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Abstract In order to search for a new method for the anti-
browning of food products, a novel hydroxypyridinone
(HPO) derivative with a formyl group was evaluated for
its anti-tyrosinase property. This compound was found to
exhibit potent tyrosinase inhibition on the monophenolase
activity of mushroom tyrosinase with an ICsy value of
1.33 uM, indicating that this HPO derivative was 12-fold
stronger than kojic acid (ICsy 15.89 uM). This molecule
can inhibit tyrosinase via two action modes, namely copper
reduction and chelation, and the formation of a Schiff’s
base with the amino group at the active site of the enzyme.
A synergistic effect of these two action modes to enhance
the inhibitory activity was observed. This compound was
also investigated for the inhibitory effect on diphenolase
activity of mushroom; the inhibitory mechanism was found
to be reversible and of competitive-uncompetitive mixed-type
inhibition. This hydroxypyridinone was demonstrated to effec-
tively control the browning of vegetable products.
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Introduction

Many foods readily turn brown during processing and stor-
age. This causes a serious decrease in the quality and com-
mercial value of the food, shortening shelf life. The preven-
tion of such browning is a problem which needs to be
solved urgently in the food industry. Browning includes
non-enzymatic browning and enzymatic browning.
Browning of fruits, vegetables, and shrimp is mainly
caused by the latter. Tyrosinase is known to be one of the
main enzymes causing the browning of fruits, vegetables,
and shrimp (Friedman 1996; Tang and Newton 2004,
Nirmal and Benjakul 2011). The tissue damage, peeling
and cutting of fruits and vegetables (such as apples, banan-
as, and potatoes), can cause the rupture of cell membrane,
resulting in the contact of phenolic compounds with en-
zymes, thereby initiating the occurrence of enzymatic
browning under the aerobic conditions. Tyrosinase inhibitors
can in principle, delay or prevent the browning of fruits, vege-
tables, and shrimp (Dai et al. 2016; Radhakrishnan et al. 2016).

Tyrosinase (EC 1.14.18.1), also called polyphenoloxidase,
is a metalloenzyme, the active site of which includes two
copper ions (Siegbahn 2003; Sendovski et al. 2011). It is
widely distributed in animals, plants and microorganisms
(Zhao et al. 2016). Tyrosinase is known to be a key and rate-
limiting enzyme in the biosynthesis of melanin pigment (Chen
et al. 2015). It catalyzes two distinct reactions involving
molecular oxygen in the hydroxylation of monophenols to
o-diphenols (monophenolase activity), as well as the subse-
quent oxidation of o-diphenols to o-quinones (diphenolase
activity) (Li et al. 2013). Thereafter, o-quinones can polymer-
ize spontaneously to form melanin in a series of reaction path-
ways (Seo et al. 2003). Furthermore, the reaction of amines,
amino acids, peptides, and proteins with quinones causes the
destruction of essential amino acids, decreasing the
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digestibility of the food. This is also an associated loss in
proteolytic and glycolytic enzymic activity, thereby leading
to the loss of nutritional quality (Kim and Uyama 2005).

A large number of naturally occurring and synthetic
compounds possessing tyrosinase inhibitory properties have
been reported (Kim and Uyama 2005; Parvez et al. 2007),
but only a few find application because of their general
limitation with regards to toxicity, activity, and stability.
Hydroxypyridinones (HPOs), a class of iron chelators with
high iron(Ill) affinity, have many applications in medicinal
area. One HPO ligand, 1,2-dimethyl-3-hydroxypyridin-4-one
(deferiprone), was approved for clinical use by the EMEA in
1999 and by the FDA in 2011, for the treatment of f3-
thalassaemia major and other iron overload associated dis-
eases (Barman Balfour and Foster 1999). Kojic acid, a meta-
bolic product of many species of Aspergillus and Penicillium
molds, is a well-known tyrosinase inhibitor with an action
mode of chelating copper at the active site of the enzyme.
The potency of newly developed tyrosinase inhibitors are
typically evaluated by comparison with kojic acid. HPOs
bind copper with superior affinity to that of kojic acid.
Thus, in principle, HPOs are predicted to possess tyrosi-
nase inhibitory activity by binding copper ions coordinat-
ed in the active site of the enzyme. Indeed, in our previous
work some HPO-amino acid conjugates were demonstrat-
ed to possess stronger anti-tyrosinase activity than kojic
acid (Li et al. 2013; Zhao et al. 2016). Recently, a novel
HPO derivative containing a formyl group, 1,4-dihydro-5-
hydroxy-1-octyl-4-oxopyridine-2-carbaldehyde (1, Fig. 1)
was synthesized (Zhao 2017). Aldehydes isolated from
plants, such as cinnamaldehyde and cuminaldehyde, are
reported to inhibit tyrosinase activity by reacting with
the amino groups in the active site of tyrosinase to form
Schiff’s bases, which prevent the binding of normal sub-
strate to the enzyme (Kim and Uyama 2005). Thus, it was
anticipated that compound 1 would inhibit tyrosinase

