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Abstract

The inhibitory effect of MRP (Maillard reaction product) on potato polyphenol oxidase (PPO) was investigated. As the reaction

time of glucose/glycine was increased at 90 �C, the inhibitory effect of the produced MRP toward potato PPO was increased, where-

as the amounts of glycine and glucose were decreased. The MRP synthesized from arginine, cysteine, histidine and lysine signifi-

cantly inhibited potato PPO. The MRP prepared from glucose and glycine inhibited potato PPO non-competitively. The MRPs

synthesised from monosaccharides, such as fructose and glucose, and glycine were more inhibitory against potato PPO than those

from disaccharides. The MRP formed by increasing glucose and glycine concentration exhibited a stronger inhibitory effect on

potato PPO. The MRP formed from glucose and glycine showed strong inhibition toward potato PPO with (+)catechin, catechol,

4-methylcatechol and LL-DOPA as substrates among tested polyphenols.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Browning reactions, which are some of the most im-

portant phenomena occurring in food during processing

and storage, represent an interesting research area due

to implications for food stability and technology, as well

as for nutrition and health (Manzocco, Calligaris, Mas-

trocola, Nicoli, & Lerici, 2001). In general, there are five
basic types of browning reactions that occur in foods:

Maillard reaction, caramelization, ascorbic acid oxida-

tion, enzymatic browning of phenols, and formation of

browned polymers by oxidized lipids (Langdon, 1987;

Pizzocaro, Torreggiani, & Gilardi, 1993). The Maillard

reaction, a chemical reaction between amino groups

and reducing sugars, is very significant for foods because

it strongly affects food quality (van Boekel, 1998). The
type of amine and carbonyl compound influence the rate
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of reaction as well as the products formed, which ulti-

mately are brown melanoidin pigments (Willits, Under-

wood, Lento, & Ricciuti, 1958). The browning of raw

fruits and vegetables is a result of the oxidation, cata-

lyzed by polyphenol oxidase, of phenolic compounds

to quinones and their subsequent condensation to co-

loured pigments (Vamos-Vigyazo, 1981). Polyphenol

oxidase (PPO; EC 1.14.18.1) is an enzyme widely distrib-
uted in nature, and it is responsible for enzymatic

browning reaction occurring during the handling, stor-

age and processing of fruits and vegetables (Dincer, Co-

lak, Aydin, Kadioglu, & Guner, 2002). Some of the

natural agents proposed to have an inhibitory effect on

PPO are honey (Oszmianski & Lee, 1990) natural ali-

phatic alcohols (Valero, Varon, & Gracia-Carmona,

1990), cysteine (Kahn, 1985) and Maillard reaction
products synthesized from glucose and lysine (Jing &

Kitts, 2000). Kahn (1985) suggested that the amino acid

cyteine can form a stable complex with copper, thus re-

tarding enzymatic browning. MRP synthesized from

mailto:ispark@donga.ac.kr 


58 M.-K. Lee, I. Park / Food Chemistry 91 (2005) 57–61
glycine and glucose inhibited PPO in Golden Delicious

apples (Nicoli, Elizalde, Pitotti, & Lerici, 1991). The ob-

jective of this study was to investigate the inhibitory ef-

fect of MRP, synthesized from various amino acids and

sugar solutions, on potato PPO activity. The factors, in-

cluding heating time, type of amino acid and sugar, and
concentration of both amino acids and sugar, were ex-

amined for their effectiveness in producing MRP that in-

hibited the oxidation of catechol.
2. Materials and methods

2.1. Materials

Potato (Solanum tuberosum L.) was purchased from a

local market in Busan, Korea. All amino acids, sugars,

catechol, 4-methylcatechol, pyrogallol, chlorogenic acid,

(+)catechin, tyrosine, LL-DOPA, glucose oxidase and

peroxidase were obtained from Sigma Chemical Co.

2.2. Extraction and assay of potato PPO

Potato (200 g) was homogenized with 200 ml of 50

mM phosphate buffer at pH 6.6 for 3 min. The homo-

genate was centrifuged at 15,000g for 20 min, and the

supernatant was collected. All steps were carried out

at 4 �C. Potato PPO activity (Zauberman et al., 1991)

was assayed, with 0.2 M catechol as a substrate, by a

spectrophotometric procedure (Ultrospec 3000, Phar-
macia Biotech). The assay mixture contained 0.1 ml of

potato PPO, 0.9 ml of 50 mM phosphate buffer at pH

6.6, 1 ml of MRP and was incubated for 5 min at 25

�C. After this incubation, 0.2 M catechol was added to

the assay mixture, and the increase in absorbance at

420 nm and 25 �C was recorded automatically for 1

min. The total assay volume was 3 ml.

