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INTRODUCTION  

 Flavour is one of the most important characteristics of any food product. Its 
critical role in determining the way consumers assess the food quality has made it 
a key area of research and development in food industry. Nowadays flavour science 
has become a very broad subject aiming to provide a comprehensive understanding 
of flavour, from its generation in food, stability during storage, to its perception 
during eating (Voilley et al. 2006). 
 Very important part of food flavour is its aroma, which is the response of the 
olfactory epithelium in the roof of the nasal cavity to volatiles entering the nasal 
passage (Baigrie, 2003). In general, the aroma of a food consists of many odor-
active volatile compounds, only a few of which are sensorially relevant. One of the 
major problems in aroma research is to select those compounds that significantly 
contribute to the aroma of a food (Blank, 2001). 
 The aroma of food is investigated by using sensory analysis and/or instrumental 
analysis of volatiles. Sensory analysis uses only human senses as instruments of 
measurement. Instrumental analysis involves separation of aroma compounds and 
recording of the mass detector’s signal. Both methods have its pros and cons and 
therefore combining those would give the best results. This can be done running 
instrumental and sensory methods in parallel or hyphenating gas chromatography 
(GC) with mass spectrometry (MS)/flame ionization detector (FID) the 
olfactometry port for sniffing (sensory analysis). Thus, gas chromatography-
olfactometry (GC–O) provides not only an instrumental, but also a sensorial 
analysis (Zellner et al., 2008). Although, GC-O uses human senses for detection in 
present work it is classified as instrumental method of analysis. 

GC-O is a valuable method in food aroma analysis as very often aroma 
compounds are present in such low concentrations that even the most sensitive MS 
detectors are not capable to detect them. Therefore, GC-O is often a method 
providing the most accurate aroma profile of the food products. Unfortunately, all 
the bias coming from human fluctuation is observed similarly to sensory analysis 
and training of the GC-O assessors is as crucial as for sensory analysis to get 
reliable results. As brought out by Van Ruth et al. (2001b), the training of the GC-
O assessors will reduce the noise level. Also, the data handing and typical mistakes 
are rather similar to classical sensory analysis. There are still some principal 
differences. For example, during the sensory analysis, assessors must evaluate 
different aroma attributes from a complex matrix, but GC-O analysis enables 
assessment of each separate aroma characteristic. From one side, it makes the 
evaluation process easier as the assessor does not have to deal with the effect of 
the whole product matrix. On the other hand, making the assessments without 
accounting for the matrix effects decreases the reliability of the results obtained. 
GC-O will not reflect the sensory perception with full accuracy. We cannot account 
for the interactions in mixtures of volatiles as the non-volatile part of the matrix 
has a great influence on how the volatiles are released. Though, when analysing 
samples by using headspace extraction methods, the intensities perceived with GC-
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O from samples with different non-volatile fractions are well correlated with odor 
attribute intensities evaluated by using classical sensory analysis (Sáenz-Navajas 
et al., 2010). The retronasal aroma of the food product is less predictable by GC-O 
results as there is even bigger interactions between odor-active volatiles and 
different non-volatile compounds. Also, influences during eating that are coming 
from mixing with saliva and chewing process affect aroma release.  From the 
technical side, when sniffing from GC-O port, assessors have only seconds to react 
and give all valuable information without a possibility to take a second sniff to re-
evaluate. 
 The importance of GC-O in food aroma analysis should not be underestimated. 
Still, like any other technique it requires proper experiment design and task 
establishment, assessors suitable for selected methods and application of advanced 
data handling techniques, to take the maximum gain from the experiments.  This 
work was initiated by the practical need to study numerous factors that influence 
the reliability and usefulness of the information gained by GC-O experiments to 
improve the methodology of GC-O analysis and the interpretation of the results. 
 This thesis covers different methodological aspects of using data from GC-O 
analysis, as well as set up of the experiments in terms of data collection techniques 
as the input for data analysis. The work covers evaluation of GC-O assessor`s 
performance as the indicator of the reliability of the raw data, different GC-O and 
statistical techniques to fulfil the aims of various experiments and gives a 
comprehensive overview of different aspects in techniques used for correlation of 
GC and sensory data, illustrated by a case study on Finnish honey samples. 
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2 LITERATURE REVIEW 
2.1. Gas-chromatography – olfactometry (GC-O)   

 First application of GC-O dates to 1964 (Fuller et al., 1964) and since then it has 
been a useful technique for analysing odor-active compounds from different 
matrixes. GC-O is a term used to describe the analytical technique that uses human 
assessors to detect and evaluate volatile compounds eluting from a GC separation 
(Figure 1).  

Figure 1. Scheme of a gas chromatograph coupled with olfactory port 

 GC-O is a valuable method for the identification of odor components from a 
complex mixture of volatile compounds (Brattoli et al., 2013). Because most 
instrumental detectors measure a mass-related signal, the peak profiles gained does 
not reflect the odor profile of the samples as all volatile compounds are recorded, 
even those without odor-activity. Besides, as the information about human 
perception is not provided, a linear correlation between a quantified substance and 
an olfactory stimulus cannot be made (Brattoli et al., 2013). Also, it is widely 
known that the chemical/physical detectors are often not as sensitive as human 
nose for detecting odor-active compounds from different samples (Acree et al., 
1984). For example, Koutidou et al. 2017, managed to identify only eighteen aroma 
compounds in onion-tomato puree by using one-dimensional GC–MS, though, 
thirty-two compounds were detected with GC-O. To achieve enhanced separation 
and resolve co-eluting compounds, comprehensive two-dimensional gas 
chromatography, coupled to time-of-flight mass spectrometry (GC × GC–TOF 
MS) was used. Still, even with two-dimensional GC, 5 compounds detected with 
GC-O remained undetected with GC-MS.  
 GC-O was initially described as a screening method to determine whether a 
volatile compound found in a sample had odor activity or not. Nowadays, 
applications of the technique have become more advanced, and the method is also 
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used to assign a relative importance to each of the volatile compound identified as 
being odor-active (Delahunty et al., 2006). 
 Although humans have a good sensitivity to aroma compounds, there are 
multiple challenges that should be addressed. Firstly, there are very significant 
differences in olfactory ability between humans; odor thresholds can vary 
significantly among individuals and some people, with an otherwise normal sense 
of smell, are unable to detect families of similar aroma compounds. A recent 
comprehensive study on more than 1600 individuals revealed that specific anosmia 
is a highly common phenomenon (Croy et.al., 2015). The authors tested 20 odors 
with 200 participants for each odor and showed that the rate of specific anosmia to 
these odors varied from 0.5% to 20.4%. Statistical estimations yielded an estimated 
prevalence of 51.9% of specific anosmia to at least one of the 20 assessed 
odors. Also, the olfactory response of an individual is known to vary over time, 
even during a single day, and with the speed of breathing. Sensitivity may also 
fluctuate due to health status and mood (Brattoli et al., 2013). Therefore, selection 
of GC-O panellists and using sufficient number of panellists is of high importance. 

 Detection of the odor is possible when the concentration of the compound is 
above the odor threshold value. Odor threshold value is the minimum 
concentration of the compound which is enough for the recognition of the odor 
(Belitz et al., 2004). The perceived intensity of the odor could be characterized by 
the ratio between compound concentration and its odor threshold, which is called 
odor activity value (OAV). In case of each odor-active compound eluting from the 
GC column and having OAV larger than 1, every assessor has a potential to detect 
the odor, measure the duration of the odor-activity, describe the quality of the odor 
and to quantify the intensity of it. Based on this, various GC-O techniques have 
been developed (Delahunty et al., 2006). Firstly, there are dilution techniques 
which are based on diluting the odor-active compounds to their thresholds. Aroma 
extract dilution analysis (AEDA) and combined hedonic aroma response 
measurement (Charm Analysis) are the dilution methods that are used most often. 
AEDA was first presented by Ullrich et al. (1987) and it measures the highest 
sample dilution at which the odour of the analysed compound is still detectable for 
the assessor (flavor dilution factor). Charm analysis, proposed by Acree et al. 
(1984), also records the duration of odours which is considered with the final 
dilution at which the compound is detected. To compare the results of different 
studies using Charm analysis, Acree (1997) introduced odor spectrum value 
(OSV), which is odor potency determined with Charm Analysis normalized to the 
most potent odorant detected.  
Detection frequency (DF) methods measure the intensity of the compound by 
calculating the number of assessors detecting the odor. Based on detection 
frequencies two factors could be calculated; the number of detections by the 
assessors – nasal impact frequency (NIF) or combining NIF value with the duration 
of the odor by each assessor – surface of nasal impact frequency (SNIF). NIF value 
is 0 when none of the assessors sensed the odor at given retention time, and it is 1 
when all the assessors sensed the odor (Brattoli et al. 2013). NIF value can also be 
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expressed as a percentage and for SNIF value the percentage of the detection 
should be multiplied with the total duration of the odor.  
Finally, posterior intensity (PI) methods measure the maximum intensity of 
perceived odor on previously determined scale once the compound has eluted 
(Delahunty et al. 2006). Modified frequency (MF) is a method proposed by 
Dravnieks (1985) and is combining frequency and intensity values. 

ܨܯ ൌ ඥܨሺ%ሻ ൈ  ሺ%ሻ (1)ܫ

where F(%) is the detection frequency of an aromatic attribute expressed as 
percentage of maximum frequency of the panel and I(%) is the average intensity 
expressed as the percentage of the maximum intensity of the panel. Detection 
frequency method proposes that the proportion of people able to detect the 
presence of a given odorant is related to its concentration or importance. This 
strategy has the doubtless advantage of its simplicity and requires little training 
from the judges (Ferreira et al., 2003) 
 All the above-mentioned methods are using different approaches but share the 
same goal – to measure the importance of different odor-active compounds. The 
quantification with GC-O is mainly not aimed to measure the differences in 
absolute concentrations of the compounds but rather to evaluate the impact each 
compound has on overall sensory properties (aroma) of the samples or to measure 
the relative concentrations of the compounds between the samples. GC-O detection 
frequency method have been used by Pollien et al. 1999 to create calibration curves 
for measuring the concentration of 1-octen-3-one in coffee. Calibration curves 
were composed from 3 and 4 concentration points and had determination 
coefficients in range of 0.82-0.99. 
 Posterior intensity methods are measuring the intensities of perceived 
compounds which should refer to the compound concentrations or importance. 
Ferreira et al. 2003 used a simple 3-point scale to build calibration graphs for 15 
odor-active compounds based on the different stimulus–response models (Fechner 
(Fechner, 1860), Stevens (Stevens, 1957), Hill (Hill, 1913; Chastrette et al., 1998) 
and found that with a proper calibration, up to nine different concentration levels 
can be discriminated by the panel (n = 8). The signal showed a good long-term 
stability, and its precision varied between 3.7 and 8%. They also found that the 
sensitivity to detect changes in concentrations of the compounds with GC-O is 
extremely dependent on the compound: in the best case, a concentration change of 
20% can be detected, while in the worst, concentrations must differ more than one 
order of magnitude. According to Van Ruth 2004, intensity method resulted in 
higher discrimination between different concentration levels, but robustness of the 
detection frequency method was shown in better repeatability.  
 Van Ruth (2001) reported a review on different methods for GC-O. According 
to the author, the main drawbacks of the dilution techniques were the difficulty to 
use more than one assessor because of the lengthy process of the method and the 
invalidity of the two dilution factor assumptions. There is a nonlinear relationship 
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between the perceived intensity of a compound and its concentration and the slopes 
for different odour-active compounds are different. Koutidou et al. 2017 used both 
AEDA and detection frequency method to measure the importance of the odor-
active compounds in tomato-onion purees and two methods resulted in different 
compounds to some extent – some of the compounds that resulted in high detection 
frequency value had low flavor dilution (FD) factor and also the opposite. This 
could be explained by differences in slopes of the concentration/odor intensity 
relationship, which means that different compounds present in twice as high 
concentrations than threshold value, may have totally different odor intensities. 
Therefore, according to Van Ruth et al. (2001a), detection frequency and posterior 
intensity methods gave better correlations between sensory intensities and 
compound concentrations compared to dilution techniques.  
 GC-O is nowadays used to solve different scientific and/or practical questions 
and problems. For example, it is used to select those compounds which are 
responsible for aroma defects in food, like different off-flavors and taints. The first 
ones are food-borne defects and the latter caused by contaminations. In both cases 
comparison with the reference product usually gives a limited number of sensory-
relevant compounds to focus on (Blank et al. 2001).  

