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ABSTRACT 

Increased urinary oxalate is considered a major risk factor in the formation of calcium oxalate kidney stones. Gut microbiota may reduce 

the risk of stone formation. Anyway, the first step for any research about monitoring of oxalate content (both in vitro and in vivo) is a 

determination of its concentration, while there are different methods reported in the literature for oxalate content determination. In this 

research, the main reported methods including titration with two titrators (potassium permanganate, and NaOH) as well as enzymatic 

method (oxalate assay kit) are presented and compared for the measurement of oxalate in both inoculated and non-inoculated media. 
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1. INTRODUCTION 

 Oxalic acid is a dicarboxylic acid found in all kinds of life 

including microorganisms, plants, and animals [22]. The content 

of oxalate in the human body depends on dietary intake 

(principally in seeds and leafy plants related to spinach and 

rhubarb) and the rate of synthesis via metabolism of ascorbic acid 

and glyoxylate in the liver. Dietary intake of a large amount of 

oxalate could be harmful and leads to the oxalosis or formation of 

calcium oxalate deposits in vital tissues or organs of the body 

[1,23,24,28]. The patients who are high risk for kidney stone 

problems should control oxalate intake to less than 40-50 mg/day 

(by the American Dietetic Association, 2005).  

Gut bacterial flora can reduce the oxalate content of digested food 

through the enzymatic pathway [25-27]. Oxalobacter (O.) 

formigenes and Lactobacillus and Bifidobact-erium sp. are the 

main gastrointestinal (GI) flora with oxalate degradation 

[29,30,32]. O. formigenes degrades oxalate as its energy and 

carbon source within the GI tract of its hosts, in contrast to other 

known oxalate-degrading bacteria, nearly all of which only 

metabolize oxalate using detoxification pathways under specific 

conditions [33-35].  

Measurement of oxalate content in foods is very important from 

the health aspects of human society [36]. The methods for determ-

ination of oxalate are titration [6], capillary electrophoresis [20], 

gas chromatography [15], and enzymatic analysis [11]. Anyway, 

some of the research about oxalate monitoring is based on the 

application of beneficial microorganisms which can colonize in 

the GI tract and reduce oxalate content. Some of the reported 

analytical methods cannot be applicable for microbiological 

investigation where some bacteria exist in the medium. The 

method of oxalate estimation by titration with NaOH is based on 

oxalic acid reaction with NaOH, while bacteria may produce other 

different organic acids via their metabolism pathways like 

propionic and lactic acid [2-4,12]. Application of these methods 

for inoculated and noninoculated media are not compared in 

previous research.  

In this report, methods for oxalate determination including 

titration with potassium permanganate and NaOH as well as 

enzymatic method have been successfully used to measure oxalate 

content of samples. Then reproducibility of methods and their 

precision are compared. 

2. MATERIALS AND METHODS 

2.1. Material 

All chemicals were of analytical grade and were purchased from 

Merck and apart from Sucrose, Sodium oxalate and di-Ammonium 

hydrogen-citrate which were purchased from Carlo company. 

2.2. Sample preparation 

Culture media containing 5, 10, 15 and 20 mmol/L sodium oxalate 

(MERK; Darmstadt, Germany) was prepared by adding 10 mL of 

the 0.46 µ filter sterilized sugar and ammonium oxalate solutions 

listed below to 10 mL base media proteose peptone no. 3 (MERK; 

Darmstadt, Germany), 10 g yeast extract (MERK; Darmstadt, 

Germany), 5 g  Tween 80 (MERK; Darmstadt, Germany) 1 mL 

KH2PO4 (MERK; Darmstadt, Germany) 2 g Na acetate (MERK; 

Darmstadt, Germany) 5 g di-Ammonium hydrogen-citrate 

(MERK; Darmstadt, Germany) 2 g MgSO4.7H2O (MERK; 

Darmstadt, Germany) 0.05 g MnSO4 (Merck) 0.05 g water to 500 

mL and sterilized at 121°C for 15 min.  

