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Whey protein isolate (WPI) was hydrolysed to whey protein hydrolysate (WPH) using
alcalase produced by Bacillus licheniformis at 65°C for 3 hrs with an enzyme-to-substrate
ratio of 1:50. The WPI and WPH were then conjugated with lactose via Maillard reaction
by heating the solution at 95°C for different heating time which were 0 hr, 1 hr, 2 hrs, 3
hrs and 4 hrs. The objectives of this study were to characterise the physicochemical
properties (pH value, browning intensity, degree of glycation and Fourier transform
infrared spectroscopy) of conjugation of WPI and WPH with lactose and to analyse the
antioxidant activity of WPI and WPH after conjugation with lactose. The pH value and
degree of glycation of WPH-Lactose for all different heating times was higher compared

to WPI-Lactose. The antioxidant activity of WPH-Lactose conjugate was higher compared
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to WPI-Lactose conjugate as shown in the analysis of ABTS" radical scavenging activity
which was 2.37% for WPI-Lactose and 12.68% for WPH-Lactose that have been heated

for 4 hrs. However, the antioxidant activity of WPH was high even though without the
conjugation with lactose. Hence, findings showed that WPH can be used as a potential
ingredient for encapsulating bioactive compounds due to its high antioxidant activity.

1. Introduction

French chemist Louis Maillard first explained the
process of Maillard's reaction in 1912. Maillard reaction
is the formation of a bond between the amino group of
amino acid and the carbonyl group in reducing sugar.
This reaction can be divided into three stages which are
the early, advanced, and final stages. The chemical
reaction in each stage is interrelated and hence can
coincide and the reaction involved in the Maillard
reaction can be influenced by many factors (de Oliveira
et al., 2016). The factors include time, temperature,
water activity, intrinsic properties of proteins and
polysaccharides which can influence the reaction
pathways and the chemical compound formed. At
advanced and final stages of the Maillard reaction,
involves many complex reactions such as
polymerization, cyclisation and enolisation. Some
studies show that the binding of polysaccharides to
protein at the early stage of the Maillard reaction can
improve the functional properties of protein (Mulcahy et
al., 2016).

Conjugated whey protein has stronger antioxidant
activity compared to whey protein alone. Whey can be
processed to form whey protein isolates (WPI) by
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removing fat and lactose (Khaire and Gogate, 2019).
Maillard reaction products (MRPs) such as Amadori-
derived components, reductones and melanoidins, have
electron transfer activity due to their hydroxyl and
pyrrole groups and hydrogen donating potential of
reductones. The electron transfer activity of MRPs will
terminate the free radical reactions thus conjugated whey
protein has stronger antioxidant activity. The functional
properties of whey protein can also be altered by
hydrolysis reaction to form whey protein hydrolysates
(WPH) to form smaller segments known as peptides.
WPH is normally manufactured by heating it with
proteolytic enzymes until a certain degree of hydrolysis
is reached. Degree of hydrolysis which is an important
characteristic, is defined as the percentage of peptide
bonds that have been cleaved. Control of the degree of
hydrolysis is important as hydrolysis of whey protein
can unfold hydrophobic peptides which will give a
bitter taste to WPH when the degree of hydrolysis is
high (Boland and Zealand, 2011). Hydrolysis of whey
protein increases the amount of free amino group
which can be conjugated with saccharides and expose
the buried lysine residues (O’Mahony et al., 2017).

The properties of peptides generated from the
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hydrolysis reaction can be affected by the condition
when hydrolysis is taking place such as temperature, the
ionic strength, incubation time, the enzyme used and pH.
The specificity of proteases leads to the hydrolysis of
specific peptide bonds in the amino acid chain. Thus, this
produces peptides with different peptide sequences and
ingredients with  different physicochemical and
functional properties. The enzymatic hydrolysis of
proteins is also affected by the pH value in which
proteases have their own optimum pH with the
maximum enzymatic activity. It is relatively easy to
control the pH condition when the production of
hydrolysate is taking place at laboratory scale however it
is not feasible when applied in industrial scale (Dermiki
and FitzGerald, 2020).