 Besides, according to Brattoli et al., 2013, GC-O studies on food products 
focus essentially on three key issues: 
(1). The aroma profile of various foods and beverages and the dependence 
between the odor of food and the chemical composition of the volatile fraction on 
these products; 
(2). The odor changes in food due to processing techniques (fermentation, 
cooking, the addition of preservatives and flavorings); 
(3). The discrimination among a family of foodstuffs (cheese types, coffee)  

 For example, GC-O have been recently used to identify off-flavours in red wines 
(Pons et al., 2018) and beers (Noba et al., 2017).  Red wines made from different 
quantities of Plasmopara viticola infected grapes were evaluated by using sensory 
analysis to describe the impact of the infection on the flavor profile of the end 
product. GC-O analysis was used to compare the profiles of infected and control 
samples and 6 potential odor-active compounds responsible for off-flavors were 
detected. 4 out of them were successfully quantified by using GC-MS. In case of 
the beer, onion like off-flavor was measured with using sensory analysis and GC-
O to determine components responsible for the odor, which were finally quantified 
by using GC-MS. GC-O has also been used recently to determine aroma profiles 
and key aroma compounds in horseradish (Kroener et al., 2017), where AEDA was 
used to measure the importance of each compound, liquors (Niu et al., 2017), 
where also AEDA was used to determine 27 most important odor-active 
compounds that were quantified by using GC-flame photometric detection (FPD) 
and GC-MS, odor activity values (OAV) were calculated and recombination 
studies carried out; to evaluate the influence of different lactic acid strains on malt 
beverages by comparing AEDA results for 12 most important odor-active 
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compounds (Dongmo et al., 2017); to classify ciders based on their origin and 
maturation by using in parallel GC-O mean intensities and volatiles quantified with 
FID (Lobo et al. 2016).  

2.1.1. GC- O Panel performance 

  The accuracy and reliability of GC-O analysis is very much dependent on the 
performance of GC-O assessors. Therefore, the selection and training of the 
panellist is of high priority. The literature available on training GC-O panellists, 
evaluating their performance and typical flaws and challenges of the GC-O 
analysis, is very limited. GC-O has a lot in common with sensory analysis, as 
human are used as detectors. A peculiarity of GC-O, compared to other sensory 
analyses, is to combine two discontinuous phenomena: the aperiodic and 
unpredictable elution of odor-active compounds from the chromatographic column 
and the breathing process (Hanaoka et al. 2000). Hanaoka et al. 2000, have 
investigated the effect of human breathing rhythm on the results of GC-O analysis 
and found that subjects with faster breathing cycle tend to detect odors more 
frequently and also to rate with higher intensities. 
 From one side, the job of a GC-O panellist compared to sensory analysis is easier 
as he doesn`t have to recognise different attributes from a matrix but rather detect 
and describe the intensity of pure aroma compounds. From the other side, GC-O 
panellist has only a limited time to detect, describe and quantify the odor without 
a chance to sniff it right again. Although there are many principle differences 
between GC-O and sensory analysis, the methods for analysing the performance 
of the sensory assessor and the panel could be applied to GC-O analysis. 
 There is a lot of literature available on the typical mistakes in sensory analysis. 
As these are mainly related to the scale usage and are therefore suitable to assess 
GC-O panel performance when the intensities of the compounds are involved. 
 According to Kernit et al., 2005, there are three different type of errors in 
individual level and four types in panel level; 

Individual errors: 

 Location error - the assessor uses a different location of the scale compared
to the rest of the panel.

 Sensitivity error - the assessor is not able to discriminate between two or
more products.

 Reproducibility error - the assessor is not able to consistently replicate a
judgement for one or more products.
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Panel errors: 

 Magnitude error - the assessor uses a broader or narrower range of the scale
than the rest of the panel.

 Crossover error - the assessor rates a product or set of products in the
opposite direction from the rest of the panel.

 Non-discriminator error - the assessor rates all the products in a set as
similar when the rest of the panel rated them as different.

 Non-perceiver error. The assessor does not perceive an attribute and scores
all the products at ‘0’ when the rest of the panel rated them as different.

 Besides, fatigue and lack of motivation as well as concentration are very 
common sources for bias and can influence the GC-O results considerably. 
Though, careful selection and training of assessors will improve assessor 
performance, and therefore improve the accuracy and precision of the data 
collected. It is suggested that potential assessors should be screened for sensitivity, 
motivation, ability to concentrate, and ability to recall and recognise odor qualities 
(Delahunty et al., 2006).  
 Analysing the results of GC-O analysis can also be challenging as odor 
thresholds can vary significantly among individuals, and some people, with an 
otherwise normal sense of smell, are unable to detect families of similar smelling 
compounds, which is called partial anosmia (Brattoli et al., 2013). Therefore, 
evaluation of GC-O panellist should also include analysing the assessor’s ability 
to sense specific compounds. 
 To the author`s best knowledge there is very limited literature available on 
evaluating the performance of GC-O panel.  

2.2. Sensory analysis 

 Sensory evaluation is defined as a scientific discipline used to evoke, measure, 
analyse, and interpret those responses to products that are perceived by the senses 
of sight, smell, touch, taste, and hearing (Stone et al.,1993). Though, instrumental 
methods are developing continuously in the field of simulating perception of food 
as human senses do, there is still no method available with capability to measure 
the human sensations as accurately as humans do. Therefore, sensory analysis is 
nowadays widely used even though it has many disadvantages caused by human 
fluctuations.  
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2.2.1. Quantitative descriptive analysis (QDA) 

Descriptive analysis is the sensory method by which the attributes of a food or 
product are identified and quantified using human subjects who have been 
specifically trained for this purpose (Hootman, 1992). Descriptive analysis will 
usually have 8 to 12 panellists that would have been trained, with the use of 
reference standards, to understand and agree on the meaning of the attributes used. 
A quantitative scale is usually used for intensity which allows the data to be 
statistically analysed. There are several different descriptive analysis techniques 
used and, very often, combinations of different techniques are used. (Lawless et 
al., 2009). 

QDA is a method developed by Stone et al., 1974. It starts with selecting the 
best assessors which show an ability to discriminate differences in sensory 
properties of foods they will be trained for.  The next step - training, requires the 
use of reference or standard samples to stimulate the generation of terminology. 
Attention is given to development of consistent terminology, but panellists can 
have their own aspects on scoring in 15-cm line scale. QDA panellists evaluate 
samples one at a time in separate booths to avoid discussions. The results of QDA 
are statistically analysed and usually presented as spider-web diagrams. (Meilgaard 
et al., 2006) 

2.2.2. Check all that apply (CATA) 

CATA is a sensory method that is mainly used for consumer data. To carry 
out the analysis, a checklist is provided to the assessor and they are asked to tick 
the characteristics that apply to the sample. Sometimes the number of applied 
characteristics is limited (Lawless, 2013). Adams et al. 2007 proposed using 
CATA questions to allow consumers to indicate their sensory perception of the 
samples that were also being evaluated hedonically. CATA questions do not 
directly measure intensities. There is no scale to permit an assessor to characterize 
the level of difference. Nonetheless, evidence presented so far in the literature has 
shown good correlation between CATA frequencies and attribute intensities 
(Bruzzone et al. 2012, Reinbach et al. 2014). CATA questionnaires have been used 
increasingly in consumer research in the last few years (Laureati et al., 2017, 
Torres et al., 2017, Yoo et al., 2017) 
A single CATA question including different terms could be presented to the 
panellists, or the terms could be separated into multiple CATA questions. The 
optimum number of terms used should be calculated carefully; fatigue effects and 
the duration of product evaluation should be considered. For example, if the 
panellists are asked to take one sip of a sample, their ability to describe the product 
will be dependent on their memory with all its limitations. Thirdly, the order of 
presenting the sensory terms should be decided. One approach could be to group 
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them to different questions based on the perceiving order or to group them under 
one CATA question according to the same strategy (Varela et al., 2014). 

Typically, the first summary of CATA data is to determine the column sums of 
X, i.e., counting by product how many assessors checked the given attribute. 
Merging the different attributes yields the so-called contingency table. The values 
might be displayed as absolute counts or percentages. Generally, CATA tests are 
not carried out with replicates, but each panellist evaluates each product once. 
Afterwards, different data analysis approaches could be followed to evaluate the 
difference between the products across attributes and to present the data 
graphically (Meyners et al., 2013). 

2.3. Chemometrics 

The term chemometrics refers to applying advanced mathematical methods 
and algorithms to chemical data (Poole, 2012). It is applied to design the 
experiments, to gain maximum relevant chemical information by analysing 
chemical data and to obtain knowledge about chemical systems (Vandeginste et 
al., 1997). The changes and differences in aroma profiles of various products 
evoked by several factors as origin, processes etc. are hard to reveal without 
comprehensive and relevant information. Such information will almost invariably 
be multivariate in nature to comprehensively describe the underlying problems. 
Therefore, the need for advanced experimental planning as well as data analysis 
techniques is obvious (Marini, 2013). Though, statistical methods are helpful, it is 
important to emphasise that to get the most out of statistical design and analysis 
methods, one must use as much subject matter knowledge as possible. It is only 
when statistical and subject matter knowledge play well together that the best 
possible results can be obtained (Næs et al. 2010). 

2.3.1. General statistical approaches in analysing GC-O data 

Generally, in most of the studies involving GC-O analysis, the application of 
chemometrics to GC-O data, is quite limited. Commonly, the main aim is to find 
key odor-active compounds and to determine odor profiles of different food 
products and therefore results are presented as tables with detected odor-active 
compounds with an indication to their importance, either as intensity values (Lv et 
al., 2012), detection frequencies (Díaz-Mula et al., 2015), modified frequencies 
(Márquez et al., 2013; Egea et al., 2014) or dilution factors (Feng et al., 2015). In 
some of the cases, GC-O have been used as a technique to make a selection of 
sensorially relevant aroma compounds and the following statistical techniques like 
PCA is still carried out on the signal collected with GC-MS (Cheng et al. 2015).   

Du et al. 2015, have followed a different strategy when investigating the aroma 
profiles of two different tomato cultivars harvested in 3 different stages. 50 odor-
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active compounds were detected (scale from 1 to 15, 2 assessors) and the 
compounds with similar odor descriptors were grouped into five general odor 
categories based on their primary odor character: i) green/grassy/viney, ii) 
earthy/musty, iii) sweaty/stale/sulphurous, iv) fruity/floral, and v) sweet/candy. 
The odor profiles of tomato cultivars were presented and compared as spider-web 
diagrams based on the summed intensity values of compounds with similar 
descriptors grouped to the above-mentioned odor categories. The odor categories 
were ranked in the order of importance based on the summed intensity values of 
compounds in each category, although, descriptive sensory analysis was not 
carried out to compare the GC-O profiles with real perception of attributes. 
Akiyama et al. (2008) used Charm analysis to compare coffee from different 
origins and roasting methods and the assessors were told a priori which ten 
terms/categories to use for describing the odor quality. Afterwards, PCA was 
carried out on 36 variables having odor spectrum values (OSV) larger than 50 and 
also on total Charm values of each odor descriptor of 10 descriptor categories. 
Besides, PCA was also carried out on the GC-MS profile. Grouping based on the 
origin was similar for both GC-O/PCA and GC-MS/PCA biplot, but GC-O/PCA 
also enabled the differences caused by roasting conditions to be followed.  

GC-O fingerprints have been used previously to classify Spanish ciders from 
two different regions and maturation stages (Lobo, et al., 2016). Classification was 
carried out by using partial least square – discriminant analysis (PLS-DA) and 
using in parallel two different data matrices – odor-active compounds quantified 
with GC-FID (nr. of variables=41) and mean relative intensities (I, %) for 
compounds determined with GC-O (nr. of variables 57). Volatile composition 
quantified with GC-FID provided satisfactory results (R2Y = 0.66) only for 
modelling maturation of ciders, whereas the use of the olfactometric profiles as 
predictor variables allowed the ciders to be classified by both origin (R2Y = 0.77) 
and maturation (R2Y = 0.90).  

