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Abstract

Maillard reaction products (MRPs) were prepared from agueous model mixtures containing 60 g L™
ribose and 30 g L™ of the bioactive tripeptide |PP (Ile-Pro-Pro), heated at 98°C. MRP and associated
reactions with changes in IPP were observed within one hour of heat-treatment. The pH of MRPs
decreased significantly during the heat treatment of |PP-Ribose mixtures from 9.0 to 7.6 after one hour.
The amino group content, |PP and ribose concentration decreased significantly during heat treatment.
The fluorescence intensity of the I PP-Ribose MRPs reached the maximum within 2 hours. Modification
of the UV/vis spectra for IPP-Ribose MRPs was mainly due to a condensation reaction of 1PP with
ribose. Compounds with molecular weight between 300 and 650 Da were dominant while compounds
smaller than 250 Da were also produced during the reactions, as characterized by size exclusion
chromatography. Mass spectrometry revealed that IPP conjugated to ribose at the N-terminal (m/z of
458.3) upon heat-treatment. The presence of ribose also promoted peptide degradation to dehydrated |P
(m/z of 211.1). IPP-ribose MRPs lost the known angiotensin-l-converting enzyme (ACE) inhibitory
activity of 1PP; however, strong antioxidant properties were detected.

Key words: Maillard reaction, IPP, ribose, angiotensin-I-converting enzyme inhibitory activity
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1. Introduction

Maillard reaction is a series of complex non-enzymatic browning reactions through condensation of
amino groups from amino acids, peptides or proteins and carbonyl groups of reducing sugar (Hodge,
1953; Werner, 1982). Maillard reaction is strongly influenced by some factors such as temperature, pH,
time, water activity and reactants type and concentration (Wijewickreme, Kitts, & Durance, 1997).
Maillard reaction usually occurs during processing and storage of foods and produces a large number
of Maillard reaction products (MRPs) including aroma compounds, ultraviolet absorbing intermediates
and brown compounds (Ledl, Beck, Sengl, Osiander, Estendorfer, Severin, et al., 1989).

Recently, severa studies were carried out on kinetics (Laroque, Inisan, Berger, Vouland, Dufossg, &
Guérard, 2008), antioxidant activity (Guerard & Sumaya-Martinez, 2003; Kim & Lee, 20093, 2010;
Sumaya-Martinez, Thomas, Linard, Binet, & Guerard, 2005; Sun & Luo, 2011), emulsifying properties
(Decourcelle, Sabourin, Dauer, & Guerard, 2010) and taste properties (Ogasawara, Katsumata, & Egi,
2006) of Maillard reactions products of amino acids, peptides and proteins. For example, the effect of
Maillard reaction temperature on products of xylose-soybean peptide system were studied (Lan, Liu,
Xia, Jia, Mukunzi, Zhang, et a., 2010), antioxidant activities of MRPs from glucose-protein
hydrolysate (Guerard & Sumaya-Martinez, 2003), sugar-porcine hemoglobin hydrolysate (Sun & Luo,
2011) and fructose/glucose-glycine oligomer (Kim & Lee, 2009b, 2010) model system were reported.
However, little work has been conducted on the angiotensin-I-converting enzyme (ACE) inhibitory
activity of MRPs derived from peptide and sugar.

It is known that the tripeptide lle-Pro-Pro (IPP) exhibits strong angiotensin converting enzyme (ACE)
inhibitory activity. It has been isolated and identified in sour milk (Nakamura, Yamamoto, Sakai,
Okubo, Yamazaki, & Takano, 1995), and antihypertensive effect and mechanism of IPP were verified
in spontaneously hypertensive rats (Nakamura, Yamamoto, Sakai, & Takano, 1995; Yamaguchi,
Kawaguchi, & Yamamoto, 2009). However, IPP being a peptide, it can also act as a reactant for
Maillard reactions during the processing of foods. Heat-treatment is one of the most common
precession steps in the foods industry and it is commonly used for food safety purpose, drying,
stabilization or inducing functional properties. As food products are generally complex, including
proteing/peptides and carbohydrates, Maillard reaction is one of the most frequent side reactions during
heating. As functional foods contain bioactive ingredients with desired health-benefits, their stability

and bio-functionality throughout processing, storage and gastro-intestinal transit is of utmost
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importance. It is not evident whether 1PP would keep ACE inhibitory activity in the presence of
reducing sugars during the Maillard reaction. It is for this reason that in this work the
structure/functionality relationship of 1PP and its possible MRPs with one of the most reactive reducing
sugars, ribose, is examines as a model system. Therefore, the objective of this study was to evaluate the
ACE inhibitory activity, structural changes and kinetics of MRPs of PP and ribose in aqueous model

system.