In this study, WPI was hydrolysed to WPH before
subjecting the whey protein to the Maillard reaction.
WPI is hydrolysed because WPH has higher solubility,
digestion and absorption rate. Besides, WPH is more
reactive and bioactive than whey protein. Nevertheless,
WPH has a bitter taste and poorer functional properties;
hence conjugation with saccharides may improve its
functional properties. Furthermore, the conjugation of
WPH with galactose produces whey protein which has
better functional properties and stronger antioxidant
activity compared to WPI-Galactose (Zhang et al.,
2020).

This  study aimed to  characterize the
physicochemical properties (pH value, browning
intensity, degree of glycation and Fourier transform
infrared spectroscopy) of conjugation of WPI and WPH
with lactose, to analyse the ABTS" radical scavenging
activity of WPI and WPH after conjugation with lactose.
Conjugated WPH in this study may be used as a
microencapsulate which has many applications in the
food industry, for example, used as an emulsifier or
microencapsulate to protect and encapsulate bioactive
compounds besides improving functional properties of
native proteins (Zhang et al., 2019). Microencapsulation
using whey protein conjugates enhances the protection of
probiotics in the simulated gastrointestinal tract.
Moreover, conjugated whey proteins can form interfacial
layers which have antioxidant activity, thus preventing
lipid oxidation (Jia et al., 2020). Zhang et al. (2020)
investigated the effects on structure, functional
properties and antioxidant activity after WPI/WPH was
conjugated with galactose by the Maillard reaction.
Meanwhile, Mulcahy et al. (2016) studied the changes in
solubility and thermal stability of intact WPI and WPH
after they were conjugated with maltodextrin. To date,
there is no research to investigate the effect on
antioxidant activity of WPH after conjugation with
lactose.

https://doi.org/10.26656/r.2017.8(5).317

2. Materials and methods
2.1 Preparation of whey protein hydrolysate

Whey protein isolate (WPI) is hydrolysed by using
the method of Zhang et al (2020) with slight
modification. Whey protein isolate solution with a
concentration of 50 mg/mL was prepared using distilled
water followed by magnetic stirring for 2 hrs at room
temperature and the solution was stored at 4°C overnight
to ensure complete hydration. The pH of the solution was
adjusted to 8.5 by using 1 M NaOH and the whey protein
isolate solution was then hydrolysed at 65°C using
alcalase for 3 hrs with an enzyme-to-substrate ratio of
1:50. Approximately 35% degree of hydrolysis was
obtained which was measured by using o-phthalaldehyde
(OPA) test. The hydrolysis reaction was stopped by
heating the solution in boiling water which was then
cooled rapidly to ambient temperature. The pH of the
solution was adjusted to 7.0 by using 1.0 mol/L HCI. The
whey protein hydrolysate formed was lyophilized using a
freeze-dryer and stored at 4°C for further use.

2.2 Preparation of conjugates

WPI (30 mg/mL) was mixed with lactose (30 mg/
mL) and stirred until it dissolved completely. The
solution (50 mL) was reacted by heating it at 95°C for 0
hr, 1 hr, 2 hrs, 3 hrs and 4 hrs. At the beginning of the
reaction, the pH of the solution was adjusted to 8.0 using
1 M NaOH. After the reaction was completed, the
solution was immersed immediately in an ice-water bath
for further analysis. The above steps were repeated for
WPH and both solutions were treated similarly (Zhang et
al., 2020).

2.3 Physicochemical properties analysis
2.3.1 Measurement of pH

By using a pH meter, the pH of WPI-Lactose (WPI
conjugated with lactose) and WPH-Lactose (WPH
conjugated with lactose) for different heating times were
measured at room temperature and these measurements
were repeated three times (Zhang et al., 2020).