Culleré et al. 2013, analysed GC-O modified frequency data (nr. of variables 
44, MF > 30%) of different wood samples to evaluate their suitability for wooden 
barrels by a chi-square test (χ2) (Pearson, 1900) to look for discriminating odorants. 
15 odorants were chosen as the most discriminating, based on chi-square test and 
also including those volatiles which had a value of (MFmax - MFmin) higher than 
60%. A principal component analysis (PCA) plot was constructed from the 
modified frequency scores of the most discriminant odorants, according to the χ2- 
test (nr. of variables = 10). PCA was also applied by Olivares et al. 2013 on GC-O 
detection frequency data (nr. of variables= 42, all detected compounds) of 
fermented sausages together with some other chemical data like free fatty acids 
content.  
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2.3.2. Discrimination and characterization of honey samples by using 
GC-O analysis and chemometric tools 

  During the last decades, honey has been widely investigated, mostly in terms of 
authenticity control of unifloral or mono-varietal honeys. In honeys with mixed 
botanical origins, a honey type with strong sensory characteristics can be more 
dominant than mild honey types even at low proportions and change the overall 
sensory profile of the honey (Piana et al., 2004). Moreover, pollen content 
measured by traditional melissopalynological analysis dealing with microscopic 
investigation of bee honey does not reflect the actual botanical origin in full extent 
as the pollen in the nectar of different plants maybe over or underrepresented, 
because the bee`s honey stomach is prefiltering pollen from the nectar in different 
amounts. Also, the beekeepers tend to filter honey prior selling (Briant, Jr. et al., 
2001). Therefore, sensory characterization of the honey may not necessarily match 
the botanical origin determined with pollen analyses. This has motivated 
researchers on finding new methods and techniques besides traditional pollen 
analysis to identify the biological origin and to classify honey samples based on 
their sensory properties. Plant-derived aroma compounds have been studied as 
indicators of the botanical origin by GC-MS (Castro-Vazquez et al., 2009; 
CastroVazquez et al., 2007; de la Fuente et al., 2007; Guyot et al., 1998; Guyot et 
al., 1999; Jerković et al., 2009; Piasenzotto, et al., 2003). However, the 
composition of flavour compounds of honey depends on several factors, like honey 
maturity, geographical origin, honey bee`s metabolism and technical processing of 
honey. Therefore, the identification of volatile marker compounds of unifloral 
honeys are generally difficult (Siegmund, 2017). Very limited data is available on 
searching marker compounds or characterization of different honey samples by 
using GC-O analysis. Pino, 2012 analysed the most important odor-active 
compounds in black mangrove honey by using AEDA method. 
 The classification of honey samples of different botanical origins has been 
carried out by using GC-MS and different multivariate statistical techniques. For 
example, Aliferis et al. 2010, used m/z fragments of SPME-GC-MS analysis for 
non-targeted analysis to classify honeys of different botanical origins by using 
orthogonal partial least square - discriminant analysis (OPLS-DA) and orthogonal 
partial least square – hierarchical cluster analysis (OPLS-HCA) methods. The level 
of misclassification was as low as 1.3%. Baroni et al. 2006 used HCA and stepwise 
discriminant analysis (SDA) to determine a group out of 35 VOCs measured by 
HS-SPME-GC-MS representing similitude and differences among studied 5 
botanical origins. Thus, six out of 35 VOCs were selected, verifying their 
discriminating power by K-nearest-neighbor (KNN), which afforded 93% correct 
classification.  
 To the authors best knowledge GC-O has not been used before to classify honeys 
of different botanical origins. However, the method has shown promising results 
for classification of ciders based on the origin and maturation, where GC-FID 
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volatile fingerprints failed (Lobo et al., 2016). This could be due to the possibilities 
to quantify important odor-active compounds that are present in very low 
concentrations and/or overlapping with non-odor compounds. In addition, GC-O 
is an analytical method that measures only the compounds that have odor-activity 
and are present above odor threshold values and has therefore an advantage 
compared to the other analytical techniques in classifying the samples according 
to distinctive sensory characteristics.  

2.3.3. Correlation of GC and sensory data by using PLSR 

 Investigating the relationship of the sensory perception of food with its volatile 
chemical components enhances the understanding of the flavour of any food. 
Although high correlation between volatile components and sensory attributes may 
not refer to a causal connection, it is indicating that the variables are changing in 
the same manner. For example, if the sample contains a high level of a measured 
volatile component it may be an indication of a high intensity of a sensory attribute 
with which it is correlated (Owusu et al., 2013). Sensory data and instrumental 
measurements are related in a variety of contexts and this serves a number of 
objectives. The most common academic use is to investigate the mechanisms by 
which physical properties of foods act to produce specific sensations during 
viewing, smelling or eating. This is also of interest to the food industry. Sometimes, 
the objective is to establish which sensory attributes can be accurately predicted by 
instruments, or a combination of instruments to improve online quality assurance 
(Macfie & Hedderley, 1993). Nowadays, various statistical methods are used to 
correlate sensory and instrumental data and to create prediction models with high 
statistical performance. Most of the times GC-MS is the analytical method for 
measuring volatiles compounds for correlating with sensory data. The summary of 
the recent practices in the field of correlating sensory and volatiles data are 
gathered to a table in appendix A. In last seven years, various articles were 
published on correlation of GC-MS and sensory data applied for wine (Xiao et al., 
2014, Robinson et al., 2011, Green et al., 2011), cheese (Ochi et al., 2012) and 
other food products (Mimura et al., 2014, Viljanen et al., 2014). There are also 
studies where GC-O have been used as variable selection method to detect 
important odor-active compounds which are quantified with GC-MS and the latter 
are also used as the input for statistical analysis (Niu et al., 2011, Niu et al., 2017, 
Liu et al., 2015). Though, more often correlations with sensory data are studied by 
using GC-MS, there are some studies using GC-O as the input data for regression 
analysis (Michishita et al., 2010, Morita et al., 2015; Thomsen et al., 2012).  
 In statistical data analysis, the liability and usefulness of the results are dependent 
on the entire process, starting from the method for data collection and pre-
processing to validation of the results. Macfie & Hedderley (1993) published a 
review on correlation of sensory and instrumental data focusing specifically on 
statistical methods used for correlation, not the entire process starting from data 
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collection. Recently Zielinski et al. (2014) reviewed and demonstrated the use of 
chemometrics in assessing different properties of fruit juices and summarised the 
overall features, advantages and disadvantages of different chemometric tools that 
could be applied to experimental data. This review was not specific to gas-
chromatography or sensory analysis, but covered various aspects of chemometric 
analysis, including pre-processing and validation steps. 

2.3.3.1. Variable selection 

 Variable selection is used to get better correlations between explanatory and 
independent variables and to improve the performance and prediction capability of 
the model. With many variables being irrelevant, noisy or unreliable, removal of 
these will typically improve the predictions and/or reduce the model complexity 
(Andersen et al., 2010). 
 Variable selection could be based on statistical techniques or, more subjectively, 
based on the prior knowledge of the variables. For example, Liu et al. (2015) used 
the flavour dilution factor according to AEDA analysis procedure to determine 
predominant odour-active compounds. Another possibility is to set a value of 
odour detection frequency (Bansleben et al., 2009) for which compounds below 
the threshold are excluded. The same approach has been used for the sum of 
posterior intensities (Thomsen et al., 2012) and the modified frequency method 
(Campo et al., 2005). The most often used statistical approach for variable selection 
is variable importance for the projection (VIP) value, which was first introduced 
by Wold et al. (1993). The VIP score for the variable j is defined as:  

ܫܸ       ܲ ൌ 	ට


∑ ௌௌሺൈ௧ሻಾ
సభ

ൈ ∑ ݓ
ଶ 	ൈ 	ܵܵሺܾ ൈ ሻݐ

ெ
ୀଵ   (2) 

 where p is the number of variables, M the number of retained latent variables, wmj 
the PLS weight of the j-th variable for the m-th latent variable and SS(bm×tm) is the 
percentage of y explained by the m-th latent variable. The VIP value is namely a 
weighted sum of squares of the PLS weights (w), which considers the explained 
variance of each PLS dimension (Cassotti et al., 2017). Since the average of 
squared VIP scores equals 1, greater than one rule is generally used as a criterion 
for variable selection (Chong et al., 2005). For selecting the variables from sensory 
data, analysis of variance (ANOVA) has been used to get an overview of which 
variables have statistically significant differences among samples (Niu et al., 
2011), but also to exclude the variables with no statistical difference among 
samples (Liu et al., 2015; Mimura et al., 2014). Also, it should be determined if 
the analysis involves only odor or also aroma/flavor attributes. Aprea et al. (2012) 
found that the models built with flavour attributes were less stable and gave poor 
results. The authors explained that flavour is an interaction between volatile 
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compounds, taste and texture; thus, they only presented the model with odour 
attributes. 

2.3.3.2. Data pre-processing 

 To find structures in a data set or to reveal similarities of objects, the features 
need to be comparable (Bansleben et al., 2009). Therefore, data pre-processing is 
an essential part of chemometric data analysis. It can be separated into two main 
directions: removing data artefacts and transforming/rescaling the data by using a 
function. The most widely used method in data pre-processing is autoscaling 
(Bansleben et al., 2009; Mimura et al., 2014; Niu et al., 2011). This combines mean 
centering and standardisation (dividing with standard deviation); thus, it gives 
equal weight to each variable. It is important to autoscale the data, especially in the 
cases where data are in different units and/or large deviations in the matrixes are 
present. Otherwise, more importance could unintentionally be given to the 
variables that have higher values or bigger fluctuations between the samples in 
terms of absolute values. 

2.3.3.3. Partial least square regression (PLSR) 

 PLSR is a method for relating two data matrices, X and Y, and uses latent 
variables to model the covariance of matrixes X and Y. PLSR can analyse data 
with noise, collinearity and missing variables in both X and Y matrices. It also does 
not require the number of samples to be higher than the number of variables. When 
increasing the number of relevant variables with the PLSR method, the precision 
of the model parameters improves (Wold et al., 2001). Due to the abovementioned 
benefits, PLS is nowadays the most widely used method to correlate sensory and 
instrumental data. 
 In terms of sensory and instrumental correlation, sensory attributes are the 
dependent variables (Y), that are predicted by the model. Volatile components are 
explanatory variables (X), which are used as an input data to define sensory 
properties of food. For each sensory attribute, a model could be built separately 
(PLS1) or the model could be built for all attributes together or for a group of 
specific attributes (PLS2). For example, Wold et al. 2001 suggested that PCA could 
be run on sensory attributes to determine highly correlated ones and then to run 
PLS on each correlated group of variables. For interpretation purposes, it is usually 
advantageous to use all Y-variables simultaneously, but for obtaining good 
predictions, the 
best choice is often to treat each variable separately (Næs et al. 2010). 
 The number of components included in PLSR analysis is usually determined by 
cross-validation (CV). CV is performed by dividing the data in a number of groups 
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and then developing a number of parallel models from reduced data with one of 
the groups deleted (Wold et al., 2001). 
 The goodness of fit of the models is evaluated by using coefficient of 
determination which is denoted as R2 and measures the total variation explained 
by the model (Schroeder et al., 1986). To assess the prediction quality Q2 is 
calculated which shows the goodness of prediction.  Those are calculated as 
following: 
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 Where yi is the experimental value, ȳi the average of experimental values, ŷi the 
value calculated by the model and the ŷi/i the value predicted by the model 
(Todeschini, 2017) 
 Another widely used estimate of the magnitude of the absolute error of the model 
is the root mean square error (RMSE), which could be similarly calculated for both 
calculated and predicted y values. 
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 RMSE value is dependent on the weight and has the same units as variables. 
Therefore, it is not suitable to compare the quality of the models with different 
input data, but rather to compare the performance of different models applied on 
the same data.  
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3. AIMS OF THIS DISSERTATION

The main objective of this doctoral work was to investigate the possibilities to 
improve interpretation and evaluation of the GC-O data by using different 
traditional chemometric techniques. As the literature on methodological aspects on 
GC-O analysis as well as the published research by using GC-O methods together 
with chemometric techniques is limited, this thesis aims to look through the 
available approaches and bring some new insights to the possibilities of applying 
GC-O for different scientific objectives. To get reliable data, performance of the 
panel is crucial, therefore, the methodology to monitor GC-O panel performance 
was developed (Publication I). Secondly, the possibilities to use GC-O data 
together with AHC fingerprinting for differentiating honeys from different 
botanical origins were investigated, as well as characterizing the potential sensory 
properties of honey samples based on GC-O analysis (Publication II). As the main 
importance of the volatile compounds of food are related to the sensory perception 
they are causing, statistical aspects and methods for correlating volatiles data (GC) 
with sensory attributes were investigated through comprehensive research on 
recent practices (Publication III). Gathered knowledge was applied on correlating 
sensory CATA data with GC-O results by using PLSR analysis (Publication IV). 
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4. MATERIALS AND METHODS
4.1. Materials and chemicals 

