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Introduction
Antioxidant property is defined as the 
ability of compounds to inhibit or suppress 
the process of oxidation by scavenging 
the free radicals and/or reactive oxygen 
species (ROS).[1] Free radicals and ROS 
are common by-products of oxidation 
produced in the body as part of normal 
cell function, and overproduction can 
cause oxidative damage to DNA and other 
biomolecules, which could result in cell 
death and oxidative stress.[2] Continued 
oxidative stress, in turn, can lead to chronic 
inflammation resulting in the development 
of many chronic and degenerative 
disorders.[2,3] Dietary source of antioxidants, 
instead, can reduce the oxidative damage 
caused by the overproduction of free 
radicals and decrease the risk of related 
diseases.[4] Soy beans and soy-derived 
products are known to possess antioxidant 
properties. In particular, soy milk contains 
a diverse group of phenolic components, 
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namely isoflavonoids that can provide health 
benefits.[5-7] Recent studies have indicated 
that the antioxidant activity of fermented 
soy milk with lactic acid bacteria is 
significantly stronger than nonfermented soy 
milk.[5,8,9] Apart from the traditional usage of 
soy milk and soy milk fermented products 
in specific geographies, recently, as a result 
of the associated benefits, their consumption 
in other regions is being recommended by 
health advisories.[10-16] Being rich in phenolic 
antioxidants, soy milk may be a healthier 
alternative to milk for individuals suffering 
from inflammatory diseases. However, milk 
in itself is a good source of antioxidant 
activity; hydrolyzed milk proteins and free 
peptides have been extensively studied 
and introduced as a powerful source of 
antioxidants. In particular, a succession of 
some amino acids including histidine and/or 
hydrophobic amino acids have been mainly 
considered in this regard.[17]
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Several methodologies have been explained for the 
measurement of antioxidative properties of foods.[18-24] 
However, different antioxidant measurement methods 
may result in varied responses in the quantity and even 
the quality of antioxidant characteristic of the same food 
sample.[1,25]

Two studies have recently been conducted by the Food 
Security Research Center in Isfahan University of Medical 
Science, Iran, in type 2 diabetes patients with nephropathy 
to examine the effects of the consumption of soy milk over 
cow’s milk with respect to inflammatory markers and blood 
pressure.[26,27] The results showed that soy milk consumption 
had no significant effect on the tested inflammatory and 
oxidative markers. However, soy milk significantly reduced 
the blood pressure of the participants. In the current study, 
we looked at two different types of commercial milk and 
soy milk products. There is little information regarding 
the antioxidant properties of ultra-high temperature (UHT) 
milk and UHT soy milk and their fermented products 
that are commercially available. Hence, the present study 
was directed to compare the antioxidant properties of the 
aforementioned products, which are routinely used by the 
public. In our study, the antioxidant properties of UHT 
milk and UHT soy milk and their fermented products 
were derived through four distinct analytical experiments: 
(1) Inhibition of ascorbate auto-oxidation; (2) scavenging 
effect of 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
free radical; (3) the scavenging activity of hydrogen 
peroxide (H2O2); and (4) the reducing activity.

Materials and Methods
UHT sterilized milk (1.5% fat, Tehran Mihan Food Dairy 
and Ice Cream Industries Group, Tehran, Iran), and UHT 
sterilized whole soy milk (1% fat, Maxsoy, Soyasun Co., 
Ltd., Tehran, Iran) were used in the study. As declared on 
the food labels of each product, the content composition 
in each 100  ml of UHT milk was as follows: Protein, 
3.3  g; carbohydrate, 4.9  g; fat, 1.5  g; total mineral, 0.6  g; 
calcium, 100 mg; phosphorus, 120 mg and 100 ml of UHT 
soy milk contained protein, 2.5 g; carbohydrate, 5.5 g; fat, 
1.0  g; calcium, 40  mg; and sodium, 40  mg. In addition, 
proximate analysis of the samples was performed regarding 
fat and carbohydrate content of each type of UHT milk. 
The Gerber method and Folch method were adopted for the 
determination of the fat content in the UHT milk and soy 
milk samples, respectively. The Fehling method was used 
for carbohydrate measurements of the UHT milk while, for 
the UHT soy milk, the correction factor corresponding to 
sucrose was considered.