2. Materials and methods

2.1 Materials

Ile-Pro-Pro (IPP, crude product, purity > 60%) was obtained from Biomatik corporation (Cambridge,

Ontario, N3H4R7, Canada ). Crude |PP was further purified on a Vydac C18 reversed-phase HPLC

column (i.d. 22x250 mm, 10um; cat. no. 218M S1022). The molecular mass of |PP was verified using

MALDI -TOF mass spectrometry and pure |PP was pooled and lyophilized (purity > 98%, HPLC

grade). D-Ribose, OPA (o-phthaldialdehyde), L-leucine, Potassium ferricyanide(lll) powder, 2,2-
Diphenyl-1-picryl-hydrazyl (DPPH), sodium dodecyl sulphate (SDS), Ribonuclease, Bacitracin, MSH
tetrapeptide, Leu-Try-Met-Arg, Bradykimin, Tyr-Glu, Leu-Phe, Asp-Glu, Hippuryl-Lhisstidyl-L-
leucine (Hip-His-Leu), Angiotensin-I-converting enzyme (ACE, EC 3.4.15.1), L-leucine, and
trifluoroacetic acid (TFA) were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Other
reagents were of analytical grade.

2.2 Preparation of Maillard reaction products (M RPs)

IPP and ribose were dissolved in Milli-Q® water at the concentration of 30 g L™ and 60 g L™,
respectively. The pH of the solution was adjusted to 9.0 by 4 M NaOH. The solutions were then
transferred to sealed screw-top test tubes, and heated in water bath at 98°C. The samples of the heated
mixture were removed at different time-intervals and cooled immediately in ice water. Control
experiments with only IPP or ribose were also conducted. The pH was measured at 25°C using
calibrated pH meter (pH 340i, WTW82362, Weilheim, Germany ).

2.3 Determination of ribose, | PP and free amino group content

The free ribose of the samples was measured with HPLC system (Waters 2695 Alliance, Waters Inc.,
USA) equipped with 2414 refractive index detector (Waters Inc., USA), using a WATO44355
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carbohydrate column (i.d. 4.6x250 mm, 4 um, Waters, Ireland). The column temperature was 60°C and
50uL of sample were injected into the HPLC system. The mobile phase was 9 mmol L™ H,SO, and
eluted at a flow rate of 0.5 mL min™. Data analysis was performed using Empower Chemstation
software.

The concentration of IPP in the samples was determined by reversed-phase HPLC, using a Symmetry
C18 column (i.d. 2.1mm x150mm, 5um, Waters, USA), detected at 214nm. The mobile phase used for
analysis consisted of Milli-Q® water containing 0.1% TFA (solvent A) and 100% acetonitrile
containing 0.1% TFA (solvent B). A linear gradient was carried out with from 0 to 100% B in 30 min
at a flow rate of 0.2 mL/min. Injection volume was 5 uL. The eluted peaks were detected at 214 nm
and 294 nm.

Available free amino groups were quantified by the OPA (o-phthaldiadehyde) method (Church,
Swaisgood, Porter, & Catignani, 1983). Briefly, the 30 uL sample was diluted to 12-fold and mixed
with 1 mL of OPA reagent. After vortexing and a minimal 5 min delay in the dark at room temperature,
the absorbance was recorded at 340 nm against OPA reagent. The blank was determined in the same
manner, except that Milli-Q® water was used instead of the sample. Absorbance readings were
converted into free amino contents using a calibration curve obtained with L-leucine (0 to 0.5 g L™).
The change in free amino group was expressed as relative concentrations (%) in comparison with the
content of non-heated samples.

2.4 Absorption and fluor escence spectr oscopy

UV /vis absorption spectra were recorded using a CARY 1 UV-vis spectrophotometer (Alto, CA) with
the wavelength ranging from 200 to 800 nm. The IPP-Ribose MRPs were diluted to 120-fold with
Milli- Q® water for UV /vis spectraanalysis.

Fluorescence spectra of IPP-Ribose MRPs were determined using a Cary Eclipse Fluorescence

Spectrometer (Varian, Palo Alto, CA). Samples were diluted to 120-fold with Milli-Q® water.
Spectrum of excitation and emission were scanned from 300 to 400 nm and 370 to 600 nm,
corresponding to the emission and excitation wavelength set at 420 and 347 nm,
respectively. Both of excitation and emission dits were set to 10 nm. The scan rate was 120

nm/min.