 Commercially available kvass (Kvass original, A le Coq, Tartu, Estonia), used 
for panel training was purchased from local store in Estonia. 13 honey samples 
(Publication II) were collected from local beekeepers in Estonia and botanical 
origin determined by melissopalynological analysis. Samples 1 and 2 were 
unifloral raspberry honeys, 3–5 unifloral rape honeys, 6–8 honeys with high rape 
pollen content, 9–10 unifloral heather honeys, 11 honeys with high heather pollen 
content and 12–13 honeys with high alder buckthorn pollen content. Samples 12–
13 could also be unifloral honeys, but there is no literature available determining 
the minimum content of pollen of alder buckthorn in unifloral honey. Samples 12 
and 13 were visually rather different from other samples because of their dark 
colour and liquid consistency.  Second set of honey samples for (Publication IV) 
were gathered form local beekeepers in Finland. 
 Sniffing strips used in panel training were bought from Orlandi Inc. 
(Farmingdale, NY, USA). All solvents, salts, reference compounds, and standards 
of chromatographic grade were purchased from Sigma-Aldrich (St. Louis, MO, 
USA), Merck (Darmstadt, Germany) and Fluka (Buchs, Switzerland). Vanilla 
essential oil was purchased from a local market. Ethanol, whenever used, was 
acquired from Rakvere Piiritusetehas (Rakvere, Estonia). Water was purified with 
Millipore (Millipore Corporation, Bedford, MA) whenever samples were prepared. 
A fragrance materials test mix (FMTM) was acquired from Restek (Bellefonte, 
PA) 

4.2. Methods 
4.2.1. HS-SPME-GC-O 

 For the analysis of Reference mixture A, 0.01 ml of the mix was injected into a 
20 ml headspace (HS) vial that contained a 1-cm glass covered magnetic stir bar. 
Original FMTM (fragrance materials test mix) was diluted in ethanol (1 μl/ml 
concentration). 0.01 ml of the diluted mix was injected into a 20 ml HS vial 
containing a stir bar. 50% w/w dilution with water was made for all honey samples. 
For Estonian honey samples 1 ml of diluted honey together with 1 g of NaCl and 
for Finnish honeys 2 ml of diluted honey without NaCl were measured into a 20-
mL SPME vial with a glass covered stirrer. Blossoms were placed into 20-mL 
SPME vial immediately after harvesting depending on the size of the blossoms, 
covering approximately 1 cm above the bottom of the vial. To apply the same 
headspace volume to all the samples and to avoid cutting the flowers, volume of 
the samples was used instead of the weights. 
  For sample preparation and injection, a CTC CombiPAL auto-sampler 
(Chromtech, Germany) with SPME option was used. The incubation time was 5 
min at 60 °C for standard mix and honey samples and 35°C for blossoms, after 
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which a 2-cm SPME fiber (50/30-μm DVB/Car/PDMS Stableflex, supelco, 
Bellefonte, PA, USA) was injected into the vial for 20 min at 60 °C for standard 
mix and honey samples and 35°C for blossoms for extraction. Volatiles were 
desorbed in an Agilent 7890 gas chromatograph equipped with a flame ionization 
detector (FID) and a sniffing port ODP-3 (Gerstel, Germany). The column effluent 
was split 1:1 between the FID and the sniffing port using deactivated fused silica 
capillaries (1-m length, 0.15-mm i.d.) for training mix and Estonian honey 
samples, for Finnish honeys the column entered directly to sniffing port. The 
sniffing port was supplied with humidified air at 30 ml/min. The transfer line 
temperature was 300 °C. A capillary column DB-5MS (30 m 0.25 mm 1.0 μm; 
J&W Scientific, Folsom, CA, USA for panel training, Agilent Technologies, Santa 
Clara, CA for Estonian honey samples and flowers and Restek, Bellefonte, PA for 
Finnish honey samples) was used in the GC. Helium gas (purity 5.0, AGA, Estonia) 
was used as a carrier at a constant flow of 2 ml/min. Splitless mode was used in a 
split/splitless injector 250 °C. The initial oven temperature was 35 °C followed by 
a rate of 45 °C/min to 85 °C, then by 9 °C/min to 200 °C and then by 45 °C/min to 
280 °C and held for 1 min (total run time 16.6 min). 
 In GC-O analysis for panel training and Finnish honeys posterior intensity scores 
were collected using scale 1 to 5. In case of Estonian honeys detection frequency 
method was used.  

4.2.2. HS-SPME-GC-MS 

 For GC-MS analysis of the honey samples the sample preparation and extraction 
were carried out the same as for GC-O analysis. Volatiles were desorbed in GC–
MS (Agilent 6890; Agilent Technologies, Santa Clara, CA) with a column of DB5-
MS (30 m 0.25 mm 1.0 μm; J&W Scientific, Folsom, CA, USA for panel training, 
Agilent Technologies, Santa Clara, CA for Estonian honey samples and flowers 
and Restek, Bellefonte, PA for Finnish honey samples). The GC–MS was equipped 
with a time of-flight detector (Waters, Manchester, UK). For GC–MS data analysis 
the NIST05 library was used. 

4.2.3. Sensory evaluation 

For the sensory analysis of Finnish honeys, untrained panellists were given 
seven blind-coded, randomized honey samples, approximately 15 ml each, in lid-
covered 100 ml glass vials to capture the headspace. The panel consisted of 62 
panellists (35 females, 27 males) of age 15–71 years (mean 36.8 ± 13.2 y). 
Sensory evaluation was carried out by using check all that apply (CATA) method. 
The main categories (12) of odor and flavor descriptors were berry-like, fruity, 
floral, herbaceous, woody, nutty, spicy, caramel, earthy, microbiological, chemical 
and animal-like, featuring 147 descriptors in total. Besides, the intensity of the 
odor, flavor, aftertaste and color together with sweetness, acidity and the 
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familiarity of the odor and flavor were evaluated on a 5-point scale from 1 (not at 
all) to 5 (very strong). Finally, questions related to honey consumption and 
preference were asked. 
 The data was collected using Compusense® five version 5.2 data collection 
software (Compusense Inc., Guelph, ON, Canada). Tests were conducted in 
controlled sensory laboratory conditions in accordance with ISO8589:2007 
standard. 

4.2.4. Monitoring of GC-O panel performance 

 GC-O panel (n=10) performance was evaluated in 7 months’ period with training 
intensity two sessions in a month. The first 4 months (eight sessions in total) the 
panel analysed reference mixture A (Ref. mix A), followed by 3 months (six 
sessions in total) analysing fragrance materials test mix (FMTM). Ref. mix A 
composed of 9 pure standards (2,3-Butanedione, 3-methylbutanol, hexanal, 
dimethylsulfide, isoamyl acetate, methional, benzaldehyde, 1-octen-3-ol, β-
damascenone). The exact concentrations of standards in Ref. mix A are brought in 
Publication I. Posterior intensity method was used, which means that the panellists 
were asked to detect, describe and quantify odor active compounds.  
It must be noted that after mixing the nine solutions, the Ref. mix A consisted of 
approximately 20 odorous compounds due to impurities. Because some impurities 
had a similar odor description as the standard compounds such as dimethyl 
disulphide (rotten cabbage), 1-octen-3-one, octanol (mushroom), and cinnamic 
acid (kvass), they were also counted as a signal (13 compounds in total). FMTM 
contained 12 pure standards (benzoic acid, benzyl salicylate, 1,8-cineole, trans-
cinnamaldehyde, cinnamyl acetate, cinnamyl alcohol, ethyl butyrate, geraniol, 
hydroxycitronellal, D-limonene, vanillin and thymol). Vocabulary training for the 
FMTM analysis was carried out using pure standards diluted in ethanol. After 
every training, the results were introduced to the panellists together with a 
possibility to sniff those compounds from sniffing strips to memorize the odor and 
the correct description. Results from regular training sessions were documented 
and the performance profile of each assessor was composed based on a statistical 
spreadsheet analysis and Panel analysis using XLStat, Addinsoft, New York, NY. 
No data treatment was applied prior to the analysis. 

4.2.5. Agglomerative Hierarchical Clustering (AHC) 

 To classify the honey samples, GC-O detection frequency values and 
Agglomerative Hierarchical Clustering (AHC) was used. Hierarchical algorithm 
builds a hierarchy of clusters. Agglomerative hierarchical clustering (bottom to the 
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top) starts with clusters each containing one single dataset and continues merging 
the clusters (Gan et al. 2007).  Clustering was based on dissimilarities between 
groups by using Ward`s method. Ward method was proposed by Ward Jr. (1963) 
and Ward Jr. and Hook (1963) when they were seeking to form the clusters in a 
manner that minimizes the loss of information associated with each merging. 
Usually, the information loss is quantified in terms of an error sum of squares 
(ESS) criterion, so Ward’s method is often referred to as the “minimum variance” 
method (Gan et al. 2007). Ward’s method uses the Euclidean distance between 
centroids of the clusters and attempts to minimizes the sum of the squared distance 
of points from their cluster centroids (Mooi et al. 2011).   

݀ ൌ ට∑ ሺݕିݕሻଶ
ୀଵ   (8) 

 In equation 2, dij is the Euclidean distance between data points i and j. In two- 
and three-dimensional space, this corresponds to the usual distance that can be 
measured with a ruler (Næs et al. 2010). 
 According to Ward´s method those objects whose merger increases the overall 
within-cluster variance to the smallest possible degree, are combined. 
 Detected odor-active compounds in honey samples (n=13) with detection 
frequency values higher than 33% (nr. of variables=46) were included in the AHC 
analysis. No processing was applied to the data prior analysis. AHC analysis was 
carried out by using XLStat, Addinsoft, New York, NY. 

4.2.6. Correspondence analysis (CA) 

 GC-O detection frequency data was grouped according to odor descriptors prior 
to CA by summing up the detection frequency values of similar descriptors 
compounds. In total 20 new variables were observed. Correlations between 
attributes were found using Pearson Correlation Coefficient (p=0.05). 
Correspondence analysis (CA) was used to analyse aroma profiles of Estonian 
honey samples. CA is based on the analysis of the contingency table through the 
row and column profiles. The usual purpose in using CA is to graphically represent 
these relative frequencies in terms of the distance between individual row and 
column profiles and the distance to the average row and column profile, 
respectively, in a low-dimensional space. Distance is measured using the chi-
square metric. The chi-square distance between row i and row i′ (i ≠ i′) is given by: 

݀ሺ݅, ݅ᇱሻ ൌ 	ට∑
ሺೕି´ೕሻమ

శೕ
 (9) 
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where pij and pi′j are relative frequencies for row i and i′ in column j and p+j is the 
marginal relative frequency, or “mass” as it is called in CA, for column j (Sourial 
et al., 2010). 

4.2.7. Partial least square regression analysis 

GC-O data of Finnish honeys was processed using modified frequency formula:  

     %%% IF=MF       (10) 

PLSR analysis was carried out to determine the correlations between sensory 
attributes and volatile composition of Finnish honeys. For the PLSR analysis, 12 
main sensory descriptor categories were used. The frequencies used for PLSR 
analysis were calculated by summing up all the single descriptors in one category 
and descriptor called attribute in general. PLSR was applied to all the 12 attributes 
together and on groups of highly correlated sensory attributes determined 
previously by PCA.  All the data was autoscaled prior to statistical analysis. For 
the analysis, only the predictors with VIP value larger than 1 were included. 
Analysis were carried out by using software R 3.4.0, package “plsdepot”. 
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5. RESULTS
5.1. Monitoring of GC-O panel performance  

 After preliminary trainings of potential GC-O panellists, 10 of them were chosen 
to be part of professional panel following continuing training and monitoring of 
the performance (Publication I). To evaluate each panellist`s performance, the 
percentage of correctly detected compounds for each training sessions were 
calculated and, based on that, tendencies were drawn (Figure 2 and 3). At this point 
a panellist succeeded if s/he detected the odor and provided the correct description. 
The amount of correctly detected compounds, shows the performance of the 
panellist in each session, expressed as percentage of correctly detected compounds. 
From the graphs, it could be seen if the performance was improving with each new 
session as the proficiency of the panellist increased. Also, a negative trend could 
be observed, which may refer to fatigue or drop in motivation. For example, for 
Ref. mix A, 3 assessors out of ten had a negative trend in detecting the compounds, 
for FMTM the number of detected compounds usually stayed the same during 
sessions or dropped (Figure 4, Publication I).  

As seen from Figure 2, illustrating the trend for assessor 6, during the first couple 
of months the motivation was high and, with each session with Ref. mix A, the 
performance improved. After three months, the performance dropped which may 
indicate a loss in motivation. When starting again with new compounds mixture 
FMTM at the starting point motivation was high, but the loss in motivations 
occurred even sooner, after first month.  

 Figure 2. Amount of correctly detected odors by assessor 6 for Reference mixture A and 
FMTM (Training started with Reference mixture A (4 months), followed by FMFTM (3 
months)). 
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On the other hand, assessor nr. 2 (Figure 3) showed no drop in motivation. She had 
very good and stable performance for Ref. mix. A. For FMTM, the percentage of 
detected compounds was lower but rather consistent excluding session 5.  

Figure 3. Amount of correctly detected odors by assessor 2 for Reference mixture A and 
FMTM (Training started with Reference mixture A (4 months), followed by FMFTM (3 
months)). 

