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Inhibition of Enzymatic Browning of Crown Daisy by Maillard Reaction Products
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The study was conducted to investigate the effect of Maillard reaction products (MRPs) on enzymatic
browning of crown daisy (Chrysanthmum coronarium var. spatiosum). The MRPs prepared by heating
various amino acid and sugar at 90C caused a strong inhibitory effect on crown daisy polyphenol
oxidase (PPO, o-diphenol oxygen oxidoreductase, EC 1.10.3.1). As the reaction time of the solution
containing glycine and glucose increased at 90C, the production of MRPs was increased, whereas the
amounts of glycine and glucose were decreased. Accordingly, the inhibitory effect of crown daisy PPO
activity by MRPs was increased as the amounts of synthesized MRPs were increased. The MRPs syn-
thesized from the various amino acids and sugars significantly reduced the PPO activity, particularly
MRPs prepared by glutamine and xylose. The Michealis-Menten constant value (Kn) of crown daisy
PPO with catechol as a substrate was 22.0 mM, and MRPs were a noncompetitive inhibitor against

crown daisy PPO.
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Introduction

Enzymatic Browning occurs usually in fruits and vegeta-
bles during post-harvest handling, processing and storage
[9]. Enzymatic browning is a major factor contributing to
quality loss depending on the foods and beverages [15]. The
browning phenomenon usually impairs the sensory proper-
ties of products because of the associated changes in color,
flavor and softening [16]. Browning in fruits and vegetables
is caused by the enzymatic oxidation of phenolic compounds
by polyphenol oxidase [6]. Polyphenol oxidase (PPO, odi-
phenol : O, oxidoreductase, EC 1.10.3.1) is a copper-contain-
ing enzyme, which is also known as catechol oxidase, cat-
echolase, diphenol oxidase, odiphenolase, phenolase and ty-
rosinase [19]. PPO catalyzes either one or two reactions in-
volving molecular oxygen. The first type of reaction is hy-
droxylation of monophenols leading to formation of odihy-
droxy compounds. The second type of reaction is oxidation
of odihydroxy compounds to quinones [3].

Prevention of browning of fruits and vegetables by PPO
is important issue in food industry. Enzymatic browning by
PPO can be prevented by inactivation of PPO by heating
or the addition of inhibitors such as sulfite-containing com-
pounds, ascorbic acid and its analogs as well as cysteine
[5,10,12,13,20,22]. Fruits or vegetables can be protected from
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browning by heating, but it can deteriorate the nutritional
and sensory properties of the fruits and vegetables..
Although sulfite-containing compounds are effective to pre-
vent browning, it could be harmful for human health.
Accordingly, there is an increasing demand of consumers
for substituting synthetic compounds with natural sub-
stances as food ingredients [9].

The Maillard reactions are common, non-enzymatic
browning reactions taking place between sugars and amino
acid during the thermal processing of food materials, and
produced a dark brown to black complex polymer known
as melanoidin [4]. Color formation is the primary character-
istics of melanoidin formation, but melanoidin contribute to
the sensory properties, modulating texture and flavor of
foods [17]. In addition, growing evidence suggests that mela-
noidins have health beneficial properties, such as chemo-
preventive, antioxidant and antimicrobial activities, and the
ability to chelate different minerals. In the gastrointestinal
tract, melanoidins behave not only as antioxidants, but also
as dietary fiber by promoting the growth of bifidobacteria
[17]. The property of crown daisy PPO is yet to be de-
termined, and no previous research has been performed on
inhibition of crown daisy PPO. In this work, we attempt to
evaluate Maillard reaction products (MRPs) as natural in-

hibitor of crown daisy browning by PPO.
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Materials and Methods

Materials

Crown daisy (Chrysanthemum coronarium var. spatiosum)
was purchased from a local market in Busan, Korea. All ami-
no acids, sugars, catechol, glucose oxidase and peroxidase
were obtained from Sigma Chemical Co.

