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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
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INTERNATIONAL STANDARD

ISO 660:2020(E)

Animal and vegetable fats and oils — Determination of acid
value and acidity

1 Scope

This document specifies three methods (two titrimetric and one potentiometric) for the determination
of acidity in animal and vegetable fats and oils, hereinafter referred to as “fats”. The acidity is expressed

preferpbly as acid value or, alternatively, as acidity calculated conventionally.

This Ji)cument is applicable to refined and crude vegetable or animal fats and eils, so3

acids ¢

Since
acids,
are pr

Milk a
docuni

2 N

The fq
consti
undatg

ISO 38
ISO 66
[SO 10
ISO 34

3 T
For th

r technical fatty acids. It does not apply to waxes.

he methods are completely non-specific, they do not apply to differentiating bet
free fatty acids and other organic acids. The acid value, therefore, includes any ming
bsent.

nd milk products (or fat coming from milk and milk products)are excluded from thg
ent.

prmative references

llowing documents are referred to in the text in such a way that some or all of
futes requirements of this document. For dated references, only the edition cite
bd references, the latest edition of the referenced document (including any amendm

5, Laboratory glassware — Burettes
1, Animal and vegetable fats and 'oils — Preparation of test sample
42, Laboratory glassware ==0ne-mark volumetric flasks

96, Water for analytical'laboratory use — Specification and test methods

rrms and definitions

e purposesifthis document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following

— IS

PDOnline browsing platform: available at https://www.iso.org/obp

ip stock fatty

lween mineral
bral acids that

 Scope of this

their content
] applies. For
ents) applies.

addresses:

— IE
3.1

C Electropedia: available at http://www.electropedia.org/

acid value
number of milligrams of potassium hydroxide required to neutralize the free fatty acids presentin 1 g
of fat, when determined in accordance with the procedure specified in this document

Note 1

3.2

to entry: The acid value is expressed in milligrams per gram.

acidity
content of free fatty acids determined according to the procedure specified in this document

Note 1 to entry: The acidity is expressed as a percentage by mass. If the result of the determination is reported as
acidity without further explanation, this is, by convention, the acidity based on the oleic acid content.
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4 Principle

The sample is dissolved in a suitable solvent mixture, and the acids present are titrated with an
ethanolic or methanolic solution of sodium or potassium hydroxide.

The methods

specified in 9.1 and 9.2 are reference methods.

5 Reagents

WARNING — Attention is drawn to regulations that specify the handling of hazardous substances.
Technical, organizational and personal safety measures shall be followed.

Use only reag

5.1 Solvent

As areplacen

5.2 Solvent

As a replacen
be used.

WARNING —
caution.

5.3 Solvent
A:p=50ml/

For hard or a
tert-butyl me

Neutralize, ju
coloured indi

For the titrati

ents of recognized analytical grade, unless otherwise specified.

A for the solvent mixture (5.3), ethanol, volume fraction, ¢ = 96 %.

ent, propan-2-ol, volume fraction, ¢ = 99 %, may be used.

B for the solvent mixture (5.3), diethyl ether, peroxide-free.

Diethyl ether is very flammable and may form explosive peroxides. Use with

mixture, mix equal volumes of solvents:A (5.1) and B (5.2). Volume fract
100 ml; volume fraction of B: ¢ = 50 ml/10Q"ml.

himal fats, a solvent mixture of one yoltrme of solvent A (e.g. 25 ml) and three volu
thyl ether or toluene (e.g. 75 ml) is:‘fecommended.

st before use, by adding potassium hydroxide solution in the presence of 0,3 ml
Cator solution per 100 ml ofisolvent mixture.

on with aqueous KOH, the solvent propan-2-ol may be used.