 From XLstat Panel analysis tool, information on detecting single specific 
compounds and the usage of scaling was observed. Figure 4 is an example for the 
panellists 1 and 2. There could be seen the average intensity score of all the sessions 
for each compound per each panellist and the total panel average score for each 
compound. The odor descriptors in the graphs are ordered according to their 
retention times. It could be observed which of the compounds were hard to detect 
for certain panellists to carry out more extensive training or confirm partial 
anosmia. From the Figure 4, also information on panel agreement and scale usage 
could be gathered. For example, panellist 1 rates higher whisky, potato and kvass 
compared to the panel average. For FMTM, panellist 1 tends to give higher 
intensity scores in case of almost all the compounds, so scale usage could need 
more training. It is also seen that assessor 1 fails to detect grass and mushroom 
compounds, which may indicate a partial anosmia or poor recognition of this 
compound. In FMTM more than one assessor did not sense citrus and flowery 
compounds and for example assessor 3 failed to recognize as much as 5 compounds 
in total, which besides above-mentioned causes, may also refer to the drop in 
motivation or insufficient physical or emotional conditions. 
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Figure 4. Comparison of assessors 1 and 2 with panel (n=10) average in detecting and 
rating odors (scale 1 to 5). 

5.2. Classification and characterization of Estonian honey samples 

 Honey samples (n=13) were analysed with GC-O by using 3 assessors and 
detection frequency method. All the assessors sniffed the samples in duplicate 
resulting in 6 analyses in total. Detection frequency method estimates the 
importance of each aroma compound based on the number of sniffers detecting 
specific odor, based on which percentages were calculated. If the detection 
frequency value of the compound was larger than 33% it was counted as a signal, 
which means that the compound was detected 2 times out of 6 analyses. In total 46 
odor-active compounds were detected with a detection frequency above 33 %. 18 
of them were present in all the samples and 2 of them (isophorone and 2-
methylbutyric acid) were found only in honeys of specific botanical origin (heather 
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honeys).  The data matrix of 13 objects (honey samples) and 46 variables (aroma 
compounds) was subjected to AHC using XLstat software. As seen from the Figure 
5, honey samples were clustered based on their botanical origin determined with 
pollen analysis.  

Figure 5. AHC analysis of 13 Estonian honey samples based on GC-O detection frequency 
values (1-2 raspberry, 3-8 rape, 9-11 heather and 12-13 alder buckthorn honeys). 

 Heather honey samples had the smallest internal dissimilarity measurement (see 
Fig. 5), which may indicate to the stable sensorial quality of heather honeys less 
dependent on geographical origin. Raspberry honeys have similarities with rape 
honeys, which could be explained by small amounts of raspberry pollen found in 
rape honeys. Heather honeys group together with alder buckthorn, again there were 
small amounts of alder buckthorn honey present in heather honeys as well Aliferis 
et al. (2010) used HCA on GC–MS data and obtained very good classification 
results of different honeys according to their botanical origin. Present study shows 
that GC-O detection frequency profiles also give sufficient fingerprints of honeys 
to correctly classify them by using HCA. Correspondence analysis (CA) was used 
to assess the flavour profiles of different honeys and based on the odor descriptors 
from GC-O (Figure 6). Although sensory analysis of the honeys was not carried 
out, by summing up the detection frequency values of similar odor descriptions 
into one category, it was aimed to get an overview of possible sensory 
characteristics that dominate in specific honeys. In total, 20 new variables were 
gained (like fruity, floral, herbal etc.). Similar approach has been followed by Du 
et al. 2015, who divided 50 odor-active compounds into 5 attributes what were 
used to compose profiles of different tomato cultivars. 
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  CA compares the similar patterns in samples and therefore the closer the 
samples are in the biplot, the more similar their profiles. In general, correspondence 
analysis was suitable for assessing the flavour profiles of different honeys, showing 
similar grouping of honey samples as in case of AHC, though instead of the 
frequencies of single compounds, summed up categories were used. First two 
components explained the variance/inertia of the data well, having a value of 63,38 
%.  

Figure 6. Correspondence analysis of 13 Estonian honey samples (1-2 raspberry, 3-8 rape, 
9-11 heather and 12-13 alder buckthorn honeys). 

 Heather honeys had more odor-active compounds than the other investigated 
samples and could be described as having more sweet candy-like aromas. 
Raspberry honey can be characterised by a larger number of green notes and lack 
of honey notes. Rape honey has the poorest aroma profile without many 
characteristic notes as also mentioned by Plutowska et al. (2011). The only 
important feature in rape honeys as well as blossom is the sulphur attribute. Rape 
blossom seems to be the source for sulphur and all the samples contain rape pollen 
to some extent, which explains sulphur in the aroma profiles of most of the 
samples. Alder buckthorn honeys tend to have more floral and honey notes and 
less green and sweet/candy characteristics. Additionally, sulphur was not present 
(over threshold), unlike in the other honey samples. 
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5.3. Current practice in correlating data from gas chromatographic 
analysis with sensory properties of food 

 A comprehensive study was carried out on analysing the recent practices in the 
field of correlating volatiles data with sensory properties of food (Publication III). 
As the data, available on GC-O is very limited, the review covered also aroma 
profile analysis carried out with other detectors, mainly MS (Supplementary table 
1). Descriptive analysis is the most frequently used technique to gather sensory 
data, as it provides the most accurate sensory profile, mostly due to the usage of 
trained assessors. In some cases, also CATA method has been used as it has an 
advantage when using untrained sensory panel or fast profiling is needed. 
 Autoscaling is the most commonly used pre-processing technique, VIP for 
variable selections and PLSR for regression analysis. 
 The study revealed that too often there is very limited information available on 
the chemometric aspects of analysing the results. That’s also the case in data pre-
processing techniques, where quite often the information on applied methods were 
not available. The information of the validation to evaluate the reliability of the 
data turned out to be inadequate in multiple cases.  

5.4. Correlating sensory and GC-O data of Finnish honeys by using 
PLSR 

Profiles of 7 Finnish honeys of different botanical origins were analysed 
by using untrained panellist (n=62) and CATA method.  Sensory data from CATA 
analysis were grouped according to 12 main categories and only the odor 
descriptors from CATA data were included for correlation with GC-O. Sensory 
data was presented as frequency values for 12 attributes Besides odor descriptors 
(Table 1.) each category also contained the choice “odor in general”, which 
frequency was also added to the total frequency of main category. 
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Table 1. Odor descriptors and 12 general categories used in CATA analysis.  

Category in general Odor/flavor descriptors in CATA 

Berry-like 
Strawberry, Raspberry, Blackberry, Currant/cassis, Blueberry, 
Lingonberry, Cloudberry, Cranberry 

Fruity 

Tropical fruit, Citrus, Lemon, Orange, Grapefruit, Lime, 
Banana, Apple, Pear, Cherry, Pineapple, Peach, Mango, 
Apricot, Melon, Guava, Dried fruit, Raisin, Prune, Fig, Date, 
Jam 

Floral 
Rose, Honeysuckle, Peony, Lavender, Lilac, Violet, Hyacinth, 
Dandelion  

Herbaceous 
Fresh herbs, Grass, Clover, Mint/peppermint, Menthol, 
Eucalyptus, Dried herbs, Tea, Malt, Tobacco, Hay/straw, 
Dried grass 

Woody 
Resinous, Beeswax, Pine, Spruce, Birch, Oak, Cedar, Burnt, 
Roasted, Ash, Coffee, Smoky  

Nutty Almond, Peanut, Walnut, Hazelnut, Pecan, Coconut, Chestnut 

Spicy 
Black pepper, Cinnamon, Ginger, Licorice/aniseed/ fennel, 
Clove, Nutmeg, Saffron 

Caramel 
Chocolate, Confectionary, Marshmallow, Vanilla, Maple 
syrup, Toffee, Treacle/molasses, Cotton candy, Burnt sugar, 
Brown sugar  

Earthy Wet earth, Mushroom 

Microbiological 
Lactic / lactic acid fermentation, Moldy, Cheesy, Yeasty, 
Baked bread  

Chemical 
Astringent/mouth-drying, Sharp, Pungent, Medicinal, 
Metallic, Alcoholic, Solvent, Sulfur, Cabbage, Cooling  

Animal 
Leather, Barnyard, Goat/caprylic, Sheep/wool, Dog, Sweaty, 
Cat urine, Locker room  

In total 72 odor-active compounds was detected with GC-O by using posterior 
intensity method. Modified frequency values for each compound were calculated 
(Formula 1). All the detected compounds were included to the statistical analysis 
(Table 2). 
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 Sensory data (Y variables) and modified frequency values of 73 volatiles (X 
variables) were subjected to PLSR analysis to find correlations between sensory 
odor attributes and volatile compounds. PLSR was carried out for all sensory 
attributes together as well as correlated groups determined with PCA to improve 
the explained variance and regression model’s quality. 
To determine correlations between Y variables PCA was carried out (Figure 7). 

Figure 7. PCA Biplot of 12 sensory categories 

 It was evident that PLSR worked better on groups of correlated attributes instead 
of modelling all sensory attributes at once. Model quality indicators are brought 
out in Table 3. 
For PLSR analysis of each group, only volatiles with high importance (VIP > 1) to 
the model were included. This downsized the number of variables to each model 
to 27-40 volatiles. For all the grouped attributes, the variance explained by the 
model was from satisfactory to good, with 5 components for 3 groups (A, C, D) 
the quality was excellent. 
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Table 3. Variance explained (R2Ycum) and predicted (Q2cum) by using cross-validation 
(CV) by the PLSR models 

Group  Group description 
R2Ycum 
(2 comp) 

Q2cum   
(2 comp) 

Q2cum    
(5 comp) 

A Nutty/Spicy 0.88 0.55 0.99 
B Berrylike/Fruity/Floral 0.82 0.7 0.77 
C Herbaceous/Woody/Chemical 0.96 0.66 0.93 
D Earthy/MB/Animal 0.97 0.8 0.92 

All attributes together 0.68 0.27 0.41 

 In Figure 8, biplots for each group may be observed. Caramel attribute has been 
left out from the analysis as it could not be modelled with satisfactory quality even 
when modelled alone. For the PLSR biplots each volatile is marked with a number 
marked in Table 2.  

Figure 8. PLSR correlation biplots of 4 groups of eleven sensory categories and odor-
active compounds (explained X-variance 52-65%, Y variance 82-97%). 
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 The strongest positive correlation was observed between attributes in group D, 
which also had a strong positive correlation with multiple volatile compounds with 
similar odor descriptions as butyric acid (cheese- and faecal-like) (V13), p-cresol 
(cow- and barn-like) (V33). Also, 3-methylbutanal (malty) (V5) heptanol (herbal) 
(V22), methional (potato) (V19) and 2-methyl-2-pentanol (cheesy) (V9) have a 
strong correlation with animal-like, microbiological and earthy aroma, which were 
characteristic to the buckwheat honey (405). As also seen from the PCA plot group 
D have a strong negative correlation with group B, especially fruity attribute. 
Therefore, it is expectable from PLSR plot to indicate that the absence of volatiles 
responsible for specific animalic notes result in rise in fruitiness. On the other hand, 
fruity and floral notes have positive correlations with variables 2,3-butanediol 
(fruity) (V12), lilac alcohol B (floral) (V40), phenylacetic acid (honey-like) (V51), 
E-2-nonenal (green) (V43) and 2,3-butanedione (butter) (V3). 
 1-propanol (pungent)(V2), p-cymene (solvent)(V29), isophorone (herbal)(V36) 
and citral (citrus)(V52) had strong positive correlation with woody, but also with 
other group C attributes. Woody notes were mostly characteristic to cloudberry-
bog honey (197). Besides, methional (potato)(V19) and Z-oak lactone 
(aniseed)(V70) revealed a high positive correlation with herbal notes according to 
PLSR. 
 In group A, nutty attribute has the strongest correlations with geranyl acetone 
(herbal) (V65) and ethyl cinnamate (cinnamon) (V67). Spicy notes are best 
explained by citral (citrus)(V52), unknown 8 (dill)(V64) and z oak lactone 
(aniseed)(V70). 
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6. DISCUSSIONS

