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ABSTRACT 

The present study aims to investigate the flavour pairing-methodology for product 

development in an international acting company. Besides the sensory tests, analytical 

investigations and algorithmic works are part of the research. 

In this study, original food ingredients (eighty-seven flavouring ingredients) which are mostly 

consumed in Turkey and some of them are currently used in a worldwide acting company 

(Headquarter in Germany with a branch in Turkey) were examined to postulate which 

ingredients should be brought together as a tasty combination in a developed dessert recipe. 

Compliance with the formulation in the dessert portfolio determined by the Dr. Oetker 

Company was also examined according to the marketing perspective. The most suitable dessert 

product range in terms of the formula was selected, and four different raw material pairs were 

applied to desserts according to the food pairing theory.  

Flavours of all ingredients were qualitatively examined with the GC-MS method. As a result 

of the analysis, the pairs with the most common volatile components were determined. Then 

Acceptance Test was performed to reveal scientifically understandable results of chosen 

recipes. An external Analytic laboratory was used for Instrumental Work, and Sensory 

Evaluation took place within the company (Internal Sensory Laboratory).  

This research was set up to examine three hypotheses. For the first hypothesis, this study shows 

that Dr. Oetker dessert formulas, which are not heat-treated in their preparation, can yield 

positive results when using the food pairing method. The comments of the consumers on the 

taste characteristics are mainly positive and show a strong overall liking (TTB: 82%) of the 

Mango-Nutmeg (MN) aroma combination. The other three flavour combinations; LL 

(Lavender-Lemon), TL (Tangerine-Laurel) and BC (Blackberry-Coconut), are liked average at 

best by the consumers. For the second hypothesis, the effect of social cultures on food matching 

is undeniable. Some ingredients such as Mahlep (Prunus mahaleb L.), Salep (Ophrys 

tenthredinifera), and Mastic gum (resin of Pistacia lentiscus), Rose etc. are some of the unique 
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taste of Turkish food products. This would be evidence to investigate individual differences in 

the perception of food pairs addressing sensory, cultural aspects.  

Besides, it was observed that some food pairings such as watermelon-white cheese (four shared 

compounds) or Turkish coffee-mastic (only one shared compound) etc., which are generally 

preferred by Turkish consumers, did not have a common flavour component or had very little. 

The reason for the consumption of these raw materials together can be defined as the culture 

effect in food preference.  

The third hypothesis defined that the reasons behind the best combination of flavouring 

ingredients are dependent on their ratios and intensities in the recipe (according to De Klepper, 

M. 2011). It was confirmed by the consumer tests of this study that the rate of presence of food 

raw materials combined in the formulation is very important. When looking at the sensory test 

results of four samples of dessert in the first step, consumers criticized blackberry and coconut 

more compared to the other combinations. They made more comments about the BC tasting 

like a shower gel, soap etc. When this ratio was changed in the second step, it was observed 

that the comments were more positive and more about relative taste preference.  

More research is needed to determine the applicability of attribute questions to food product 

design and the impact of such questions on consumer overall liking scores. 
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ZUSAMMENFASSUNG (DE) 

Die vorliegende Studie zielt darauf ab, die Methode Geschmackspaarung (food-pairing) für die 

Produktentwicklung eines international agierenden Unternehmens zu untersuchen. Das 

Forschungsvorhaben baut neben sensorischen Tests auf analytische Untersuchungen von 

Aromakomponenten und algorithmischen Analysen auf. 

Die aktuelle Studie untersuchte die in der Türkei meistverbrauchten 

Originallebensmittelzutaten (siebenundachtzig Aromastoffe), darunter einige, die derzeit in 

einem weltweit tätigen Unternehmen (Hauptsitz in Deutschland mit einer Filiale in der Türkei) 

eingesetzt werden, um zu erforschen, welche Zutaten miteinander kombiniert werden sollten, 

um eine von Konsumenten präferierte Kombination einer entwickelten Dessertrezeptur zu 

erzeugen. Die Einhaltung der von der Firma Dr. Oetker festgelegten Formulierung im 

Dessertportfolio entsprechend der Vermarktungsgesichtspunkten wurde ebenfalls geprüft. Die 

aus Sicht der Formulierung am besten geeignete Dessertproduktpalette wurde ausgewählt und 

vier verschiedene Rohstoffpaare wurden in Desserts gemäß der Lebensmittelpaarungstheorie 

eingesetzt. 

Die Aromen aller Inhaltsstoffe wurden mittels der GC-MS-Methode untersucht. Als Ergebnis 

der Analyse wurden die Paare mit den häufigsten flüchtigen Bestandteilen bestimmt. 

Anschließend wurde ein Akzeptanztest durchgeführt, um wissenschaftlich fundierte 

Ergebnisse ausgewählter Rezepturen zu ermitteln. Für instrumentelle Analysen wurde ein 

externes analytisches Labor benutzt, während die sensorische Prüfung im Unternehmen 

durchgeführt wurde (internes sensorisches Labor). 

Die Grundlage der aktuellen Forschung war die Untersuchung von drei Hypothesen. In Bezug 

auf die erste Hypothese zeigt die Studie, dass die positiven Ergebnisse bei der Anwendung der 

Lebensmittelpaarungsmethode bei denjenigen Dr. Oetkers Dessertformulierungen erzielt 

werden konnten, die keiner Wärmebehandlung während ihrer Zubereitung unterzogen wurden. 

Die Verbraucherkommentare bezüglich der Geschmackseigenschaften waren überwiegend 

positiv und zeigen eine starke Gesamtpräferenz (TTB: 82%) für die Mango-Muskatnuss (MN) 
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Aromakombination. Die anderen drei Geschmackskombinationen; LL (Lavendel-Zitrone), TL 

(Clementine-Lorbeer) und BC (Brombeer-Kokosnuss) wurden von den Verbrauchern 

bestenfalls als mittelmäßig bewertet. Bezüglich der zweiten Hypothese, hat es sich erwiesen, 

dass die gesellschaftlich-kulturelle Auswirkung auf die Lebensmittelpaarung unwiderlegbar 

ist. Einige Zutaten wie zum Beispiel Mahlep (Prunus mahaleb L.), Salep (Ophrys 

tenthredinifera), Mastix (Harz von Pistacia lentiscus), Rose usw. sind ein fester Bestandteil des 

einzigartigen Geschmacks türkischer Lebensmittel. Dies liefert eine beweiskräftige Grundlage, 

die individuellen Unterschiede in der Wahrnehmung von Lebensmittelpaaren unter 

Berücksichtigung der sensorisch-kulturellen Aspekte zu untersuchen. 

Des Weiteren, wurde beobachtet, dass einige Lebensmittelpaarungen wie Wassermelone-

Weißkäse (vier gemeinsame Verbindungen) oder türkischer Kaffee-Mastix (nur eine 

gemeinsame Verbindung) usw., die grundsätzlich von türkischen Verbrauchern bevorzugt 

werden, keine oder nur wenige gemeinsame Geschmackskomponente haben. Der Grund für 

den gemeinsamen Verbrauch dieser Rohstoffe in einem Produkt konnte auf die kulturellen 

Auswirkungen auf die Lebensmittelpräferenz zurückgeführt werden. 

Die dritte Hypothese legt dar, dass die beste Kombination von Aromastoffen von ihren 

Verhältnissen und Intensitäten in der Rezeptur abhängig ist (nach De Klepper, M. 2011). Die 

Verbrauchertests dieser Studie bestätigten, dass die Verhältnisse von Lebensmittelrohstoffen 

eine hohe Auswirkung auf die Formulierung haben. Aus der Analyse der sensorischen 

Testergebnisse von vier Dessertproben des ersten Schritts geht hervor, dass die Brombeer-

Kokosnuss Paarung (BC) von den Verbrauchern am häufigsten kritisiert wurde. Die 

Kommentare bezüglich der BC wie etwa Duschgel- oder seifenartiger Geschmack usw. waren 

oft zu finden. Als dieses Verhältnis im zweiten Schritt angepasst wurde stellte sich heraus dass 

die Kommentare positiver ausfielen und sich eher auf die relative Geschmackspräferenz 

bezogen. 

Weitere Untersuchungen sind erforderlich, um die Anwendbarkeit von Attributfragen für die 

Produktentwicklung sowie den Einfluss solcher Fragen auf die Gesamtbewertungen des 

Verbrauchers für ein Produkt zu bestimmen. 
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 INTRODUCTION 

1.1 General Introduction 

Food is more than just nutrition for humans. People usually consume and prefer certain foods 

or avoids and dislikes others. The main effects are known as traditions, physiological and 

cultural factors (Traynor, M. 2013, p. 2). 

The development of food preferences begins in pregnancy and continues with the life course 

(Ventura and Worobey, 2013, p. R401). Liking or disliking certain foods is innate; some food 

choices evolve with the degree of food exposure (Nicklaus, et al. 2015, p. 1). Flavour has 

obligatory effects on flavour and therefore has effects on consumer acceptance (Traynor et al. 

2013, p.3). While taste seems to reflect the prototype of the modern concept of food quality, it 

triggers consumer acceptance (Bruckner and Willey, 2008, p.11). Food flavour can be one of 

the most important acceptable consumer criteria alongside other sensory characteristics (e.g. 

texture or appearance, etc.). 

The flavour is a common sensory attribute and can also be used to describe the harmony 

between the aroma and taste of any food. Taste can be perceived by taste buds, and the smell 

can be perceived by the olfactory nerves in the nose. Moreover, some other sensory 

characteristics such as mouthfeel or psychological emotions, thoughts as well as alcoholic 

beverages may also play a role in determining the taste of any food by humans (Dornenburg 

and Page, 2008). 

The taste of food is an emotion that includes three factors; volatile taste substances, non-volatile 

taste substances and physical stimuli in the mouth (Kameoka, H. 1986, p. 254). They can be 

formed as a result of various physical and biochemical reactions during the cultivation, 

harvesting and processing of any foodstuff or due to the deliberate use of microbial catalysts 

(Taylor and Hort, 2007, p.2). 
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The chemical study of the flavour of foods mainly includes volatile substances. For the details 

of aromatic components, volatile substances of various food types have been studied, and the 

production route of volatile components is an important subject of many studies (Kameoka, H. 

1986, p. 254). 

Flavour perception and flavour pairing of unusual ingredients are recently interesting topics of 

the gastronomy field (Öztürk and Zeyrekçe, 2019, p. 397). There has been a hypothesis 

developed for creating new dishes by the chefs Henson Blumental and Francois Benzi in 1992, 

stating that ‘ingredients would taste well together in a dish if they share common flavour 

compounds. This hypothesis helped Chef Blumenthal to create unique tastes of dishes that 

consumers highly preferred. Consequently, it paved the way to receive 3 Michelin stars for his 

restaurant ‘The Fat Duck’ (Öztürk and Zeyrekçe, 2019, p. 397). 

A limited number of studies have been conducted on food pairing of different cuisines around 

the world. In this study, there is an aim to create -as an example for this flavour pairing 

methodology-a new dessert by utilization of flavour network analysis to find the possible 

pairings of ingredients that already exist in the food market in Turkey. Another aim also is to 

conduct a sensory evaluation of new desserts using a hedonic scale of consumer preference and 

questionnaire methods. 

This research was set up to underpin three hypotheses based on the mentioned authors and their 

research results. 

Hypothesis 1: The Flavour Pairing methodology (Ahn, Y.E. 2011) can be used to predict 

consumer´s preference (example Turkish product line of an international company)  

Hypothesis 2: There is an innate natural pairing between the foods/flavour ingredients because 

they are already culturally determined (according to Aboud, F.E. 2011).  

Hypothesis 3: The reasons behind the best combination of flavouring ingredients are depended 

on their ratios and intensities in the recipe (according to De Klepper, M. 2011). 
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1.2 Food Culture 

Eating is an everyday activity to sustain our lives, but eating experiences have a complex 

relationship between food and society, which includes the material and symbolic aspects of 

cultures, diet, as well as aesthetics and hedonism (Bautaud et al. 2016, pp. Riley1). 

Food is a lens for analysing social order, historical changes, power, and politics. Pierre 

Bourdieu's analysis of the tastes of social classes (1979), Jack Gordy's connection between 

cuisine and class in West Africa (1982), Sydney Mintz's work (1988) on sugar, modern times, 

and cuisine, as examples of several previous studies in this field (Bautaud et al. 2016, p.1). 

The recent trend towards food legacies and inheritance reveals the dynamic role of history in 

assuming culture, as well as the marketing of culinary traditions (Bautaud et al. 2016, p.1). In 

the Nineteenth-century, the French philosopher, Jean Anthelme Brillat-Savarin, stated, "Tell 

me what you eat, and I'll tell you who you are" (Riley and Paugh, 2018). However, the meaning 

of this claim is open to interpretation and indicates that it is also a reflection of the human past. 

Many articles included that partial identities were shaped by discriminatory cultural attitudes, 

forgotten historical forces, or unequal social hierarchies (Long, L. 2009, p.3).  

People today believe such things; Too much sugar and refined carbohydrates can cause 

diabetes, too much sodium hypertension, etc. (Shapin, S.2014, p.380). The German 

philosopher Ludwig Feuer said, "Der Mench ist, er ißt." This slogan was created for scientific 

materialism (Shapin, S. 2014, pp. 380-383). The most prominent symbol of this idiom is the 

nutrition facts label on packaged foods - here's what's in your food and here's how much of the 

various chemicals (and chemicals like calories) the government and experts think you should 

take into your body. (Shapin, S.2014, p.382). 

Food culture comes from the origin of a people, but it is shaped by resources (climate, soil, 

soil, water and fuel), by knowledge (religion, education and literacy), by ethnicity (indigenous 

or immigrant), by technology (hunting, gathering, agriculture, horticulture, aquaculture 

cultivation, fishing, food processing and storage, transport, cooking); by colonization and by 

health and health care (Wahlqvist and Lee, 2007, p. 2). 
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Shapin, S. (2014, p. 382) mentioned that the language of galenic dietetics gives some clues of 

the collective identity of societies: what foods suited the English, the Scots, the Welsh, the 

French and the Spanish? The Muslims of Arabia did not drink wine and lived in a hot climate; 

their blood lost water through perspiration. In cold climates, the opposite obtained, and this is 

why Northern people took to strong drink. It is not only a matter of Islam but nature if 

indigenous people.  

Social changes can be defined as the evolution of social relations, migration, tourism, the 

industrialization of food production, as well as the globalization of food, the role of mass media 

and new technologies. Effects on food production, distribution, preparation, and food or 

beverage paths change individual or group preferences or collectively (Bautaud et al. 2016, p. 

1).  

Different cultures can also influence each other regarding eating habits. Ishak et al. (2013, p. 

439) reported that education, social interaction through an event, media as part of acculturation 

attributes not only provides the understanding of food cultures (Malay, China, India) 

familiarize with the ingredients but also influence the food-ways of the preparation and 

consumption of each other ethnic food. 

One of the most important influences of culture on food is much more indirect and has to do 

with environments and technologies created by cultures, which give chances to reach different 

types of food ways (Rozin, P. 2007, p. 69). Wealthier culture can ship foods from further away, 

brings them into other environments in which they would not ordinarily be. 

The relationship between food and culture refers to the tension that defines our identity 

construction to take refuge in a framework, to escape from this framework when we need to 

reclaim our existence and to discover oneself in new taste/sensation worlds. (Bautaud et al. 

2016, p. 1). 

Every culture has its distinctive cuisine characterized by a range of basic foods, using the 

frequency of recipes flavourings, specific processing characteristics, as well as rules about how 

those foods are combined (Marshall, D. 1995, p. 280).  
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At the level of the dish, three components come out: staple foods, processing techniques, and 

flavourings (Rozin, P. 2010, p. 405). Many cultures use a particular set of flavouring 

ingredients in their cuisine. Thus, Chinese cuisine has typically flavoured with soy sauce, 

ginger root, and the rice wine, the Southern Italians have tomato, sweet pepper, olive oil and 

oregano as a flavouring. Mexican cuisine characteristically uses chilli pepper with either lime 

or tomato (Rozin, P. 2010, p. 405). These flavouring principles are more than any other feature 

that imparts the cultural distinctiveness to a food (Rozin, P. 2007, p. 69). 

Ahn et al. (2011, p. 6) identified a series of statistical patterns that characterize the way humans 

choose the ingredients that they combine in their food. These patterns manifest to varying 

degrees in different geographical regions; North America and Western European dishes have 

different flavour combinations than East Asian cuisine has.  

As aforementioned, culinary practices are affected by climate, history, and geography, as well 

as culture. For example, Indian cuisine encompasses several distinct sub-cuisines, and the 

kitchen system has a long history of health-centric nutritional practices focused on disease 

prevention and health promotion. (Jain et al. 2015, p. 1). Besides, historically, human has been 

used methods of adding spice, sugar, salt and drying for the preservation of their food from 

microbiological growth before the invention of mechanical refrigeration (Kyung and Chung, 

2016, p. 8207). In addition to their contribution to the culinary arts, the antimicrobial properties 

of spices have been used in different forms of traditional medicine such as Ayurveda, Unani, 

and Sino-Tibetan systems. (Sofia et al. 2007, p. 910). 

Thousands of recipes and different national cuisines are studied to understand the food culture 

and see the comparisons between their ingredients. Kyung and Chung (2016, p.8199) examined 

correlations between individual food ingredients in recipes. They found that 1) each country or 

ethnic group uses unique materials different from the others and 2) the grouping of these unique 

ingredients depends on location. The important correlations that characterize the food culture 

of each region can also be explained by these unique ingredients. For example, ginger and soy 

sauce are 30% more common in the Eastern region than in Europe and North / South America 

(Kyung and Chung, 2016, p.8204). Figure 1 shows that Indian cuisine has many ingredients 

with the highest scores for originality as predicted. 
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Figure 1 Sum of the authenticity values of the 10 most authentic ingredients for each 

nationality 

 

 

 Source: Kyung and Chung, 2016, p.8204 

Along with French and Chinese cuisines, Turkish cuisine is considered as one of the three 

richest and oldest culinary traditions in the world (Akpınar-Bayizit et al. 2009, p.349). In 

general, Turkish cuisine includes mostly cereals, vegetables, meat juices, olive oil, pastries and 

dishes made from naturally grown green materials (Çekal, N. 2014, p. 1). Marinated dish and 

sweet marinade contain any combination of lemon juice, olive oil, milk, yoghurt, cinnamon, 

allspice and various other spices. 

Turkey, the Middle East is a crossroads between different cultures and regions of Central Asia 

and the Balkans. The Turks were originally from Central Asia and immigrated to Asia Minor. 

They have been influenced by other cultures that have been there before. The Hittites and 

Byzantines left their traces in Turkish cuisine (Weichselbaum and Benelam, 2005, p.54). 

Moreover, as the Turks accepted Islam as a religion, the Arabs had an impact on Turkish cuisine 
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(for example, forbidden pork and alcohol) (Ötleş et al. 2016, p.85). Its effects are especially 

seen in Southern and Southeastern Anatolian cuisine (Weichselbaum and Benelam, 2005, 

p.55). In the past, Turks used a bacon (dry meat flavoured with spices), jam (preserved with 

sugar), yoghurt etc. (Ötleş et al. 2016, p.86). 

The new tastes that developed in the Seljuk and Ottoman palaces in Turkish cuisine led to the 

differentiation and appreciation of the great cuisine (Çekal, N. 2014, p.1). The products of the 

fertile lands of the Balkans and Balkan food took their place in Turkish cuisine as a result of 

the cultural exchange under the domination of the Ottoman Empire system and the migrations 

from the Balkans to Anatolia (Diker et al. 2016 p.6). 

The Turkish landscape combines features of the world's three oldest continents (Europe, Africa 

and Asia). It has an ecological diversity that exceeds any country along its 40th latitude 

(Goldstein and Merkle, 2005, p. 445). Therefore Turkey, a different picture yourself in a 

driving every two hours, temperature, altitude, humidity, covers a wide range of geographic 

areas to be found in vegetation and weather conditions. 

Turkey's geographical conditions are suitable for viticulture. During the periods of ancient 

Turkish civilizations, viniculture spread from Anatolia to the world (Çekal, N. 2014, p.4). 

Homer, the famous poet of Anatolia in his old age, mentioned in the epics of Odysseia and 

Iliad that sailors mostly eat with drinks and these are meat and wine (Çekal, N. 2014, p.4). 

Before sugar, the main sweeteners were honey and molasses in the past. The molasses, which 

the Turks find as a food preservation tool, extends the life of grapes and grape juice, which can 

easily spoil in a short time. Molasses is a kind of grape juice obtained by boiling fresh grape 

juice (Çekal, N. 2014, p.5). 

Spice Road, which was an important element of Turkish cuisine and the provinces of the vast 

Ottoman Empire, which was integrated with caravanserais with the trade routes system, was 

under the control of the old Sultan (Goldstein and Merkle, 2005, p. 448). Only the best quality 

foods were allowed to be traded. For example, the best fish was brought directly from the Black 

Sea to Istanbul (Goldstein and Merkle, 2005, p. 476). 

Most Turkish traditional food includes some spices such as currants, cinnamon, pine nuts, hot 

peppers, mint, parsley, dill or cumin as a flavouring in meat and seafood (Weichselbaum et al. 
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2005, p.56). Contrary to the common impression of Western Turkish cuisine, spices and herbs 

are very simple and little used. For example, mint or dill used with pumpkin; Cumin or a few 

cloves of garlic sprinkled on red lentil soup are replaced by cold salty vegetable dishes 

(Goldstein and Merkle, 2005, p. 448). 

Milky desserts in Turkish cuisines also include a variety of puddings, from very light rose water 

to light rose water, to milky desserts tied with white meat chicken breast. Although chicken 

breast may sound strange, it is known that chicken breast gives this dessert a unique structure. 

