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Relationship between Change of Color
of Foods and Spectra

Browning of ‘‘Apple Enzyme-—Chlorogenic
Acid’”’ System at Various pH

TaMmivosHI SoNDA, KOsSUuKE INOUE, TERUYO ARAMAKI
and HiroHisa OMURA

Food Chemistry Institute, Faculty of Agriculture,
Kyushu University, Fukuoka

P2 FINOE OIS HOT, W R <7 b v AT
ERHOEL, coMIGRIEOMIFEBHL T 7.
T, FELELTY Y TOMHE CF - %
M, 1969) DiZ7y, FPST 4 b VA B L 79
RN RETE s h7Fa—vBE¥souy
YIRICTERT S 1o id CRF - 2EH, 1970) 1icon
DAL A 7 b v OB TR &2 I A 72,

LEROBRMNBERERPICAENTOERY 7=
7 —VEBOBERINELE, CNICBIBO TR 3 HEFHEN
DEFEDEIICRE T o &b B8,
A CREFS, 1971 icB 0T OMiBIEc Xt 5
PH DFEERRIEB L& “ER—HT a3 —1" R
DTS THASEE U, QA ORELEE I ~
DREDRHEFHUC OO TR E N TE /s, 13 &
AEBEERRY 72/~ K v X —+ (0-Diphenol:
oxygen oxidoreductase, E. C, 1.10.3.1) D45
2l E T B IRYIOBRBE AP T 2L EF O M0EE
JROBRRIC DN TRBEF s THO R

) TOBE, BHRE 2 9oV RRICH LT ED
FEEAERNERT T E S Ok, 1954) chhsgzs

=
2
L~

1) BROFEEFT T — AR
2) EREEEEEeY 5~

73

MHEOFHRTH B EEZ ONTEIN, —RICEERR
MEZETIC D REEREEH>TO 30T, HERED
WP SEREEROBOLOLNFEETH 2 THE~D
BRMERT LASEREICEET 8D THEEEL
SNBERETHS . A - §H (1970) ZFEHES
IR NBEEFVROERIE S BIR A <2 b
DOEBE BT L, 79 ay VERPEHCEP T EE
HFOEREZU 2ICLTCHBEOEFRB LA ST 2
~NVHTHADEHEE L. COC LR, VYT
V7 z/~nHDHb 7 any yBEIERIERT TR
(AT FVHEOEENENEE (P, 1968) b4
Ke3. COWFTCHNT, VryaoBECHTS
pH 0g%8s <) v aIBFE—h7a—n” TEeTN
ELUTRET LD, 70/ YBRICOVLTHERT
ZHFICEOMIEN. ZCTERERRT P EDH
RICEBBEREEMT 270 Y Yo BFR—7any
YR ROV THETORMBERETE O/

BEROAE S LOBE, BINARS PO LRY



74 MERE « H Lkl - TOBER - AREA

Tz /) —nZFVE—FEEORERERVTNRAE
RIFHCIZREIER CRA S, 1970, 1971) RROFFETIT
527z,

WEBIUEXR

1. #2® pH [CHITARPRA~T P

FFTHHDIC 0.5mM s oo vBRicEL~D pH i
BWTY v I@ERE 30°C, 2HERIGS EBE0
BER O FIICB T BB R <7 P ERE L Fig.
LicRL 7.

oD
1.2

1.0

0.8

0.6

0.4

0.2

A 2 == e e N
400 440 480 520 560
mu

Fig. 1. Absorption spectra of “apple enzyme
—chlorogenic acid” system of various pH in
visible range, Enzyme solution was prepared
by extraction of 0.5g acetone powder of
rinded apple with 40 ml H;O. A reaction
mixture of 3ml enzyme solution, 0.5ml
5mM chlorogenic acid, 1ml 0.2M citric
acid-sodium phosphate buffer of various pH
and 0. 5ml H,0 was incubated at 30°C for
2 hours. The absorption spectrum was
estimated using a Shimadzu Multipurpose
Recording Spectrophotometer, MPS-50, Nu-
mericai values of 2.2, 3, ----- 7 and 8 indicate
the pH value,
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Fig. 2. Variation of the optical density of
“apple enzyme—chlorogenic acid” system
of various pH in visible range. Explanation
is the same as in Fig. 1.
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Fig. 3. Absorption spectra of “apple en-
zyme—chlorogenic acid” system of various
pH in UV range. Explanation is the same
as in Fig. 1, but the reaction mixture was
incubated for 24 hours and the spectrum
was estimated after 10 times dilution.
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Fig. 4. Variation of the optical density of
“apple enzyme — chlorogenic acid” system
of various pH in UV range. Explanation
is the same as in Fig. 3.
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Fig. 5. Effect of pH on browning of “apple
enzyme—chlorogenic acid” system for dif-
ferent time. Explanation is the same as
in Fig. 1. Browning was estimated using