2.5 Molecular weight measurement of M RPs
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The Molecular weight distribution profiles of samples were estimated by size exclusion
chromatography using a series connection column with TSK G 2000 SW (7.5 mm x60 cm , 10 pum,
Japan) fitted to a TSK guard column (7.5 mm x 7.5 cm). 20 puL of samples were injected at the
concentration of 2.5 g L™. And 30 % acetonitrile in 0.1%TFA Milli-Q® water was used as the eluent at
aflow rate of 0.5 mL/min. Absorbances were monitored at 214 nm. Ten standards were used bovine
serum albumin (67kDa), B-lactoglobulin (18.4kDa), ribonuclease (13.7kDa), bacitraci (1,423Da), MSH
tetrapeptide (764.84 Da), Leu-Try-Met-Arg (604.77Da), bradykimin (368.44 Da), Tyr-Glu (310.31Da),
Leu-Phe (278.35Da) and Asp-Glu (262.22Da) as My calibration standards (log M= -0.1335X+7.9725,
with retention time, expressed in minutes, R?=0.987).

2.6 Liquid Chromatography-M ass Spectrometry (LC-MS)

Samples were diluted to 120 fold and prepared in 0.1% formic acid in water. 2 uL of the sample
solution was injected into a C18 column (Atlantis T3, i.d. 2.1x100 mm, 3 um) using the Waters
Alliance 2695 HPLC pump (Waters Corp. Milford, USA) interfaced to quadruples Time-Of-Flight
mass (Q-TOF). The mobile phase consisted of water containing 0.1% formic acid (solvent A) and
acetonitrile containing 0.1% formic acid (Solvent B). Separation of the analyzes was achieved using the
gradient: 90% solvent A for first 1 minute followed by 60% solvent B in 8 minutes. Electrospray
ionization mass spectrometry analyses were performed on a Q-TOF Premier (Waters Corp., Milford,
USA) on a positive ion mode. The capillary voltage and cone voltage were set at 3.0 kV and 30V
respectively. Mass spectral data were recorded for a mass range m/z 100 to 1000. For the LC-MS/MS
experiments, precursor ions of interested were selected and subjected to collision induced dissociation
(CID) using argon as the collision gas with collision energy set at 15 eV. The MS/MS spectra data
were recorded for the mass range m/z 50 ~ 600. The mass spectrometer was externally calibrated and a
lock mass of m/z 556.2771 was used to carry out the exact mass measurements.

2.7 ACE inhibitory activity

The ACE inhibitory activity assay was measured by the HPLC method, with a modification of the
method of Cushmanand Cheung (1971). Hip-His-Leu (5.0 mmol L™) was dissolved in 50mM sodium
borate buffer (pH 8.3) containing 0.5 M NaCl. A mixture containing 120uL HHL solution and 20uL of
M RPs were preincubated at 37°C for 5 min, 10 uL of ACE solution (100 Units L™) was then added and
the mixture was incubated at 37°C for 60 min. The reaction was stopped by the addition of 150uL of

1M HCI and filtered through 0.45um filters. Hippuric acid liberated by ACE was determined by RP-
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HPLC using a Symmetry C18 column 2.1mm i.d.x150mm, 5 um (Waters, USA ) at 25°C. A linear

gradient from 0 to 100 % acetonitrile containing 0.1%TFA was applied in 20 min, and then from 100 to
0 % acetonitrile containing 0.1%TFA was reached in 2 min. The detection wavelength was set at 228
nm and the flow rate was held at 0.2 mL min™. The injection volume was 40 pL. The percentage of
ACE inhibitory activity was calculated as (Ag-A1)/Ay*x100%, where Aq is the hippuric acid without the
sample and A; isthe hippuric acid with the sample.

2.8 Deter mination of ferrousreducing power

The ferrous reducing power of IPP-Ribose MRPs and IPP samples was determined according to the
modified method of Chawla, Chander and Sharma (2009). Briefly, 0.1mL of MRPs sample was diluted
12-fold and mixed with 0.5 mL of 0.2 mol/L sodium phosphate buffer (pH 6.6) and 0.5 mL of 1%
potassium ferricyanide. The reaction mixtures were incubated in a water bath at 50°C for 20 min,
followed by addition of 0.5 mL of 10% trichloroacetic acid. The mixtures were then centrifuged at 5,
000xg using an Eppendorf 5417R centrifuge (Eppendorf AG, Hamburg, Germany) for 10 min, and 0.5
mL of supernatant was blended with 0.5 mL of Milli-Q® water and 0.1mL of 0.1% FeCl,. The reaction
mixture was left for 10 min and its absorbance was measured at 700 nm. The results were expressed as
absorbance units. Higher absorbance of the reaction mixture indicated greater reducing power.

2.9 2,2-Diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity

DPPH radical scavenging activity of the IPP-Ribose MRPs and PP samples was estimated according
to a modified method of Yen and Hsieh (1995). 250 uL of MRP sample was added to 1 mL of a
solution of DPPH, freshly prepared daily, at a concentration of 0.1mmol L™ in ethanol. The reaction
solution was then shaken vigorously and allowed to stand in the dark at room temperature for 30 min.
The mixture was centrifuged at 4,000xg for 10 min. The absorbance of the supernatant of mixtures was
recorded at 517 nm. The percentage of DPPH radical scavenging activity was calculated as follows:
DPPH radical scavenging activity (%0)=[Apiank-(Asampie-A controt) [/ Abiank < 100%

Where Agmpie is the absorbance of samples, Ao iS the absorbance of ethanol added instead of 0.1
mM DPPH and Ay 4 iS the absorbance of ethanol added instead of samples.

