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pH AND TITRATABLE 
ACIDITY



• The pH and titratable acidity is analytically determined in
separate ways and each has its own particular impact on
food quality.

• Titratable acidity deals with measurement of the total acid
concentration contained within a food (also called total
acidity).

• This quantity is determined by exhaustive titration of
intrinsic acids with a standard base.

• Titratable acidity is a better predictor of acid’s impact on
flavour than pH.

• In aqueous solution, hydrogen ions combine with water to
form hydronium ions, H3O+.



• The need to quantify only the free H3O+ concentration leads
to the second major concept of acidity, that of pH (also
called active acidity).

• The H3O+ concentration can span a range of 14 orders of
magnitudes.

• The term pH is a mathematical shorthand for expressing this
broad continuum of H3O+ concentration in a concise and
convenient notation.

• pH is usually determined instrumentally with a pH meter;
however, chemical pH indicators also exist.
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CALCULATION AND CONVERSION FOR 
NEUTRALIZATION REACTIONS

Concentration units
• Molarity and normality are the most common SI

(International Scientific) terms used in food analysis,
solutions also can be expressed as percentages.

• Molarity (M) is a concentration unit representing the
number of moles of the solute per litre of solution.
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• Normality (N) is a concentration unit representing the
number of equivalents (Eq) of a solute per litre of
solution.

• For oxidation–reduction reagents, the normality represents
the concentration or moles of electrons per litre to be
exchanged when the reaction is taken to completion.
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Concentration expressions terms
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Acid-base reactions:
1 M H2SO4 = 2 N H2SO4 (2 equivalents of H+ per mol of acid)

1 M NaOH = 1 N NaOH (1 equivalent of OH− per mol of base)

1 M CH3COOH = 1 N acetic acid

(1 equivalent of H+ per mol of acid)

1 M H2C4H4O5 = 2 N malic acid

(2 equivalent of H+ per mol of acid)
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Oxidation-reduction reactions:

1 M I2 = 2 N iodine
(2 equivalents of electrons gained per mol of I2)

1 M = 2 N bisulfite
(2 equivalents of electrons lost per mol of bisulfate)

• In acid–base reactions hydrogen ions are exchanged and
can be quantified through stoichiometric neutralization
with a standard base.
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• Equivalent weight can be defined as the molecular weight
divided by the number of equivalents in the reactions.

• Milliequivalent weight is the equivalent weight divided by
1000.

• Percentage concentrations are the mass amount of solute or
analyte per 100 ml or 100 g of material.

• Percentage can be expressed for solutions or for solids and
can be on a volume basis or mass basis.

• When the percentage becomes a number less than 1% parts
per million (ppm), parts per billion (ppb) and even parts
per trillion (ppt) usually are preferred.
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Molecular and equivalent weight of common food acids



Equation for neutralization and dilution

• At full neutralization the millequivalents (mEq) of one
reactant in the neutralization equal the milliequivalents
of the other reactant.
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pH
Acid-base equilibria
• The Brønsted-Lowry theory:

– Acid: A substance capable of donating protons. In food systems
the only significant proton donor is the hydrogen ion.

– Base: A substance capable of accepting protons.

– Neutralization is the reaction of an acid with a base to form a
salt.

HCl + NaOH NaCl + H2O
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• Acids form hydrated protons called hydronium ions (H3O+)
and bases form hydroxide ions (OH−) in aqueous
solutions:

H3O+ + OH− 2 H2O 

• At any temperature, the product of the molar concentrations
(moles/litre) of H3O+ and OH− is a constant referred to as
the ion product constant for water (Kw):

[H3O+][OH−] = Kw

– Kw varies with the temperature.
For example, at 25 °C, Kw = 1.04×10−14 but at 100 °C,
Kw= 58.2×10−14.
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• In pure water the concentration of [H3O+] is approximately
1.0×10−7 M, as is that of the [OH−] at 25 °C.

• The concentrations of these ions are equal, pure water is
referred to as being neutral.

• A drop of acid is added to pure water.
– The [H3O+] concentration would increase.
– Kw would remain constant (1.0×10−14), revealing a decrease

in the [OH–] concentration.
• If a drop of base is added to pure water, the [H3O+] would

decrease while the [OH−] would increase, maintaining the Kw
at 1.0×10−14 at 25 °C.
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Concentrations of H3O+ and OH− in various foods at 25 °C

aMoles per liter



• Calculation the pH of the cola:
– Substitute the [H+] into the pH equation:

pH = −log(H+) = −log(2.24×10−3)
– Separate 2.24×10−3 into two parts; determine the logarithm of

each part:
log 2.24 = 0.350

log 10−3 = −3
– Add the two logs together since adding logs is equivalent to

multiplying the two numbers:
0.350 + (−3) = − 2.65

– Place the value into the pH equation:
pH = −(−2.65) → pH = 2.65
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• pH is defined as the logarithm of the reciprocal of the
hydrogen ion concentration.

