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Maillard reaction products (MRPs) were prepared from aqueous ribose–lysine (RL) and fructose–lysine 

(FL) model systems at pH 9, heated at 60, 80 and 120 C for 15, 60 and 120 min. Browning intensity 

(BI) and pH reduction were monitored throughout the reaction. 1,1-Diphenyl-2-picryl-hydrazyl (DPPH- 

RS), peroxyl (PRS), and hydroxyl radical scavenging (HRS) and reducing power (RP) measured their anti- 

oxidant activity. The pH of FL and RL system decreased (p < 0.05) as reaction temperatures and times 

increased. This reduction coincided with the increase (p < 0.05) in BI for all MRPs. With the exception 

of HRS activity, the antioxidant activity of FL increased (p < 0.05) with increased reaction temperature, 

while that of RL systems decreased (p < 0.05). Concerning sugar reactivity, RL systems exhibited higher 

(p < 0.05) reduction in pH, BI, DPPH-RS, PRS and RP than FL model systems, with no considerable differ- 

ences (p > 0.05) in HRS activity. 

   
 

  

 

1. Introduction 

 
Maillard reaction products (MRPs) derived during processing, 

packaging and storage via amino-carbonyl compound interaction 

are common to many food systems. Several authors proved that 

these MRPs possess antioxidant activity in food products in which 

they are formed or are added to (Chawla, Chander, & Sharma, 2009; 

Maillard, Billaud, Chow, Ordonaud, & Nicholas, 2007; Rufian- 

Henares, Delgado-Andrade, & Morales, 2009). As a result of their 

antioxidant character, MRPs are considered a value-added compo- 

nent. Moreover, several mechanisms of their antioxidant activity 

have been identified, including radical chain-breaking activity, me- 

tal chelation, decomposition of hydrogen peroxide and scavenging 

of reactive oxygen species (Gu et al., 2010). In addition, with grow- 

ing evidence of the role of natural food antioxidants in prevention 

of certain diseases, this has led to the development of a number of 

assays to determine their antioxidant capacity in food products. 

Presently the chain-breaking activity of antioxidants naturally 

present in food products is considered a significant parameter 

determining their dietary value (Ak & Gulcin, 2008). 

Antioxidants function at each stage of lipid oxidation via differ- 

ent mechanisms, hence it is crucial to apply the correct knowledge 

in order to select antioxidants. Likewise, it is advised to implement 

more than one assay when evaluating the antioxidative capacity of 

food components, since a single assay cannot determine the effec- 
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tiveness of all antioxidant types (Apak et al., 2007). Furthermore, 

these methods are classified according to their inactivation mech- 

anism. They are divided into two categories, namely indirect and 

direct methods. Indirect methods measure the ability of a molecule 

to reduce a stable, artificial free radical by means of hydrogen 

donation or electron transfer (Laguerre, Lecomte, & Villeneuve, 

2007). Hence, indirect methods are further sub-divided into hydro- 

gen atom transfer (HAT) and electron transfer (ET) reaction-based 

methods (Zalueta, Esteve, & Frigola, 2009). Direct methods, on the 

other hand, utilize oxidizable substrates such as lipids, DNA or cho- 

lesterol whereby the inhibitory potential of the antioxidant is as- 

sessed by subjecting these substrates to natural or accelerated 

oxidation conditions. In addition, antioxidant capacity methods 

feature a substrate, oxidant, initiator, intermediates and final prod- 

ucts (Zalueta et al., 2009). Measurement of any one of these can be 

used to assess antioxidant activity. However, in this study the focus 

was on the indirect HAT and ET methods. 

Therefore, the aim of the study was to measure four indices of 

the antioxidant activity, as well as BI of MRPs derived from model 

sugar-amino acid systems as a function of sugar type, pH of the 

system and reaction temperature and time with a view to identify- 

ing those combinations which give the best performance in terms 

of overall antioxidant capacity. 

