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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
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sk of technical committees is to prepare International Standards. Draft International Stand
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table fats and oils (hereafter designated “fats”) using low-resolution pGlsed nuclear magnet
R) spectrometry.

alternative thermal pre-treatments are specified: one for generakpurpose fats not exhibiting

ponI?orphism and which stabilize mainly in the p’-polymorph; atid ‘6ne for fats similar to cocoa
i

t pronounced polymorphism and stabilize in the B-polymorph. Additional thermal pre-treatn
be more suitable for specific purposes, are given in an informative annex.

indirect method is less easy to carry out and less reproducible than the direct method,
rate and more universally applicable to all fats.

E A direct method is specified in ISO 8292¢1,

Normative references

ences, only the edition(cited applies. For undated references, the latest edition of theg
ment (including any amhendments) applies.

661, Animal and Vegetable fats and oils — Preparation of test sample

B960, Animal‘and vegetable fats and oils — Determination of peroxide value — lodom
oint detetmjnation

following referenced documents are indispensable for the application of this document.

part of ISO 8292 specifies an indirect method for the determination of the solid fat content in animal and

IC resonance

pronounced
butter which
nents, which

but is more

For dated
referenced

ptric (visual)

t‘method

B292-1, Animal and vegetable fats and oils — Determination of solid fat content by pulsed N/\rR — Part 1:

3 Terms and definitions

Fort

he purposes of this document, the terms and definitions given in ISO 8292-1 apply.
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4 Symbols and abbreviated terms

conversion (extrapolation) factor to correct the NMR signal observed at 11 us to that at time zero
number of pulses

magnetization decay signal measured at about 11 ps
magnetization decay signal measured at about 70 ps

d fat content

magnetization decay signal corresponding to the liquid phase
magnetization decay signal corresponding to the solid phase

S

"y

Sy

S5

SFC soli
St

Ss

Ss+L ma
trep rep
wsFc,
wsre,r SF
5 Princi
The sample
measureme
5°C; 10 °C;

After electro]
90° radio fr
measured a
Provided tha
be displayed

6 Triole

gnetization decay signals corresponding to both solid and liquid phases
ptition time
e” SFC (measured in accordance with this part of ISO 8292)

C at measurement temperature, T

ple

is tempered to a stable state at a specific temperature and then heated to, and stabilized a
nt temperature. Unless otherwise specified, measurement tempeératures can be any or all of:

15 °C; 20 °C; 25 °C; 27,5 °C; 30 °C; 32,5 °C; 35 °C; 37,5 °C;y40/°C; 45 °C; 50 °C; 55 °C; 60 1

magnetic equilibration in the static magnetic field of thenNMR spectrometer and application
bquency pulse, the magnetization decay signal from; the protons in the liquid phase on

t the liquid fat measurements have been made .at:the start of the SFC determination, resultg
immediately as in the direct method.

n standard sample

The liquid fat standard sample shall contain a minimum 99 % mass fraction of triolein. The peroxide

determined
Store refere
every 2 wee

7 Apparn

7.1 Pulse

hccording to 1ISO 3960 shalkbe less than 5. Store triolein stocks at a temperature below
hce tubes containing triolein-in a refrigerator at 0 °C to 8 °C when not in use, and replace
KS.

atus

d nuclear magnetic resonance (NMR) spectrometer, low resolution

ectrometer shall have:

, the
D °C;
C.

of a
ly is

nd the solid fat calculated by reference to a standard sample consisting entirely of liquid fat.

can

alue
D °C.
them

The NMR s(
a)

sample
b)
c)
d)

of liquid fat is longer than 1 000 ys;

an adjustable measurement repetition time;

a 10 mm measurement cell/probe for test portion tubes which is temperature-controlled at 40 °C.

a magnet with a sufficiently uniform field to ensure that the half-life of the magnetization of a reference

an automatic measuring device which operates as soon as the measurement tubes (7.2) are inserted;

For preference, the instrument should be equipped with a computer which automatically takes the required
measurements, performs the required calculations and presents the results directly on the computer screen or
other display.
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Measurement tubes

Made of glass with plastic caps, with outer diameter (10 = 0,25) mm, wall thickness (0,9 £ 0,25) mm, and

lengt
7.3

7.31

h at least 150 mm, or as specified by the NMR spectrometer manufacturer.
Temperature-maintenance equipment

General

In principle, temperature-controlled blocks have advantages over water baths because the tubes can never

com
signi
with

cont

7.3.2

Bath
temg
mea
subs
(7.3.