2.3. Synthesis of MRPs

MRP of different amino acids were obtained by heat-

ing equal volumes of 1.5 M amino acid solution and 1.5

M glucose solution at 90 �C for 7 h. The MRP forma-

tion was evaluated by measuring absorbance at 420

nm. MRP formed from various amino acids and sugars

were obtained by heating equal volumes of 1.5 M amino
acids and 1.5 M sugars at 90 �C for 7 h. The MRP syn-

thesized from varying concentrations of glycine was ob-

tained by heating 0.05–1.5 M glycine solution with a 1.5

M glucose solution at 90 �C for 7 h. The MRP contain-

ing varying concentrations of glucose was obtained by

heating 0.05–1.5 M glucose with a 1.5 M glycine solu-

tion. The inhibitory effect of MRP synthesized from

1.5 M glucose and 1.5 M glycine toward various sub-
strates was measured at each substrate�s optimum wave-

length (Zhou, Smith, & Lee, 1993).
2.4. Glucose and glycine determination

The glucose was quantitatively determined by enzy-

matic assay using glucose oxidase/peroxidase (Park,

Kho, & Nam, 1989). The assay mixture contained 2.6

ml of 0.1 M acetate buffer at pH 5.5, 0.1 ml of MRP syn-
thesized from glucose/glycine mixture and 0.1 ml of 0.45

M guaiacol. The assay was initiated by adding 0.2 ml of

glucose oxidase/peroxidase. The total assay volume was

3 ml. The increase in absorbance at 460 nm was recorded

automatically for 2 min. The glycine was determined by

the ninhydrin method (Rosen, 1957).
3. Results and discussion

3.1. Inhibitory effect of MRP produced by glucose/glycine

mixture on potato PPO

Fig. 1 shows the inhibitory effect of MRP produced

by glucose/glycine mixture on potato PPO. As colour

formed by heating the glucose/glycine mixture increased,
the inhibitory effect of produced MRP also increased

against potato PPO. However, the amounts of glucose

and glycine were decreased with increasing MRP pro-

duction. The formed MRP, dialyzed with a cellulose

membrane (Sigma Chemical Co.) with molecular weight

cutoff of 12,000, lost its activity completely, which sug-

gests that the MRP responsible for the inhibitory effect

would have been of low molecular weight. It was also
found that the MRP inhibited the potato polyphenol

oxidase non-competitively (Fig. 2). Ames (1992) reported

that colour formation is likely due both to the formation

of low molecular weight compounds and to the presence

of melanoidins with high molecular weight. Gomyo,

Kato, Udaka, Horikoshi, and Fujimaki (1972) explained

that the browning intensities of melanoidins are directly

related to degree of polymerization. Mauron (1981) re-
ported that the rate of formation of brown pigments in-

creases with the square of the time. It has been reported

that the rates of glycine loss and browning increased

with increasing phosphate buffer concentration (Bell,

1997). Potman and van Wijk (1985) demonstrated that

glucose was consumed more rapidly when the phosphate

concentration increased, but did not provide a clear

reason for this phenomenon.

3.2. Inhibitory effects of MRPs synthesized from different

amino acids and glucose on potato PPO

The inhibitory effects of MRP synthesized from dif-

ferent amino acids with a constant amount of glucose

(1.5 M) on potato PPO activity are shown in Table 1.

The MRPs synthesized from arginine, cysteine, histidine
and lysine significantly reduced the PPO activity. When

MRP synthesized from glucose/arginine solution was
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Fig. 1. The time dependence of production of MRPs. The MRPs were

obtained by heating equal volumes of 1.5 M glycine and 1.5 M glucose

at 90 �C for various time periods. The PPO activity was assayed with

0.2 M catechol as a substrate by a spectrophotometric procedure. The

formation of MRP colour produced by glucose and glycine was

evaluated by measuring absorbance at 420 nm. The amount of glycine

was determined by the ninhydrin test. The amount of glucose was

quantitatively determined by the glucose oxidase/peroxidase method.

PPO activity (� -�); colour (s -s); glycine (. -.); glucose (, -,).
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Fig. 2. Lineweaver–Burk plots of potato polyphenol oxidase in the

presence of MRP. Catechol was used as a substrate. MRP was

obtained by heating equal volumes of 1.5 M glycine and 1.5 M glucose

at 90 �C for 7 h. Control (� -�); MRP (� -�).

Table 1

The inhibitory effects of MRP produced by various amino acids with

1.5 M glucose on potato polyphenol oxidase

Compounds Relative activity (%)

Control 100

Valine 30.8

Glycine 20.6

Serine 34.7

Cysteine 2.2

Asparagine 43.5

Lysine 12.5

Arginine 0.1

Histidine 8.9

The MRP was obtained by heating equal volumes of each 1.5 M amino

acid and 1.5 M glucose at 90 �C for 7 h.