 
2. Materials and methods 

 
2.1. Chemicals and reagents 

 

Fructose, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), ferric chloride 

(FeCl3),  2,20 -azobis(2-methylpropionamidine)  di-hydrochloride 
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(ABAP), ethylenediaminetetraacetic acid (EDTA) and trichloroace- 

tic acid (TCA) were obtained from Merck (Modderfontein, South 

Africa). Ribose, lysine, pyrogallol red (PGR), thiobarbituric acid 

(TBA) were obtained from Sigma (Aston Manor, South Africa) and 

deoxyribose from separations (Randburg, South Africa). All the 

chemicals used in this study were of analytical grade and chemical 

reagents were prepared according to standard analytical proce- 

dures. Prepared reagents were stored under conditions that pre- 

vented deterioration or contamination. The water used in the 

study was ultrapure water purified with a Milli-Q water purifica- 

tion system (Millipore, Microsep, Bellville, SA). 

2.6. Determination of the peroxyl radical scavenging activity of MRPs 

 

Peroxyl radical scavenging (PRS) of MRPs was determined 

according to the method of Sachindra and Bhaskar (2008) with 

slight modifications. A 5 ml aliquot of 0.1 mM PGR was mixed with 

0.5 ml MRP sample in a 1:500 (w/v) ratio to Milli-Q water and 

0.015 ml of 600 mM ABAP, followed by incubation at 37 C for 

2 h in a water bath (Memmert, Lasec, Germany). At the end of incu- 

bation, the reaction mixture was cooled in an ice bath and the 

absorbance measured at 540 nm. For control samples, Milli-Q 

water was used instead of the MRP samples. The PRS activity 

was calculated according to the following equation: 

2.2. Preparation of the sugar-amino acid model Maillard reaction 

products (MRPs) 
% PRS ¼ ½ðA 

 

control — Asample Þ=A 

 

control    100 

 
Sugar-amino acid MRPs were prepared following the procedure 

described by Kim and Lee (2008) with slight modifications. Equi- 

molar (0.8 M) amounts of sugars (fructose and ribose) and amino 

acid (lysine) were each dissolved in 100 ml of 0.1 M Tris(hydroxy- 

methyl) aminomethane/hydrochloric acid buffer at pH 9. Equal 

volumes (50 ml) of each sugar and an amino acid were mixed to 

make up 100 ml solutions at final concentrations of 0.4 M. The 

solutions were transferred into 200 ml media bottles and heated 

at 60, 80 and 121 C for 15, 60 and 120 min at each temperature. 

In total, eighteen model systems were generated. The resultant 

MRPs were immediately cooled down in an ice bath. A portion of 

the MRPs was retained for pH measurement, while the remainder 

was freeze-dried and stored at 18 C until analysis. The powder 

was reconstituted before use to the required concentrations with 

Milli-Q water. 

 
2.3. pH measurement 

 

The pH was measured using an 827 Lab pH metre (Metrohm, 

Switzerland) calibrated with buffer solutions of pH 4.0 and 7.0, 

respectively. 

 
2.4. Measurement of browning intensity 

 

The method for determining the browning intensity (BI) of 

MRPs was according to Kim and Lee (2008). MRP samples were di- 

luted 400-fold in phosphate buffered-saline at pH 7.4. The BI was 

measured at a wavelength of 420 nm in a spectrophotometer 

(Lambda 25, Perkin Elmer, Singapore). 

 
2.5. Determination of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical 

scavenging activity of MRPs 

 

DPPH radical scavenging (DPPH-RS) of MRPs was determined 

according to the method described by Lertittikul, Benjakul, and 

Tanaka (2007). A 0.4 ml aliquot of each MRP sample (500-fold dilu- 

tion) was added to 2 ml of a 0.12 mM DPPH solution in ethanol. 

The mixture was vortexed (Vortex Genie 2, Scientific Industry 

Inc, USA) and allowed to stand at room temperature in the dark 

for 30 min. The absorbance of the reaction mixture was measured 

at 517 nm in a spectrophotometer (Lambda 25, Perkin Elmer, Sin- 

gapore). The control was prepared in the same manner, with the 

MRP solution substituted with Milli-Q water. The DPPH-RS radical 

scavenging activity was calculated according to the following 

equation: 

% DPPH-RS ¼ ð1 ðAsample ð517 nmÞ=Acontrol ð517 nmÞÞ  100 

where: Asample  (517 nm)  is the absorbance of 0.4 ml MRP and 2 ml 

DPPH in absolute ethanol and Acontrol (517 nm) is the absorbance of 

0.4 ml MRP and 2 ml absolute ethanol. 

where Acontrol is the absorbance of the control at 540 nm and Asample 

is the absorbance of the sample at 540 nm. 
 