5.4 Ethanol or methanol, of minimum volume fraction, ¢ =95 %.

5.5 Sodiun} hydroxide,or potassium hydroxide standard volumetric solution, made up in

ethanol or me
The exact coqf
known or che

thanol. Substance concentration c(NaOH) or ¢(KOH): 0,1 mol/l and 0,5 mol/I, respe
centrdtion of the sodium hydroxide solution (or potassium hydroxide solution) s
cked prior to use.

ent, tert-butyl methyl ether, light petroleum (boiling range-40 °C to 60 °C) or toluenpe may

great

jon of

mes of

of the

either
ctively.
nall be

NOTE

The ethanolic/methanolic sodium/potassium hydroxide solution can be replaced by an aqueous

sodium/potassium hydroxide solution, but only if the volume of water introduced does not lead to phase

separation.

5.6 Thymolphthalein (CAS number: 125-20-2) or Alkali blue 6B (CAS number: 1324-76-1) solution
in ethanol, mass concentration, p = 2 g/100 ml or, failing that, Phenolphthalein (CAS number: 77-09-8)
solution in ethanol, mass concentration, p =1 g/100 ml.

NOTE 1

whereas thymolphthalein and alkali blue are not.

NOTEZ2 Ala

boratory test has been done in order to compare the three colour indicators (see Annex B).

For dark-coloured fats, alkali blue or thymolphthalein shall be used.

Phenolphthalein is classified as a carcinogenic, mutagenic or toxic for reproduction (CMR) substance

© IS0 2020 - All rights reserved
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Phenolphthalein is a known carcinogenic compound and should only be used when no alternative is
available.

5.7 Water, in accordance with ISO 3696, grade 3.

6 Apparatus

Usual laboratory equipment and, in particular, the following.

6.1 Burette, capacity 10 ml, graduated in 0,02 ml, ISO 385, class A.

6.2
6.3 |
64 |
6.5
6.6

7 Sd

A repr
transg

Sampl
given

8 P

Prepa
sampl

9 P
9.1

9.1.1

Burette, capacity 25 ml, graduated in 0,05 ml, ISO 385, class A.

Analytical balance, capable of being read to the nearest 0,001 g.

Automatic titration apparatus (based on potentiometric electrode)'or potentiomet
Combined pH electrode for non-aqueous acid/base titrations.

iraduated volumetric flasks, volume 1 000 ml, ISO 104%; class A.

ympling

lesentative sample should be sent to the laboratory. It should not be damaged or ch
ort or storage.

ng is not part of the method specified“in this document. A recommended sampl
n ISO 5555.

reparation of test sample

e the test sample in accordance with ISO 661. If the sample contains volatile fatty
e shall not be heated ‘and filtered.

rocedure
Cold selvéent method using indicator (reference method)

Depending on the expected magnitude of the acid value, select the test portion m

er.

anged during

ng method is

hcids, the test

ass and alkali

concentration from Table 1.

9.1.2

According to Table 1, weigh the test portion into a 250 ml conical flask.

9.1.3 Add 50 ml to 100 ml of the neutralized solvent mixture (5.3) and dissolve the test portion, if
necessary, with gentle warming.

For high melting point samples, use an ethanol-toluene mixture.

©IS0 2
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9.1.4 After the addition of an indicator (5.6), titrate with constant swirling using sodium hydroxide or
potassium hydroxide solution (5.5). The endpoint of the titration is reached when the addition of a single
drop of alkali produces a slight but definite colour change persisting for at least 15 s.

Table 1 — Test portion masses and alkali (NaOH or KOH) concentrations

Product group Acid value Mass of test Concentration of A-ccqracy of
. weighing of the
(examples) approx. portion NaOH or KOH test portion
g mol/l g
Refined vegetable oils
O-to—+ 20 8-+ 865
Animal fats
Crude vegetal]le oils 1to4 10 0,1 0,02
Technical grade animal fats 4to 15 2,5 0,1 0,01
0,5 0,1
Soap stock fatfy acids 15to 75 0,001
3,0 0,5
0,2 0,1
Technical fatty acids >75 0,001
1,0 0,5

9.2 Cold s¢lvent method using potentiometric titration (reference method)

9.2.1 Accorfing to Table 1, weigh the test portion into a 150.m¥beaker.

9.2.2 Add 50 mlto 100 ml of the neutralized solvent mixture (5.3) and dissolve the sample, if necpssary,

with gentle wprming.