N |
o 4 R

1 2

(0}

OBn 0]
| | OH
H

N HO »
O R 0

3 4

R=n-C3H17

Fig. 1 Structures of hydroxypyridinone derivatives 1-3 and kojic acid (4)
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efficiently. In the present study, we investigate the possi-
bility of mushroom tyrosinase being inhibited by two dif-
ferent action modes which could act in a synergistic man-
ner. In order to evaluate the potential application of com-
pound 1 in the food industry, it was further investigated
for its anti-browning effect on vegetable such as potato. A
Lab color model was employed to evaluate the color
change of potato during storage.

Materials and Methods
Chemicals

Compound 1, 5-hydroxy-2-(hydroxymethyl)-1-octylpyridin-
4(1H)-one (2) and 5-(benzyloxy)-1,4-dihydro-1-octyl-4-
oxopyridine-2-carbaldehyde (3) was synthesized starting from
kojic acid (4) as described by Zhao (2017). Compound 1 was
found to readily absorb water to form a hydrate, having a
geminal diol structure. The ratio of 1 to its hydrate was
calculated to be 1.85:1 from the '"H NMR spectra.
Although compound 1 used in present study was a mixture
with its hydrate, '"H NMR demonstrated that compound 1
was transformed to its hydrate in the presence of water (for
convenience we described the tested HPO as compound 1
in the following text).

Tyrosinase from mushroom (lyophilized powder,
>1000 unit/mg solid) was purchased from Sigma. Kojic acid,
L-tyrosine (L-Tyr), L-3,4-dihydroxyphenylalanine (L-DOPA),
and bathocuproine were purchased from Aladdin Chemical
Reagents Co. (Shanghai, China). Other reagents were of AR
grade and used without any further purification, and redistilled
and ion-free water was used throughout the experiments. lon-
free water was obtained using a laboratory water purification
system (ELGA PURELAB Ultra).

Effects of Inhibitors on the Mushroom Tyrosinase Activity

The monophenolase activity and the diphenolase activity
assays were performed according to a previous report with
a slight modification (Kim et al. 2004). L-Tyrosine
(2 mM) was used as the substrate for the monophenolase
activity assay, and L-DOPA (2 mM) was used as the sub-
strate for the diphenolase activity assay. Different concen-
trations of inhibitors (0.1 mL in DMSO) was first mixed
with the substrate solution (1 mL) and phosphate buffer
(pH 6.8, 1.8 mL, 50 mM), then a portion of tyrosinase
solution (0.1 mL) was added to this mixture. This solution
was incubated at 30 °C for 10 min. Absorption and kinetic
measurements were undertaken on a UV-3600 spectro-
photometer at 475 nm, the final concentration of DMSO
was 3.33%. Controls, without inhibitors, were routinely
monitored. Each treatment was performed in triplicate.
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The inhibitory activity of the sample was expressed as the
concentration that inhibits 50% of the enzyme activity (ICs).

Determination of the Inhibition Type and Inhibition
Constant

The inhibition type was assayed by the Lineweaver—Burk
plot based on the results of inhibitory effect on the
diphenolase activity of tyrosinase, and the inhibition con-
stant was determined by the secondary plots of the apparent
K,./Vy, or 1/V,, versus the concentration of the inhibitor, as
described by Chen et al. (2003).