Though, there isn`t much information available on evaluating GC-O panel 
performance, methods and practices of evaluating descriptive sensory panels could 
be adopted also for GC-O panels. That in terms of evaluating the repeatability and 
the ability to differentiate between samples as well as scale usage to some extent. 
Though, in GC-O analysis assessor must evaluate considerably larger number of 
different variables compared to traditional sensory analysis and therefore the 
capability to detect the variables/odor areas should be addressed in different 
manner. Constant monitoring of how is the number of detected compounds and the 
scale usage changing over time, gives a good indication, weather the assessor is 
consistent and motivated to perform the tasks.  
 Panellists´ ability to detect specific compounds was mostly increasing in the start 
of the trainings with Ref. mix A, which is logical as the proficiency was rising. In 
case of FMTM, almost opposite trend was seen. As by the time assessors started 
sniffing FMTM, their proficiency had been risen and this is well seen from the fact 
that in the first session with FMTM, the number of detected compounds was very 
often higher than in the first session with Ref. mix A. Unfortunately, in many cases 
a negative trend could be observed, which indicates to fatigue and loss of 
motivation. Loss of motivation and loss in alertness may have occurred as the 
perceived compounds were already common, the perceived intensities were rather 
low (the panel average intensity scores were below 3 in case of almost all the 
sniffed compounds) and the number of the compounds in the training mixes were 
quite low (13 and 12). Van Ruth et al. (2001b) brought out the above-mentioned 
factors as having an influence on the decrease in alertness and consequently also 
on number of detected compounds. The graphs of the amounts of detected 
compounds illustrate well the challenges in GC-O analysis, though, assessor is 
physiologically capable of detecting specific compounds due to the physical or 
mental fluctuations the repeatability of the results is a significant issue. 
 The classification of honeys based on botanical origin is very complex matter 
and often not so straightforward due to the different representation of pollen in 
honeys. Honeys with very distinct sensory characteristics referring to certain 
botanical origin may have very low correspondent pollen content. Therefore, a lot 
of research has been carried out to find specific volatile compounds - marker 
compounds, which characterize different unifloral honeys to help determination of 
honey according to botanical origin. It has not been very successful as often the 
markers proposed by one authors are often withdrawn by the others when the same 
compounds have been also found from honeys of the other botanical origins. 
Therefore, more promising approach could be non-targeted analysis, also by 
analysing the GC-O fingerprints of different samples. According to this study, GC-
O was revealed as potential method for non-targeted profile analysis. As GC-O 
measures the volatiles that have odor activity and are present in concentrations 
above sensory threshold, it has a potential in classifying the samples with 
distinctive sensory differences and botanical origins. 
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 Using Correspondence analysis (CA) to characterize samples measured with 
detection frequency method and grouping the similar odor descriptors provided the 
same clustering of honey samples as according to pollen analysis and gave a 
possibility to find potential sensory notes common to specific groups. CA helped 
to find similar patterns between the samples. This means that the absolute number 
of summed frequency for every descriptor` class was not as relevant in terms of 
analysis when the relative proportions. The samples were grouped together if they 
had the same order of importance for the descriptors. As there is limited literature 
available on sensory properties of different Estonian honeys, sensory analysis 
should have been carried out to assess the results gained by CA in more detail. 
 When investigating the practice in correlating GC and sensory data it was evident 
that GC-O results is quite rarely used as input variables for correlation with sensory 
data. It is mainly used to determine odor-active compounds, but afterwards the 
identified compounds are quantified with other detectors. As one of the aims for 
correlating sensory and instrumental data is to investigate the possibilities to 
replace sensory analysis with instrumental ones, to get rid of the human 
fluctuations, it is obvious that GC-O is not fulfilling that aim. Therefore, 
correlating GC-O and sensory data will mostly serve a purpose of getting deeper 
insight on the mechanisms behind sensory cognition so it could be directed. Also, 
it was revealed that often there is not paid enough attention on the statistical tools 
used and the descriptions of used methods were in some cases inadequate. That 
was mostly noticed for applying any pre-processing techniques and also the results 
were presented without reliability indicators, like coefficient of determination. The 
missing information could be related to the fact that rather often the statistical 
analysis is carried out with software that have been precoded and therefore the final 
user runs the analysis without thinking of the applied procedures. The published 
review gives a very good overview for the people who are interested in the field of 
correlating sensory and GC or any other instrumental data by explaining which are 
the aspects and steps that should be paid attention and which methods have been 
used by the others for similar tasks.  
 For correlating the sensory and instrumental data, dividing the sensory attributes to 
correlated groups has a positive effect on model quality and helps in interpreting the 
results; Correlations between sensory attributes and specific volatiles could be 
observed more clearly. As seen from the result the CATA data of untrained panellists 
sufficiently enabled to correlate the data with GC-O results. Although, the panellists 
were untrained, they were familiar with honey samples and characteristics in general 
and therefore can recognise the sensory attributes in a reasonable manner. 
 Though, often sensory perception is a complex system and sensory notes could not 
be caused by the volatiles with same descriptors, in this study a lot of sensory 
characteristics had strong correlations with volatiles which logically explained the 
perceived notes. Based on the results it could be pointed out which are the key odor-
active components for honeys from different botanical origins. Still, as the number of 
samples was limited, a more comprehensive study should be carried out to validate 
the results. 
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7. CONCLUSIONS
7.1. Conclusions from Publication I 

 To assess the performance of each GC-O panellist calculating the proportion of 
correctly detected compounds is a good indicator. The trend line based on the 
change of the percentage of correctly detected compounds shows the panellist`s 
performance over time. The scale usage and repeatability error of the panellists 
could be observed similarly to traditional sensory analysis. Quite often negative 
trend in detecting the compounds could be observed, which most possibly is caused 
by the fatigue and the loss in motivation. GC-O analysis are challenging as even if 
the assessor is physiologically capable of detecting specific compounds due to the 
physical or mental fluctuations the repeatability of the results is a significant issue. 

7.2. Conclusions from Publication II 

 Using AHC to classify samples by using non-targeted analysis with GC-O 
detection frequency fingerprints is a promising approach. As an example, 13 honey 
samples from 4 different botanical origins were clustered similarly according to 
the pollen analysis by using GC-O detection frequency method. 
 Using correspondence analysis on variables gained by summing up detection 
frequency values of volatile compounds with similar odor descriptors enabled to 
group the samples based on botanical origin and gives a good indication on the 
possible sensory aroma profiles of different sample groups. 

7.3. Conclusions from publication III 

 The literature review shows that although statistical methods are widely used to 
correlate sensory and gas chromatographic data, information on the treatments 
applied to the original data set and also the validation results are often inadequate 
or missing. There is limited information on different variable selection techniques 
used and very little research conducted on comparing the results gained with 
different techniques. VIP and ANOVA appeared as the most used methods. 
Moreover, PLSR is shown as the most common method for correlating and 
calculating the models of sensory and gas chromatographic data. In many 
publications, even when the models or correlation parameters are described, the 
indicators of the reliability of the results like the values of Q2 and RMSE have not 
been mentioned.  
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7.4. Conclusions from publication IV 

 PLSR performed on groups of correlated variables is a useful technique to 
investigate correlations between sensory and instrumental relations providing key 
odor-active compounds characteristic to specific honeys. CATA data on untrained 
panellist could be used for modelling correlations with instrumental data.  



51 

BIBLIOGRAPHY 

Acree, T. E., & Barnard, J. (1984). The analysis of odor-active volatiles in gas 
chromatographic effluents. In P. Schreier (Ed.), Analysis of volatiles. Methods and 
applications (pp. 251–267). Berlin: Walter de Gruyter. 

Acree, T. E. (1997). GC/Olfactometry GC with a sense of smell. Analytical 
Chemistry, 1997, 69 (5), 170A–175A. 

Adams, J., Williams, A., Lancaster, B., Foley, M. (2007). Advantages and uses of 
check all-that-apply response compared to traditional scaling of attributes for salty 
snacks. In 7th Pangborn Sensory Science Symposium, 12–16 August, Minneapolis, 
MN, USA. 

Akiyama, M., Murakami, K., Hirano, Y., Ikeda, M., Iwatsuki, K., Wada, A., 
Tokuno, K., Onishi, M., Iwabuchi, H. (2008). Characterization of headspace aroma 
compounds of freshly brewed arabica coffees and studies on a characteristic aroma 
compound of Ethiopian coffee. Journal of Food Science, 73, 5, C335-346. 

Aliferis, K. A., Tarantilis, P. A., Harizanis, P. C., & Alissandrakis, E. (2010). 
Botanical discrimination and classification of honey samples applying gas 
chromatography/mass spectrometry fingerprinting of headspace volatile 
compounds. Food Chemistry, 121, 856–862. 

Andersen, C. M., & Bro, R. (2010). Variable selection in regression—a tutorial. 
Journal of Chemometrics, 24, 728–737. 

Aprea, E., Corollaro, M. L., Betta, E., Endrizzi, I., Demattè, M. L., Biasioli, F., 
Gasperi, F. (2012). Sensory and instrumental profiling of 18 apple cultivars to 
investigate the relation between perceived quality and odour and flavor. Food 
Research International, 49, 677–686. 

Baigrie, B. (2003). Taints and off-flavors in food. Woodhead Publishing Limited, 
Cambridge, England and CRC press, Florida, USA. 

Bansleben, A.-C., Schellenberg, I., Einax, J. W., Schaefer, K., Ulrich, D., & 
Bansleben, D. (2009). Chemometric tools for identification of volatile aroma-
active compounds in oregano.  Analytical and Bioanalytical Chemistry, 395, 1503–
1512. 

Baroni, M. V., Nores, M. L., Díaz, M. P., Chiabrando, G. A., Fassano, J. P., Costa, 
C., et al. (2006). Determination of volatile organic compound patterns 
characteristic of five unifloral honey by solid-phase microextraction–gas 



52 

chromatography–mass spectrometry coupled to chemometrics. Journal of 
Agricultural and Food Chemistry, 54, 7235–7241. 

Belitz, H.-D., Grosch, W., Schieberle, P. (2004). Food Chemistry; Springer-
Verlag, Berlin. 

Blank, I. (2001). Gas chromatography-olfactometry in food aroma analysis. In R. 
Marsili, (Ed), Flavor, Fragrance & Odor Analysis (pp. 297–331). CRC press, 
Florida, USA. 

Brattoli, M., Cisternino, E., Dambruoso, P. R., de Gennaro, G., Giungato, P., 
Mazzone, A., Palmisani, J., Tutino, M. (2013). Gas chromatography analysis with 
olfactometric detection (GC-O) as a useful methodology for chemical 
characterization of odorous compounds. Sensors, 13, 16759-16800. 

Briant Jr., V. M., Jones, G. D. (2001). The r-values of honey: pollen coefficients. 
Palynology. 25, 11-28. 

Bruzzone, F., Ares, G., Giménez, A. (2012). Consumers’ texture perception of 
milk desserts. II – Comparison with trained assessors’ data. Journal of Texture 
Studies, 43, 214-226. 

Campo, E., Ferreira, V., Escudero, A., & Cacho, J. (2005). Prediction of the wine 
sensory properties related to grape variety from dynamic-headspace gas 
chromatography-olfactometry data. Journal of Agricultural and Food Chemistry, 
53, 5682–5690. 

Cassotti, M., Francesca G., F. Variable selection methods: an introduction. Milano 
Chemometrics and QSAR Research Group. URL: 
http://www.moleculardescriptors.eu/tutorials/T6_moleculardescriptors_variable_
selection.pdf. Accessed 26.08.2017. 

Castro-Vazquez, L., Diaz-Maroto, M. C., Perez-Coello, M. S. (2007). Aroma 
composition and new chemical markers of Spanish citrus honeys. Food Chemistry, 
103, 601–606. 

Castro-Vázquez, L., Díaz-Maroto, M. C., González-Viñas, M. A., & Pérez-Coello, 
M. S. (2009). Differentiation of monofloral citrus, rosemary, eucalyptus, lavender, 
thyme and heather honeys based on volatile composition and sensory descriptive 
analysis. Food Chemistry, 112(4), 1022–1030. 

Chastrette, M, Thomas-Danguin, T, Rallet, E. (1998). Modelling the human 
olfactory stimulus-response function. Chemical Senses, 23(2), 181-196. 



53 

Cheng, H., Chen, J., Chen, S., Wu, D., Liu, D., Ye, X. (2015). Characterization of 
aroma-active volatiles in three Chinese bayberry (Myrica rubra) cultivars using 
GC–MS–olfactometry and an electronic nose combined with principal component 
analysis. Food Research International, 72, 8–15.  

Chong, I.-G., Jun, C.-H. (2005). Performance of some variable selection methods 
when multicollinearity is present. Chemometrics and Intelligent Laboratory 
Systems, 78, 103–112. 

Croy, I., Olgun, S., Mueller, L., Schmidt, A., Muench, M., Hummel C., Gisselman, 
G., Hatt, H., Hummel, T. (2015). Peripheral adaptive filtering in human olfaction? 
Three studies on prevalence and effects of olfactory training in specific anosmia in 
more than 1600 participants. Cortex, 73, 1–8. 

Culleré, L., de Simón, B. F., Cadahía, E., Ferreira, V., Hernández-Orte, P., Cacho, 
J. (2013). Characterization by gas chromatography-olfactometry of the most odor-
active compounds in extracts prepared from acacia, chestnut, cherry, ash and oak 
woods. LWT - Food Science and Technology, 53, 240-248. 