2.10 Statistical analysis

Experiments between IPP aone and |PP-ribose systems have been carried out three times. Analyses
including the determination of pH, free amino group, IPP, ribose, ACE inhibitory activity, reducing
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power and DPPH radical scavenging activity were run in at least triplicate. Experimental results were
expressed as means + standard deviation. Analysis of variance (ANOVA) was performed and
significant differences among means from triplicate or more by the Duncan’s multiple range tests and
T-test using the SPSS system software 13.0. UV/vis spectra, fluorescence spectra and GPC
measurements were also carried out in triplicates. LC-M S measurements were performed in duplicates.

3. Resultsand Discussion

3.1. Changesin pH and free amino group content

During Maillard reactions, the pH decreases mainly due to the formation of organic acids, such as
acetic acid and formic acid in the intermediate MRPs (Brands & van Boekel, 2002; Chen, Jin, & Chen,
2005; Rufian-Henares, Delgado-Andrade, & Morales, 2006). The consumptions of the N-terminal
amino group would notably decrease the pH of IPP-Ribose MRPs. Changes in pH of | PP-Ribose MRPs
and IPP as a function of heating time were shown in Fig.1A. According to the results of Fig.1A, there
were significant differences of pH between | PP-Ribose MRPs and | PP systems during the different heat
treatment (P<0.05). The pH of IPP-Ribose MRPs decreased markedly within the first 4 hours, and
thereafter pH of IPP-Ribose MRPs decreased dightly up to 8 hours (P<0.05). During the Maillard
reaction of glycine, diglycine, triglycine and lysine with sugars, the pH frequently decreased as the
heating time increased (Kim & Lee, 2009a, 2009b, 2010; Zeng, Zhang, Guan, & Sun, 2011). In
addition, pH of 1PP system dlightly increased up to 6 hours of heat treatment (P<0.05), after which no
pH change was recorded (P>0.05), which would indicate that the release of dipeptide or an amino acid
residue from | PP degradation had little or no effect on the pH of the system.

At an early stage of the Maillard reaction, the terminal o.-amino groups of peptides or proteins and -
amino groups of lysine residues react with the carbonyl groups of reducing sugars (Ledl, Beck, Sengl,
Osiander, Estendorfer, Severin, et al., 1989; Van Boekel, 1998). The loss of available amino groupsis
another indicator of the reactivity of Maillard reaction. To assay amino group availability, the
quantities of free amino groups in IPP heated in the presence and absence of ribose for up to 8 h were
determined using the OPA method and results also shown in the Fig.1A. Consumption of free amino
groups of IPP-Ribose M RPs was much larger than that of IPP aone (P<0.05). For |PP-Ribose MRPs,
the number of free amino groups continuously decreased upon heating time (P< 0.05). An overall loss
of 84.3% free amino groups was observed after 8 h of heating treatment. This suggested that a.-amino

groups of IPP were progressively bound to the carbonyl groups. In the shrimp hydrolyses-sugar
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systems (55°C), there was consumption of free amino groups throughout the 24 hour of Maillard
reaction (Laroque, Inisan, Berger, Vouland, Dufossé, & Guérard, 2008). The disappearance of the free
amino groups also occurred in heated bovine serum albumin (BSA)-glucose model systems at pH 8.0
and pH 9.7 (Ajandouz, Desseaux, Tazi, & Puigserver, 2008). In the case of IPP heated alone, the free
amino groups decreased dlightly up to 6 hours, but the remaining free amino groups significantly
changed from 86.1+1.1 % to 59.1+0.4 % for the 6th and 8th hour of heating (P<0.05). And this
indicated that longer and stronger heat treatment could destroy and consume some amino groups of 1PP.
3.2. Consumption of IPP and ribose during heat-treatment

During the Maillard reaction, time dependent changes of IPP and IPP-Ribose MRPs concentrations
were determined by RP-HPLC and ribose concentrations in heated solutions of PP alone and |PP-
ribose mixtures by HPLC, shown in the Fig.1B. In the IPP solution heated alone, IPP concentration
decreased slowly from O to 6h, but decreased significantly from 76.3+0.5 to 53.7+0.1 mmol/L between
6 to 8 hours heating. PP concentration in IPP-Ribose mixtures decreased more significantly than that
from IPP. For example, residual IPP of IPP-Ribose MRPs was reduced to approx. 6% of the initial
concentration after 8 hours of heat treatment, but about 58.2% in the IPP heated alone. However, as
shown below, the IPP and ribosylated IPP co-elute under the chromatographic conditions used,
therefore the given amounts of 1PP are overestimated in the case of 1PP-ribose mixtures.