• May be defined as the negative logarithm of the molar
concentration of hydrogen ions.

• It is a logarithmic value and that a change in one pH unit is
actually a tenfold change in the concentration of [H3O+].
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aMoles per litre. Note that the product of [H+][OH−] is always 1×10−14.

Relationship of [H+] vs. pH and 
[OH−] vs. pOH at 25 °C



pH meter
• Activity vs. Concentration

– Activity is a measure of expressed chemical reactivity, while
concentration is a measure of all forms (free and bound) of
ions in solution.

– The effective concentration or activity is, lower than the actual
concentration.

– Activity and concentration are related by the following equation:
A = gC

A = activity
γ = activity coefficient
C = concentration
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– The activity coefficient is a function of ionic strength.
– Ionic strength is a function of the concentration of, and the

charge on, all ions in solution.

General Principles
• The pH metre is a potentiometer.

• The basic principle of potentiometry involves the use of an
electrolytic cell composed of two electrodes dipped into
a test solution.

• A voltage develops, which is related to the ionic
concentration of the solution.

21



• Four major parts of the pH system are:

– reference electrode,

– indicator electrode (pH sensitive),

– voltmeter or amplifier that is capable of measuring small voltage
differences in a circuit of very high resistance,

– the sample being analyzed.

• Hydrogen ion concentration is determined by the voltage that
develops between the two electrodes.

• The Nernst equation relates the electrode response to the
activity where:
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E = Eo + 2.303 logA
E = measured electrode potential

Eo = standard electrode potential, a constant representing the sum of the
individual potentials in the system at a standard temperature, ion
concentration, and electrode composition

R = universal gas constant, 8.313 Joules/degree/g mole wt

F = Faraday constant, 96,490 coulombs/g equiv wt

T = absolute temperature (Kelvin)

N = number of charges on the ion

A = activity of the ion being measured
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– For monovalent ions (such as the hydronium ion) at 25 °C, the
relationship of 2.303 RT/F is calculated to be 0.0591, as follows:

Reference electrode
• The reference electrode is needed to complete the circuit in the pH

system.
• The saturated calomel electrode is the most common reference

electrode. It is based upon the following reversible reaction:
Hg2Cl2 + 2 e− ↔ 2 Hg + 2 Cl−

• A less widely used reference electrode is the silver–silver chloride
electrode.

• It is a very reproducible electrode based upon the following
reaction: AgCl (s) + e− ↔ Ag (s) + Cl−
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Indicator electrode
• The indicator electrode is the glass electrode.
• Conventional glass electrodes are suitable for measuring pH in

the range of pH 1–9.
• This electrode is sensitive to higher pH, especially in the

presence of sodium ions.
• Modern glass electrodes are usable over the entire pH range of

0–14 and feature a very low sodium ion error, such as
<0.01pH at 25 °C.

Combination electrodes
• Combination electrodes combine both the pH and reference

electrodes along with the temperature sensing probe in a
single unit or probe.
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TITRATABLE ACIDITY

• Titratable acidity is determined by neutralizing the acid
present in a known quantity of food sample using a
standard base.

• The endpoint for titration is usually either a target pH or the
colour change of a pH-sensitive dye, typically
phenolphthalein.
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General considerations
Buffering

• At 0.1 N, strong acids are assumed to be fully disassociated.

• The pH at any point in the titration is equal to the hydrogen
ion concentration of the remaining acid.

• All food acids are weak acids.

• Less than 3% of their ionizable hydrogens are dissociated
from the parent molecule.

• When free hydrogen ions are removed through titration, new
hydrogen ions can arise from other previously
undissociated parent molecules.
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Titration of a strong acid
with strong base

• The pH at any point in the
titration is dictated by
the H+ concentration of
the acid remaining after
partial neutralization
with base.



• This property of a solution to resist change in pH is termed
buffering.

• Buffering occurs in foods whenever a weak acid and its salt
are present in the same medium.

• Because of buffering, a graph of pH vs. titrant concentration
is more complex for weak acids than for strong acids.

• This relationship can be estimated by the Henderson–
Hasselbalch equation.
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• [HA] represents the concentration of undissociated acid. [A−]
represents the concentration of its salt, also known as the
conjugated base.

• The conjugated base is equal in concentration to the
conjugated acid [H3O+].

• The pKa is the pH at which equal quantities of undissociated
acid and conjugated base are present.

• Maximum buffering capacity will exist when the pH equals
the pKa.

• Di- and triprotic acids will have two and three buffering
regions, respectively.
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Titration of a weak 
monoprotic acid with a strong 

base

•A buffering region is
established around the pKa
(4.82).

•The pH at any point is
described by the Henderson–
Hasselbalch equation.
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Titration of a weak polyprotic
acid with a strong base

•Buffering regions are
established around each pKa.