Mets
are

alum
reac
remd
prac
dryin

7.3.2
the n
shall
cent

7.3.2.

of tw

7.3.3

The
be u
diam

- IIItU \JUIItaUt vv;th vvatcu :II plaut;uc, do vv;th G:UIII;II;UIII b:Ub:\D ;II VVatUI bGLhO, tIIU tubco
ficant time to come to the set temperature. Heat transfer can be improved if the tube wells
A dry gas. Blocks are also more difficult to control precisely than water baths, although(mode
ols may provide the required precision.

Water baths

5 are required at temperatures of (0 + 0,1) °C, (60 £ 0,1) °C, and, to within + 0,1 °C, the mg
ering temperatures required according to the measurement pfotocol chosen. For
surement temperature, and tempering temperature baths, temperature-controlled blocks (7
tituted. Each water bath shall be equipped with either one aluminium block (7.3.2.1) or on
P.2) to accommodate measurement tubes (7.2) immersible in the water to a depth of 60 mm.

| racks are preferred to aluminium blocks, especially whena large number of test samples wWj
pbeing measured or when the rapid or ultra-rapid measurement protocols are being used.

inium blocks, there may be a significant time lag. after the tube is inserted before the fa
nes the set temperature of the water bath. The, perceived advantage of blocks is that th
in dry and do not need to be wiped dry with a-paper tissue before insertion into the spe
ice, however, it is usually found that due to splashing or condensation, the tubes do becomg
g is always recommended, see Clause 9,

A Aluminium blocks, with holes-of diameter (10,35 = 0,1) mm, and depth 70 mm. The
netal under the holes and the distance between the edge of a peripheral hole and the near
be 10 mm. The distance between the axes of two adjacent holes shall be at least 17 m
e).

2 Metal racks, open-sided, with holes of diameter 11 mm to 15 mm); the distance betwy¢
o adjacent holes shall-be at least 20 mm (centre to centre).

Temperature-controlled blocks, with holes

blocks, with 'electronic control, shall be capable of being maintained to within £ 0,1 °C. Thess
5ed instead of water baths (except the 0 °C bath, because of the large amount of cooling re
eterr of’'the holes shall be (10,35 £ 0,1) mm.

may take a
are purged
rn electronic

asuring and
the 60 °C,
3.3) may be
b metal rack

th high SFC
\When using
in the tube
e tubes can
ctrometer. In
e wet so that

thickness of
bst side face
m (centre to

ben the axes

blocks may
quired). The

Bloc

<s—areparticularly useful at temperatures of 35°C or more-when nocooling-isreguired {

suming the

ambient room temperature is below 22 °C) and where temperature control is less critical because of the

usua

7.4

lly lower absolute solid fat levels.

Oven, with fan

The oven shall be capable of being maintained at (80 + 2) °C.

Since the purpose of the 80 °C temperature is to melt the test portion and destroy its previous thermal history,
it shall be at least 20 °C above the melting temperature of the fat. If this is not the case, then the oven
temperature shall be raised accordingly and the fact recorded in the test report (Clause 12). This is rarely
necessary, as the fats concerned contain large amounts of long-chain saturated fatty acids, e.g. fully
hydrogenated liquid vegetable oils.
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Although a water bath (7.3.2) or temperature-controlled block (7.3.3) may be used for the 80 °C temperature,
it is preferable to use an oven. In a block or bath it is almost inevitable that fat will contact the sides, at a
temperature above that of immersion, when filling the tubes. An oven ensures that all the fat in the tube is
completely melted and there are no seed crystals remaining with an unknown thermal history which could
seed the molten fat when it is eventually moved to the 0 °C crystallization temperature. Thus, an oven is likely
to give more reliable and reproducible results.

