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Studies on the browning of foodstuffs

@

The role of L-tryptophan as coloring factor

. By

YaTaro OBAaTA and SADAO SAKAMURA
(Department of Agricultural Chemistry, Faculty of Agriculture,
Hokkaido University)

SR N B LB LT B3
REH P HEREINT VS, ZicEI-J2E-
BHEBOML 7 = 7~ VRIE SIS Lo
TR S L DG (HESkaEss) &, SR/ AR

B2 MBRR, U7 S W ROEARE

BB LT 2 F 2 U445, M4 oM nHuE 2
NTWB, RO NEMIhO FBEBIR A Z O
e EN D Trimethylamine & jhllgo R X %
ZEEWbLMIC Lehd, 4E7 3 e L-
Tryptophan B3l & J617 L TR & M5+ 20
BB BFEHBT LR SO TN T TH
zEEWET 5,

T R LB RN S LT s T &0
B MAILLARD® O F5 L 2 AT, HEaMT
Melanoidin® Efr#AL7%, &% L-Mecthionine,
L-Tryptophan o4 & 8535 L 0T 3 7 FebsH
FEMA N D LAROBEE LIS Fs e
B RS (Streptococcus faecalis R.) (CEENTWI S
M ahye, WOTEMOMBEET h 5 MEc
I IEFHERLOK T D & I b FEFRMUH O T
BT B L 0T, WHOMIIC X BBkt
WEREREHT5, K2 REE - EihGoin
WRE R B8, BT 3 VMR SsSEL LT
AR F S U Zet L-Tryptophan M50 4
TSR R LRt S 46 B R

LTd sy 7L, [@#c Tryptophan &5 %

KT %, BB L G mEZgio 2
LRYT IATAa~ AL OoTHEB IRV,

fEL Tryptophan % & & i \WECHE+ & WY
CERE IOt s, I Tryptophan & 7 4 5
b PRI IREEE T Humus®™® BB 5435, %
Z S I 3o TR Y Bk (i (T B
T EEDR, Wik o D-Glucose (27 4 5
b F LK 7509 545 Sucrose 1R L#E<,

Formaldehyde T %" S\ ATHR I Ckis i & 5 Ak

L, 2Zi8neo 3-4-5-6+tetrahydro-4-carboline-5-
carboxylic acid ¢ —F L 72,
E®Ro#
I BBREECRIDITI I B
R ORI

BHIERR i v 7etiii: EHRLICH s medium
i 1, D-Glucose 50g, MgSO, 1g, K;HPO, 25 ¢,
K 1L oBTzhZhoT 2 7 0.1~0.5%
OWHO—CRETML7e, FERIIMRTEL <
PRV, Bk b (1000C 304y, 3H
) & 25°C, "15 B AR L Zeo 76 CLBEIZ AT EME
L 7eifif3gas - SERFHI R B v T e R e
ATV, WAAREEE O b ©1X 88, PULFRICH's photo-
meter % JWBIKOIRKA TS % S filter T
AR I (Extinction Coefficient (E)) TF b L7,
RO 7 (13 H R AR O E . Al i
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IR BB L, 25°C 15 HIFEE L 2ahit
{X Table 1 o ¢d» 5,

i+, L-Lysine, L-Histidine &o Hexone Base
SIMBC X VS RS B G L, 019% BT
Glycine 750 Lz,
L BEREOHIANIC X ) FE OB LR\, B
Tryptophan BT 3~4 H F_llﬁﬁ) 5 Flocculatlon

BLUENL ZOMBCHEME LERTS00
ﬁ, l‘oﬂ?‘co B L 2B EEHE Ti% Tryptophan 2
BERHIINT Hicof, FEBEOHIMBR B LK,
—7 L-Asparagine 0 & {8z 8oL T 5%
BEFECERL Ui, Fece —~ P A R
LV HBOERSRTS Z 2 LBBHBNDT,
Species DI L 2 Tryptophan LD TS E 2
Betpet Lok Fig 1icim+md T, kok>

Table 1.