Lactobacillus plantarum A7 was obtained from the culture 
collection of the food microbiology laboratory of Isfahan 
University of Medical Science. The microorganism was 
activated in de Man-Rogosa-Sharpe (MRS) broth at 37°C 
for 24 h. The fresh culture (2%v/v) was adjusted in optical 
density of 1.2 at 620  nm, containing approximately 108 

bacterial cell/ml and was used for UHT milk and UHT soy 
milk inoculation. Fermentation was carried out in a 500 ml 
Erlenmeyer flask (WT-Binder, Germany) incubated at 37°C 
in aerobic condition for 48  h. Sampling was performed in 
time intervals of 3, 5, 7, 15, and 37  h. Serial dilution was 
prepared using sterilized normal saline. Viable counts of 
fermented UHT milk and UHT soy milk was monitored by 
plate count agar on MRS-Agar (Merck, Germany) during 
the incubation period. The residual of each sample was 
used for measuring pH (Hanna Instruments, Italy).

Measurement of antioxidant properties

•	 Ascorbate autoxidation inhibition assay was adapted 
from Wang et al. and Rekha and Vijayalakshmi first 
described by Mishra and Kovachich.[23,25,28] In brief, 
0.1  ml of sample or distilled water which served as 
the control was mixed with an ascorbate solution 
containing 0.1  ml of 5.0 mM ascorbate (Merck, 
Germany) in phosphate buffer 9.8  ml of 0.2 M at 
pH  7.0. After being placed at 37°C for 10  min, the 
absorbance of the resultant mixture was measured at 
265  nm (Jenway Scientific Instruments, England). The 
ascorbate autoxidation inhibition rate of the sample was 
then calculated according to the following equation:

	
Inhibition effect (%) =

abs

abs
 1 ×100%

sample

control

−










•	 The free radical scavenging activity of all samples 
was measured by DPPH method of Devi et al. (2009) 
previously described by Chen and Ho with minor 
modifications.[29,30] In brief, 0.2 ml of each sample was 
added to 3.8  ml DPPH (Sigma-Aldrich, Germany) 
ethanol solution (final concentration was 0.1 mM) 
in a test tube. The mixture was shaken vigorously 
for 1  min by vortexing and left to stand at room 
temperature in the dark for 30  min. Thereafter, the 
absorbance of the sample (A sample) was measured 
using the ultraviolet-visible spectrophotometer at 
517  nm against ethanol blank. A  negative control 
(A control) was taken after adding DPPH solution 
to 0.2  ml of the respective extraction solvent. The 
percent of DPPH discoloration of the sample was 
calculated according to the following equation:

	 Percent discoloration: (1 – [Asample/Acontrol]) × 100

•	 The H2O2 scavenging activity was measured by the 
method of Wang et al. described by Pick and Keisari 
with minor modification.[25,31] In brief, 50 µl of the 
sample or distilled water (control) was mixed with 
50 µl of 5 mM H2O2 solution (Merck, Germany) 
and incubated at room temperature for 20  min. It 
was then supplemented with 100  ml of horseradish 
peroxidase-phenol red (Merck, Germany) solution 
(100 mM phosphate buffer containing horseradish 
peroxidase. 300  µg/ml and phenol red 4.5 mM). After 
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another 10  min of incubation, the sample absorbance 
at 610  nm was monitored by an automated microplate 
reader (microReader 4 plus  -  Hyperion, USA, MD 
6258). The scavenging effect was calculated according 
to the following equation:

	
Scavenging effect (%) = 1 

abs

abs
×100%

sample

control

−










•	 The reducing activity of samples was determined as 
described by Wang et al., Rekha and Vijayalakshmi 
and Oyaizu.[24,25,28] A sample or distilled water 
(control) (0.5  ml) was mixed with 1.0% potassium 
ferricyanide (0.5  ml, Merck, Germany) and sodium 
phosphate buffer (0.5  ml, 0.02 M, pH  7). The mixture 
was incubated at 50°C for 20  min and then 10% 
trichloroacetic acid (0.5  ml, Merck, Germany) was 
added. The mixture was then centrifuged at 780  g 
for 5  min. The upper layer (1.5  ml) was mixed with 
0.1% ferrichloride (0.2  ml, Merck, Germany), and 
the absorbance was measured at 700  nm. The higher 
the absorbance of the given mixture, the higher was 
the reducing activity expressed as µmol of cysteine 
(Merck, Germany). The cysteine reducing activity data 
corresponded to the absorbance at 700  nm and has 
been illustrated in Figure 1. The standard equation was 
obtained as Y = 0.0022X −0.0064, which was validated 
by R2 = 0.98.

