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FAT ANALYSIS
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Definitions

• Lipids, proteins, and carbohydrates constitute the principal
structural components of foods.

• Lipids are soluble in ether, chloroform, or other organic
solvents but are sparingly soluble in water.

– Triacylglycerols, are very hydrophobic. Di- and mono-
acylglycerols, have both hydrophobic and hydrophilic
moieties and are soluble in relatively polar solvents.

– Short-chain fatty acids such as C1–C4 are completely miscible in
water and insoluble in nonpolar solvents.

INTRODUCTION
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– Triacylglycerols are fats and oils that represent the most
prevalent category of the group of compounds known as
lipids. The terms lipids, fats, and oils are often used
interchangeably.

• Fats generally refer to those lipids that are solid at room
temperature, oils generally refer to those lipids that are
liquid at room temperature.
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General classification

• Simple lipids – ester of fatty acids with alcohol:

– Fats: Esters of fatty acids with glycerol – triacylglycerols.

– Waxes: Esters of fatty acids with long-chain alcohols other
than glycerols (myricyl palmitate, cetyl palmitate, vitamin A
esters, and vitamin D esters).



55

• Compound lipids - Compounds containing groups in
addition to an ester of a fatty acid with an alcohol:

– Phospholipids: Glycerol esters of fatty acids, phosphoric
acids, and other groups containing nitrogen.

– Cerebrosides: Compounds containing fatty acids, a
carbohydrate, and a nitrogen moiety.

– Sphingolipids: Compounds containing fatty acids, a nitrogen
moiety, and phosphoryl group.

• Derived Lipids - Derived lipids are substances derived from
neutral lipids or compound lipids.

– Fatty acids, long-chain alcohols, sterols, fat-soluble vitamins,
and hydrocarbons.
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Content of lipids in food

• Foods contain many types of lipids, but those which tend to
be of greatest importance are the triacylglycerols and the
phospholipids.

• Liquid triacylglycerols at room temperature are referred to
as oils, soybean oil and olive oil, are generally of
plant origin.

• Solid triacylglycerols at room temperature are termed as
fats.

• Lard and tallow are examples of fats, which are generally
from animals.
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Lipids of bovine milk
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Fat content of selected foods
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Importance of analysis

• Qualitative analysis of lipids in foods is important for
accurate nutritional labelling, determination of whether
the food meets the standard of identity, and to ensure
that the product meets manufacturing specifications.
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GENERAL CONSIDERATIONS

• Water insolubility is the essential analytical property used as
the basis for the separation of lipids from proteins,
water, and carbohydrates in foods.

• Some lipids in foods are components of complex
lipoproteins and liposaccharides; therefore, successful
extraction requires that bonds between lipids and
proteins or carbohydrates be broken.
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SOLVENT EXTRACTION METHODS

• The total lipid content of a food is commonly determined by
organic solvent extraction methods or by alkaline or acid
hydrolysis followed by extraction.

• The use of acid hydrolysis eliminates some of the matrix
effects that may be exhibited by simple solvent extraction
methods.

• The lipid content of a food determined by extraction with
one solvent may be quite different from the content
determined with another solvent of different polarity.
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Sample preparation
• The validity of the fat analysis of a food depends on proper

sampling and preservation of the sample before the
analysis.

• There is no single standard method for the extraction of all
kinds of lipids in different foods.

• Sample preparation should be carried out under an inert
atmosphere of nitrogen at low temperature to minimize
chemical reactions such as lipid oxidation.
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• Predrying sample
– Lipids cannot be effectively extracted with ethyl ether from moist

food because the solvent cannot easily penetrate the moist food
tissues due to the hydrophobicity of the solvents used.

– Drying the sample at elevated temperatures is undesirable because
some lipids become bound to proteins and carbohydrates.

– Vacuum oven drying at low temperature or lyophilization increases
the surface area for better lipid extraction.

– Predrying makes the sample easier to grind for better extraction.

• Particle size reduction

– Adequate grinding is very important.



1616

• Acid hydrolysis
– The lipids in foods such as dairy, bread, flour, and animal

products is bound to proteins and carbohydrates, and direct
extraction with nonpolar solvents is inefficient.

– Such foods must be prepared for lipid extraction by acid
hydrolysis.

– Acid hydrolysis can break both covalently and ionically bound
lipids into easily extractable lipid forms.

– The sample can be predigested by refluxing for 1 h with 3 M
hydrochloric acid.

– The acid hydrolysis of two eggs requires 10 cm3 of HCl and
heating in a water bath at 65 °C for 15–25 min or until the
solution is clear.
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Effects of acid digestion on fat extraction from foods
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Solvent selection

• Ideal solvents should have a high solvent power for lipids
and low or no solvent power for proteins, amino acids, and
carbohydrates.