Ribose concentration in pure ribose samples decreased dightly from 399.7+0.1 mmol/L to 370.5+2.0
mmol/L during heating, most likely due to caramelisation of ribose. In IPP-Ribose mixtures, most of
ribose consumptions occurred within the first 3 hour of reaction and thereafter slower disappearance
was observed. After 8 hours of heat treatment of |PP-Ribose mixtures, ribose concentration decreased
from 399.6+4.4 to 178.1+5.8 mmol/L (~45%), while IPP concentration of |PP-Ribose MRPs also
decreased from 92.4+0.3 to 5.3+0.3 mmol/L (~6%), indicating that available carbonyl groups of the
sugar disappeared faster than amino groups of the peptide. Sugar consumption has been previously
been a factor to evaluate reactivity in Maillard reactions. Laroque, Inisan, Berger, Vouland, Dufossé
and Guérard (2008) reported that among al of sugars involved in Maillard reaction with shrimp
hydrolysate, ribose was the most active and decreased siginificantly at 55°C after heat treatment of 6
hours. A sharp decrease in glucose of all MRPs was observed at 100°C for up to 240min of the heating
time (Kim & Lee, 2009b). These results show a similar trend to those presented in the present paper.
The dissappearance of the reactants IPP and ribose were fitted to the first and higher order decay
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equation(Kehoe, Wang, Morris, & Brodkorb, 2011). None of the reactions fitted first order decays and
only poor fitting was possible according to reaction of higher order. This may be partialy due to the
complex nature of Maillard reactions but also due to the afore-mentioned less accurate determination of
I PPconcentrations by RP-HPL C due to the overlap of the reactant |PP and product ribosylated | PP.
3.3. Absor ption spectr oscopy

In Maillard reaction, a yellow color appeared in the IPP-Ribose mixture after 1 hours heating,
increasing in intensity and change into brown with heating times. In order to detect the possible
presence of chromophores formed during the Maillard reaction of 1PP with ribose, an absorbance was
measured between 200 and 800 nm. Fig. 2A shows the UV /vis spectra of |PP heated in the presence (A)
and absence of (A’) ribose. IPP showed a maximum of absorbance at 214 nm, corresponding to the
absorbance of the peptide bond. Upon Maillard reaction of 1PP, a significant increase of the maximum
of absorbance at 214 nm was observed for up to 6h, but decreased dlightly thereafter. In addition,
absorbance spectra changed after 4 hours heating in the spectral region between 240 and 450 nm. And
at least two new chromophores, appeared at about 286+7nm (from 1 hour to 4 hour of heating time)
and 294+0.5nm (at 6 hour and 8 hour of heating time), respectively. In comparison, MRPs derived
from glucose and glycine, diglycine, or triglycine had a maximum absorbance in the range 260nm to
320nm (Kim & Lee, 2009b). In contrast to this, glycation of B-lactoglobulin induced the emergence of
at least two new chromophores at around 330 and 370 nm (Chevalier, Chobert, Dalgalarrondo, &
Haertle, 2001). These studies suggest that chromophores depended on both the amino group origin and
types of sugars used. In the present study, the absorbance of the new chromophores increased for up to
6 h, but decreased dlight at the 8 hours heating, probably due to degradation of the chromophores
compounds during advance Maillard reaction. In comparison, |PP heated alone showed no increase of
absorbance between 240 and 450 nm and absorbance at 214 nm was almost unchanged up to 6 hours
but decreased at the 8 hour heating, most likely due to a loss of IPP (shown in the Fig.2A’) and
degradation of peptide bond of 1PP.
3.4. Fluorescence spectr oscopy
During Maillard reactions, the appearance of fluorescent compounds prior to the formation of the
visible brown pigments has been reported (Baisier & Labuza, 1992; Patton, 1951). Color intensity is
considered an indicator for the advanced stage of the Maillard reaction. Fluorescent spectra has been
used for characterization of the Maillard reaction (Matiacevich, Santagapita, & Buera, 2005; Morales &
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van Boekel, 1997). A increase in fluorescence intensity was reported for MRP of o-lactalbumin with
reducing sugars (Sun, Hayakawa, Puangmanee, & Izumori, 2006) and rice protein-glucose system (Li,
Lu, Luo, Chen, Mao, Shoemaker, et al., 2009). In contrast, fluorescence increase was non-linear for
heated ribose-casein systems (Jing & Kitts, 2004). In present study, fluorescence excitation and
emission spectra of IPP-Ribose MRPs were shown as the function of heating time in the Fig.2B.
Fluorescence intensity of IPP-Ribose MRPs was the strongest at excitation wavelength of 347+1 nm
and emission wavelength of 420+1 nm. During 8 hours of heat treatment, fluorescence intensity of the
IPP-Ribose MRPs reached a maximum fluorescence within the first 2 hours, thereafter by a sow
decling, indicating that fluorescence compounds accumulated rapidly and reached a maximum before
being converted into brown colored pigments.