2.7. Determination of hydroxyl radical scavenging activity of MRPs 

 

Hydroxyl radical scavenging (HRS) activity of MRPs was deter- 

mined according to the method of Chawla et al. (2009). A 1 ml ali- 

quot MRP sample (500-fold dilution) was added to 1 ml of 0.1 M 

phosphate buffer pH 7.4 containing the following: 1 mM ferric 

chloride; 1 mM EDTA; 1 mM ascorbic acid; 30 mM deoxyribose; 

and 20 mM hydrogen peroxide. The resultant solution was incu- 

bated at 37 C for 90 min. After incubation, 2 ml of 2% TCA and 

2 ml of 1% TBA were added. The reaction mixture was heated in 

a boiling water bath (100 C) (Memmert, Germany) for 15 min. 

The absorbance of the pink colour that developed was measured 

at 532 nm, using a spectrophotometer (Lambda 25, Perkin Elmer, 

Singapore). The control was prepared in the same manner, but in- 

stead of the sample solution, pure Milli-Q water was used. The per- 

centage of HRS activity was calculated as follows: 

% HRS ¼ ½ðAcontrol AsampleÞ=Acontrol    100 

where Acontrol is the absorbance of the control at 532 nm and Asample 

is the absorbance of the sample at 532 nm. 
 

2.8. Determination of reducing power of MRPs 

 

The reducing power (RP) of MRP samples was determined 

according to the methods of Lertittikul et al. (2007) and Jayanthi 

and Lalitha (2011) with slight modifications. One ml of MRP sam- 

ple (500-fold dilution) was mixed with 2.5 ml of 0.2 M Phosphate 

buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The reac- 

tion mixtures were incubated in a temperature-controlled water 

bath at 50 C (Memmert, Germany) for 30 min, followed by the 

addition of 2.5 ml of 10% trichloroacetic acid. The reaction mix- 

tures were centrifuged (Coulter, Beckman, USA) at 1,650 g for 

10 min at 23 C. A 2.5 ml aliquot of the supernatant was added to 

1 ml of Milli-Q water and 0.5 ml of 0.1% ferric chloride. The control 

was prepared in similar manner, except that MRPs were replaced 

with Milli-Q water. After 10 min, the absorbance of the reaction 

mix was measured at 700 nm in a spectrophotometer (Lambda 

25, Perkin Elmer, Singapore). The RP was expressed as an increase 

in absorbance at 700 nm. 

 
2.9. Statistical analysis 

 

All data were subjected to One-way analysis of variance (ANO- 

VA). Significant differences among means of replicates (n = 2) were 

determined by Duncan’s multiple range tests using SPSS 19.0 for 

Windows . The level of confidence required for significance was 

selected at p 6 0.05. 
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3. Results and discussion 

 
3.1. pH reduction 

 

The Maillard reaction is characterized by reactants consump- 

tion, formation of initial, intermediate and complex brown poly- 

mers. Depending on the set parameters, the reaction rates and 

end-products will differ. During the MR, the pH of the model sys- 

tem is crucial since the initial condensation step is facilitated by 

higher pH values (Lertittikul et al., 2007). In this study, the change 

in pH values during the Maillard reaction was monitored to evalu- 

ate its significance during the MR. Fig. 1 shows the reduction in the 

pH of all model systems as a function of heating temperature and 

time combinations. One-way ANOVAs with Duncan’s multiple 

range tests showed that the decrease in pH observed as the reac- 

tion temperature and time increased was significant (p < 0.05) for 

each model system. This showed that higher reaction temperature 

and time combinations resulted in the highest pH reduction. The 

results of this study are in accordance with the findings of Kim 

and Lee (2009) and Gu et al. (2010) who also observed a decrease 

in pH when the heating temperature–time of both peptide–amino 

acid and casein–glucose model systems increased. The decrease in 

pH during the MR is due to the formation of acetic and formic acid 

(Fig. 2). Fig. 1 also shows the effect of sugar type on the pH reduc- 

tion of different model systems. Based on the ANOVA and Duncan’s 
multiple range tests, the sugar type had a significant effect on pH 