Delahunty, C. M., Eyres, G., Dufour, J-P. (2006). Review: Gas chromatography-
olfactometry. Journal of Separation Science, 29, 2107 – 2125. 

Díaz-Mula, H. M., Marína, A., Jordán, M. J., Gila, M. I. (2017). Off-odor 
compounds responsible for quality loss of minimally processed baby spinach 
stored under MA of low O2 and high CO2 using GC–MS and olfactometry 
techniques. Postharvest Biology and Technology, 129, 129–135. 

Dongmo, S. N., Sacher, B., Kollmannsberger, H., Becke, T. (2017). Key volatile 
aroma compounds of lactic acid fermented malt based beverages – impact of lactic 
acid bacteria strains. Food Chemistry, 229, 565-573. 

Du, X., Song, M., Baldwin, E., Russell, R. (2015). Identification of sulphur 
volatiles and GC-olfactometry aroma profiling in two fresh tomato cultivars. Food 
Chemistry, 171, 306–314. 

Egea, M. B., Pereira-Netto, A. B., Cacho, J., Ferreira, V., Lopez, R. (2014). 
Comparative analysis of aroma compounds and sensorial features of strawberry 
and lemon guavas (Psidium cattleianum Sabine). Food Chemistry, 164, 272–277. 

Fechner, G. T. (1860). Elements of psychophysics. Adler, H. E., translator (1966). 
New York: Holt, Rinehart and Winston. 

Feng, Y., Cai, Y., Sun-Waterhouse, D., Cui, C., Su, G., Lin, L., Zhao, M. (2015). 
Approaches of aroma extraction dilution analysis (AEDA) for headspace solid 



54 

phase microextraction and gas chromatography–olfactometry (HSSPME–GC–O): 
Altering sample amount, diluting the sample or adjusting split ratio. Food 
Chemistry, 187, 44–52. 

Ferreira, V., Pet’ka, J., Aznar, M., Cacho, J. (2003). Quantitative gas 
chromatography–olfactometry. Analytical characteristics of a panel of judges 
using a simple quantitative scale as gas chromatography detector. Journal of 
Chromatography A, 1002, 169–178. 

Fuller, G. H., Steltenkamp, R., Tisseiand, G. A. (1964). The gas chromatograph 
with human sensor: perfumer model. Annals of the New York Academy of 
Sciences, 116, 711-724. 

Gan, G., Ma, C., Wu, J. (2007). Data clustering: Theory, Algorithms and 
Applications. ASA-SIAM Series on Statistics and Applied Probability, SIAM, 
Philadelphia, ASA, Alexandria, VA. 

Green, J. A., Parr, W. V., Breitmeyer, J., Valentin, D., & Sherlock, R. (2011). 
Sensory and chemical characterisation of Sauvignon blanc wine: Influence of 
source of origin. Food Research International, 44, 2788–2797. 

Guyot, C., Bouseta, A., Scheirman, V., & Collin, S. (1998). Floral origin markers 
of chestnut and lime tree honeys. Journal of Agricultural and Food Chemistry, 46, 
625–633. 

Guyot, C., Scheirman, V., & Collin, S. (1999). Floral origin markers of heather 
honeys: Calluna vulgaris and Erica arborea. Food Chemistry, 64, 3–11. 

Hanaoka, K., Vallet, N., Giampaoli, P., Heyd, B., MacLeod, P. (2001). Possible 
influence of breathing on detection frequency and intensity rating in gas 
chromatography-olfactometry. Food Chemistry, 72, 97–103. 

Hill, A.V. (1913) The combinations of hemoglobin with oxygen and with carbon 
monoxide. Biochemical Journal, 7, 471-480. 

Hootman, R.C. (1992). Manual on descriptive analysis testing for sensory 
evaluations. ASTM manual series, Philadelphia, US. 

Jerković, I., Tuberoso, C. I. G., Marijanović, C., Jelić, M., & Kasum, A. (2009). 
Headspace, volatile and semi-volatile patterns of Paliurus spina-christi unifloral 
honey as markers of botanical origin. Food Chemistry, 112, 239–245. 

Kermit, M. and Lengard, V. (2005) Assessing the performance of a sensory panel–
panellist monitoring and tracking. Journal of Chemometrics 2005; 19: 154–161. 



55 

Koutidou, M., Grauwet, T., Loey, A. V., Acharya, P. (2017). Impact of processing 
on odour-active compounds of a mixed tomato-onion puree. Food Chemistry, 228, 
14–25. 

Kroener, E.-M., Buettne, A. (2017). Unravelling important odorants in horseradish 
(Armoracia rusticana). Food Chemistry, 232, 455-465. 

Laureati, M., Cattaneo, C., Lavelli, V., Bergamaschi, V., Riso, P., Pagliarini, E. 
(2017). Application of the check-all-that-apply method (CATA) to get insights on 
children's drivers of liking of fiber-enriched apple purees. Journal of Sensory 
Studies, 23, 2.  

Lawless, H.T., Heymann, H. (1999). Sensory evaluation of food: principles and 
practices. Springer, New York, USA. 

Lawless, H. T. (2013). Quantitative sensory analysis: psychophysics, models and 
intelligent design. John Wiley & Sons Ltd., West Sussex, UK.  

Liu, J., Toldam-Andersen, T. B., Petersen, M. A., Zhang, S., Arneborg, N., Bredie, 
W. L. P. (2015). Instrumental and sensory characterisation of Solaris white wines 
in Denmark. Food Chemistry, 166, 133–142. 

Lobo, A. P., Antón-Díaz, M. J., Mangas Alonso, J. J. Suárez-Valles, B. (2016). 
Characterization of Spanish ciders by means of chemical and olfactometric profiles 
and chemometrics. Food Chemistry, 213, 505-513. 

Lv, H.-P., Zhong, O.-S., Lin, Z., Wang, L., Tan, J.-F., Guo, L. (2012). Aroma 
characterisation of Pu-erh tea using headspace-solid phase microextraction 
combined with GC/MS and GC–olfactometry. Food Chemistry, 130, 1074–1081. 

Macfie, H. J. H., & Hedderley, D. (1993). Current practice in relating sensory 
perception to instrumental measurements. Food Quality and Reference, 4, 41–49. 

Marini, F. (2013). Chemometrics in Food Chemistry. Elsevier, B. V., Netherlands. 
Márquez, V., Martínez, N., Guerra, M., Fariña, L. (2013). Characterization of 
aroma-impact compounds in yerba mate (Ilex paraguariensis) using GC–
olfactometry and GC–MS. Food Research International, 53, 808–815. 

Michishita, T., Akiyama, M., Hirano, Y., Ikeda, M., Sagara, Y., Araki, T. (2010). 
Gas chromatography/olfactometry and electronic nose analyses of retronasal 
aroma of espresso and correlation with sensory evaluation by an artificial neural 
network. Journal of Food Science, 75(9), 477–489. 



56 

Meilgaard, M. C., Carr, B. T., Civille, G.V. (2006). Sensory Evaluation 
Techniques, Fourth Edition. CRC Press, Florida, USA. 

Meyners, M., Castura, J. C., Carr, T. B. (2013). Existing and new approaches for 
the analysis of CATA data. Food Quality and Preference, 30, 309–319. 

Mimura, N., Isogai, A., Iwashita, K., Bamba, T., & Fukusaki, E. (2014). Gas 
chromatography/mass spectrometry based component profiling and quality 
prediction for Japanese sake. Journal of Bioscience and Bioengineering, 118(4), 
406–414. 

Mooi, E and Sarstedt, M. (2011). A Concise Guide to Market Research, Springer-
Verlag Berlin Heidelber.  

Morita, A., Tetsuya, A., Ikegami, S., Okaue, M., Sumi, M., Ueda, R., Sagara, Y. 
(2015). Coupled stepwise PLS-VIP and ANN modeling for identifying and ranking 
aroma components contributing to the palatability of Cheddar cheese. Food 
Science and Technology Research, 21(2), 175–186. 

Næs, T., Brockhoff, P. B. and Tomic, O. (2010). Statistics for sensory and 
consumer science. A John Wiley and Sons, Ltd., Publication. 

Niu, Y., Zhang, X, Xiao, Z., Song, S., Eric, K., Jia, C., Yu, H. & Zhu, J. (2011). 
Characterization of odor-active compounds of various cherry wines by gas 
chromatography–mass spectrometry, gas chromatography–olfactometry and their 
correlation with sensory attributes. Journal of Chromatography B, 879, 2287– 
2293. 

Niu, Y., Yao, Z., Xiao, Q., Xiao, Z., Ma, N., Zhu, J. (2017). Characterization of 
the key aroma compounds in different light aroma type Chinese liquors by GC-
olfactometry, GC-FPD, quantitative measurements, and aroma recombination. 
Food Chemistry, 233, 15, 204-215. 

Noba, S., Yako, N., Kobayashi, M., Masuda, S., Watanabe, T. (2017). Search for 
compounds contributing to onion-like off-flavor in beer and investigation of the 
cause of the flavor. Journal of Bioscience and Bioengineering (in press). 
https://doi.org/10.1016/j.jbiosc.2017.05.009 

Ochi, H., Bamba, T., Naito, H., Iwatsuki, K., & Fukusaki, E. (2012). Metabolic 
fingerprinting of hard and semi-hard natural cheeses using gas chromatography 
with flame ionization detector for practical sensory prediction modeling. 
Journal of Bioscience and Bioengineering, 114, 506–511. 



57 

Olivares, A., Navarro, J. L., Flores, M. (2013). Characterization of volatile 
compounds responsible for the aroma in naturally fermented sausages by gas 
chromatography-olfactometry. Food Science and Technology International, 21(2), 
110–123. 

Owusu, M., Petersen, M. A., & Heimdal, H. (2013). Relationship of sensory and 
instrumental aroma measurements of dark chocolate as influenced by fermentation 
method, roasting and conching conditions. The Journal of Food Science and 
Technology, 50(5), 909–917.  

Pearson, K. (1900). On the criterion that a given system of deviations from the 
probable in the case of a correlated system of variables is such that it can be 
reasonably supposed to have arisen from random sampling. Philosophical 
Magazine, (5) 50, 157-175. 

Piana, M. L., Persano Oddo, L., Bentabol, A., Bruneau, E., Bogdanov, C., Guyot 
Declerck, C. (2004). Sensory analysis applied to honey: state of the art. Apidologie, 
35, S26–S37. 

Piasenzotto, L., Gracco, L., & Conte, L. (2003). Solid phase microextraction 
(SPME) applied to honey quality control. Journal of the Science of Food and 
Agriculture, 83, 1037–1044. 

Pino, J. A. (2012). Analysis of odour-active compounds of black mangrove 
(Avicennia germinans L.) honey by solid-phase microextraction combined with 
gas chromatography–mass spectrometry and gas chromatography–olfactometry. 
International Journal of Food Science & Technology, 47, 1688–1694. 

Pollien, P., Fay, L. B., Baumgartner, M., Chaintreau, A. (1999). First attempt of 
odorant quantitation using gas chromatography-olfactometry. Analytical 
Chemistry, 71, 5391-5397. 

Pons, A., Mouakka, N., Deliere, L., Crachereau, J. C., Davidou, L., Sauris, P., 
Guilbault, P., Darriet, P.  (2018). Impact of Plasmopara viticola infection of 
Merlot and Cabernet Sauvignon grapes on wine composition and flavor. Food 
Chemistry, 239, 102-110. 

Poole, C. F. (2012). Gas chromatography. Elsevier Ltd., Oxford, UK. 

Reinbach, H. C., Giacalone, D., Ribeiro, L.M., Bredie, W. L. P., Frøst, M. B. 
(2014). Comparison of three sensory profiling methods based on consumer 
perception: CATA, CATA with intensity and Napping®. Food Quality and 
Preference, 32, 160-166. 



58 

Robinson, A. L., Adams, D. O., Boss, B. K., Heymann, H., Solomon, P. S. & 
Trengove, R. D. (2011). The relationship between sensory attributes and wine 
composition for Australian Cabernet Sauvignon wines. Australian Journal of 
Grape and Wine Research, 17, 327–340. 

Stone, H., Sidel, J.L. (1993). Sensory Evaluation Practices, 2d ed. Academic, San 
Diego, CA. 

Sáenz-Navajas, M.P., Campo, E., Culleré, L., Fernández-Zurbano, P., Valentin, D., 
Ferreira, V. (2010). Effects of the non-volatile matrix on the aroma perception of 
wine. Journal of Agricultural Food Chemistry, 58, 5574–5585. 

Schroeder, L. D., Sjoquist, D. L., Stephan, P. E. (1986). Understanding Regression 
Analysis: An Introductory Guide, Issue 57. SAGE Publications, Inc. California, 
USA.  