3.5. Analysis of size exclusion chromatography and rever se phase HPLC

IPP (Fig.3A) and IPP-Ribose MRPs (Fig.3B and Fig.3C) were monitored by size exclusion
chromatography. Molecular weight calibration estimated the dominant fraction as 300 and 650Da while
compounds smaller than 250Da were also produced during the reactions. When |PP was heated alone,
its concentration decreased and traces of thermal degradation products with a lower molecular weight
(component N) was produced with increasing heating times. Figure 3B (IPP-Ribose mixtures) also
showed small amounts of larger material produced during heating. Meanwhile, components M and N
with small molecular weight occurred and showed rising absorbance at 214 nm with heating times.
More of component N was produced in IPP-Ribose mixtures compared to that in IPP aone, which
suggested that Maillard reaction accelerated thermal degradation of 1PP, which matched the finding of
mass spectrometry, discussed below in section 3.6. Simultaneous detection at 294 nm (Fig.3C) allowed
the detection of intermediate MRPs, corresponding to compounds O (larger Mw), M and Z (both
smaller Mw).

Reversed phase HPLC gave addition information on the peptide distribution during the heating of PP
alone (Fig.3D) and I PP-Ribose mixtures (Fig.3E and Fig.3F). In the pure | PP system, | PP concentration
decreased as described above. In addition, two peptide compounds, corresponding to peakl and peak2,
appeared during heating. But, the same smaller peak 1 and larger peak 2, also appeared in the |PP-
ribose system. It can be assumed that mixture of peak 1 and peak 2 corresponded to peak N in Fig 3A
and B, which originated from a thermal breakdown product of |PP, the exact composition being further

discussed below. This seemed to demonstrate that the presence of ribose and subsequent Maillard
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reaction increased degradation into smaller break-down products. In addition to peak 1 and peak 2,
small amounts of other compounds were formed, which all increased in quantity with increasing
heating times, some of which absorb at 214 nm (Fig. 3E), others at 294 nm, which are associated to
colored MRPs (Fig. 3F).

3.6. LC-M S analysis

LC-MS analysis (Fig.4A) showed the presence of protonated intact PP and the ribosylated IPP at m/z
326.2 and 458.3, respectively, after the heat-treatment. Both IPP and ribosylated IPP co-elute in RP-
HPLC (Fig. 3E) at 10.4 min. Further examination of the conjugated product by tandem mass
spectrometry revealed that the N-terminus of the tripeptide was involved in the Maillard reaction and
thus further confirming the principle of Maillard reaction (Fig.4B). This is supported by the presence of
fragments y”; (m/z 116.1) and y”, ions (m/z 213.1) from the tripeptide (Fig.4B(a)) and the
corresponding ribosylated |PP (Fig. 4B(b)) suggesting that no modification occurred from the carboxyl
end of the tripeptide; while the presence of a; (m/z 218.2) and by-ion (m/z 343.2) further confirmed that
the conjugation occurred at the N-terminus of the tripeptide. Asillustrated in Fig 4B, the mass of a;-ion
in the IPP-ribose MRP is 132Da heavier than the corresponding a;-ion from IPP alone MSMS
spectrum; the 132Da corresponds to condensation of ribose to the amino group of the tripeptide. A
schematic diagram of the generation of product ions from the ribosylated IPP is proposed in Figure 4C.
The LC-MS analysis also illustrated a degradation product of 1PP in both IPP and |PP-ribose mixtures
after heat-treatment, namely the formation of dehydrated form of the dipeptide IP at nvz 211.1 [M+H] "
shown in Figure 4D, both of which co-elute in RP-HPLC at 12.8 min (Fig. 3D and E, peak 2) and size
exclusion-HPLC (Fig. 3A and B, peak N) at 46.9 min. This degradation product was confirmed by the
MS/MS experiment and the fragment ions were outlined Figure 4D inset, which corresponds to peak 2
(Fig. 3D and E) and peak N (Fig. 3A and B). Meanwhile, it is also assumed that peak 1(Fig. 3D and E)
might be PP, which elutes in RP-HPLC at 12.6 min and obtained from thermal degradation of I PP.