Each experiment was independently repeated in triplicate, 
and each measurement was at least replicated twice. 
The mean values of at least six data obtained plus 
standard deviation was used to express the result of each 
experiment. All the data was analyzed using a one-way 
ANOVA, and the comparison of the means was tested by 
Tukey’s test (SPSS, Version 16.0, Chicago, SPSS Inc.). 
The significance of the different results were considered 
as α = 5%.

Results
The growth curve of L. plantarum in UHT-treated milk and 
UHT soy milk is shown in Figure  2. The corresponding 
changes in pH are illustrated in Figure  3. At the first 
sampling time (3  h of fermentation), the pH value in both 
tested media was measured at about 6.5 and about 108 
bacterial cells existed in each ml of the given samples. 
However as shown in the figure, the growth rate of 
L. plantarum rapidly increased in UHT soy milk, reached 
to a peak and drastically decreased when it was compared 
with UHT milk fermented counterpart which revealed 
a slower but more stable viable cell counts. After 37  h 
fermentation, the pH of UHT-treated soy milk was reduced 
to 3.8 whereas fermented UHT milk showed the pH value 
of 4.55.

For antioxidant activity test, the samples of fermented 
UHT milk were selected at the end of fermentation (37  h 

incubation). Under these conditions, even though the pH 
dropped to about 4.5, the bacterial population did not 
change compared with its maximum. For UHT soy milk 
samples, the fermented samples were used after 6–8  h of 
fermentation, at which, pH value was about 4.6 ± 0.1 and 
the population of live bacteria was at the maximum.

Figure 1: Standard curve of cysteine reducing activity

Figure  2: Lactobacillus plantarum A7 growth curves in ultra-high 
temperature milk and soy milk during 37 h aerobic incubation at 37°C

Figure 3: Changes in pH during Lactobacillus plantarum growth in ultra-high 
temperature milk and soy milk
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Antioxidant properties of the examined samples were 
measured as the ascorbate auto-oxidation inhibition effect, 
DPPH free radical scavenging effect, scavenging activity of 
H2O2 and measuring the reducing activity. These have been 
tabulated in Table 1.

The results of ascorbate auto-oxidation inhibition properties 
of the tested samples showed no significant difference 
(P  >  0.05) between UHT soy milk and UHT milk, they 
both presented with more inhibition activity than their 
fermented counterparts [Table  1]. By using the DPPH 
free radical scavenging assay, a significant statistical 
difference (P  <  0.05) was revealed among the products. 
The most antioxidant activity was seen from UHT soy 
milk. Nevertheless, as mentioned, fermentation resulted 
in an increase in antioxidant capability of UHT milk but 
decreased in this property in UHT soy milk.

Based on the results obtained from the third experiment, 
the significant statistical difference (P  <  0.05) was 
observed between the four trails [Table  1]. However, none 
of the tested samples exhibited any efficiency regarding 
this property as H2O2 neutralizing effect was measured in 
a negative amount for both fermented and nonfermented 
samples. Meaning that in all the samples, H2O2 was 
measured in higher concentration than that of distilled 
water as the control sample. Because UHT milk and soy 
milk tested in this study were in tetra-pack packaging, the 
presence of H2O2 in nonfermented samples was probably 
due to the discharge through the aseptic packaging process 
in the plant. Nevertheless, H2O2 concentration was reduced 
in UHT milk and increased in UHT soy milk by the effect 
of fermentation. Reduction of the H2O2 content in the 
fermented UHT milk could be due to its degradation during 
long fermentation time period, and its increase in fermented 
UHT soy milk might be as a result of its accumulation in 
the course of the short fermentation process. Regarding the 
reducing activity test, the significant statistical difference 
(P < 0.05) was observed between the average results of the 
four products. In line with DPPH test, UHT soy milk was 
shown to have more reducing potential compared to UHT 

milk. In addition, no increase in reducing activity appeared 
to be generated by fermentation either in UHT milk or 
UHT soy milk.

Discussion
Nondairy lactobacilli, particularly probiotic species that 
have been isolated from the digestive system, generally 
present a slow growth and activity in milk, which has 
been referred to their exotrophic nature for peptide and 
free amino acids.[32] Rapid growth upon drastic pH decline 
by L. plantarum in UHT soy milk in this study can be 
attributed to the presence of more available peptides in 
UHT soy milk than UHT milk.