1.3 Food Preferences 

The development of food preferences begins with the prenatal period and continues throughout 

life. While it is stated that loving food is the basis of food preference, on the other hand, it is 

stated that loving food is only one of the many motivations that affect the choice of food (Birch, 

L. 1999). 

Affecting factors can be defined as genetics, culture, reproduction and environment. Figure 2 

clearly shows these factors as a summary diagram. 
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Figure 2 Depiction of influences on consumer food preferences 

 

 Source: Nadathur and Carolan, 2017, p. 380 

1.3.1 Genetics 

Hausner et al. (2010, p. 148) also reported that breastfed infants had a higher initial acceptance 

of caraway-flavoured purees than formula-fed infants at 4 to 6 months of age with no difference 

between exposed and non-exposed breastfed infants. Similarly, the research confirmed that the 

combination of breastfeeding and high vegetable variety experience during the introduction of 

complementary foods was most effective in increasing the intake of new foods (Maier et al. 

2008). 

The ability to perceive flavours begins in utero with the development and early functioning of 

the gustatory and olfactory system (Ventura and Worobey, 2013, p. R401). During the past 
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decades, many kinds of research pointed out that the environment in which the human fetus 

lives, the amniotic sac, changes as a function of the food choices of the mother since dietary 

flavours are transmitted and amniotic flavour fluid (Manella, J. A. 2009, p. 635). For example, 

exposure dietary transmitted flavours such as garlic and anise in the amniotic fluid have shown 

to influence the newborn’s facial, mouthing, and orienting responses to those odours 

immediately postpartum (Manella, J.A. 2009, p. 635). 

Some data show that babies are born 'physically' by preferring tastes that indicate beneficial 

nutrients (for example, sweet tastes refer to calories) while rejecting tastes that refer to harmful 

compounds (for example, bitter tastes indicate poison; Ventura and Worobey, 2013, p. R401). 

It is also known that infants and young children have flexibility in their meal preferences. 

Therefore, early life sensory experiences determine food preferences and nutritional patterns 

that lay the groundwork for lifelong eating habits. 

The taste preferences mentioned start from the prenatal period; Most of these taste preferences 

remain with humans throughout adulthood. However, one mechanism underlying genetic 

influences on food preferences may be variation in taste perception (Ventura and Worobey, 

p.2013, R402). While taste receptor variation may cause different perceptions of sweet, umami, 

and bitter flavours, less is known about the genetics of sour and salty taste (Feeney et al. 2011, 

p.135). 

While the diversity in taste receptor genes may cause different perceptions of sweet, umami 

and bitter flavours, it is less known about the genetics of the sour and salty taste. There are 

more than 25 bitter receptor genes, of which TAS2R38 is one of the most studied (Feeney et 

al. 2011, p. 135). This gene is largely tuned for the detection of bitter-tasting thiourea 

compounds found in brassica vegetables and other foods that claim to have health benefits such 

as green tea and soy (Feeney et al. 2011, p.135). Two common alleles at the TASR38 locus are 

associated with variation in sensitivity to two synthetic substances, phenylthiocarbamide (PTC) 

and 6-n-propylthiouracil (phenylthiocarbamide; Ventura and Worobey, p.2013, R402).  
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The TAS2R38 genotype of an individual predicts whether these two substances are intensely 

bitter, moderately bitter, or tasteless. PTC and PROP do not occur naturally in foods; their taste 

is related to bitter compounds found in foods (Garcia-Bailo et al. 2009, p.70). 

Genetic diversity in taste receptors can change people according to their food preferences 

(Vabø and Hansen, 2014, p.147). Some people also genetically inherit the susceptibility of the 

bitter compounds’ PTC and PROP (Drewnowski and Rock, 1995). Some researchers 

hypothesize that people's food consumption depends on what kind of taster they are. For 

example, PROP tasters are more likely to reject higher levels of caffeine in coffee than those 

without the PROP flavour (Lee et al. 2008, p. 1066). 

Dietary sources of bitter tastants are common. They include food such as spinach, endives, 

many cruciferous vegetables (broccoli, bok choy, kale, cauliflower, cabbage, etc.) sharp 

cheeses, grapefruits, beer, green tea, and coffee (Garcia-Bailo et al. 2009, p. 70). Because these 

foods contain bitter-tasting compounds that are perceived by individuals more intensely bitter, 

they might protect against several illnesses. These compounds are such as phytochemicals: 

isothiocyanates (resulting from glucosinolate breakdown in vegetables), polyphenols, 

methylxanthines, isoflavones, and sulphonamides (Garcia-Bailo et al. 2009, p. 70).  

De Cosmi et al. (2017, p. 2) also mentioned that few children who are PROP tasters are 

sensitive to bitter taste and have liked and consumed easily bitter foods, such as cruciferous 

vegetables. On the other hand, the children tasters who are unable to taste PROP like and 

consume dietary fat and are prone to obesity. 

Approximately 75% of people find PTC and PROP bitter and are classified as "tasters” (Garcia-

Bailo et al. 2009, p. 69). West African people are unable to taste these compounds. However, 

the rate increased to single digits for Chinese people, while 40% of Indians are not able to taste 

PTC (Nadathur and Carolan, 2007, p. 380). 

There are some experiments regarding genetically bitter taste sensitivity that they may have an 

impact on the preferences of other tastes. One of the studies from Pronin et al. (2007) reported 

that bitter sensitive individuals are also sensitive to the bitterness of PROP and have a 

heightened perception of sweet tastes from saccharin. Many studies have found relations 
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between bitterness sensitivity and heightened responses to sweet and salty stimuli (Garcia-

Bailo et al. 2009, p. 70).  

Another example of olfactory genes is when it affects food preference. Coriander and cilantro 

have a soapy taste, according to people from East Asia, Europe, and some parts of Africa 

(Nadathur and Carolan, 2017, p. 380). The origins of the different responses to coriander were 

traced to the olfactory response gene OR6A2, which is sensitive to aldehydes (Nadathur and 

Carolan, 2017, p. 380). 

Some literature focuses on whether preferences for different types of food come from our DNA 

as a legacy. Besides, Smith et al. (2016) investigated the relationship between twins' genetics, 

environment, and food preferences. They showed that genetic factors affect a significant 

proportion of the variation in preference scores of some food groups. 

The other study was done a little earlier by Breen et al. (2006, p.445). The results of this study 

make a strong case that variations in food preferences are heritable when aggregated across 

empirically-derived groupings of foods. They also found modest heritability estimates for 

liking for dessert foods, moderate heritability for fruits and vegetables, and high heritability for 

the liking of protein foods (meat and fish). 

One of the other biological factors on food choice is the ability to monitor energy intake and 

utilize scarce food resources. The human appetite system is guided by the instinctive 

motivation to restore the level of maintaining homeostasis in a different way (Vabø and 

Hansen, 2014, p.148). They explained eating as hedonic, eating for pleasure or sensory 

experience (Vabø and Hansen, 2014, p.148). 

Chamoun, E. (2018) reported that taste genetics could help kids better to understand snacking. 

They noted that the rs1761667 single nucleotide polymorphism (SNP) in the CD36 gene was 

associated with fat taste sensitivity, the rs35874116 SNP in the TAS1R2 gene was associated 

with the sweet taste preference and the rs713598 SNP in the TAS2R38 gene mentioned above. 

The bitterness has been associated with an aversion to green leafy vegetables. They also noted 

that genetic variation in taste receptors could affect preschool children's snacking patterns. 
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Also, there are studies regarding relations between the complexity of the gustatory systems and 

hormones such as Leptin, Endocrine, Glucagon-like peptide 1 (GLP-1), Peptide YY etc. The 

hormonal modulation system of the output from taste cells can also change an animal’s taste 

preference and food intake (Loper et al. 2015, p. 83). Recent evidence shows that endocrine 

function in the stomach level plays a significant role in controlling food intake (Sorrentino and 

Ragozzino, 2017, p. -045). Nakamura et al. (2008, p.2665) sentenced that there is a mechanistic 

connection between leptin levels and sweet taste recognition thresholds; it affects appetite and 

sweet taste preference. 

1.3.2 Culture 

People are faced with a variety of food choices every day, and they decide which foods to eat 

for various reasons (Vabø and Hansen, 2014, p.145). 

Culturally defined practices have implications for food-related preferences that are passed on 

from one generation to another (Aboud, FE 2011). While people may physically consume a 

large number of foods, membership in a particular culture sometimes narrows down their 

acceptable options, significantly. 

There are many studies on the cultural effects of food choices. Brown et al. (2010, p. 206) 

conducted an ethnographic study with international students. He found that they mostly 

preferred home-cooked national dishes, as they perceived their food to be healthier, tastier, and 

culturally relaxing. 

Wagner et al. (2014, p.3) described that food preferences depend on the ingredients used in the 

recipe, and recipe preference also shows more regional differences than the distributions' 

content preference distributions. As a result, weekday preferences are different than weekend 

preferences. 

Culture is a non-sensory factor and can have a huge impact on food choices and preferences. 

Torrico et al. (2015) showed that cultural differences among Asians, Hispanics, and Westerners 

affect the overall liking scores and purchase intentions of orange rib steaks. Asian buying 

intention is lower than that of Hispanics and US consumers. Sensitivity also differs between 
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these cultures (odds ratio = 1.4 for Hispanics), OCA for Asians (odds ratio = 1.5) and OBF for 

US consumers (odds ratio = 1.3). 

While US citizens prefer coffee with a more citrus flavour, Mexicans use the brown sugar 

flavour in their coffee. In Italy, espressos are preferred to make a couple with lemon flavour 

(Haderspeck, 2014, p.66). 

A study reported that nutritional habits formed early in life and that this multichannel delivery 

of nutritional messages for the feeding of toddlers and preschool children and the eating habits 

of families affected the diet of children (Kudlova and Schneidrove, 2012, p.126). Babies are 

born in a wide variety of cultures and cuisines; as young omnivores, they come equipped with 

behavioural predispositions that enable them to learn to accept the food offered to them (Savage 

et al. 2007, p.22). 

A question might helpful looking on the intention – behaviour gap 1.3.3 (I will send you an 

article from our working group – differences depending on the culture) 

1.3.3 Health  

The primary determinant of food choice is hunger, however, if individuals have options what 

they eat is not determined only by physiological or nutritional needs such as gender, age, and 

education level, along with perception, emotional motivation, and concerns about healthy 

eating should also be considered (Bartkiene et al. 2019, p. 1). 

Preferences for foods develop largely through associations of the sensory attributes of food 

with situations and frequency what has been eaten and its post-ingestion effects. According to 

the European Food Information Council (EUFIC), food preferences aew also strongly 

influenced by experience and environment (EUFIC, 2018). It is known that there are some 

universal biological predispositions including preferences for sweet and fat texture, avoidance 

of irritation and bitter and strong taste (Drewnowski et al. 2001, p. 535), the tendency to be 

interested in and suspicious of new foods as well as a set of genetic learning predispositions 

(Rozin, P. 2002, p. 8), etc. 
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Food induced emotions are very important, as food choice can also depend on our mood 

(Bartkiene et al. 2019, p. 1). Understanding of the role of food selection and ingestive behaviour 

tend to expand our knowledge about factors involved in body weight maintenance and the risk 

of other health issues (Loper et al. 2015, p.84). 

1.3.4 Physicological Effect 

Capaldi, E.D. (1996) explained that there are four known ways to increase preference for food: 

mere exposure, the medicine effect, flavour- flavour learning and flavour-nutrient learning. 

Mere exposure means consuming food often increases the preference of that food. Foods are 

consumed without ill effects are known to be safe, consuming familiar, safe foods are one way 

to avoid potentially poisonous novel foods (Capaldi E.D. 1996, p. 54). Also, some foods are 

associated with recovery from an illness will be preferred (Capaldi E.D. 1996, p. 54). In 

flavour-flavour learning, pairing food with an already liked taste of food increasing that food 

preferences (Capaldi E.D. 1996, p. 54). For instance, the addition of sweetness to foods 

increases their acceptability (Vabø and Hansen, 2014, p. 149). Lastly, flavour-nutrient learning 

occurs when food becomes associated with giving nutrient and calories (Vabø and Hansen, 

2014, p. 149). Some foods preferences are highly caloric, but food tastes are rarely bad. In other 

words, different learning mechanisms cause differences in food preferences, and these 

differences are highly individual (Vabø and Hansen, 2014, p. 149).  

Repeated behaviour is another essential factor in actual food preferences. One study found a 

significant increase in the acceptability of a series of probiotic beverages after they had been 

consumed a certain frequency in a week (Luckow et al. 2005). 

Economic influence is one of the external stimuli for food preferences. The cost of food can be 

a primary determinant of food choice. Whether the cost is prohibitive depends fundamentally 

on a person's income and socio-economic status. People with low incomes tend to consume 

unbalanced diets, often with low fruit and vegetable consumption rates (Irala-Estevez et al. 

2000). Influence of flavour perception is, in turn, related to language, feeding, conscious 

flavour perception, and memory circuits (Varshney et al. 2013, p.1). 
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The needs of daily life also affect our everyday life. Appleton et al. (2006) studied flavour 

liking and disliking taking into consideration the needs of daily energy requirements. Novel 

flavoured yoghurts were the preference in high energy requirement condition. The body's 

principal mechanism for assessing the chemical composition of foods are taste and smell for 

both nutrients and toxicity (Reade, B. 2012). The repugnance of human from specific 

preferences, such as the overly acidic or odours, such as that of amines or mercaptans, is almost 

certainly an evolved mechanism to keep away from toxic substances or spoiled food by 

bacterial activity (Reade, B.2012). 

1.3.4.1 Neophobia 

Food preferences evolved primarily to select for safe and nutritious and to match the food 

which benefits us (Shrungeswara et al. 2019, p.222; Sherman and Billig, 2005, p.549). The 

'chemical senses' are the oldest senses we have. We are rewarded by food that gives us nutrients 

with good taste; foods are pleasurable because they benefit us. The known words 'Quot sapit 

nutrit' (from Latin: 'If it tastes good, it's good for you'; Reade, B. 2012). 

There is a correlation between familiarity and level of liking in a study on the acceptance of 

beverages. Stein et al. (2003, p. 119) studied on the acceptance of bitter beverages. They 

reported that consumer population distribution varied in terms of their interest in healthy eating 

and their behaviour to novel foods. Most people were interested in eating healthily, and few 

consumers displayed neophobia (Stein et al. 2003, p. 119). 

The Finnish collaborators published their data from a representative sample of 1083 Finns; men 

were slightly more neophobic than women, older people (ages 66-80) were neophobic than 

younger. Neophobia is also decreased with education and urbanization (Henriques et al. 2009, 

p. 85). 

Many types of research have focused on food neophobia in children and their early year's diet, 

implications of it and possible ways of dealing with it (Henriques et al. 2009, p. 83). Some 

intervention studies recently found that exposing children to a novel food within a positive 

environment, affects their attention for trying novel foods and increase their willingness to 

prefer this kind of food (Ventura and Worobey 2013, p. R404). 
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Elkins et al. (2018) studied young adults and middle ages parents, including between food 

neophobia and picky eating each, resemblance between children and parents in the eating 

behaviour. They found that young adult children and their parents resemble each other in 

pickiness and food neophobia. 

There are three basic motivational dimension underlying reactions to a food substance 

summarised as (1) sensory -affective (liking or disliking the taste, smell or appearance of a 

food), (2) anticipated consequences (expectations beneficial or harmful effects of ingestion), 

(3) ideational (knowledge of the nature or origin of the substance which can lead being 

positively transvalued or considered disgusting; Dovey et al. 2008). 

1.3.5 Social, Physical Environmental Effects 

Environmental factors influence food preferences and choices—social environment such as 

family, peers and social networks. For example, a health promotion program found that the 

multi-ethnic, working-class adults enrolled in the study had more remarkable developments in 

fruits and vegetable intake if they reported having more social networks and more supportive 

social norms like several friends or colleagues who ate a minimum of five servings of healthy 

food a day (Larson and Story, 2009, p.S.59).  

Physical environments, including schools, childcare, worksites, retail food stores and 

restaurants, also have an impact on food intake. Among adolescents, one study showed whether 

neighbourhood access restaurants might impact on food choices. The results of this study 

suggest that the price of fast food may be a more important determinant of food intake that 

physically availability of restaurants. They increased the cost of fast food by 10% and then 3% 

increase in consumption of fruit and vegetables was observed (Powell, et al. 2006, p. 24). 

Macro-environment such as socioeconomic status, cultural norms and values, food marketing, 

and government food policy, is another vital player for food intake. Many dietary choices are 

influenced by market forces that are beyond the control or awareness of each consumer (Larson 

and Story, 2009, p.S66). Food producing or importing depends upon business practices in 

farming, production, purchasing, marketing and these practices are influenced by government 

policy and regulation (Larson and Story, 2009, p. 67). Obviously, in every market, some foods 
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are relatively inexpensive and available in ample supply, whereas others are more expensive 

and not often available. 

1.4 Sensory Perception of Food  

Sensory evaluation is “a scientific discipline used to evoke, measure, analyse and interpret 

reactions to those characteristics of foods and materials as the senses of sight perceive them, 

smell, taste, touch and hearing” (Stone and Sidel 2004, p. 13). 

The primary purpose of the perception is to seek out objects in our environment, particularly 

those that are biologically important (Prescott, J. 2012, p. 553). The sense of taste and flavour 

is primarily crucial for human perception.  

Favour perception cannot be measured directly by instruments; it is an about interaction of 

consumer and product (Piggot, J.1990, p. 261). 

For over 60 years, sensory science has existed, and many attributes its understanding of of 

sensory science to the 1940s with the development of consumer behaviour or hedonic food 

acceptance methodologies by the US Branch (Drake, M.A. 2007, p. 4925). 

Spence, C. (2015, p. 1) pointed out that besides one of the most important claims in the food 

science literature, there are articles in the press on food and taste. People (75 to 95%) reported 

that what they think of as taste is actually due to stimulation of the olfactory receptors in the 

nose (Tournier et al. 2007, p. 246). 

1.5 The Major Senses in Sensory Perception of Food 

It is well known accepted that five taste sensations-sweet, salty, bitter, sour and umami- can be 

perceived by humans. These taste qualities provide an evolutionary way in nutrition and 

avoidance of hazardous compounds: sweet for carbohydrates sources of calories, salty for 

minerals, bitter for harmful compounds, sour for spoiled foods and umami for protein and 

amino acid content (Loper et al. 2015, p. 83). Other classes of compounds such as fatty acids, 
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calcium and starch, may also interact with the taste system. Still, they do not give rise to the 

(to human) strong qualitative percept that other five do (Beauchamp and Jiang, 2015, p. 5). 

Gustation starts firstly into the mouth, and subsequently, food is processed in the oral cavity 

(Chen, J. 2009, p. 5). The receptors reside in taste buds and mostly located fungiform, foliate, 

and circumvallate to detect the basic sensations of bitter, salty, sour, sweet and umami 

(Figure.3) (Barham et al. 2010, p. 2317). 

Figure 3 The basic sensations of bitter, salty, sour, sweet and umami 

 

"a) the tongue, showing the four different types of papillae. (b) a fungiform papilla on the tongue; each papilla 

contains a number of taste buds. (c) cross-section of a taste bud showing the taste pore where the taste stimulus 

enters. (d) the taste cell the tip of the taste cell is positioned just under the pore. (e) taste receptors: bitter, sweet, 

sour, salty, umami sites" (Source: Traynor, M. 2013, p. 18) 
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Beauchamp, G.K (2019, p. D) also summarised beside basic sensations, strong historical and 

anthropological evidence that humans perceive the world of oral “taste” as being made up of 

this small number of independent sensations (Figure 4). The Greek philosopher Aristotle, 

writing in the third century BC, recognized taste as a component of the sense of touch, believing 

that the stimulus must contact the receptor to be detected. All attempts at defining what 

constitutes a basic taste are fundamentally arbitrary (Beauchamp, G. K. 2019, p. G). The 

“experiment of human”, performed continually over the past several thousand years and likely 

much longer, supports a perceptually focused definition as best encompassing what is meant 

by “basic tastes” (Beauchamp G.K. 2019, p. D). 

Figure 4 Taste quality attributes contained in the list of basic tastes in different cultures and 

across time. 

 

Source: Beauchamp, G.K (2019, p. D)  

Spicy, hot, cooling and tingle are all responses that result from chemical sensitivity 

(Reineccius, G. 2006, p. 10). Chemical irritants such as horseradish, ginger, ammonia, menthol 

and onion stimulate the free nerve endings in the mucous surfaces of the mouth, nose and eyes 

(Riera, C. 2008, p.25). Chemosynthesis is also known as the trigeminal sense (Reineccius, G. 



40 

 

2006, p. 10). These trigeminal chemical stimulations evoke the noxious or irritating sensations 

of burn, heat, cold, pungency and pain in the mucosa of the eyes nose and mouth (Ross, C. 

2009, p. 36). Trigeminal neurons are present below the surface in the mouth; for this reason, 

the response of stimuli is slow in onset long-lasting (Traynor, M. 2013, p. 17). 

The chemesthetic neurons also signal to tactile, and chemical sense and tactile sense often 

overlap. For example, tannins in foods are chemical stimuli, but they give the tactile response 

of astringency. It can cause dry, rough feel and tightening effect in the cheeks, facial muscles 

(puckering) (Reineccius, G. 2006, p. 10). Flavour components (volatile compounds) also are 

sensed by olfactory receptors are protein and on the millions of hair-like cilia that cover the 

nasal epithelium (located in the roof of the nasal cavity; Kemp et al. 2009, p. 5). It is estimated 

that up to 80% of the information about food depends on olfaction (Blake, A. A. 2007, p. 177). 

As a result, volatile molecules must be carried through the air to the nose for something to have 

odour and aroma (Kemp et al. 2 009, p. 5). The sensing of the flavouring food or drink takes 

place, when as volatiles are released from the back of the mouth and transported through the 

nasopharynx by air exhaled from the oropharynx to stimulate olfactory receptor cells in the 

nasal cavity (Ni et al. 2015, p. 1). Schematic depiction of two routes of olfactory perception 

shown in Figure 5.  

Figure 5 The orthonasal and retronasal routes 
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Source: Traynor, M. 2013, p.19 

They are orthonasal and retronasal routes. Odours sensed orthonasally enter the body through 

the nose (nares) and travel directly to the olfactory epithelium in the nasal cavity. In contrast, 

they retronasal enter the mouth during eating and drinking. Volatiles released from food or 

drank subsequently pass through the nasopharynx at the back of the oral cavity to enter the 

nasal cavity and reach olfactory epithelium (Source: Small and Green, 2012) 

Additionally, such as appearance, consistency, and contrasting cognitive tastes may affect 

flavour perception. The visual cues provide the first type of interaction with foods and beverage 

before their consumption (McCrickerd and Forde, 2016, p.18). Colour variety in food 

undoubtedly plays an essential role in enhancing consumption (Spence and Piqueras-Fiszman, 

2016, p. 124). 