reduction. RL model  systems  exhibited  significantly  higher 

(p < 0.05) formation of acids compared to FL models systems, with 

the exception of MRPs formed at 121 C for 120 min, while there 

were no significant differences (p > 0.05) observed between RL 

and FL model systems. It is well known that sugar type affects 

the rate of the MR, for example pentoses react more readily than 

hexoses (Hwang, Kim, Woo, Lee, & Jeong, 2011). Therefore, the 

MR is expected to be more pronounced with RL than FL model sys- 

tems, and thus the formation of substantial amounts of acid in RL 

systems resulting in lower pH values. These findings were also in 

agreement with the statement made by Liu, Yang, Jin, Hsu, and 

Chen (2008) and Lan et al. (2010), who assumed that the amount 

of acids formed is highly dependent on the co-existence of an ami- 

no and a carbonyl group. Therefore, the type of reactant participat- 

ing in the MR will have an effect on the amount of organic acids 

formed (pH reduction) as was observed in this study. 

 

3.2. Development of browning 

 

Development of a brown colour is a non-specific index used to 

assess the extent and the rate to which the MR has taken place 
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Fig. 1. Change in pH values of Maillard reaction products (MRPs) as a function of 

reaction temperature and times. Each point on the curve represents mean ± SD of 

replicates (n = 2). ANOVA and Duncan’s multiple range tests were performed. 

(Laroque et al., 2008). In the first stage of the MR, the carbonyl 

group reacts with the amino group giving rise to colourless com- 

pounds which do not absorb in the visible spectrum. Further pro- 

gress of the MR involves the production of high molecular 

weight compounds, termed melanoidins with a characteristic 

absorbance maximum at 420 nm (Delgado-Andrade, Seiquer, Haro, 

Castellano, & Navaro, 2010). In the present study, the brown colour 

was used as an indicator of the stages of the MR and its possible 

link to antioxidative capacity. Fig. 3 shows browning intensity as 

a function of reaction temperature and time. The results of ANO- 

VAs and Duncan’s multiple range tests indicated that the differ- 

ences observed in  the  browning  intensity  was  significant 

(p < 0.05) for RL model systems produced at different reaction tem- 

peratures and times. Moreover, the BI of RL model systems in- 

creased with an increase in reaction temperature and time. 

However, with regards to FL model systems there were no signifi- 

cant differences (p > 0.05) observed between model systems pro- 

duced at the three reaction times at 60 C. However, at the 

higher temperatures of 80 and 121 C, significant differences 

(p < 0.05) among the model systems were observed as a function 

of reaction time. Moreover, similar to the trend observed during 

pH monitoring, RL model systems exhibited significantly higher 

(p < 0.05) BI than their corresponding FL model systems. This fur- 

ther confirms sugar type as an important factor affecting the MR. 

 
3.3. DPPH radical scavenging 

 

The stable DPPH-RS radical scavenging assay is based on hydro- 

gen atom transfer and has been used widely for determining pri- 

mary antioxidant activity. This assay determines free radical 

scavenging activity of all antioxidants, including those in pure 

form, as well as components of food products and plant and fruit 

extracts (Ak & Gulcin, 2008). To evaluate the free radical scaveng- 

ing properties of model MRP systems, these were allowed to react 

with stable DPPH radicals in solution. The degree of discolouration 

of the DPPH solution indicated the radical scavenging potential of 

MRPs. It manifested as a colour change from purple to yellow on 

acceptance of a hydrogen atom from MRPs to form a stable 

DPPH-H molecule (Sharma & Bhat, 2009). Table 1 shows the radical 

scavenging activity of MRPs expressed as percentage radical scav- 

enging activity. As the temperature increased from 60 to 80 C a 

non-significant (p > 0.05) increase in DPPH-RS activity of most FL 

model systems was observed, with the exceptions of MRPs pro- 

duced at 15 and 120 min. However, at a temperature of 121 C a 

significant increase (p < 0.05) was observed with an increase in 

reaction time for FL model systems. 

With reference to RL model systems produced at 60 and 80 C, 

reaction times did not have a significant effect (p > 0.0.5) on DPPH- 

RS activity. However, as the temperature increased from 60 to 

80 C, the radical  scavenging  activity  increased  significantly 

(p < 0.05). A significant decrease (p < 0.05) in radical scavenging 

activity was observed as the reaction times increased from 15 to 

120 min at 121 C, while a similar trend was observed when the 

pH decreased drastically at 121 C (Fig. 1). Hence, a possible expla- 

nation for the decrease in DPPH-RS activity as the reaction times 

increased at 121 C are the observations of Knol, Linssen, and 

Van Boekel (2010) who found that a reduction in pH slows down 

the MR, thus lowering the radical scavenging potential of resultant 

MRPs. 

