Food Science Experiments for Highschool Sciences

Experiment 2

Peroxide Value (Titration)
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New Zealand Institute of Food Science and Technology (NZIFST)

Student Worksheet
Learning Objectives

This experiment will illustrate that:

1. You can determine if a fat or oil has become rancid by calculating its peroxide value using titration techniques.

2. Oxidation of fats and oils occurs rapidly when they are exposed to high temperatures.

3. Antioxidants can be used to reduce the rate of oxidation of fats and oils.

Materials

250 ml Erlenmeyer flasks (5)

0.5 ml Pipettes (2)

30 ml measuring cylinders (2)

50 ml Graduated cylinder (1)

Acetic acid-cyclohexane solution (3:2 v/v), (150 ml)

Sodium thiosulphate solution (Na2S2O3) (0.01 N)

Starch solution (1%), (2.5 ml)

Deionised water, (150 ml)

Saturated potassium iodide solution, (2.5 ml)

Vegetable oil samples (2 g of each oil as allocated):

· Oil control not heated (all groups)

· Oil control heated for ½ hour (group 1)

· Oil control heated for 1 hour (group 1)

· Oil control heated for 2 hours (group 1)

· Oil with BHA ( 400 ppm = 200 mg/kg oil) heated for ½ hour (group 2)

· Oil with BHA ( 400 ppm) heated for 1 hour (group 2)

· Oil with BHA ( 400 ppm) heated for 2 hours (group 2)

· Oil with TBHQ (400 ppm) heated for ½ hours (group 3)

· Oil with TBHQ (400 ppm) heated for 1 hour (group 3)

· Oil with TBHQ (400 ppm) heated for 2 hours (group 3)

Safety and Disposal

Keep the acetic acid-cyclohexane solution in the fume hood at all times.  Dispose of the acetic acid-cyclohexane solution in the waste containers in the fume hood before cleaning your flasks.  Do not wash it down the drain.

Method

Measuring peroxide value

1. Weigh exactly 2.0 g of the 1st oil sample into a labelled 250 ml Erlenmeyer flask.  Repeat this for the other 3 samples.

2. Add 30 ml acetic acid-cyclohexane (or acetic acid-isooctane) solution (3:2 v/v) and swirl the flask until the sample is dissolved in the solution.  Do this in the fume hood!!
3. Add 0.5 ml of saturated potassium iodide solution (KI).

4. Allow to stand for 1 minute with regular shaking.

5. Add 30 ml of deionised water and shake to mix.

6. Add 0.5 ml of the starch indicator solution (5%).  The solution will turn greyish-blue. 

7. Record starting volume of potassium thiosulphate in the graduated cylinder, then titrate with sodium thiosulphate (Na2S2O3) solution with constant and vigorous shaking.  Continue the titration adding sodium thiosulphate drop by drop until the blue colour has just disappeared (end point).  Record the volume (ml) of sodium thiosulphate used in Table 1.

8. Repeat steps 2 – 7 with the other 3 samples.

9. Run a blank comprising all the solutions (steps 2 – 7) but without the oil sample and record the volume (ml) of sodium thiosulphate solution used to reach the end point (Table 1).

10. Calculate the class average titration volume for each oil/treatment (Table 2) and use these averages to calculate the peroxide value for each treatment as milliequivalents of peroxide per kilogram of sample using the following formula:

PV (meq/kg oil) = (S – B) x 1000 x N





W

PV = peroxide value

S = titration volume of sample

B = titration volume of blank 

N = normality of sodium thiosulphate solution used for titration

W = weight of oil sample

11. Record peroxide values in Table 3 and plot peroxide values in a graph (hours of heating vs peroxide value) for the 3 separate data series (control, BHT, and TBHQ).

Note:

· Titration volume of sample – titration volume of blank = volume of Na2S2O3 that has reacted with the peroxide in the oil sample


· From the titration equation (see information sheet), the amount of known substance (Na2S2O3) relates to the amount of unknown substance (peroxide): 1 mol Na2S2O3 used = 1 mol peroxide

Questions

1. Which treatment showed the least oxidation after heating?

2. How do antioxidants minimise/prevent rancidity?

Table 1: Titration volumes of sodium thiosulphate solution

	Oil Treatment
	No heat
	½ hour at 140˚C
	1 hour at 140˚C
	2 hours at 140˚C

	
	Conc.
	Vol.
	Conc.
	Vol.
	Conc.
	Vol.
	Conc.
	Vol.

	Control

BHA

TBHQ


	
	
	
	
	
	
	
	


Table 2: Average titration volumes of sodium thiosulphate solution

	Oil Treatment
	No heat
	½ hour at 140˚C
	1 hour at 140˚C
	2 hours at 140˚C

	
	Conc.
	Vol.
	Conc.
	Vol.
	Conc.
	Vol.
	Conc.
	Vol.

	Control

BHA

TBHQ
	
	
	
	
	
	
	
	


Table 3: Peroxide values of oils after different treatments

	Oil treatment
	No heat
	½ hour at 140˚C
	1 hour at 140˚C
	2 hours at 140˚C

	Control

BHA

TBHQ
	
	
	
	


Figure 1: Peroxide values of oils after heating at 140˚C
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