Volatile compounds give spices characteristic aromas: such as eugenol (clove), 

cinnamaldehyde (cinnamon) and menthol (mint). Some of these volatile substances, such as 

eugenol and cinnamaldehyde, produce a slight sense of pungent through the trigeminal nerves 

(Fisher and Scott, 2017, p.5). 

Hot spices such as chili or red pepper, black pepper and ginger have aromatic characters, but 

the pungent in the mouth is very strong (Fisher and Scott, 2017, p. 5). The trigeminal sensations 

of hot spices such as garlic, coconut, cinnamon are mostly seen in the nose (Fisher and Scott, 

2017, p. 5). 

In industrial food processing, spices are often used in the form of essential oils or oleoresins. 

Essential (volatile) oils are prepared by steam distillation of the dried ground spices and contain 

the volatile flavour compounds (FAO, 2005). Oleoresins (Volatiles +plant resins) is the solvent 

extracts of the spices and are more characteristic of the original ground spice, have both the 

volatile essential oil as well as non-volatile resinous material (Keeton, J. T. 2001, p. 261). 
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1.6 Food Sensory Analysis 

The sensory analysis consists of knowledge and methods adapted to various disciplines such 

as psychology, physiology, statistics, linguistics, food science, nutrition, medicine, chemistry, 

physics, sociology, anthropology and the host of other fields (Chambers IV, E. 2019, p.1). 

Many sectors of the consumer industry (food, beverage, cosmetics, personal care, etc.) 

provided very early support for interest in sensory evaluation (Stone and Sidel, 2004, p.6). 

Sensory assessment gained additional momentum in the 1940s and mid-1950s through the US 

Army Material Officer Food and Container Institute, which supported research into food 

acceptance for the armed forces (Stone and Sidel, 2004, p.7). 

The sensory evaluation includes many techniques to measure people's responses to foods 

accurately and to minimize the potential bias effects of brand identity and other impacts on 

consumer perception (Lawless and Heymann, 2010, p.1). Sensory science and analysis, in 

particular, are vital processes in new food product development and are essential to 

understanding consumers by bridging the gap between product characteristics, consumer 

preference and acceptance (Yu et al. 2018, p.202). 

Certain scientific methods have been developed in sensory science to accurately, reproducibly 

and objectively measure or predict human responses to stimuli (Drake, M.A. 2008, p.505). 

Liking or disliking questions are not answered by sensory analysis alone. 

Sensory analysis is used in various fields such as; raw material control, product development, 

product improvement, cost reduction, quality control, packaging material selection, shelf-

life/storage studies, analytical / instrument / sensory relationship and process development 

(Ackbarali and Maharaj, 2013, p.12). Kemp et al. (2008) also explained that sensory evaluation 

could be divided into two areas: objective (analytical) and subjective (hedonic). Both types of 

testing are sometimes combined to reveal insights into how sensory attributes drive consumer 

acceptance. In the objective part, it is done with selected and trained panellists. In the subjective 

test, the reactions of the consumers to the sensory properties of the products are evaluated. 
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1.6.1 Consumer Tests  

Sensory analysis is accepted as an interdisciplinary science that uses human sensory perception 

related to the thresholds of determination of attributes and the variance in individual sensory 

response experimental design to measure the sensory properties and acceptability of many 

other materials as well as food products (Ackrabarali and Maharaj, 2014, p. 12). 

A consumer test for a developed new product can provide several pieces of useful information. 

There are several types of sensory analysis methods; the most popular ones are difference tests, 

descriptive analysis and consumer acceptance testing (Lawless and Heymann, 1998).  

The aim is not only to get "like or dislike" answers by consumers in sensory tests. Many types 

of sensory tests exist for a specific objective. Consumer perception and emotional responses 

are known as objectives. Besides those testings, the impact of storage, substitution of 

ingredients, package and process variability can be determined (Drake, M.A. 2007, p. 4925). 

Consumer acceptance, preference and hedonic tests (liking) are used to determine the degree 

of consumer acceptance for a product by untrained consumer panellist. There are two consumer 

sensory acceptance testing has two approaches: the preference measurement and the 

measurement of acceptance. The consumer acts as a measuring instrument and assigns numbers 

or words from a scale. Controversy, preference tests measure the appeal of one food or food 

product over another (Traynor, M. 2013, p. 24). The paired-comparison test, category scales or 

ranking tests, can all be used to assess product acceptance that usually indicates actual users of 

the product (purchasing and eating; Ackbarali and Maharaj, 2014, p. 10). 

In the preference test, the two samples are presented to the panellist simultaneously, and the 

panellists are asked to identify the sample that is preferred (Lawless and Heymann, 1998, p. 

325). 

The acceptance test methods are for scaling the degree of acceptability of foods. There is no 

requirement to choose between alternatives. In theory, a scale measures the sensory appeal of 

a product has distinctly advantaged over a simple choice task. It also provides information on 

whether the product is liked or disliked in some absolute sense (Lawless and Heymann, 1998, 

p. 325). 
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Difference tests estimate the degree or magnitude of sensory differences between samples. 

Still, one limitation of these tests is the nature of the differences is not defined and common 

practice to combine with a descriptive test for problem-solving (Ackbarali and Maharaj, 2013, 

p. 12). 

Acceptance testing, or acceptability scaling, is an alternative to choosing a procedure for 

evaluating the consumer appeal of foods, using a rating scale for liking or disliking (Lawless 

and Heymann, 2010, p. 325). It includes rating specific attributes using Hedonic and attributes 

ideality (JAR- just about right) scales. 

1.6.1.1 Hedonic scale 

The most commonly used scale for measuring food acceptability is the 9 -point hedonic scale. 

In 1947 David Peryam and colleagues developed the scale at the Quartermaster Food and 

Container Institute of the U.S. Armed Forces for measuring soldier’s food preferences. It was 

motivated by the need for rating scale that could overcome the limitations of the cumbersome 

method by the need for the rating (Heymann, H. 2019, p.9; Lim, J. 2011, p. 738). Assessing 

the acceptability of military foods, investigators Peryam and Pilgrim studied several different 

scales of varying length and number of categories as well as a selection of most appropriate 

words used as the anchors for each category (Heymann, H. 2019, p. 9). This scale has nine 

points or categories and nine statements. There are similar scales for the testing of acceptance 

by children that use a smaller number of points with kid-friendly words or smiley faces 

(Chapmann, K.W. 2010, p. 163). The scale (Figure 6) is a balanced bipolar scale around neutral 

in the middle with four positive and four negative categories on each side (Kalva et al. 2014, 

p. S240). 

Figure 6 Examples of hedonic scales: 9-point hedonic scales (for measuring the intensity of 

liking) 

 



45 

 

Source: adapted from Kalva et al. 2014, p. S240 

The creation of the 9-point hedonic scale opened up the possibilities of having actual/ target 

consumers indicate their degree of liking for products and allowed product developers to get 

information directly from real consumers (Heymann, H. 2019, p. 9). 

1.6.1.2 Just-About-Right Scale (JAR scale) 

Just About Right (JAR) scales are variations of acceptance testing (Chapman, K.W. (2010), p. 

164). The JAR not only describes the product but also allow to determine the ideal level of the 

product attributes. Consumers are asked to rate the intensity of an attribute with JAR scale, 

indicating whether the intensity of it is just about right, too strong or too weak compared to 

their internal ideal (Ortega-Heras, M. et al. 2019, p. 2). These bipolar scales, as shown in Figure 

7, have three or five categories, usually anchored with statements of too much, too little, and 

just about right for each product attribute. 

Figure 7 Just-About-Right (JAR) 5-point Scale 

 

Source: Li, B. 2011, p. 4 

These scales combine attribute intensity and preference in a single response, and they are very 

susceptible to interpretive and/or semantic errors because the product attribute to be measured 

is given a name (Stone and Sidel, 2004, p.92). The JAR scales usually indicate five points to 

assess whether there is much less, much more or a "just-about-right" level of an attribute and 

are a reliable tool to study the adequacy of sensory attributes (Lawless and Heymann, 1999, 

P.334) 

These scales are designed to determine the optimum intensity of a sensory attribute by asking 

consumers to evaluate if they consider that a sensory attribute is too strong, too weak or just 

about right (Lawless and Heymann, 1999, p. 334). For example, in testing chocolate milk, the 

JAR scale can be anchored with `not sweet enough' on the left, `just about right' in the centre, 
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and `much too sweet' on the right (Ortega-Heras, M. et al. 2019, p. 2). Direct information for 

reformulation or optimization of product recipe can be gleaned from JAR scales, which 

combines intensity and acceptance answers (Meilgaard et al. 2007).JAR scales could be 

considered one of the most simple and direct ways to gather information about sensory 

attributes (Popper et al. 2004, 854).  

JAR scales are simple, easy to use and could be useful in numerous situations but results from 

this type of scale require careful interpretation (Ares, G. and Gimenez, A. 2009, p. 665). It 

could be considered that products rated as a JAR in all the evaluated sensory attributes should 

be equivalent to the most liked products. Still, research has shown that this is not necessarily 

the case (Moskowitz, H. R. 2009, p. 145). JAR scales could be a diagnostic tool used to 

determine how consumers perceive the sensory attributes of a food product (Ares, G. and 

Gimenez, A.2009, p. 666). 

1.6.1.3 Consumer Expectations and New Food Product 

Consumer role is essential in the innovation practices in the food industry. Therefore, consumer 

tests (such as experimental tests conducting with marketing variables) are able to accurately 

predict consumer behaviour at the point of purchase to assure the right consumer will respond 

appropriately to new products. 

Consumer demands keep changing regarding improving food safety, shelf-life and reducing 

waste; also, wishes for increasingly sophisticated foods have special characteristics concerning 

nutritional value, palatability, and convenience. These needs of developments are occured by 

the interaction between consumer expectations and demand, the technical capacity of the food 

producer, and emerging knowledge from food science research (Wigner and Wall, 2006, p.1). 

Grunert et al. (2004) also mentioned innovative products perform several roles. They give some 

protection against price competition, replace products that face declining sakes at the end of 

their lifecycles and contribute to creating customer satisfaction and loyalty. The key to market 

success is in a balance between responsiveness and pro-activeness and short-term success from 

incremental innovation and long-term success from more radical innovation (Van Trijp and 

van Kleef, 2008, p. 568). 
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Some study results noted that 80-90% of newly developed food products fail to achieve market 

acceptance (Rowe et al. 2011). Consumers often reject food innovations as a result of food 

neophobia. Neophobic people tend to exhibit negative attitudes and have lower expectations 

for the taste of their foods (Vidigal et al. 2015, p.834). Some studies explain the reasons of 

neophobia: “(a) aversion to sensory characteristics, (b) danger, a fear of negative consequences 

of eating food, or (c) disgust, arising from the idea of nature or origin of food” (Vidigal et al. 

2015, p. 834). 

The key to the overwhelming failure or neophobic of the product is to understand consumer 

thinking. The consumer has an essential role in the innovation practices in the food industry 

due to perform tests that will accurately predict consumer behaviour at the point of purchase; 

it is necessary to include in the experimental design a certain set of marketing variables, to 

assure that the “right consumers” will respond appropriately to the new product (Guiné and 

Cruz –Lopez, 2016). 

The effect of consumers ‘hesitation´ becomes clear in the case of incorrectly labelled foods 

which were, in fact, novel dishes (smoked-salmon ice cream; Yeomans et al. 2008). 

1.7 Food Flavour and Volatile Compounds 

1.7.1 Food Flavour 

Many studies have shown that the taste of food is the key to its acceptability (Maina, JW. 2018, 

p.253; Manfred, R. 2012, p.15). The International Organization for Standardization (ISO) 

flavour description gives an important clue about tasting. It states that flavour is "the complex 

combination of smell, taste and trigeminal sensations perceived during tasting". Flavour can be 

affected by tactile, thermal, painful and/or kinesthetic effects (ISO 5492, 2018). 

A complete taste experience depends on the combined responses of the senses and the cognitive 

processing of these inputs. The flavour is generally thought to be limited to the sense of smell, 

taste, and somatose (irritation, tactile and thermal). Many other sensory inputs are processed 

by the brain to result in taste perception (Reineccius, G. 2006, p. 3). 
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Flavour is divided into two classes: those who are responsible for taste and are responsible for 

fragrances; the latter is often referred to as flavourings (Belitz et al. 2009, p.340). Taste 

compounds are generally non-volatile at room temperature and interact only with taste 

receptors that are found in taste buds of the tongue (Belitz et al. 2009, p.340). Known as basic 

taste perceptions are provided by sour, sweet, bitter, salty and umami, as mentioned above. 

Additionally, Vilgis, T. (2016) further simplifies the aroma system by dividing key aromas into 

seven groups in Figure 8. 

Figure 8 Aroma groups according to their structural properties and their rough scent direction 

(left) and also examples of important constituents that are key flavours (right). 

 

Source: adapted from an online source (Labour et al. 2015) 

Trigeminal stimuli on the tongue, taste and taste-modulating stimuli are mainly triggered by 

polar compounds that are difficult or non-volatile. Also, he explained that 10,000 individual 

aromas form seven clear groups. How is that possible? "The aroma DNA" - experts usually 

murmur as an explanation. That means a core of basic building blocks (water, carbohydrates, 

lipids and proteins) that can be flexibly reassembled. This process is controlled by a 

"development story" that carries every aroma - the DNA. In plants, growth, ripening and 

fermentation are the key factors. 
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1.7.2 Volatile Compounds of Food 

It is estimated that the biggest contribution to food flavour diversity comes from volatile or 

aroma molecules, and 80% of the information about our food depends on the olfactory process 

(Traynor, M. 2013, p. 18). The compounds that are responsible for the aroma have low 

molecular weight and are present in foods at low levels (Parker, J. K. 2015, p. 3). An enormous 

experimental study has been made since the 1960s with the identification of volatile 

compounds in foods (Baines, D. 2007, p. 12). In the Nutritional and Food Research Institute of 

The Netherlands (TNO) publication on a website “Volatile Compounds of Foods (VCF)” 

(https://www.vcf-online.nl). There are over 10.000 volatile compounds listed. The VCF 

register is recognized as a world authority on the occurrence of volatile compounds in food and 

the latest version, 16.6, lists over 700 food sources in which flavouring substances have been 

identified.850 chemical compounds have been identified from various groups, e.g. pyrazines, 

pyridines, pyrroles, carbonyl compounds, furans, phenols, oxazoles, thiophenes and thiazoles, 

thiols and other sulphur compounds, and carboxylic acids, in roasted coffee (Marek et al. 2020, 

p. 2). 

A typical fruit can have more than a hundred different volatile components, but in total they 

only make up a few parts per million of the entire fruit. Fruit flavours are very diverse. Citrus 

fruits such as grapefruit, orange, tangerine, tangerine, lemon and lime are rich in terpenoids. In 

contrast, most non-citrus fruits such as apples, raspberries, cranberries, and bananas are 

characterized by esters and aldehydes (Fisher and Scott, 1997, p. 5). 

Odour-active compounds containing carbon, hydrogen and oxygen are named as aldehydes, 

alcohols, esters, lactones, acids and terpenes and terpenoids (Parker, J. K. 2015, p. 8). 

Aldehydes are widespread components of any food or flavouring, and many have a low odour 

threshold (Parker, J. K. 2015, p. 8). 

The C3–C5 aldehydes (propanal, butanal and pentanal) tend to have a rather 

chemical/malty/green note to them that is hard to define whereas acetaldehyde is a crucial 

component of many fruit flavourings, imparting fruity ether notes (Parker, J. K. 2015, p. 9). 

The branched-chain C5 aldehydes, namely, 2- and 3-methylbutanal, have low odour thresholds 

and are found in most cooked foods as well as in fresh fruits and vegetables (Parker, J. K. 2015, 
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p. 9). The characterization of fruit volatiles can be very complicated due to various factors such 

as cultivars, the maturity of the fruit, postharvest treatment, fruit sample (either intact fruit, 

slices, or homogenized samples), and analytic techniques that should be used (Jiang and Song, 

2010, p. 13). 

The C6 aldehydes Hexanal, (Z)-3- hexenal, and (E) -2- hexenal imparts a green aroma notes 

when assessed alone, and contributes to the leafy and less ripe notes in many fruit aroma 

profiles (Espinoza, M. V. 2019). C9-aldehydes contribute to green bean and cut grass 

impressions in food (Parker, J. K. 2015, p. 9). (E, Z)-2-6- nonadienal (CAS no. 557-48-2) and 

(E)-2-nonenal (CAS no.18829-56-6) are essential compounds of cucumber and green fatty 

aromas (Espinoza, M. V. 2019). 

Aldehydes consist of the aromatic ring such as benzaldehyde (cherry, almond), 

phenylacetaldehyde (rose, honey) and cinnamaldehyde (cinnamon) are important components 

of foods and flavourings (Parker, J. K. 2015, p. 9). Benzaldehyde has been known to be the 

most crucial aroma compound in sour cherries, but also benzyl alcohol, eugenol and vanillin 

are key flavour compounds that are affected its growing and storage conditions (Christensen, 

L. P. et al. 2007, p. 155). The well-known among compounds vanillin is an aldehyde with the 

chemical name 4-hydroxy-3- methoxy benzaldehyde that can form to acetals (Parker, J. K. 

2015, p. 9). 

The straight-chain methyl ketones, containing one carbonyl group in the 2-position, e.g. 2-

heptanone, impart both a blue cheese and fruit pear aroma, while 3-Octanone gives a sweet, 

fruity, earthy, and a cheese and mushroom taste (Parker, J. K. 2015, p. 12; Li, S. 2018, p. 2016). 

The α-dicarbonyl compound such as Diacetyl (2,3-butanedione) has long been recognized as 

imparting a distinctive buttery or butterscotch note in foods, such as cottage cheese (Rincon-

Delgadillo et al. 2012, p. 1128). 

Some of ketones is more structurally complex and have a key role in aroma: For example, (E)-

5-methyl-2-hepten 4-one (filbertone) is a character impact compound of hazelnuts, and also 5-

methyl-4-heptanone contributes a fruity, hazelnut like aroma (McGorrin, J. R.2012, p. 230). 
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Foods and flavourings have alcohols abundantly, but their contribution to aroma tends to be 

less than for the aldehydes (Parker, J. K. 2015, p. 11). All contain the hydroxyl groups that 

determines mostly their characteristics. For example, unsaturated alcohols in which the double 

bond is close to the hydroxyl groups, have a penetrating and irritating odour (Board, N.I.I.R, 

2004, p. 379). As examples of alcohol groups are cis-3-Hexen-1-ol imparting a characteristic 

green leaf note, 1-octen-3-ol being a character impact compound in raw mushrooms (Garcia et 

al. 2012, p. 655; Grosshauser and Schieberle, P.2013, p. 3804).  

Esters are responsible for the odours of many fruits such as ethyl ethanoate occurs in 

pineapples, 3-methyl butyl ethanoate in apples and bananas, 3-methyl butyl-3-methyl 

butanoate in apples, and octyl ethanoate in oranges (Ouellette and Rawn, 2018, p. 667). The 

most abundant compound is ethyl acetate during ripening of fruits (Espinoza, M. V. 2019). The 

longer chain ethyl esters defined as soapy, cheesy and waxy (Parker, J. K. 2015, p. 13). 

Lactones are cyclic esters that are potent aroma compounds formed from the corresponding 

hydroxy acid (Parker, J. K. 2015, p. 15). Tropical flavours consist of lactones such as γ-

decalactone (17) is the major lactone in both peaches and nectarines (Espinoza, M. V. 2019). 

The odour thresholds of lactones decrease significantly as the number of constituent carbons 

increases (Espinoza, M. V. 2019). Lactones usually possess 8-12 carbon atoms, and some of 

them are very important components for fruits such as strawberry, pineapple and peach 

(Sánchez-Sevilla, J.F. et al. 2014, p. 1). A significant group of fatty acid, derived flavour 

compounds are lactones or alkanolides, which are organoleptically important. The γ – lactones 

are found primarily in plants, whereas δ - lactones primarily in animal products (Ivanescu et 

al. 2015). On the other hand, there are very popular in tropical foods; γ-decalactone is the major 

lactone in peaches and nectarines (Espinoza, M. V. 2019).  

Terpenes, terpenoids and sesquiterpenes are major components of essential oils and play 

important roles for the characteristic aroma profile of many fruits (particularly citrus), herbs 

and spices (Parker, J. K. 2015, p. 17). They are the largest single class of compounds found in 

essential oils and also called isoprenoids and are made up of isoprene molecules that contain 

five carbon atoms with double bonds (Buckle, J. 2015, p. 44). The simplest terpenes are 

monoterpenes that contain two isoprene molecules. Sesquiterpenes have three isoprene 
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molecules, and diterpenes have four because each isoprene molecule has five carbon atoms, it 

is easy to calculate the number of carbon atoms per molecule (Baser and Demirci, 2011, p.43). 

Monoterpenes such as ocimene, α-pinene and limonene are low weight molecules that are quite 

volatile and are used the name as “top notes” by perfumery industry (Buckle, J. 2015, p. 44). 

Other terpenes such as α-thujene (woody) and sabinene (citrus) are present in fruits and spices, 

and the sesquiterpenes provide more interesting aromas with α-valencene imparting classic 

citrus notes and both farnesene and humulene a woody, spicy note (Parker, J.K. 2015, p. 17). 

Citrus oils, except for bergamot, contains more monoterpenes, in particular the optical isomer 

D-limonene, a cyclic form (Buckle, J. 2015, p. 44). 