Table 2

The inhibitory effects of MRPs produced by various sugars with 1.5 M

glycine on potato polyphenol oxidase

Compounds Relative activity (%)

Control 100

Glucose 20.6

Lactose 38.5

Sucrose 55.9

Fructose 11.5

Maltose 44.2

The MRPs of various sugars were obtained by heating equal volumes

of each 1.5 M sugar and 1.5 M glycine at 90 �C for 7 h.
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added to the assay mixture, the PPO activity was com-

pletely inhibited. Tan and Harris (1995) demonstrated

that the inhibitory effects of the cysteine/glucose solution
appear to be due to both the melanoidin�s structure and
the SH group present in the cysteine/glucose system.

3.3. Inhibitory effects of MRPs synthesized from different

sugars and glycine on potato PPO

The inhibitory effects of MRPs synthesized from dif-

ferent sugars with constant amount of glycine (1.5 M)
on potato PPO activity are shown in Table 2. The en-

zyme was most inhibited by addition of fructose. It was

found in previous studies that fructose is more reactive

than glucose because the former is easily dehydrated to

intermediates leading to the HMF at low pH (Kato,

Yamamoto, & Fugimaki, 1969). This could be explained

by the higher ring opening rate of fructose than that of

glucose in acidic medium (McWeeny, 1973). Wu, Russel,
and Powrie (1987) used glucose and fructose as selected

sugar reactants due to the different (aldose and ketose)

structures and the fact that the sugars produce different

amounts and types of MRP compounds. Morales and Ji-

menez-Perez (2001) demonstrated that, in browning, glu-

cose was more reactive than lactose independently of the

type of amino acid used, but lysine was more reactive

than glycine and alanine. The partial inhibition of the en-
zyme activity by MRP prepared from sucrose, a non-

reducing sugar, might be consequence of a rise in viscosity

as well as a drop in dissolved oxygen concentration in

the reaction vessel due to high sucrose concentration,



Table 3

The inhibitory effects of MRPs produced by varying glycine concen-

tration on potato polyphenol oxidase

Compounds Relative activity (%)

None 100

0.05 M Glycine 85.4

0.1 M Glycine 84.5

0.5 M Glycine 57.9

1 M Glycine 28.3

1.5 M Glycine 20.6

The MRPs were produced by varying glycine concentration with 1.5 M

glucose at 90 �C for 7 h.

Table 5

The inhibitory effects of MRPs produced by 1.5 M glucose and 1.5 M

glycine on potato polyphenol oxidase with various substrates

Wavelength (nm) Relative activity (%)

Catechol 420 19.8

4-Methylcatechol 410 20.2

Pyrogallol 334 50.1

Chlorogenic acid 400 62.5

(+)Catechin 475 16.2

LL-DOPA 475 29.8

The MRP was produced by heating 1.5 M glucose and 1.5 M glycine at

90 �C for 7 h. The potato polyphenol oxidase activity was assayed at

each wavelength by a spectrophotometric procedure.
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as described by Billaud, Roux, Brun-Merimee, Maras-

chin, and Nicolas (2003).

3.4. Inhibitory effects of MRPs, synthesized from varying

concentrations of glycine and glucose, on potato PPO

The inhibitory effects of MRP produced from varying

concentrations of glycine and 1.5 M glucose on potato
PPO are shown in Table 3. With a constant glucose

amount used, the inhibitory effect of MRP increased

as glycine amount increased. The inhibitory effects of

MRPs synthesized from varying glucose concentrations

with 1.5 M glycine are shown in Table 4. With a con-

stant glycine amount used, the inhibitory effect of

MRP increased as the amount of glucose increased.

3.5. Inhibitory effects of MRP produced from glucose/

glycine toward various substrates

The inhibitory effects of MRP synthesized from glu-

cose/glycine mixture toward various substrates are

shown in Table 5. The MRP exhibited the strong inhibi-

tion toward potato PPO with (+)catechin, catechol, and

4-methylcatechol as substrate. Since these substrates are
o-dihydroxyphenols, the MRP seems to be an efficient

inhibitor against enzymatic browning of various o-di-

hydroxyphenols. Lee and Lee (1997) demonstrated that

addition of CP (caramelization product) to the PPO in-

hibited catechol browning completely and decreased the
Table 4

The inhibitory effects of MRPs produced by varying glucose concen-

trations on potato polyphenol oxidase

Compounds Relative activity (%)

None 100

0.05 M Glucose 84.0

0.1 M Glucose 80.1

0.5 M Glucose 43.9

1 M Glucose 31.7

1.5 M Glucose 20.6

The MRP solutions were produced by various concentrations of glu-

cose with 1.5 M glycine at 90 �C for 7 h.
caffeic acid reaction rate to 57% and that of DLDL-DOPA

to 33%.
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