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IntroductionIntroduction
The encapsulation of flavours offers many technical advantages. The principal ones being: delivery of a liquid flavour in a free-flowing powder form, protection of sensitive flavour molecules from 
oxygen, control of flavour release and minimization of interactions between the flavour and the food base.
Flavour encapsulation is performed using a variety of processes at industrial scales. The reliable and rapid determination of flavour and water contents is an essential task in controlling the
quality of encapsulated flavour products.
The composition of encapsulated systems, which consist of a carrier (usually a carbohydrate based glassy solid), a flavour (usually a liquid) and water, lend itself to analysis using spectroscopic 
techniques, such as Near-Infrared (NIR) and Low-field Nuclear Magnetic Resonance (LF-NMR).
This work represents a comparative spectroscopic / chemometric investigation of the quantitative performance of NIR and LF-NMR for prediction of oil, water and total liquid contents in 2 
encapsulated flavour delivery systems – limonene and 2,5-dimethylpyrazine.

Materials & MethodsMaterials & Methods

The samples, which consist of 9 encapsulated systems, were prepared in the pilot spray dryer 
available in Firmenich. 
The final values of water and oil contents were determined in Firmenich according to well 
established protocols. The water content of the 9 systems was obtained performing Karl-
Fisher measurements. The oil content of the 2,5-dimethylpyrazine encapsulated systems was 
determined by Gas Cromatography – Mass Spectroscopy (GC-MS) and Steam Distillation was 
performed to determine the oil content of the limonene systems. Table 1 presents the water 
and oil contents of the 9 encapsulated systems. The water content of the Control sample was 
determined as 5.41%. 

The experimental procedure was designed in order to obtain a set of well characterized 
samples (in terms of oil and water contents) that spanned the water and oil contents ranges 
usually observed in industrial products (usual maximum values of 20%). In order to obtain 
samples with different values of water content, each system was placed in 5 relative humidity 
boxes during 2 weeks.

Samples Preparation

Table 1. Final values of oil and water contents of the 2,5-dimethylpyrazine and limonene encapsulated.

4.7310.692.6611.724
4.629.172.8311.033
5.365.143.397.422
6.052.644.593.951

Water content (%)

(Karl-Fisher)

Oil content (%)

(Steam Distillation)

Water content (%)

(Karl-Fisher)

Oil content (%)

(GC-MS)

Limonene Systems2,5-Dimethylpyrazine Systems

Data Acquisistion

NIR measurements
Dispersive NIR data were collected with a NIRSystems spectrophotometer 6500 (NIRSystems
Inc., Silver Spring, MD, USA). The NIR reflectance spectra were recorded at room temperature 
in a rotating sample cup with a quartz window which is especially useful for powder samples. 
NMR measurements
NMR measurements were performed on a Maran NMR benchtop pulsed 1H-NMR instrument 
(Resonance Instrument – 23.2 MHz), equipped with a 18mm of diameter variable temperature 
probe head. 
A FIDCPMG1 (Fig.1) pulse experiment was performed on the limonene model systems in 
which 128 FID points with a dwell time of 1.0µs were acquired along with 1024 echoes in the 
CPMG part of the experiment. A τ value of 3500µs was used and sample relaxation delay was 
set to 5s.

The proton free induction decays (FID) of the 2,5-dimethylpyrazine model systems were 
measured – acquisition of 2048 FID points with a dwell time of 1.0 µs. 16 scans were 
accumulated for noise reduction. In order to maximize the signal-to-noise ratio, RG was 
optimized and set to 4.0 for all samples. The total mass of each sample was approximately 
2.50g and the weight was noted for later mass normalization of the acquired relaxation curves. 

Fig.1 – NMR pulse sequence for 
FIDCPMG encoding.

Data exploration – PCA models
The computation of a PCA model on the raw NIR spectra did not allow the complete 
separation of the samples, according to oil content, for both 2,5-dimethylpyrazine and 
limonene samples. In order to remove variations due to optical / physical properties of the 
samples, the NIR spectra were corrected with MSC2. The scores plots that result from 
performing a PCA model in the MSC corrected NIR spectra are presented in Fig. 2 (samples 
are labeled according to water content and colored according to oil content). Fig.2 shows a 
distinct samples separation (according to oil content) indicating that the spectral technique 
provide extremely relevant information about the samples. From the analysis of Fig.2A, it is 
clear that, for the 2,5-dimethylpyrazine samples, PC1 models the oil content variation while 
PC2 the water content effect. On the other hand, for limonene samples (Fig.2B), PC2 is clearly 
related to the oil content and PC1 to the water content.

Regression models – PLS models for prediction of % oil, % water, and % total liquid

NIR spectroscopy

Results & DiscussionResults & Discussion
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The best prediction models for oil, water and 
total liquid contents were obtained after variable 
selection by iPLS3. As an example, Fig.3 
presents the iPLS results for the prediction of 
the 2,5-dimethylpyrazine oil content. It can be 
observed that several local models give an 
RMSECV lower than the one obtained when full 
spectra were computed. The same iPLS study 
was performed for the water and liquid 
prediction models for the 2,5-dimethylpyrazine
samples, as well as for the limonene prediction 
models. 

Fig.2 – Scores plots: PCA computed on the 2,5-dimethylpyrazine (A) and limonene (B) NIR spectra corrected with
MSC.

Fig.3 – iPLS model with the bars showing RMSECV 
of local models validated with 25 segments; 
horizontal line indicates RMSECV for the global 
model (full spectrum, 4-components) and the 
background spectrum is the average of all spectra.

3-way chemometric analysis – PCA & PLS models 
The PLS models obtained showed several drawbacks, associated with the temperature effect. 
Trying to model the temperature , a 3-way chemometric4 approach was tested to analyze and 
treat the data – computation of N-PLS5 models considering 3 dimensional data matrices 
(samples × temperature × time). Fig.4 shows the oil, water, and total liquid prediction models 
for the limonene model systems. 

The application of 3-way chemometric tools improved the prediction models performance for 
the limonene model systems – lower values of RMSECV and smaller “span” due to the 
temperature effect. Concerning the 2,5-dimethylpyrazine model systems, although the 
application of 3-way chemometric tools improved the prediction models, the results were not 
so successful. 

NMR spectroscopy
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Fig.4 – Cross validated N-PLS models for the limonene model systems. 

ConclusionsConclusions
The predictive ability of the chemometric models improved significantly when NIR data were 

pre-processed using the MSC approach – 3/4 components used to describe the models, 
correlation coefficients between 0.96 and 1.00 and fairly good RMSECV values compared to 
the variables ranges. Using the variable selection i-PLS, spectral regions that improved the 
prediction results were found.  

The computation of NMR 
spectra was successful only for the 
limonene model systems, enabling 
the computation of prediction 
models which performance was 
better when compared with the 
models obtained when NIR data 
were computed – table 2.

NIR and NMR –

complementary rather than 

competitive spectroscopic 

techniques. The successful 
application of both techniques 
depends on the nature of the 
samples under study. 

Once NMR data were acquired at different temperatures, it was possible to apply, in addition 
to 2-way chemometric methods, 3-way chemometric techniques, the later resulting in better 
prediction results – 4 to 6 components used to describe the models and fairly good RMSECV 
values compared to the variables range.

Table 2. Compilation of NIR and NMR prediction results.
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