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Browning of Sake

Satoru Oka

(Department of Fermentation Technology, Faculty of Engineering,
Hiroshima University, Sendamachi 3, Hiroshima)

An analysis of the mode of the browning of Sake indicated that it involves at least
three kinds of browning reactions; (1) the interaction between glucose and amino compounds,
i. e. the aminocarbonyl reaction, (2) the browning reaction of glucose, i.e. the caramelization,
and (3) the browning reaction of Sake components other than glucose.

In order to evaluate the browning capacity of Sake the reciprocal of the reaction time,
1/Ty.s, was used as the rate index. 7T%,.5 means the reaction time (day) required to obtain
an optical extinction of 0.5 at 430 mu with 50 mm light path in Sake under given conditions.
Then, the rate index of Sake was generally expressed in the following equation as a function
of concentrations of glucose, G(M), and amino compounds. A(N), and of deviations of tem-
perature and pH value from standard condition. Just for convenience of calculation, 100°C

and pH 4.22 were employed as the standard conditions just for convenience of calculation.
1/ Tos= (1.11)#(1.55)4*® - {h+ (0.13+9.6A) G}

In this equation, the constant A expressed the contribution of the reaction (3) to the
browning of Sake and it was the only value which had to be determined by an experiment
with each sample of Sake, though it gave a constant value of approximately 0.4 in all the
samples employed.

Thus, the contribution of the three kinds of reactions to various types of Sake was
estimated and it was concluded that the reaction (3) was the major factor while the other
two reactions were minor ones for the browing of Sake.
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Table 1. Sakes stored at 0° and 30°C for 400 days®.
Temperature of | gipe A Sake B Sake C
storage (&(®)) .
Optical extinction 0 0.185 0.182 0.144
(430 mp, 50 mm) 30 0. 642 0. 610 0. 432
Flavor 0 fresh fresh fresh
30 very old very old very old
Reducing sugar as glucose 0 177 157 347
(mM) 30 172 154 343
3-Deoxyglucosone (mM) 0 0. 080 0.071 0.192
30 3. 885 0.787 1.14
Volatile carbonyls 0 =+ =+ =+
30 o+ o+ +++
Acidity (mN) 0 17.0 16.9 19.6
30 16.4 16.2 18.3
Amino compounds as -NH; 0 19.6 20.2 11.5
(mN) 30 19.7 20.2 11.3
Ethanol M) 0 3.52 3.52 3.41
30 3.52 3.52 3.41
pH 0 4.50 4.54 4.50
30 4. 49 4.54 4.49
Specific gravity (15°/15°) 0 0. 9924 0. 9943 1. 0066
30 0. 9923 0. 9945 1. 0066

- Sakes A and B were produced by the normol process of the Sake brewing; Sake C was
produced by the modified process, “Sanbai-zojo” including supplementation of two parts of a
synthetic Sake per one part of mash at the final stage of the brewing.

BFRICKIFAOER FHHEOBEERINREE
TRELES. FlZiF Table 1 IT;RT LD, 0°C T
B1ELEEFBRLUTHIEBEAEBELILVLY, 30CT
i3 430 mp OBRMETRIND LD, PLHITIRE
L, RCERGBBIREICILS. DL, HE,
pH, Tva—, 7 /0eY, BERSEXELES
DHIRITIZIZ E A EBLHLVDS, T I/ - H—F=
WEOBEBELHEARE SN THNE3-FEF v sva
v (3-D-G) &, BREDOERSEZEZ ONHHER
A —R=w BEEEICENT 5. Fk, Bt
3~5mM DOELHHS.

ZDESRHEORDPH — K= ORI, »Ih
37 I/ - H— K WEGR K ZBEICEHAT DO
T, BFHEICBTIREEBEREDY, COT I/ -~

B LUToZRCAVWAEBRCETSF—4, TXTLER

Table 2. Sake samples®.

Sake D Sake E

Reducing sugar as ~

glucose (mM) 130 865
Amino compounds

as ~NH, (mN) 29.8 14.7
Acidity (mN) 21.9 17.3
Ethanol M) 3.54 3.71
pH 4.22 4,08
Specifiic gravity

(15°/15°) 0.9967 1.0143

Sake D was produced by the normal process of
the Sake brewing; Sake E was produced by the
modified process, “Sanbai-zojo”, including supple-
mentation of two parts of a synthetic Sake per
one part of mash at the final stage of the brewing.

i LERRGHEERE OGS THEI N R lE

2HEE U-ERERTH ZO. REHIOLShd 60°C, 04RO MMEDODL, 2B L, 0°C IKRELTERIC

s,

Zh SEBEREIOMEL & Hik%E Table 1 & Table 2 /RL 7.