7.5 Stop-clock

An analogue clock with a large sweep second hand is preferred, although a digital clock may be used.

8 Sampling

A representative sample shall have been sent to the laboratory. It should not have been damaged or chahged
during transport or storage.

Sampling is|not part of the method specified in this part of ISO 8292. A recommended-sampling methpd is
given in 1ISO|5555.

9 Procefure

9.1 Measpurement protocol and test sample

Choose the Jrequired protocol from Table 1 according to the sample type and other requirements. For gome
types or applications of fats, the protocols given in Table\1 “will not be appropriate. The measurement
protocols giyen in Annex C may be more suitable.

Prepare the ftest sample in accordance with ISO 661.
9.2 Oven| water baths and temperature-controlled blocks

Set this equipment up for the required temperatures as specified in the protocol.

9.3 NMR{spectrometer

Set the conditions for the spectrometer according to the measurement protocol chosen in 9.1.

9.4 Filling the measurement tubes

From each test sample, fill two measurement tubes. Additionally, fill two tubes with triolein reference sample
(Clause 6). [Thel indirect method has a lower repeatability than the direct method and two tubed are
recommendéd-te obtain similar repeatability for the two methods.

Fill the tubes to a depth of about 10 mm, or as specified by the instrument manufacturer.

NOTE The use of only 10 mm depth with the indirect method, as recommended by instrument manufacturers, will
also require a different spacer to raise the tube so that all the test portion lies within the receiver coil of the NMR
spectrometer. In practice, provided all the tubes are filled to the same height, it will be found that results are little different if
the tubes are filled in the same way as for the direct method, i.e. to a depth of 30 mm to 50 mm, and used with the same
spacer.

Cap the tubes and place in racks that keep the tubes vertical. If metal racks (7.3.2.2) are used, it is very

convenient and time saving to put the filled tubes directly into the racks. The test portions can then be moved
conveniently to the oven and to the water baths without further transfers and handling.

4 © 1SO 2008 — All rights reserved
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9.5 Removing the thermal history

When all the required tubes have been filled, transfer them to the oven (7.4). Hold at the oven temperature for
a minimum of 15 min.

9.6 Equilibrating at the initial temperature and measuring the 100 % liquid signal

Transfer all the tubes to the 60 °C water bath (7.3.2) or block (7.3.3). Hold for a minimum of 15 min. The time
may be longer than this, but shall not be shorter as otherwise complete equilibration may not be achieved.

For all test
measured 3

about 70 ps, S,. If any of the test portions are not completely liquid, then the measure

ignal
ment

procedure shall be repeated using a temperature above 60 °C, at which the test portion is known.to|melt
completely.

9.7 Crysfallization and tempering

From this sfage onwards all the times shall be maintained within the tolerances specified here or in the
measurement protocol.

If required bl the chosen measurement protocol, transfer the tubes into the 0 °C'bath. Leave in the 0 °C|bath
for the time $pecified as “first time at 0 °C” column in the measurement protoecol.

If required by the chosen measurement protocol, transfer the tubes inte:the tempering bath set to the spegified
temperature| Leave in the tempering bath for the specified time.

Starting with the reference triolein, at (1,0 £ 0,5) min intervals, transfer the tubes into the 0 °C bath. Leaje in
the 0 °C batlh for the time specified as “second time at 0 °C”.column in the measurement protocol.

9.8 Meas
For the indir

At (1,0+£0,5
two tubes cd

NOTE E

uring the SFC
bct method, measurements are madeiin series.

) min intervals, in exactly the_Same sequence as they were placed in the 0 °C bath, transfg
ntaining test portions to thefirst (lowest) of the measurement temperature baths or blocks.

xperience shows that it i§ easily possible to transfer a tube from bath or block to the spectrometer and

the measurenpent within 15 s. Therefere two tubes may comfortably be processed within 1 min.