Assay of crown daisy PPO

Crown daisy (100 g) was homogenized with 100 ml of
a 50 mM phosphate buffer at pH 6.6 for 3 min. The homoge-
nate was centrifuged at 15,000% g for 20 min, and the super-
natant was collected. All steps were carried out at 4C. The
PPO activity was assayed with 0.2 M catechol as a substrate
by a spectrophotometric procedure (Ultrospec 3000,
Pharmacia Biotech) [26]. The assay mixture contained 0.1 ml
of crown daisy PPO, 0.9 ml of a 50 mM phosphate buffer
at pH 6.6, and 1.0 ml of MRP was incubated for 5 min at
25C. After this incubation, 1.0 ml of 0.2 M catechol was add-
ed to the assay mixture, and the increase in absorbance at
420 nm at 25C was recorded automatically for 1 min. The
total assay volume was 3.0 ml.

Synthesis of MRPs

MRPs of different amino acids and sugars were obtained
by heating 5.0 ml of concentration of various amino acid and
sugar solutions at 90C for various time intervals. The MRP
formation was evaluated by measuring absorbance at 420 nm.

Glucose and glycine determination

Glucose was quantitatively determined by enzymatic as-
say method using glucose oxidase/peroxidase [14]. The as-
say mixture contained 2.6 ml of a 0.1 M acetate buffer at
pH 5.5, 0.1 ml of MRPs synthesized from glucose/glycine
mixture and 0.1 ml of 0.45 M guaiacol. The assay was ini-
tiated by adding 0.2 ml of glucose oxidase/peroxidase. The
total assay volume was 3.0 ml. The increase in absorbance
at 460 nm was recorded automatically for 2 min. The glycine
was determined by ninhydrin method [23].

Statistical Analysis

All analysis were performed in triplicate and the data re-
ported as meanzstandard deviation (SD).

Results and Discussion

Fig. 1 demonstrates time dependent formation of MRPs,
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Fig. 1. Effect of reaction time of glucose and glycine on for-
mation of Maillard reaction product, polyphenol oxi-
dase activity, amount of glucose and glycine. Maillard
reaction product formation was expressed as absorbance
at 420 nm (@-@), while polyphenol oxidase activity (O-
0), glucose (v-¥) and glycine amount (V-V) were ex-
pressed as relative activity (%).

amount of glucose and glycine, and the inhibition of crown
daisy PPO by formed MRPs. The MRPs were prepared by
reacting 1.0 M glucose and 1.0 M glycine at 90°C for various
time intervals (hrs). Color formation is the primary charac-
teristics of Maillard reaction, and the color produced by
Maillard reaction can be readily measured by reading the
absorbance at 420 nm. As the reaction time of glycine and
glucose increased, MRPs formed by heating glucose/ glycine
mixture also increased. The inhibitory effect of produced
MRPs also increased against crown daisy PPO as the pro-
duction of MRPs was increased, whereas the amounts of gly-

cine and glucose were decreased. Fig. 2 shows the effect of
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Fig. 2. Effect of glucose and glycine concentration on inhibitory

effect of crown daisy polyphenol oxidase activity.

Absorbance at 420 nm (@-®); Relative activity of poly-
phenol oxidase (O-0)

=
aQ



glucose/glycine amount for production of MRPs on in-
hibitory effect of crown daisy PPO. As the amount of glu-
cose/glycine increases, the production of MRPs and in-
hibitory effect of crown daisy PPO by the produced MRPs
were also increased. This shows clearly that the inhibitory
effect of crown daisy PPO was due to the presence of MRPs.
Ames reported that color formation is likely due both to the
formation of low molecular weight compounds and to the
presence of melanoidins with high molecular weight [1].
Gomyo explained that the browning intensity of melanoi-
dins has been found to be directly related to its degree of
polymerization [7].