It should be noted that the utilized samples in this project 
were the commercially available UHT sterilized packs 
and the severe thermal treatment tolerated by the samples 
might have provided the possibility for creating more heat 
induced peptides. This may explain the higher growth rate 
and activity of the human isolated L. plantarum used in this 
study compared to other studies that have used autoclaved 
milk or soy milk for this purpose.[32]

The results of the ascorbate auto-oxidation inhibition effect 
contradict the previous reports by Wang et al. and Rekha 
and Vijayalakshmi in that soy milk fermentation using pure 
or mixed Lactobacillus cultures provide a more ascorbate 
auto-oxidation inhibition property.[25,28] It should be mentioned 
that in the present study, the value of inhibition effect of 
commercial UHT soy milk obtained was 19% in comparison 
with 9% reported for home-made soy milk by Wang et al. 
and 4.3% reported by Rekha and Vijayalakshmi. In the latter 
study, the liberation of aglycones form of genistein and 
daidzein by the catalytic function of β-glucosidase during 
fermentation and the presence of intracellular antioxidants 
of the starter organism accounted for the increase in the 
inhibition of ascorbate autoxidation found in fermented soy 
milk.[28] Phenolic compounds have also been considered as 
the main factor in creating antioxidant properties in the study 
of Wang et al. It could be suggested that a considerable part 
of the measured antioxidant property in the present study are 

Table 1: The results of antioxidant properties of commercial UHT milk, soy milk and their fermented counterparts*
Tests Milk Fermented 

milk
Soy milk Fermented soy 

milk
Ascorbat auto-oxidation inhibition (%) 19.60±0.88a,**

0.05***
11.99±0.20b

0.02
19.47±0.46a

0.02
9.38±0.23c

0.03
DPPH free radical scavenging effect (%) 8.70±3.20c

0.37
16.20±4.89bc

0.30
33.51±6.00a

0.18
13.98±3.04bc

0.22
Hydrogen peroxide neutralizing activity (%) −11.74±0.78a

−0.07
−10.72±0.45b

−0.04
−7.23±6.61d

−0.91
−8.02±0.02c

−0.003
Reducing activity (µM cysteine) 795±82b

0.10
717±43bc

0.06
945±56a

0.06
195±136d

0.70
*Results are presented as an average of triplicate tests and three independent experiments, **In each raw, different superscript letters (a, b, c, d) 
indicate significant statistical difference (P<0.05), ***Relative SD (%). SD: Standard deviation, UHT: Ultra-high temperature, DPPH: 
2,2-diphenyl-1-picryl-hydrazyl-hydrate
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attributed to the processing of soy milk and the released free 
peptides. Because L. plantarum presented superior growth in 
UHT soy milk than UHT milk, an instantaneous decrease in 
the oxidation inhibition revealed in fermented UHT soy milk 
is justifiable.

The DPPH scavenging effect has been used in several 
studies for evaluating antioxidant properties of soy 
products. It was reported that using this test, the antioxidant 
activity of various soy product extracts ranged from 41.6% 
to 81.6%. The lowest values were attributed to soy sauce 
(55%) and soy milk (41.6%). Several processing steps in 
the production line which adversely affect the total phenolic 
compounds in the manufactured soy products presumed, by 
the authors, to be the reasons for this wide range.[30] Hubert 
et al. indicated that among the antioxidant compounds in 
soy germ extract, tocopherols have the highest inclination 
to react with free radical of DPPH and thus, destruction of 
tocopherols during fermentation was declared as the reason 
for the reduction of antioxidant capability of soy product 
after fermentation.[33] DPPH radical scavenging activities of 
milk-kefir and soy milk-kefir have been investigated by Liu 
et al., and their results concur with the result of the present 
study. Soy milk showed a higher antioxidative activity 
than milk, however, notably, the tested products in their 
study were not the UHT commercial types.[34] Regarding 
the increase in the antioxidant capability of milk after 
fermentation which was observed in this experiment, the 
results are in agreement with the results of other studies; 
different bioactive components with proteinaceous nature, 
which is derived from milk proteins during fermentation 
by lactic culture, were discussed to be responsible for this 
property including casein hydrolysate and some peptides 
derived from the pepsinic hydrolysate of casein,[34] peptides 
released due to proteolysis and bacterial growth and 
histidine and some hydrophobic amino acids.[17,35] Growth 
and activity of the proteolytic bacterium, L. plantarum A7, 
in the present study, probably caused the increase in this 
property in UHT milk after fermentation.