•The Henderson–Hasselbalch
equation can predict the pH for
each pKa value if pKa steps are
separated by more than three
units.

•However, complex transition
mixtures between pKa steps
make simple calculations of
transition pH values impossible.
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pKa values for some acids important in food analysis



Potentiometric titration

• The use of a pH meter to identify the endpoint is called the
potentiometric method for determining titratable
acidity.

• The advantage of determining the equivalence point
potentiometrically is that the precise equivalence point is
identified.
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Indicators
• In routine work, an indicator solution is often used to

approximate the equivalence point.

• The resulting values are approximate and dependent on the
specific indicator.

• Phenolphthalein is the most common indicator for food use.

• It changes from clear to red in the pH region 8.0–9.6.

• Significant colour change is usually present by pH 8.2. This
pH is termed the phenolphthalein endpoint.
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• All indicators are either weak acids or weak bases that tend
to buffer in the region of their colour change.

• If added too liberally, they can influence the titration by
conferring their own acid/base character to the sample
under analysis.

• Two to three drops of indicator are added to the solution to
be titrated.

• The lower the indicator concentration, the sharper will be the
endpoint.
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PREPARATION OF REAGENTS
Standard alkali

• Sodium hydroxide (NaOH) is the most commonly used base
in titratable acidity determinations.

• The NaOH can react with dissolved and atmospheric CO2 to
produce new Na2CO3.

• This reduces alkalinity and sets up a carbonate buffer that
can obscure the true endpoint of a titration.
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• CO2 should be removed from water prior to making the stock
solution.

• By purging water with CO2-free gas for 24 h or by boiling
distilled water for 20 min and allowing it to cool before
use.

• Stock alkali solution of 50% in water is approximately 18 N.

• A working solution is made by diluting stock solution with
CO2-free water.

38



Standard acid

• NaOH titrating solutions must be standardized against a
standard acid.

• Potassium acid phthalate (KHP) is commonly used for this
purpose.
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Sample analysis

• An aliquot of sample (often 10 ml) is titrated with a standard
alkali solution (often 0.1 N NaOH) to a phenolphthalein
endpoint.

• Potentiometric endpoint determination is used when sample
pigment makes use of a colour indicator impractical.
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Calculation of titratable 
acidity

• Acid strength is frequently reported in normality (equivalents
per litre) and can be calculated using the equation

Ntitrant × Vtitrant = Nsample × Vsample

where N is normality and V is volume (often in millilitres).

42

N = normality of titrant, usually NaOH (mEq/ml)
V = volume of titrant (ml)

Eq. wt. = equivalent weight of predominant acid (mg/mEq)

W = mass of sample (g)
1000 = factor relating mg to grams (mg/g), (1/10 = 100/1000)

1001000W
wtEqVN(wt/wt)%acid 






Acid content in food

• They contain the full complement of Krebs cycle acids (and
their derivatives), fatty acids, and amino acids.

• All of these contribute to titratable acidity.

• Routine titration cannot differentiate between individual
acids.

• Titratable acidity is usually stated in terms of the
predominant acid.

• In grapes, malic acid often predominates prior to maturity
while tartaric acid typically predominates in the ripe fruit.
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• The range of acid concentrations in foods is very broad.

• Acids can exist at levels below detection limits or they can
be the preeminent substance present in the food.

• Citric and malic acids are the most common acids in fruits
and most vegetables.

• Leafy vegetables also may contain significant quantities of
oxalic acid.

• Lactic acid is the most important acid in dairy foods.
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Acid composition of some 
commercially important 

fruits



Volatile acidity
• In acetic acid fermentations, it is sometimes desirable to

know how much acidity comes from the acetic acid and
how much is contributed naturally by other acids in the
product.

• This can be achieved by first performing an initial titration to
measure titratable acidity as an indicator of total acidity.

• The acetic acid is then boiled off, the solution is allowed to
cool, and a second titration is performed to determine the
fixed acidity.

• The difference between fixed and total acidity is the volatile
acidity.
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Other methods

• High-performance liquid chromatography (HPLC) and
electrochemistry both have been used to measure acids in
food samples.
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SUMMARY

• Organic acids unlike strong acids are only partially ionized.

• Some properties of foods are affected only by this ionized
fraction of acid molecules while other properties are
affected by the total acid content.

• It is impractical to quantify only free hydronium ions in
solution by chemical methods.

• Once the free ions are removed by chemical reaction, others
arise from previously undissociated molecules.

• Indicator dyes, which change colour depending on the
hydronium ion environment, exist but they only identify
when a certain pH threshold has been achieved.
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• The pH meter measures the change in electrochemical potential
established by the hydronium ion across a semipermeable
glass membrane on an indicator electrode.