For high meltjng point samples, use an ethanol-toluene mixture.

9.2.3 Introduce the combined electrode in the solvent mixture and connect it with the autpmatic

titration appalratus.

9.2.4 Start the stirrer for at least-30°s and then titrate with constant swirling using sodium hydroxide
or potassium hydroxide solution(5:5).

9.2.5 Asso¢n as the equivalence point is reached, record the amount of standard solution used.

9.3 Hot ethanolunethod using indicator

9.3.1 Undert the conditions specified in this method, short-chain fatty acids, if present, are Volatile.

9.3.2 Weigh into a flask a sufficient mass of the test sample as shown in Table 1, according to the colour

and expected acid value.

9.3.3 Heat to boiling 50 ml of the ethanol containing 0,5 ml of the indicator (5.6) in a second flask.
While the temperature of the ethanol is still above 70 °C, neutralize it carefully with a solution of 0,1 mol/1

sodium or potassium hydroxide.

The endpoint of the titration is reached when the addition of a single drop of alkali produces a slight but

definite colour change persisting for at least 15 s.

Larger volumes of ethanol and indicator may be necessary for dark-coloured fats. Moreover, for dark-
coloured fats, alkali blue or thymolphthalein shall be used.

© IS0 2020 - All rights reserved
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9.3.4 Add the neutralized ethanol to the test portion in the first flask and mix thoroughly. Bring the
contents to the boil and titrate with the sodium or potassium hydroxide solution, agitating the flask
contents vigorously during the titration.

10 Calculation

10.1 General

The ac

a) to

id value, wAY, or the free fatty acid content, wFFA, is reported as follows:

two decimal places for values between 0 up to and including 1;

b) to
c) asg

In add
from H

Wi

10.2

The ad

where

m

10.3 |

The ag
fat typ

one decimal place for values between 1 up to and including 100;
a whole number for values > 100.

ition to the following calculations, the approximate acidity or free fatty‘acid conten

lormula (1):

FA :0,5><WAV

Acid value

id value, w,y, expressed as a mass fraction, is equabto Formula (2):
_56,1xcV

\V m
is the exact concentration, in moles per litre, of the standard volumetric sodium g
hydroxide solution used;
is the volume, in millilitres, of standard volumetric sodium or potassium hydroxi
solution used;
is the mass, in grams, of the test portion.

Acidity or._free fatty acid content

idity orfrée fatty acid content, wgp,, expressed as a percentage mass fraction, ang
e (see’fable 2), is equal to Formula (3):

E is calculated

@)

(2)

I potassium

e

according to

VeM <100

Wrpy =———
FFA™"1000xm

where

|4

©IS0 2

3)

is the volume, in millilitres, of the standard volumetric sodium or potassium hydroxide

solution used;

is the concentration, in moles per litre, of the standard volumetric sodium or potassium

hydroxide solution used;

is the molar mass, in grams per mole, of the acid chosen for expression of the result

(see Table 2) according to the fat type;

is the mass, in grams, of the test portion.
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Table 2 — Choice of fatty acid for expression of acidity

Molar mass
Type of fat Expressed as
g/mol
Coconut oil
Palm kernel oil Lauric acid 200
and similar oils
Palm oil Palmitic acid 256
Oils from certain Cruciferae? Erucic acid 338
All ather fats Qleic acid 232
a  In the case of rapeseed oil having a maximum erucic acid content of 5 %, the acidity
shall be expressed as oleic acid.
NOTE If the result is reported simply as “acidity”, without further definition, this is, by
convention, expressed as oleic acid. If the sample contains mineral acids, these are{ by
convention, determined as fatty acids.

