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Infrared Spectroscopy Application in the Determination of
Trans Fatty Acid Content in Food and Edible Oils

Abstract:

Fourier Transform Infrared Spectrometer is an effective method for qualitative and quantitative
analysis of substances. Currently, the industry standards of entry-exit inspection and quarantine
stipulate the use of Fourier Transform Infrared Spectroscopy in conjunction with Horizontal
Attenuated Total Reflectance (HATR) accessory for the determination of trans fatty acid content in
food and edible oils.

The Lambdasci FTIR-7600 Fourier Transform Infrared Spectrometer was used to determine the trans
fatty acid content in oils. The results prove that this method is simple to operate, exhibits good
linearity, and is an ideal method for determining trans fatty acid content in oils.
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Principle

Fats and oils samples or samples obtained by petroleum ether extraction of fats are directly measured
using a Fourier Transform Infrared Spectrometer equipped with a deuterated triglycine sulfate (DTGS)
detector and Horizontal Attenuated Total Reflectance (HATR) accessory. Calibration is performed
based on the standard curve of trans fatty acids to calculate the percentage content of trans fatty
acids in the total fat of the sample.

Experimental Conditions

1.Instruments and Accessories:

FTIR Fourier Transform Infrared Spectrometer 650; HATR accessory.

2.Analysis Conditions:

Resolution 4 cm™'; Scanning times 64; Scanning range 4000-600 cm™.

3.Reagents:

Unless otherwise specified, all reagents are of analytical grade.Petroleum ether (boiling range 30°C-
60°C), anhydrous sodium sulfate, standard of triglyceride of oleic acid (purity = 99%), standard of
triglyceride of trans oleic acid (purity > 98%), anhydrous ethanol.
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4.0Others:
Analytical balance (0.0001g), constant temperature water bath (100£0.1°C), constant temperature
drying oven (400+0.1°C), weighing paper, screw cap bottle (brown, 5mL), tweezers, defatted cotton,
capillary tube, etc.

Sample and Standard Sample Treatment

1.Fat Samples:

Clear fat samples can be directly measured.

If the fat sample appears cloudy or flocculent, it indicates the presence of a small amount of water or
impurities. Add an appropriate amount of anhydrous sodium sulfate, stir, and centrifuge to ensure
obtaining clear fat.

2. Non-Fat Samples:

For non-fat samples that can be directly extracted, take an appropriate amount of finely crushed
sample (to obtain 1g-2g of extracted fat), immerse it in petroleum ether, and stir. Filter through filter
paper into a flask, evaporate the extraction solution in a 30°C water bath until dry, and obtain the fat.
For non-fat samples that cannot be extracted (such as dairy products), obtain fat according to the
method in related standard "Determination of Fat in Foods."

3. Standard Solution:

Accurately weigh X g of trans oleic acid triglyceride and (0.3-X) g of oleic acid triglyceride (accurate to
0.0001g) into a 5mL brown screw cap bottle, where X is 0.0150g, 0.0300g, 0.0600g, 0.0900g, 0.1200g,
0.1500g, 0.1800g. The mass fraction of trans fatty acids in this mixed standard solution (wt%) is 5.00%,
10.00%, 20.00%, 30.00%, 40.00%, 50.00%, 60.00%. Freeze and store, with a shelf life of 6 months.

Testing Steps

1. Sample Testing:

After the fat sample or the fat obtained by extracting the non-fat sample is melted and kept warm at
60°C, immediately take a small amount of the sample and add it directly to the zinc selenide (ZnSe)
crystal. Fill the entire crystal and collect its infrared absorption spectrum. Correct using the standard
curve to obtain the percentage content of trans fatty acids in the fat.

2. Preparation of Standard Curve:
Perform operations on the standard solution according to the sample testing steps. Establish a
univariate linear regression equation with the percentage content (%) of trans oleic acid triglyceride
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Chart 1: Standard Infrared Spectrum of Triacylglycerol with Three Trans Fatty Acyl Groups"
3. Calculation Formula:
The mass fraction (X) of trans fatty acids in the sample is calculated according to Equation (1):

Where:

X — Mass fraction of trans fatty acids in the sample, %;

¢ — Mass fraction of trans fatty acids in the fat obtained from the standard curve, %;
k — Mass fraction of fat in the sample (if it is a pure fat sample, k = 1).

Test Results

1. Drawing of the standard curve:

Establishing the standard curve for trans fatty acids. Obtain the infrared standard spectra for trans
fatty acid contents of 5.00%, 10.00%, 20.00%, 30.00%, 40.00%, 50.00%, and 60.00%, respectively, as
shown in the figure below. Repeat the scan three times, and take the arithmetic average of the three
measurements as the test result."
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Chart 2: Infrared Spectrum Group of Trans Fatty Acid Standard Samples"
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Chart 3: HATR Test Trans Fatty Acid Standard Curve
2. Sample Testing
Known Trans Calculate the
Fatty Acid content of trans
y
Content fatty acids
m, % obtained x, %
21.08 3.813 22.56%
29.39 4.711 29.75%
48.80 7.084 48.77%

Table 1: Test Results of Standard Solutions with Known Concentrations of Trans Fatty Acids
Note: @Linear equationy =0.1249x + 0.9987
6= (x-m) /mx100
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Conclusion:

This method utilizes the Lambdasci Fourier Transform Infrared Spectrometer 650 in conjunction with
Horizontal Attenuated Total Reflection (HATR) to test standard samples of trans fatty acids. The results
demonstrate that this method is simple to operate and exhibits good linearity. By subjecting known
concentrations of trans fats to a straightforward preprocessing, testing their infrared spectra, and
then applying them to the working standard curve for trans fatty acids, the content of trans fatty acids
can be accurately calculated. The experimental results show that this method is simple to operate
and yields accurate results, making it suitable for testing the content of trans fatty acids in oils and
fats."
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