Phenols are the cyclic compounds includes the aromatic ring with the phenyl hydroxyl or its 

substituted radicals (acid, aldehyde, etc.; Dyakov and Dzhavakhiya, 2007) 

Many of the essential oils consist of terpenes; some of them has phenolic compounds; for 

example, thymol from thyme (Aldred, E. 2009, p. 151). Many simple phenols are responsible 

for taste, for example, eugenol in cloves. They are called the phenylpropanoids because they 

originate from phenylalanine (Aldred, E. 2009, p. 151). Vanillin is the most popular of all 

flavouring substances and the key compound of vanilla, is a phenol with that characteristic 

sweet vanilla aroma with smoky undertones (Parker, J. K. 2015, p. 17). 

Table 1 shows some volatile and non-volatile compounds and their sensory characteristics. The 

‘green flavour of many vegetables (peas, pepper, beans, asparagus, carrot, lettuce) imparting 

from alkyl alkoxy pyrazines (Fisher and Scott, 1997, p. 5). Other alkyl alkoxys- pyrazines are 

responsible for earthy aromas (potato) whereas Phthalides give the bitter flavour to celery 

(Fisher and Scott, 1997, p. 5). 
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Table 1 Some volatile and non-volatile compounds and their sensory characteristics 

 

Source: Fisher and Scott, 2007, p. 11 

The volatile profile of most foods has many odour-active compounds, but very few of these 

give character to the food (Parker, J. K. 2015, p. 6). Of all volatile compounds, only a few 

numbers are significant for food aroma (Belitz and Grosch, 2009, p. 340). These compounds 

are called 'Character impact compounds' for a particular aroma or flavour is a unique chemical 

substance that provides its principals' sensory identity such as benzaldehyde in cherry, vanillin 

in vanilla and diacetyl in butter (McGorrin, R. J.2011, p. 1). For example, cooked meat contains 

hundreds of odour-active compounds. Many of which impart roasted, generic savoury, toasted 

or fried notes that are important for meat aroma, but also present in other foods likes snacks, 

fries, nuts etc. (Cerny et al. 2012, p. 203).  

The volatile profile of most foods has many odour-active compounds, but very few of these 

give character to the food (Parker, J. K. 2015, p. 6). Of all volatile compounds, only a few 

numbers are significant for food aroma (Belitz and Grosch, 2009, p. 340). 
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It is also worth noting, however, that not all foods have characteristic impact compounds; their 

unique characteristics may be attributed to a combination of aroma compounds. There is no 

character impact compound for wine, for example, although individual wines do contain some 

very recognisable aromas (Parker, J. K. 2015, p. 6). 

Some key compounds for the specific food are shown in Table 2. Certainly, this is not a 

complete survey of food samples, but shows the various classes of chemical compounds that 

elicit an aroma in the human nose (Belitz et al. 2009, p. 340). The characteristic task (including 

trigeminal stimulation) of a food is generally related to a single class of compounds. At the 

same time, an odour is usually elicited by a combination of volatile compounds, each of which 

imparts of own smell (Fisher and Scott, 1997, p. 8). 

Some molecules have quite different chemical structures, for example there are compounds 

with very similar flavours such as sesquiterpene (R) -nootkatone and thioterpenoid 1-p-

menthene-8-thiol, both of which taste a grapefruit, while benzaldehyde and hydrogen cyanide 

that both give the impression of almonds as the first example of this phenomenon (Cheetam, 

P. S.J. 2010, p. 132). Another impact seemingly unrelated aroma such as green, cotton candy, 

and mushroom and rose (Parker, J.K, 2015, p. 6). The characteristic meaty aromas in common 

are 2-methyl-3-furanthiol or bis-(2-methyl-3-furan) disulphide (Tang, W. et al. 2013, p. 38; 

Kosowoska, M. et al. 2017, p. 1). 
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Table 2 Some of the key compounds for specific food 

 

Source: adapted from Belitz et al. 2009, p. 340 

Human odorant receptors may be able to interact with each volatile organic compound, which 

can reach these receptor proteins located in the nasal cavity (Czerny et al. 2008, p. 265). 

However, it is known that a certain dose of a given volatile compound is needed to cause a 

receptor response (Czerny et al. 2008, p. 265). Odour thresholds in a given matrix have been 

proven as a useful tool to evaluate the odour activity of a volatile compound (Czerny et al. 

2008, p. 266). 
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Thresholds values are mostly determined with smelling (orthonasal) and tasting (retronasal). 

There can be examples like carbonyl compounds that shows how large the difference between 

the ortho- and retronasal thresholds can be (Belitz et al. 2009, p. 341). For instance, 1-p-

methanethiol, an important compound of grapefruits, shows an odour threshold of 0.01 9 10-9 

g/L while maltol can only be detected above the concentration of 3.5 9 10-2 g/L (Czerny et al. 

2008, p. 266). 

Threshold concentrations for aroma compounds are independent on their vapour pressure, 

temperature and medium (Belitz et al. 2009, p. 341). Table 3 demonstrates a comparison of the 

threshold values in water and beer. 

Table 3 Comparison of threshold values in water and beer 

 

a: odour and taste (Source: Belitz et al. 2009, p.342). 

Compounds with concentrations lower than the odour and/or taste thresholds also contribute 

the aroma when they are mixed (Belitz et al. 2009, p. 341). Interaction with other odour 

producing substances can strongly increase in the odour thresholds (Belitz et al. 2009, p. 341). 

Some ingredients have more than one recognition threshold for the quality and character of the 

flavour change with its concentration such as trans-2-enal: just above the detection threshold 

of 0.1 ppb, woody character above 8ppb and fatty smells, while it becomes tasteless at 30 ppb, 

1000 It has a strong cucumber flavour in an aqueous solution in ppb (Fisher and Scott, 1997, 

p. 11).  

Many human psychophysical shreds of evidence for the integration of odours and taste is 

derived from data showing an interaction between these distinct modalities while they are as 

mix (Small and Prescott, 2005, p. 346). Most commonly example is given for the effect of food 
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odours such as strawberry or vanilla to enhance sweetness when added to solutions of tastant 

like sucrose (Small and Prescott, 2005, p. 346). A series of research was also reported that the 

intensity of fruity aroma was shown to increase with sweeter content on model solutions, 

orange juice, model dairy desserts and custard dessert (Arvisenet et al. 2019, p. 4). 

1.7.3 Flavour Release from the Food 

Flavour compounds are small molecules (<400Da) and characterized by physico-chemical 

properties which they easily release in the gas phase (Paravisini and Guichard, 2016, p. 208). 

Flavour release depends on the nature and concentration of volatile compounds present in food 

as well on as their availability for perception as a result of interactions between the major 

components and the aroma compounds in food (Naknean and Meenune, 2010, p. 23). Also, 

temperature and medium condition have essential impacts on flavour release of food. 

Physical interactions are determined in ways; by the air-food partition coefficient of the aroma 

compound which is a measure for the volatility of aroma compound in food medium and; by 

the mass transfer coefficient determining the kinetics of aroma release (de Roos, 2006, p. 229) 

The other interaction is called chemical interaction that contrasts with physical interaction, 

results in a change of the aroma molecules (de Roos, 2006, p. 229). The interactions between 

aroma compounds and food components can be attractive or repulsive interaction. Attractive 

interaction involves fixation of flavour compounds on food components, whereas repulsive 

interactions are regarded with the release of aroma compounds (van Rooth and Roozen, 2010, 

p. 191). Paravisini and Guichard (2017, p. 213) also mentioned physico-chemical interaction 

between volatile compounds and different classes of non-volatile compounds such as 

polyphenols, melanoidins, artificial sweeteners, alcohol, salt could also affect release from 

water solutions. 

The physicochemical properties of the food matrix are very crucial in determining the release 

of a flavour compound due to lipophilic compounds and will be released faster in higher 

intensities when they are dissolved in the aqueous/polar system than in a hydrophilic system 

(Chung et al. 2003, p. 2150). Food matrix components, such as proteins, polysaccharides, and 

lipids, are known to interact with flavour compounds (Guichard, E. 2002, p. 49). 
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1.7.4 Lipids Flavour Interactions 

Lipids are in a critical role in the storage and release of aroma compounds which has been 

recognised (Ollivon, M. 2006, p. 133). Flavour chemicals vary in polarity and consequently in 

fat solubility, and taste thresholds in fat are much higher than in water (Wright, J. 2010, p. 8). 

Lipids, among all food components, possibly gas / partitioning has the most powerful effect 

(van Rooth and Roozen, 2010, p. 195). 

Aroma compounds are mostly weaky water-soluble but dissolve in a fatty environment (Vilgis, 

T.2013, p. 3). Their odour activity is more or less determined by volatility (a thermodynamic 

property defined by corresponding vapour pressure) and the odour threshold (a physiological-

chemical property), and both quantities can be measured in defined solvents and at a certain 

temperature (Vilgis, T. 2013, p.1). 

Many aroma compounds have high solubility in lipid phase rather than aqueous or gas phases, 

and any difference in solubility in different solvents across the matrix result in changes in the 

availability in the gas phase (Wright, J. 2010, p. 8; Fisk, I.D. 2015, p. 109).  

Food composition contains lipophilic compounds that decrease in the concentration of the 

lipophilic compound in the gas phase, although adding oil droplets with different level to food 

(Fisk, I.D.2015, p. 109). In opposite, the concentration of hydrophilic compounds in gas phase 

increase due to partitioning into the aqueous phase and an increase in effective solvent 

concentration. 

Lipophilic flavour compounds are bound to the lipid molecules by weak, reversible van der 

Waals forces and unspecific hydrophobic interactions in the lipid-containing system (Plug and 

Haring, 1993, p. 150). Therefore, hydrophobic nature of flavour compounds generally results 

on considerable differences in headspace composition if the lipid is removed from the system, 

as the case of fat-free foods (Plug and Haring, 1993, p. 150). 

The solubility of aroma compounds in aqueous and oil phase depends on the hydrophobicity 

such as ethyl acetate and 1-octen-3 ol is has a higher solubility in the organic solvent than in 

water; the opposite effect was observed for the more polar 2, 5-dimethylhydrazine (Guichard, 

E. (2002, p. 58). 
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Braus et al. (1999) studied interaction odour compounds and fat in yoghurt. They found that 

while increasing in the fat content of yoghurt, odour intensities of hexenyl acetate and 

terpinolene tend to decrease. 

It is also considered not only the volatility of compounds but also their rate. The rate of release 

of hydrophobic b-pinene was reduced (8000 times) in an oil condition containing artificial 

saliva, whereas that if the more polar maltol was higher in the oil system (Guichard, E. 2002, 

p. 58). Binding to the aqueous phase tends to reduce the volatility of polar compounds in much 

same way lipid phase bind non-polar flavour compounds (van Rooth and Roozen, 2010, p. 

195). 

1.7.5 Carbohydrates Flavour Interaction 

The categories of carbohydrate can be considered regarding molecular weight: simple sugars 

(monosaccharides and disaccharides) such as glucose and sucrose, oligosaccharides such as 

oligofructose and polysaccharides such as starch or cellulose (Delarue and Giampaoli, 2006, 

p.208). 

Carbohydrate compounds are ubiquitous in food products and have impacts on both tastes, 

especially sweetness and texture (Paravisini and Guichard, 2017, p. 215). The chemical 

properties of carbohydrates determine chemical reactions with flavourings whereas their 

physical properties determine their influence on flavour compound mass transport both within 

the food and from a food (Reineccius and Heath, 2006, p. 145). 

The influence on the addition of sugars on flavour release depends on the aroma compound 

and tasting agent concentration (Guichard, E. 2012, p. 137 Mono- and disaccharides could be 

expected to generate a ‘salting out’ effect in aqueous systems. The presence of non-volatile 

solutes means that it will increase the concentration of volatile substances in the gas phase 

(Delarue and Giampaoli, 2006, p.209). On the opposite, simple sugars may interfere with the 

diffusion of volatile compounds and slow their release down (Delarue and Giampaoli, 2006, 

p.209). 

Polysaccharides are complex carbohydrates; they may influence flavour release through vapour 

pressure reduction (chemical binding of some type) or by influencing mass transfer rate (with 
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being vicious or gel forms; Reineccius and Heath, 2006, p. 145). Polysaccharides can also form 

inclusion complexes with small molecules such as aroma compounds. For example, cyclic 

oligosaccharides such as cyclodextrins can form inclusion complexes with volatile compounds 

and are very good candidates as carrier material for aroma (Delarue and Giampoli, 2006, p.208) 

The study showed that sucrose and inverted sugar increased the release of five out of six flavour 

compounds tested (isopentyl acetate, cis-3-hexenyl acetate, ethyl hexanoate, L-menthone and 

linalool) for sugar concentrations over 60% (w/w) in a pectin/sugar aqueous solution. Also, the 

behaviour of limonene was not influenced by the addition of sugars in contrast with the 

previous volatiles, which is more polar. The effect was even more pronounced for inverted 

sugar (i.e. glucose + fructose) than for sucrose at the same mass concentration, which suggests 

that inverted sugar (whose molar concentration is actually higher) structures more water 

molecules and results in a salting out effect (Hansson et al. 2001). 

Hau et al. (1998) mentioned that there is interest binding volatiles on low water (<30%) food, 

during which volatiles can migrate into and out of the product, also causing flavour changes. 

He reported that wheat starch in glassy states bound diacetyl more slowly that the rubbery state 

although there was no available water in either the glassy (19%) or rubbery (26%) samples 

1.7.6 Protein Flavour Interactions 

Food proteins are known to bind and trap aroma compounds, which more or less decrease the 

release of aroma compounds in the gas phase, and this has an essential impact on the overall 

aroma perception because of changes in the aroma balance (Tromelin et al. 2006, p. 171). 

Vilgis, T. (2013, p. 3) explains that many proteins in food have particular (hydrophobic) 

binding sites for aroma compounds that define a ‘local’ vapour pressure. Thus, the same aroma 

compounds would appear with odour activity values in different foods. Most investigation 

shows the mechanism of flavour binding and the role of proteins structure as well as the type 

of flavour compound (aldehyde, alcohol, ketone, and ester) on the binding process (Tromelin 

et al. 2006, p.172). 
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Flavour- protein interactions are influenced by the amount of protein, amino acid composition, 

types of flavouring components, presence of other food components, ionic strength of the 

medium, pH, temperature and time (Fischer and Widder, 1997, p. 68). 

The chemical and mass transfer effects may be more diverse than carbohydrate ones since 

proteins offer a much wider range of chemical structures for flavour interaction (e.g. amino 

acid side chains and the ends of proteins as well hydrophobic pockets). The mass transfer is 

also considered both viscosity and gel structures often associated with proteins (Reineccius and 

Heath, 2006, p. 153). 

1.7.7 Non-Volatile Compounds Effect In Flavour Release 

Non-volatile components in foods play a more significant role than just defining taste 

perception. Non- volatile components are known as sweeteners, salt, acidulants, bitter 

substances (Reineccius and Heath, 2006, p. 66). Non-volatiles in foods are known with some 

flavour compounds, thereby exerting an additional influence on flavour. For example, the 

melanoidins (coffee melanoidins via Maillard-derived pyrazinium compounds formed by 

oxidation) reduce the intensity of the roast-sulfury aroma notes in coffee (Hoffman and 

Schieberle, 2003, p. 200). 

Sweeteners have also experimented about the contribution of flavour release. They found that 

intense sweeteners, such as aspartame and neohesperidine dihydrochalcone, interact with 

volatile compounds and modify the intensities of flavour attributes in soft drinks (Nahon et al. 

1996, p. 283). 

Salts are often added to the aqueous sample to increase the concentration of the aroma 

compounds (more pronounced for alcohols than aldehydes and esters) in the vapour phase 

(Guichard, E. 2002, p. 57). 

Overall, as the systematic development of products with desired flavouring properties only be 

possible if there are enough knowledge of flavour ingredients interaction and adapting flavour 

cocktails optimally to the ingredients used in the newly developed product (Guichard, E. 2002, 

p. 50). 
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1.8 Flavour Volatile Profiles of Foods 

1.8.1 Volatile Compounds of Lavender 

The genus Lavandula consisting of about 20 species which has described in the literatures. 

Still, the most refined essential oil comes from Lavandula angustifolia which is native to the 

Mediterranean region but is now cultivated in the different areas of the World (Da Porto, C. 

and Decorti, D. 2008, p. 182). The essential oils of lavender are generally obtained by steam 

distillation of the fresh flowers. However, it can lead to degradation of thermolabile compounds 

or/and an incomplete collection of compounds responsible for the fragrance (Da Porto, C. and 

Decorti, D. 2008, p. 182). According to ISO standard, the oil should contain linalyl acetate, 

terpinen-4-ol, camphor, limonene and 1, 8-cineole. (ISO 3515:2002).  

The usage of lavender essential oil commercially was firstly in the fragrance industry, including 

soaps, colognes, and perfumes or as an insect repellent (Da Porto, C. and Decorti, D. 2008, p. 

182). In the food manufacturing, lavender essential oil as a flavouring ingredient in flavoured 

beverages, ice creams, candies, baked goods and chewing gums (Da Porto, C. and Decorti, D. 

2008, p. 182). 

1.8.2 Volatile Compounds of Lemon 

Lemons (Citrus limon Burn; Rutaceae) are cultivated in many countries all over the world, 

particularly in Mediterranean countries, Southern California, and Argentina (Allegrone, G. 

2006, p. 1832). Lemon essential oils are used in common as aroma flavour enhancers for 

beverages and food. In pharmaceutical industries, they are used as flavouring agents to mask 

unpleasant tastes of drugs while they form the base of many compositions in perfumery 

(Allegrone, G. 2006, p. 1832). It is also employed for other types of non-lemon flavour essence, 

especially in chypre, fougère, cologne, and lavender perfumes, where it provides the well-

known “top note” (Sha, Y.2006, p. 34).  

The composition of lemon peel oil has been the subject of numerous studies which have been 

published. However, most of these studies concerned commercial oils for which neither the 

species nor varieties were specified. Additionally, there are many kinds of research regarding 
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reach essential compounds of lemon oil in different extraction methods (Gök, A. et al. 2014; 

Rozzi, N.L. et al. 2002). Conversely, although lemon juices are the main commercial products 

of lemons, only a few studies have been carried out on the lemon juices volatile fractions 

(Allegrone, G.2006, p. 1832). Lemon oil has a fresh and elegant lemon aroma, consists of clear 

pinene and terpinene aromas. (Shan, Y.2006, p. 34). 

Lemon essential oil is complex mixtures of chemical compounds like limonene, γ-terpinene, 

citral, linalool and β-caryophyllene, among others, which can be represented by three main 

classes: terpenes, oxygenates and sesquiterpenes (Gamarra, et al. 2006, p.147). Citral is the 

most significant flavour compound, while linalool possesses highly distinctive organoleptic 

characteristics. Additionally, limonene, myrcene, octanal, and γ-terpene, among others 

contribute with high aroma flavour of lemon oil (Benvenuti, F et al. 200, p. 32). 

1.8.3 Volatile Compounds of Nutmeg 

The nutmeg tree (Myristica fragrans Houtt.) is a large, leafy evergreen plant originating from 

Moluccas (the spice island) and currently cultivated in the West Indies (Jukic, M. et al. 2006 

p.209). The member of the family Myristicaceae and cultivated as two spices: mace and nutmeg 

(Krishnamoorthy and Rema, 2001, p. 238). 

Nutmeg is the seed kernel inside the fruit while mace is the lacy covering of the kernel and, 

has aromatic, stimulant, narcotic carminative, antifungal, anti-dysenteric, and anti-

inflammatory activities (Nadkarni, K.M.1988, p. 833).  

Nutmeg contains 30–40% of fats and about 10% of essential oils which is mostly composed of 

terpenes (α-pinene, camphene, p-cymene, sabinene, β-phellandrene, γ-terpinene, myrcene), 

terpene derivatives (linalool, geraniol, terpineol), and phenyl propane (myristicin, elemicin, 

safrole; Widelski, J. and Kukula-Koch, W. A. 2017, p. 365). Mace oil has a similar 

composition, but it consists of higher levels of terpenes (Widelski, J. and Kukula-Koch, W. 

A.2017, p. 365).  

Major constituents of the monoterpene hydrocarbons are pinene and sabinene, and the major 

aromatic ether constituent is myristicin. Aromatic ethers, myristicin, safrole and elemicin 
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determine the flavour and medicinal properties to a great extent (Krishnamoorthy and Rema, 

2001, p. 238). 

1.8.4 Volatile Compounds of Mango 

Mango (Mangifera indica L.) is indigenous to north-east India and north Burma, but now grown 

in over 90 countries one of the most favoured fruits due to its delicacy, flavour and nutritional 

value and belongs to the Anacardiaceae family (Singh, Z. 2013, p. 217). 

More than 285 aroma volatile compounds have been reported in various mango cultivars. 

Compounds include monoterpenes, sesquiterpenes, esters, aldehydes, ketones, alcohols, acids, 

aliphatic hydrocarbons and aromatics (Epinoza, M.V. 2019). Apart from monoterpenes and 

sesquiterpenes, esters have also been considered as important aroma volatile compounds 

imparting a specific aroma to the fruit, especially in the ‘some special mango cultivars such as 

Kensington Pride and Australian Mango cultivars (Singh, Z. et al. 2004, p.519). 

1.8.5 Volatile Compounds of Tangerine 

Citrus reticulata fruit is one of the most popular Citrus fruits for fresh consumption; it is referred 

to as a tangerine (with the name usually confined to the types with red-orange skin, a mandarin 

(Mandal and Mandal, 2016, p. 803). 

There is very little information on volatile odour activities in fresh tangerines, except for one 

study comparing volatiles from fresh versus canned Clementines (Miyazaki, et al. 2011, p. 

727). 

Kirbaslar et al. (2009) reported 45 components in C. reticulata peel. The major monoterpenes 

of the oil were limonene, γ-terpinene, myrcene, α-pinene, and sabinene. The major 

sesquiterpene was (E)-β-farnesene. The major oxygenated components were aldehydes: 

octanal and decanal; alcohols: linalool, α-terpineol; and esters: geranyl acetate and neryl 

acetate. 
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1.8.6 Volatile Compounds of Laurel 

Laurus nobilis L. is the member of family Lauraceae which comprises 32 genera and about 

2,000-2,500 species (Elkiran et al. 2018, p. 893). It is naturally grown in tropical and sub-

tropical Himalayas at an altitude of 900 to 2500 meters. (Chahal et al. 2017, p.1153). It is grown 

in many warm regions of the world, especially in Southern Europe and the Mediterranean 

coasts (Chahal et al. 2017, p. 1153). Turkey is one of the main producers and suppliers of bay 

leaves (Demir et al. 2004). 