2.3.2 Measurement of the browning intensity

The method by Zhang et al. (2020) was used to
determine the browning intensity of different samples.
Deionised water was used to dilute the conjugate to a
final whey protein hydrolysate concentration of 10 mg/
mL. The absorbance was read at 420 nm which was the
characteristic absorption wavelength for brown intensity
generation in a spectrophotometer (Wang et al., 2020).
This step was done for WPI-Lactose conjugate and WPH
-Lactose conjugate and repeated three times for each
conjugate. The browning intensity of both conjugates
was calculated by using the following equation:
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Browning intensity = A, — 4,

where A. was the absorbance of conjugates heated
for 0 hr to 4 hrs while A, was the absorbance of distilled
water.

2.3.3 Degree of glycation using o-phthalaldehyde
method

The glycation degree of conjugates can be
determined by comparing the percentage of free amino
groups in conjugated WPH with those in whey protein
hydrolysate. o-phthalaldehyde (OPA) method was used
to quantify free amino groups. The OPA reagent was
prepared by mixing 40 mg of OPA which was dissolved
in 1 mL of methanol, 2.5 mL of sodium dodecyl sulphate
(SDS; 20%, w/w), 25 mL of 100 mmol L™ sodium
tetraborate and 100 pL of B-mercaptoethanol. Deionised
water was added to a final volume of 50 mL. Deionized
water was also used to dilute conjugates to a final
concentration of 2 mg mL™". The diluted sample (200
uL) was added to OPA reagent (4 mL) and the solution
was mixed briefly. The solution was then put into a
water bath at 35°C for 2 mins and its absorbance was
measured at 340 nm using a spectrophotometer. The
degree of glycation was calculated by using the equation
as follows:

13

Degree of glycation = = 100

o

where A:; was the absorbance of conjugates after
undergoing the Maillard reaction for 1 h to 4 h while A,
was the absorbance of WPI and whey protein
hydrolysate treated in the same condition as conjugates
(Zhang et al., 2020). The steps were applied to WPIL,
WPH, WPI-Lactose conjugate and WPH-Lactose
conjugate and repeated three times.

2.3.4 Fourier transform infrared spectroscopy

Fourier transform infrared (FTIR) spectroscopy was
carried out using the method of Zhang er al. (2020).
Dried samples (25 mg) were mixed with 225 mg of KBr
(10%, w/w) and compressed into tablets. FTIR spectra
were collected using a transmission mode ranging from
4000 to 400 cm™ at room temperature and 32 scans were
done using spectral resolution of 4 cm™. The steps were
done for WPI, WPH, WPI-Lactose and WPH-Lactose
which were heated for 4 hrs.

2.3.5 Antioxidant capacity analysis of ABTS" radical
scavenging activity

Antioxidant capacity of WPI, WPH, WPI-Lactose
and WPH-Lactose were evaluated based on ABTS"
radical scavenging activity. ABTS" radical scavenging
activity was determined using the method described by
Zhang et al. (2020). Potassium persulphate (K,S,0g; 176
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uL, 140 mmol/L) was reacted with ABTS (10 mL, 7.0
mmol/L) and produced ABTS" radical when the mixture
was stored in the dark at room temperature for 12 to 16
h. By adding sodium acetate buffer with pH 4.4, the
ABTS" solution was adjusted to an absorbance of
0.70+0.02 at 734 nm. Each sample with a volume of 20
uL was added to 3 mL of ABTS" solution, which its
absorbance has been adjusted previously and the mixture
was incubated in the dark for 6 min. The absorbance of
the mixture was determined at 734 nm using a
spectrophotometer and the ABTS™ radical scavenging
activity was calculated using the following equation:

A —A
L = %100

ABTS* radical scavenging activity (%) = 1
c

where A, was the absorbance of the control, which
was the ABTS" solution alone and A, is the absorbance
of the samples. These steps were applied to WPI, WPH,
WPI-Lactose and WPH-Lactose and repeated three
times.

2.4 Statistical analysis

All analysis was analysed in triplicate and the data
generated from the analysis were expressed as average +
standard deviation (SD) of three repetitions. One-way
analysis of variance (ANOVA) was used to determine
statistical ~differences (P<0.05) between different
samples.