4 fEMER D Mcllvaine SHERKICT F UL 7Y ¥ VAR U FoKBRER V7.

BRI 50 mm S, 430 mp OWHEED THOb LA, EFVROKRTH,

UEBAV SR T3S,

ZDEMe, EFNMBERELT,

—8 10 mm /& THRIE

iy svayy (3-D-G) oERiR, ChEITEIO LR 4-Y=trT7I=vE F7/VICHs,
XOBMET LI FDOIZah S5 A (6X13mm) 2HNT /o< v 5 7INCHEELIcDL, =&/ —-iE
BxFr 3.7 KXBENHKEERATZHEY TN > .
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K= VRBEMNUT, LEVBEIBRCSS CEBEIONSD.

BEICLIBMEHOE(LL Fig 1 BEFRBEIKC X IREEBOE(LERT OT, BEWIERE KR
RiCh2Lhbhd. T, COREEHBNEMOOEELZCED S, BEN—ETH, BEOHETEE
LICREREHMMLTNEZEbbh 3. BEMPKR—EORKINNS D, BEEEIIHBH/NSON, K
BMEI N T—EORKEEITE S E, #RIFIC
B ZORKEE CTEHBRNITRERETTILIIC
Bbhs.

DX RBE & B RO KA
BT 213, —EORZEEE (P L TR L. 6)
KR ICHBEFGHE T OXREELSD
MHOL bEYEBELNIOT, Ltk MK
1T #\EHEERC LTS,

Fig.2 i3, Fig.1 OREEHEH S, HHANS
REXEEZBOTRD - BEH O K%, BEIIC
LT oy bLEHDT, 30~100°C DT,
BEOWCRREGUEBNREZONTNS. Lhd,
ZOEROARIR, BOREXERETTEL, &
BEOBMENE - T O T LA —EOEE D& o esB;‘f"’:‘tﬁ"rfge‘“” Sake A at various tempera-
7.Rb"Cb‘5. VC‘.-OJE%&‘&, ¢ ORBDRERAL, Temperatures of storage 1: 30°C, 2: 42°C, 3:
I EBREDRIGEREE: —EDRETELIES 50°C, 4: 60°C.

YT, RIEOBRAKCABNLRE,NEEZLSb0D
TREVWZEERTHOLEBDNIS. Tidbb,

Optical extinction (430mu,50 mm)

o . 10 20 30 40 50
Time of storage (day)

HBEORESIODOBREREH, RIGDOLBRITH
7coT, LrbEEOHEMICBARIL—ETHS
EWVITENTES. GR»SRMON 2 REHR br
¥ Qu fHiZ 2.8~3 OWMAILHZ. LIcdt-T,
KBICRIBZREL O 4° ROBRENE{LLK ol
BAEOREY /T 3, bLORER VT, Tt
WU TUROBERICS 5. S
1/ T=(111)4-(1/Te) -reeeveeres (1) ;_:; !

PH LKL OMEMOE( Fig.3 ITRT LS ok
i, BREN—ETS pH BE(LTE L, HEOR
i3, BEORALRAMICELTS. 100°C O 3 l . ‘ )
VEEETRD/:%E D, E oREHOMHE 20 40 - 60 80 100
pH L REMBEALRL, HEOEBICHRALL Temperature of storage (°C)
RLAEEZS5I TS, Lich-T, pH b1, Fig. 2. Temperature dependence of browning in
HE LR, RIBEEEEASEEKETT, K Sakes®®. '
BRAICABRNNEESFRA 5 OTRIEVEE The time of storage, Tt (day), required to
AShE. COUEDHN D, XMOB5 pH b o e B e & oy
5 4pH @ pH Z{thsdk - BEOREY I/ T Fig. 1, and the reciprocal of the time, 1/ 7.
i3, Lo pH KB 2WEH: 1/Te 220D was used as a rate index of browning.
BRICHA ENZ B, 1: Tu.a(Sake A), 2: To.s(Sake A), 3: To.s(Sake