For the preparation of 5, 10, 15 and 20 mmol/L sodium oxalate 

solutions, 13.39 g of Na2C2O4 (MW =133.96) transferred to a 

100mL volumetric flask. Rinsed the boat into the flask through a 

funnel until the volume reaches to 100ml. It may need to heat this 

gently (NOT BOIL) to promote the dissolving. Then before 

autoclave sterilization of base media samples, a specified volume 
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of sodium oxalate solution was added to the samples. The amount 

of sodium oxalate was derived from Eq 1: 

C1V1=C2V2   Eq. 1 

C1V1 = Concentration/amount (start) and Volume (start)  

C2V2 = Concentration/amount (final) and Volume (final) 

The required volume of sodium oxalate solution with (20 mmol/L 

concentration) to the 10 ml base media derived from Eq. 1. 

2.3. Microbial assay 

For investigation on biodegradation effect of bacteria on oxalate 

content, the L. acidophilus and L. plantarum were obtained from 

IBRS culture collection. The microorganisms were cultured in 

MRS broth [2]. The bacteria were cultured overnight at 37ºC. 

Then sample media inoculated at 10% with a fresh culture of L. 

acidophilus and L. plantarum, separately. To compare the validity 

and applicability of each considered methods the samples were 

divided to three vials: 1) for analyzing the solution before 

inoculation 2) analyzing after inoculation with L. acidophilus, 3) 

analyzing after inoculation with L. plantarum. Table 1 shows the 

details of contents of vials for titration by potassium permanganate 

Table 1. Contents of vials for titration by potassium permanganate, 

NaOH, and enzymatic assay. 

 

2.4. Titration with potassium permanganate 

The technique of titration has been used previously in acid-base 

reactions to detect the amount of acid using a known base (or the 

reverse).  It can also be used in situations in which the reaction 

involves oxidation and reduction. 

Oxidation is defined as the loss of electrons (on the right of arrow) 

or increases in oxidation state (each C changes from +3 to +4) as 

shown below by the half-reaction involving oxalate ion. 

C2O4
2-→2 CO2 + 2 e- 

The reduction is shown by the permanganate ion as it gains 

electrons and Mn decreases in oxidation state from +7 to +2. 

8 H+ + MnO4
- + 5 e-→Mn2+ +4 H2O 

Oxidation and reduction must occur together and are often 

designated as redox processes to emphasize this; the number of 

electrons lost by one substance must equal the number of electrons 

gained by the other substance.  If we combine the two half-

reactions above, we would end with a balanced net ionic equation 

if we have a total of 10 electrons exchanged. 

16 H+ + 2 MnO4
- + 5 C2O4

2- → 2Mn2+ +10 CO2 + 8 H2O 

Because the materials we weigh and measure occur as compounds, 

it is often useful to have the balanced molecular equation 

(sometimes called the balanced total equation). 

8 H2SO4+2 KMnO4+5 Na2C2O4→2 MnSO4+10 CO2+K2SO4+5 

Na2SO4+8 H2O 

Potassium permanganate is reduced because it contains the 

permanganate ion; we can also say that it behaves as an oxidizing 

agent because it causes something else to become oxidized (the 

oxalate). Sodium oxalate is oxidized and we could also specify it 

as the reducing agent because it causes the permanganate to 

become reduced.  It can also be seen from both the net ionic 

equation or molecular equation that acid is required for this 

reaction to occur; i.e., H+ or H2SO4 show up in the balanced 

equations.  We also know from the previous experience that a 

temperature higher than room temperature makes a reaction more 

rapid. 

By reduction of MnO4
 – (with an intense dark purple color) to the 

colorless ion of Mn+2, the color solution will turn to a faint pink 

color at the equivalence point. In the oxalate measurement 

method, permanganate will be reduced by oxalate, C2O4 
2- in 

acidic conditions. Oxalate reacts very slowly at room temperature 

so the solutions are titrated hot to make the procedure practical. 

The solution is titrated hot to speed up the very slow reaction of 

oxalate at room temperature [16]. 

About 3 g of the potassium permanganates were added to clean 

500-mL (or larger) flask containing 100 mL distilled water; swirl 

and mix well Then another 100-mL of distilled water was added, 

mix and swirl; it was continued until a total of 400 mL of distilled 

water has been added. This solution was too dark to find out 

whether all of KMnO4 has dissolved. So, by carefully transferring 

of liquid into another large container undissolved solid will left in 

the original flask, and should be solved with excess stirring and 

swirling. A 50-mL cleaned burette rinsed with distilled water and 

then with 10-mL of potassium permanganates solution. Then the 

burette was filled with the solution, making sure that the tip 

contains no air bubbles. After acidifying sample with 10 ml 

sulfuric acid, it warmed to 70-90°C. A couple of drops of phenol 

phetaleine was added and then titrated to a very faint pink 

endpoint. The final reading of KMnO4 in the burette has been 

recorded.   