When comparing the effect of sugar type, RL model systems 

exhibited significantly higher (p < 0.05) radical scavenging activity 

than corresponding FL model systems, with the exception of model 

systems produced at 121 C, where they exhibited similar radical 

scavenging activity. The results obtained at 60 and 80 C further 

confirm the higher reactivity of ribose in terms of the antioxidant 

activity of MRPs (Hwang et al., 2011). The higher reactivity of 

p
H
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Fig. 2. Schematic representation of the formation of formic acid and acetic acid during the Maillard reaction. Reaction of an aldopentose (1) with amino group of an amino 

acid to the corresponding N-glycosylconjugate (2) followed by rearrangement to the Amadori compound (3) leading to the a-dicarbonyls 3-deoxypento-2-ulose (4) and 1- 

deoxy2,3-pentodiulose (6) formed via 1,2 enolisation and 2,3 enolisation, respectively, yielding formic acid (5) and acetic acid (7). Adapted with modifications from Robert 

et al. (2005). 

 
 

5 Table 1 

DPPH radical scavenging activity of ribose–lysine and fructose–lysine model MRPs. 
   

4 Temperature ( C) Time (min) Fructose–lysine Ribose–lysine 
 

 

* b * e 

60 15 8.50 ± 1.44 

3 
60 1.50 ± 0.00 

78.00 ± 0.71 

82.00 ± 0.71 

120 4.00 ± 0.00
a 

82.00 ± 0.00
e
 

80 15 4.00 ± 0.71
a 

85.50 ± 2.82
f
 

2 
60 4.00 ± 0.00 88.00 ± 1.41 

120 15.50 ± 0.71
c 

85.00 ± 2.12
f
 

121 15 76.00 ± 0.71
de 

85.00 ± 2.82
f
 

1 
60 77.50 ± 1.41 79.00 ± 0.71 

120 85.00 ± 2.12
f 

73.50 ± 0.00
d
 

 
 

 

0 

 

 

 

 

 

Time (min) 

 

significant differences (p < 0.05). 
* 
Data are represented as DPPH radical scavenging activity (%) of MRP model sys- 

tems expressed as mean ± standard deviation (n = 2). ANOVA and Duncan’s multiple 

range tests were performed. 

 

Fig. 3. Browning intensity (BI) of Maillard reaction products (MRPs) as a function of 

reaction temperatures and times. Each point on the curve represents mean ± SD of 

replicates (n = 2). ANOVA and Duncan’s multiple range tests were performed. 

 
ribose could also have resulted in the MR progressing so rapidly at 

121 C, leading to MRPs with such complexity that its effectivity as 

radical scavengers decreased (Amarowicz, 2009). 

 
3.4. Peroxyl radical scavenging activity (PRS) 

 

Competitive techniques are widely employed to test the reac- 

tivity of antioxidants towards free radicals (Sachindra & Bhaskar, 

 
2008). One such assay measures PRS activity of antioxidants based 

on the hydrogen atom transfer mechanism. ABAP, a water-soluble 

radical initiator, spontaneously decomposes at 37 C to form two 

carbon-centred free radicals which then react with oxygen to gen- 

erate peroxyl radicals (Bohm & Muller, 2009). In the present study, 

the antioxidative capacity of MRPs was evaluated according to 

their ability to scavenge peroxyl radicals. The resultant inhibition 

of substrate oxidation by peroxyl radicals was an indication 

of the scavenging activity of MRPs, thus exhibiting their chain- 

breaking activity (Sachindra & Bhaskar, 2008; Zalueta et al., 

2009). The loss in colour of the PGR solution served as an indicator 

A
b

s
o

rb
a

n
c

e
 (

4
2

0
 n

m
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Table 2 

Peroxyl  radical  scavenging  activity  of  ribose–lysine  and  fructose–lysine  model 

systems. 

