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Abstract 

General spectrofotometric kinetic protocols are described to measure the antioxidant 

enzyme activity of superoxide dismutase (SOD) and glutathione peroxidase (GPx) in milk 

whey. The SOD convert superoxide radical into hydrogen peroxide and molecular oxygen, 

while the GPx convert hydrogen peroxide into water. In this way, two toxic species, 

superoxide radical and hydrogen peroxide, are converted to the harmless product water. 

The applicability of this methods for milk samples from dairy cows were tested. SOD 

activities in the milk whey was determined by the autoxidation of pyrogallol in presence of 

DTPA in TRIS-HCl buffer, pH= 8.5. The effect of reaction conditions on enzymatic 

inhibition of pyrogallol autooxidation was studied when different amounts of sample were 

added in reaction mixture. The reaction mixture for determination of GPx activity 

contained EDTA, reduced glutathione, glutathione reductase, NADPH and cumene 

hydroperoxide in phosphate buffer, pH= 7.6. The effect of reaction conditions on 

enzymatic NADPH consumption was studied when different amounts of reduced 

glutathione and whey sample were added in reaction mixture. The both spectrophotometric 

methods were modified in order to accommodate kinetic analyses in 96-well micro plates. 

The rate of pyrogallol autooxidation and NADPH oxidation linearly depend from amount 

of whey sample in reactive mixture. Applying higher amounts of milk whey in reactive 

mixture was decreasing optical density reading of pyrogallol autooxidation at 415 nm and 

increasing the optical density readings of NADPH oxidation at 340 nm, in a linear way. 

The methods could be validly applied for milk whey samples. 
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Introductıon 

 

Reactive oxygen species (ROS) are produced in many aerobic cellular metabolic 

processes. They include, but are not limited to, species such as superoxide and hydrogen 

peroxide which react with various intracellular targets, including lipids, proteins, and DNA 

(Bandyopadhyay et al., 1999). Although ROS are generated during normal aerobic 

metabolism, the biological effects of ROS on these intracellular targets are dependent on 

their concentration and increased levels of these species are present during oxidative stress. 
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Cells contain a large number of antioxidants to prevent or repair the damage caused by 

ROS, as well as to regulate redox-sensitive signaling pathways (Halliwell and Gutteridage, 

2007). Three of the primary antioxidant enzymes contained in mammalian cells that are 

thought to be necessary for life in all oxygen metabolizing cells are superoxide dismutase 

(SOD), catalase, and a substrate specific peroxidase, glutathione peroxidase (GPx) 

(Halliwell, 1987). The SOD catalyze the dismutation of the superoxide radical anion into 

oxygen and hydrogen peroxide, while the catalase and peroxidases convert hydrogen 

peroxide into water and in the case of catalase to oxygen and water (Bordo et al., 2000). 

The net result is that two potentially harmful species, superoxide and hydrogen peroxide, 

are converted to water. 

 The oxidative stability of milk is a balance between pro- and anti-oxidative factors 

(Lindmark-Mansson and Akesson, 2000); hence, identification and characterization of 

these factors is necessary to predict the rate of oxidation. A number of low-molecular 

weight antioxidants have been described in milk, e.g., ascorbate, urate and atocopherol, to 

mention the most important as judged from their abundance and consumption during 

oxidation (Nielsen et al., 2001). However, milk also contains antioxidative enzymes, such 

as catalase, superoxide dismutase and glutathione peroxidase (GPx) that can reduce 

oxidative deterioration, but the importance and relative contributions of these enzymes to 

the oxidative stability of milk is unclear (Lindmark-Mansson and Akesson, 2000). 

 The indirect spectrophotometric assay has been developed for measuring SOD and 

GPx activity in plasma, erythrocyte lysates, tissue homogenates and cell lysates (Paglia 

and Valentine, 1967; Marklund and Marklund,1974).  

 To some extent, the limited knowledge of the role of SOD and GPx in milk may be 

explained by the lack of suitable activity assays. Spectrofotometric kinetic assays were 

already successfully been applied for blood samples, we aimed to establish this tests for 

milk samples to evaluate it’s relationship with occurrence of oxidative stress in dairy cows 

and herein report the limitations we observed for the application of the assays in milk. 

 

Materıals and methods 

 

Milk (raw, i.e. unhomogenized and unpasteurized) was obtained from private dairy farm. 

Milk was defatted by centrifugation at 5000 rpm for 20 minutes at 4
0
C, and skim milk 

beneath the cream was gently poured into a clean container. Acid whey was prepared by 

treating the samples with 1M HCl to pH 4.6, followed by centrifugation (5000 rpm for 20 

min at 4
0
C) in order to remove precipitated proteins. The pH was adjusted usually to pH 

7.6 using 1M NaOH. The samples were stored in stoppered plastic tubes at -80
0
C. Before 

use the aliquots were thawed. 

