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Abstract: A new analytical NMR method for the determination of Solid Fat Content (SFC) in cosmetic formulations e.g. Kajal and lip
balms, which are based on natural waxes and vegetable oils composition. By using NMR technique solid fat content in the formulations
quantified easily. The traditional method for measuring SFC has been dilatometry but this is regarded as slow, inaccurate and
cumbersome. However, low resolution Nuclear Magnetic Resonance (NMR) has been the method of choice for the determination of
SFC. The method based on direct measurement of the NMR signal from the solid and liquid fat. The method performed in the
temperature between 0 T to 60 C, the results are good reproducible and accurate. The method is more consistent and reduced the cost of

analysis.
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1. Introduction

The fats which are solid at room temperature are called solid
fats, like beef fat, butter. Most solid fats are high in saturated
fats or trans fats contain cholesterol. These fats tend to raise
bad cholesterol in blood and if these fats containing food
products are taken, it gives heart disease. Solid Fat Content
is one of the major characteristics of fat that it will change
consistency with higher and lower temperatures, from more
or less solid to liquid. The SFC defines the percentage of the
solid parts of fats at certain temperatures. The determination
of SFC in food products and cosmetics products is most
important, because it affects the quality of the product M

Lip-Balms are wax type substances, which are used for
chapped or dry lips. Lip-balms are containing bees wax or
carnauba wax or paraffin wax . These all waxes are
containing fatty acids with solid fat components. These are
especially during the heating phases, have a major impact on
the final product. Signs of instability such as aeration,
deformation and cracking may result from inadequate
preparation 1.

Kajal is an ancient eye cosmetic, traditionally made by
grinding galena and other ingredients. It used as eyeliner to
contour and/ or darken the eyelids and as mascara for the
eyelashes. These are also contains fatty acid components.
SFC in these also most important for maintaining stable
product.

Pulsed NMR technique is well established for the
determination of SFC P!, The SFC value is determined by
detecting the NMR signal from both liquid and solid
components in the fat sample, or by detecting the change in
the liquid signal as it is displaced by solid " In the "pulse”
method a short intense burst of radio frequency (RF) energy
is applied to the sample in the static magnetic field to cause
excitation of the Hydrogen in the fat. The SFC value is
determined in the NMR by taking two measurement points
on the FID (Free Induction Decay). FID amplitude at point S
(corresponding to total solids plus liquids), and at point L

(corresponding liquids only). Based on the equation, which
is shown in the figure-1, calculated the SFC. In the equation
“£* is empirical factor.

The determination of solid fat content by pulsed NMR is
having two types of methods [, the direct method and
indirect method. The indirect method measures only the
liquid signal and compares it to the signal from a fully
melted sample and calculates the SFC. In the direct method
by measuring both the signals of solid and liquid
components then calculates the SFC.

In the indirect method the sample is heated to a stable state
at a specific temperature and then stabilizes at measurement
temperature, otherwise specified, measurement temperatures
can be 0C, 5C, 10T, 15TC, 20T, 25T, 30T, 40T, 50C
and 60 T. After electromagnetic equilibration in the static
magnetic field of the NMR spectrometer and application of a
90° radiofrequency pulse, the magnetization decay signal
from the protons in the liquid phase is measured and the
solid fat calculate by compare with reference standard
consisting of liquid fat. Based on the liquid fat measuring,
the SFC calculated by the direct method.

90° RF pulse

SFC = (f*'S-L)/f*S
~ point S
Solid phase
S Liquid phase

/ Point L

Time, us
Figure 1: SFC calculation by NMR
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The aim of the method was to measure the solid fat content
in cosmetic products like lip-balms and kajal with simple
and good reproducible results. In this method performed
based on IUPAC method in the temperature levels 0, 5T,
10T, 15T, 20T, 25T, 30T, 40T, 50C and 60C. The
results are good reproducible.