• They should evaporate readily and leave no residue, have a
relatively low boiling point, be nonflammable and
nontoxic in both liquid and vapour states.

• Ethyl ether and petroleum ether are the most commonly used
solvents, but pentane and hexane are used to extract oil
from soybeans.
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• Ethyl ether has a boiling point of 34.6 °C and is a better solvent
for fat than petroleum ether.

– Expensive; has a greater danger of explosion and fire hazards;
forms peroxides.

• Petroleum ether is the low boiling point fraction of petroleum
and is composed mainly of pentane and hexane.

– It has a boiling point of 35–38 °C and is more hydrophobic than
ethyl ether.

– Selective for more hydrophobic lipids, cheaper, less
hygroscopic, less flammable than ethyl ether.

A combination of two or three solvents is frequently used.
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Continuous solvent extraction method

• For continuous solvent extraction, solvent from a boiling
flask continuously flows over the sample held in a
ceramic thimble.

• Fat content is measured by weight loss of the sample or by
weight of the fat removed.



2121

• Procedure
1. Weigh predried porous ceramic extraction thimble. Place vacuum

oven dried sample in thimble and weigh again.
2. Weigh predried extraction beaker.
3. Place ceramic extraction thimble into glass holding tube and then

up into condenser of apparatus.
4. Place anhydrous ethyl ether in extraction beaker and put beaker on

heater of apparatus.
5. Extract for 4 h.
6. Lower the heater and let sample cool.
7. Remove the extraction beaker and let air dry overnight, then at

100 °C for 30 min. Cool beaker in desiccator and weigh.
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• Calculation

100sample)driedofsample/ginfatof(gbasiswieghtdryon%Fat

kerbeafat)ker(beasampleinfatofWeight
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Semicontinuous Solvent Extraction Method: Soxhlet 
Method

• Principle and characteristics
– The solvent builds up in the extraction chamber for 5–10 min and

completely surrounds the sample and then siphons back to the
boiling flask.

– Fat content is measured by weight loss of the sample or by
weight of the fat removed.

• Preparation of sample
– If the sample contains more than 10% H2O, dry the sample to

constant weight at 95–100 °C under pressure ≤ 100 mm Hg
for about 5 h.
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• Procedure

1. Weigh, to the nearest mg, about 2 g of
predried sample into a predried
extraction thimble, with porosity
permitting a rapid flow of ethyl
ether.

2. Cover sample in thimble with glass
wool.

3. Weigh predried boiling flask.

4. Put anhydrous ether in boiling flask.
Petroleum ether may be used
instead of anhydrous ether.

Thimble

Sample

Boiling 
flask

Heater
Solvent

Condenser

Siphon 
arm
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5. Extract in a Soxhlet extractor at a rate
of five or six drops per second by
condensation for about 4 h, or for
16 h at a rate of two or three drops
per second by heating solvent in
boiling flask.

6. Dry boiling flask with extracted fat in
an air oven at 100 °C for 30 min,
cool in desiccator, and weigh.

Thimble

Sample

Boiling 
flask

Heater
Solvent

Condenser

Siphon 
arm
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Discontinuous solvent extraction methods

• Mojonnier method:
– Fat is extracted with a mixture of ethyl ether and petroleum ether

in a flask, and the extracted fat is dried to a constant weight
and expressed as percent fat by weight.

– The Mojonnier method was developed for and is applied
primarily to dairy foods.

• Milk fat method:
– Preparation of Sample: Bring the sample to about 20 °C; mix to

prepare a homogeneous sample by pouring back and forth
between clean beakers.
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− Procedure:
a) Weigh, to the nearest 0.1 mg, 10 g of milk into a fat extraction

flask.
b) Add 1.5 ml of NH4OH and shake vigorously. Add 2 ml if the

sample is sour. NH4OH neutralizes the acidic sample and
dissolves protein.

c) Add 10 ml of 95% ethanol and shake for 90 s. The alcohol
prevents possible gel formation.

d) Add 25 ml of ethyl ether and shake for 90 s. The ether dissolves
the lipid.

e) Cool if necessary, and add 25 ml of petroleum ether and shake for
90 s. The petroleum ether removes moisture from the ethyl
ether extract and dissolves more nonpolar lipid.
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f) Centrifuge for 30 s at 600 rpm.

g) Decant ether solution from the flask into the previously weighed
fat dish.

h) Perform second and third extractions in the same manner as for
the first extraction described previously.

i) Evaporate the solvent in the dish on the electric hot plate at
≤100 °C in a hood.

j) Dry the dish and fat to a constant weight in a forced air oven at
100 °C ± 1 °C.

k) Cool the dish to room temperature and weigh.
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− Calculations:

A pair of reagent blanks must be prepared every day.

     sample/wtresidue)}blankwt(avgdishwtfatdishwt100Fat% 



3030

Total fat by GC for nutrition labelling

• Principle

– Fat and fatty acids are extracted from food by hydrolytic
methods (acidic hydrolysis for most products, alkaline
hydrolysis for dairy products, and combination for cheese).