 SOD activities in the milk whey was determined by the autoxidation of pyrogallol 

in presence of DTPA in TRIS-HCl buffer, pH= 8.5. The assay medium in a total volume of 

200 μl contained 100 mM Tris HCl buffer, pH 8.5, 1mM DTPA 

(diethylenetriaminepentaacetic acid) in presence of 0.2 mM of pyrogallol. Pyrogallol 

(1,2,3-benzenetriolo) was dissolved in 10 mM HCl to obtain stock solution (2 mM) which 

was prepare always fresh. Measurement of SOD activity was carried out 

spectrophotometrically at 25
0
C by the method of Marklund and Marklund (1974) with 

some modifications in order to accommodate kinetic analyses in 96-well microplates (Gao 

et al.,1998). The reading of absorbance at 415 nm for 3 minutes was made in interval of 60 

seconds after an induction period of some 10 seconds. The bovine Cu/Zn-SOD was used as 
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standard for generation of a standard curve, a range activity of 100 U/ml to 0.09765 U/ml. 

The values obtained for SOD activity in the milk sample were then calculated from the 

standard curves using logarithmic regression and were finally expressed as percentage of 

inhibition of the pyrogallol autoxidation rate. One unit of the enzyme activity is defined as 

the amount which produced 50% inhibition of pyrogallol autoxidation under the standard 

assay conditions. The effect of reaction conditions on enzymatic inhibition of pyrogallol 

autooxidation was studied when different amounts of sample were added in reaction 

mixture. 

 The principle of the coupled enzymatic assay first described by Paglia and 

Valentine (1967) and modified according Chen et al. (2000) in order to accommodate 

kinetic analyses in 96-well microplates. The reaction mixture for determination of GPx 

activity in a total volume of 200 μl contained 50 mM potassium phosphate buffer, pH= 

7.6., 5 mM EDTA (ethylenediaminetetraacetic acid), reduced glutathione (GSH), 1 U/ml 

glutathione reductase (GR), 0.25 mM NADPH. The measurements were carried out at two 

different concentrations of GSH i.e. 2 mM and 1 mM. Then cumene hydroperoxide 

(cH2O2) was added to initiate the reaction in a total volume of 30 μl at 37
0
C. Stock solution 

of cumene hydroperoxide (9.9 mM) in 50 mM phosphate buffer, pH= 7.6. was prepare 

always fresh. The effect of reaction conditions on enzymatic NADPH consumption was 

studied when different amounts of reduced glutathione (GSH) and whey sample were 

added in reaction mixture. The assay temperature was 37
0
C. The reading of absorbance 

was made at 340 nm for 3 minutes in interval of 60 seconds after an induction period of 

some 10 seconds. One unit of GPx was defined as the activity that causes the formation of 

1,0 μmol/L NADP
+
 from NADPH per minute at pH 7.6 at 37

0
C in a coupled reaction. 

 All chemicals were of the highest purity grade. TRIS, pyrogallol, KH2PO4, EDTA 

and cH2O2 were purchased from Merck, Darmstadt, Germany. DTPA, Cu/Zn-SOD, GSH, 

NADPH and GR were obtained from Sigma Chemical Co., St. Louis, MO, USA. The 

absorption was determined with a spectrophotometer Bio-Rad 680 XR, microplate reader. 

 

Results 

 

The standard curves demonstrated a linear relationship between absorption measurements 

and the SOD activity. The colored dye is directly proportional to the percentage of the 

pyrogallol autoxidation rate. Since the rate change of absorbance per minute at 415 nm is 

proportional with the amount of superoxide anion, the SOD activity in reactive mixture as 

an inhibition activity of pyrogallol autooxidation is proportional with decrease in color 

development at 415 nm. Therefore, the increasing of absorbance at 415 nm (A415) per 

minute followed a linear kinetics, showed on Figure 1. 
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Figure 1. Linearity of standard curves using different concentrations of bovine Cu/Zn SOD (μU/ml) 

 

 On Figure 2 is showed standard curve of an SOD inhibition activity of pyrogallol 

autooxidation. The logarithmic function of standard curve was used for estimation of SOD 

activity in milk sample. 
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Figure 2. Representative standard curve using different concentrations of bovine Cu/Zn SOD.  

The regression equation was y=15.288Ln(x) + 42.741 with r = 0.91 

 

 Using milk samples, the linearity of the assay was established in a range between 

sample dilution 1:40 to 1:2.5 (Figure 3). 