Minor qualitative and major quantitative variation of some compounds of bay leaf essential 

oils occurs concerning localities of the collection (Chahal, 2017, p. 1153). There was a 

comparison study for L. nobilis essential oils from different origins. The major compounds of 

L. nobilis were 1, 8-cineole, α-pinene, β- pinene, sabinene, limonene and linalool in the sea 

coast, the mountains and the plains, revealed. (Said and Hussein, 2014). Ozcan et al. (2010) 

reported that the bay leaf essential oil from different locations in South Turkey contained higher 

percentages for 1, 8-cineole (46.6-59.9%). 

1.9 Isolation of Flavour Concentration 

Odour quality may change with concentration such as 2-pentylfuran which smells beany when 

diluted at 1-10 ppm in oil, but when concentrated as an eluant from the gas chromatogram 

(GC), it elicits the distinct aroma of liquorice (Fisher and Scott, 2007, p. 11). The main isolation 

methods for flavour concentrate are as follows 1) Distillation, 2) Mechanical separation, 3) 

Solvent extraction (Surburg and Panten, 2006, p. 178). 

The complexity of the food composition affects the isolation procedure for finding the isolation 

procedure. For instance, extracts contain a large number of non-volatile compounds which are 

not seen in essential oils obtained from distillation (Wiley-VCH, 2017, p. 1160). Distillations 

would be with water or stream. Some volatile oils are obtained by mechanical pressing due to 

the necessity of not to destroy their compositions such as orange oil. If the volatile amount is 

meagre and stream or water is not proper for the composition, extraction method uses for 

obtaining volatiles 
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1.9.1 Essential Oils 

The International Organization for Standardization (ISO) has defined essential oil as “product 

obtained from a natural raw material of plant origin, by steam distillation, by mechanical 

processes from the epicarp of citrus fruits, or by dry distillation, after separation of the aqueous 

phase—if any— by physical processes”, going on to specify that “the essential oil can undergo 

physical treatments, which do not result in any significant change in its composition.” (ISO 

9235:2013(en)) 

Due to the volatile properties of these substances, they can be isolated by steam distillation 

from an aromatic plant of a single botanical species (Rios J-L. et al. 2016, p. 3). They are known 

by the name of the plant from which they are derived, and their odour is similar to that of the 

part of the plant although their aroma is generally more intense (Rios J-L. et al. 2016, p. 3).  

The main components of essential oils are Terpenoids: other important compounds are 

aromatic and aliphatic constituents (Chávez-González et al. 2016, p. 228). The main terpenes 

are monoterpenes (C10) and sesquiterpenes (C15), but hemiterpene (C5), diterpenes (C20), 

triterpenes (C30), and tetraterpenes (C40) and they represent around 90% of essential oils 

(Chávez-González, M.L. et al. 2016, p. 228). Aromatic compounds in essential oils include 

aldehyde, alcohol, phenols, methoxy derivatives, and methylenedioxy compounds (Chávez-

González, M.L.2016, p. 228). 

1.9.2 Extracts 

Extraction is the first step to separate the desired products from the raw material (Wen Zhang, 

Q et al. 2018, p. 13). There are many extraction methods which include solvent extraction, 

distillation, pressing and sublimation according to the extraction method. 

The extraction progresses through following stages: “1) the solvents penetrate the solid matrix; 

2) the solute dissolves in the solvents; 3) the solute is diffused out of the solid matrix; 4) the 

extracted solutes are collected” (Wen Zhang, Q et al. 2018, p. 1). 

The properties of the extraction solvent, the particle size of the raw materials, the solvent to 

solid ration, the extraction temperature and the extraction time affect the extraction efficiency 
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(Wen Zhang et al. 2018, p. 2). Alcohols (EtOH and MeOH) are widely used solvents in solvent 

extraction for phytochemical investigations (Wen Zhang et al. 2018, p. 2). 

The purpose of all extraction methods is to concentrate the analyte selectively in one phase 

(Falaki, F. 2019, p. 4). Any analyte is distributed between two phases according to the 

distribution constant, temperature and the relative volumes of the phases (Smith, R. M.2003, 

p. 6). 

The safer and more friendly extraction and separation methods for flavour analysis is SFE 

(Super Fluid extraction) and uses liquid or supercritical carbon dioxide as solvent (Chen and 

Ho. 2006, p. 4). SF is a substance above its critical temperature and pressure (Falaki, F. 2019, 

p. 4). CO2 has a low supercritical temperature (31°C), and pressure (73atm), nontoxic, non-

flammable and also is available in high purity (Falaki, F. 2019, p. 4). 

Solid-phase microextraction (SPME) and stir bar sorptive extraction (SBSE) techniques have 

been developed recently to selectively extract and concentrate organic compounds on several 

polymetric absorbances (Nongonierma et al. 2006, p. 52). 

1.10 Analysis of Volatile Compounds  

Volatile compounds are limitedly defined in food, but they play an essential role in the 

formation of the characteristic aroma of a particular food (Belitz et al. 2009). 

The issue of identifying volatile flavour compounds (flavour compounds) in a food matrix 

presents some challenges for the analytical chemist. The sensitivity of the instrument to many 

odours is at low concentrations that these analytes can be found in foods and require analysis. 

Additionally, trace amounts of aroma components disperse throughout a food matrix, which 

makes flavour isolation difficult. Another major problem is the complexity of food structure 

due to components such as sugar, complex carbohydrates, lipids, proteins, and water. 

(Reineccius and Health, 2006, p.34). 
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Some studies point to increased effort in the chemistry of olfactory sensory inputs and their 

interactions to create aroma perception (Reinneccius and Heath, 2006, p. 8). The interactions 

between flavouring compounds and other food ingredients are summarized in Table 4. 

Table 4 Types of interactions that may occur between flavour compounds and major Food 

components 

Food components Possible Interaction 
Lipids Solution 

 Dispersion 
 Adsorption 
 Entrapment 

Proteins Adsorption 
 Absorption 

 Specific binding 
 Covalent interaction 
 Entrapment 
 Encapsulation 

Carbohydrates Adsorption 
 Entrapment 
 Complexation 

 Encapsulation 
 Viscosity/ Diffusion Limitations 

 

Source: adapted from Traynor, 2013, p. 28 

In other words, major compounds have effects on perceiving flavour in food. The most 

important interactions occur with flavours and lipids because most of the flavour compounds 

are hydrophobic and therefore positively split into lipid phase rather than aqueous or gaseous 

phases which can alter the perceived flavour balance (Wright, J.2010, p. 8). 

Lipids are hydrophobic compounds with low solubility in water. When mixed with water, they 

form a separate phase, which has an entirely different affinity to flavour compounds than the 

aqueous phase. Therefore, lipids in foods have often a substantial effect on flavour perception 

(De Roos, 2006, p. 145). Lipophilic flavour compounds are bind to the lipid molecules by 

weak, reversible van der Waals forces (Plug and Haring, 1993, p. 150). 
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The hydrophobic nature of flavour compounds results in considerable differences in headspace 

composition; higher amounts of lipids generally make diminishing the volatility of 

hydrophobic odourants (Kerŝiene et al. 2008, p. 1183). 

The fats dissolve many flavour compounds and their vapour pressures, therefore, they have 

been shown to affect not only the perceived intensity but also the temporal profile of flavours, 

as well as their behaviour throughout storage (Schirlee-Keller et al. 1994). 

 Some carbohydrates are not used only for texture or viscosity for foods. Still, also, they can 

bind volatiles via hydrogen bonding between appropriate functional groups such as starch, 

consists of three-dimensional structures with hydrophobic regions capable of foaming 

inclusion complexed with various hydrophobic volatiles (Taylor, M. 2013, p. 29). 

Proteins are an essential part of the food matrix, but they do not contribute much to flavour 

directly. Still, they do influence the taste perception of other components in food through 

binding of flavour compounds, and releasing these compounds during mastication (Heng et al. 

2014, p. 217). Guichard, E. (2002) studied volatile release in food matrix where the interaction 

between flavours compounds and food ingredients. He reported the impact of protein binding 

toward volatiles, the flavour release form emulsions, the effect on the matrix hydrocolloids, 

and the influence of fat content on flavour release and perceptions.  

 An early study shows that some sodium-containing ingredients have been known to reduce the 

bitterness of certain compounds found in foods, including quinine hydrochloride, caffeine, 

magnesium sulphate and potassium chloride (Breslin and Beauchamp, 1995). Besides on those 

factors, there are chemical interactions (hydrogen, ionic or covalent bonding) between food 

and the flavouring as well as physical considerations such as chewing efficiency and breathing 

process (Reineccius, G. 2006, p. 139). 

As mentioned earlier, unique chemical compounds are known as as a character impact 

compounds, and even if they are in a low concentration such as benzaldehyde in cherry and 

diacetyl in butter, they contribute to the noticeable sensory impression for the particular taste 

(McGorrin, R.J. 2011, p. 1). The common and huge question is to determine the importance of 

each volatile to the perceived flavour after obtaining some instrumental profile of the aroma 

compounds in food (Reineccius and Health, 2006). Many studies pointed out repeatedly that 
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there is no single isolation or analysis method to see a complete view of the aroma compounds 

found in foods.  

In this research study the aim is to choose the proper isolation and analytical method that can 

measure those components which are of interest, too. 

Reineccius, G. (2010, p. 242) explained that each task below imposes different requirements 

on the methodology. The sample, volatiles of interest, analysis time and objectives of the study, 

choosing analytical methods should summarise as follows: 

 “Obtain a complete aroma isolate of accurately identify and quantify every aroma constituent 

in food, identify only key components of an aroma profile, that is, those components that are 

responsible for the characteristic food aroma, identify an off-note in a food product, monitor 

aroma changes with time, predict sensory attributes”. 

1.11 Methods of Aroma Compound Isolation 

In general, aroma compounds have a low boiling point and limited solubility in water (Elmore, 

J.S. 2015, p. 31). Those volatile compounds are separated from food matrix and water usually 

by extraction techniques because with a few exceptions, and the aroma represents less than 1% 

of the food matrix (Elmore, J.S. 2015, p. 31).  

SBSE, in particular, was introduced as a novel sample preparation method by Baltussen and 

others in 1999. The SBSE has been successfully applied to monitor traces of priority organic 

compounds in many food matrices due to very high sensitivity exhibited (Nogueira, 

J.M.F.2012, p. 1). SBSE is more sensitive and affords improved reproducibility and less 

artefact formation (Olariu et al. 2010, p. 1191). A good indicator of the greatest advantages 

over other sorbent-based techniques is the number of studies related to SBSE that have strongly 

increased last years, reaching up to many publications and articles (Nogueira, J.M.F.2012, p. 

1). 

SBSE technique is a sample preparation tool based on sorptive extraction of interest analytes 

that can later be removed by thermal desorption in the gas chromatic injection port (Olariu et 
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al. 2010, p. 1191). The SBSE technique is a dynamic variation of SPME. It has a spinning 

glass-covered magnetic bar (coated with a thin layer of polydimethylsiloxane (PDMS) is used 

to sorb (Prieto et al. 2010, p. 2642). Transfer of the analyte from the bar is achieved either by 

GC thermal desorption of elution (TD) (Olariu et al. 2010, p. 1191). Figure 9 shows the 

illustration scheme of SBSE set up. 

Figure 9 Schematic SBSE set up and Stir bar representation 

 

Figu 

  

Source: (a) Kawaguchi et al. 2006, p. 503; (b) adapted from Rosero-Moreano, M.2018, p. 69 

The stir-bar is rotated in the sample, removed and extracted thermally for gas chromatography 

using a thermal desorption unit (TDU) or into a solvent for liquid chromatography (LC) (Smith, 

R.M.2003, p.16). 

The extraction theory of SBSE is the same as for SPME but with a higher phase ratio coating, 

therefore provides an increase of > 100 in sensitivity compared to SPME (Salinas et al. 2004, 

p. 4821). 

SBSE is a powerful technique for flavour profiling of different type of matrices because it is 

easy to use, rugged, gives precise and sensitive results (Pardogarcia et al. 2016; Hjelmeland et 

al. 2016; Brassanello et al. 2017, Salinas et al. 2004, p. 4821). 

a) b) 
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The most remarkable applications of SBSE technique have been for coffee (Bichi et al. 2002) 

and whisky (Demyttenaere, J.C.R. et al. 2003). This technique has not been applied to not only 

aqueous matrices also to solid matrices like raw fruit like raspberry (Malowicki, M. 2008) and 

grapes (Salinas, Z.C. et al. 2004). 

SFE is another extraction method and was developed for analytical application in the mid-80s 

in response to the desire to reduce to use of organic solvents in the laboratory environment. It 

is becoming a standard method for the extraction deodorisation, fractionation, refinement and 

deodourisation of lipids or essential oils containing sample matrices in industrial scale (Sahena 

et al. 2009, p. 240). CO2 is the supercritical solvent of choice in the extraction of flavour and 

fragrance compounds since it is odourless, colourless, highly pure, safe, cost-effective, non-

toxic non-flammable and recyclable gas allowing supercritical operation in low pressure and 

room temperature (Capuzzo et al. 2013, p. 7195). The aroma of each oil is the result of the 

combination of the aromas of all component, and some of them are trace amount that has 

characteristic and natural odour (Anistescu et al. 1997, p. 173). Thus, it is essential to maintain 

those components during the extraction of the essential oils from plants. SFE method presents 

some remarkable advantages such as the natural characteristics of the oils kept and thermal 

degradation, or hydrolysis of solvent contamination are avoided (Anistescu et al. 1997, p. 173). 

1.12 GC-MS Analysis 

Gas Chromatography has been used since the 1950s as a method for determining volatiles, 

semi-volatiles as well as waters, soils and other environmental samples in complex mixtures 

(Sneddon et al. 2007, p.1004). 

GC instrumentation includes a gas control unit, a sample placement system or injector, a 

column in a temperature programmable column furnace, and a detector or transfer line and/or 

interfaces to a mass spectrometer (MS) (Niessen, W. 2001, p.2). 

GC-MS is a combination of two techniques: a gas chromatograph to separate volatile mixtures 

in the sample and a mass spectrometer (MS) to individually identify each component from the 

extracts (Chambers and Koppel, 2013, p.4889). GC separated the different compounds in the 
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sample solution into pulses chemicals according to their volatility by flowing an inert gas 

carrying the solution through a fixed phase fixed to the column (Hussain and Maqbool, 2014, 

p.117). The spectra of the compounds are collected as specified by GC-MS, which defines and 

measures chemicals according to their mass-to-charge ratio (m / z) (Hussain and Maqbool, 

2014, p.117). 

Helium is mostly used as a carrier gas in GC. However, since this carrier gas has a detrimental 

effect on the stationary phase in the GC column, it must be cleaned by a humidifier to remove 

oxygenated water and hydrocarbons (Niessen, W. 2001, p. 5). 

Sample injection is one of the essential steps for the GC process. There is a sample entry 

method including split injection, split injection and over colon injection (Niessen, W. 2001, 

p.5). The sample splits a large chunk in the split syringe (range 1:10 to 1: 100 with the higher 

division ratio used for, the smaller bore column). In spitless injection and over colon injection, 

the sample volume is smaller. In the undivided injection, the vent is turned off for a specified 

time, from about 50 to 120 seconds, as the sample flows to the head of the column. The vent is 

then opened to flush the remaining sample and solvent from the syringe. The temperature in 

terms of spitless is a very important parameter that depends on the boiling point of the solvent 

used to dissolve analytes (Niessen, W. 2001, p. 5; 7). 

Open capillary columns are mostly applied in current GC-MS applications, and the column (10 

to 100m) is made of fused silica with an external polyamide coating. Short columns are used 

for rapid analysis with highly sensitive and high boiling compounds. Longer columns are 

required for high-resolution compound separations (Niessen, W. 2001, p. 7). 

By combining these two instruments, a solution containing various compounds can be 

evaluated and determined qualitatively and quantitatively in a wide variety of samples. Bench-

type instrumentation, including computers and software for library research, is available for 

research (Sneddon et al. 2007, p. 1005). 

The reconstruction of "Pure component" spectra from complex GC-MS chromatograms is 

designed to function even when the components are present at trace levels. AMDIS (automatic 

mass spectrum inversion and identification system) was developed at the National Institute of 

Standards and Technology (NIST) in 1997. RI (Retention Index) information can help identify 
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target compounds and can use internal and external standards maintained in separate libraries 

(Alvarez et al. 2015, p.367). 

Wiley is also the largest and most comprehensive mass spectral library ever built, with 

structure, trivial names, molecular formula, molecular weight, nominal mass peak, and is 

commercially available in the most common mass spectrometer software and is compatible 

with most manufacturer data systems (Alvarez et al. 2015 p. 379). 

Most of the registered substances are organic and therefore, applicable MS analysis. The total 

number of known and well-characterized substances can be found in the Chemical Abstract 

Service (CAS). Total registered compounds in the current database reached over 90 million in 

2014 (see www.cas.org; Alvarez et al. 2015, p.386). 

1.13 Matching Sensory and Instrumental Analysis  

The relationships between sensory and instrumental data are characterized by the desire to 

achieve an accurate prediction and enhance the understanding of the latent phenomenon that 

underlies these relationships (Qannari and Schlich, 2006, p. 101). This relation involves 

understanding the mechanism by which chemical and physical properties of food act to produce 

specific sensations; assessing how a change of some ingredients is reflected in the sensory 

properties; establishing a relationship between sensory and instrumental data thus allowing the 

detection of those variables that change at the same time; predicting sensory form instrumental 

measurements considering that sensory data are generally time-consuming, and panellists are 

not readily available (Qannari and Schlich, 2006, p. 102).  

This relationship can be divided into two direct and correlation/regression relationships 

(Chamber and Kopel, 2013). A direct relationship between a sample odour and a chemical is 

possibly determined by two common ways either 1) comparative sensory analysis of the sample 

and the volatile compounds, using the sensory analysis to detect aroma attributes and a GC-

MS to detect the volatiles and find statistical associations, or 2) using human sniffing at GC-

MS ports to detect and identify and then sensors and computer programs to verify the 
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compounds. Also, it is possible to calculate relationships such as linear or non-linear 

correlations and multivariate regressions (Chamber and Kopel, 2013).  

Several studies have pointed out sensory instrumental relationships or sensory interactions. The 

study mentioned that malt flavour assessed by both sensory profiling of flavour compounds in 

the different dark speciality malts and instrumental assessment of wort (Coghe et al. 2004). 

The other study was regarded to mention the correlation between the sensory and instrumental 

flavour analysis (DHS-GC-MS) results of commercial orange juice products prepared, but 

different processing methods (Kim et al. 2017). Croissant et al. (2011), also reviewed dairy 

products and their interactions of sensory and instrumental analysis results. Sensory and 

instrumental analysis of food has also been successfully played a role in tandem for flavour 

profiling in tomatoes, fruits smoothies and blackberries and many more foods (Traynor, 

M.2013, p. 22).  

Sensory and instrumental analyses may be complementary in the investigation of food flavour. 

Therefore, Chambers and Kopel (2013, p. 4905) suggested that issues need to be addressed in 

future research, for example improving data analysis and meta-analysis for better 

understanding of the relationships of flavour/ aroma and their chemical composition. 



76 

 

 Flavour Data Network 

 

Digitalization is a method that helps to process big data also in culinary science and convert it 

into more understandable mapped from that can be used efficiently by online end-users (Öztürk 

and Zeyrekçe, 2019, p. 397).  

The birth of Industry 4.0 provides to start of the use of digital technologies (i.e. big data, data 

mining, internet of things, cyber-physical systems, intelligent information technologies) have 

been increased at various disciplines (Toroa et al. 2015).  

One of the application areas of digitalism in gastronomy field is the use of network science in 

creating new recipes. It was stated that computational gastronomy seemed to be a promising 

field that facilitates to cope with the increased digitalized data in food science (Öztürk and 

Zeyrekçe, 2019, p. 397). Therefore, many researchers have developed the new term 

“computational gastronomy” or “digital gastronomy as a new interdisciplinary scientific field 

(Kutup, N.2017, p. 8). 

Therefore, new term computational gastronomy or digital gastronomy has been developed by 

the researchers as a new interdisciplinary scientific field (Ahnert, S. E. 2013; Kutup, N. 2015). 

The network analysis method is based on network theory that states the analysis of relations of 

elements that have some connection between one another through mathematical graphs (Öztürk 

and Zeyrekce, 2019, p. 398). 

The network Science differs, not only by its subject matter but also by its methodology. 

Barabási, A. L. (2012) defines that Network Science adopts to understand complex systems 

and helps to understand the area of human researches. Hungarian mathematicians Erdös and 

Rényi postulated the hypothesis that the connections were formed randomly, and the network 

was expanded between two nodes bases on defined rules (Kutup, N. 2015, p. 13). Their model 

continued for many years to affect scientific studies in the field of network theory and 

resolution systems complex networks define social structures and exhibit properties of “a small 
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world hypothesis” (Figure 9). This, in turn, shows that further research is needed in this field 

(Kutup, N. 2015, p.13).  

Figure 10 ‘A small world hypothesis’ 

 

Source: Kutup, N.2015, p.5 

Flavour network analysis was described as the method of analysing the pairs of ingredients in 

terms of common flavour compounds they contain. Ahn et al. (2011) stated that pairings with 

this method were formed by constructing a one-mode projection of bipartite network of food 

ingredients in which a link signified the natural occurrence of a chemical flavour compound in 

an ingredient (Ahnert, S. 2013, p. 2; Figure 10). 
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Figure 11 The backbone of the flavour network  

 

Each node represents a different ingredient, where the size of the node represents the ingredient’s prevalence in 

various recipes. The thickness of a line between two nodes reflects the relative number of flavour compounds 

shared by the two ingredients (Source: Ahn et al. 2011, p.3). 

This Flavour Ingredient Compounds Network (FICN) would enable the testing of the strength 

of the relationship, the centralization and betweenness concepts of the connections (Kutup, N. 