• The hydronium ion concentration can be back-calculated from
pH using the original definition of pH as the negative log of
hydrogen ion concentration.

• Titratable acidity provides a simple estimate of the total acid
content of a food.

• Foods often contain many acids that cannot be differentiated
through titration.

• Instrumental methods such as HPLC and electrochemical
approaches measure acids and their conjugate bases as a
single compound.
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FAT
CHARACTERIZATION



INTRODUCTION

• Methods can be separated into two categories:

– those developed to analyze bulk oils and fats,

– those focusing on analysis of foodstuffs and their lipid extracts.
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Definition and 
classifications

• Lipids refers to a wide range of compounds soluble in organic
solvents but only sparingly soluble in water.

• The majority of lipids present in foodstuffs are fatty acids and
their glycerides.

– including mono-, di-, and triacylglycerols,

– phospholipids,

– sterols (including cholesterol);

– waxes;

– lipidsoluble pigments,

– vitamins.
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• The term fat signifies extracted lipids that are solid at room
temperature, and oil refers to those that are liquid.

• The three terms, lipid, fat, and oil, often are used
interchangeably

• Fat content the total lipid fatty acids expressed as
triglyceride.

• Fatty acids may be derived from triacylglycerols, partial
glycerides, phospholipids, glycolipids, sterol esters, or free
fatty acids (FFAs)

• The concentration will be expressed as grams of
triacylglycerols.
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• This change in definition requires a methodology change
from extraction and gravimetry to GC of fatty acid
methyl esters (FAMEs).

• Saturated fat is defined as the sum (in grams) of all fatty
acids without double bonds.

• Polyunsaturated fat (PUFA) is defined as cis,
cis-methylene-interrupted polyunsaturated fatty acids.

• Monounsaturated fat, is defined as cis-monounsaturated
fatty acids.

• The fatty acids be cis prevents including fatty acids that
contain trans isomers.
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• Most trans fatty acids found in foods are monounsaturated.

• Methods for monounsaturated fatty acid and trans fatty acid
analysis must distinguish between cis and trans monoenes,
as well as the conjugated cis–trans fatty acids such as
conjugated linoleic acid (CLA).

• Several CLA isomers identified in ruminant lipids, although
the 9 cis 11 trans isomer appears to be found in greatest
abundance.

• CLA isomers are thought to reduce the risk of cancer and
other diseases.
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Lipid content in foods

• Commodities containing significant amounts of

– fats and oils include butter, cheese,

– imitation dairy products such as margarine, spreads, shortening,
frying fats, cooking and salad oils,

– emulsified dressings such as mayonnaise, peanut butter,
confections,

– muscle foods such as meat, poultry, and fish.

56



57

Typical values of selected 
parameters for fats and oils



GENERAL 
CONSIDERATIONS

• Extraction of fat or oil from foodstuffs can be accomplished by
homogenizing with a solvent combination such as hexane–
isopropanol or chloroform–methanol.

• The solvent then can be removed using a rotary evaporator or by
evaporation under a stream of nitrogen gas.

• Lipid oxidation during extraction and testing can be minimized
by adding antioxidants.

• Solid-phase extraction (SPE), consists of passing the lipid
extract through a commercially available prepackaged
absorbent (silica gel) that separates contaminants or various
fractions based on polarity.

• Changes that lipids undergo during processing and storage
include hydrolysis (lipolysis), oxidation, and thermal
degradation including polymerization.
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METHODS FOR BULK OILS AND FATS

Sample preparation
• Samples are visually clear and free of sediment.

• When required, dry the samples prior to testing.

• Exposure to heat, light, or air promotes lipid oxidation,
avoiding these conditions during sample storage will retard
rancidity.
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Refractive index

• The refractive index (RI) of an oil is defined as the ratio of
the speed of light in air (technically, a vacuum) to the
speed of light in the oil.

• When a ray of light shines obliquely on an interface
separating two materials, such as air and oil, the light ray
is refracted in a manner defined by Snell’s law.

θ1n1 = θ2n2

θ1 = angle of the incident light
n1 = refractive index of material 1
θ2 = angle of the incident light
n2 = refractive index of material 2
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Refraction of light in an air–oil interface



• Refractometers often use monochromatic light from the
sodium doublet D line to avoid errors from variable
refraction of the different wavelengths of visible light.

• Applications:

– RI is related to the amount of saturation in a lipid; the RI
decreases linearly as iodine value (a measure of total
unsaturation) decreases.

– RI also is used as a measure of purity and as a means of
identification, since each substance has a characteristic RI.
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Melting point

• Melting point may be defined in various ways:

– capillary tube melting point,

– complete melting point,

– clear point,

– dropping melting point or dropping point.
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Smoke, flash and fire points

• The smoke point is the temperature at which the sample
begins to smoke when tested under specified conditions.

• The flash point is the temperature at which a flash appears at
any point on the surface of the sample; volatile gaseous
products of combustion are produced rapidly enough to
permit ignition.

