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Introduction

Benchtop nuclear magnetic resonance (NMR) spectroscopy is an invaluable and versatile tool for the precise, non-
destructive, and non-targeted analysis of mixtures, offering a reliable means of material analysis. Ensuring the purity and
authenticity of these compounds is critical for consumer safety and maintaining the economic value of these products,
as any adulteration can undermine their market value and consumer trust. NMR can identify both the presence

of adulterants and variations in chemical composition, making it an essential technique for quality control, product
development, and regulatory testing.

In this application note, the Bruker Fourier 80 benchtop NMR spectrometer is used for the analysis of essential, edible,
and cosmetic oils. These are key components in various industrial products, including pharmaceuticals, cosmetics,

food, and wellness. Some of these oils are known as nutraceuticals—reportedly bioactive compounds derived from
natural food sources—and are renowned for their therapeutic, aromatic, and health-promoting properties. Essential

oils are used for their fragrances and medicinal benefits, while other oils offer a broad spectrum of preventive and
health-boosting effects. However, all these types of oils are particularly prone to adulteration, as their high demand and
premium pricing make them attractive targets for fraudulent practices. Adulterants may include introducing lowerquality
or synthetic substances, dilutions with cheaper oils or solvents, or the inclusion of harmful additives that compromise
the safety and efficacy of these products. Ensuring the purity and authenticity of these compounds is critical for
consumer safety, regulatory compliance, and maintaining the integrity of these products.



Benchtop NMR to Determine Adulteration of Essential Oil
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These adulterants can alter essential ol Figure 1: Superimposed 'H NMR spectra for neat bergamot oil (red) and a 60:40 bergamot
chemical profiles, thereby compromising their to sweet orange oil mixture (green) measured on the Bruker Fourier 80.

quality and therapeutic efficacy. Benchtop

NMR enables the rapid and non-destructive analysis of essential oil samples, providing rich structural information.

The major chemical components of bergamot essential oil—limonene, linalool, and linalyl acetate—are identifiable in

its NMR spectrum within seconds. Neat samples can be easily measured, requiring very little sample preparation and
reducing the need for costly and hazardous solvents. Each component within the mixture contains characteristic signals
corresponding to the individual chemical environments in the molecule. Together, these signals serve as a unique
fingerprint for not just each compound but also for the whole mixture. The fingerprint changes once bergamot essential
oil is adulterated, as demonstrated here with a more cost-effective sweet orange oil, which also contains limonene as its
major component.

Figure 1 shows the "H NMR spectrum of neat bergamot essential oil and bergamot essential oil adulterated with
sweet orange oil. The signals arising from the different moieties in the major components in bergamot oil are labeled.
Since limonene is present in high amounts in sweet orange oil, the intensity of the signals originating from limonene is
stronger in the adulterated sample compared to that in pure bergamot oil. Unlike other spectroscopic techniques, NMR
is inherently quantitative, meaning that the intensity of a signal can be proportional to its absolute concentration given
quantitative acquisition parameters. Thus, the '"H NMR spectrum can be used to quantify of the relative ratio between
linalool, linalyl acetate and limonene signals, which can in turn reveal their concentration ratio and function as an indicator
of adulteration in bergamot oil.
There is an overlap between the linalool,
linalyl acetate, and the limonene signals.
However, the Bruker NMR Software TopSpin
offers a solution for this. This involves the
use of the ML-based algorithm, “mldcon’
for deconvolving the peaks in NMR spectra,
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machine learning techniques to enhance the
deconvolution process, allowing for fast and
more accurate extraction of integrals from
complex overlapping regions in NMR spectra.

Bergamot This fully automated algorithm reports a
peak list directly in TopSpin, reporting peak
position, intensity, and the area of each
detected peak. Using the integrals extracted
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Figure 2: Stacked 1D 'H NMR spectra of neat canola oil (blue), bergamot oil adulterated unadulterated bergamot samples. However,
with canola oil (green), and neat bergamot oil (red) are presented. The shaded purple in the adulterated bergamot mixture, this
regions highlight the fatty acid ester signals, which correspond to protons introduced by the  ratio dropped to 0.14, indicating a higher
addition of canola oil, indicating adulteration. concentration of limonene, originating from

the addition of sweet orange oil .2



Alternatively, the addition of vegetable oils, such as canola (rapeseed) oil, is also a common practice for the adulteration
of essential oils. These vegetable oils, being non-volatile and containing distinct fatty acid profiles, can dilute the

pure essential oil, altering its chemical composition.* This can be easily detected as NMR can reveal the presence

of characteristic peaks associated with the triglycerides and fatty acids typically found in vegetable oils. For example,

in Figure 2, the signals between 1.2 to 1.5 ppm correspond to the methylene group in the fatty acid esters and are
indicative of vegetable oils. This allows rapid and facile distinction from the unique functional groups and signals present
in pure essential oils.