– Pyrogallic acid is added to minimize oxidative degradation of
fatty acids during analysis.
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– Fat is extracted into ether, then methylated to fatty acid methyl
esters (FAMEs) using BF3 (boron trifluoride) in methanol.
FAMEs are quantitatively measured by capillary gas
chromatography.

– Total fat is calculated as sum of individual fatty acids expressed
as triglyceride equivalents.

– Saturated and monounsaturated fats are calculated as sum of
respective fatty acids.

– Monounsaturated fat includes only cis form.”
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• Sample preparation procedures

– Samples are methylated by either a standard or alternative
method to form the FAMEs prior to GC analysis.

– In both methods, the sample is combined with a specified
amount of the internal standard.

– It is subjected to the appropriate fat extraction procedure.

– In the case of a sample extracted by the Soxhlet method, or if the
sample is 100% fat, internal standard is added directly to the
flask.
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– Extracted samples can be stored refrigerated (5 ± 3 °C), with
hexane added, for up to 2 weeks if methylation will not be
done immediately.

– The alternative sample preparation method is efficient for short
chain fatty acids (butyric acid) and long chain fatty acids
(eicosapentaenoic or docosahexaenoic acids) for products
containing microencapsulated fatty acids.
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• Chromatographic conditions

– Conditions may be modified as
needed to optimize separation.

– Electronic pressure control of
gases may be used.
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• Calculation

– Calculations can be made by peak height or by integrated area.

– Fatty acids may be calculated as triglycerides, methyl esters,
ethyl esters, or acids.

lipid%acidfattyofmg/mgbasissampleaonacidFatty%

100acidfattyofmg/mgbasislipidonacidFatty%
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Chromatogram from gas chromatography analysis
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aTop number indicates carbon chain length and degree of unsaturation. Bottom
number(s) indicate position of double bond(s) on the carbon chain.

bConversion factors: To convert methyl ester to triglyceride: multiply by T/M ratio;
To convert methyl ester to acid: multiply by A/M ratio; To convert triglyceride to
acid: multiply by A/T ratio; To convert tridecanoic to methyl ester: multiply by
1.065 or divide by A/M ratio.

Fatty acid conversion table
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aTop number indicates carbon chain length and degree of unsaturation. Bottom number(s)
indicate position of double bond(s) on the carbon chain.

bConversion factors: To convert methyl ester to triglyceride: multiply by T/M ratio; To
convert methyl ester to acid: multiply by A/M ratio; To convert triglyceride to acid:
multiply by A/T ratio; To convert tridecanoic to methyl ester: multiply by 1.065 or
divide by A/M ratio.
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aTop number indicates carbon chain length and degree of unsaturation. Bottom number(s)
indicate position of double bond(s) on the carbon chain.

bConversion factors: To convert methyl ester to triglyceride: multiply by T/M ratio; To
convert methyl ester to acid: multiply by A/M ratio; To convert triglyceride to acid:
multiply by A/T ratio; To convert tridecanoic to methyl ester: multiply by 1.065 or
divide by A/M ratio.
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aTop number indicates carbon chain length and degree of unsaturation. Bottom number(s)
indicate position of double bond(s) on the carbon chain.

bConversion factors: To convert methyl ester to triglyceride: multiply by T/M ratio; To
convert methyl ester to acid: multiply by A/M ratio; To convert triglyceride to acid:
multiply by A/T ratio; To convert tridecanoic to methyl ester: multiply by 1.065 or
divide by A/M ratio.
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NONSOLVENT WET EXTRACTION METHODS

Babcock method for milk fat
• Principle:

– In the Babcock method, H2SO4 is added to a known amount of
milk in the Babcock bottle.

– The sulfuric acid digests protein, generates heat, and releases the
fat.

– Centrifugation and hot water addition isolate fat for
quantification in the graduated portion of the test bottle.

– The fat is measured volumetrically, but the result is expressed as
percent fat by weight.



4242

Babcock milk test bottles for 
(a) milk, 
(b) cream,
(c) cheese testing.
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Gerber method for milk fat

• Principle:

– The principle of the Gerber method is similar to that of the
Babcock method, but it uses sulfuric acid and amyl alcohol.