2.5. Titration with NaOH 

In this method oxalic acid is determined by titration with NaOH 

solution. The purpose of an acid- base titration is to determine the 

concentration of the acidic solution by titrating it with a basic 

solution of known concentration until neutralization occurs [21].  

Two g sodium hydroxide was added to a clean 250-mL volumetric 

flask and 100 mL of distilled water was added; swirl and mix well. 

As mentioned in the previous method, another 100-mL of distilled 

water was added, mix and swirl; it was continued until a total of 

250 mL of distilled water has been added and then stirred and 

swirled. Then the cleaned (rinsed with distilled water and NaOH) 

burette was filled with the solution. After acidification of solution 

with a 10ml sulfuric acid, 2-3 drops of phenol phetaleine was 

added and titrated to a very faint pink endpoint. The final reading 

of KMnO4 in the burette has been recorded. 

 

 

Sodium oxalate 

cocentration 

(mmol/L) 

Before inoculation After inoculation with 

L. acidophilu    L. 

plantarum 

Permangenate volume (ml) 

0 11.35 2.8 8 

5 12.5  4.1 8 

10 15 7 10 

15 15.5 8.5 10.5 

20 17.5 10 10.7 

NaOH volume (ml) 

0 8.8 9.8 9.8 

5 9.65 23.2 20.3 

10 10.9 23 35 

15 11.8 21 36.5 

20 13.8 18.1 38.3 

Oxalate concentration (mmol) 

0 0 0 0 

5 4.5 0.2 1.8 

10 9 1.7 2.1 

15 14.1 3 2.6 

20 19.8 4 4.3 
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2.6. Enzymatic method (oxalate assay kit) 

Oxalate Assay kit as a colorimetric method is a sensitive, easy-to-

use, and high throughput adaptable kit for estimation of oxalate 

content in solution. In this assay, oxalate reacts with oxalate 

converter and oxalate enzyme mix to form an intermediate, which 

in turn visible in spectrophotometry. The assay kit can detect 

oxalate levels in the range of 0.05-0.7 mmol.  

In this research oxalate kit was purchased from Darman Faraz 

Kave, (Tehran, Iran) [11]. Spectrophotometry device (OPTIMA, 

TOKYO, JAPAN) was used at OD=590 nm. Table 2 shows 

material supplied for oxalate assay kit. 

Table 2. Material supplied for Oxalate Assay kit. 

Material Content 

Buffer solution 25 ml 

Lyophilized enzymatic reagent 5 vials 

Active caracole 12 g 

Standard oxalic acid(0.25 mmol) 5 ml 

Dilution solution 60 ml 

Lyophilized coloring reagent 1 vial 

 

2.7. Lyophilized coloring reagent preparation 

A small amount of buffer solution should be added to coloring 

reagent vial and shake well. 

2.8. Lyophilized enzymatic reagent preparation 

1 ml of distilled water was added to each vial of lyophilized 

enzymatic reagent, mixed and kept 5 min at room temperature. 

2.9. Kit Sample preparation 

1 ml of sample was added to 1 ml of dilution solution and two 

spoons of active caracole were added to this solution. After 5 min 

shaking of the solution, it was centrifuge 10 min in 3000 g. Then 

50 µL from the clear layer was sampled. Then 3 tubes with the 

mentioned structure in Table 3 were prepared. 

Table 3. Sample preparation for oxalate assay kit. 

Content of tube B(µL) 

Sample - 

Standard solution - 

Distilled water 50 

Coloring reagent 1000 

Enzymatic solution 250 

 

These mixtures were gently mixed and kept at 37°C for 10 min. 

Then the absorbance of T and S tubes should be read in front of 

tube B at 590 nm wavelength. Calculation of oxalate concentration 

obtained from Eq.2. Oxalate concentration (mmol/L)= 
     

     
                                     Eq.2 

2.10. Statistical analysis 

All data are presented as the mean±SD. The relationship between 

variables was tested by linear regression. A P value of less than 

0.05 was considered significant. 