After the tim
tubes to the
in the meas
decay sign

provided th

e specified in-the measurement protocol, continuing in exactly the same sequence, transfe
spectrometer<Wipe each tube briefly with a soft paper tissue to remove all water, before plag
irement ¢ell} Record the SFC (or if automatic calculation is not possible, the liquid magnetiz
| measured at about 70 us, S,). If the NMR spectrometer is equipped with a computer

t the\driolein reference sample tubes are measured first, the SFC values can be displ

immediately

inCa, similar way to that usual for the direct method.

r the

make

r the
ing it
ation
hen,
ayed

Transfer the tubes containing each test portion to the second (next lowest) of the measurement temperature
baths or blocks at (1,0 + 0,5) min intervals.

Repeat the procedures from the second paragraph until all the tubes have been measured.

If necessary, calculate the SFC using Equation (1) (see Clause 10).

IMPORTANT — For reliable and reproducible results, adhere to the times and tolerances specified.
This is easily achieved using a laboratory stop-clock (7.5), preferably an analogue clock with a large
sweep second-hand, moving the tubes as the clock moves round to the appropriate time.
Alternatively, if a digital clock is used, it is convenient to set it to 0:00 or 12:00 at the start.
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Number of determinations

Carry out two determinations (9.4) on separate test portions in separate tubes taken from the same test
sample.

9.10 Cleaning the measurement tubes

Measurement tubes shall be clean, dry, and free from all fat from previous measurements before filling with
the test portion. Because of the narrow diameter of the tubes, cleaning often proves to be a problem. Solvents
or narrow brushes are often used. Tubes may be cleaned |n a Iaboratory automatic washer or a standard

be tn
the t

ence, the tubes can be placed directly upside down in the rack and then the filled rack f
C oven for some time to allow the fat to melt and most of it to drainaway. Still inverted, the r.
ansferred to the washer. After washing and drying, the tubes rack can be used as a conveni
Ibes removed and stored ready for re-use.

s are free of
follows.

f the correct
n the rack is

ed. An advantage of such a rack is that, as they are finished with-at/the end of the measurement

laced in the
hck can then
ent holder or

10 Expression of results
If the NMR spectrometer is not equipped with a computer or other automatic calculation device tq read off the
results, use the manually recorded signals to calculate the SFC at a given temperature, Wsrc 1 @s a
percentage mass fraction, using Equation (1):
S xS
WSFC’T — 1 o 2,I’ef,60 2,SFC,T W 100 (1)
S2,SFC,60 X S2,ref T,
whefe
2 ref 60 IS the magnetization decay signal measured at about 70 ps of the triolein refergnce using a
60 °C water bath or block;
o et 1S e magnetization decay signal measured at about 70 ps of the triolein refefence at the
measurement temperature;
52 seceo s the magnetization decay signal measured at about 70 ps of the test portion uging a 60 °C
water bath or block;
Spsrc,r Is the magnetization decay signal measured at about 70 us of the test portion at the

measurement temperature.

See Annex B for more details of the theory.

Express the result as the arithmetic mean of the two determinations (9.9), provided that the requirement for
repeatability (11.2) of each wgg¢ r value is satisfied. Report the result to one decimal place.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=65446b46bab217b56e95ee6799d0a715

ISO 8292-2:2008(E)

11 Precision

11.1 Interlaboratory test

Details of the interlaboratory tests on the precision of the method are given in Annex A. The values derived
from these tests may not be applicable to SFC ranges and fats other than those given.

There were insufficient data to carry out a meaningful statistical evaluation according to ISO 5725-1 and
ISO 5725-2. Therefore only the actual results are given in Annex A.

11.2 Repe

There were
ISO 5725-2.

11.3 Reprq

There were
ISO 5725-2.