3. Results and discussion
3.1 pH of Maillard conjugates

Based on the results in Table 1, the pH of WPI-
Lactose and WPH-Lactose decreases significantly after
four hours of heating (P<0.05). This was due to the
organic acid formation such as formic acid and acetic
acid which are intermediate MRPs and the consumption
of free amino groups during Maillard reaction (Lan et
al., 2010; Nooshkam and Varidi, 2020). Besides, the
reduction in pH values of the conjugates is also
contributed by the consumption of charged amino acids
such as lysine during the Maillard reaction (Karbasi and
Askari, 2021). The initial pH of both samples was
adjusted to pH 8.0 before conducting the conjugation
process. A study found that a higher pH incubation
condition favours the formation of compounds with
higher antioxidant activity. Moreover, an alkaline
environment facilitates the conjugation of WPI with
sugar by promoting structure unfolding thus increasing
the degree of glycation (Wu et al., 2021). The pH value
of WPH-Lactose for all different heating times was
significantly higher than that of WPI-Lactose which was
likely due to the enzymatic hydrolysis process releasing
more amino groups (P<0.05) (Zhang et al., 2020).
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Table 1. Changes in pH value of WPI-Lactose and WPH-Lactose across different heating time.

Sample 0 hr 1 hr 2 hrs 3 hrs 4 hrs
WPI-Lactose 7.82+0.065 7.37+0.025° 7.42+0.035° 7.46+0.055° 7.41+0.00%°
WPH-Lactose  8.43+0.03% 7.79+0.034° 7.83+0.012%  7.83+0.022% 7.85+0.01"°

Values are presented as mean+SD. Values with different uppercase superscripts within the same row and values with different
lowercase superscripts within the same column are statistically significantly different (P<0.05).

pH value was gradually reduced in WPI-Lactose
conjugate after 1 hr heat treatment and prolonged time
given showed no significant effect (P<0.05). For the
sample of WPH-Lactose, the pH of conjugates decreased
significantly after heating for 1 hr however its pH value
started to increase after heating for two hours. This result
contradicts the study conducted by Zhang et al. (2020),
in which the pH of WPH-Galactose conjugates reduced
significantly as the duration of heating time increased
(P<0.05). The increase in pH value of WPH-Lactose
after two hours of heating process may maybe due to the
complete glycation process between the reducing
carbonyl groups and the free amino groups. Further
heating process leads to the denaturation of proteins and
the unmasking of more amino groups (Nooshkam and
Varidi, 2020).

3.2 Browning intensity of Maillard conjugates

Measurement of browning intensity at 420 nm can
be used to indicate the brown product formation at the
advanced stage of the Maillard reaction (Ji’en et al.,
2021). The brown products are formed as a result of the
reaction between reducing sugar and proteins or peptides
and the colour of the samples gives a direct indication of
the progress and rate of Maillard reaction (Liu er al.,
2019). Based on the results in Table 2, the browning
intensity of WPI-Lactose and WPH-Lactose increases
significantly from 0.31 to 0.38 and 0.38 to 0.43
respectively (P<0.05), which is in accordance with a
study on the conjugation of WPI and WPH with
galactose (Zhang et al., 2020). This indicates that the
formation of the product at the advanced stage of the
Maillard reaction increases as the duration of heating
increases. There is a correlation between browning
intensity and antioxidant effect due to the formation of
melanoidin with maximum absorbance at 420 nm which
possesses antioxidant properties (Nooshkam et al.,
2019). Hence, both WPI-Lactose and WPH-Lactose
heated for four hours would have a higher antioxidant
activity due to their increased browning intensity after
four hours of the heating process.

The browning intensity of WPI-Lactose at 420 nm
increases significantly to 0.46 after two hours of heating
time which was the maximum value for different heating
time while WPH-Lactose has the maximum browning
intensity after heated for four hours (P<0.05). This
indicates that WPI-Lactose underwent 2 hrs of heating
process and WPH-Lactose undergone four hours of
heating time have the highest amount of product formed
at the advanced stage of Maillard reaction. However, the
browning intensity of WPI-Lactose reduced significantly
to 0.38 after heating for four hours which may be due to
the degradation of brown pigments after a prolonged
duration of heating (Nooshkam and Varidi, 2020). In a
study conducted by Nooshkam and Varidi (2020),
conjugation of WPI with sugars results in higher
browning intensity compared to WPH because the
molecular weight of proteins is higher compared to that
of peptides. However, in this study, only WPI-Lactose
heated for one hour and two hours had higher browning
intensity than WPH-Lactose.