: A), 4: Tos(Sake D), 5: To.s(Sake E), 6: To.s

1/ T_._ (1.55)4vH. (1/ Tg) woreveee (2) (Sake E).
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~ Fig. 3. pH dependence of browing in Sakes
g 09t at 100°C9.
ot To.s means the reaction time required
g o8t to obtain optical extinction of 0.5 Tous
- (day). Sake was adjusted at various pH
values with hydrochloric acid or sodium
07t hydroxide and kept at 100°C.
1: Sake E, 2: Sake D.
06 2 ' L . .
30 35 40 45 50
pH

REICLIHARD 3-D-G OWK HESBETIRIRITES 4 - & bBELMAK EOE(LIR, 3-D-
G OLEREWTH L. Fig 4 KBEHEINB3X51C, 3-D-G 37/ VUl 1 HFBRKERMTHS. ThdEd
iKdS 2HFRAIhIIN FaZdsvLFrorz v (HMF) 3. -

H H H OHH H HHHH H o= 0

| -H.0 | | | | | —2H:0

HC—(I:—C—-(IZ——(I)—C=O —= H?-—c—cl:—c‘—(ﬁ——c=o ==

Subudaht o bubudan & H =C<CH20H
Glucose 3-Deoxyglucosone ' Hydroxymethylfurfural

Fig. 4. Simplified scheme for dehydration reaction of glucose.

HEOBEILHBNT, o 3-D-G iX Fig. 5
KART KO REATHMT 5. IBRESELT
5L, BEELRRIC, 3-D-G £ROFELK
£ {&ET 3. LoL, 3-D-G i REE
®ERD, THOOUMBRESZ 3. TDL, —
EERETI}, 3-D-G REOHRIEEIIIREDY
WICHEAT, ThBRBCHEINTEIGES
%, BPICR—EORFMEICE LU TERRBIC
A3, CORFMERRBEICL - TESLRIZZN, ;
% 1.5mM OKIICH 3. 0 10 20 . 30 40 50

3D-G HEOCOLS B, BERICED Time of storage (day)

3 3-D-G REOENE>ED LS CELBCE Fig. 5. Accumulation of 3-D-G in Sake A at‘ ‘

” ) various temperatures of storage®).
K&-THEETAS. TIbL, REOHIKRICE The 3-D-G ulated in the sample was

n
(@]

o
:

o
o

3-D-G concentration (mM)
o

Q

23 1 !

WT, 3-D-G @Eﬁﬁ%i’c‘i% 7 FuBORBL, determined colorimetrically after derivation to
BRURBRTH S WBEORRICIIE bk its ;bis-2, 4-dinitrophenylhydrazone and chro-
T(LMIZNDT, BEDLBALELT, 7Fy maul)grafhic sefparation of the hydrazone on a

- ' ' ' _ small column of the acid treated alumina (6x
W50 3-D-G ERRYIRRBELY, —& 13mm). Temperatnres for the browning
HPE V (mp/day) THTTE. —F, ERLE reaction; 1: 30°C, 2: 42°C, 3: 50°C, 4: 62°C.

3-DG i3, 3-D-G #g C (mM) iICB@LT1&K
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DORGRET BlERSERIEL, BEL, HRBREINS., ULid-T, BRiEh3 3-D-G 408 dC/d:
(mM/day) 23)RXOBIETH oHINS.

AC/dL= V—KC  ceoeereressesmsiemssssinit sttt (3)

EZHD 3-D-G £EE V i3 3-D-G thirOPLEBICEN L, 3-D-G BENRAMRE Cn iITELIE S,
V/Cm Dl 3-D-G BEMROEEERICHELLLZ. coLE dC/dt s iz, 3-D-G i
EERBICAZDITHS. LT, 20 V HZZ0T IREICKS 7 FUMEHROEEL LS. Fig. 5
Rl k5% 3-D-G thioFEEs» SRMON S VIfIZ 30°C TH 0.007 mM/day T400H I Ti32. 8 mM
D7 FoBERICHENTS. Cofiid Table1 iZ/RL7- 40081 30°C THE LcB&0B OB R 3~
5mM & Ii2iZ—FKT 3. THDL, HEMRET IEROBTHEONERIZ, ToXKEMH 3-D-G BHTITOH
B3 LEERTHDOLEBEDNS.