Determination of pK, and Copper Affinity Constants

The automatic titration system used in this study consists
of a Metrohm 765 Dosimat autoburette, a Mettler Toledo
MP230 pH meter with SENTEK pH electrode (P11), and
an HP 8453 UV-visible spectrophotometer with a Hellem
quartz flow cuvette being circulated through a Gilson
Mini-plus #3 pump-speed capability (20 mL/min). A po-
tassium chloride electrolyte solution (0.1 M) was used to
maintain the ionic strength. The temperature of the test
solutions was maintained in a thermostatic jacketed titra-
tion vessel at 25 °C (% 0.1 °C) using a Fisherbrand
Isotemp water bath. The pH electrodes were calibrated
using GLEE (Gans and O’Sullivan 2000) with data ob-
tained by titrating a volumetric standard HC1 (0.1 M) in
KCI (0.1 M) with KOH (0.1 M) under an argon gas at-
mosphere in the vessel. The solution under investigation
was stirred vigorously during the experiment. For pK,
determinations, a quartz cuvette path length of 10 mm
was used, while for metal stability constant determina-
tions a quartz cuvette path length of 50 mm was used.
All instruments were interfaced to a computer and con-
trolled by an in-house program. An automated titration
adopted the following strategy: the pH of a solution was
increased by 0.1 pH unit by the addition of potassium
hydroxide solution (0.1 M) from the autoburette. The pH
readings were judged to be stable if their values varied by
less than 0.01 pH unit after a set incubation period. For
pK, determinations, an incubation period of 1.5 min was
adopted; for copper stability constant determinations, an
incubation period of 3 min was adopted. The cycle was
repeated until the defined end point pH value was
achieved. Because the copper complexes of 1 possess high
lipophilicity, the corresponding stability constants in aque-
ous solution were determined through the extrapolation
from titrations in three different composition solutions, mo-
lar ratio of DMSO/H,0 = 0.4:1, 0.3:1, and 0.2:1. All the
titration data were analyzed with the HypSpec2014 program
(Gans et al. 1996, 1999) (http://www.hyperquad.co.uk/). The

speciation plot was calculated with the HYSS program
(Alderighi et al. 1999).

Assay of Copper-Reducing Ability

The ability of sample to reduce cupric copper to cuprous cop-
per was determined according to the reported methods with
minor modification (Andrawis and Kahn 1990; Chen et al.
1991). Different concentrations of the sample solution (1 mL
in DMSO) were first mixed with CuSO, solution (0.5 mL,
0.4 mM) in a centrifuge tube, and the mixture was incubated
in a 25 °C water bath for 10 min, then bathocuproine (0.5 mL,
4 mM) was added to this blend. The absorbance of the solu-
tion was measured at 483 nm after 20 min incubation at 25 °C.
Kojic acid was used as a positive control for comparison.

Analysis of Browning Degree of Potatoes

Preparation of Potato Samples Potatoes were purchased
from the vegetable market located in Hangzhou of
Zhejiang Province, China. The potatoes were selected
from the same batch with similar shapes and maturity
and without injuries, diseases, or pests. First, the potatoes
were cut into 5 mm thick slices, and those with a diameter
of about 3—4 cm were chosen and washed with cool run-
ning tap water for 1 min. The potato slices were divided
into two groups for different treatments: the treatment
group, in which the samples were soaked in a solution
of compound 1 (0.5 mg/mL) for 1 min; the control group,
in which the samples were soaked in redistilled and ion-
free water without any anti-browning treatment. After dip-
ping, the slices were gravity drained for 1 min, immedi-
ately packed into individual polypropylene film bags and
stored at 4 °C until use. The slices were measured for the
color changes at an interval of 2 days.