3.3 Degree of glycation using o-phthalaldehyde method

Changes in pH values and browning intensity of the
conjugates indicate that lactose has been successfully
conjugated with WPI and WPH, however, the extent of
modification can only be determined using a degree of
glycation (Karbasi and Askari, 2021). With reference to
the results in Table 3, there is no significant increase in
the degree of glycation for WPI-Lactose and WPH-
Lactose after the conjugates have been heated for four
hours (P<0.05). Furthermore, there was also no
significant difference in the degree of glycation between
WPI-Lactose and WPH-Lactose which have undergone
different durations of heating processes which are one
hour, two hours, three hours and four hours (P<0.05).

Overall, the degree of glycation of WPI-Lactose and
WPH-Lactose increases after four hours of heating
which indicates a decrease in free amino groups (Zhang
et al., 2020). In general, the degree of glycation of WPH-
Lactose is higher than that of WPI-Lactose. Only the o-
amino group of the terminal amino acids and the g-amino

Table 2. Changes in browning intensity of WPI-Lactose and WPH-Lactose across different heating time.

Sample 0 hr 1 hr 2 hrs 3 hrs 4 hrs
WPI-Lactose 0.31+0.02% 0.40+0.01°° 0.46+0.00% 0.36+0.00%¢ 0.38+0.015%
WPH-Lactose  0.38+0.00¢ 0.39+0.015% 0.39+0.01%° 0.40+0.00"° 0.43+0.01"°

Values are presented as mean+SD. Values with different uppercase superscripts within the same row and values with different
lowercase superscripts within the same column are statistically significantly different (P<0.05).
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Table 3. Changes in degree of glycation of WPI-Lactose and WPH-Lactose across different heating time.

Sample 0 hr 1 hr

2 hrs 3 hrs 4 hrs

15.58+14.954
27.85+2.814

WPI-Lactose -
WPH-Lactose -

27.95+12.314
31.27+15.684

21.27+1.88*
30.41+14.14"

12.47+2.44%
23.1249.90%

Values are presented as mean+SD. Values with different uppercase superscripts within the same row and values with different
lowercase superscripts within the same column are statistically significantly different (P<0.05).

group of lysyl residues can take part in the Maillard
reaction. During the hydrolysis reaction, proteins are
broken down into peptides and amino acids which
generate freer a-amino groups and expose previously
buried lysyl residues (Mulcahy et al., 2016). Hence, the
sample WPH has higher exposure and availability of
peptides for the Maillard reaction compared to WPIL
Besides, this also indicates that WPH has a higher
amount of free amino groups (Nooshkam and Madadlou,
2016b).

3.4 Analysis of Fourier transform infrared spectroscopy

Amide I and II bands which were in the range of
1700 to 1600 cm™ and 1600 to 1500 cm respectively,
were found in WPI, WPH, WPI-Lactose and WPH-
Lactose which were heated for four hours. These are the
characteristic bands that can be found in the infrared
spectra of proteins in which the presence of the amide I
band is due to C=O stretching vibrations while the amide
II band is because of C—N stretching vibration and N-H
bending vibration (Zhang et al., 2020). FTIR spectra
show changes in the intensity and position after
modification in the functional groups at the molecular
level through Maillard reaction which can be observed in
both WPI and WPH conjugated with lactose (Ji’en et al.,
2021).

Previous studies have found that there is an increase
in the beta-sheet structure of proteins when the peak of
the amide II band is shifted to a lower frequency. Based
on Figure 1 and Figure 2, the peak position of both WPI
and WPH shifted to a higher frequency from 1537.11 cm
! to 1539.04 cm™” and 1537.11 cm™” to 1542.90 cm’'
respectively, after conjugated with lactose. This indicates
that there was a reduction in the beta-structure of
proteins thus the protein structure in conjugated WPI and
WPH was stretched. Hence, the conjugation of WPI and
WPH with lactose has an effect on its secondary
structure (Chunyu et al., 2020).