• The fire point is the temperature at which evolution of
volatiles proceeds with enough speed to support
continuous combustion.
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• Applications:
– These tests reflect the volatile organic material in oils and fats,

especially FFAs and residual extraction solvents.
– Frying oils and refined oils should have smoke points above

200 °C and 300 °C.
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Effect of free fatty acid 
content on smoke point

of olive oil



Cold test
• The cold test is a measure of the resistance of an oil to

crystallization.

• Absence of crystals or turbidity indicates proper winterizing.

• It ensures that oils remain clear even when stored at
refrigerated temperatures.

Cloud point
• The cloud point is the temperature at which a cloud is

formed in a liquid fat due to the beginning of
crystallization.
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Colour

• Two methods for measuring the colour of fats and oils are the
Lovibond method and the spectrophotometric method.

• Procedure:
– In the Lovibond method, oil is placed in a standardsized glass cell

and visually compared with red, yellow, blue, and neutral colour
standards.

– For the spectrophotometric method, the sample is heated to
25–30 °C, placed in a cuvette, and absorbance read at the
following wavelengths: 460, 550, 620, and 670 nm.

– The photometric colour index is calculated.

Photometric colour index  = 1.29(A460) + 69.7(A550) + 41.2 (A620) − 56.4(A670)
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• Applications:

– Oils and fats from different sources vary in color.

– But if refined oil is darker than expected, it is probably
indicative of improper refinement or abuse.
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Iodine value

• The iodine value (or iodine number) is a measure of degree of
unsaturation, which is the number of carbon–carbon double
bonds in relation to the amount of fat or oil.

• Iodine value is defined as the grams of iodine absorbed per
100 g of sample.

• The higher the amount of unsaturation, the more iodine is
absorbed and the higher the iodine value.
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• Procedure:
– A quantity of fat or oil dissolved in solvent is reacted, avoiding

light, with a measured amount of iodine or some other
halogen such as ICl or IBr.

ICl + R−CH=CH−R → R−CHI − CHCl−R + ICl

– A solution of potassium iodide is added to reduce excess ICl to
free iodine.

ICl + 2 KI → KCl + KI + I2

– The liberated iodine is then titrated with a sodium thiosulfate
standard using starch indicator, and the iodine value is
calculated.
I2 + starch + 2 Na2S2O3 → 2 NaI + starch + Na2S4O6
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(blue) (colourless)



iodine value = g iodine absorbed per 100 g of sample
B = volume of titrant (ml) for blank
S = volume of titrant (ml) for sample
N = normality of Na2S2O3(mol/1000 ml)
126.9 = MW of iodine (g/mol)
W = sample mass (g)

• Iodine value is used to characterize oils, to follow the
hydrogenation process in refining, and as an indication
of lipid oxidation, since there is a decline in unsaturation
during oxidation.
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Iodine value =



Saponification value

• Saponification is the process of breaking down or
degrading a neutral fat into glycerol and fatty acids by
treatment of the fat with alkali.
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• The saponification value (or saponification number) is defined
as the amount of alkali necessary to saponify a given quantity
of fat or oil.

• It is expressed as the milligrams of KOH required to saponify
1 g of the sample.

• The calculated saponification value is determined from the
fatty acid composition.

• Procedure:
– Excess alcoholic potassium hydroxide is added to the sample and the

solution is heated to saponify the fat.
– The unreacted potassium hydroxide is back-titrated with

standardized HCl using phenolphthalein as the indicator, and
the saponification value is calculated.
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saponification value = mg KOH per g of sample

B = volume of titrant (ml) for blank

S = volume of titrant (ml) for sample

N = normality of HCl (mmol/ml)

56.1= MW of KOH (mg/mmol)

W = sample mass (g)
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Saponification value = W
56.1NBS  









Free fatty acid value
• FFA is the percentage by weight of a specified fatty acid.

• Acid value (AV) is defined as the mg of KOH necessary to
neutralize the free acids present in 1 g of fat or oil.

• The AV is often used as a quality indicator in frying oils,
where a limit of 2 mg KOH/g oil is sometimes used.

• Procedure:
– To a liquid fat sample, neutralized 95% ethanol and

phenolphthalein indicator are added.

– The sample then is titrated with NaOH and the percent FFA is
calculated.
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% FFA = percent free fatty acid (g/100 g)
expressed as oleic acid

V = volume of NaOH titrant (ml)
N = normality of NaOH titrant (mol/1000 ml)
282 = MW of oleic acid (g/mol)
W = sample mass (g)

• In crude fat, FFA or acid value estimates the amount of oil
that will be lost during refining steps designed to remove
fatty acids.