12 Testr

The test rep

a)
b)
c)
d)
e)

f)

g)
h)

bl i lig
AlalIiily

bducibility

bport

prt shall specify at least the following information:

all information necessary for the complete identification of the ‘sample;

details ¢
the met
the mes
the mes

whether
were us

the resu

all oper
any inci

f the NMR spectrometer used;
nod used, with reference to this part of 1ISO-8292;
surement protocol used;

surement temperatures used;

ed for temperature control;

Its obtained;

Hents which may have influenced the results.

insufficient data to carry out a meaningful statistical evaluation according to 1SO,5725-1| and

insufficient data to carry out a meaningful statistical evaluation according to 1SO 5725-1| and

a water bath with aluminium blocks, water bath with metal racks or temperature-controlled blocks

hting details\not specified in this part of ISO 8292, or regarded as optional, together with detdils of
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Annex A
(informative)

Results of interlaboratory tests

Table A.1 — Results of all laboratories — Measurement protocol 11

- - Palm
Hydrogenated Shortening blend, SlTortenlng P_Iend, Palm kernel | Coconut oil/palm
- hydrogenated interesterified . . .
soybean oil (A) hardstock (B) hardstock (C) stearin (D) oil (E) stearin
blend (F)
Slig melting o o o . . R
boint ~37 °C ~40 °C ~40 °C ~45 °C
lodine value — — — ~7 — —
Lab
No Sample
3 10 °C 76,6 65,4 75,8 95,7 78,9 55,0
7 10 °C 72,8 72,6 66,0 66,3 72,1 725 97,2 | 97,3 | 75,8 |75,4|156,7 | 56,5

13| 10°C 78,4 78,8 67,6 67,5 77,9 77,9 96,0 | 96,1 (81,8 |815((57,1 | 57,4

15| 10°C 89,5 89,9 83,9 84,4 85,5 87,0 100,0 [ 100,0 | 92,5 | 93,1|]79,4 | 79,6

17 || 10°C 80,9 81,2 71,2 71,0 80,0 80,0 96,4 | 96,3 | 84,0 |83,8|161,9 [ 61,8

18 || 10°C 78,0 78,3 65,9 66,1 77,7 77,8 96,8 | 96,8 81,4 |81,5((553 | 55,1
21| 10°C 52,0 51,6

23| 10°C

3 20 °C 56,7 43,8 53,8 94,3 38,0 35,9

7 20 °C 56,1 55,9 43,6 45,8 53,9 54,0 94,8 | 95,0 | 39,6 {39,8||37,2 | 37,2

13| 20°C 55,9 56,2 44,9 44.8 54,2 54,3 949 | 94,8 |36,1]36,6((37,1 | 37,1

15| 20°C 74,8 75,7 64,4 66,5 69,6 73,6 100,0 | 100,0 | 49,7 |47,3|]53,9 | 59,4

17 || 20°C 59,3 59,6 48,5 48,3 57,2 56,8 95,2 | 95,1 | 40,0 {40,0||39,8 | 40,1

18 || 20°C 55,8 55,7 43,7 43,8 53,6 53,7 95,2 | 95,2 | 36,4|36,6((353 | 354

21| 20°C 27,1 25,9 78,3 78,6 77,7 75,0 91,2 | 91,3 (70,5]69,9((80,6 | 80,8

23 || 20¢C 56,2 55,7 42,7 44,0 54,2 53,7 95,0 | 94,4 (37,6 |37,7((358 | 364

3 25°C 43,1 30,0 40,5 85,0 2,3 24,3

7 25°C 40,1 40,3 31,8 31,8 39,2 39,6 876 | 87,3 | 56 | 58 | 25,1 | 25,0
13 | 25°C 40,7 41,0 321 31,9 40,7 40,7 835|838 | 04 | 06| 258 (26,0
15 | 25°C

17 | 25°C 42,8 43,1 33,9 33,7 42,4 42,3 84,9 | 850 ( 25 | 22 | 27,0 | 27,2
18 | 25°C 41,5 41,5 32,1 32,0 40,4 40,5 84,1 | 846 | 1,7 | 1,7 | 25,4 | 25,5

21 | 25°C 23,9 231 72,8 72,8 72,3 72,6 89,7 | 89,5 | 56,7 |57,2| 68,2 | 68,2

23 | 25°C 43,0 42,4 32,7 33,8 41,3 41,1 848 | 849 (-1,0|-0,8| 26,9 | 27,7

3 30 °C 26,5 20,2 271 41,2 <2,0 16,6
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Table A.1 (continued)