As illustrated here with bergamot essential oil, benchtop NMR can provide unparalleled structural information of pure

compounds and mixtures within seconds. The rapid analysis, together with simple sample preparation, makes benchtop
NMR a very attractive and informative tool for the quality control of various goods and materials.

Benchtop NMR to Quantify Fatty Acid Content in Edible Oils
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The increased demand, together with the
limited production, makes it a likely target for
adulteration.

Figure 3: 'H NMR spectrum of argan oil in CDCI, (20% v/v), acquired in a single scan for
an overall experimental time of 7 seconds. The signals are labelled with correspondingly
colored circles in a hypothetical triglyceride.

Argan oil is composed mostly of mixed triglyceride esters, which, on average, contain 44% monounsaturated fatty acids
(MUFA), 33% polyunsaturated fatty acids (PUFA), and 18% saturated fatty acids (SFA).® Argan oil is most commonly
adulterated with sunflower oil, which is readily available and significantly less costly. The main fatty acids present in
sunflower oil are the same as in argan oil, however, their ratio differs significantly. In general, the major component in
standard sunflower oil is PUFA (over 60%).

The 80 MHz '"H NMR spectrum of argan oil acquired on the Bruker Fourier 80 is presented in Figure 3. Due to the
high viscosity of oils, it is beneficial to dilute these samples to increase the resolution compared to neat samples. In
this example, a 20% v/v solution of argan oil in CDCI, was used. Note that, unlike other NMR instruments, the use of
expensive deuterated solvents is optional, since the Fourier 80 features a built-in external lock.

The magnetic field of 80 MHz is strong enough to spectrally resolve signals in different 'H environments. Importantly,
the signals originating from unsaturated fatty acids are well resolved and can be used for calculating the MUFA-to-PUFA
ratio in the sample. Additionally, the glyceride CH, signals are also well isolated, which would allow to quantify the total
triglyceride amount in the oil.



A comparison of argan oil and sunflower oil T
(the most common adulterant) spectra is ©
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arising from the PUFA. This is significantly
more intense in the sunflower oil spectrum,
due to the higher percentage of PUFA in
sunflower oil. The olefinic signal is also more
intense in sunflower oil due to higher total
unsaturation.
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Figure 4: Overlay of '"H NMR spectra of argan oil (red) and sunflower oil (green) in CDCI,
(20% v/v), normalized to the glyceride CH, signal.

Automating Analysis With the GoScan Software
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(including Python) to facilitate high-throughput

analysis of multiple samples. As an example,

a script was developed to quickly calculate

the MUFA-to-PUFA ratio in edible oils

and include it in the spectrum legend in a

fully automated fashion. This script is also
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for efficient automated data acquisition, and . w\/} 'u'k

accessible to less experienced users requiring

an answer with a single click of a button. R C : ,1‘ O U N e
GoScan automatically executes the script and Wgﬁs sr\g[ 8
generates a PDF report as seen in Figure 5. o
The entire process from sample submission Figure 5: Screenshot of a PDF report created automatically by GoScan, which includes the

to report generation takes less than a minute.  calculated MUFA-to-PUFA ratio.

The MUFA-to-PUFA ratio calculated from the

NMR spectrum of argan oil was 1.37 and 0.47 for sunflower oil. This differs markedly between argan oil and sunflower
oil and could serve as a parameter for identifying adulterated samples using benchtop NMR. The scripting potential

is extremely versatile and various other quality parameters of oils could be investigated. For example, benchtop NMR

could be used to calculate the average fatty acid chain length, which is usually determined by saponification — a time-

consuming reaction involving highly corrosive reagents.



Conclusion

The Bruker Fourier 80 benchtop NMR spectrometer provides rich and direct quantitative insights into the structural
composition of various essential, edible, and cosmetic oils. The software solutions (TopSpin and GoScan) offer additional
benefits for the analysis of such samples, including spectral deconvolution and the ability to set up fully automated
workflows for non-expert users. The methods described in this application note are not limited to the oils discussed and
could be easily extended to the quality control of other materials.

Quantitative nuclear magnetic resonance (QNMR) spectroscopy offers significant advantages for quality control and
manufacturing in the essential oils industry. By utilizing benchtop NMR, various edible oils can be analyzed quickly and
accurately. This method is highly efficient, providing rapid results without the need for extensive sample preparation.
These benefits collectively enhance the efficiency of the manufacturing process, ensuring high-quality products

and streamlined operations. Embracing gNMR in essential oil production not only improves product integrity but

also optimizes overall workflow. While GC and HPLC are well-established and widely used, gNMR stands out for its
simplicity, cost-effectiveness, and rapid, reliable results. These features make gNMR an excellent choice for routine
quality control and manufacturing processes in the essential oils industry.
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