 



SECTION 1. ANIMAL BIOTECHNOLOGY 
 

 

  
47 

 

  

0,000

0,100

0,200

0,300

0,400

0,500

0,600

0 1 2 3
Time (min)

А415 Blank

1:40

1:20

1:13,33

1:10

1:8

1:6,67

1:5

1:4

1:3,33

1:2,85

1:2,50

 
Figure 3. Evaluation of linear kinetic related to SOD activity using different volumes of milk serum 
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Figure 4. Net rate of absorbance change (standard curve vs. different dilutions of milk sample) 

 

 The limit of detection was defined as the concentration of bovine Cu/Zn SOD that 

yielded net rate of absorbance change different from the blank value measured by using 

H2O and corresponds to the lowest standard concentration of 0.09765 U/mL SOD. The 

measured SOD activity in milk sample was in the range of standard curve which allow 

reliable measurements. 

Figure 5 shows apparent rates of changes in absorbance at 340 nm as a measure of 

the oxidation of NADPH in the presence of milk, as a function of substrate concentration 

(GSH). The validity of this procedure is demonstrated by the constant relationship between 

decrease in absorbance at 340 nm per min and enzymatic NADPH consumption. Aimed to 
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get better linear kinetic in enzymatic NADPH oxidation, there was used different dilutions 

of milk sample and different concentration of GSH in reaction mixture. The linearity of the 

assay was established in a range between sample dilution 1:20 to 1:1000. 
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Figure 5. Evaluation of linear kinetic related to GPx activity using different volumes of milk serum 

 

Dıscussıon 

 

Most procedures for determining SOD are based on the ability of the enzyme to inhibit 

oxygen-dependent reactions. Superoxide, produced by an in vitro reaction, reacts with the 

indicator giving absorbance at specific wavelength that increases with time. The 

correlation between the SOD concentration and the inhibition rates of the superoxide 

reaction with the indicator, allows to determine the enzyme activity. The inhibition of 

pyrogallol autoxidation brought about by SOD can be employed in a rapid and convenient 

method for the determination of the enzyme. After the above investigation we chose to use 

0.2 mM pyrogallol in air-equilibrated 50 mM Tris-HCl buffer pH 8.5, containing 1 mM 

diethylenetriaminepentaacetic acid (DTPA).  

 Pyrogallol autoxides rapidly in alkaline aqueous solution, its autoxidation rate is 

measured from the linear increase in adsorbance at 415 nm for some minutes (usually from 

1 to 3 minutes each assay). The increment of the band is linear within 7-10 minutes, then 

the colour turns green and finally, after a few hours, a yellow colour appears. 

 The increase in the absorbance at 420 nm after addition of pyrogallol was inhibited 

by the presence of SOD. As reported by Marklund and Marklund (1974), the rates of 

pyrogallol autoxidation were determined at pH 8.0 and 9.2. The rate of increase in 

absorbance at 420 nm per min was increased with increasing pH from 8.2-8.9. The 

autoxidation of pyrogallol was rapid at pH 9.2 but followed a non-linear pattern. By 

contrast, at pH 8.0 the autoxidation of pyrogallol was slow but followed a linear kinetics. 

We observed that better sensitivity and reproducibility were obtained when the pH of the 

assay mixture was kept at 8.5. At pH 7.9 the autoxidation is inhibited to 99% by Cu/Zn 

SOD, being the enzyme activity independent of pH in the range 5.5-9.5 (Gao et al., 1998). 
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The sensitivity to SOD decreases when the pH is increased, but still amounts to 93% at pH 

9. At higher pH values there is a strong decrease in the sensitivity to SOD and at pH 10.6 

the autoxidation is inhibited to only 15% by SOD (Violi et al., 1985). 

 Higher concentrations of pyrogallol decrease the sensitivity of assay (Gao et al., 

1998). At 0.5 mM pyrogallol the sensitivity is decreased by a factor of 3.3. Iron, even in 

trace amounts, accelerates pyrogallol autoxidation. DTPA was found to prevent 

interference from Fe
2+

 (as well as from Cu
2+

 and Mn
2+

) and was therefore chosen as 

chelator in the assay medium. In the absence of DTPA the autoxidation is faster than in its 

presence, and it tends to vary in rate and is less affected by superoxide dismutase. In the 

presence of DTPA the rate is independent of the concentration of the chelator, which 

indicates that the effect of DTPA is only due to its binding of traces of metal ions. Most 

measurements in the present report were performed in the presence of 1 mM DTPA. In the 

present method one unit corresponds to 100 ng bovine Cu/Zn SOD in a total volume of 1 

ml; thus the method is about as sensitive as the method based on the reduction of 

cytochrome c by xanthine oxidase (Beyer and Fridovich, 1987). Using different amounts 

of the milk whey, the linearity was confirmed. This method is fast, cheap, simple, sensitive 

and requires common diagnostic tools as a commercial spectrophotometer featured by a 

visible light and very few amount of enzyme. 