Temperature ( C) Time (min) Fructose–lysine Ribose–lysine 

60 15  4.00
* 
± 0.00

a 
36.00 ± 0.00

d
 

60 4.00 ± 0.00
a 

56.50 ± 0.71
f
 

3.5. Reducing power 

 

The reducing power (RS) is a primary assay undertaken to 

determine the primary antioxidant activity of antioxidants ob- 

tained from components of food products and plant and fruit ex- 

tracts. The presence of an antioxidant reduces the ferric chloride/ 
7.50 ± 2.12

a
 

14.00 ± 1.41
b
 

54.50 ± 0.71
f
 

76.50 ± 0.71
h
 

ferricyanide complex to its ferrous form. The ferrous form is mon- 
itored spectrophotometrically by measuring the formation of a 

17.00 ± 1.41
b 

83.00 ± 1.41
i
 

18.00 ± 2.83
b 

88.50 ± 2.12
j
 

27.50 ± 0.71
c 

62.00 ± 2.83
g
 

38.00 ± 1.41
e 

63.00 ± 0.00
g
 

Perl’s Prussian blue colour at 700 nm (Tafulo, Queiros, Delerue- 

Matos, & Sales 2010; Zeng, Zhang, Guan, & Sun, 2011). This assay 
particularly measures the antioxidative activity of MRPs since the 

33.50 ± 2.12
d
 24.50 ± 3.54

c
 hydroxyl groups of MRPs play a role in the reducing activity 

 

a–j  
Means with different letter superscripts within and between columns denote 

significant differences (p < 0.05). 
*   

Data are represented as DPPH radical scavenging activity (%) of MRP model sys- 

tems expressed as mean ± standard deviation (n = 2). ANOVA and Duncan’s multiple 

range tests were performed. 

 
 

of the action of peroxyl radicals on this substrate and this was 

monitored by measuring the absorbance at 540 nm. 

Table 2 shows the PRS of RL and FL model systems as a function of 

reaction temperatures and times. At 60 and 80 C increasing 

reaction times did not have a significant effect (p > 0.05) on the 

PRS activity of FL model systems. However, the increase in temper- 

ature from 60 to 80 and 121 C had a significant (p < 0.05) effect 

and resulted in increased PRS activity. Moreover, at 121 C the ef- 

fect of increased reaction times was significant (p < 0.05), albeit 

that at this temperature the scavenging activity increased from 

15 to 60 min and then dropped after heating for 120 min. This 

might be linked to the formation of acids at higher temperature 

and time combinations, thus resulting in formation of MRPs with 

reduced antioxidant activity, as observed by Knol et al. (2010). 

Similar to FL model systems, the ability of RL to scavenge per- 

oxyl radicals increased significantly (p < 0.05) as the reaction tem- 

perature increased from 60 to 80 C However, as with DPPH-RS 

activity, the PRS activity decreased as the reaction temperature 

was increased to 121 C. This further indicates the formation of 

complex MRPs resulting in reduced ability to scavenge peroxyl 

radicals. As was observed with DPPH-RS activity, the PRS of RL 

model systems was significantly higher than the corresponding 

FL model systems (Table 2). Owing to the higher reactivity of ribose 

compared to fructose sugar (Hwang et al., 2011). 

Moreover, the results of this study were similar to the findings of 

Yilmaz and Toledo (2005) as well as Michalska, Amigo-Benavent, 

Zielinski, and del Castillo (2008). These authors applied the oxygen 

radical absorbance capacity (ORAC) to determine the PRS activity 

of MRPs obtained from model and food systems. From their find- 

ings they concluded that MRPs were able to prevent the bleaching 

of flourescein by peroxyl radicals. However, this agreed with the 

decreased radical scavenging activity observed at 121 C compared 

to 60 and 80 C, as well as at 120 min compared to 15 and 60 min 

(Table 2). They also found that, as the reaction temperature and 

time combination exceeded a maximum limit, the ability of MRPs 
to scavenge radicals was reduced. 

through their redox potential of transferring electrons (Berker, 

Guclu, Tor, Demirata, & Apak, 2010; Gu et al., 2010; Hwang et al., 

2011). 

There were no significant differences (p > 0.05) in the RP of FL 

model systems produced at 60 and 80 C, regardless of increasing 

reaction temperatures and times (Table 3). However, the RP in- 

creased (p < 0.05) as the reaction temperature  increased  to 

121 C, and also with increasing reaction times at this temperature. 

The RP of RL model systems decreased significantly (p < 0.05) as 

the reaction time increased at 60 C and this is shown by a de- 

crease in absorbance at 700 nm (Table 3). At temperatures of 80 

and 121 C further decreases were observed with the RP signifi- 

cantly lower (p < 0.05) at 121 C and 120 min than at 80 C and 

15 min (Table 3). 