Color Measurement The color change of the surface of
potato samples was monitored by measuring the CIE Lab
values (Abbott 1999) (L*, lightness, a low number (0-50)
indicates dark and a high number (51-100) indicates light;
a*, redness and greenness, a positive number indicates red
and a negative number indicates green; and b*, yellowness
and blueness, a positive number indicates yellow and a
negative number indicates blue) using a CR-400 Minolta
chronometer instrument (Konica Minolta, Osaka, Japan),
which had been calibrated against a standard white plate
provided by the manufacture. Readings of L*, a*, and b*
were recorded for three pieces per sample. As the color of
the potato surface is homogeneous, L*, a*, and b* values
were measured for the central area of the potato surface for
each potato sample at 2-day interval during the storage of
10 days. All measurements were performed in triplicate.
Total color difference (AE) was also used to evaluate the

@ Springer
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anti-browning potential of different treatments. AE was
calculated as follows:

AE — \/(LA*LO*)z + (a**ao*)z + (b*fbo*)z

where Ly*, ap*, and by* values represented the readings at
day 0, and L*, a*, and b* values represented the data during
storage.

Analysis of the Browning Index The browning index was
measured as previously reported method with slight
modification (Jung et al. 2008). The sample (2 g) of
each group was crushed and fully mixed in redistilled
water (40 mL) and trichloroacetic acid (10%, 10 mL),
then incubated for 2 h at 35 °C in a constant tempera-
ture incubator. After the incubation, the medium was
filtered. The absorbance of the filtrate was measured at
420 nm on a spectrophotometer.

Statistical Analysis

All the experiments were conducted in triplicate. The data
were statistically analyzed by variance test (SPSS 16
Software, SPSS Inc., Chicago, IL, USA). The treatments
were considered to be significantly different at P < 0.05.
Significant differences between the treatments were exam-
ined by Duncan’s multiple range test. The data values
were expressed as the means + SD (n = 3).

Results and Discussion

Inhibitory Effect of Compound 1 on Monophenolase
Activity of Tyrosinase

The effect of the HPO derivative 1 on the monophenolase
activity of mushroom tyrosinase was investigated using L-ty-
rosine as a substrate. The inhibitory effect on mushroom ty-
rosinase increased with increasing concentration of the inhib-
itor (P < 0.05) (Fig. 2). The ICs, value of compound 1 was
calculated to be 1.33 uM, indicating that it was 11.9-fold more
active than kojic acid (IC5q = 15.89 uM).

In order to explore the synergistic effect of these two
proposed action modes, compound 2 containing 5-
hydroxyl-4-oxo group, and compound 3 with a formyl
group at position-2 and protected 5-hydroxyl group were
investigated for their inhibitory effect on monophenolase
activity in comparison with 1 (Fig. 1). According to the
compound structures, it was expected that compound 2
could inhibit tyrosinase via chelation of copper at the en-
zyme active site, while formation of a Schiff’s base with a
primary amino group in the enzyme would be the inhibitory

@ Springer

mechanism for compound 3. As shown in Fig. 2, both 2 and
3 exhibited comparable inhibitory effects to that of kojic
acid, with ICsq values of 19.12 uM and 13.08 uM, respec-
tively. Thus, 1 is 14.4-fold more active than 2 and 9.8-fold
more active than 3. Compound 2 and 3 inhibit tyrosinase by
one action mode. In contrast, compound 1 is assumed to
be able to inhibit the enzyme by two action modes due
to its structure containing both a 5-hydroxyl-4-oxo moi-
ety and a formyl group. This significant increase in
inhibitory activity could be attributed to the synergistic
effect of these two action modes, namely copper chela-
tion and the formation of a Schiff’s base.

The kinetic course of the oxidation of L-Tyr by mush-
room tyrosinase in the presence of different concentra-
tions of compound 1 is presented in Fig. 3a; the reaction
system reached a steady state after an initial time lag.
Subsequently, the progress of product accumulation in-
creased linearly with increasing reaction time. When
using compound 1 as an inhibitor, both the steady-state
rate and the lag time were influenced by increasing con-
centration. With the increase of inhibitor concentration,
the steady-state rate of monophenolase activity decreased
distinctly and dose-dependently, decreasing to 38.0% of
the uninhibited rate at an inhibitor concentration of
33.33 uM (Fig. 3b, curve I); while lag time of the enzyme
reaction showed an increase, the lag time changing from
35 s in its absence to 105.3 s in the presence of 1
(16.67 uM) as shown in Fig. 3b (curve II). Similar results
were obtained in the investigation of mushroom tyrosinase
inhibition by other inhibitors, such as p-methoxybenzaldehyde
thiosemicarbazone (MBT) and some alpha-substituted deriva-
tives of cinnamaldehyde (Chen et al. 2012; Cui et al. 2015).
The increase in lag time indicates an inhibition of
monophenolase activity, which subsequently led to a reduction
in total tyrosinase activity (Anish and Adinpunya 2014).