It is not clear which compound in MRPs is responsible
for the inhibitory activity against crown daisy PPO.
However, enzymatic browning is the oxidation process of
polyphenol by PPO, and reducing agents can inhibit the oxi-
dation by PPO. It was reported that various reducing agents
can be used as inhibitors of PPO [5,10,12,13,20,22]. Therefore,
it can be assumed that reducing activities formed during
Maillard reaction might be responsible for the inhibition of
crown daisy PPO. It was also reported that Maillard reaction
products inhibited potato and apple PPO [14,24]. Reductone
moiety present in the Maillard reaction products has been
reported to exhibit both reducing and chelating properties
[18] in addition to oxygen scavenging properties [8].
Therefore, the reductone moiety in the melanoidine’s struc-
ture may prevent browning by reducing the copper of PPO.
Another possibility is that the reductone in the Maillard re-
action product may be capable of converting the quinone
back to diphenol, thus preventing the polymerization of qui-
none [8]. The Maillard reaction is exceptionally widespread.
It occurs virtually ubiquitously in foodstuffs, during process-
ing at elevated temperatures or during storage for prolonged
periods. It also increases reducing power during Maillard
reaction process. Increased antioxidant activity or more neg-
ative redox potential is also one of symptoms of Maillard
reaction. This has considerable significance, because as far
as food is concerned, one of the main ways in which they
deteriorate chemically is through oxidation [21].

The inhibitory effect of MRPs synthesized from different
sugars with constant amount of glycine (1.0 M) on crown
daisy PPO activity is shown in Table 1. The enzyme was
most inhibited by MRPs prepared with xylose followed by
fructose, glucose, lactose, maltose and sucrose. This result
coincides well with the previous report that pentoses

generally produced more browning and greater antioxidant
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Table 1. Effect of Maillard reaction products produced by vari-
ous sugars with 1M glycine on crown daisy polyphenol
oxidase activity

Sugars Compounds Relative activity (%)

control 100.0

sucrose 75.2+2.25
maltose 71.5+3.31
lactose 69.3+3.02
glucose 63.8+1.09
fructose 58.5+1.43
xylose 10.6+0.84

All analysis were performed in triplicate and the data reported
as meantstandard deviation (SD).

Table 2. Effect of Maillard reaction products produced by vari-
ous amino acids with 1.0 M glucose on crown daisy
polyphenol oxidase activity

Amino acids Compounds Relative activity (%)

control 100.0
asparagine 80.1+0.97
valine 75.0£0.35
glycine 63.8+1.07
tryptophan 57.7£15
glutamine 37.3£2.2

All analysis were performed in triplicate and the data reported
as meantstandard deviation (SD).

activity than hexose [25]. MRPs prepared from pentose are
the most potent inhibitor against crown daisy PPO followed
by hexose and disaccharides. Since sucrose is not reducing
sugar, it may be least effective sugar to produce MRPs
against crown daisy PPO.

The inhibitory effect of MRPs synthesized from different
amino acids with constant amount of glucose (1.0 M) on
crown daisy PPO activity is exhibited in Table 2. Among
tested amino acid, glutamine was the most efficient followed
by tryptophan, glycine, valine, and asparagine.. However,
it is not possible to establish an overall ranking of amino
acids according to antioxidative activity of the derived mela-
noidins, because combination with different carbonyl com-
pounds leads to different effects [2,11].

The Michaelis-Menten constant (Ku) of crown daisy PPO
was measured at pH 6.8 and 25°C. From double reciprocal
plot, the Ky, values of crown daisy PPO in the absence and
presence of MRPs were measured. Fig. 3 shows a plot of
1/ v against 1/[S] in the absence and presence of MRPs. Both
reciprocal plots that intersect on the horizontal axis at a
value of -1/Ky are obtained. From the plots, Ky, value of

crown daisy PPO with catechol as a substrate was
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Fig. 3. Lineweaver-Burk plots of polyphenol oxidase from
crown daisy with Maillard reaction products. Catechol
was used as a substrate. Control (@-@); Maillard re-
action products (absorbance at 420 nm=0.099) (O-0O);
Maillard reaction products (absorbance at 420
nm=0.198) (v-v)

determined as 22.0 mM. Since the Ky, value of crown daisy
PPO in the presence of MRPs was not changed as shown
in Fig. 3, the MRPs seems to be non-competitive inhibitor

against crown daisy PPO.
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