Food Science Experiments for Highschool Sciences

Experiment 2

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

Teacher’s Guide
Expected Outcomes

In this experiment, students will develop titration skills while learning about a practical use of this method (determining the amount of oxidation that has occurred in a fatty food product).  In this case vegetable oil is used.  Heating the oil samples will result in a higher degree of oxidation (higher peroxide value) compared to unheated oil.  Heated oil with added antioxidants will have less oxidation (lower peroxide value) than the heated control oil, provided the antioxidant used is heat stable.

Activity 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.

Activity Length

· Preparation time: < 30 minutes to prepare oil samples (adding antioxidants), then samples to be heated for either  ½ hour, 1 hour or 2 hours.  Preparation of solutions for titration should take < 30 minutes.

· This experiment should take approximately 40 minutes to 1 hour for students to complete (including completion of results tables, graph, and study questions)

Teaching Tips

· The antioxidants, BHA and TBHQ, can be obtained from Bronson & Jacobs NZ Ltd.

· Results may vary depending on the type of vegetable oil used (highly polyunsaturated oils are more prone to oxidation) & freshness of the initial oil sample.

· Sample data tables and graphs are provided following the questions and answers below 

· The sample data was obtained from a trial using Organic Safflower Oil (no added antioxidants) purchased from New World supermarket.  The oil samples were prepared the day before titration to determine peroxide value and stored in the fridge in closed glass containers wrapped in aluminium foil (to prevent exposure to light).

· To make starch solution: add 2.5 g potato starch to beaker and make up to 50 g with water (makes 5% solution), heat while stirring continuously until mixture starts to thicken.  Remove from heat and make up to 250 g with additional water (makes 1% solution), stir to mix to even consistency.

· Add 50 mL of freshly boiled water to a beaker or conical flask, then add potassium iodide while stirring/shaking to mix until it will no longer dissolve.

· Note: the acetic acid-cyclohexane solution will separate into 2 layers if left to stand, continuous stirring of the flask that students obtain their solution from will ensure that the sample has the right proportion of acetic acid-cyclohexane (i.e. 3:2 v/v).

Materials

250 ml Erlenmeyer flasks, 10 for oil preparation (Part A) + 5 per pair (Part B)

0.5 ml Pipettes, 2 per pair

30 ml measuring cylinders, 2 per pair

50 ml Graduated cylinder, 1 per pair

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

Sodium thiosulphate solution (Na2S2O3) (0.01 N), approx. 20 mL per pair

Starch indicator (1%), 2.5 ml per pair

Vegetable oil, approx. 110 g (for class of 20 students)

BHA (butylated hydroxyanisole), approx. 12 mg (for class of 20 students)

TBHQ (Tertiary butylated hydroquinone), approx. 12 mg (for class of 20 students)

Deionised water, 150 ml per pair

Saturated potassium iodide solution, 2.5 ml per pair

Instructional Strategies and Procedures

Part A: Preparation of oil samples (needs to be done before the class)

1. For a class of 20 students (working in pairs) you will need 50 g oil control (with no added antioxidants), 30 g oil with BHA added (400 ppm or 20 mg per 50 g), and 30 g oil with TBHQ added (400 ppm or 20 mg per 50 g).

2. Label Erlenmeyer flasks and prepare oil (control oil, oil + BHA, oil + TBHQ) as indicated below:

a. Oil control not heated (20 g)

b. Oil control heated for ½ hour at 140(C (10 g)

c. Oil control heated for 1 hour at 140(C (10 g)

d. Oil control heated for 2 hours at 140(C (10 g)

e. Oil with BHA heated for ½ hours at 140(C (10 g)

f. Oil with BHA heated for 1 hour at 140(C (10 g)

g. Oil with BHA heated for 2 hours at 140(C (10 g)

h. Oil with TBHQ heated for ½ hour at 140(C (10 g)

i. Oil with TBHQ heated for 1 hour at 140(C (10 g)

j. Oil with TBHQ heated for 2 hours at 140(C (10 g)

Part B: Measuring peroxide value 
Divide class into pairs and assign each pair to a group (pairs in group 1 do control oil samples, pairs in group 2 do oil with BHA, and pairs in group 3 do oil with TBHQ).  There should be at least 3 pairs in each group.  Students will then carry out the following in pairs:

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).

Answers to Questions

1. Which treatment showed the least oxidation after heating?

It is expected that the oil treated with TBHQ will show the least oxidation after heating (should show a decreased rate of oxidation initially until all the antioxidant in the oil is used up, or the antioxidant is destroyed by the heat).

2. How do antioxidants minimise/prevent rancidity?

By interrupting the free radical chain mechanism

By being preferentially oxidised (reacting with radicals to form non-radical molecules)

Table 1: Titration volume 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
	0.01N

0.01N

0.01N
	1.4

1.4

1.4
	0.01N

0.01N

0.01N
	1.9

1.8

1.4
	0.01N

0.01N

0.01N
	2.3

2.4

1.8
	0.01N

0.01N

0.01N
	2.8

2.8

2.85


Table 2: 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
	0.25

0.25

0.25
	2.8

2.3

0.25
	4.8

5.3

2.0
	7.3

7.3

7.5
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Figure 1: Peroxide values of oils after heating at 140˚C
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