3-D-G RELMEER Fig. 1 ICRUCREEE EOSBRETUSERERD S &, chs Fig. 5 T
BRXN 3 3-D-G REICHELT, BEOETLESIKENTELIKHEL3. L, TOUREREERE
T3 3-D-GREINWLTS ey bT5E, Fig. 6 KRTXSIC, EREFANBONDY, COERRRAIE

z 010 Fig. 6. Dependence of brown-
A ing rate on 3-D-G concent-
% 008 ration in Sakes kept at 62
5 °C».
2 006 The rate of browning
o (increment of optical ex-
o tinction/day) of Sake A was
2 oo4at calculated from the tangent
g slope on the browning curve
2 in Fig. 1 and plotted versus
002 the corresponding 3-D-G
concentration indicated in
o , ‘ ) _ Fig. 5. The same treatment
0 02 04 06 08 10 12 14 16 was carried out with Sake

C. 1: Sake A, 2: Sake C.
3-D-G concentration (mM)

(for curve2)
g (for curve |)

Q
(o))

O
AN
»

03 12r

02 08}

Optical extinction {(430mu, 10 mm)

0.1 04}

o 0

0 i 2 3 4 5 (for curve |)

(0] 6 - 12 18 Ty 24 30{for curve 2)
Time of reaction (hr)

Fig. 7. Browning in glucose-glycine system at 100°C®. .

In the Mcllvaine buffer solution, 0.5M glucose and 0.2M glycme were heated at 100°C.
1: pH 69, 2: pH 39.
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EOI. COFEER, 3-D-G RENKEeTH, BBCREESIBEOREEND S CEERTHOLED
ha. :
—%, Fig 7T R FOME S Y o U h O3 EFNVROBREEMRTH 54, T3, HBEELRLD, FHY
Bt b THMTH 5. Fig. 8 RThicisd s 3-D-G Hi#RTH 5. Fig. 7 OUIERE%L Fig. 8 » oKD
3T 5 3-D-G MERHVLTT oy bF3E, CAXIR Fig 9 IGRTES K, RZEAEEIEREYS
3. Tixbb, COEFARTIX, BEEEIZ 3-D-G MELFICEKEL TV LTS,

k51, WEELEFVRETD, 3-D-G BMEICIWT I REEEOEEHOHRED >, HEICET 28
ZiTiz, EFAVRIHSNB L5 3-D-G KKETIREDOIEINIK, 3-D-G OBMALLVRELH LR

Bia&Th T3 bDEEL SN2,
1.0 - 1.Or
5 < :
€ 8 '
. 08 B 08f o
<] Lo
8 £
g ~ 3
§ 06r 3506
Q 04} 2204
o o3
0 a8
& a
o2t €02
8
m
04 . 1 o)

0 | 2 3 4 (for curve |) O 02 04 06 08 I0

0 6 12 18 24 (for curve2) 3-D-G concentration (mM)
) on (h
Tlme of reaction (hr) Fig. 9. Dependence of Browing rate on 3-D-G
Fig. 8. Accumulation of 3-D-G in glucose-glycine * concentration in glucose-glycine system at
system at 100°C¥, 100°C.

Gl lyci ~ imilar to that The rate of browing was calculated from
ucose glycine system was simi o tha the tangent slope on the browing curve in

“shown in Fig. 7, 1: pH 69, 2: pH 3. Fig. 7 and plotted versus the corresponding
3-D-G concentration in Fig. 8. The treat-

ment was the same as in Fig. 6. 1: pH 6.9,
2: pH 3.9.

THROWREICL SB/EUOT(E HBEORKHIZ, BHEP pH TR, BEEZOMKRICX > THME
VAT B, BECT FUBLRNT 2L, TOREHRZESHIMMT 3. Fig. 10 i3, #®E D, E 7/ Fy
WERML, €0 100°C KB} 2 WEHERD, 7 FOBRMRICHLT ey FLESDTHS. HE
ORIICE#BFRMS LN 3.

Fig. 10 £B\T, COE@EREBY 0T ML THM LICRIWZAD T Follky 5, B #iEIC
ERETh T FoMBERET 2L, BOBD 1LIM BXU 1LIM &435. LhL, SFicks Bl
WRIZBDOBD 0.13 BXU 0.3 TH-T, HEMDO B BIU Y TLIEL., ZOZ &I, HEOREIC
BT, TFYRBOBRET3, Lck-T 3-D-G 2BHTIWERBIR, LLAZ0—8THD, 7 FUED
3-D-G iZBIRDII, ENLAD MBERAIC L I2VERES LRV RBEAINTVICLERTHOLER
ha. chidgr, Fig 6, 9 KB 2REEED 3-D-G ERHKOVTORYDO SOFRE—KT 3.