The region of 1180 cm™ to 953 cm™ is attributed to
the “saccharide band” of sugars which is due to the
vibration of C-H bending and C-C/C=0 stretching
bonds (Nooshkam and Varidi, 2020). The absorption
peak of WPI was weaker at 1070.38 cm™ compared to
WPI-Lactose at the same wavenumber in which the
difference in infrared absorption spectra indicates there
was Maillard conjugation between the involved sugars
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Figure 1. Fourier transform infrared spectroscopy of WPI and
WPI-Lactose which have undergone four hours of heating
process.
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Figure 2. Fourier transform infrared spectroscopy of WPH and
WPH-Lactose which have undergone four hours of heating
process.

and proteins. The changes in absorption peak were
because of the consumption of functional groups such as
the amino group from lysine and the generation of
certain compounds during the Maillard reaction such as
Amadori complex (C=0), Schiff base (C=N) and
pyrazine (CN) (Zhang et al., 2020).

The strong absorption peaks of WPI-Lactose and
WPH-Lactose for the amide II band are at 1539.04 cm™
and 1542.90 cm™, respectively. The WPI/WPI-Lactose
conjugates and WPH/WPH-Lactose conjugates with
absorption peaks at 1396.32 cm™ and 1394.39 cm™ were
due to the amide III zone vibrations including C-N
stretching and N-H bending (Zhang et al., 2020). The
range of 1450 cm™” to 1240 cm’ which is known as
amide III of proteins can be used to predict the secondary
structure of proteins (Nooshkam and Madadlou, 2016a).
It can be observed that the intensity of these absorption
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peaks was reduced after WPI and WPH were glycated
which may be because of the Maillard reaction between
the reducing carbonyl group and the amino group of
reactants (Nooshkam and Varidi, 2020). Moreover, the
WPI/WPI-Lactose has absorption peaks at 3274.80 cm™
and 2958.50 cm' while WPH/WPH-Lactose has
absorption peaks at 3284.44 cm™ and 2925.72 cm’
which was ascribed to -NH, —OH and —CH stretching
vibration (Zhang et al., 2020).

3.5 ABTS radical scavenging activity

Antioxidant activity is related to the compound or
molecules which protect the biologically active system
from harmful processes or reactions that produce
reactive nitrogen or oxygen species which will cause
excessive oxidation (Muley et al., 2021). With reference
to Table 4, the ABTS" radical scavenging activity of
WPI was reduced significantly after four hours of the
heating process while for WPI-Lactose and WPH-
Lactose, the ABTS' radical scavenging activity was
increased significantly after being heated for four hours
(P<0.05). The reduction in ABTS" radical scavenging
activity of WPI after four hours of heating process may
be due to the MRPs formation such as hydroxy methyl
furfural (HMF) which have toxic and carcinogenic
properties instead of melanoidins which have antioxidant
and antimicrobial activities because of its ability of
chelate metals (Singh et al., 2021). There was an
increase in the ABTS" radical scavenging activity for the
sample WPH after four hours of the heating process from
13.54% before the heating process to 13.85% however it
was not statistically significant.

Table 4. Changes in ABTS" radical scavenging activity of
different samples (WPI, WPH, WPI-Lactose and WPH-
Lactose) after heated for four hours.

Sample 0 hr 4 hrs
WPI 8.91+1.135 0.46+0.97%°
WPH 13.54+1.84%*  13.85+0.98"

WPI-Lactose 0.64+0.30° 2.37+0.06"
WPH-Lactose 8.61£0.69%°  12.68+0.43*

Values are presented as meantSD. Values with different
uppercase superscripts within the same row and values with
different lowercase superscripts within the same column are
statistically significantly different (P<0.05).