3.7. ACE inhibitory activity
In vitro ACE inhibition assay is one of the most recognized test for the selection, separation and

identification of antihypertensive peptides derived from protein. However, there are spectrophotometric,
HPLC, fluorimetric, radiochemical and capillary electrophoresis methods to measure ACE inhibitory

activity (Lopez-Fandino, Otte, & van Camp, 2006). In this work, a modified HPLC method was
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utilized, which based on the hydrolysis of Hippuryl-His-Leu (HHL) by ACE to hippuric acid (HA) and

HL; HA released from HHL was measured by RP-HPLC.

ACE inhibitory activity (Fig. 5A) of IPP aone and |PP-Ribose MRPs showed significant differences
during heating (P<0.05). The activity of PP aone remained relatively high with a small loss of approx.

8.6%, probably due to | PP degradation, as outlined above. In contrast to this, ACE inhibitory activity of

IPP-ribose MRPs decreased significantly as the heating time increased (P<0.05), from 86.1+0.6% to
5.9+3.6%, when heated from Oh to 8h. Rufian-Henares & Morales (2007) demonstrated that food

melanoidins from coffee (three roasting degrees), beer, and sweet-wine showed in vitro ACE inhibitory
activity. Hwang, Kim, Woo, Lee,and Jeong (2011) reported that some of fructose-amino acid and

glucose-amino acid MRPs showed dightly higher ACE inhibitory activity than untreated amino acids.

In the present study, the reactant IPP showed a high activity, which is diminished by at least two
reactions: ribosylation of the peptide and further MRP as well as the increased degradation of 1PP into
IP variations in the presence of ribose, as shown by MS analysis.

3.8. Antioxidant property

3.8.1 DPPH radical scavenging activity

It isrecognized that DPPH radicals can be scavenged by MRPs through donation of hydrogen to form a
stable DPPH-H form (Matthaus, 2002). Much work has been focused on high antioxidant activity of

MRPs in sugar-amino acid, -peptide and -protein model systems. Yen and Hsieh (1995) reported the
DPPH radical scavenging activity of xylose-lysine MRPs. Sun and Luo (2011) showed that Maillard

reaction products (MRPs) from porcine hemoglobin hydrolysate-sugar model system had DPPH

radical scavenging activity. And MRPs from a-lactalbumin and p-lactoglobulin with ribose (Jiang &

Brodkorb, 2012) and ultrafiltered MRPs from a casein-glucose model system showed strong DPPH

radical-scavenging activity (Gu, Kim, Hayat, Xia, Feng, & Zhang, 2009). In this study, DPPH radical-

scavenging activity of 1PP-ribose MRPs inscreased significantly as the heating time increased (P < 0.05)
for the first four hours but leveled off at four to eight hours (Fig. 5B). In contrast to this, heated |PP
lacked the DPPH radical-scavenging activity of its corresponding MRPs.

3.8.2 Ferrousreducing power

Besides radical-scavenging activity, reducing power is also an important indictor of antioxidant activity.
Hydroxyl groups and pyrrole groups of MRPs may play a important role in reducing activity
(Yanagimoto, Lee, Ochi, & Shibamoto, 2002; Yoshimura, lijima, Watanabe, & Nakazawa, 1997).
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Benjakul, Lertittikul, and Bauer (2005) reported MRPs of porcine plasma protein-glucose models
possessed reducing power. Zeng, Zhang, Guan, and Sun (2011) showed that reducing power of the
Maillard reaction products from psicose was also stronger than that from fructose. Ferrous reducing
power of IPP-ribose MRPs increased significantly with the heating time (P < 0.05, Fig.5B). There was
arapid increase during the first hour, after which it leveled off. However, it was also shown that there
was no reducing power of heated | PP.

4. Conclusion

MRPs of IPP with ribose were prepared under the prolonged, high-temperature treatment in alkali pH,
during which pH, free amino group, IPP and free ribose decreased considerably. LC-MS analysis and
size exclusion chromatography of IPP-Ribose MRPs system indicated molecular rearrangements and
production of new smaller molecules occurred during heat treatment. With the disappearance of intact
IPP by Maillard reaction and thermal break-down, a considerable loss ACE inhibitory activity was

observed as well as an increase in ferrous reducing power and radical-scavenging activity.
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Fig.1. (A) Changesin pH during heating of | PP-ribose mixtures (4) and IPP alone (2). Free amino

group content of 1PP-ribose mixtures (®) and PP alone (7) during heat treatment at 98°C for upto 8

hours. (B) Time dependent changes of | PP/ IPP-Ribose MRPs concentrations determined by RP-HPLC

in heated solutions of 1PP alone (2) and IPP-ribose mixtures (4). Ribose concentration in heated

solutions of ribose alone (2) and |PP-ribose mixtures (w). Error bars represent the standard deviation of

the mean of triplicate experiments.