Inhibition rate (%)

—a— Compound 1
—=&— Compound 2
—4a— Compound 3
—v— Kojic acid

T
0 10 20 30 40 50 60 70
(17 (um)

Fig. 2 Inhibitory effects of hydroxypyridinone derivatives on
monophenolase activity of mushroom tyrosinase. The assays were
carried out in triplicate under the following reaction conditions: pH 6.8,
30 °C, 10 min



Food Bioprocess Technol

Fig. 3 Inhibitory effects of 1 on a
monophenolase activity of 0.30
mushroom tyosinase. a Progress
curves for the inhibition of
mushroom tyrosinase by 0257 b
compound 1. b Effect of 180
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rate (curve I) and on the lag time 5 I F150
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Inhibitory Effect of 1 on Diphenolase Activity
of Mushroom Tyrosinase

Inhibition Kinetics

The inhibitory effect of compound 1 on diphenolase activ-
ity of mushroom tyrosinase was evaluated using L-DOPA
as a substrate. The kinetic course of the oxidation of L-
DOPA by mushroom tyrosinase in the presence of different
concentrations of 1 was investigated. The formation of o-
quinone was concentration dependent and increased with
time (Fig. 4a), but the increasing rate of o-quinone forma-
tion slowed down with increasing reaction time, indicating
that the inhibitory effect decreased. In addition, on consid-
eration of the slope of the straight line, there was no inter-
section between the tangent of the curve and the abscissa
(Fig. 4a), suggesting that no lag period existed in the prog-
ress of oxidation of L-DOPA catalyzed by diphenolase ac-
tivity of tyrosinase.

As indicated in Fig. 4b, the relative activity of enzyme
decreased rapidly at the beginning and then decreased slowly
with increasing concentration of 1. The ICs, value of com-
pound 1 on diphenolase activity of mushroom tyrosinase was
calculated to be 7.83 uM.

Inhibition Mechanism

Investigation of the relationship between enzyme activity
and its concentration in the presence of 1 indicated that the
plots of the remaining enzyme activity versus the concen-
tration of enzyme at different inhibitor concentrations gave
a family of straight lines (Fig. 4c), which all passed
through the origin. This result is similar to that reported

by Chen et al. (2012). An increase of inhibitor concentra-
tion resulted in decrease of the slope of the line, indicating
that the presence of inhibitor did not reduce the quantity of
enzyme, but just resulted in the inhibition of enzyme ac-
tivity. Thus, the inhibition of HPO 1 on diphenolase activ-
ity of tyrosinase was reversible.

The Lineweaver—Burk double-reciprocal plots (Li et al.
2010) for the inhibition of tyrosinase by 1 were obtained at
variable concentrations of 1 and the substrate (Fig. 5a). The
plots of 1/v versus 1/[S] gave a group of straight lines with
different slopes that intercept in the second quadrant, indi-
cating that 1 was a competitive-uncompetitive mixed-type
inhibitor, which binds with both the free enzyme and the
enzyme-substrate complexes (ES). The equilibrium con-
stant of inhibitor for binding with free enzyme (K;) was
obtained from a plot of slope (K,,/Vy,) versus the concen-
tration of the inhibitor (Fig. 5b), and the equilibrium con-
stant with enzyme-substrate complex (Kig) was obtained
from a plot of the vertical intercept (1/V,,) versus the con-
centration of the inhibitor (Fig. 5¢). The K; and K;g values
of 1 were determined to be 11.37 and 20.01 puM, respec-
tively. The Kig value is larger than the K value, indicating
that the affinity of the inhibitor for free enzyme was greater
than that for the enzyme-substrate complex.

