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Starch Decomposition with Subsequent Polarimetric 

Content Determination 

Relevant for: Food, Paper 

This method is suitable for the determination of starch and high molecular weight starch 

degradation products in food or feedstuffs in compliance with the EC Commission Directive 

86/174/EEC and Council Directive 96/25/EC. Please note that this method requires chemical 

sample preparation. 

 

 

 

1 Starch – an important carbohydrate 

Starch is the most important carbohydrate in human 

nutrition and one of the most abundant substances in 

nature. As a polysaccharide of plant origin, it functions as 

a glucose store in the roots or seeds of plants. Plants 

with a high starch content that are important for human 

nutrition are grains of cereals, corn or rice, as well as 

potatoes and cassava. Besides its indispensable function 

in worldwide nourishment, starch is a renewable 

resource and essential in the production of many 

products, like: 

• Paper, glues, textile, photo products 

• Colors, concrete, gypsum, adhesives, plastics 

• Soups, sauces, puddings, baked goods, 

confectionery products, cereal products, cocoa 

powder 

• Beverages, sweets, animal food 

• Cosmetics like lipsticks or facial powders 

• Packing materials 

• Pharmaceuticals like salves, creams or pills 

 

2 Principle 

The polarimetric determination of starch content is based 

on the optically activity of starch. Because starch is not 

the only optical active compound, other optically active 

compounds need to be measured and used for the final 

calculation of starch content in any sample. 

Starch is only slightly soluble in water. To readily 

dissolve starch hydrochloric acid is used. While heating 

the solution, hydrochloric acid will break down the large 

starch molecules into their glucose monomers, which are 

very soluble in water. After clarifying the sample only 

sugar molecules remain in the filtrate which is used to 

measure the total optical rotation with a polarimeter. 

To compensate the presence of other optically active 

compounds, another part of the sample is treated only 

with ethanol. Optically active molecules, e.g. small sugar 

molecules, are soluble in ethanol while larger starch 

molecules are not. From the difference between the total 

optical rotation and the optical rotation of ethanol-soluble 

substances, the starch content is calculated. 

Starch has an extremely high specific rotation (> +180.0, 

see below). Therefore, samples with relatively small 

starch contents in the milligram range can be measured. 

The polarimetric measurement can be done by using 

degrees optical rotation or optical rotation in °Z 

(international sugar scale). 

 

3 Safety precautions 

This method does not contain any safety instructions. It 

is the responsibility of the user of this method to establish 

appropriate health and safety practices and to determine 

the applicability of regulatory limitations prior to its use. 
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4 Reagents 

• 25 % (w/w) hydrochloric acid 

• 1.128 % (w/w) hydrochloric acid 

• 40 %(v/v) ethanol 

• Carrez solution I: 

o 21.9 g zinc acetate (Zn(CH3COOH)2 · 2 

H2O 

o 3 g glacial acetic acid 

o Fill up to 100 mL demineralized water 

• Carrez solution II: 

o 10.6 g potassium ferrocyanide 

K4[Fe(CN)6 · 3 H2O 

o Fill up to 100 mL with demineralized 

water 

 

5 Equipment 

• MCP 5500/5100/4100 with 200 mm polarimeter tube 

with Peltier option. All MCP models fulfill the required 

minimum accuracy of ± 0.01 ° optical rotation 

• Alternatively: MCP 5500/5300 Sucromat, 

recommended with Peltier temperature control and 

FillingCheckTM function 

 

 
Figure 1: The MCP polarimeter family from Anton Paar is ideal for 
doing polarimetric starch analysis. 

 

• 250 mL Erlenmeyer flask with standard ground glass 

joint equipped with reflux condenser 

• 0.5 mm round-meshed sieve 

• Balance with accuracy of ± 0.001 g 

• Filter funnel 

• 100 mL volumetric flask 

• Water bath (with flask shake) 

 

6 Procedure 

The sample is crushed as finely as possible so that it 

passes through a 0.5 mm round-meshed sieve. This 

avoids homogenization problems which can lead to false 

starch content readings and problems during the filtration 

process. 

6.1 Determination of the total optical rotation 

In a 100 mL volumetric flask 2.500 g of crushed sample 

(weighting accuracy 1 mg) is mixed with 25 mL of 

1.128 % hydrochloric acid and shaken well to achieve an 

even distribution of the test sample. An additional 25 mL 

of 1.128 % hydrochloric acid is added. The flask is 

placed into a boiling water bath and continuously shaken 

for the first 3 minutes to avoid formation of agglomerates. 

The amount of water contained in the water bath must be 

sufficient to keep the water boiling when the flask is 

introduced to it. For 15 minutes the flask must be kept in 

the water bath with continuous shaking. After removing 

the flask, 30 mL of cold water is added to the sample and 

the sample is cooled down immediately to 20 °C before 

proceeding. Once the temperature of the mixture has 

reached 20 °C, 5 mL Carrez I solution is mixed with the 

sample in the flask and shaken for 1 minute. Then 5 mL 

Carrez solution II is added and again shaken for 1 

minute. Water is added to the final volume and mixed. 

Filtration is done and can be accelerated by using a 

centrifuge. If (in rare cases) the filtrate is not clear, the 

procedure needs to be repeated using larger amounts of 

Carrez solutions (e.g. 10 mL). 