Fig. 2. UV /vis absorbance spectra of | PP-Ribose system (A) and | PP (A’) during heat treatment at 98°C
up to 8 hours; (B) Fluorescence excitation and emission spectra of |PP-Ribose system; Emission
wavelength for excitation spectra was 420nm (scanning from 300 to 400nm). The excitation
wavelength for emission spectra was 347nm (scanning from 360 to 600nm). (B') Fluorescence intensity
at emission wavelength of 420nm and excitation wavelength of 347nm.

Fig. 3. Size exclusion chromatograms of IPP at 214nm (A), IPP-Ribose MRPs at 214nm (B) and
294nm (C) during heating (98°C) for different times (from O to 8h) at pH 9.0 and corresponding
reversed phase HPLC chromatograms of IPP at 214nm (D), IPP-Ribose MRPs at 214nm (E) and
294nm (F) during heating (98°C).

Fig. 4. (A) Electrospray mass spectrum showing the [M+H]" ions of IPP and ribosylated |PP after 1 h
of heating time. (B) CID mass spectra showing the fragment ions of (a) IPP and (b) ribosylated | PP.
The spectra shows similar y”1 and y”2-ions while the presence of m/z 218.2 and m/z 343.2 in (b)
revealed that the conjugation occurred at the N-terminus of the tripeptide. Schematic diagram (C)
shows the point of fragmentation assigned in figure (B). Also the mass peaks marked with * further
supports that the conjugation occurred at the N-terminus. (D) Peak corresponded to m/z 211.1 in the
mass spectrometry analysis and was assigned as the dehydrated dipeptide IP. The dipeptide was

confirmed by the MS/IM S analysis on the m/z 211.1 and the fragment ions were assigned (D inset).

Fig. 5. (A) ACE inhibitory activity during heating of 1PP-ribose mixtures (4) and IPP alone (2). (B)

DPPH radical scavenging activity during heating of 1PP-ribose mixtures (4) and IPP alone (2). Ferrous
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530  hours; Error bars represent the standard deviation of the mean of triplicate experiments.
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Fig.1. (A) Changes in pH during heating of IPP-ribose mixtures (&) and IPP alone (4). Free amino

group content of IPP-ribose mixtures (®) and IPP alone (2) during heat treatment at 98°C for up to 8

hours. (B) Time dependent changes of 1PP/ | PP-Ribose M RPs concentrations determined by RP-HPLC

in heated solutions of IPP alone (4) and IPP-ribose mixtures (4). Ribose concentration in heated
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Fig. 2. UV /vis absorbance spectra of | PP-Ribose system (A) and | PP (A’) during heat treatment at 98°C
up to 8 hours; (B) Fluorescence excitation and emission spectra of |PP-Ribose system; Emission
wavelength for excitation spectra was 420nm (scanning from 300 to 400nm). The excitation
wavelength for emission spectra was 347nm (scanning from 360 to 600nm). (B') Fluorescence intensity

at emission wavelength of 420nm and excitation wavelength of 347nm.
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559  Fig. 3. Size exclusion chromatograms of IPP at 214nm (A), IPP-Ribose MRPs at 214nm (B) and
560  294nm (C) during heating (98°C) for different times (from O to 8h) at pH 9.0 and corresponding
561  reversed phase HPLC chromatograms of IPP at 214nm (D), IPP-Ribose MRPs at 214nm (E) and
562  294nm (F) during heating (98°C). Peak description: peak M and Z - small M,,, intermediate MRPs; peak
563 O - large Myy compounds; peak 1- dipeptide PP ; peak 2 - dehydrated form of the dipeptide IP at mvz

564  211.1[M+H]"; peak N — mixture of PP and IP.
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Fig. 4. (A) Electrospray mass spectrum showing the [M+H]" ions of IPP and ribosylated |PP after 1 h
of heating time. (B) CID mass spectra showing the fragment ions of (a) IPP and (b) ribosylated | PP.
The spectra shows similar y”1 and y”2-ions while the presence of m/z 218.2 and m/z 343.2 in (b)
revealed that the conjugation occurred at the N-terminus of the tripeptide. Schematic diagram (C)
shows the point of fragmentation assigned in figure (B). Also the mass peaks marked with * further
supports that the conjugation occurred at the N-terminus. (D) Peak corresponded to m/z 211.1 in the
mass spectrometry analysis and was assigned as the dehydrated dipeptide IP. The dipeptide was

confirmed by the MS/IM S analysis on the m/z 211.1 and the fragment ions were assigned (D inset).
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Fig.5. (A) ACE inhibitory activity during heating of 1PP-ribose mixtures (4) and IPP alone (2). (B)

DPPH radical scavenging activity during heating of 1PP-ribose mixtures (4) and IPP alone (2). Ferrous

reducing power of |PP-ribose mixtures (®) and IPP aone () during heat treatment at 98°C for up to 8

hours; Error bars represent the standard deviation of the mean of triplicate experiments.
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