11 Precision

Details of int
applicable to

11.1 Repea

The absolute
on identical t¢
a short interv

11.2 Reprog

The absolute
test material
more than 5 9

brlaboratory tests are given in Annex A. The values derived, from these tests may
concentration ranges and matrices other than those given.

fability

st material in the same laboratory by the safiie operator using the same equipment
al of time, shall in not more than 5 % of cases exceed the values given in Tables A.1

lucibility

difference between two single test results, obtained with the same method on id
in different laboratories by-different operators using different equipment, shall
o of cases exceed the values'given in Tables A.1 to A.3.

12 Testreport

Ft shall contain'dt least the following information:

all information necessary for the complete identification of the sample;

Ce 16 this document, i.e. ISO 660;

{“« (“

not be

difference between two independent single test results, obtained with the same npethod

within
fo A.3.

bntical
in not

The test repo

a)

b) areferen

c) the metl
titration”

d)

e)

f)

6

1 | 1] 1 4 4] 1 a : - ' 2 1.1 1 4 : 4= b
OU UusStu.  LUIU SUIVTIIL HITULITUU USIITg TTTUILAdLUI Ul CLUIU SUIVTIIU USIIlg PULTIILIU

or “hot ethanol method using indicator method”;

the result obtained, indicating clearly the method of expression used;
any operating conditions not specified in this document or regarded as optional;

the date of the test.

netric
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Annex A
(informative)

Results of interlaboratory tests

ISO 660:2020(E)

The precision of the method is the result of interlaboratory studies on an international basis. The
results are given in Table A.1 for the reference methods in 9.1 and 9.2, and in Tables A.2 and A.3 for the

hot et

anolmethod in 93

A serigs of interlaboratory tests, carried out by a different number of laboratories,ising
descriped in 9.1 to 9.3, gave the statistical results [evaluated in accordance with|ISO 5

ISO 57125 (all parts)] given in Tables A.1 to A.3.

the methods

725:1986 and

Table A.1 — Summary of statistical results (acid value, expressed as mg KOH)/g fat)
Refined Crude Lampante r(é:;lsi dl | Technical
Sample rapeseed Lard sunflower{ virgin pwheat fatty acids
oil seed.oil olive oil . y
germ oil

Number of participating
labordtories, N 26 26 26 26 26 26
Numb 2 o.flabloratorigs retained 25 24 26 24 23 24
after gliminating outliers, n
Numbgr of individual test
result} of all laboratories on each 50 48 52 48 46 48
samplg, n,
Mean|value, V‘_’Av , inmg/g?d 0,080 0,381 1,39 5,48 7,48 128,1
Repea abllalty standard deviation, 0,003 0,006 0,04 0,07 0,08 0,6
s,inmg/g
Rep_eatability cpefficient of 3,6 17 26 12 11 0,4
variatjon, CW in %
Repedtability limit, r

0,008 0,018 0,10 0,19 0,23 1,6
(s, x 218), in mg/g?
Reproflucibility stafeard 0,018 0,019 0,05 0,15 0,40 2,6

eviatfion, sp, in mg/g?

Repro iucibility.coefficient of 222 5,0 3,6 2.7 5,3 21
variatjon,«(y/g, in %
Reprgducibility limit, R A o L o o 4
(SR N 2,8)’ ‘N mg/ga U, UT7 U, 050 U, IT U, L I, Iz )

a2  The precision data for the acidity as a percentage of free fatty acids can be calculated by dividing the corresponding
values for the acid value by 1,99.

©IS0 2

020 - All rights reserved


https://standardsiso.com/api/?name=0ed1dc2db5e4f1826b22cfc1ffdae249

ISO 660:2020(E)

Table A.2 — Summary of statistical results (acidity, expressed as a percentage mass fraction)

Extravir- |, o pante virgin Sunflower
Sample gin olive pl' i g Olive oil d oil Coconut oil
oil olive oi seed oi
Number of participating 39 28 28 37 23 25
laboratories, N
Number of laboratories retained after 37 26 24 37 22 25
eliminating outliers, n
Number of individual test results of 74 52 48 74 44 50
all laboratories on each sample, n,
in o