 

The optical rotation of the filtrate is measured at 20 °C by 

using a MCP polarimeter or a Sucromat together with a 

sample cell with 200 mm optical path length. 

 

6.2 Measurement of the optical rotation of the 
substances soluble in ethanol 

To determine optical rotation of other substances soluble 

in ethanol, 5.000 g of the crushed sample (weighting 

accuracy 1 mg) is transferred into a 100 mL volumetric 

flask and mixed with approx. 80 mL of 40 % ethanol. The 

flask is vigorously shaken 6 times within 1 hour to make 

sure that the sample is well mixed with the ethanol. 

 

Afterwards, 50 mL of the filtrate (2.5 g sample) is 

transferred into a 250 mL Erlenmeyer flask and 2.1 mL of 

25 % hydrochloric acid is added. The mixture is shaken 

well, the flask is connected to a reflux condenser and 
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placed into a boiling water bath. After exactly 15 minutes 

the flask is removed from the water bath and the content 

is transferred to a 100 mL graduated flask. The 

Erlenmeyer flask is rinsed with a little cold water that is 

also transferred to the 100 mL flask which is cooled 

down to a temperature of 20 °C. 

 

In case of samples with high lactose content (e.g. milk 

serum, skimmed milk powder), the sample is also mixed 

with ethanol and the flask is connected to a reflux 

condenser. The flask is immersed in a water bath at 

50 °C for 30 minutes and then removed from the water 

bath to cool it down. 

 

Any of the solutions cooled down from the water bath is 

clarified with 5 mL of Carrez solution I and 5 mL of 

Carrez solution II, and filled to the final volume with 

water. After shaking, the sample is filtered and the optical 

rotation of the filtrate is measured at 20 °C by using a 

sample cell with 200 mm optical path length. 

 

Please note: 

 

• It is recommended to check whether the process 

works and whether any starch remains in the 

filtrate. This can be done by performing an 

iodine test, where iodine solution (0.01 M 

potassium iodide) is added drop-wise to the filter 

cake and will react with the remaining starch. 

This reaction leads to a purple-black color of the 

sample. 

 

• If the sample that has to be analyzed contains 

more than 6 % of calcium carbonate, it has to be 

removed before determination of total optical 

rotation is performed by using the exact quantity 

of diluted sulfuric acid. 

 

6.3 Calculation of results 

The starch content (%) is calculated by the following 

formula: 

𝑆𝑡𝑎𝑟𝑐ℎ 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
2000 (𝑃 − 𝑃′)

[𝛼]𝐷
20  

 

P = Total optical rotation in angular degrees. 

 

P' = Optical rotation in angular degrees of the 

substances soluble in 40 % (v/v) ethanol. 

 

[𝛼]𝐷
20 = Specific rotation of pure starch at 20 °C, measured 

in a polarimeter with the wavelength of 589 nm (sodium D-

line). The following specific rotations are conventionally 

accepted: 

 

• +185.9: rice starch 

• +185.4: potato starch 

• +184.6: maize starch 

• +183.6: cassava starch 

• +182.7: wheat starch 

• +181.3: oat starch 

• +184.0: other types of starch and 

starch mixtures in compound 

feeding stuff 

 

The above formula is only valid for the 

mentioned masses and dilutions, 

otherwise corresponding corrections need 

to be applied.  

 

In case of using Anton Paar’s MCP 

5500/5300 Sucromat, and the integrated 

international sugar scale (°Z), the starch 

content (%) is calculated according to: 

 

𝑆𝑡𝑎𝑟𝑐ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
2000

[𝛼]𝐷
20 ∗

(2𝑁 ∗ 0.0665) ∗ (𝑍 − 𝑍′)

100

−
(26.00𝑁) ∗ (𝑍 − 𝑍′)

[𝛼]𝐷
20  

 

Z = Total optical rotation in °Z. 

 

Z' = Optical rotation in °Z of the substances soluble in 

40 % (v/v) ethanol. 

 

N = Weight [g] of saccharose in 100 mL water yielding in 

an optical rotation of 100 °Z when measuring with a 

200 mm polarimeter tube. 

 

[𝛼]𝐷
20 = Specific rotation of pure starch at 20 °C 

depending on the origin of plant, see above. 

 

7 Limitations 

If the following material is present in significant amounts 

in the sample, incorrect results may be obtained: 

• (Sugar) Beet products, such as (sugar) beet 

pulp, (sugar) beet molasses, (sugar) beet pulp 

molasses, (sugar) beet vinasse, (beet) sugar 

• Citrus pulp 

• Linseed, linseed expeller, linseed extracted 
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• Rapeseed, rapeseed expeller, rapeseed extract, 

rapeseed hulls 

• Sunflower seed, sunflower seed extract, 

sunflower seed, partially decorticated, extracted 

• Copra expeller, copra extract 

• Potato pulp 

• Dehydrated yeast 

• Products rich in inulin (e.g. chips and meal of 

Jerusalem artichokes) 

• Greaves 

 

Carbonates in a total concentration of 6 % or more 

(calculated in forms of calcium carbonate) must be 

removed by treatment with an exactly appropriate 

amount of diluted sulfuric acid before measurement of 

total optical rotation. 

 

8 Notes 

This procedure can also be used (sometimes with minor 

modifications) for the determination of starch content of 

other samples, e.g. food, corn, potatoes, cookies, cocoa 

powder, etc. 
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