In terms of sugar reactivity, RL model systems exhibited higher (p 

< 0.05) RP than its corresponding FL model systems. These find- 

ing are in agreement with other antioxidant assays, viz. DPPH-RS 

and PRS. 

As mentioned, the reaction rates of MR reactants also differ. The 

increased RP observed for RL model systems at the relatively low 

temperature of 60 C is ascribed to the rapid formation of interme- 

diate MRPs known as reductones. According to Amarowicz (2009) 

these reductones compounds exhibit high RP due to their ability to 

donate hydrogen atoms. As previously mentioned, the MR pro- 

gresses from one stage to the other, the formed reductones evolve 

to form complex melanoidins, thus resulting in lowered RP 

(Amarowicz, 2009). Consequently, RL will form reductones rather 

early during the reaction compared to FL systems. Testimony to 

this is the consistent increase in RP for FL systems, while RP 

decreases for RL systems as the temperature and time increases 

(Table 3). Contrary to the statement above, it is well documented 

that the antioxidant capacity of MRPs increases with increasing 

temperature and time (Amarowicz, 2009; Gu et al., 2010). There- 

fore, the antioxidant activity of MRPs is complex and will vary 

depending on various factors such as time, temperature, reactant 

type and concentration and pH (Jaeger, Janositz, & Knorr, 2010). 

 
 
 

Table 3 

Reducing power of ribose–lysine and fructose–lysine model systems. 
 

 

      Temperature ( C) Time (min) Fructose–lysine Ribose–lysine       

From the results of the present study it can be concluded that 

MRPs have the ability to scavenge peroxyl radicals and, therefore, 

that they are good chain-breaking antioxidants. Furthermore, the 

findings of Yilmaz and Toledo (2005) and Michalska et al. (2008), 

in conjunction with the present study further demonstrated that 
different MRP models exhibit different antioxidant potential. The 

60 15 0.18
* 
± 0.00

a
 

60 0.21 ± 0.00
a
 

 
 
 

 
121 15 1.65 ± 0.31

b
 

6.35 ± 0.00
i
 

4.51 ± 0.07
h
 

 
 
 

 
2.64 ± 0.07

e
 

observed discrepancies agree with the well-known theory of the 
60 2.08 ± 0.00

c 
2.67 ± 0.23

e
 

120 2.38 ± 0.02
d 

2.14 ± 0.45
c
 

complexity of the MR reaction, since it is influenced by many fac-    a–h  
Means with different letter superscripts within and between columns denote 

tors such as temperature, time and reactant types. Altering any one 

of these factors will alter reaction rate, reaction pathways as well 

as the end products (Chawla et al., 2009; Hwang et al., 2011) 

and, therefore, relative antioxidant capacity. 

 

significant differences (p < 0.05). 
* 
Data are represented as DPPH radical scavenging activity (%) of MRP model sys- 

tems expressed as mean ± standard deviation (n = 2). ANOVA and Duncan’s multiple 

range tests were performed. 

 120 0.21 ± 0.00
a
 3.47 ± 0.05

g
 

80 15 0.36 ± 0.00
a
 3.12 ± 0.01

f
 

 
60 0.39 ± 0.13

a
 2.73 ± 0.04

e
 

 
120 0.55 ± 0.01

a
 2.87 ± 0.31

e
 

 

 
120 

80 15 

 
60 

 
120 

121 15 

 
60 

 
120 
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Table 4 

Hydroxyl  radical  scavenging  activity  of  ribose–lysine  and  fructose–lysine  model 

systems. 