L7 5T, Fig. 10 KB THME, RRCERCEET L7 FoRRETERZ CEIRX T, HEOR
BHE T FORBCEKEFET 282 L, 7 FoBCRRRL, EhlAOMBERS ITERET 3 RELOBDY & ZHT
ohs. Tiibb, il D, E OREM 1/ Tes (day?) ZEhehld), 6RO LSS FoMRE GM) o

1XBAKE LTHoDbEN S,
1/ To.s(D) =0.3940.42G  «ceecreesenrernnttunitnetiiiiinitieiitiitiettaaeiuiinenan, eeee{d)
1/ To.s(E) =0.404-0.25G  «-eoeveevveeernenensiniiiiiitiiniiiimiitiiein | (5)
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4), BIRDGILZDEED T I ¥ Loy

FiEEANS L, GEESUEDMEIZ, * -

@ D, E k2T ENREh 0. 054, 0,091 30_8

L115. ThidREHRLERD 12 BXU g

19% YT 5. Tubb, ZoORED © 06

REHEDI B, 7 FoloBST 28E E’/

#i3 12~19% BETH-T, B D 88 A

~B1%12, THERMIE, 7K oMLl T

ADBREIHNC L ZWERTH B LV e o

5. P e

73 JMREIC & SAREOR(E %o a5 a0 @5 o o5 1o

HEET I/ BEBRMTIE, TP
DEA LRI, TORERI MM 3.
Fig. 11 2, 7"V > v 2BmMUMBED
WMESEE, BM7Y v v RZINLTS
oy bLARETHS. TOBEICH,

7 FoRE Rk, REHERNERE
REBRERT. 7T/ BOAELEELS
&, Fig. 12 0 X351, CoBEKROER
BERL, T/ LABHOEEICKST,
ZDMDORBER—ETS, BEHIMNNDE
LAULKEMNMTE EMbhB. Lichs
->T, FKTHEORBERDOT 3/ td
YDOREC VT 2HEE, COXHN
HEICHT IHRMEREGHSRME T
LIXHMETH 5. ‘

-k, T¥oE—7) v roeF TR
KBWNT, 7 FuREREIZ0. 312M ic—
EEL, 7Yy VRERGEELTRE
1/ Tos %KD, Th%7Y "/Vuﬁ
KL T Say +95&, Fig. 13 i€
RIS, REHL ) vV REDHM
KEMRBANERINS, LA-T,
ZoREER, RoLS5K, 7YYV
MEA'M) BT 5 1REBELTH
S5hIh s,

1/ Tos=0.037+1.16A’

6} NhDE0.037 13, 7'V & VY REY
oD xOREY, TLbL, FFUH
HMEBOREHERIMTHS. CcOT ¥
UBBMOREIRZ—BDH 5 2 MU G
EEZONBN, TFUBMOBRS TR
EDIBTI, ZOh T VEHSEE
TERVREIZHLTVEZ EMbd

Glucose supplemented (M)

Fig. 10. Dependence of browning rate in Sakes on glucose
concentration at 100°C®,

Sake samples, containing various amount of glucose
were heated at 100°C. The reciprocal of the reaction
time, Tu.s or Ti., calculated from the browning curve
~was used as a rate index of browning. The rate index
‘was plotted versus the amount of glucose supplemented
in the browning system. 1: 1/Tos (Sake D), 2: 1/
Tn.o(Sake D), 3: l/To.s(Sake E), 4: l/Tx.o(Sake E)

Rate index (1/T)

-04 -03 -02 -0Oi (o] (o] 02 03 04.
: Glycine supplemented (M)

Fig. 11. Dependence of browning rate ‘in Sakes on glycine
supplemented at 100°C®.
The treatment was carried out as indicated in Fig.
10, but glycine was supplemented instead of glucose.
1: 1/Tos (Sake D), 2: 1/Ti.o (Sake D), 3: 1/Tos
(Sake E), 4: l/Tx.o (Sake E).
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o -E 0.06}
Q@
(=]
. 004
7 i 002
////,’/”’
277 ¢

03 -02 -0l 0 ol
Amino acid supplemented (M)
Fig. 12. Dependence of browning rate in Sake

on lysine and serine supplemented at 100
°C.