– The sulfuric acid digests proteins and carbohydrates, releases
fat, and maintains the fat in a liquid state by generating heat.
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• Procedure:

– Transfer 10 ml of H2SO4 at 15–21 °C into a Gerber milk bottle.

– Accurately measure milk sample (11 ml) into the Gerber bottle,
using a Gerber pipette.

– Add 1 ml of isoamyl alcohol to the bottle.

– Tighten the stopper and mix by shaking the bottle.

– Centrifuge the bottle for 4 min.

– Place the bottle in a water bath at 60–63 °C for 5 min and then
read the fat content from the graduations on the bottle neck.
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• Applications:

– The Gerber method is comparable to the Babcock method but is
simpler and faster and has wider application to a variety of
dairy products.

– The isoamyl alcohol generally prevents the charring of sugar
found with the regular Babcock method.

– This test is more popular in Europe than in America.
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INSTRUMENTAL METHODS

• Instrumental methods are rapid, nondestructive, and require
minimal sample preparation and chemical consumption.

Infrared method

• The infrared (IR) method is based on absorption of IR
energy by fat at a wavelength of 5.73 μm.

• The more the energy absorption at 5.73 μm, the higher is the
fat content of the sample.
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Specific gravity

• Fat content by the Foss-Let method is determined as a
function of the specific gravity of a sample solvent extract.

• A sample of known weight is extracted for 1.5–2 min in a
vibration-reaction chamber with perchloroethylene.

• The extract is filtered, and using a thermostatically controlled
device with digital readout, its specific gravity is
determined.

• The reading can then be converted to oil or fat percentage
using a conversion chart.
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Nuclear Magnetic Resonance

• Nuclear magnetic resonance (NMR) can be used to
measure lipids in food materials in a nondestructive way.

• Total fat content can be measured using low-resolution
pulsed NMR.
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SUMMARY

• Lipids are generally defined by their solubility characteristics
rather than by some common structural feature.

• Lipids in foods can be classified as simple, compound, or
derived lipids.

• The lipid content of foods varies widely, but quantitation is
important because of regulatory requirements, nutritive value,
and functional properties.

• To analyze food for the fat content accurately and precisely, it
is essential to have a comprehensive knowledge of the
general compositions of the lipids in the foods, the physical
and chemical properties of the lipids as well as the foods, and
the principles of fat determination.
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• There is no single standard method for the determination of
fats in different foods.

• The validity of any fat analysis depends on proper sampling
and preservation of the sample prior to analysis.

• Predrying of the sample, particle size reduction, and acid
hydrolysis prior to analysis also may be necessary.

• The total lipid content of foods is commonly determined by
organic solvent extraction methods, which can be
classified as continuous, semicontinuous, discontinuous,
or by GC analysis for nutrition labelling.
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• Nonsolvent wet extraction methods, such as the Babcock or
Gerber, are commonly used for certain types of food
products.

• Instrumental methods, such as NMR, infrared, and Foss-Let,
are also available for fat determination of specific foods.

• These methods are rapid and so may be useful for quality
control but generally require correlation to a standard
solvent extraction method.
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PROTEIN ANALYSIS
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INTRODUCTON

Classification and general considerations
• Proteins are an abundant component in all cells, and almost

all except storage proteins are important for biological
functions and cell structure.

• Proteins vary in molecular mass, ranging from
approximately 5000 to more than a million Daltons.

• They are composed of elements including hydrogen, carbon,
nitrogen, oxygen, and sulfur.

• Twenty a-amino acids are the building blocks of proteins;
the amino acid residues in a protein are linked by peptide
bonds.
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• Nitrogen is the most distinguishing element present in
proteins.

• Nitrogen content in various food proteins ranges from 13.4
to 19.1% due to the variation in the specific amino acid
composition of proteins.

• Proteins rich in basic amino acids contain more nitrogen.
• Simple proteins contain only amino acids upon hydrolysis,

conjugated proteins also contain non-amino-acid
components.

• Proteins could be denaturants such as heat, acid, alkali, 8 M
urea, 6 M guanidine-HCl, organic solvents, and
detergents.
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• Nonprotein nitrogen could come from free amino acids,
small peptides, nucleic acids, phospholipids, amino
sugars, porphyrin, and some vitamins, alkaloids, uric acid,
urea, and ammonium ions.

• The total organic nitrogen in foods would represent nitrogen
primarily from proteins and to a lesser extent from all
organic nitrogen-containing nonprotein substances.