Temperature ( C) Time (min) Fructose–lysine Ribose–lysine 

60 15 11.00
* 
± 1.41

a 
17.00 ± 2.83

abc
 

60 14.50 ± 3.54
ab 

17.00 ± 1.41
abc

 

 
tems, probably owing to the faster progression through the stages 

of the MR during the reaction. The antioxidant activity of FL model 

systems based on DPPH, PRS, RP and HRS activity increased with 

increased reaction temperatures and time, while contrary to this, 

the antioxidant activity of RL model systems decreased. Based on 

the results of this study, MRPs exhibited their antioxidant activity 
120 17.00 ± 0.00

ab
 

a 
17.00 ± 0.00 abc 

 
abc through electron transfer, hydrogen atom donation, and indirect 

80 15 12.50 ± 0.00 17.00 ± 2.83 metal chelation. Due to the versatility of the antioxidant activity 
60 13.00 ± 1.41

ab 
26.00 ± 5.66

cd
 

120 13.00 ± 2.12
a 

21.00 ± 1.41
abcd

 

121 15 44.00 ± 0.00
f 

21.00 ± 2.83
abcd

 

60 31.00 ± 0.13
de 

23.50 ± 0.71
bcd

 

of MRPs, various antioxidant indices measuring various aspects 

of antioxidant activity were employed. As a result, this confirmed 
that it is necessary to employ a number of antioxidant indices to 

120 38.00 ± 2.82
ef

 21.00 ± 3.54 
abcd 

obtain a holistic view of the antioxidant pattern or mechanisms 
 

a–f 
Means with different letter superscripts within and between columns denote 

significant differences (p < 0.05). 
*   

Data are represented as DPPH radical scavenging activity (%) of MRP model sys- 

tems expressed as mean ± standard deviation (n = 2). ANOVA and Duncan’s multiple 

range tests were performed. 

 

3.5.1. Hydroxyl radical scavenging activity 

The hydroxyl radical is one of the most well studied reactive 

oxygen species. In biological systems hydroxyl radicals are formed 

via the Fenton reaction in the presence of hydrogen peroxide. The 

laboratory procedure mimics the Fenton reaction in producing hy- 

droxyl radicals (Bektasoglu, Celik, Ozyurek, Guclu, & Apak, 2006). 

The resultant hydroxyl radicals oxidizes deoxyribose, producing 

malonaldehyde (MDA), which is further reacted with thiobarbitu- 

ric acid (TBA) to form a pink chromagen absorbing at 532 nm 

(Esmaeili & Sonboli, 2010). Added antioxidants compete with 

deoxyribose by scavenging the hydroxyl radical, thus preventing 

the formation of malonaldehyde. 

There were no significant differences (p > 0.05) in the HRS activ- 

ity of FL model system at 60 and 80 C regardless of reaction times. 

However, as the temperature increased to 121 C, a significant in- 

crease was observed, albeit that the effect of reaction times at this 

temperature was not significant (p < 0.05). On the other hand, 

there were no significant differences (p > 0.05) between all RL 

model systems regardless of reaction temperatures or times (Ta- 

ble 4). This non-significant effect of MRPs in scavenging hydroxyl 

radicals might be linked to their metal chelating properties. MRPs 

chelate metals (copper, zinc, calcium and iron) (Hwang et al., 2011; 

Laguerre et al., 2007). Moreover, the chelating ability of MRPs is 

highly dependent on their concentration and on that of the metal 

in the system. At high metal concentrations, the MRP binding sites 

are saturated and this can interfere with its intended antioxidant 

purpose. Hence, during the HRS assay, the MRP metal-chelating 

ability interferes with its HRS activity (Gonzalez-Mateo, 

Gonzalez-SanJose, & Muniz, 2009; Maillard et al., 2007). In agree- 

ment with the afore-mentioned, the results of the present study 

indicated that MRPs could have chelated some iron and, since 

the concentration of remaining MRPs was low, it was not able to 

counteract the resultant hydroxyl radicals. Evidence of this is the 

low HRS percentage of FL and RL, especially when compared to 

the DPPH-RS and PRS activity (Tables 1 and 2). In addition, in a 

study conducted by Jing & Kitts (2002), where glucose, fructose 

and ribose were reacted with casein, it was shown that the resul- 

tant MRPs exhibited 28%, 30% and 15% hydroxyl radical scavenging, 

respectively. These results are similar to those recorded in Table 4, 

which further confirms the activity of the Maillard reaction to- 

wards scavenging hydroxyl radicals. 

 

4. Conclusion 

 
Due to varied reaction conditions and reactant reactivity, resul- 

tant MRP model systems exhibited varied antioxidant activity in 

terms of the selected indices. Generally RL models systems showed 

higher antioxidant activity than their corresponding FL model sys- 

of MRP. 
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