Mean value, Wy, , In % mass 0,343 3,80 | 19,55 | 0,604 0,830 149
fraction
Repeatability ptandard deviation, s,, 0007 003 009 0012 0009 0009
in % ) ) ) ) ) )
Repeatability poefficient of variation, 19 08 05 19 1Y de
Cl/lr’ in % ) ) ) ) ) )
Repeatability limit, r

P } 0,018 0,07 0,26 0,033 0,025 0,025
(s,x2,8),in %
Reproducibilify standard deviation, 0019 012 060 0935 0027 0027
SR’ in % ) ) ) ) ) )
Reproducibilify coefficient of 55 32 31 5g 33 1s
variation, CV,E' in % ! ! ! ! ! i
Reproducibiljty limit, R

0,053 0,33 1,67 0,098 0,075 0,075

(Sgx2,8),in9

8 © IS0 2020 - All rights reserved
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Table A.3 — Summary of statistical results (acidity, expressed as a percentage mass fraction)

Sample Palm oil Palm kernel fat
Number o_f participating 12 27 41 41 23
laboratories, N
Numbe? o.flabloratoric.as retained 10 27 39 40 22
after eliminating outliers, n
Number of igdividual test results of 20 54 78 80 44
all laboratories on each sample, n,
_ o
Mean value, Wepa o 1D )% mass 311 4,09 6,46 1,72 7.26
fractiqn
?eiprfoatablhty standard deviation, 0,01 0,021 0,03 0,02 0,03
r

Repeatablllty goeff1c1ent of 0,4 0,5 0,4 0,1 0,3
variat]on, CV,, in %
Repedtability limit, r

0,03 0,06 0,07 0,06 0,07
(s,%2/8),in %
Repr(:]:lucibility standard deviation, 0,161 0,064 0,082 0,07 0,085
Spin %o
Repro :lucibility coefficient of 5,2 16 13 41 12
variatfon, Cyp, in %
Reprdducibility limit, R

0,45 0,18 0,23 0,20 0,24
(spx 2}8),in %

© IS0 2020 - All rights reserved
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Annex B
(informative)

Comparison of three coloured indicators

A series of interlaboratory tests, carried out with the three coloured indicators proposed in 9.1, gave
the statistical results given in Tables B.1 to B.3.

The statistic gtudy did not show any significant difference between these coloured indicators.

Table B.1 — Summary of statistical results — Refined sunflower oil (acidity, expressed as a
percentage mass fraction)

Coloured indicator Alkali Blue 6B Thymolphtalein Phenolphtalein
Number of individual test results of all
. 12 12 12

laboratories op each sample, n,
Mean value, W, , in % mass fraction 0,01 06,02 0,02
Repeatability ptandard deviation, s,, in % 0,000 0,004 0,008
Repeatability foefficient of variation, CV,r' in % 0,00 19,65 39,31
Repeatability limit, r

0,000 0,011 0,022
(5,%2,8),in %
Reproducibilify standard deviation, sg, in % 0,009 0,011 0,010
&eg}:oduabllll y coefficient of variation, CV’R, 6475 57,05 52,75
Reproducibiljty limit, R

0,024 0,031 0,029
(5 x2,8),in 9

Table B.2 —+ Summary of statistical results — Hazelnut oil (acidity, expressed as a percerntage
mass fraction)

Coloured indicater Alkali Blue 6B Thymolphtalein Phenolphtalein
Number of individual test restlts of all
. 12 12 12

laboratories op each sampleyr,
Mean value, Wepa o in%0 mass fraction 0,72 0,77 0,76
Repeatability ptandard deviation, s,, in % 0,011 0,012 0,017
Repeatability péefficient of variation, CW, in % 1,53 1,50 2,28
Repeatability limit, r

0,031 0,032 0,048
(5,%2,8),in%
Reproducibility standard deviation, sg, in % 0,029 0,023 0,035
Reproducibility coefficient of variation, CVR, in % 3,98 3,03 4,58
Reproducibility limit, R

0,08 0,065 0,097
(5% 2,8),in%

10 © IS0 2020 - All rights reserved
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