2017, p.15). 

One of the best application areas of network analysis in food science is its utilization in food 

and flavour pairing so as appeared in the example of ‘Foodpairing.com’. This inspiring tool 

was created by Bernhard Lahousse and Lieven de Couvreux from Belgium (Kort et al. 2010). 

Their work explained under the heading food pairing with examples. 
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 Food/ Flavour Pairing  

An earlier study of Eindhoven and Peryam in 1959 stated that ‘a person may only slightly like 

each of two foods by themselves, but he may like their combination very much’ (Lahne, J. 

2019, p. 307). Food or flavour pairing is creative or artsy of cooking and searching for grasping 

successful flavour pairings has been on the mind of many chefs (De Klepper, M. 2011, p. 55). 

In the late 1990s, Heston Blumenthal was experimenting with different food types, trying to 

pair salty ingredients with chocolate foods (Ozturk and Zeyrekce, 2019, p. 397). Blumental 

combined caviar and white chocolate, and they appeared to taste well together. He contacted 

François Benzi, a scientist with Firmenich, one of the world’s leading perfume and flavour 

companies, to investigate why these two seemingly opposed types of food worked so well 

together (Ozturk and Zeyrekce, 2019, p. 397). Benzi found that one of the reasons that these 

foods pairs successfully together was that both flavour components contain similar such as 

trimethylamines. They stated the hypothesis that ‘ingredients would taste well together in a 

dish if they share common flavour compounds (Ozturk and Zeyrekce, 2019, p. 397). This 

hypothesis helped Chef Blumenthal to create unique tastes of dishes that consumers highly 

preferred. Consequently, it paved the way to receive three Michelin stars for his restaurant ‘The 

Fat Duck’ (Blumenthal, 2009, p. 532).  

The flavour pairing hypothesis is quite straightforward: foods with common chemical flavour 

compounds combine well to produce pleasant taste (Varshney et al. 2013, p. 1). This hypothesis 

also indicates an idea that the coupling of flavours to produce a more appreciated experience 

than either of the two flavours alone (Møller, P. 2013, p. 2). When there is an extremely high 

overlap between two foods, they can even be used instead of each other as substitute ingredients 

like dill seed and caraway (De Klepper, M. 2011, p. 55). 

If food pairing is one of the main principles behind our taste preferences, scientifically this 

would allow many successful new ingredient combinations based on which flavours they are 

composed of (Simas et al. 2017, p. 1).  
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The theory of Food Pairing has been asserted for the most combinations of wines with foods, 

with most wine label giving menu suggestions (Kort et al. 2010). The hypotheses about flavour 

pairings have been put forward (Treynor, M. 2013, p. 40). 

Table 5 The more classic and trusted combinations of foods and spices 

 

Source: Leufkens, J.M.2018, p.106 

As seen in Table 5, there are some known and trustful combinations of food. These food 

combinations are classic, and many cookbooks and industrial food recipes include these 

“fittings”.  

As mentioned earlier, this hypothesis was appreciated by the Firmenich scientist Francois 

Benzi in 1992, and resulting in the creation of the online software Foodpairing.com (Traynor, 

M.2013, p.40). This food pairing approach is based on the flavour pairing hypothesis that has 

attracted attention among food professionals and scientists over the past decade and states that 
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ingredients that share flavour compounds are more likely to taste better than ingredients that 

are not (Ahn et al. 2011, p.1). For example, white cheese and caviar, as they share 

trimethylamine and other flavour compounds or chocolate and blue cheese that share at least 

73 flavour compounds (Ahn et al. 2011, p.1). The software can give graphically view the 

similarities between food ingredients or products on a visually interactive ‘food pairing tree’ 

(Figure 12). 

Figure 12 ‘Food Pairing Tree’ of Mango fruit 

 

Source: Mango Pairings, 2011, Foodpairing®  

Also, the food pairing tool defines how strong the aromatic match between the foods is with 

filling the circles (Figure 13). The Foodpairing tree in Figure 12 has been generated by 

Foodpairing.com using the data obtained through analysing the compounds present in each 

ingredient displayed on the tree. From this tree, some of the flavour combinations that are 

possible with mango can be seen. As the number of products being scanned, analysed and 
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inputted in the database is ever-increasing, it is possible to see other possible combinations 

with time. 

Figure 13 Aromatic match between the foods; mango and some others 

 

There is a room for investigating many different ingredients, and the results would come up 

with great taste when they are part of the same recipe.  

Traynor et al. (2013) studied to investigate food pairings of banana and bacon and banana and 

rice were found to be liked significantly more than a banana and olive oil. The results of this 

study show that synergetic and/or antagonistic interactions between the volatile compounds 

among foods influence the hedonic ratings of these food pairings. 

De Klepper, M. (2011) also declared that the food pairing based on the overlapping of aromatic 

compounds does not guarantee recipes for success. This would be related to the balancing of 

flavours. Kort et al. (2007) also stated ‘The Food Pairing Theory’ would be debatable. The 

research indicated chocolate and tomato in puree shows 43 overlap aromas; its taste was not 

preferred while potato and cauliflower together in one recipe showed the best combination 

without overlap of aromas (Miriam et al. 2007).  
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Ahn et al. (2011) also found exciting results with using Flavour Pairing in different cuisines 

that are explained below (Figure 14). They found that pattern in flavour combinations differ 

relative to geographical locations. It is shown in Figure 14 the recipes of North American and 

Western European cuisines have ingredients that share flavour compounds. However, East 

Asian and Southern Europeans tend to avoid a flavour compound overlap. Ahn et al. (2011, p. 

2), studied patterns of ingredient combination in 56,498 different recipes.  

Flavour network analysis was described as the method of analysing the pairs of ingredients in 

terms of common flavour compounds they contain. In this method, pairings were formed by 

constructing a one-mode projection of bipartite network of food ingredients in which a link 

signified the natural occurrence of a chemical flavour compound in an ingredient (Ahn, Y-Y. 

2013, p. 273). This field has a strong computational character, actively borrowing from 

algorithms, database management and data mining. A series of software tools help practitioners 

with diverse computational skills analyse networks.  

Figure 14 presents nodes which are ingredients, linked if they share at least one compound. 

The thickness of the links represents the number of flavour ingredients shared by the two 

ingredients, and the size of each circle corresponds to the prevalence of ingredients in recipes.  

 

 

 

 

 

 

 

 



84 

 

Figure 14 Flavour Network of two different dishes 

 

 

Source: Ahn et al. 2001, p.2  

The ingredient lambchops and Turkish coffee sauce in a new dish (Figure 14) shared 47 

compounds, and the lecturers liked the dish tasted it (Kutup, N. 2017, p. 14). In the study 

performed in the Netherlands, seven ingredients were paired in possible combinations and put 

in a puree and later on a panel of 50 students scored the taste of each pair. 
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Figure 15 Lambchops and Turkish coffee sauce as a food pairing dish 

 

Source: Ozturk and Zeyrekce, 2019, p. 400 

The ingredient pairs which gained higher scores than the average score by more than 60% of 

students were accepted as tasting well (Kutup, N. 2017, p. 14). However, these highly scored 

ingredient pairs shared a lower number of flavour compounds (Kort et al. 2010). The results of 

this study were similar to the negative pairing of ingredients in recipes of East Asian cuisine 

(Ahn et al. 2011; Jain et al. 2015). 

Arab cuisine, Indian cuisine and Macedonian cuisine were analysed in terms of flavour pairing. 

For example, Tallab and Alrazgan (2016) pointed out the possible effect of applicability of 

food pairing method in Arab cuisine would increase innovation in various disciplines starting 

with the food business. In another study, the contribution of each ingredient to the recipes in 

Macedonian cuisine was calculated, and black pepper, egg, flour, sunflower oil onion, milk 

and garlic contributed at least 20% in the recipes (Ozturk and Zeyrekce, 2019, p. 400). 

Controversially, Jain et al. (2015) studied the food pairing hypothesis for Indian cuisine and 

found the Indian cuisine revealed a robust negative food pairing pattern in its recipes.  

According to archaeological studies, lentils, millets and spices, especially turmeric and garlic 

were used as ingredients in early Indus civilizations (Lawler, A, 2012) Therefore, the evolution 

of cooking driven by medicinal beliefs would have left its signature on traditional Indian 

recipes (Jain et al. 2015, p. 5). 
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The pairing of meats with condiments like apples or mustards is an age-old practice that makes 

sense because they ‘work’ together or helps together with the digestive process (Gaffney, 

M.2013, p. 11). The example of the pairing of meat with apple sauce is first mentioned in The 

Forme of Cury circa 1390 (Gaffney, M.2013, p. 11). 

The experimental results showed that the food pairing hypothesis had been confirmed for the 

cuisines of Jordan, Lebanon, Syria, and Palestine, which suggests that people in this area 

combine ingredients that have matching flavour compounds (Issa et al. 2018, p. 167). 

Turkish cuisine is known to be influenced by such a wide range of historical and geographical 

locations, would be defined ‘synthesis kitchen’ where foods with common compounds are used 

together such as Western cuisine and also have foods that include not much-shared compound 

ingredients in their dish like Asian cuisine. 

Besides of food pairing hypothesis, food bridging model was explained by Simas et al. (2017, 

p. 1) that if two ingredients do not share a strong molecular or empirical affinity, they may 

become affine through a chain of pairwise affinities. The results of their study are intriguing. 

East Asian cuisines at one extreme tend to avoid both pairing and bridging, Western cuisines 

follow food pairing and avoid food bridging (Simas et al. 2017, p. 2). 

There is no study available on the mixing ratio of the ingredients that are brought together for 

food combination. The quantities and/or thresholds within different matrices would be 

beneficial and must be experimented with individually (DLG-Expertwissen 6/2017, Frankfurt 

am Main, Germany). 
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Figure 16 Food Pairing sensory perception influencer factors 

 

Source: DLG Expert report 6/2017, Frankfurt am Main, Germany. 

Figure 16 also pointed out the other sensory perception influencers for food combinations. 

Accordingly, a wide range of different flavours can exist within a product. Further examples 

of changing of flavour composition within the food are fermentation, Maillard reactions, 

ripening or drying processes (DLG Expert report 6/2017, Frankfurt am Main, Germany). 

During maturation time the concentration of hexanal, (E)-2-hexenal and 2,4-hexadienal that 

are most abundant volatiles in avocado, greatly declined and also caused grassy flavour loss 

and also Acetaldehyde, methyl acetate, pentanal, and beta-myrcene were at higher 

concentrations in mature than in non-mature fruit (Obenland et al. 2012, p. 41).  

The flavour activity is not determined by a high concentration of volatile compounds because 

even a low concentration of the one flavour components can be dominant in food flavour (DLG 

Expert report 6/2017, Germany). Besides, the importance of these key aromas is such their loss, 

or small change can result in defect or off-flavour (Regueiro et al. 2015, p. 5). 

The flavour release takes place depending in the culinary processing such as physical cell 

breakdown by cutting, application of temperature and its effect on the volatility and solution 

behaviour like hydrophilic or hydrophobic properties of the flavour components within food 

(DLG Expert report 6/2017, Frankfurt am Main, Germany).  
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When food processes causing many reactions involving sugars, amino acids, lipids, and the 

formation of volatile compounds can make food tastier or introduce off-flavours (Diez-Simon 

et al. 2019, p. 40). 

Food pairing theory accepts innate natural match of flavours. Some successful flavour 

combinations such as tomato and cinnamon do not match for food pairing (DLG Expert report 

6/2017, Frankfurt am Main, Germany). 

The perceived aroma of certain compounds can be altered as concentrations change. Traynor 

et al. (2013, p. 17) noted that an increase in the concentrations of certain volatile compounds 

to a level that exceeds their odour threshold would result in these volatile compounds having 

more of a contribution to the flavour profile and thereby altering it.  

Aparicio-Ruiz et al. (2018) found that extra virgin olive oil has hexanal and nonanal that elicits 

herb olive odours at low concentrations, changing to rancid odours at higher concentrations. 

In the 90s, Blank and Mattes (1990) pointed out food/or drink pairing that has shared 

compounds, need not necessarily be rated as perceptually similar. In other words, when we 

taste flavour pairs in food regularly, it can lead to an increase in perceived similarity without 

any impact on chemical similarity (Spence et al. 2017, p. 5). 

On the other hand, Spence et al. (2017, p. 1) evaluate three general principles of flavour 

matching: similarity-matching components would base on common flavour; contrast –

combinations that are purposely chosen because they differ from each other; and synergy (or 

emergence)- those combinations that together deliver new flavour experiences or else 

harmonize with one another. 

The comparison of flavour pairing with food pairing approach is multisensory, and the concept 

of food pairing covers not only flavours and their combination but also includes the further 

profiles of taste, texture, mouthfeel etc. (DLG Expert report 6/2017, Frankfurt am Main, 

Germany, p. 2). Because of this complexity, combinations referred to herein as food pairing 

refers to flavour pairing. The theory is based on the fact that 80 per cent of food’s flavour is 

determined by how our nose picks up volatile aromatic compounds and points out that other 

20 per cent lies in mouthfeel and taste (de De Klepper, M. 2011, p. 55). 
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Wright, J. (2010, p. 132), also stated that actual perception of flavour quality, character and 

intensity is very subjective and very dependent on prior consumer experiences that are affected 

by regional, cultural and age differences even for some quite basic flavour sensations. 

3.1 Molecular Gastronomy  

Molecular Gastronomy has been defined as "the scientific activity" consists of looking for the 

mechanisms of phenomena occurring during dish preparation and consumption (Caporaso and 

Formisano, 2015, p. 2). 

The molecular gastronomy is widely known in public and media coverage during last few years 

mistakenly seen as a cooking style, but molecular gastronomy is a scientifically oriented 

approach towards understanding the fundamental mechanisms occurring cooking (Guiné et al. 

2012, p. 102). 

The French Chemist "Hervé This" is considered the father and co-creator of Molecular 

gastronomy. The research of him consists ideal temperature for cooking eggs (circa 65degree 

while the egg white coagulates, but not the yolk), the use of electric fields to improve smoked 

salmon, and recipes challenging the immiscibility of baking chocolate and water designing the 

Chocolate Chantilly (Caporaso and Formisano, 2015, p. 5).  

The molecular gastronomy has one of the most well-known and large-scale collaboration 

projects was “INICON”. The large-scale projects INICON has promoted collaboration between 

European chefs, scientists, companies and culinary schools through this European technology 

transfer programme (Traynor, 2013, p. 6). This project aimed the modern gastronomy cooking 

with using natural ingredients and innovative technologies. Its researchers focused on not 

product innovation; they interest in process innovation.  

Vega and Ubbink (2008) also explained the first related to the scientific understanding of the 

cooking and eating processes (nouvelle cuisine), the latter refers to the application of principles 

and tools from science to the development of new dishes, especially in the context of haute 

cuisine. 
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3.2 Molecular Gastronomy Applications 

In recent years there are many noteworthy studies which focused on a wide range of molecular 

gastronomy. Some are much known such as “The flavour development in meat stock” (by 

French Chemist Hervé This), low temperature, Sous vide cooking (by Chef Heston 

Blumenthal), spherification (preparation ingredient with liquid nitrogen) (by Spanish Chef 

Ferran Adrià), and Chocolate Chantilly (by Hervé This), etc. (Caporasso and Formisano, 2015). 

Molecular gastronomy (MG) is a distinct sub-discipline of food science that plays an active 

role in examining chemical and physical properties of ingredients and offers a scientific 

approach to new ingredient pairing (Ključevšek and Krapić, 2016, p. P-1). 

MG relies on well-established sciences such as food chemistry, general food science, and food 

processing technology (Mouritsen and Risbo, 2013, p. 5). MG is also defined that it should be 

considered as a scientific study of why some food tastes terrible, some are mediocre, some is 

good, and occasionally some is delicious (Barham et al. 2010, p. 2315). It is the scientific 

discipline dedicated to the exploration and investigation of culinary mechanisms of phenomena 

which are related to the sensory perception (Snitkjær, P. 2010). 

Yeomans et al. (2008) studied smoked salmon ice cream and investigated the effect of changing 

the expectations by changing the label on the ice cream. They served his dish with the name of 

frozen savoury mousse and demonstrated its acceptance by participants. This study also shows 

that a vast contrast between expected and actual sensory qualities can result in strong negative 

response and an increase in the perceived intensity of the unexpected sensory qualities. 

Vignoli et al. (2014) improved a classic Italian recipe to enhance both sensory and nutritional 

properties, using low temperatures and sous-vide cooking that named “Bollito Misto non-

bollito” concept. 

Pairing two or more ingredient to create a dish has always been the problem of chef cook or 

food lovers. Such as the scientist Ahn et al. (2011) and Kort et al. (2010) tried to approach this 

problem from a scientific point of view, and a theory was presented for food pairing.  
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The principle of food pairing, an area of MG used to describe the fundamentals laws of pairing 

flavours of a dish scientifically, was also addressed from another perspective such as using the 

concept of networks and comparing the ingredients and recipes in many parts of the world 

(Caporasso and Formisano, 2015, p. 20). 

Another research subject is lipid-based materials for food. Rogers et al. (2014) review the 

possibility of utilizing edible oils and the three oleogel: ethylcellulose, mixtures of γ-oryzanol 

and β-sitosterol and candelilla wax. Another key focus of scientific investigation in recent times 

is low-temperature vacuum cooking on meat texture (Mortensen et al. 2015). 

3.3 Food Innovations and Gastronomy 

Aguilera, J.M. (2009, p. 318) mentioned that the gastronomy and fine dining industry had 

become the main driver of food innovation. Companies come up with many concepts from 

looking at market trends, sometimes seeing what chefs are doing in restaurants, and often from 

innovations or opinion sessions where a group of participants develop many different ideas 

(Moskowitz et al. 2009, p.176). 

Vega and Ubbink (2008) also talked about scientific knowledge and tools originally developed 

for the food industry, but they were also adapted and provided many advantages to practitioners 

in the scientific kitchen. 

Examples include gastronomy, materials that are new to culinary practitioners (although they 

have been used in the food industry for many years) and new raw materials and ingredients 

consumed by ancient cultures (e.g. quinoa, edible flowers, etc.). Another example is the 

thickeners (traditionally starch) and gelling agents (traditionally gelatine). Recently, chefs have 

been using a large number of hydrocolloids and refined proteins to control the viscosity and 

mouthfeel of their dishes (Aguilera, S. 2009, p.318; 319). 

The definitions and scope of modern gastronomy are expanding. According to the cooks, the 

food scientist “... coined the term gastronomic engineering (GE), which applies food 

engineering methods and tools to guide the physical and chemical transformations of culinary 

practices as well as the concepts of food ingredients science and designs new structures 
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according to chefs” (Aguilera, S. 2009, p. 318). Besides, the use of analytical methods is 

combined with principles of molecular gastronomy and supported by statistical predictive 

models that can lead to extraordinary results in food product developments (Rodgers, 2008, p. 

30). 

3.4 Marketing Research and Flavour Combinations in the Food 

Industry 

The market analysis represents the essential basis of product or process development for 

organized industries in the developed world (Young and Maccormac, 1987, p. 3).  

Many companies that help marketing research services their client gather and interpret 

information regarding individuals or organizations, including market size, competition, market 

needs, consumer behaviours etc. to shape strategies and marketing/ sales activities. 

Marketing research provides the information and knowledge which brings into its - (NPD) roles 

(Swuanaporn and Speece, 2003, p. 169). The food industry has been characterized by rapidly 

changing consumer tests in recent years. Addressing changing tastes with new products is 

essential in maintaining customer loyalty, so that good new product development becomes a 

critical factor in competitiveness (Swuanaporn and Speece, 2003, p. 169). 

The main objective of developing a new product is to ensure that it will be accepted by 

consumers, being that acceptance based on the intimate relationship between the particular 

characteristics and attributes of the product and the human perception and physiological 

response (Guiné et al. 2016, p. 1). 

Food pairing has used contrasting elements that supplement the product with additional flavour 

dimensions generally intensifies the sensory perception, as the sensory aspects of the product 

become richer and complex (DLG, 6/2017, Frankfurt Am Main, Germany).  

According to the research of GfK Turkey in 2016, a list of the best-selling products of 

confectionery, waffles and candy groups and their KPI values are indicated in Table A1:2 (see 

Appendixes). The marketing data from GfK, 2016 presents the most popular aromas are cocoa, 
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milk, butter, coconut, nuts and some berries in biscuits, waffles and candy product groups in 

Turkey. The products which are preferred in these flavour combinations can be considered as 

the good pairing of the flavours together with the availability of the product (also penetration), 

price of the product and using the known taste of the flavours. Besides, when looking at the 

candy group, it is seen that many different fruits and their combinations are used together. 

Therefore, this study was done to create new flavour combinations with using fruits and 

interestingly adding species also.  

The basic formulated product to which new flavour combinations will be applied is considered 

to be a product that can be regarded as a leader and unrivalled in the market According to 

Nielsen 2019 marketing data, Dr. Oetker has biggest market share among the other well-known 

companies in Turkey (Figure 16 and Figure 17). Dr. Oetker, Turkey Puddings are also a leader 

in the Turkish dessert market (Figure 17). 

Figure 17 Total Desserts MAT 2019- Market Share (Pieces Total TR) 

 

Source: Adapted Nielsen, data 2019 
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Figure 18 Pudding MAT 2019- Market share (Pieces Total TR) 

 

Source: Adapted Nielsen, data 2019 

There are also done among 2018 Dr. Oetker Turkey marketing types of research in social media 

regarding which flavour or combinations are expected with new launch pudding. The consumer 

was asked via Instagram, Facebook and ‘Kizlar soruyor’ which is a digital community, 

question-based social sharing platform and Turkish version of GirlsAskGuys. The platform 

aims to bridge the gender gap by bringing users together to help each other where users use the 

platform to ask questions and exchange ideas. Lemon, types of berries, mango and coconut 

were seen in the among the top 20 answers. (Data not shown; see 

https://www.kizlarsoruyor.com/yemek-tarifler/q10628366-lezzetli-fikirler-ariyoruz-sevdigin-

pratik-tatlinin-yeni-cesidine). 
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 MATERIAL AND METHODS 

4.1 Materials 

Eighty-seven different raw materials were selected to be determined in the instrumental 

analysis by using GC-MS. These raw materials were chosen according to marketing their 

research (GfK, Turkey 2016) and researchers of the consumer product portfolio. Some raw 

materials are still being used in the Dr. Oetker Turkey's best-selling products and these raw 

materials are re-evaluated on a total of 87 raw materials. 