• In refined fats, a high acidity level means a poorly refined fat
or fat breakdown after storage or use.
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Polar components in frying fats

• Deterioration of used frying oils and fats can be monitored by
measuring the polar components, which include
monoacylglycerols, diacylglycerols, FFAs, and oxidation
products formed during heating of foodstuffs.
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LIPID OXIDATION: MEASURING PRESENT 
STATUS

• Rancidity refers to the off odours and flavours resulting from
lipolysis (hydrolytic rancidity) or lipid oxidation (oxidative
rancidity).

• Lipolysis is the hydrolysis of fatty acids from the glyceride
molecule.

• Because of their volatility, hydrolysis of short-chain fatty acids
can result in off odours.

• Fatty acids shorter than C12 (lauric acid) can produce off-
odours in foods.
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• Free C12 is often associated with a soapy taste but no aroma.

• FFAs longer than C12 do not cause significant impairment in
taste or odour.

• Lipid oxidation (also called autoxidation) as it occurs in
bulk fats and oils proceeds via a self-sustaining free
radical mechanism.

• That produces hydroperoxides (initial or primary products)
that undergo scission to form various secondary products
including aldehydes, ketones, organic acids, and
hydrocarbons (final or secondary products).
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Changes in quantities of lipid oxidation reactants
and products over time



Sample preparation
• Most methods require lipid extraction prior to analysis.

Peroxide Value
• Principle:

– Peroxide value is defined as the milliequivalents (mEq) of
peroxide per kilogram of sample.

– It is a redox titrimetric determination.
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• Procedure:

– The fat or oil sample is dissolved in glacial acetic acid–isooctane.

– Upon addition of excess potassium iodide, which reacts with the
peroxides, iodine is produced.

RCOOH + K+I− ROH + K+OH− + I2

– The solution then is titrated with standardized sodium thiosulfate
using a starch indicator.

I2 + starch + 2 Na2S2O3 → 2 NaI + starch +Na2S4O6
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H+, heat

excess

(blue) (colourless)



• Peroxide value is calculated:

peroxide value = mEq peroxide per kg of sample

S = volume of titrant (ml) for sample

B = volume of titrant (ml) for blank

N = normality of Na2S2O3 solution (mEq/ml)

1000 = conversion of units (g/kg)

W = sample mass (g)
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Peroxide value = 1000W
NBS  









• Applications:
– Peroxide value measures a transient product of oxidation.
– A low value may represent either the beginning of oxidation or

advanced oxidation.
– A disadvantage of this method is the 5 g fat or oil sample size

required; it is difficult to obtain sufficient quantities from foods low
in fat.

– High-quality, freshly deodorized fats and oils will have a peroxide
value of zero.

– Peroxide values >20 correspond to very poor quality fats and oils,
which normally would have significant off flavours.

– For soybean oil, peroxide values of 1–5, 5–10, and >10 correspond to
low, medium, and high levels of oxidation, respectively.
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p-anisidine value and totox value

• The p-anisidine value estimates the amount of α- and β-
unsaturated aldehydes (mainly 2-alkenals and 2,4-dienals),
which are secondary oxidation products in fats and oils.

• The aldehydes react with p-anisidine to form a chromogen
that is measured spectrophotometrically.

• The totox value tends to indicate the total oxidation of a
sample using both the peroxide and p-anisidine values.

Totox value = p-anisidine value + (2 × peroxide value)
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Hexanal (volatile organic compounds)
• Volatile organic compounds (VOCs) present in fats and oils

are related to flavour, quality, and oxidative stability.
• These compounds include secondary products of lipid oxidation

that can be responsible for the off flavours and odours of
oxidized fats and oils.

• The compounds formed will vary depending on the fatty acid
composition of the sample and environmental conditions.

• Commonly measured compounds include pentane, pentanal,
hexanal, and 2,4-decadienal.

• Hexanal may correlate well with sensory determination of lipid
oxidation since it is a major contributor to off flavours in
some food commodities.
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Thiobarbituric acid reactive substances test
• The thiobarbituric acid reactive substances test, also

known as the thiobarbituric acid (TBA) test, measures
secondary products of lipid oxidation, primarily
malonaldehyde.

• It involves reaction of malonaldehyde (or malonaldehyde-
type products with TBA to yield a coloured compound that
is measured spectrophotometrically.

• The food sample may be reacted directly with TBA, but is
often distilled to eliminate interfering substances, then
the distillate is reacted with TBA, and heated in a boiling
water bath for 35 min.
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• Absorbance of the solution is determined at 530 nm and, using
a standard curve, absorbance readings are typically
converted to milligrams of malonaldehyde per kilogram of
sample.

• Applications:
– The TBA test correlates better with sensory evaluation of

rancidity than does peroxide value but, like peroxide value, it is
a measure of a transient product of oxidation (malonaldehyde
and other carbonyls readily react with other compounds).