Determination of the Copper Binding and Reducing
Abilities of Compound 1

To further explore the inhibitory mechanism of 1 on tyros-
inase, its affinity for copper(Il) and its copper-reducing
ability were investigated. In order to evaluate the copper
chelating ability of 1, its pK, values were firstly deter-
mined. The UV spectra of compound 1 is pH dependent

@ Springer
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Fig. 4 Inhibition of inhibitor 1 on diphenolase activity of tyrosinase. a
Inhibition kinetics. b Relative activity of tyrosinase in the presence of
different concentration of 1. ¢ Inhibitory effects at different enzyme
concentrations. The concentrations of inhibitor for curves 1-6 in a and
¢ were 0.00, 4.17, 8.33, 16.67, 25.00, and 33.33 uM, respectively

(Fig. 6a). With the increase of pH from 2.04 to 11.24, the
maximum absorbance of 1 shifted from 265 nm to 245 nm,
indicating that the changes in its protonation status at the
different pH. Using the spectrophotometric titration meth-
od, the pK, values of 1 were determined to be 2.6 and 7.7.
As shown in Fig. 6b, in the presence of copper ions, the
absorbance of 1 solution at 400 nm increased with increas-
ing pH value from 2.38 to 4.0, suggesting the increase in
formation of the copper(Il)-1 complex. As a bidentate li-
gand, 1 can form two different copper complexes, namely
CuL™" and CuL, (El-Jammal et al. 1994). The distribution of
these two complexes varies with the pH (Fig. 6¢). The

@ Springer

stability constants of these two metal-ligand complexes
can be expressed as follows:

_ CuL"]
Cu*t +L =C Lt K, = ST 1
" M T e L m
_ CuLg]
Cul* L =Cul, K,— W2l 2
e R e B T @)

where L represents deprotonated 1 (ligand).

As indicated in Fig. 6c, at pH 2.0, the content of complex
CuL™ was more than 90%, but almost no complex CuL, was
formed, under these conditions, the amount of free cupric ions
in the solution was about 5%. However, the amount of CuL*
and copper ions decreased with increasing pH, while the
amount of CuL, increased. At pH 3.0, almost no free copper
ions existed in the solution. At the pH of about 3.3, the amount
of CuL" and CuL, were equal. At pH above 5.0, almost all
CuL* converted to CuL,. From spectrophotometric titrations,
the accumulated log stability constants of the two copper com-
plexes, log 3; (CuL") and log /3, (CuL,), were determined to
be 12.7 and 22.3, respectively, which are higher than those of
kojic acid (log 5, = 6.6, log 3, = 11.7) (Jones et al. 1958).

The ability of 1 and kojic acid to reduce cupric ion to
cuprous ion is shown in Fig. 6d. The increase in absorbance
value at 483 nm indicated the formation of cuprous ion. The
absorbance value increased rapidly with increasing concentra-
tion of compound 1 up to 0.09 mM, after which increased
slowly with the increase of concentration until 0.15 mM,
and thereafter the absorbance remained almost unchanged,
indicating that all cupric ions were reduced to cuprous ions.
In the case of kojic acid, the absorbance at 483 nm fleetingly
increased with the increase of its concentration until 0.3 mM,
after which the increasing rate rapidly slowed, reaching a
maximum value. Thus, compound 1 possessed a stronger
copper-reducing ability than kojic acid. It is well-known that
tyrosinase exists in three isoforms, namely, oxy-tyrosinase
[Cu(IT)Cu(I)O;], met-tyrosinase [Cu(I)Cu(Il)], and deoxy-
tyrosinase [Cu(I)Cu(I)] (Likhitwitayawuid 2008). Met-
tyrosinase is reduced by reductant to deoxy-tyrosinase, which
is then oxidized by oxygen, forming oxy-tyrosinase capable of
catalyzing mono- or diphenol oxidation (Lubien et al. 1981).
Copper in the active site of tyrosinase plays a key role in
browning reaction. Reduction of cupric ion to cuprous ion at
the active site of tyrosinase could convert tyrosinase into the
deoxy form. Therefore, 1 could inhibit tyrosinase activity by
chelating the copper(Il) and by reducing met-tyrosinase to
deoxy-tyrosinase.