In Turkey, fruit, vegetables, many materials, such as spices are grown in certain areas. The 

materials of some such as Sahlep, Mahlep and Rose are well known to Turkish consumers. For 

this reason, some of them are Dr. Oetker has been procured from approved suppliers by Turkey. 

Some raw materials are selected and supplied by 'AROMSA Flavours and Food Additives San. 

Ve Tic. A.S. '(Kocaeli, Turkey). It is one of the leading flavouring companies. AROMSA is 

also the trusted supplier of Dr. Oetker International. In this study, all instrumental analyses 

were performed in the instrumental analysis laboratory of AROMSA. 

Sample preparations were made extraction (maceration) essential oil form, fruit juice and so 

on in the way. Since the structures of the raw materials are different, sample preparations have 

been diversified to reach the maximum number of compounds from the ingredients. Besides, 

since the raw materials are specially selected according to their content, the raw material groups 

were created according to the raw material form. The raw material group names used in this 

study are the raw material group names used by Dr. Oetker Turkey. Group titles are as follows; 

fruits, vegetables, nuts, spices and others. Sesame, for example, is in the 'others' group, not in 

the 'spice' group. 
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4.2 Stir Bar Sorptive Extraction (SBSE)  

The preparation of food materials and their form for the instrumental analysis are shown in 

Appendixes (Table B1:5). These sample preparation methods of regarded ingredients also have 

been currently used and validated in the AROMSA. All instrumental analysis steps were held 

by and in AROMSA. 

Commercial stir bars coated with a 0.5 mm-layer of poly (dimethylsiloxane) (PDMS) (10 mm 

x 0.5 mm film thickness 24 µL phase volume) and ethylene glycol-silicone copolymer (EG-

Silicone) (10 mm length and 32 µL phase volume) were obtained from Gerstel (Mühlheim an 

der Ruhr, Germany). Stir bars were conditioned before use following the manufacturer’s 

instructions. After preparation of the sample solution, the stir bar was removed from the 

solution, rinsed with distilled water, dried with lint-free paper, and immediately transferred to 

a thermal desorption unit (TDU).  

4.3 GC-MS 

4.3.1 Sample Preparation  

All raw materials treated with SBSE, for example, for sesame oil, 20 g of sesame oil was taken, 

placed in a beaker, placed in a stir bar beaker and stirred for 2 hours. At the end of 2 hours, it 

was given to the GC-MS device over the stir bar TDU system. For powder and samples that 

cannot be analysed directly, samples such as cocoa, mahlep, sahlep, corn, and tahini were 

weighed in the range of 0.5-8 g and completed adjusted 20 g of water in a Becker. In this way, 

sample preparation was made before GC. Then stir bar (stirring at 800 rpm for 2 h at room 

temperature) was added into this aqueous solution and analysis was made by performing the 

processes as above.  

However, since the essential oils can be analysed directly, 0.1 μl samples were taken for each 

and the injection was made directly to the device. All analyses were made in duplicate. 
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4.3.2 GC-MS Conditions 

Thermal desorption was conducted with a TDU unit equipped with a multipurpose autosampler 

(MPS-2) from Gerstel installed on an Agilent 7890GC (Agilent Technologies 7890A, 

Wilmington, Delaware, USA) coupled to mass spectrometry (Agilent Technologies, 

5975C Inert MSD with Triple-Axis Detector). The following parameters were used for the 

TDU: desorption program, from 30 to 265 °C (5 min) at 350 °C/min; carrier gas (helium) flow 

rate, 80 mL/min. A Gerstel CIS-4 PTV injector was used for cryogenic focusing of the analytes 

thermally desorbed from the stir bar. The PTV was cooled at 15 °C using a Peltier UPC plus 

unit from Gerstel, and the injection temperature was raised to 275 °C (5 min) at 10 °C/s. 

Capillary GC-MS analyses were performed using an INNOWAX capillary column (100% 

polyethylene glycol phase, 60m x 0.25 mm x 0.25 µm). 

Chromatographic conditions were as follows: solvent injection (20 s at 50 mL/min); 

temperature program: from 40°C (0.5 min) to 240 °C at 10 °C/min and to 330 ºC (1 min) at 20 

ºC/min; carrier gas, He; flow rate, 1 mL/min. Mass spectra were recorded in electron ionization 

(EI) mode at 70 eV. The transfer line and the ion source were set at 250 ºC and 200 ºC, 

respectively. Mass spectra were scanned in the range m/z 40-400. Compound identification 

was carried out by comparison of and NIST02 WebBook and Wiley275 (Linstrom, and 

Mallard, 2001). The GC-MS results of 87 selected materials are compatible with the volatile 

compositions specified in the studies recorded in the literature and also the analyses approved 

in AROMSA. 

The purpose of this applied instrumental analysis is to reach the maximum number of 

compounds in the selected raw materials and reach the main compounds that give the flavour 

feature of the raw materials. 

The results of eighty-seven raw materials were examined one by one. However, the accuracy 

of all of them is not explained here. Only the instrumental analysis results contain an 

explanation of the eight raw materials used in flavour combinations. 
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4.3.3 Results  

4.3.3.1 Lavender 

There are about 30 species of lavender, with dozens if subspecies varieties, local populations 

and hundreds of hybrids and varieties selected for culture (Camen et al. 2016, p.199). 

Linalool, linalyl acetate, camphor and terpineol-4-ol were determined as the main constituents 

in the fresh stem flower essential oil of lavender and lavandin cultivars (Kara and Baydar, 2013, 

p. 62). Linalool, linalyl acetate, 1, 8-cinole B-ocimene, terpinene-4-ol and camphor; the 

average content of each component is variable for each species and cultivated varieties (Camen 

et al. 2016, p.199). Moreover, Łyczko et al. (2019) reported that camphor is an important 

quality marker for lavender essential oil. 

The seven target compounds of interest were identified in this study namely: 1, 8-cineole 

(Eucalyptol), cis-β-ocimene (cis- ocimene), linalool, 1-octen-3-yl acetate, camphor, linalyl 

acetate and lavandulyl acetate (Table 6).  

The main active components in lavender oil are linalool, linalyl acetate, lavandulol, geraniol, 

bornyl acetate, borneol, terpineol, and eucalyptol or lavandulyl acetate and these oils may have 

different biological effect depending on their chemical compositions (Białon et al. 2019, p. 2). 

The high concentration of lavandulol and its acetate is also desirable, giving the oil a rosaceous, 

sharp floral flavour while high concentrations of ocimene, cineole, camphor, or terpinen-4-ol 

adversely affect the quality of this oil (Biało´n et al. 2019, p. 2). The chromatogram of the 

Lavender in Figure A1;2 (see Appendixes). 
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Table 6 Lavender Identified Compounds and Areas % (1-2 trials) 

Lavender Identified Compounds* Area % (1) Area % (2) 

1-octen-3-ol 0,487 0,474 
1-octen-3-yl acetate 0,817 0,845 
3-octanol 0,410 0,403 
3-octanone 2,494 2,466 
3-octyl acetate 0,150 0,156 
Borneol 1,274 1,173 
Camphene 

0,208 
0,203 

 
Camphor 0,001 0,001 
Caryophyllene oxide 0,331 0,346 
cis-linalool oxide 0,521 0,524 
cis-ocimene 0,702 0,713 
D-Limonene 0,136 0,135 
Eucalyptol 0,055 0,053 
Geraniol 0,337 0,326 
Geranyl acetate 0,372 0,381 
Germacrene D 0,001 0,001 
Hexanol 0,255 0,226 
Hexyl acetate 0,545 0,542 
Hexyl butyrate 0,595 0,620 
Lavanduryl acetate 0,247 0,268 
Linalool 45,252 45,291 
Linalyl acetate 34,953 35,635 
Myrcene-beta 0,253 0,251 
Nerol 0,132 0,145 
Neryl acetate 0,229 0,210 
p-cymen-8-ol 0,066 0,099 
p-cymene 0,113 0,111 
trans-linalool oxide 0,389 0,389 
trans-ocimene 0,418 0,434 
α-bergamotene 0,250 0,241 
α-Humunele  0,103 0,103 
α-Pinene  0,067 0,066 
α-santalene 0,521 0,566 
α-Terpineol  0,715 0,682 
β-caryophyllene 1,910 1,937 
β-farnesene 0,920 0,985 
β-Pinene  0,046 0,057 
Δ-3-carene  0,084 0,084 
 *The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST. 
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4.3.3.2 Blackberry 

Flavouring compounds can be generated from fatty acids, amino acids and carbohydrates in 

fruits (Wang and Qian 2005, p. 3563). Approximately 70 volatiles have been reported from 

blackberry in this study (Table 7). The aroma profile of blackberry is complex, as no single 

volatile is described as characteristical blackberry (Klsek and Qian, 2006, p. 697). The study 

previously demonstrated that the same cultivar grown in different regions in the USA had 

similar flavour compositions; however, in one region ethyl butanoate (fruity, apple-like), 

linalool (floral, perfume), methional (cooked potato), (E,Z)-2,6-nonadienal (green cucumber), 

(Z)-1,5-octadien-3-one (green grass) and furaneol (sweet, strawberry-like) were prominent, 

while ethyl butanoate, linalool, methional, methyl 2-methylbutanoate (fruity), β-damascenone 

(rose-like, berry) and geraniol (sweet, rose-like) were prominent volatiles in another region 

(Klsek and Qian, 2006, p. 697).  

The chromatogram of the Blackberry is shown in Figure A3;4 (see Appendixes). 

Table 7 Blackberry Some Identified Compounds and Areas % (1-2 trials) 

Blackberry Identified compounds* Area % (1) Area % (2) 
 
2-Heptanol 2,250 2,040 
2-Nonanone 8,010 8,720 
6-Methyl-5-hepten-2-one 0,130 0,130 
Acetaladehyde 0,070 0,060 
Acetic acid 0,180 0,200 
Benzylalcohol 1,260 1,150 
Borneol 0,500 0,570 
Camphor 0,120 0,230 
Cis-3-hexenyl isovalerate 0,190 0,210 
D-Limonene 3,060 4,530 
Decanal 0,120 0,150 
Decanoic acid 0,560 0,730 
Diethyl succinate 0,130 0,120 
Estragole 0,570 0,630 
Ethanol 5,860 4,540 
Ethyl acetate 2,210 3,920 
Ethyl butyrate 0,060 0,040 
Ethyl octanoate 0,040 0,090 
Continued...   



101 

 

Eucalyptol 0,100 0,130 
Geanyl acetone 0,210 0,240 
Geraniol 0,550 0,610 
Hedione 0,050 0,070 
Hexanoic acid 0,350 0,360 
Hexanol 1,430 1,200 
isoamyl alcohol 1,100 0,810 
isobutanol 0,180 0,180 
Lauric acid 2,170 3,060 
Linalool 1,490 1,590 
Menthol 0,230 0,170 
Menthyl acetate 0,670 0,700 
Myristic acid 1,590 1,540 
Myrtenol 0,140 0,160 
Myrtenol 1,990 2,000 
Nerol 0,140 0,130 
Nerolidol 0,170 0,190 
Nonanoic acid 0,130 0,150 
Nonanol 1,030 1,270 
Octanoic acid 0,520 0,570 
Octanol 3,210 2,940 
P-Cymene-8-ol 4,200 4,130 
P-Cymene-α-ol 0,100 0,090 
P-Menth-1-en-9-ol 0,210 0,220 
Paraldehyde 0,090 0,100 
Perillyl alcohol 0,250 0,290 
Phenylethyl alcohol 0,250 0,250 
Styrene 0,110 0,180 
Terpinen-4-ol  0,930 1,000 
Verbenone 1,210 1,220 
α-p-dimethylstyrene 0,470 0,410 
α-Pinene  0,050 0,060 
α-Terpineol  1,050 1,160 
β- citronellol 1,060 1,150 
γ-Decalactone  1,280 1,470 
γ-Dodecalactone  0,170 0,200 
γ-Nonalactone  0,140 0,180 
Δ-Decalactone  0,160 0,180 
Δ-Dodecalactone  0,190 0,220 
*The synonyms of some of the compounds identified were used when creating a food flavouring network plot 

with reference to NIST 
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4.3.3.3 Mango 

An early study reported that monoterpenes and sesquiterpenes are the main compounds of 

mango flavours representing 70-90% of total volatiles in all mango cultivars (Pino et al. 2005, 

p. 2213).  

40 compounds are detected in this study, and terpenes groups were found as an abundant class 

of compounds. Yahia, E. M. (2011, p. 507) mentioned that the predominant volatiles in same 

cultivars are monoterpenes and sesquiterpenes as well as lactones and some fatty acids. As 

monoterpenes; limonene, alpha phellandrene, these compounds identified in this study. The 

sesquiterpenes (caryophyllene, gurjunene, and humulene) were also detected, but the 

importance of these fewer volatile materials to the flavour of the fruit is questionable. 

Apart from monoterpenes and sesquiterpenes, esters have also been considered as important 

flavour volatile compounds giving a specific flavouring to the fruit (Singh et al. 2004, p. 519). 

The presence of esters like ethyl butanoate together with lactones (ketones) such as delta- 

decalatone, Gama-decalactone (Table 8) contributed to the peachy flavour to mango fruit 

(MacLeod et al. 1988, p. 1). 

 Recent studies have identified esters as the main source of the fruity flavour, with one of the 

key contributors being ethyl butanoate; however, this compound could not be detected in this 

study. Many varieties of mango fruit have been shown to contain a large amount of 3- carene 

(delta-3- carene) (Bartley and Schwede, 1987, p.354). The chromatogram of the Mango in 

Figure A5;6 (see Appendixes). 

Table 8 Mango Some Identified Compounds and Areas % (1-2 trials) 

Mango Identified compounds* Area % (1) Area % (2) 

5-Hydroxymethylfurfurral 0,439 1,003 
Allo-Ocimene 0,185 0,191 
Benzyl Benzoate 0,094 0,154 
Camphene 0,800 0,908 
Carvone 0,144 0,207 
Caryophyllene Oxide 0,079 0,094 
Cis-3-Nonen-1-Ol 0,681 0,801 
Continued...   
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Cis-Ocimene 0,290 0,179 
D-Limonene 8,467 7,782 
Ethanol 0,476 1,012 
Furfural 0,100 0,245 
Linalyl Acetate 0,208 0,196 
Myrcene-β- 1,664 1,500 
Myristic Acid 0,072 0,172 
Oleic Acid 0,575 1,518 
Palmitic Acid 0,457 0,894 
Sabinene 0,001 0,001 
Stearic Acid 0,228 0,568 
Terpinen-4-Ol 0,348 0,349 
Trans-Ocimene  1,237 0,883 
α-Humulene  0,911 0,581 
α-Phellandrene  1,579 1,165 
α-Pinene  16,162 13,588 
α-Terpinene  2,575 1,627 
α-Terpineol  0,099 0,070 
α-Terpinolene  15,131 14,616 
β--Caryophyllene 1,798 0,789 
β--Phellandrene  4,523 4,014 
β--Pinene  3,414 3,718 
γ-Decalactone  0,038 0,056 
γ-Terpinene  2,473 1,767 
Δ-3-Carene 29,455 26,336 
Δ-Decalactone  0,030 0,070 
* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST 

4.3.3.4 Nutmeg 

Myristicin (4-methoxy-6-(2-propenyl) 1, 3-benzodioxole) is a major compound of the essential 

oil of seeds and mace nutmeg. (Sudradjat et al. 2018, p. 20). 

In the recent study, major chemical compounds of nutmeg oil were identified α-Pinene, 

Limonene, β-Pinene, Delta-3-Carene, β-Phellandrene, Croweacin sabinene, Linalool, α-

Terpinolene, Safrole, Myristicin (Carolina and Maman, 2016, p. 555). In this study, all those 

compounds except Croweacin were detected (Table 9). The chromatograms of the Nutmeg are 

in Figure A7;8 (see Appendixes). Considering the relatively high concentration of highly 

volatile monoterpenes, the concentration of hallucinogenic principles (myristicin and elemicin) 

appears to be very high in Indian oils (Gopalakrishnan, M.1992, p. 52). The major 

hallucinogenic principle in Indian nutmeg and mace oils thus appears to the myristicin. 
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Therefore, general sensory characteristics of the oil compare very well with the best products 

in the world market (Gopalakrishnan, M. 1992, p. 52).  

Table 9 Nutmeg Identified Compounds and Areas % (1-2 trials) 

Nutmeg Identified Compounds* Area 1(%) Area 2 (%) 

Camphene 0,326 0,323 
Cis-Sabinene Hydrate 0,325 0,324 
D-Limonene 4,412 4,425 
Elemicin 0,235 0,222 
Eugenol 0,188 0,180 
Geranyl Acetate 0,112 0,104 
Isoeugenol 0,499 0,483 
Linalool 0,146 0,145 
Methoxyeugenol 0,213 0,200 
Methyl Eugenol 0,137 0,135 
Myrcene-β- 2,453 2,461 
Myristicin 7,645 7,358 
P-Cymene 0,717 0,716 
Sabinene 22,456 22,623 
Safrole 1,527 1,485 
Terpinen-4-Ol 3,993 3,916 
Trans-Sabinene Hydrate 0,215 0,215 
α-Copaene  0,199 0,189 
α-Fenchene 0,060 0,063 
α-Para-Dimethylstyrene 0,055 0,053 
α-Phellandrene  0,784 0,788 
α-Pinene  24,568 24,844 
α-Terpinene  2,644 2,644 
α-Terpineol  0,565 0,552 
α-Terpinolene  1,652 1,646 
β--Phellandrene  2,303 2,314 
β--Pinene  15,392 15,485 
γ-Terpinene  4,034 4,029 
Δ-3-Carene 1,147 1,145 
Δ-Cadinene  0,069 0,065 
* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST. 
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4.3.3.5 Laurel 

Various researchers have studied the chemical composition of the essential oil in laurel bay 

leaves of different origins. 1, 8-Cineole is the major component in all cases, followed by 

linalool, terpinyl acetate, and several monoterpene hydrocarbons such as alpha-pinene and 

sabinene (Kovacevic et al. 2017, p. 408). Additionally, benzene compounds (eugenol, methyl 

eugenol, etc.) present in low percentages are responsible for the spicy flavour of bay leaves. 

They are essential factors determining the sensory quality of laurel (Kovacevic et al. 2017, p. 

409).). 

In total, 24 compounds were detected for laurel oil in this study (Table 10). The content of 1, 

8-cineole (Eucalyptol), α-terpinyl acetate (terpinyl acetate) and eugenol were also reported as 

a measure of laurel flavour quality (Riabov et al. 2020, p.2). The results of laurel analysis in 

this study include these compounds. The chromatogram of the Laurel is shown in Figure 9;10 

(see Appendixes). 

1,8-cineole and α-terpinyl acetate was also reported as the major volatile compound in laurel 

essential oils by Ordoudi et al. and Fidan et al. while other studies refer to 1,8-cineole and 

linalool, eucalyptol, and terpinyl acetate since extraction methods and sample preparation may 

affect the essential oils’ composition (Chrysargyris et al, 2020, p.4). 

Table 10 Laurel Identified Compounds and Areas % (1-2 trials) 

Laurel Identified compounds* Area % (1) Area % (2) 

α-phellandrene 0,362 0,358 
α-pinene 6,187 6,091 
α-terpinene 0,430 0,426 
α-terpineol 1,237 1,254 
α-terpinolene 0,184 0,182 
β-caryophyllene 0,283 0,295 
β-elemene 0,275 0,341 
β-pinene 4,463 4,395 
Camphene 0,224 0,223 
Caryophyllene oxide 0,160 0,171 
Cis-3-hexenol 0,193 0,188 
Cis-sabinene hydrate 0,254 0,253 
D-limonene 1,443 1,441 
Continued...   
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Δ3-Carene 0,135 0,136 
Eucalyptol (1,8-Cineole) 53,739 53,393 
Eugenol 0,273 0,277 
γ-terpinene 0,942 0,948 
Linalool 1,086 1,097 
Methyl eugenol 0,537 0,557 
β-myrcene 0,673 0,672 
p-cymene 1,290 1,277 
Sabinene 10,042 9,935 
Terpinen-4-ol 2,368 2,382 
Terpinyl acetate 9,082 9,405 

* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST 
 

Ozcan and Chalchat (2005) studied essential oil components of laurel leaf gathered from seven 

different locations of Turkey and were identified by using GC-MS. All oils were characterized 

by large amounts of 1, 8-cineole and terpinyl acetate. The results showed that the laurel leaf 

oils of Turkish origin compare well with oils from other sources, although their 1,8-cineole 

content seems to be slightly higher those of other constituents of Laurel leaf (Ozcan and 

Chalchat, 2005, p. 408). 

The chromatograms of the lemon are shown in Figures A9-10. (See Appendixes). 

4.3.3.6 Lemon  

Lemon essential oil are mixtures of chemical compounds which can be represented by three 

main classes: terpenes, oxygenates and sesquiterpenes (Gamarra et al. 2006, p.147).  

The main volatile compounds found in lemon essential oil were monoterpenes, such as 

limonene (D-Limonene), γ-terpinene and β-myrcene, along with D-Limonene which is the 

most abundant volatile compound in lemon (Karabagias, I.K. 2017, p.1). Besides, Linalool 

possesses highly distinctive organoleptic characteristics (Gamarra et al. 2006, p.147). 

It has been found that monoterpene hydrocarbons (D-Limonene, β-pinene, camphene, α-

Pinene, β-myrcene, α-Terpinene, ocimene, γ-terpinene, and terpinolene) constitute the main 

volatile group representing 70-90% of the total volatile substances in lemon juices (Allegrone 

et al. 2006, p.1845). 
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The present results are in line with those previously reported in a study involving the volatile 

profile of lemon essential oil. Such as nonanal, α-pinene, p-cymene, limonene, γ-terpinene, α-

terpinolene, linalool and α-terpineol have been recently identified in essential lemon oil (Table 

11). 