– An alternative to the spectrophotometric method described is to
determine the actual content of malonaldehyde using HPLC
analysis of the distillate.
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Conjugated dienes and trienes

• Double bonds in lipids are changed from nonconjugated to
conjugated bonds upon oxidation.

• Fatty acid conjugated diene hydroperoxides formed on
lipid oxidation absorb UV light at about 232 nm and
conjugated trienes at about 270 nm.
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LIPID OXIDATION: EVALUATING 
OXIDATIVE STABILITY

• The resistance of lipids to oxidation is known as oxidative
stability.

• Determining oxidative stability requires months or even
years, accelerated tests have been developed to evaluate the
oxidative stability of bulk oils and fats, and foodstuffs.

• Accelerated tests artificially hasten lipid oxidation by
exposing samples to heat, oxygen, metal catalysts, light, or
enzymes.
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• The induction period is defined as the length of time before
detectable rancidity, or time before rapid acceleration of
lipid oxidation.

• Measurement of the induction period allows a comparison of
the oxidative stability of samples that contain differing
ingredients or of samples held at varying storage conditions.
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A plot of lipid oxidation over time,
showing the effect of an
antioxidant on induction period.

Time A is induction period of
sample without antioxidant and
Time B is induction period of
sample with antioxidant.



Oven storage test
• This protocol consists of placing a fat or oil of known volume

in a forced-draft oven at a temperature above ambient but
less than 80 °C, with 60 °C being recommended.

• Tests should be conducted in the dark, the initial quality of
the sample oil should be high, and the surface to volume
ratio of the oil must be kept constant for all samples.

• The oven storage test must be combined with other methods
of detecting rancidity.

• It is recommended that one method measure primary
products of lipid oxidation (peroxide value, conjugated
dienes) and the other method measure secondary products.
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Oil stability index
• The oil stability index (OSI) determines induction period by

bubbling purified air through an oil or fat sample held at an
elevated temperature (often 110 °C or 130 °C), then passing
the acidic volatiles (primarily formic acid) into a deionized
water trap.

• The conductivity of the water is measured continuously.

Oxygen bomb
• Lipid oxidation results in the uptake of oxygen from the

surrounding environment, measuring the time required for the
onset of rapid disappearance of oxygen in a closed system
provides a means of determining oxidative stability.
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METHODS FOR LIPID 
COMPONENTS

• The lipid can be characterized by measuring the amount of its
various fractions, which include:

– fatty acids,
– mono-, di-, and triacylglycerols,
– phospholipids,
– sterols
– lipidsoluble pigments and
– vitamins.

• Another means of categorizing lipid fractions is the
measurement of saturated fat, monounsaturated fat, PUFA,
and trans isomer fatty acids.
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• GC is ideal for the analysis of many lipid components.

• GC can be used for determinations such as:
– total fatty acid composition,

– distribution and position of fatty acids in lipid,

– sterols,

– studies of fat stability and oxidation,

– assaying heat or irradiation damage to lipids, and

– detection of adulterants and antioxidants.
• GC combined with mass spectrometry (MS) is a powerful

tool used in identification of compounds.

95



• HPLC also is useful in lipid analyses, especially for
components that are not readily volatilized, such as
hydroperoxides and triacylglycerols.

• Thin-layer chromatography (TLC) is still useful, although
many assays may be more quantitative or have better
resolution using GC or HPLC.
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Fatty acid composition and fatty acid methyl esters

• The fatty acid composition, or fatty acid profile, of a food
product is determined by quantifying the kind and amount
of fatty acids that are present, usually by extracting the
lipids and analyzing them using capillary GC.

• To increase volatility triacylglycerols are typically esterified
to form FAMEs.

• Acyl lipids are readily transesterified using base such as
sodium hydroxide and methanol.
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• Sodium methoxide produced by this combination will create
FAMEs from acyl lipids rapidly, but will not react with
FFAs.

• Acidic reagents such as methanolic HCL or boron trifluoride
(BF3) react rapidly with FFAs, but more slowly with acyl
lipids.
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• Procedure:

– The FAMEs are prepared by combining the extracted lipid with
sodium hydroxide-methanol in isooctane and then heating at
100 °C for 5 min.

– The sample is cooled and then excess BF3-methanol is added
with further heating (100 °C for 30 min).

– After addition of saturated aqueous sodium chloride, additional
isooctane and mixing, the upper isooctane solution containing
the FAMEs is removed and dried with anhydrous Na2SO4,
then diluted to a concentration of 5–10% for injection onto
the GC.
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• Applications:
– Determination of the fatty acid composition of a product permits

the calculation percent saturated fatty acids, percent
unsaturated fatty acids, percent monounsaturated fatty acids,
percent polyunsaturated fatty acids, CLAs, and percent trans
isomer fatty acids.

– Normalization, the areas of all of the FAMEs are summed and
the percent area of each fatty acid is calculated relative to the
total area.