Anti-browning Effect of 1 on the Fresh-Cut Potato Slices

In general, L*, a*, b* and AE (total color difference) have
been used as the most crucial parameters for measuring the
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Fig. 5 Lineweaver—Burk plots
for the inhibition of 1 on
mushroom tyrosinase for the
oxidation of L-DOPA. The
concentrations of 1 for curves 1-5
were 0.00, 8.33, 16.67, 25.00, and
33.33 uM, respectively. Inset b
represents the plot of slope versus
the concentration of 1 for
determining the inhibition
constants Kj. Inset ¢ represents the
plot of intercept versus the
concentration of 1 for
determining the inhibition
constant Kig
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extent of browning in fruits and vegetables. A decrease in L*
and an increase in a*, b*, and AE mean the occurrence of
browning (Hou et al. 2014). The changes in the surface
browning degree of fresh-cut potato slices during the
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Fig. 6 Abilities of 1 in binding and reducing the copper. a UV spectra of
1. [1]=97.23 uM (started in 16.630 mL of 0.1 M KCl), pH was changed
from 2.04 to 11.24 by the addition of KOH at 25 °C. b UV spectra of 1 in
the presence of copper. [1] = 346.2 uM, [Cu2+] = 101.5 pM (in
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storage are shown in Fig. 7. The L* values decreased with
storage time in both test and control groups (Fig. 7a).
During the whole test period (0—10 days), the descent rate
of L* value of the control group was significantly higher
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Fig. 7 Effect of 1 in controlling a b
the browning of fresh-cut potato 80 4
slices during the storage for c
10 days at4 °C. a—c Measurement 70k a — = Control b 1% d
of L*, a*, and b* values of fresh- 21 /%
or : —e— Compound 1 b /§ A
potato slices. d The total color ° o b, " ’
difference (AE) of fresh-cut = 60 % 0 ic/ c
potato slices. e Changes in the g : —m— Control
browning index of fresh-cut ~ S —e— Compound 1
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with different letters are c
significantly different at 5% level 40 Y
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than that of group treated with 1 (P < 0.05), although the
descent rate of L* value of control group decreased slowly
during the latter half test period (6—10 days). On the 10th
day, L* values of the control group and 1-treated group
were 44.562 + 0.669 and 49.294 + 1.218, respectively,
which indicated that the browning degree of the treatment
group was lower than that of the control group (P < 0.05).
As indicated in Fig. 7b, ¢, a* and b* values of both groups
tended to increase with increasing storage time, while the
a* and b* values of the treatment group were lower than
those of control group (P < 0.05). As shown in Fig. 7d, the
results of AE values displayed the same trend as that of the
L* values; thus, 1 was effective in maintaining the appear-
ance of the potato slices.

@ Springer

Browning Index

The degree of browning can be also represented as the ab-
sorbance of filtrate containing browning products of each
group. As presented in Fig. 7e, during the measurement
period (0-10 days), the browning degree of the control
group increased quickly, whereas that of the treatment
groups slowly increased during the former half test period
(0—4 days) then increased slightly faster in the next 6 days.
On the 10th day, the absorbance value of the 1-treated
group control group at 420 nm was measured to be
0.363 = 0.017, which was much lower than that of control
group (0.459 £ 0.032), indicating a significantly lower
browning index (P < 0.05). Thus, 1 could effectively inhibit
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browning reaction, and prolong the shelf life of potato
slices.

Although compound 1 is anticipated to possess a relatively
low toxicity, as judged by related HPOs, and the residue of 1
in potato slices will be extremely low when compared to the
dose of deferiprone adopted in the treatment of f3-
thalassaemia patients (75 mg kg ' day "), the toxicity of 1 in
food stuffs will need to be extensively investigated.

Conclusion

The HPO 1 possesses potent inhibitory activity against mush-
room tyrosinase. It is capable of inhibiting tyrosinase via two
modes of action, copper chelation and reduction, and the for-
mation of a Schiff’s base with the enzyme. The synergistic
effect of these two modes of action leads to a significant in-
crease in tyrosinase inhibitory activity. Compound 1 exhibited
reversible and mixed-type inhibition on mushroom tyrosinase.
It has also been demonstrated that 1 impedes the browning of
potatoes by decreasing the formation of the intermediate
browning product, the o-quinone. We are continuing to inves-
tigate the potential of this compound for food preservation.
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