FI@E, THA) BEEPOEML-VvE I vBICDNWT

4) HOFEOHRIL, ZEBRAEITHLUT, BASHELIEHON.

(6) BMROLEZRMETAIZEY o / —VvEHHIZOWTHRL, < OBEREREZEEE LY 55Ok
BB AT TH A L R2HELIL.

(6) FHfEF 4=V tBUOBERPROBAT, Avy2, 1uonN5 50K 4 =03, FEFLv=0E
RBRIT, BEERAERZFHLE LD,

(1) BEEROEEINTIEE? = / —VHDEODR, BER2RCTIAES = OB EDERER
CEDNT, BBROESHAE?EELI.

HYEA, TOPRRITL S CH D TRGEBE SHRN - MR 2B o YUEEEREEROARTAE
FEBCRBHELET, XEES = VORBELER2HESEC I ADAMEO/NEERCE  @lm b
T, AREO WA RIFHBARFIC T 3BA2E4 BIOBO I RBEABEASICTRELL. 4 “#Eos 0=
UORBRICBET AN B48e “BEKREICBY R4 = UREBREEEXRECOSVT? © (20 1) &

-

Q.

X i
1) PifE, F#hk: REATE (B, 1, 6 (1953), 2, 1 (1955), 2) FEfE, F#k : Ibid., 2, 87 (1956),
3) FERe : A3, 37, 85 (1959). 4) VR : A3, 37, 89 (1959), 5) 4k, TERE, AR REA
Bl (BAGHD, 2, 5 (1955), 6) R, F#k : Ibid., 4, 39 (1959), 7) - 4% - B2, 66 (1957)
(SE29ME B AL HFE KB RT). (135, 9, 12%f)

BEHOOERL- 725 3 vy BBRIZOWT
B OH B —-L H A # GkoRXSHARPEDE)

Free L-Glutamic Acid Contents of Alcoholic Beverages

Seiichi MAEDA and Sadanari EGUCHI
(Food Research Laboratory, Ajinomoto Co. Tokyo Japan)

Free L-glutamic acid is believed to be one of the most important flavoring of alcoholic
beverages. With this in mind, we have determined by microbiological assay methods the
contents of free L-glutamic acid in alcoholic beverages including refined Japanese sake,
synthetic sake, beer, wine, “mirin” (sweet sake) and “akazake”.

The followings are our findings:

1) The contents of L-glutamic acid in alcoholic beverages widely differ according to
the characteristics of the alcoholic beverages.

2) Refined Japanese sake and synthetic sake contain more of free L-glutamic acid
than beer and wine. Also “mirin” and “akazake”, used mainly for seasoning, contain
more of free L-glutamic acid than refined Japanese sake and synthetic sake.

3) Japanese wine contains distinctly less free L-glutamic acid than foreign products.
This may be attributed to a difference in the qualities of grapes used as raw materials
in Japan.

= E
EEOBKEKSIIEET I VB, S8, BELETHIEHEINTVIY, S8BT/ Bbsvse 1 Ui
REBEROEKRE S E U THREBINALDD—2Th 3120, BEhOMML-7 v 4 1 VEESHEBIZONT
BELCEFEORE "OMBREFLON TV DY, KEBITHWTIZER OB, v—o, 7~ kM, HRiHE
2 EDWGML-Z v s UBEERRMADERECIOEL, HERN 2T onBRERET S,
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