• The basic principles of measure protein content include the
determinations of nitrogen, peptide bonds, aromatic amino
acids, dye-binding capacity, ultraviolet absorptivity of
proteins, and light scattering properties.
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Importance of analysis

• Protein analysis is important for:
– Nutrition labelling
– Pricing
– Functional property investigation
– Biological activity determination

• Protein analysis is required when you want to know:
1. Total protein content
2. Content of a particular protein in a mixture
3. Protein content during isolation and purification of a protein
4. Nonprotein nitrogen
5. Amino acid composition
6. Nutritive value of a protein
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Content in foods

• Protein content in food varies widely.

• Foods of animal origin and legumes are excellent
sources of proteins.
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Protein content of selected foods
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Kjeldahl method

Principle:
– Proteins and other organic food components in a sample are

digested with sulfuric acid in the presence of catalysts.

– The total organic nitrogen is converted to ammonium sulfate.

– The digest is neutralized with alkali and distilled into a boric
acid solution.

– The borate anions formed are titrated with standardized acid,
which is converted to nitrogen in the sample.

– The result of the analysis represents the crude protein content of
the food since nitrogen also comes from nonprotein
components.
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Historical background:

– General steps in the original method:

1. Digestion with sulfuric acid, with the addition of powdered
potassium permanganate to complete oxidation and
conversion of nitrogen to ammonium sulfate.

2. Neutralization of the diluted digest, followed by distillation into
a known volume of standard acid, which contains potassium
iodide and iodate.

3. Titration of the liberated iodine with standard sodium
thiosulfate.
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General procedures and reactions
• Sample preparation:

– Solid foods are ground to pass a 20-mesh screen.
– Samples for analysis should be homogeneous.

• Digestion:
– Place sample in a Kjeldahl flask.
– Add acid and catalyst; digest until clear to get complete

breakdown of all organic matter.
– Nonvolatile ammonium sulfate is formed from the reaction of

nitrogen and sulfuric acid.

Protein  (NH4)2SO4
Sulfuric acid
Heat, catalyst
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– During digestion, protein nitrogen is liberated to form
ammonium ions; sulfuric acid oxidizes organic matter and
combines with ammonium formed; carbon and hydrogen
elements are converted to carbon dioxide and water.

• Neutralization and distillation
– The digest is diluted with water.
– Alkali-containing sodium thiosulfate is added to neutralize the

sulfuric acid.
– The ammonia formed is distilled into a boric acid solution

containing the indicators methylene blue and methyl red.

ion)(borateBOHNHacid)(boricBOHNH
OH2SONaNH2NaOH2SO)(NH

324333

2423424
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• Titration

– Borate anion (proportional to the amount of nitrogen) is titrated
with standardized HCl.

• Calculations

Moles of HCl = moles of NH3 = moles of N in the sample

– A reagent blank should be run to subtract reagent nitrogen from
the sample nitrogen.

3332 BOHHBOH  



65

M HCl = molarity of HCL, in mol/1000 ml
Corrected acid vol. = (ml std. Acid for sample) − (ml std. Acid for blank)
14 = atomic weight of nitrogen

– A factor is used to convert percent N to percent crude protein.

– Most proteins contain 16% N, so the conversion factor is 6.25
(100/16 = 6.25).

% N/0.16 = % protein or %N × 6.25 = % protein

100
mol

Ng14
sampleofg

volumeacidCorrectedHClN%  M
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Nitrogen to protein conversion factors for various foods
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• Alternate procedures
– In place of distillation and titration with acid, ammonia or

nitrogen can be quantitated by:
a) Nesslerization

This method is rapid and sensitive, but the ammonium
dimercuric iodide is colloidal and colour is not stable (red-
orange, 440 nm)

2 K2[HgI4] + 3 KOH + NH3 →
→ NH2Hg2IO (ammonium dimercuric iodide) + 7 KI + 2 H2O

b) (blue, 630 nm)

NH3 + phenol + hypochloride  → indophenol
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c) The pH measurement after distillation into known volume of
boric acid.

d) Direct measurement of ammonia, using ion chromatographic
method.
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Application
• Advantages:

1. Applicable to all types of foods
2. Inexpensive (if not using an automated system)
3. Accurate; an official method for crude protein content
4. Has been modified (micro Kjeldahl method) to measure

microgram quantities of proteins
• Disadvantages

1. Measures total organic nitrogen, not just protein nitrogen
2. Time consuming (at least 2 h to complete)
3. Poorer precision than the biuret method
4. Corrosive reagent
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Dumas (nitrogen 
combustion) method

Principle

• Samples are combusted at high temperatures (700–1000 °C)
with a flow of pure oxygen.

• All carbon in the sample is converted to carbon dioxide
during the flash combustion.