The treatment was carried out as in-

dicated in Fig. 10, but lysine or serine was -

added instead of glucose.
1: 1/Tos (Sake D. lysine), 2: 1/Tr.e
(Sake D, lysine), 3: 1/Tos (Sake E,

0 O.‘Ol 0.62 003 004 005

Glycine concentration (M)

Fig. 13. Dependence of browning rate of glu-

cose on glycine in buffer solution with pH
4.0 at 100°C®»,

Various amount of glycine was added to
a 0312M glucose-Mcllvaine buffer system
adjusted to pH 4.0 and the mixture was
heated at 100°C.

serine), 4: 1/Ti.0 (Sake E, serine).

3. Lo T, (4), BIRICENT, 7 FolikEdoBEEOARE &£ R b'tb‘%G’ifAUJE@{a’Fﬁl Ei
KmmﬁwxonT /L EHRECRLTO 1 REBMOMEL DT LIS,

PH 4.0, 100°C iTHi} % 0.312M 7 FoREBMOMEY 0.037 i3, ThEBEED 7 vl T hick
HL, 351 QROBEFEEBOTHED © pH 4.22 KEY A EIKEBET 2L, (1.55)%22x(0.037/0.312) =
0.130 £75Y, F-HBEEIC2WTIE, (1.55)°°x (0.037/0.3112)=0.128 L7853, 2D 7 FoEBMOBER
DfEi&, Table 2 ICRLIHEERDOT I/ (LAYAIMTMELR NI L E ST, 7 FoicikET 28582

TI/{tAHRE AM) O1REBTH oD LILBAD, AZAUVHEDORBEEHETETENTES. 0K
£, 4), 6FRRGIKMITAOKEEELT, (1), BROL>cHWHZ Sh3.

1/ TM(D) =0.39+(0.13+9.7 A)G ......................................................... (7)

1/ To.s(E) =0.40+4 (0.123+8.854)G  +e+rrereerersserseniminniintinniiniiininn s (8)

Table 2 ICRLT A, G DEEBOBOHYTS
(7), BRICRATZZ LIk -T, LBD3WEDR
BRI, Thbb, )73/ -h—F=n, RQHTA

Table 3. Contribution of various type of reac-
tions to browning in Sakes at 100°C.©

WALRIE, #XUE17 1o B OMBERS T & 318 Rate index
EFBDOEDBON, £EkL LTORBBOREICE (day)
-c,%ifw'cwajc_% SERMBCLMTEB, Table Sk D | Sk E
3, TDORMAERLIY, Thrd, BEOEHER -

BLBBIOT ¥R DRERS I & s Mg THy,  Overall browning 0. 44 0.49
T/ - A—R=NEEST FOMBIMON 5 4 gy, Amimocarbony] 0.038 | 0.047
Ftik, KBNS B2 EHDTHB T FINT Caramelization 0. 017 0.045
E DB ‘Bn5. Other browing 0.39 0. 40
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KEOBETHEICRROH SEEFORENE LIEOZEELD, BEHEOBERMEDLLES, T/ - H
— RV, 285 2 MERUE, (37 FUBLAOEBERS DBRERIGD 3 BEORKIHNE & » THEI LT
T, MVERIORBIET FORBREICK > TEEEZY, LNOIKIIESICT I/ bLAVBEDOESEZ T 305,
BoFEEE, choDRAPICIIELEBRERTHS 8Os, COXIBEIRR, Ioiceke LT, BEL
pH DZALITIE U T MBIRIC & OSUSHMZA T 5 C L 1T 5. BEOREED C 0 X > il % &b ie
DY TH 5.

1/T=(111)46(1L.55)4PE . {h+ (£ +JA)G} +ereverereeeeriiimiiiiiiiiiin s (9)