Tryptophan D/HI VWil -

A - LSRR BTT .

ik & Ex%éﬁﬁaﬁ

ZEPLC o TE iR E Nk,
S.125 (Saccharomyces cerevisiae)
' 8. 132 (Fleishman’s veast)
S. 108 (Torula rosea Harden)
S. 93 (Mycoderma cerevisiae Harden)
S. 69 (Saccharomyces ellipsoidies)
K. 3
S. 136

Soy yeast)
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B B L e O kR T 3 7
—7% Glycine & D-
Glucose & O B iTiE Melanoidin (X247 L

" 7%\, Tryptophan % 5 AE{LBHICIEEL 2 0L 58

P& LTIZ R Urochromogen DT
& BHHtmES
MH Y, BRI S L T 2B EGOMR
ERTHEELTII b0 LB BN D, EOHK
{% L-Asparagine ML+ & normal type /R

Peroxidase (Lactoperoxidase)

Correlation of Browhing with Various Amino acids by
the Sterilization and by the Culture of Yeasts

| Concentration of Color after
Amino acid the ammo acid sctglr(i’fizifttice)fx culture of yeast Color of yeast
) &
Soy-yeast K.3

Tryptophan -~ - 0.1 + v 10 0a3 <t
Tyrosine S © 0.1 - 0.02 -
Leucine ; 0.1 - , 0.02 -
Cystine v : 0.1 - 0.02 : : -
Methionine ol | - S 002 : -
Tryptophan ' 0.5 ! + ! 0.25 H
Tryptophan plus 05 ' ’

Tyrosine “respectively [ 0.24 ’ LI
Glycine’ 0.5 + o 0.08 -

‘Beer-yeast  S. 125
' ;Phenylialanine ‘ 0.1 — -~ 006 -

Arginine o ol - " 006 -
Histidine T ‘ 0.1 | + ol -
Lysine : 0.1 + 0.11 -
Asparagine : 0.1 - . 0.08 -
Tfypbophan Plus 0.1

Asparagine respectlvel y + 0.14 *
Tryptophan 0.1 : 0.39 #Hr
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Color Formation in the Medium Containing

L-Tryptophan by Yeast Cultur
®~-®--® no cultivated medium

Asparagine media

>

o
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11 hegilc & B Tryptophan & 7 L5
b P, RUNBETHEE oBBE

Table 1 %> & Tryptophan S A7 EEHME RREINTE

W nibhieoT, 7A5 e FlL o
i ‘7' B & O T NE 3\~ T OB i 7 Table

Rz,

Sucrose Rl < o PRI ITIZ NG REa L,
Formaldehyde TIZMTRERG, (B2
L7z,

A% 3 p-dimethylaminobenzaldehyde 5 ) -
4, Ninhydrin FEEEE &%L,@wﬂw~%&c

AR, 225°C B 2R e, ST ORISR oo Hok

Mz e,

Fig. 2

Table 2. Influence of " Aldehyde Groups on a Color Formation
by Heating at 100°C for 2 Hours.
RCHO Amino acid |
Compound Concentration ; Compound Concentration ; Color
- : (%) L)) | - -
Glucose 5 ‘ L~Tryptophan 0.05 -+ Soluble in amylalcohol
Fructose ' 5 2 0.05 +
Sucroge 5 5 0.05 -
Furfural | about 1 | » 005 #  Melanin-like precipitation
Acetaldehyae ’ 7 s 0.05 R
Formaldehyde ' 55 0.05 4+ Floceulent erystal®
Glucose “ 5 ? - - —
" ‘ 5 | L-Asparagine M/4 +t " Insoluble Amylalcohol
, ; 5 " Glyeine M/4 i .
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Analysis )
Found C 58.37%, H 6.16%
Cal. for CysHizONy-2H,0™
C 57.14%, H 6.35%
SIC T 2 ORI E T b A~k 2
B L7z, Rt Tryptophan 0.4 g % 200 cc ZEI K
MR L, W7 + v~ Y 2R OBIE TR
mL, FRLT-HERCKE L 7.