• Nitrogen-containing components produced include N2 and
nitrogen oxides.

• The nitrogen oxides are reduced to nitrogen in a copper
reduction column at a high temperature (600 °C).
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• The total nitrogen (including inorganic fraction, including
nitrate and nitrite) released is carried by pure helium and
quantitated by gas chromatography using a thermal
conductivity detector (TCD).

• Ultra-high purity acetanilide and EDTA (ethylenediamine
tetraacetate) may be used as the standards for the
calibration of the nitrogen analyzer.

• The nitrogen determined is converted to protein content in
the sample using a protein conversion factor.
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Procedure

• Samples (approximately 100–500 mg) are weighed into a tin
capsule and introduced to a combustion reactor in
automated equipment.

• The nitrogen released is measured by a built-in gas
chromatograph.
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General components of a Dumas nitrogen analyzer.
A.) the incinerator,
B.) cooper reduction unit for converting nitrogen oxides to nitrogen,
GC.) gas chromatography column.

samples combustion reduction GC detection
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Applications

• Advantages:

1. Requires no hazardous chemicals.

2. Can be accomplished in 3 min.

3. Recent automated instruments can analyze up to 150 samples
without attention.

• Disadvantages:

1. Expensive equipment is required.

2. Measures total organic nitrogen, not just protein nitrogen.
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Infrared spectroscopy
Principle

• Infrared spectroscopy measures the absorption of radiation
(near- or mid-infrared regions) by molecules in food or
other substances.

• Different functional groups in a food absorb different
frequencies of radiation.
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• For proteins and peptides, various mid-infrared bands
(6.47 μm) and near-infrared (NIR) bands (3300–
3500 nm; 2080–2220 nm; 1560–1670 nm) characteristic
of the peptide bond can be used to estimate the protein
content of a food.

• By irradiating a sample with a wavelength of infrared light
specific for the constituent to be measured, it is possible to
predict the concentration of that constituent by measuring
the energy that is reflected or transmitted by the sample.
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Applications

• Mid-infrared spectroscopy is used in Infrared Milk Analyzers
to determine milk protein content, while near-infrared
spectroscopy is applicable to a wide range of food

products (grains; cereal, meat, and dairy products).

• Instruments are expensive and they must be calibrated
properly.

• Samples can be analyzed rapidly (30 s to 2 min) by analysts
with minimal training.
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Biuret method
Principle

• A violet-purplish colour is produced when cupric ions are
complexed with peptide bonds under alkaline
conditions.

• The absorbance of the colour produced is read at 540 nm.

• The colour intensity (absorbance) is proportional to the
protein content of the sample.
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Procedure
• A 5 ml biuret reagent is mixed with a 1 ml portion of protein

solution (1–10 mg protein/ml). The reagent includes copper
sulfate, NaOH, and potassium sodium tartrate, which is used
to stabilize the cupric ion in the alkaline solution.

• After the reaction mix is allowed to stand at room temperature
for 15 or 30 min, the absorbance is read at 540 nm against a
reagent blank.

• Filtration or centrifugation before reading absorbance is required
if the reaction mixture is not clear.

• A standard curve of concentration versus absorbance is
constructed using bovine serum albumin (BSA).
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Applications
• The biuret method has been used to determine proteins in

cereal, meat, soybean proteins, and as a qualitative test
for animal feed.

• Advantages:
1. Less expensive than the Kjeldahl method; rapid; simplest

method for analysis of proteins.
2. Colour deviations are encountered less frequently than with

Lowry, ultraviolet (UV) absorption, or turbidimetric methods.
3. Very few substances other than proteins in foods interfere with

the biuret reaction.
4. Does not detect nitrogen from nonpeptide or nonprotein sources.
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• Disadvantages:
1. Not very sensitive as compared to the Lowry method; requires

at least 2–4 mg protein for assay.
2. Absorbance could be contributed from bile pigments if present.
3. High concentration of ammonium salts interfere with the

reaction.
4. Colour varies with different proteins; gelatin gives a pinkish-

purple colour.
5. Opalescence could occur in the final solution if high levels of

lipid or carbohydrate are present.
6. Not an absolute method: colour must be standardized against

known protein or against the Kjeldahl nitrogen method.



82

Lowry method
Principle

• The Lowry method combines the biuret reaction with the
reduction of the Folin–Ciocalteau phenol reagent
(phosphomolybdic-phosphotungstic acid) by tyrosine and
tryptophan residues in the proteins.

• The bluish colour developed is read at 750 nm (high sensitivity
for low protein concentration) or 500 nm (low sensitivity for
high protein concentration).