Hydrogenated Shhortening blend, Sr]ortening })!end, Palm kernel | Coconut oiZ:I;Tm
soybean oil (A) h!\%z?::ka tg‘; :::‘:;:;iﬁfzg; stearin (D) oil (E) stearin
blend (F)
snppn;«;ltting 3790 40°C 40°C _ - ~45°C
lodine value — — — ~7 — —
7 30 °C 22,6 22,5 19,7 19,6 24,6 24,5 48,2 | 482 | 0,0 | 0,0 | 156 | 15,6
13 | 30°C 234 23,3 21,2 20,9 26,6 26,3 36,0 | 36,6 | 0,3 | 0,3 | 17,0(}+17.,0
15 | 30°C 37,1 38,1 33,8 37,3 40,9 44,6 476 | 47,3 | 2,5 | 0,6 | 30,1 4,3
17 | 30°C 254 251 22,1 22,1 28,0 28,2 43,4 | 433 | 0,0 | 0,0¢|,17,9 | 17,8
18 | 30°C 24,7 24,7 21,3 21,4 26,5 26,7 36,6 | 37,1 | 0,2 _JCO1 | 16,8 | 16,8
21 | 30°C 20,9 20,0 48,6 48,9 50,0 50,5 82,0 | 82,2 | 31,0({30,9| 41,0 [ 41,4
23 | 30°C 26,7 26,3 22,4 23,6 28,1 27,8 40,6 | 40,004=2,7 | -2,3| 191 9,5
3 35°C 14,0 13,6 18,1 4,2 <2,0 11,6
7 35°C 8,4 8,3 10,5 10,6 12,9 13,0 2,6 30 | 0,0 (0,0 92 0,2
13 | 35°C 9,4 9,2 12,2 12,3 15,0 14,9 2,9 30 | 00 (02| 10,9 ] 10,9
15 | 35°C 19,3 20,9 23,6 27,0 28,9 30,7 5,6 57 | 25 (16| 20,7 | 23,5
17 | 35°C 10,6 10,7 13,2 12,9 16,6 26,3 4,3 40 [ 0,0 (00 ] 113 1,4
18 | 35°C 11,6 11,4 13,3 13,5 16,3 16,3 3,7 38 | 02 (03120 12,0
21 | 35°C 16,3 15,0 1,2 1,2 1,5 2,2 32,7 | 338 |16 | 20| 44 | 46
23 | 35°C 12,4 11,8 13,7 14,9 16,4 16,3 3,7 33 |-21(-18| 146 | 153
3 | 40°C 3,7 4,8 7,2 <20 <2,0 9,3
7 | 40°C 1,6 1,4 3,9 4.0 3,0 3,1 0,0 0,0 | 0,0 | 0,0 5,1 5,3
13 | 40°C 1,6 1,5 4,6 4.8 5,0 5,2 0,1 0,0 | 00 (02| 67 | B,6
15 | 40°C 5,6 6,7 9,9 12,7 13,9 17,6 0,4 16 | 09 |26 | 11,9 | 219
17 | 40°C 1,6 1,7 4,9 45 5,2 5,4 0,0 0,0 | 0,0 | 0,0 6,1 6,0
18 | 40°C 2,1 24 5,6 5,6 6.5 6.4 0.4 05 |01 (00| 88 | p0
21 | 40°C 11,8 10,8 0,0 0,0 0,0 0,0 0,0 0,0 | 0,0 (00| 0,0 | PO
23 | 40°C
3 | 45°C 5,9
7 | 45°C 23 | p4
13 | 45°C 46 | 46
15 | 45°C
17 | 45°C 33 | 35
18 | 45°C 5,1 5,4
21 | 45°C
23 | 45°C
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Table A.2 — Results of all laboratories — Measurement protocol 2I