Siegmund, B., Urdl, K., Jurek, A., Leitner, E. (2017). More than honey – 
investigations on volatiles from monovarietal honeys by using new analytical and 
sensory approaches. Journal of Agricultural Food Chemistry. DOI: 
10.1021/acs.jafc.6b05009 

Sourial, N., Wolfson, C., Zhu, B., Quail, J., Fletcher, J., Karunananthan, S., 
Bandeen - Roche, K., Béland, F., Bergman, H. (2010). Correspondence analysis is 
a useful tool to uncover the relationships among categorical variables. Journal of 
Clinical Epidemiology, 63(6), 638–646. 

Stevens, S. S. (1957). On the psychophysical law. Psychological Review, 64, 153–
81. 

Stone, H., Sidel, J., Oliver, S., Woolsey, A., Singleton, R. C. (1974). Sensory 
evaluation by quantitative descriptive analysis. Food Technology, 28(11), 24-34. 

Thomsen, M., Martin, C., Mercier, F., Tournayre, P., Berdagué, J.-L., Thomas – 
Danguin, T., Guichard, E. (2012). Investigating semi-hard cheese aroma: 
Relationship between sensory profiles and gas chromatography-olfactometry data. 
International Dairy Journal, 26, 41–49. 

Todeschini, R. Useful and unuseful summaries of regression models. Milano 
Chemometrics and QSAR Research Group. URL: 
http://www.moleculardescriptors.eu/tutorials/T5_moleculardescriptors_models.p
df. Accessed 26.08.2017.  

Torres, F. R., Esmerino, E. A., Carr, B. T., Ferrão, L.L., Granato, D., Pimentel, T. 
C., Bolini, H. M.A., Freitas, M. Q., Cruz, A. G. (2017). Rapid consumer-based 



59 

sensory characterization of requeijão cremoso, a spreadable processed cheese: 
Performance of new statistical approaches to evaluate check-all-that-apply data. 
Journal of Dairy Science (in press). https://doi.org/10.3168/jds.2016-12516 

Ullrich, F.; Grosch, W. (1987). Identification of the most intensive volatile flavor 
compounds formed during autoxidation of linoleic acid. Zeitschrift für 
Lebensmittel-Untersuchung und Forschung,184, 277-282. 

Vandeginste, B. G. M. and Rutan, S. C. (1997). Handbook of Chemometrics and 
Qualimetrics: Part A. Elsevier Science B.V., Netherlands.  

Van Ruth, S. M. (2001). Methods for gas chromatography-olfactometry: A review. 
Biomolecular Engineering, 17, 121–128. 

Van Ruth, S. M., & O´ Connor, C. H. (2001a). Evaluation of three gas 
chromatography olfactometry methods: Comparison of odour intensity-
concentration relationships of eight volatile compounds with sensory headspace 
data. Food Chemistry, 74, 341–347. 

Van Ruth, S. M., O`Connor, C. H. (2001b). Influence of assessors’ qualities and 
analytical conditions on gas chromatography-olfactometry analysis. European 
Food Research and Technology, 213, 77–82. 

Van Ruth, S. M. (2004). Evaluation of two gas chromatography–olfactometry 
methods: the detection frequency and perceived intensity method. Journal of 
Chromatography A, 1054, 33–37. 

Varela, P., Ares, G. (2014). Novel Techniques in Sensory Characterization and 
Consumer Profiling. CRC press, Florida, USA. 

Viljanen, K., Heiniö, R.-L., Juvonen, R., Kössö, T., & Puupponen-Pimiä, R. 
(2014). Relation of sensory perception with chemical composition of bioprocessed 
lingonberry. Food Chemistry, 157, 148–156. 

Voilley, A., Etiévant, P. (2006). Flavour in food. Woodhead Publishing Limited, 
Cambridge, England and CRC press, Florida, USA. 

Ward Jr., J. (1963). Hierarchical grouping to optimize an objective function. 
Journal of the American Statistical Association, 58, 301, 236–244. 

Ward Jr., J. and Hook, M. (1963). Application of a hierarchical grouping procedure 
to a problem of grouping profiles. Educational and Psychological Measurement, 
23(1), 69–81.  



60 

Wold, S., Johansson, E., Cocchi, M. (1993). PLS: Partial Least Squares Projections 
to Latent Structures, 3D QSAR in drug design, 1, 523–550. 

Xiao, Z., Liu, S., Gu, Y., Xu, N., Shang, Y., & Zhu, Y. (2014). Discrimination of 
cherry wines based on their sensory properties and aromatic fingerprinting using 
HSSPME-GC–MS and multivariate analysis. Journal of Food Science, 79(3), 284–
294. 

Yoo, H.-J., Machín, L., Arrúa, A., Antúnez, L., Vidal, L., Giménez, A., Curutchet, 
M. R., Ares, G. (2017). Children and adolescents' attitudes towards sugar reduction 
in dairy products. Food Research International, 94, 108-114. 

Zellner, B. d`A., Dugo, P., Dugo, G., Mondello, L. (2008) Gas chromatography–
olfactometry in food flavour analysis. Journal of Chromatography A, 1186, 123–
143. 

Zielinski, A. A. F., Haminiuk, C. W. I., Nunes, C. A., Schnitzler, E., van Ruth, S. 
M., Granato, D. (2014). Chemical composition, sensory properties, provenance, 
and bioactivity of fruit juices as assessed by chemometrics: A critical review and 
guideline. Comprehensive Reviews in Food Science and Food Safety, 13, 300–
316. 



61 

ABSTRACT 

Aroma is a very important characteristic of food, as it is having the main influence 
on how people perceive its quality. Aroma molecules have often rather low detection 
threshold which makes the detection and quantification of specific compounds in 
various matrixes a challenging task. Classical instrumental detectors may fail to assess 
the aroma profile of food in the manner that is similar enough to sensory perception of 
human assessor. Therefore, gas chromatography-olfactometry (GC-O) is a useful 
technique combining instrumental separation technique and human assessor as a 
detector. Although, GC-O enables to receive aroma profile of the samples with good 
sensitivity, it is coupled with different challenges. Humans, as assessors bring 
subjectivity and flaws caused by the variation in sensitivity between the panellists and 
inconstancy within the different runs of the same panellist.  

Statistical methods are widely used in different disciplines to help extract valuable 
information and discover patterns in data matrices invisible for human sight.  As the 
literature on methodological aspects on GC-O analysis as well as the published 
research by using GC-O methods together with chemometric techniques is limited, this 
thesis aims to bring some new insights to the possibilities of applicability of GC-O for 
different scientific objectives.  
 The accuracy and reliability of GC-O analysis is very much dependent on the 
performance of GC-O assessors. Therefore, the selection and training of the panellist 
is of high priority. In current study possibilities to monitor the GC-O panel 
performance are presented, to observe the improvement in performance and loss in 
motivation which will result in decrease of alertness. Scaling differences in intensity 
measurements can be analysed similarly to descriptive sensory analysis. 
Agglomerative hierarchical clustering (AHC) was applied in this study to classify 
honey samples from different botanical origin by using non-targeted analysis with GC-
O detection frequency method. It revealed to be a promising approach as samples 
clustered similarly to botanical origin determined by pollen analysis. Using 
correspondence analysis (CA) on GC-O data, where detection frequency values for 
similar descriptors were summed up and new variables gained, gave a good indication 
on the odor profiles of different honey samples. When reviewing relevant studies, it 
was observed that partial least square regression analysis is widely used to correlate 
sensory and instrumental data. Though, information on the treatments applied to the 
original data set and the validation results are often inadequate or missing. Next, by 
applying partial least square regression (PLSR) on sensory check-all-that-apply 
(CATA) and GC-O data of Finnish honeys, it was revealed that, by applying models 
on groups of highly correlated variables, the quality of the regression models were 
increased remarkably. Correlation between volatile compounds and sensory 
descriptors of Finnish honey samples could be observed. 
 The studies have been carried out based on practical need in developing and applying 
chemometric approaches to GC-O tasks to provide the output of maximum 
information and high reliability. Different GC-O methods as well as chemometric 
techniques will be continuously applied to meet the challenges of food sector 
together with increasing scientific knowledge.  
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KOKKUVÕTE 

Toidu kvaliteedi hindamisel on selle aroom inimestele üheks olulisemaks 
näitajaks. Aroomiühendid esinevad toidus aga tihtipeale väga madalates 
kontsentratsioonides mistõttu on nende tuvastamine ja kvantifitseerimine 
erinevates maatriksites keerukas ülesanne. Klassikalised instrumentaalsed 
detektorid ei suuda määrata toidu aroomiprofiili viisil, mis annaks piisava 
täpsusega edasi toidu tarbimisel tekkivat sensoorset aistingut. Seetõttu gaas-
kromatograaf-olfaktomeetria (GC-O) on kasulik meetod, mis on kombinatsioon 
instrumentaalsest lahutusmeetodist ja inimese haistmismeelest kui detektorist. 
Kuigi, GC-O on hea tundlikkusega meetod toidu lõhnaprofiili määramiseks, 
kaasneb sellega ka mitmeid väljakutseid. Inimesed, kui detektorid, toovad kaasa 
subjektiivsuse ja vead, mis on põhjustatud indiviidide tundlikkuse erinevusest 
erinevate lõhnavate ühendite suhtes ning samuti ühe assessori tundlikkuse 
kõikumisest päevade lõikes. 

Statistilised meetodid on laialdaselt kasutusel erinevates valdkondades, et 
aidata eristada olulist informatsiooni ja leida mustreid, mis palja silmaga on 
märkamatud. Kuna GC-O analüüsi metodoloogilisi aspekte, sh. kemomeetriliste 
meetodite rakendamist, käsitleva kirjanduse hulk on piiratud, oli käesoleva töö 
eesmärk pakkuda uusi võimalusi GC-O rakendamiseks erinevate ülesannete 
lahendamisel. 

GC-O täpsus ja usaldusväärsus on suuresti sõltuv GC-O assessorite soorituse 
kvaliteedist. Seetõttu, assessorite valik ja treening on kõrge tähtsusega. Antud töö 
raames käsitletakse võimalusi GC-O assessorite soorituse monitoorimiseks, mis 
võimaldaks jälgida nii soorituse paranemist kui ka motivatsiooni kadu, mis 
omakorda vähendab assessorite keskendumist. Erinevusi intensiivsuste hindamisel 
skaala kasutuses on võimalik analüüsida sarnaselt klassikalisele sensoorsele 
analüüsile.  

Erinevat botaanilist päritolu meede klassifitseerimiseks rakendati uurimistöös 
mitte-sihitud analüüsi kasutades sisendina ühendite detekteerimissagedust GC-O 
analüüsil ning rakendades aglomeratiivset hierarhilist klasterdamist (AHC). Kuna 
meeproovid klasterdusid sarnaselt õietolmu analüüsiga määratud botaanilisele 
päritolule võib antud lähenemist pidada üheks potentsiaalseks alternatiiviks mee 
botaanilise päritolu tuvastamisel. Meede aroomi iseloomustamiseks liideti sarnase 
lõhnaga aroomiühendite detekteerimissagedused, saades uued muutujad, mida 
kasutati sisendina korrespondentsanalüüsis (CA). 

Uurimustöö raames viidi läbi kirjandusanalüüs selgitamaks viimase 7 aasta 
praktikaid sensoorse analüüsi ja gaas-kromatograafia tulemuste korreleerimisel, 
mille käigus selgus, et osaline vähimruutude regressioonanalüüs (PLSR) on kõige 
laialdasemalt kasutusel olev meetod antud vallas. Siiski, informatsioon 
algandmetele rakendatud eeltöötluse ning tulemuste valideerimise osas on 
tihtipeale märkimata või puudulikult esitatud. Järgnevalt rakendati PLSR meetodit 
Soome meeproovide sensoorse analüüsi (check-all-that apply) ja GC-O tulemuste 
korreleerimisel. Andmete analüüs näitas, et jagades sõltuvad muutujad (sensoorse 
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analüüsi atribuudid) eelnevalt gruppidesse vastavalt omavahelisele 
korrelatsioonile paraneb mudelite kvaliteet märkimisväärselt ning korrelatsioon 
sensoorsete atribuutide ja lenduvate ühendite vahel on täpsemalt jälgitav. 

Antud uurimistöö ajendiks oli praktiline vajadus rakendada erinevaid 
kemomeetrilisi lähenemisi GC-O analüüsi tulemuste tõlgendamisel, et saada kätte 
maksimaalselt kõrge usaldusväärsusega informatsiooni. Erinevad lähenemised 
GC-O analüüsi kasutamisel koos statistiliste meetoditega leiavad pidevat rakendust 
toiduainetööstuse väljakutsete lahendamisel ja teadlaste kompetentsi tõstmisel.  
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