Side chains of amino acids tyrosine 
(a) and tryptophan (b).



83

Procedure
1. Proteins to be analyzed are diluted to an appropriate range (20–

100 μg).
2. K-Na-Tartrate-Na2CO3 solution is added after cooling and

incubated at room temperature for 10 min.
3. CuSO4–K-Na-Tartrate-NaOH solution is added after cooling

and incubated at room temperature for 10 min.
4. Freshly prepared Folin reagent is added and then the reaction

mixture is mixed and incubated at 50 °C for 10 min.
5. Absorbance is read at 650 nm.
6. A standard curve of BSA is carefully constructed for estimating

protein concentration of the unknown.
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Applications

• The Lowry method has been widely used in protein
biochemistry.

• It has not been widely used to determine proteins in food
systems without first extracting the proteins from the food
mixture.
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• Advantages:

1. Very sensitive

(a) 50–100 times more sensitive than biuret method.

(b) 10–20 times more sensitive than 280 nm UV absorption
method.

(c) Similar sensitivity as Nesslerization; however, more
convenient than Nesslerization.

2. Less affected by turbidity of the sample.

3. More specific than most other methods.

4. Relatively simple; can be done in 1–1.5 h.
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• Disadvantages:

1. Colour varies with different proteins to a greater extent than the
biuret method.

2. Colour is not strictly proportional to protein concentration.

3. The reaction is interfered with to varying degrees by sucrose,
lipids, phosphate buffers, monosaccharides, and hexoamines.

4. High concentrations of reducing sugars, ammonium sulfate, and
sulfhydryl compounds interfere with the reaction.
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Anionic dye-binding methods
Principle

• The protein-containing sample is mixed with a known excess
amount of anionic dye in a buffered solution.

• Proteins bind the dye to form an insoluble complex.

• The unbound soluble dye is measured after equilibration of
the reaction and the removal of insoluble complex by
centrifugation or filtration.

Protein + excess dye →
protein-dye insoluble complex + unbound soluble dye
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• The anionic sulfonic acid dye, including acid orange 12,
orange G, and Amido Black 10B, binds cationic groups of
the basic amino acid residues and the free amino
terminal group of the protein.

• The amount of the unbound dye is inversely related to the
protein content of the sample.
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Procedure

1. The sample is finely ground (60 mesh or smaller sizes) and
added to an excess dye solution with known
concentration.

2. The content is vigorously shaken to equilibrate the dye
binding reactions and filtered or centrifuged to remove
insoluble substances.

3. Absorbance of the unbound dye solution in the filtrate or
supernatant is measured and dye concentration is
estimated from a dye standard curve.
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4. A straight calibration curve can be obtained by plotting the
unbound dye concentration against total nitrogen (as
determined by Kjeldhal method) of a given food covering
a wide range of protein content.

5. Protein content of the unknown sample of the same food
type can be estimated from the calibration curve or from a
regression equation calculated by the least squares
method.
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Applications

• To estimate proteins in milk, wheat flour, soy products, and
meats.

• Advantages:

1. Rapid (15 min or less), inexpensive, and relatively accurate for
analyzing protein content in food commodities.

2. May be used to estimate the changes in available lysine content
of cereal products during processing since the dye does not
bind altered, unavailable lysine. Since lysine is the limiting
amino acid in cereal products, the available lysine content
represents protein nutritive value of the cereal products.
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3. No corrosive reagents.
4. Does not measure nonprotein nitrogen.
5. More precise than the Kjeldahl method.

• Disadvantages:
1. Not sensitive; milligram quantities of protein are required.
2. Proteins differ in basic amino acid content and so differ in dye-

binding capacity. Therefore, a calibration curve for a given
food commodity is required.

3. Not suitable for hydrolyzed proteins due to binding to N-
terminal amino acids.

4. Some nonprotein components bind dye or protein and cause
errors in final results.
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Bradford dye-binding 
method

Principle
• When Coomassie Brilliant Blue G-250 binds to protein, the

dye changes colour from reddish to bluish, and the
absorption maximum of the dye is shifted from 465 to
595 nm.

• The change in the absorbance at 595 nm is proportional to the
protein concentration of the sample.

• When the proteincontaining solution is acidified to a pH less
than the isoelectric point of the protein(s) of interest, the dye
added binds electrostatically.

• In the case of the Bradford method, the dye bound to protein
has a change in absorbance spectrum relative to the unbound
dye.
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Procedure

• Coomassie Brilliant Blue G-250 is dissolved in 95% ethanol
and acidified with 85% phosphoric acid.

• Samples containing proteins (1–100 μg/ml) and standard
BSA solutions are mixed with the Bradford reagent.