CTIT i BRIDT KD T A MUTIIC X 5 BEMARTET, 100C, pH 4.22 OEESEETE, (IRIC
TRUFEDIZ 0.13 D% ES. jiRUDOT I/ - A—B=VEBCBNTHEEROT 3/ {tAHhB5T 212
EAZRTMET, (AT 9.7, 8)KTIid 8.85 THas. LhrL, QXD 8.85 DEIZCNAEFEED @ pH 4.22
KB HIEICHIET 2L 9.4 LR DBFZEMLIEELE S, BEERDO7 I/ {LAYOMKICIIR X TERITN
WEEZ LN, T J ZAVHEDEBERCIOLTED 2EAR/NIVOT, BESLU pH B—EThh
W, JOBREREBEZLTEIZLLN. 2T T, 100C, pH 4.22 B2 jOlE% 9.6 SREAC&iCL-.
WMRBID 7 F U FELIADEHRS OMEMEIRT h QERXTNEBC LIRS EL NI T LTINS, LT,
100C, pH 4.22 23 EOHO—DDORERIEL T2 L, BHEOBEHRIORO XS iC, HHMIc—RILI N
5. .
1/ Tos=(1.11)4¢- (1.55)4PE . {h+ (0.13+9.6A)G <+eervrvvermciniiiiiiiniineniannnnns, 10

T FOBEBE, 7TI/{APMEBERLIY pH BHEINTNE 5 2EHE, #l2id 1000C TREIY, 70
B/EM (1/Tws) Z2RAUTE, N SOEAWRITRATECLEICE ST, ZOBBEIKONTDER - OEH

Table 4. Increment in rate index of browning of Sake expected from equation (10)
and change under browing conditions®.

Change under browning condition };eiirgzngfiréir(;avx;eiﬁtgexpected in rate
4t: +5°C 68
4pH: +0.5 pH units 22
4G: +0.1M (Sake D) 9.5
o (Sake E) 5.1
4A: +001 N (Sake D) 2.9
” (Sake E) - 1.5

The capacity of browning of Sake was evaluated by the use of a rate index, 1/To.s. To.s
means the reaction time (day) required to obtain an optical extinction at 430 mg with 50 mm
light path. The rate index of Sake was generally expressed in equation (10) as a function of
glucose, G (M), and amino compounds, A (N), and of deviations.of temperature and pH value
from standard condition. Just for convenience of calculation, 100°C and pH 4.22 were employed as
standard conditions. In this equation, the constant 2 expressed the contribution of the browning
reaction which was caused by other components than glucose and it was the only value which had
to be determined by an experiment in each sample of Sake, though it gave a constant value of
approximately 0.4 in all the samples employed.

1/ Tos=(1.11)4¢(1.55) 4P {h + (0.134+96A)G}  ceveerneniiiiiiannin, (10)

Thus, when one of the browning conditions such as temperature, pH and concentrations of glu-
cose and amino compounds shifts 4¢°C, 4pH, 4G (M) or 4A (N) from a standard condition, the
percent increment in the rate index 4(1/7’), from the value in the standard condition, 1/ 7%,
is generally calculated by the use of both indices evaluated before and after the shift of the
condition according to the following equation.

41/ T)=100(Ts—T)/T
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BEIhd., THOLThOEMEEINS &, AERIORNOBEFKERNT, TOBEBEICOVTIE, BEPpH IC
DV TOEBDOKBLHFICEI 2B/EMNE, RRCRABICENTEL LIS, F7, FREOMKRY, £Q
{EW%E BAT ARICE C ZHRELD BEMICWTZ2EES, BAKICLT, BRBKABRLIIENTES.
Table 4 iz, fFE&HEBICHEKROENICKLS, FHHEHOBEMHOEIC/ 0T ERED OFERL I

5 L}

DEOZEEN CHOM IR ESIC, BHHEOBERBM T, ALEBT I/ - A—FK—EIN2)H T £ ik
Bs, )7 FoElIAOEEKS OBRERGD SBHEOR B THRINTVS. 2055 7T, MERQOREBIIA
SHLTH 20% LITTH B, BORIGIIBESED 80% LI LA EDTNT, BEOFEKEL TS, L
MBoT, BHEOBELBNT, T3/ - I—F=VEIE (35044 T~ PG BEDTOIEEEF, 8k
BEREEZZ DN TR EICRRELBNENDI TEMNTES. Ll, BORBICONTIE, Thds7 Fokk
DECBESLTHENENI TSR, ZORBRERIET, ChPBE—RAICLEb0h, 550EE
HOHSDOBEET2d0h bbb > T,

L7chs-T, ZOBDRIGEBRKE DBEBEICONTE, BIRTRIZEAEEBROFENHL DAL, FIBHE
PHERWEN — R=VOEREETD AT, (UBXUR)D 3-D-G Bl 7 FoREMNERICEET 3G, BE
BRICWT 2HFERARE 0, KRE LT, BEFERBERICH 2 AEESE - TV 5. BOAARM

DEURE & BT, 1) BXTR)DRGEOBR E DBRICONT, SBROBRNIBLETH 5.