2. Experimental

The sample, which was required to determine solid fat
content at different temperatures, the sample was heated to
100°C causing the sample to separate into its different
components. The top melted wax layer was pipetted into two
NMR tubes (up to a height of 4-5cm) as shown in Figure 2.
Each sample was then heated in the oven at 100°C further to
ensure that their temperature history were similar (and to
remove moisture).

..

Figure 2: Sa‘m‘ples prepared in the NMR tubes

The samples were then placed in a dry block at 0°C for at
least an hour followed by conditioning at 5°C, 10°C, 15°C,
20°C, 25°C, 30°C, 40°C, 50°C and then finally at 60°C for
at least 30 minutes prior to each measurement of solid fat
content. Please note that the each sample was measured at
each temperature in series, which should give equivalent
results to the parallel method.

Measurements were made using the Oxford Instruments
MQC-23 low-field NMR analyser with 0.55 Tesla magnet
and 10mm diameter probe operating at a hydrogen
resonance frequency of 23.4 MHz’s. The ordering was
controlled by, and the NMR measurements made, using
Oxford Instruments” widely acclaimed SF Direct software.

3. Results and Discussion

The Direct Method works by measuring both the solid and
liquid signals from the NMR Free Induction Decay (FID) of
the sample. This is possible because signals from solids
decay much faster than signals from liquids. It is therefore
possible in principle to take measurements at two points on
the FID (Figure 1), at point “Sy’, corresponding to the total
solid plus liquid signal, and another at point S;, which
corresponds to the liquid only signal, after the solid signal
has died away. Therefore in theory, simple arithmetic yields
the percentage of Solid Fat which is given by (Sq — S70)/Sp %
100. In practice, it is not possible to take a measurement at
point So, immediately after the 90° radio frequency (RF)
pulse. The short, high power RF pulse causes the sample
probe to ‘ring” for a few microseconds during which time
measurements - cannot be made. Instead, the first
measurement is taken immediately after this ringing period
(or dead time), at point S;;. Given that S;; does not represent
the total signal from the solid and liquid, a correction needs
to be applied. It assumes a fixed ratio (known as the f-factor)
between Sy and Sy; due to loss of the solid signal during the
first 11 ps of the decay.The melting profile of the sample
was showed in figure-3 for analysis.
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Figure 3: Solid Fat Content Melting profile of the wax from the sample
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The results of the solid fat content for the sample with sub 2 10 24.60 24.90 24.75
samples and average in each different temperature levels are 3 15 24.00 24.20 24.10
showed in Table-1. 4 20 23.80 23.60 23.70
5 25 22.90 22.70 22.80
Tablel: SFC of samples at various temperatures 6 30 21.80 21.50 21.65
Temperaturel SFC (%) of | SFC (%) of 7 40 18.30 17.90 18.10
SI.N¢ (°C) Subsample-1| Subsample-2 | Average SFC (%) 8 50 13.00 13.30 1315
1 5 25.50 26.10 25.80 9 60 6.10 4.30 5.20
:‘:/:1.5/2014 SFC @15 Dogree
16/06/2014 SFC @20 Degree
sy S
30 Degreo 16/06/2014 SFC @30 Degree
40 Dogroo 16/06/2014. SFC @40 Dogroo
50 Degroe 16/06/2014 SFC @50 Degree
60 Degree 16/06/2014 SFC @60 Degree
RO (ms) 2000
Standard 4
Sample N4
E11 0-15
E70 575- 626
P80
-13127 3¢
1470
1004
Direct Method
Figure 5: Raw data of sample for SFC analysis by NMR
4. Conclusion [2] Aleksandra Torbica - Olga Jovanovic - Biljana Pajin,

The results show that the MQC can be used to provide
reproducible measurements of solid fat content. By using
this method we directly calculate the solid fat content and
the results are reproducible and the analysis time will be
very less. As per best of my knowledge, this method is very
good suitable for analysis of solid fat content in cosmetic
products.
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