3. RESULTS  

 Figure 1-3 shows calibration curves of sodium oxalate 

concentration and volumetric titration with potassium 

permanganate before inoculation, after inoculation with L. 

acidophilus, and after inoculation with L. plantarum, respectively. 

 
Figure 1. Calibration curves of sodium oxalate concentration and 

volumetric titration with potassium permanganate before inoculation. 

 
Figure 2. Calibration curves of sodium oxalate concentration and 

volumetric titration with potassium permanganate after inoculation with 

L. acidophilus.  

 
Figure 3. Calibration curves of sodium oxalate concentration and 

volumetric titration with potassium permanganate after inoculation with 

L.plantarum. 

 
Figure 4. Calibration curves of sodium oxalate concentration. 

 

3.1. NaOH titration 

Figure 4-6 show calibration curves of sodium oxalate 

concentration and volumetric titration with NaOH before 

inoculation, after inoculation with L. acidophilus, and after 

inoculation with L. plantarum, respectively. 
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Figure 5. Calibration curves of sodium oxalate concentration and 

volumetric titration with NaOH after inoculation with L. acidophilus. 

 
Figure 6. Calibration curves of sodium oxalate concentration and 

volumetric titration with NaOH after inoculation with L.plantarum. 

 

3.2. Enzymatic method (Oxalate Assay kit) 

Figure 7-9 shows calibration curves of sodium oxalate 

concentration and oxalate concentration before inoculation, after 

inoculation with L. acidophilus, and after inoculation with L. 

plantarum, respectively. 

 
Figure 7. Calibration curves of sodium oxalate concentration and oxalate 

concentration before inoculation. 

 
Figure 8. Calibration curves of sodium oxalate concentration and oxalate 

concentration after inoculation with L. acidophilus. 

 
Figure 9. Calibration curves of sodium oxalate concentration and oxalate 

concentration after inoculation with L. plantarum. 

 

In figure 5 a sudden decline is seen in the acid detection via NaOH 

titration. It can be concluded that L. acidophilus couldn’t degrade 

sodium oxalate after 10 mmol/L concentration in the media. 

In figure 6 the amount of acid detection increasing mildly. It 

shows that L. plantarum degraded sodium oxalate and convert it to 

oxalic acid which was detected via NaOH titration. 

The enzymatic method appears to be the method of choice over 

titration methods for estimating the oxalate content of foods with a 

medium (0.05mmol/L) to high oxalate content (100 mmol/L) due 

to a faster analysis time. Accurate estimates of the oxalate content 

of foods should permit the role of dietary oxalate in urinary 

oxalate excretion and stone formation to be clarified. Other 

factors, apart from the amount of oxalate ingested, appear to exert 

a major influence over the amount of oxalate excreted in the urine. 

A new analytical method for oxalate content estimation is high-

performance liquid chromatography (HPLC) method [31] which 

estimates oxalate from biological matrices without pre analysis 

sample preparation. But this method has a high cost and solvent 

price and this is the limitation which we ignore the use of this 

method in this research. 

 

4. CONCLUSIONS 

 In titration with Potassium permanganate, the amount of 

permanganate is equal to sodium oxalate in the media. Before 

inoculation, there is no biodegradation in the media so the volume 

of permaganate which is used for balance titration point is higher 

than after inoculation with bacteria. The limitation of this method 

for oxalate content determination is that in this method we only 

can estimate the amount of sodium oxalate which is equilibrated 

with Potassium permanganate. For oxalate determination 

additional methods and calculation will be needed, therefore this 

method would be time and ingredient consuming. 

 In titration with NaOH, the amount of Sodium Hydroxide is equal 

to oxalic acid and other acids which are present in the media. In 

this experiment after inoculation with bacteria in a sudden 

decrease in the amount of NaOH in the titration process have been 

detected.  

In the enzymatic method, the exact amount of oxalate has been 

detected and the data which is derived from this method only 

shows the amount of biodegraded oxalate in the media [16].   

As shown in figure 2 and figure 3, in media inoculated with L. 

acidophilus more Sodium oxalate in compare with media 

inoculated with L. plantarum can detect. It is shown that L. 

plantarum can degrade more sodium oxalate than L. acidophilus. 
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