X

1) [, KE:B(L, 39, 457 (1965).
2) [, HH, #K, $BOF: B4, 39, 415 (1965).

LS

3) [, FRF40EFERBILASHEEN.
4 b, A, EHE RER.

(HH43. 2. 5 Z4})

"B T &

W& ¥ (RfmENe)
BROBEIEBICT IV EOBEEdE .5/ 1
VVYRIEE LTZEDREE® mechanism {3578 D E S
BRINTVE. F73bb, BERGOPEARY S
LT, 3-D-G, K OERIZONTR, BET I/ HD
[l THRk 3 5. schiffbase Amadori rearrangement %
T, glucose 25, WERMERME UTHERT S
TEBRONTHD, BHEOREL—BROERFICR
SNB DX D NIEMERER N EREL factor &
UTHEHET B E0—EOBR TR - 1o —hiE
BICRHOHICRROEABEL SN, ZDXD
RREERSSREEOETOE(ICEE5 T2 &%
o4, \EICKHLTS, YREBOKEHOEIIC
B533LEA 00, BECHLTS, YREASHLD
BREB - TEIDTREOIES D H.
&

A S AV YRIGOBREE, FXEATULHMETIER
HDEEA. 3-D-G R FuBERMORE, 2%V
N7 AMEOBBETOERLET. Lics>T, vV

7HEE—T < FYEMEHAD 3-D-G £ROIEIHIC,
D Ed, FTFoBOBEENKKICES 3-D-G £k
LEBTEIRA. ISCHBEOBRAICIE, 7y
1ITi34 BRI, Lbd, BANTARSKHELE
BRI, WESED D bTHIZDILEIEHD T
¥9. ROERIR, COXIBARE L OHEBEOBE
A, BRMEED O, R XCHERHOEER
SGOBEOBERKELTERALLIELLBDTHLE
R
KEXITH O 12 3KHI60°C3053 D K ANVILER 2 1T78 -
1EBETT. ChEI TR, BROABMREFLTY
BLEABHTLERTETHA. LxL,30~100
CORBERHE TR D/ ERERIT, REICH L CH
BT, REESRED ONERA. Licdi->THEE
t, BEoBEERLWEEI T LI
SE B (KEEH
WEROBHEIIENTT D, KABTLEI D, K
ABETHNIE, FERNEEZLTROTLL Db,
3-D-G BiEMRTRETE T T,
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HEHE OB Z 593

R

FEEBIZ DO TIRATE B L TY.

3-D-G REHRTHRETE T A, 3-D-G DR
I, EIERIZE SRR EOMBEMTEbN 21T L
T,

FHRFEE CEFMBERERIS)

BEOER, $2OIRBEDOERE LT glucose ®
B, glucose &7 I /B, Fe, ferrichrome {24013
2T, BERDOAEY, BLELBEMNOR/NSTHICH
BOEETZTREROLERS M2
i)

MRMERIZ DO TRATEFE LT,

BALETEOLR, RNICH 281 - Bt BEOE -

EBITE - TRI IBAINERT, EELOIZ, B
BBMNTIRET, CULABNOERICE 29ED
HEELETHEEEZONTT. BREHELTHE
HADT, BEEFRIES S5 EIDIROVTIIRE
TaEHA. 12, FEBEOERIZ, BHEOBEIC
BRBERTH S C L 2ERIVCHED T T

AR (RREREEE)

T3/ —¥E, BERGRBEERIGD total sum &
LTRBEEN b0 TH S, CoOhBEREO first
step TH:RRT 3 schiffbase (ZBcst LT &bhHH TR
RETHHLELEBRBIMONTHEETHS. b
BIERICA 2 FEERBER G E 100C SoERICE
BRI EES A—RECEL bDELTHT S E
DORYMITEERDH 3.

i

BRES L7z 30~100°C DiREERIFH T3, SEBELIANCIZ,
WAREMBRIC S, 3-D-G HifgiIC & KREHILE(LIZR
HONFHA, THEEUORERTE oy b
BICEHRELD, Ldrdhi—E0AEE5% 2%
EiL, ZOBRERIED total sum THO LS, 73
BEKE LT EDRERRICERESh TS L%
NTHDEBRbhET, bL7ichi-TEEHICE LTI,
BEREELUCEEXGCBARZTIRTFEELTES
AR ERNET,
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