 Glutathione peroxidase (GPx) activity has been measured through a coupled 

reaction with glutathione reductase (GR). In the assay, GPx reduce cumene hydroperoxide 

(cH2O2), and oxidize reduced glutathione (GSH) to oxidized glutathione (GSSG). The 

generated GSSG is reduced to GSH with through oxidation of NADPH to NADP+ by 

glutathione reductase (GR). The decrease of NADPH is proportionally to GPx activity in 

the reactions. The decrease of NADPH can be easily measured by absorbance at 340 nm. 

 Chen et al. (2000) found that  GPx activity in added whey or milk was found to 

increase as buffer pH increased from 7.0 to 8.0, and a pH of 7.6 was selected to avoid a 

high water-blank. The same authors reported When the phosphate concentration was 

changed from 25 to 100 mM/L, GPx activity decreased and the blank increased, showing 

that lower buffer concentration favored GPx activity. When the assay was performed at 

25
0
C instead, the GPx activity in whey was 30% lower than at 37

0
C. According them, the 

GPx activity in milk was only slightly higher than that in whey indicating that most of the 

GPx in milk was recovered in whey. 

 The oxidation of NADPH was dependent from the presence of GSH and increased 

by the addition of milk. The better sensitivity and reproducibility were obtained when 

assay was performed in presence of 1 mM GSH. Usually for milk assays a lower GSH 

concentration, a lower peroxide concentration and a more alkaline pH were used than in 

blood assays (Debski et al., 1987; Bhattacharya et al., 1988; Avissar et al., 1991). One 

reason for this is probably that erythrocytes contain mainly cellular GPx and milk mainly 

extracellular GPx (Bhattacharya et al., 1988; Avissar et al., 1991; Lindmark-Maensson and 

Akesson, 2000). An important difference between these two forms is that extracellular 

GPx has a lower rate constant for GSH than cellular GPx (Esworthy et al., 1993) and at 

cellular levels of GSH (millimolar) the eGPx reaction appears to be up to 10-fold slower 

than the cellular GPx reaction. Moreover, cellular GPx could not be saturated by GSH and 

that a high GSH concentration could inhibit GR, thus decreasing the overall reaction rate. 

 Furthermore, there was dependence between substrate addition and presence of 

milk sample in reaction mixture, where the oxidation of NADPH clearly increased 

following addition of cumene H2O2. Although the absorbance decreases during the assay 
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due to decreasing concentrations of NADPH, the negative rates have been converted to 

positive values throughout. Avissar et al. (1991) found the same GPx activity in milk using 

either H2O2 or tert-Butyl Hydroperoxide (t-BHPx) as substrate. 

 The presence of EDTA turned out to be critical for the apparent oxidation of 

NADPH by milk. 

 Contrary, some authors failed to detect any specific activity of GPx in bovine milk. 

Stagsted (2006) found GSH-independent NADPH oxidation in milk and GPx-catalysed t-

BHPx - independent oxidation of GSH was observed. Author used 25 mM EDTA to allow 

optical measurements in concentrated milk samples. Although only 50% of the apparent 

turbidity could be eliminated with EDTA. Furthermore, they observed that concentrations 

of EDTA above 6 mM completely inhibited the apparent activity in milk. Therefore, we 

perform assay on milk whey, previously cleaned from turbidity and pH was adjusted to pH 

7.6. 

 There are several reports on the activity of SOD and GPx in milk (Bhattacharya, et 

al., 1988; Debski et al., 1987; Avissar et al., 1991; Chen et al., 2000; Lindmark-Maensson 

and Akesson, 2000; Filipović et al., 2005; Kasapovic et al., 2005). According this reports, 

SOD activity in bovine milk was in the range from 0.92 to 3 U/ml. In raw cows' milk, 

extracellular form of GPx activity had demonstrated levels between 12 and 32 U/mL, and 

the activity has been found to be significantly correlated with selenium concentration 

(Przybylska et al., 2007). Debski et al. (1987) reported that GPx dependent peroxidase 

activity was approximately one-third of the total peroxidase activity and was found to be 

similar in human and bovine milk. However, some reports disagree regarding the measured 

activity of SOD and GPx in milk (Stagsted, 2006; Kovaceva et al., 2007). 

  

Conclusıons 

 

The present study describes an spectrofotometric kinetic protocols to measuring the 

activity of superoxide dismutase (SOD) and glutathione peroxidase (GPx) in milk whey. It 

has been shown that the linear kinetic observed in milk was depended from amount of 

whey sample and concentration of other compounds in reactive mixture. The both methods 

are reproducible and can be used for determination of antioxidant enzymes SOD and GPx 

in milk whey, suggesting that this antioxidative enzymes are of importance for milk 

stability and quality. SOD and GPx activity occurs in bovine milk, but their importance in 

this matrix is not well known. 
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