Cocoa butter lllipe butter Coco_a butter Palm mid-
Palm_oillpalm Cocoa bu_tFer, standard ’ (Borneo equivalent, fraction,
stearin blend | soft Brazilian | |\ "5y c0 - tallow, standaril typ;a, hard/CBE
(F) type (G) type (H) Tenfgkawang Wsgc.30 X 39 % grade (K)
at) (1) to 40 % (J)
Slip melting point ~45 °C — — — — —
lodine value — — — — — ~34
';j‘b Sample F F G G H H | | J J K K
3 10 °C — —
15 10 °C 64,4 | 64,3
18 10 °C 52,3 | 51,9
21 10 °C 52,0 | 51,6
23 10 °C
3 20°C 259 | 26,9 | 80,1 80,2 | 80,0 | 79,9 | 942 | 949 ) 71,3 | 71,1 83,3 | 83,5
15 20 °C 36,9 | 39,1 86,6 | 86,8 | 876 | 87,8 | 96,9 |¢9%0 | 80,4 | 79,7 | §7,6 | 87,6
18 20°C 256 | 254 | 80,0 | 79,8 | 80,3 | 80,0 [ 91,9 1~¥91,8 | 70,8 | 71,0 | 81,3 | 81,5
21 20 °C 271 | 259 | 783 | 786 | 77,7 | 750 |,.912 | 91,3 | 70,5 | 69,9 | 40,6 | 80,8
23 20°C 259 | 259 | 771 76,7 | 77,1 76,65 91,4 | 916 | 70,0 [ 70,0 | §0,6 | 80,5
3 25°C 245 | 245 | 756 | 76,0 | 756 | 766" | 93,5 | 92,8 | 59,7 | 59,3 | 11,9 | 71,9
15 25°C
18 25°C 224 | 224 | 732 | 73,0 | 736 | 73,6 | 90,0 | 90,0 | 56,6 | 56,8 | 69,8 | 69,7
21 25°C 23,9 | 23,1 72,8 | 72,8 [\¥2,3 | 72,6 | 89,7 | 89,5 | 56,7 | 57,2 | 68,2 | 68,2
23 25°C 23,1 | 23,1 72,5 | 72,00| 72,6 | 72,0 | 89,9 | 90,0 | 57,6 | 58,0 | 8,9 | 68,7
3 30°C 20,8 | 20,7 | 49,3 |504 | 50,9 | 51,56 | 853 | 853 | 33,2 | 32,5 | 43,9 | 43,7
15 30°C 28,7 | 31,8 | 52,7 4y 51,3 | 59,9 | 60,4 | 89,8 | 90,0 | 30,0 | 29,9 | 46,5 | 455
18 30°C 19,4 | 19,3 (46,2 | 46,1 | 49,0 | 49,0 | 826 | 82,6 | 28,5 | 28,7 | 40,8 | 40,9
21 30°C 20,9 | 20,0 48,6 | 489 | 50,0 | 50,5 [ 82,0 | 82,2 | 31,0 | 30,9 | 410 | 41,4
23 30°C 20,0 | 20,1 | 46,9 | 46,4 | 496 | 488 | 825 | 826 | 30,8 | 31,6 | 41,2 | 405
3 35°C 16,0C(16,0 | <2,0 | <2,0 | <2,0 | <2,0 | 36,5 | 36,5 2,2 2,0 1,7 55
15 35°C 216 | 24,4 0,2 0,6 2,2 3,5 39,9 | 39,7 0,2 4,5 B,3 2,2
18 35°C 14,4 | 14,2 0,4 0,1 1,5 1,7 37,7 | 37,1 1,0 1,3 1.4 3,8
21 352C 16,3 | 15,0 1,2 1,2 1,5 2,2 32,7 | 33,8 1,6 2,0 1,4 4,6
23 35°C 14,9 | 150 | -1,3 | -1,4 | -0,1 0,1 36,0 | 36,0 | -0,3 | -0,2 P,0 1,8
3 40 °C 115 | 11,3 | <20 | <20 | <20 | <20 | <20 | <20 | <20 <20 2,0 | <20
15 46-°€ 4551484 452 6;5 =0;9 6 452 25 =0;9 25 0,2 1,2
18 40 °C 10,1 10,1 0,2 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,0 0,0
21 40 °C 11,8 | 10,8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
23 40 °C
3 45 °C — —
15 45°C
18 45 °C 5,5 55
21 45°C 7,5 6,3
23 45 °C
© 1SO 2008 — Al rights reserved 11
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Annex B
(informative)