1. Tryptophan soln. 25cc+ HCHO 1.5cc+ 7K 25¢e
2. ” b0cc+. »  3.0cc
3 7 100cc+ ~»  6.0cc
4 ” 25cc+ # Lbec

AL 7o B IR Fh e 188 - KPE - T~
N PR BRRR - MEKREEO Fic
CF o ey~ TR LT, MR 0.39g 248
Teo ZIEFEIEEAEOR LA B, Wmo
3:4-5-6-tetrahydro-4-carboline-5-carboxylic acid ¢
@5caawb,ﬁDRWKi01£&Ta%@
TdH 5D,

B8N e =

furfural X @%n e (-] &YJ;W-}L!E & *ﬁ‘.ﬁ_‘, =¥ ¢ 5,

BB

Tryptophan AU R TR OB 6L
HREPEL, Tryptophan DRI X 25
A T B ™ T 2750 3RR L 7.

1) L-Tryptophan {3 EHRLICH’s medium |T 3%
e L7cW Humus BRIV CRED(VERNO) 1)
L, Stadir 7 sy ra -

PTARE
,, 515 T Glycine & Glucose 5 sk
v T MBGECE L IXRED,

7 2) Tryptophan O JIZAFH

CHLUETR - 7 05 e PO BEHLE0 T
%P5, Sucrose DILETRIEA EFHO LR W,
3) Tryptophan X Formaldehyde &JL:Af1
T, M - FROMNLOBA Y 8:4:5-6-tetrahydro-
4-carboline-5-carboxylic acid ¥ 4: > %, ' Aceto‘aide-
hyde & 1Xi#c X o C A4 3-methyl-3-4-5-6-tetra-
hydro-4-carboline—5—carboxylic acid ©— 3 5ME
®, 2o XEILEAE WS

C% . , 7§>kt L?cq
H:COOH HCOO0H : AT o T R E E
. /[/HL * HCHO_% ' " + HLO Bt ( (b BRI 2
i B9t ko hebo
. L TH B, A ORI
Tryptophan 0.3 g % 100 cc D KIC T AL, 25411 HAGE "‘ME’E*}MTJh(f‘ﬁﬁingﬂ(Tfﬁh
CH:;CHO lcc &z, %A U-Cl®E LT bHidE ~7o .

AR B IOt hs, WKEH L < stk
Fi i 0.08 ¢ ?1%"-7&

PR 278 ~279°C (uncorr), (CEKELAE® L EE 280
~281°C) 3-methyl-3-4-5-6-tetrahydro-4-carboline-5
-carboxylic acid o
M c—E+5,

Cneoon TR L7 e
f B B & Atk i 45
ﬂﬂ H Fehs, 2. 4%0% N/10 NaOH
C' by R N/10 H,SO,,
AIEENREC R TR %

Mg, ML b &k by B L,
Furfural & © 28O TR L WM S Glu-
cose DB B o TH:K+5 5-hydroxymethyl-

H

x M
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Summary

We found that yeasts produced a brown colored substances in EHRLICH’s media containing L-
tryptophan and also exhibited themselves brown colored. ~ This phenomenon was not observed upon
other amino acids.

Further to this the experiments 1nd1cated that Tryptophan stood as a possxble important factor for
" browning of foodstuffs.

The colored substances' followed from Tryptdphan included both Tryptophan metabolites by yeasts’
and nonenzymatic products from the heated solution.

The highly colored melanin-like substances (vellowish brown) were light soluble in amylalcohol, but
so called “melanoidin” produced -from Glycine-D-Glucose solution by heating was insoluble in the solvents.

Aquous solution of Tryptophan was browned in the presence of Glucose but hardly so with Sucrose
on the heating 100°C for 2 hours.

In the presence of HCHO, a condensed product 3.4.5.6-tetrahydro-4—carboline-5-carboxylic acid was
formed from Tryptophan by standing in room or heating 100°C for 2 hours. Similary 3-methyl-5-4-5-6-
tetrahydro-4-carboline-5-carboxyic acid was formed under the concentration of Tryptophan- -CH,CHO
mxxture, which indicated that the aquous suspensions of carboline compounds was browned by the

exposure to sunlight.