• Absorbance at 595nm is read against a reagent blank.

• Protein concentration in the sample is estimated from the
BSA standard curve.
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Application
• Due to its rapidity, sensitivity, the Bradford method has been

used widely for the analysis of low concentrations of
proteins and enzymes in their purification and
characterizations.

• Advantages:
1. Rapid; reaction can be completed in 2 min.
2. Reproducible.
3. Sensitive; several fold more sensitive than the Lowry method
4. No interference from ammonium sulfate, polyphenols,

carbohydrates such as sucrose, or cations such as K+, Na+,
and Mg2+.
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5. Measures protein or peptides with molecular mass
approximately equal to or greater than 4000 Da.

• Disadvantages:

1. Interfered with by both nonionic and ionic detergents, errors due
to small amounts (0.1%).

2. The protein–dye complex can bind to quartz cuvettes. The
analyst must use glass or plastic cuvettes.

3. Colour varies with different types of proteins. The standard
protein must be selected carefully.
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Ultraviolet 280 nm 
absorption method

Principle

• Proteins show strong absorption in the region at ultraviolet
(UV) 280 nm, primarily due to tryptophan and tyrosine
residues in the proteins.

• The content of tryptophan and tyrosine in proteins from each
food source is fairly constant, the absorbance at 280 nm could
be used to estimate the concentration of proteins, using Beer’s
law.

• Since each protein has a unique aromatic amino acid
composition, the extinction coefficient (E280) or molar
absorptivity (Em) must be determined for individual proteins
for protein content estimation.
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Procedure

1. Proteins are solubilized in buffer or alkali.

2. Absorbance of protein solution is read at 280nm against a
reagent blank.

3. Protein concentration is calculated according to the equation

A = abc
A = absorbance
a = absorptivity
b = cell or cuvette path length
c = concentration
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Applications

• The UV 280 nm method has been used to determine the
protein contents of milk and meat products.

• It has not been used widely in food systems.

• Although peptide bonds in proteins absorb more strongly at
190–220 nm than at 280 nm, the low UV region is more
difficult to measure.
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• Advantages:

1. Rapid and relatively sensitive; At 280 nm, 100 μg or more
protein is required; several times more sensitive than the
biuret method.

2. No interference from ammonium sulfate and other buffer salts.

3. Nondestructive; samples can be used for other analyses after
protein determination; used very widely in postcolumn
detection of proteins.
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• Disadvantages:

1. Nucleic acids also absorb at 280 nm.

2. Aromatic amino acid contents in the proteins from various food
sources differ considerably.

3. The solution must be clear and colourless.

4. A relatively pure system is required to use this method.
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COMPARISON OF 
METHODS

• Sample preparation: The Kjeldahl, Dumas, and infrared
spectroscopy methods require little preparation. Sample
particle size of 20 mesh or smaller generally is satisfactory
for these methods.

• Principle: The Dumas and Kjeldahl methods measure
directly the nitrogen content of foods. The Kjeldahl
method measures only organic nitrogen plus ammonia,
while Dumas measures total nitrogen, including the
inorganic fraction. (Therefore, Dumas gives a higher
value for products that contain nitrates/nitrites.)

• Sensitivity: Kjeldahl, Dumas, and biuret methods are less
sensitive than Lowry, Bradford, BCA, or UV methods.
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• Speed: After the instrument has been properly calibrated,
infrared spectroscopy is likely the most rapid of the methods.
The speed of determination in the colorimetric methods and
in the Dumas method is faster than with the Kjeldahl method.

• Applications: Both Kjeldahl and Dumas methods can be used
to measure N content in all types of foods, in recent years the
Dumas method has largely replaced the Kjeldahl method for
nutrition labelling. The Kjeldahl method is the preferred
method for high fat samples/products since fat may cause an
instrument fire during the incineration procedure in the
Dumas method.

Melamine, a toxic nitrogen adulterant, is included in the total
nitrogen content if measured by the Kjeldahl or Dumas
methods.
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SUMMARY

• The Kjeldahl and Dumas methods measure nitrogen.

• Infrared spectroscopy is based on absorption of a wavelength
of infrared radiation specific for the peptide bond.

• Copper–peptide bond interactions contribute to the analysis
by the biuret and Lowry methods.

• Amino acids are involved in the Lowry, dye-binding, and
UV 280 nm methods.

• The various methods differ in their speed and sensitivity.
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• Rapid methods may be suitable for quality control purposes,
while a sensitive method is required for work with a
minute amount of protein.

• Indirect colorimetric methods usually require the use of a
carefully selected protein standard or a calibration with an
official method (Kjeldahl).