Theory of indirect method

A short radio-frequency pulse is applied which rotates the magnetic field through 90°, i.e. perpendicular to the
prevailing magnetic field applied by the permanent magnet. Mainly due to spin-spin relaxation, the

magnetization Qignnl in the detector dpr‘ayc aver several hundred milliseconds as shown in Fignrn BA1
S
~11 ys ~70 us
%
Hl
AA
@
NZ
%) \\
 J  J
2] ]
-
)
2 81 82 t
1
Key
1 pulse
2 dead fime
S magnétization decay signal
S magnétization decay signal measured at about 11 ps
S, magnétization decay signal’measured at about 70 ps
S, magné¢tization decay{signal corresponding to liquid phase after about 70 ps
Sg magnétization decay signal corresponding to solid phase at time 0
S'S magnétization-decay signal corresponding to solid phase after about 11 ys
Sg+  Mmagngtization decay signal corresponding to both solid and liquid phases at time 0

Sé+L magnetization decay signal corresponding to both solid and liquid phases after about 11 us

t time

Figure B.1 — Decay of magnetization signal from a fat sample
after application of a single 90° radio frequency pulse

The decay of the signal from the protons in the solid state is rapid, occurring over tens of microseconds,
whereas the decay of the signal from the protons in the liquid state is much slower, occurring over tens to
hundreds of milliseconds. In practice, in a commercial bench-top instrument, the liquid signal will decay within
a few milliseconds. By suitable electronics, it should then be possible to measure the solid plus liquid and the
liquid signals separately and hence determine the SFC. However, as shown in Figure B.1, the instrument has
a dead time after the pulse when no measurements can be made. Thus, the total signal S, cannot be
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measured, but only Sg,, after about 11 ps. The NMR spectrometer records two signals, S; and S,, at about
11 ps and 70 ps, corresponding to Sg4 and S, respectively.

Where the fat is known not to be in the p’-polymorph, e.g. cocoa butter (B) or a salatrim®) (a), or where its
polymorphism is unknown, the direct method may result in significant errors in the measured SFC. To
overcome this and to avoid the approximation involved in using the f factor, only the liquid signal, S,, is
measured in the indirect method. The SFC at the measurement temperature, WsFc,7» @S a percentage mass
fraction, is given by Equation (B.1):

WweFC.r = [1—M1 x 100 (B.1)
(——HprotigmetT
where
orot liq, T is the number of protons in the liquid phase at measurement temperature, T;
Moot ligmelt 1S the number of protons in the liquid phase of the fully melted fat

The measurement of the signal for the fully melted fat must then be corrected for the expansion of the fat from
temperature, 7, using a reference oil (triolein), which is liquid at all temperatures of measurement.|Equation (1)

S xS
2,ref,60 2,SFC,T % 100 (1)

wse,r =| 1—
S2.5FC,60 X S2,ref, T

whele

2 ref0 IS the magnetization decay signal measured at about 70 us of the triolein refergnce using a
60 °C water bath or block;

52 ref.7 is the magnetization decay signal measured at about 70 ys of the triolein refefence at the
measurement temperature, T;

52 sFc60 IS the magnetization decay signal measured at about 70 ps of the test portion uging a 60 °C
water bath or block;

2 sFc,r I thesmagnetization decay signal measured at about 70 ps of the test pgrtion at the
measurement temperature, T.

A small error js-ihtroduced by assuming that the proton density of the reference and the sample afe the same,
i.e. that they have the same fatty acid and triacylglycerol compositions, but it is negligible in pragtice and the
indirect method gives essentially an accurate determination of the SFC. Even when the dire¢t method is
preférred™for its convenience and precision, it may still be necessary to use the indirect method fo determine

the dorrect £factor for B-nolvmaorphic fats as explained in 1SQ 8202-1_8 3
J FT J L L 7

1) Salatrim = short- and long-chain acyl triglyceride molecules (see Reference [6], p. 251-2).
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