– The separation of FAMEs on GC columns depends on the
polarity of the liquid phase.

– On nonpolar liquid phases FAMEs are separated largely based on
their boiling points.
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– This results in the elution order 18:3n3 > 18:3n6 > 18:1n9 > 18:0
> 20:0.

– On phases of medium polarity the order of elution is changed
because of the interaction of the pi electrons of the double
bonds with the liquid phase.

– The order of elution on these columns would be 18:0 > 18:1n9 >
18:2n6 > 18:3n3 > 20:0.

– When the polarity of the liquid is increased further the greater
interaction of the double bonds with the very polar liquid phase
results in an elution pattern 18:0 > 18:1n9 > 18:2n6 > 20:0 >
18:3n3.

– As the liquid phase polarity increases, the effect of double bonds
on retention time increases.
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– Trans fatty acids interact less effectively with the liquid phase
than cis acids for steric reasons, so trans acids will elute
before the corresponding cis acid.

– 18:1Δ9 trans (elaidate) elutes before 18:1Δ9 cis (oleic acid) and
18:2Δ9 trans, Δ12 trans (linoelaidate) elutes before linoleic
acid (18:2n6, 18:2Δ9 cis Δ12 cis).

– Analysis of FAMEs of a vegetable oil is quite simple and can
easily be accomplished in less than 20 min using a column
with a medium polarity liquid phase.

– The fatty acids present in most vegetable oils range from C14 to
C24.

– Coconut and palm kernel oils also contain shorter chain fatty
acids such as C8–C12.
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– Dairy fats contain butyric acid (C4) and other short chain fatty
acids whereas peanut oil contains C26 at around 0.4–0.5% of
the total FAMEs.

– Trans fatty acids in foods originate from three main sources:
biohydrogenation in ruminants, incomplete hydrogenation in
the conversion of liquid oils to plastic fats, high-
temperature exposure during deodorization.

– Separation of trans FAMEs is facilitated by selection of the most
polar column phases available.
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The trans isomer fatty acid using infrared 
spectroscopy

• Most natural fats and oils contain only isolated cis double
bonds.

• Fats and oils extracted from animal sources may contain
small amounts of trans double bonds.

• The trans isomer is more thermodynamically stable,
additional amounts of trans double bonds can be formed in
fats and oils that undergo oxidation or during processing
treatments such as extraction, heating, and hydrogenation.

• The concentration of trans fatty acids is measurable in lipids
from an absorption peak at 966 cm−1 in the IR spectrum.
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Mono-, di-, and triacylglycerols

• Mono-, di-, and triacylglycerols may be determined using
HPLC and GC.

• Short nonpolar columns and very high temperatures are
needed for analysis of intact triacylglycerols by GC.
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Cholesterol and phytosterols

• The lipid extracted from the food is saponified.

• Acyl lipids being converted to water-soluble FFA salts.

• Other components (the unsaponifiable or nonsaponifiable
matter) do not change in solubility after hydrolysis, they
remain soluble in organic solvents.

• Cholesterol (in the unsaponifiable fraction) is extracted and
derivatized to form trimethylsilyl (TMS) ethers or acetate
esters.
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• This increases their volatility and reduces problems of peak
tailing during chromatography.

• Quantitation is achieved using capillary GC.

• GC quantitation of cholesterol is recommended since many
spectrophometric methods are not specific for cholesterol.

• Samples such as eggs have had their cholesterol contents
overestimated by relying on less specific colorimetric
procedures.
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Separation of lipid fractions by TLC

• TLC is performed using silica gel G as the adsorbent and
hexane–diethyl ether–formic acid (80:20:2 vol/vol/vol) as
the eluting solvent system.

• Plates are sprayed with 2’,7’-dichlorofluorescein in methanol
and placed under ultraviolet light to view yellow bands
against a dark background.

• This procedure permits rapid analysis of the presence of the
various lipid fractions in a food lipid extract.

108



109

Schematic thin-layer 

chromatography (TLC) 

separation of lipid fractions 

on Silica gel G



SUMMARY
• The importance of fat characterization is evident in many

aspects of the food industry, including ingredient
technology, product development, quality assurance, product
shelf life, and regulatory aspects.

• The methods help to characterize bulk oils and fats and the
lipids in foodstuffs.

• Methods described for bulk oils and fats can be used to
determine characteristics such as melting point; smoke,
flash, and fire points; colour; degree of unsaturation; average
fatty acid chain length; and amount of polar components.
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• The peroxide value, TBA, and hexanal tests can be used to
measure the present status of a lipid with regard to
oxidation, while the OSI can be used to predict the
susceptibility of a lipid to oxidation and the effectiveness of
antioxidants.

• Lipid fractions, including fatty acids, triacylglycerols,
phospholipids, and cholesterol, are commonly analyzed by
chromatographic techniques such as GC and TLC.
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