Based on the results of human study, which was conducted 
in the Isfahan University of Medical Sciences, inflammatory 
markers were not significantly modified in the patients 
that received UHT-soy milk that was used in this study 
compared to caw’s milk.[27] However, those patients showed 
a decrease in the systolic blood pressure, which might be 
because of heat-induced peptides in the UHT-soy milk.[26]

In the third experiment, the observed result was in 
agreement with the results of Wang et al. in that 
fermentation had a negative impact on the soy milk H2O2 
neutralizing property.[25] Because there is no other report 
in the literature concerning the effectiveness of the given 
experiment as a means of antioxidant property measure, it 
could be concluded that this method cannot be regarded 
as a proper way of assessing antioxidant properties when 
similar food types are under investigation.

In the fourth experiment, infirmity of fermentation in the 
development of antioxidant property of both UHT milk and 
UHT soy milk contradicted with previous studies in that 
reducing activity was found to be increased after soy milk 
and/or milk fermentation.[8] Similar results by Hubert et al. 
have been reported on the changes in reducing ability of 
soy germ extracts. They indicated that lactic acid bacteria 
fermentation significantly decreased the reducing power 
of soy bean products. Such reduction was attributed to the 
loss of phytosterol content during the incubation period.[33]

It should be mentioned that there is a great difference 
among studies regarding the reported range of reducing 
activity presented based on µM of cysteine as an 
antioxidant index. In the present study, the reducing 
capability of UHT soy milk was measured as 945 cysteine 
µM which declined to about 195 cysteine µM as a result 
of fermentation. Reducing the power of soy milk and 
its fermented product was previously determined as 
604 cysteine µM and 699 cysteine µM, respectively.
[34] In addition, data for milk was reported to be 500–759 
cysteine µM by the same authors. Instead, using the same 
experimental protocol, the reducing activity of soy milk 
or its fermented derivatives were measured as about 0.8–
11 cysteine µM by other researchers.[25,28] The difference 
in soy composition, as well as their thermal treatment, 
could be the reason for such differences. Moreover, the 
methodology of this test may partly be responsible for the 
varied results. Incomplete precipitation of proteinaceous 
material in the tested samples can be a source of error 
having a great impact on the absorption data and the final 
results of spectrophotometric measurements.[36]

Among four experiments conducted in the present study, 
the results of the DPPH assay was in agreement with the 
reducing activity test in two points: Higher antioxidant 
capability of UHT soy milk than UHT milk and reduction 
in the antioxidant capability of UHT soy milk by 
fermentation. However the reducing activity was considered 
a less reliable method, partly due to some stages of the 
experiment, which make it a less reproducible method. For 
instance, difficulty in the protein precipitation step for both 
UHT milk and UHT soy milk could be a source of error in 
the spectrophotometric measurements.

Furthermore, in view of changes in antioxidant properties 
after fermentation in UHT milk, the reducing activity 
assay was in agreement with the method of ascorbate 
auto-oxidation inhibition effect. In the latter experiment, 
the conditions for oxidation of ascorbic acid added to the 
food sample is provided, and the rate of prevention from 
its oxidation is considered as a measure of antioxidant 
activity. Because no difference was observed between the 
antioxidant activity of UHT milk and UHT soy milk in 
this test, it could be concluded that the presence of soya 
polyunsaturated fatty acids and their susceptibility to 
the provided oxidation conditions in this test may partly 
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contribute as a source of error in this test and thus this 
method may not be appropriate for food samples, which 
contain chimerical compounds susceptible to oxidation. 
However, this method was regarded as a simple, cheap, and 
accessible among the tested methods in the present study.

Comparison of four distinct methods in evaluating the 
antioxidant properties of the commercial products that are 
available for the public could be regarded as a strength 
point of this study. In addition, the link between the results 
of this study on the in vitro properties of examined soy 
milk and milk and the results of a human study in which 
the same articles were consumed as by the subjects makes 
this study different from the previous ones. On the other 
hand, lack of proteolysis measurement, as well as the lack 
of complementary examination of peptides produced in the 
examined products are the limitation of this study which 
could be considered in the future studies in the field.

Conclusion
Four proposed methods for antioxidant activity 
measurement were used to compare this property among 
UHT milk, UHT soy milk, and their fermented products. 
The employed experiments did not support each other on 
all the obtained results. UHT soy milk was found to have 
more antioxidant property than UHT milk by a couple of 
methods. However, it is unlikely that such superiority rooted 
from just the phenolic components as after fermentation, 
the antioxidant property decreased. Heat-induced peptides 
were suggested to have an adverse effect in this property as 
they can be affected by lactic cultures, leading to reduction 
in the antioxidant value of the soy milk substrate. Rapid 
growth of lactic culture in UHT soy milk supported this 
proposition. Further research with UHT soy milk and the 
fermented product is needed to justify the influence of the 
antioxidant capacity on different human disorders.
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