Before the heating process, the sample WPH had the
highest ABTS' radical scavenging activity which is
13.54% and there was no significant difference between
the ABTS" radical scavenging activity of WPI and WPH
-Lactose while the sample WPI-Lactose had the lowest
ABTS' radical scavenging activity which is 0.64%. After
the four hours of the heating process, the sample WPH
had the highest ABTS" radical scavenging activity which
13.85%, there was no significant

was however,
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difference between the ABTS' radical scavenging
activity of WPH and WPH-Lactose while the sample
WPI had the lowest ABTS" radical scavenging activity
which was 0.46% (P<0.05). The radical scavenging
mechanism of WPI hydrolysates was due to the
pervasiveness of hydrophobic amino acids such as
alanine,  proline, valine, 1soleucine, leucine,
phenylalanine, tryptophan, tyrosine and methionine.
Furthermore, the amino acids which may be involved in
antioxidant activity are lysine, cysteine and histidine.
Protons can be donated by the amino acids with aromatic
side chains to electron-deficient radicals thus showing
radical scavenging properties (Muley et al., 2021). The
ABTS" radical scavenging activity of WPH-Lactose was
higher than that of WPI-Lactose which was consistent
with the research conducted by Zhang et al. (2020). They
reported that the ABTS+ radical scavenging activity of
WPH-Galactose was higher than that of WPI-Galactose
hence it indicates that WPH-Lactose and WPH-
Galactose may serve as hydrogen donors.

The hydrolysis of WPI using alcalase enzyme
produces peptides which have much higher antioxidant
activity compared to the unhydrolyzed WPI that was
shown by ABTS" radical scavenging activity of WPH.
Further heating of WPH increases the ABTS" radical
scavenging activity of WPH to 13.85%, however it was
not statistically significant (P<0.05). The addition of
lactose into the WPH solution causes the ABTS" radical
scavenging activity of the mixture to be reduced
compared to WPH alone (P<0.05). However, the ABTS"
radical scavenging activity of WPH-Lactose increases
after 4 hrs of the heating process which was due to the
production of melanoidin during the Maillard reaction
which has radical scavenging capacity and also the
formation of both intermediates and brown polymers
which act as hydrogen donors (Zhang et al., 2020). This
finding was consistent with the increase in browning
intensity of WPH-Lactose after heating for four hours
from 0.38 before the heating process to 0.43.

4. Conclusion

In conclusion, the WPI-Lactose and WPH-Lactose
conjugates have reduced pH after 4 hrs of the heating
process. The pH value of WPH-Lactose at all different
heating times is higher than that of WPI-Lactose.
Besides, the browning intensity of both conjugates
increased after being heated for four hours which was
because of the production of products at the advanced
stage of Maillard reaction. The WPH-Lactose which was
heated for 0 hr, 3 hrs and 4 hra had higher browning
intensity than WPI-Lactose.

The degree of glycation of the WPI-Lactose and
WPH-Lactose conjugates increased to 27.95% and
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31.27% after four hours of heating process which
indicates the reduction in the amount of free amino
group. The WPH-Lactose conjugate has a higher degree
of glycation compared to WPI-Lactose conjugate
because of hydrolysis reaction releases peptides and
amino acids with free a-amino groups for the Maillard
reaction. After WPI and WPH had been conjugated with
lactose, there were changes in the intensity and position
of amide I, amide II and amide III bands as shown in the
FTIR spectra. Furthermore, the conjugation of WPI and
WPH with lactose changes its secondary structure in
which there was a reduction in the beta structure of the
proteins and the protein structure was stretched.

There was an increase in the ABTS' radical
scavenging activity of WPH after conjugated with
lactose which was due to the pervasiveness of
hydrophobic amino acids and the presence of amino
acids with aromatic side chains. However, there was no
significant difference between the ABTS" radical
scavenging activity of WPH and WPH-Lactose which
were heated for four hours (P<0.05). Hence, it was
suggested that the related food industry may eliminate
the addition of lactose into WPH to achieve the desired
effect in the usage of WPH for its antioxidant activity
besides reducing extra costs which may incurred from
the addition of lactose.
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