an electric colorimeter, Erma N-5, with
blue filter.
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Fig. 6. Time course of browning of “apple
enzyme — chlorogenic acid” system of var-
ious pH. Explanation is the same as in
Fig. 5.
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Fig. 7. Effect of pH on browning of “apple
enzyme — chlorogenic acid” system in the
presence of NaCl. Explanation is the same
as in Fig. 1, but 5 mM NaCl was added in
the reaction mixture,
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Fig. 8, Time course of browning of “apple
enzyme — chlorogenic acid” system of var-
ious pH in the presence of NaCl. Expla-
nation is the same as in Fig. 7.
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Fig. 9. Effect of some inhibitors on O, up-
take by “apple enzyme—chlorogenic acid”
system. O, uptake was estimated in a War-
burg manometer at 30°C for 40 minutes. Re-
action mixture is the same as in Fig. 1, but
with1/2 scale and § mM inhibitor, at pH 6.

I: Control without inhibitor; II: Inhibitor
was preliminarily incubated with apple en-
zyme at 30°C for 10 minutes before reaction
and chlorogenic acid was then added to
start the reaction; 11I: Inhibitor was prelim-
inarily incubated with chlorogenic acid as
Il and the apple enzyme was then added
to start the reaction.

Table 1. Coloration of “apple enzyme-
chlorogenic acid” system in the presence
of some inhibitors.

Inhibitor added l I i m
Na,SO; | 0.200} 0.035| 0.048
Cysteine ©0.204| 0.068 | 0.076
NaCl l 0.202 | 0.213 | 0.232

The same as in Fig. 9, but the coloration
of the reaction mixture was estimated after
60 minutes at 30°C.
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Summary

Effect of pH on the browning of the model system, “apple enzyme-chlorogenic acid”,
was investigated by estimating the absorption spectrum or the variation of the optical
density of the reaction mixture at various pH. Above pH 5, the browning of the sys-
tem was brought about and the optical density in the visible range of the wavelength
was increased. However, the spectra without absorption peak were determined,
except that the spectrum at pH 8 has a shoulder at 500 mg. The maximum increase of the
optical density was observed at 390 myu, 386 mu and 382mu at pH 5~6, 7 and § respect-
ively. On the other hand, in the ultraviolet range of the wavelength, the peculiar
spectra were observed according to pH of the reaction mixture. However, the uniform
variation of the optical density was established, which indicates the maximum increase
at 263 my and the maximum decrease at 325 mu.

Then, the time course of the browning of the system at various pH was also esti-
mated. The browning was the highest at pH 5~6 for 4 hours, while it was higher at
alkaline range after 24 hours; the highest browning being at pH 8. When sodium
chloride was added to the system, browning was the highest at pH 6 for a short time,
although no browning was observed at pH 4 differing from the system of “apple
enzyme-catechol.” In this case too, the higher browning was observed at alkaline
range after 24 hours.

In connection with the browning of apple, O, uptake by polyphenol oxidase as
well as the browning was comparatively estimated in the presence of anti-browning
substance such as sodium sulfite, cysteine or sodium chloride. Although the browning
was retarded by sodium sulfite or cysteine, the enzyme was inhibited by the former,
but not by the latter. Notable effect was not shown by sodium chloride on the brown-
ing and the enzymatic activity.

Thus, as suggested by the preceding study, it was demonstrated that the course of
the enzymatic browning of chlorogenic acid was divided into two steps, the enzymatic
oxidation of chlorogenic acid and the non-enzymatic polymerization of the oxidized
product to melanin.