Table 11 Lemon Identified Compounds and Areas % (1-2 trials) 

Lemon Identified compounds* Area % (1) Area % (2) 

α-bisabolene 0,060 0,057 
α-Phellandrene  0,127 0,129 
α-Pinene  2,390 2,366 
α-Terpinene  0,100 0,101 
α-Terpineol  0,083 0,080 
α-Terpinolene  0,328 0,331 
β-bisabolene 0,224 0,235 
β-caryophyllene 0,230 0,232 
β-farnesene 0,056 0,051 
β-Phellandrene  0,257 0,224 
β-Pinene  14,632 14,579 
Camphene 0,048 0,047 
Caryophyllene oxide 0,030 0,031 
cis-citral 0,742 0,764 
cis-limonene oxide 0,026 0,027 
cis-ocimene 0,061 0,055 
D-Limonene 65,605 65,615 
Δ3-Carene 0,213 0,213 
Fenchone 0,023 0,025 
γ-Terpinene  6,570 6,579 
Geranyl acetate 0,232 0,252 
Linalool 0,141 0,140 
β-myrcene 1,916 1,915 
Neryl acetate 0,328 0,337 
p-cymene 1,168 1,182 
Sabinene 1,986 1,960 
Trans-citral 1,281 1,306 
trans-limonene oxide 0,040 0,039 
trans-ocimene 0,730 0,731 
* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST 

The chromatograms of the lemon are shown in Figures A11;12 also (see Appendixes). 
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4.3.3.7 Coconut 

Coconut flesh contains -lactones such as -octalactone and - decalactone while saturated - C8, -

C10, and -C12 lactones are the main components that give the flesh its characteristic light and 

sweet coconut flavour (Jirapong et al. 2015, p.477). 

The following volatile organic compounds were identified in coconut oil: ethyl acetate, acetic 

acid, 2-pentanone, hexanal, n-octane, 2-heptanone, limonene, nonanal, octanoic acid, ethyl 

octanoate, δ-octalactone, ethyl decanoate, δ-decalactone, and dodecanoic acid. Besides, 

analytical and sensory data indicated that lactones impart coconut-like flavour, while octanoic 

is mainly responsible for rancid taste (Santos et al. 2011, p.161). The study results contain 

essential compounds which was mentioned in a previous study like limonene, nonanal, 

octanoic acid, ethyl octanoate, δ-octalactone, ethyl decanoate, δ-decalactone etc. (Table 12). 

Table 12 Coconut Identified Compounds and Areas % (1-2 trials) 

Coconut Identified compounds* % Alan (1)  % Alan (2) 
 
Benzylalcohol 

 
0,650 

 
0,540 

Carvacrol 1,640 1,500 
D-Limonene  0,400 0,920 
Decanal 0,610 1,050 
Δ-Decalactone  26,270 26,690 
Δ-Dodecalactone  16,880 15,390 
Δ-Octalactone  4,690 5,160 
Δ-Tetradecalactone 3,650 4,190 
Ethyl decanoate 0,550 0,950 
Ethyl laurate 0,310 0,480 
Ethyl octanoate 1,350 1,880 
Eugenol 0,310 0,370 
γ-Nonalactone  0,250 0,310 
Lauric acid 0,360 1,370 
Linoleic acid 2,090 1,710 
Menthol 2,720 2,450 
Nonanal 1,640 2,120 
Oleic acid 2,590 2,060 
Palmitic acid 7,230 5,830 
Stearic acid 0,920 0,810 
Undecane 0,210 0,280 
* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST 
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The chromatograms of the coconut are shown in Figures A13-14 (see Appendixes). 

4.3.3.8 Tangerine 

As with many Citrus peel oils, limonene was the main volatile constituent of the peel oils and 

the juices (Naef and Velluz, 2001, p.154). 

Tangerine aroma is a complex combination of several volatile compounds in ranges of 

proportions such as terpenes, hydrocarbons, aldehydes, esters, alcohols and ketones. The GC-

MS as well as the organoleptic profiles of the tangerine oil was examined and it is less complex 

compared to mandarin. It is a combination of terpenic, orange-like notes with fatty, aldehydic 

tonalities. (Naef and Velluz, 2001, p.154). A recent review summarized the volatiles reported 

from a few studies on fresh mandarins or satsumas. Volatiles that were common to these studies 

included linalool, α-terpineol, terpinen-4-ol, nonanal, decanal, carvone, limonene, α-pinene 

and myrcene, and therefore, they were deemed to be the ‘core’ compounds produced by 

mandarin (Miyazaki et al. 2011, p.727). 

Bai et al. (2011, p.212) studied with different varieties of tangerines. Fifteen compounds, 

including nine terpenes (α-thujene, α-pinene, ß-pinene, α-terpinene, p-cymene, d-limonene, 

copaene, caryophyllene, and valencene), one terpene alcohol (linalool), four aldehydes 

(hexanal, (E)-2-hexenal, octanal and nonanal), and one ester (butyl 2-methylpropionate) were 

identified in Tangerines. Table 13 also shows mentioned some essential terpenes, alcohols and 

aldehydes that were found in this study. 

Table 13 Tangerine Identified Compounds and Areas % (1-2 trials) 

Tangerine Identified compounds* % Alan (1) % Alan (2) 

Δ-3-carene  0,174 0,172 
γ-Terpinene  8,867 8,868 
β-Pinene  1,257 1,266 
β-Phellandrene  0,260 0,273 
β-Myrcene 1,566 1,548 
β-caryophyllene 0,027 0,026 
α-Terpinolene 0,170 0,170 
α-Terpineol  0,036 0,037 
Continued...   
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α-Terpinene  0,046 0,047 
α-sinensal 0,027 0,001 
α-Pinene  1,429 1,416 
α-Phellandrene  0,031 0,031 
Sabinene 0,435 0,440 
p-mentha-3,8-diene 0,033 0,038 
p-cymene 0,888 0,893 
octanal 0,170 0,170 
Nonanal 0,001 0,001 
Linalool 0,166 0,164 
Fenchone 0,022 0,021 
Dodecanal 0,001 0,001 
Dimethyl anthranilate 0,107 0,112 
Decanal 0,145 0,146 
D-Limonene 83,808 83,905 
Citronellal 0,023 0,001 
cis-limonene oxide 0,300 0,030 
cis-citral 0,059 0,047 
Camphene 0,018 0,001 
* The synonyms of some of the compounds identified were used when creating a food flavouring network plot 
with reference to NIST 

The chromatograms of the tangerine are shown in Figures A15-16 (see Appendixes). 

4.3.4 Statistical Analysis of Results (Network Analysis) 

4.3.4.1 Aroma Network Analysis Results 

This study has been conducted with aroma profiles of 87 samples classified into four main 

categories namely fruits (28), spices (23), vegetables (7), nuts (7), and others (22). The aroma 

analysis of the samples was performed with the GC-MS system. A total of 593 major and minor 

aroma compounds had been identified with a built-in library of the GC-MS system, and results 

were reported as peak areas of the identified compounds in a duplicate analysis of the samples. 

The results obtained from GC-MS analysis were averaged before further data analysis for each 

sample. The following table (Table 14) is an example of GC-MS results for sahlep sample.  
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Table 14 GC-MS results for sahlep sample 

NO Compound* Area 1(%) Area 2 (%) 
1 Citronellol 31,96 31,94 
2 Geraniol 21,55 21,53 
3 Nerol 9,84 9,82 
4 Nonadecane 8,83 8,88 
5 Linalool 2,15 2,15 
6 Phenethyl alcohol 1,90 1,90 
7 α-pinene 1,70 1,69 
8 Methyl eugenol 1,52 1,54 
9 Heptadecane 1,36 1,36 
10 Germacrene D 1,33 1,34 
11 Farnesol 1,24 1,25 
12 α-guaiene 0,99 0,98 
13 Eugenol 0,86 0,85 
14 β-myrcene 0,77 0,76 
15 Trans-citral 0,69 0,70 
16 Citronellyl acetate 0,61 0,60 
17 β-caryophyllene 0,60 0,60 
18 α-terpineol 0,50 0,50 
19 Phenylethyl acetate 0,40 0,40 
20 β-pinene 0,34 0,34 
21 α-humulene 0,31 0,31 
22 Octadecane 0,29 0,29 
23 Cis-citral 0,28 0,27 
24 Cis-rose oxide 0,27 0,27 
25 Pentadecane 0,25 0,25 
26 β-bourbonene 0,22 0,22 
27 Sabinene 0,19 0,18 
28 Hexanol 0,18 0,18 
29 Trans-rose oxide 0,15 0,15 
30 α-terpinene 0,13 0,03 
31 β-elemene 0,10 0,10 
32 Geranic acid 0,10 0,10 
33 Aromadendrene 0,08 0,08 
34 D-limonene 0,08 0,08 
35 Rosefuran 0,08 0,07 
36 p-cymene 0,07 0,07 
 

Continued... 
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37 Hexadecane 0,07 0,06 
38 Nerolidol 0,06 0,06   
39 Nerol oxide 0,04 0,04 
40 β-phellandrene 0,04 0,04 
41 Trans-ocimene 0,01 0,01 
42 γ-terpinene 0,01 0,01 

Total 
identified   92,2% 92,1% 

As can be seen from Table 11, there are 42 identified aroma compounds for the rose sample 

(oil form), and the results of the duplicate analysis are quite similar for all compounds. Figure 

19 shows the graphical illustration of the data given in Table 14. The synonyms of some of the 

compounds identified were used when creating a food flavouring network plot with reference 

to NIST. 

Figure 19 The graphical illustration of Rose compounds 

  

As seen in figure 19, citronellol and geraniol values are quite larger when compared to the other 

aroma compounds in the rose sample. There the main odourous constituents of rose oil 

geraniol, citronellol, nerol, eugenol and phenethyl alcohol (Erbaş and Baydar, 2016, p. 559).  

There are 87 samples, it is possible to give these results with 87 individual tables and figures, 

but this would be almost impossible to display in a report like this one here. Besides, the aroma 

composition of each sample shows significant differences not only in terms of types of aroma 
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compounds but also the number of aroma compounds. Thus, even if one considers to plot all 

the data one by one for each sample, it would still be impossible to compare and reach a 

reasonable conclusion about the possible similarities (or dissimilarities) about the samples 

among the different sample categories. Therefore, the first task of this study was to combine 

and results of all these samples in a single worksheet in a way where all possible 593 aroma 

compounds will be in the order of the columns and 87 samples in the rows arranged in 

alphabetical order. Besides that, some compounds were identified as traces in GC-MS, and 

these compounds were assumed to be 0.001 for use in further analysis. 

This task has been conducted with a data combining algorithm (DCA) written in MATLAB 

Programming environment where an adjacency matrix is formed for the 87 samples. An 

adjacency matrix is a square matrix used to represent a finite graph defined in graph theory. 

(Nagoor Gani and Latha, 2016, p. 4) 

The elements of the matrix indicate whether pairs of vertices are adjacent or not in the graph. 

However, the computer algorithm developed for this study were coded in a manner where some 

modification has been done on the adjacency matrix where there is no requirement for square 

matrix, and the elements of the matrix is rounded integer values corresponding to the peak 

areas from GC-MS and for the aroma compound who do not exist in that sample zero values 

were inserted to the corresponding cells. Table 15 is a partial illustration of the data matrix 

produced by the DCA mentioned above. 
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Table 15 Partial illustration of the data matrix for fruit samples. 

 

As seen from Table 12, only 11 of the most frequently observed aroma compounds were given 

in the table, whereas there are 593 aroma compounds. The second columns of Table 12 give 

the counts of the aroma compounds in each sample where blackberry has 70 compounds, but 

tamarind has only 21 compounds.  

On the other hand, the last row of the table shows the number of the samples contains the 

specified aroma compound on the first row of the table such as palmitic acid has been detected 

in 21 samples out of 27 fruit samples. All the zero values in the table indicate that those aroma 

compounds corresponding to the samples do not detect. Figure 20 shows the graphical display 

of the fruit group data given in the complete form of Table 15. The synonyms of some of the 

compounds identified were used when creating a food flavouring network plot with reference 

to NIST. 
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Figure 20 Graphical illustration of the GC-MSaroma analysis results of the fruit samples 

 

As seen from Figure 20, there are a total of 593 detected compounds which goes only up to the 

valeraldehyde. After this compound, the lines go from zero to the end of the x-axis of the figure. 

Since the aim of the study was to identify the pairs of the samples in terms of the aroma 

compounds, another algorithm called a bipartite algorithm (BPA) was developed in MATLAB 

which generates bi-pairs of the 87 samples studied resulting 3740 bi-pairs (combinations of 87 

samples taken two at a time).  

Now, if only taken, for example, “others” samples (partial Table 16) which there are 20 of 

them, then, there would be 190 pairs. The partial table these pairs are given in Table 14. 
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As seen from Table 16, the BPA algorithm generates all the bi-pairs of 20 samples and sort 

them both column-wise and row-wise to determine the number of shared compounds among 

the pairs. For example, while Dr. Oetker Caramel sample has 33 aroma compounds, yoghurt 

sample has 29 aroma compounds.  
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However, these two samples have 18 shared compounds, as indicated in 7th column of the table. 

The synonyms of some of the compounds identified were used when creating a food flavouring 

network plot with reference to NIST. 

The BPA algorithm work in a way where each row of the data given in Table 17 (only partial 

display is given here) multiplied with each other so that if the two samples have shared 

compounds, then the multiplication will give a value which will be different from zero.  

On the other hand, if one of the multiplied values is zero, then the result of the multiplication 

will be zero, meaning that the compound is not shared among the two samples. After 

multiplication, the square roots of the results are taken to go back the original scale of the peak 

area values for each value. That is why the values are given in Table are not integer values even 

though all the values in the Table are integers. Figure 21 shows the graphical illustration of Dr. 

Oetker Caramel and Dr. Oetker Cocoa-50 pair generated by the BPA algorithm. 

Figure 21 Dr. Oetker Cocoa-78 and Dr. Oetker Cocoa-50 pair generated by the BPA algorithm 

 

As seen from Figure 21, it is clear that palmitic acid is the highest contributing aroma 

compound to the bipartite plot of this pair. Then, it is followed by oleic acid and linoleic acid. 

Of course, one can create such plots for all 189 pairs from the results of the BPA algorithm, 
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but it is not possible to show all of them here. Besides, not all of these 231 pair have shared 

compounds. In fact, 178 of these pairs have at least one or more shared compounds and 53 of 

them has no shared compounds. Figure 22 shows the graphical illustration of bi-pairs vs 

number of shared compounds for “others” samples. The synonyms of some of the compounds 

identified were used when creating a food flavouring network plot with reference to NIST. 

Figure 22 Number of shared compounds of “Others” group vs. bi-pairs.  

 

 

After generating bipartite data for bi-pairs of the samples, a third algorithm was developed in 

MATLAB called bipartite aroma network (BP-AN) by using the bipartite built-in function in 

MATLAB. This BP-AN algorithm work in a way where those pairs generated with BPA 

algorithm mentioned above were used to draw food aroma network graphs (FANG) which 

determines the number of nodes and edges among the pair that has at least one shared 

compound and omits self-pairs such as rose – rose combination. Figure 23 shows the FANG 

plot of “others” samples. 
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Figure 23 Food aroma network graph of “others” samples  

 

The width of weighted links increases with increasing shared compounds. The size of the circle 

is proportional to the number of flavours compounds the ingredient contains). 

As seen from Figure 23, each sample is represented with a yellow circle where the size of the 

circle is proportional to the number of aroma-compounds the sample has. This means, the larger 

the size of the circle, and the more aroma compounds have been identified in this sample. On 

the other hand, each sample is connected with another sample with fade blue lines where the 

thickness of the line is determined based on the number of shared aroma compounds between 

the two ample which forms the pair. For example, the line between Dr. Oetker Cocoa-78 and 

Dr. Oetker Cocoa-50 pair is largest while the line between mastic gum and white chocolate 

pair is relatively narrow since they only have 1 shared compound. On the other hand, there are 

no lines between chosen mustard and with any other sample since the mustard sample has no 

shared compound with the rest of the samples. Figure 24 is an enlarged view of Figure 33.  



122 

 

Figure 24 Enlarged view of food aroma network graph of ‘others’ 

 

The rest of the raw material groups network figures are shown in Figure B1;6 (see in 

Appendixes). 

After this statistical analysis results, alternative samples that were potentially intended to be 

used were selected, and the number of shared compounds according to the Food pairing 

hypothesis was considered. The pairs were decided to be evaluated with the sensory test. 

The data formed as a result of the flavour network analysis were used to formulate a new dessert 

recipe with preferred flavour in this study. As mentioned before, there were a few studies 

conducted on data analyses of recipes from various countries, however, except Henson 

Blumenthal’s innovative dishes, only limited studies on flavour pairing network analysis were 

ended up with a new dish formulation (Blumenthal, 2009; Kort et al. 2010; Kutup, 2015). 

However, these highly-rated pairs of ingredients may share fewer flavour compounds (Kort et 

al. 2010). One of the new desserts in this study was made with mango and coconut. It has 15 

shared components consists of Limonene, Sabinene, β-phellandrene, γ-terpinene, α-terpinene, 

β-myrcene, Terpinen-4-ol, α-phellandrene, α-terpineol, Camphene, α-copaene. The other 

deserts shared compounds big data shown in table list (see the example of big data table in the 

external Appendixes).  
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4.3.4.1.1 Conclusion 

Interestingly the shared characteristics of these common compounds were that Lemon like 

woody, minty, spicy, honey and floral terpenic. These results may show how the ingredients 

from different food material groups might have common sensory characteristics when analysed 

by their own, and how they could go well together in a lemon-like, floral woody, spicey honey 

fresh sensed dessert. 

According to the literature, some well-known nutrients in foods act as the precursors of aroma 

compounds in the food (Ozturk and Zeyrekce, 2019, p. 406). For example, sugar (as sucrose) 

added into our dessert formulation, was named as the precursor of aroma compounds such as 

octanal, octanoic acid, hexyl-alcohol, and octanol which were also found as the common 

flavour compounds of the main compounds in this study (Reineccius, G. 2006). 

The average value of the number of ingredients in the recipes was approximately 87, which is 

closer to the value that was calculated in this study as 8 when 32 pair recipes were scanned and 

tried as a pre- sensory study (data not shown). This study also has the number of shared 

compounds of ingredient pairs dominated approximately less than 20, only a few of the pairs 

shared flavour compounds upper than 30. 

4.4 Sensory Analysis 

The purpose of these sensory experiments is described in this study to explore the food/taste 

pairing hypothesis in one of Dr. Oetker's best-selling products and to learn about the acceptance 

of the four newly developed desserts. To achieve this goal, four new desserts with eight food 

flavour specific combinations were produced. These eight flavours were selected by inspiring 

from the food samples specified in the data shown in the statistical analysis results, which are 

the shared number of compounds big data table, see the example of big data table in the external 

Appendixes). Eight kinds of flavours that were in powder form; it was lemon, lavender, mango, 

coconut, blackberry, coconut, tangerine, and laurel. Many trials of these eight flavours were 

made, and their dosages in the formula were evaluated internally in the company. While 
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evaluating the product, the formulas were examined, considering that the panellists should not 

be affected by colour and consistency. 

4.4.1 Experiment 1  

4.4.1.1 Design 

Sensory analysis was carried out in a sensory laboratory under guidelines and conditions 

according to ISO 8589:2017 (ISO, 2017). In this study, two different flavours were added to a 

milk dessert that was selected as the base product. All other ingredients were in powder form. 

They were mixed in the production pilot mixer. Aroma powders were added in the laboratory. 

Then, UHT milk was added as liquid input according to the dessert preparation instructions of 

the formula. Each dessert was prepared by mixing all the ingredients with a kitchen mixer for 

3 minutes. These desserts are ‘Lavender-Lemon flavoured Dessert’(LL), ‘Mango-Nutmeg 

flavoured dessert’(MN), ‘Blackberry-Coconut flavoured dessert’(BC) and ‘Tangarine-Laurel 

flavoured dessert’(TL). The tests were designed for which flavour pairs of dessert/ or desserts 

were accepted more by consumer and the consumer's opinions about matching these flavours 

together for future product. 

4.4.1.2 Participants  

Participants in Turkey of Dr. Oetker showing interest in sensory tests on new food evaluators 

were previously untrained panellists (n=72). The evaluators were contacted by e-mail and 

phone, and they were informed that the study included only 4 different flavoured instant 

desserts evaluations. Information was also given on the original flavour composition names of 

the products. Volunteers with diabetes, known intolerance and food allergies, or previously 

diagnosed with eating disorders were excluded, and the study was declared unsuitable for 

vegetarians because the dessert chosen for the test contains milk and milk products. The 

assessors were between 20-45 years old. 
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4.4.1.3 Testing food  

The basic formula of desserts is the formula used in production. Dr. Oetker was prepared at the 

production site in Turkey powdered dessert mixes. Since they are small in quantity and precise 

weighing is required, only flavours and colours were weighed and added to the mixtures in the 

laboratory. The mixtures were mixed again on a pilot-scale mixer in the laboratory. The powder 

mixture was prepared the day before. Finished samples were stored at refrigeration temperature 

(~ 4 ° C) for at least 24 hours before sending to service. 110 grams of powder per formula is 

mixed with 500 ml of milk for 4 minutes on the test day and served in cold bowls (8-10° C). 

UHT milk (fat %:3,3) suppliers provided as an external component of Turkey's regular milk, 

Dr. Oetker was used. The same batch of milk was used for all dessert formulas. A clear plastic 

three-digit code container (a portion about 100 g) was used for the sensory tasting sessions. 

Spoons, napkins and water for neutralisation were provided.  

4.4.1.4 Procedure  

Sensory tests were done for two days. Participants evaluated four products a day. Besides, 

participants were instructed to refrain from eating and drink only water for the two hours before 

the test. Samples were served in a semi-monadic order with a minimum mandatory interval of 

five minutes between each sample. Participants were rinsed with room temperature filtered 

water between samples to reduce potential transport effects in their mouths. All sensory 

experiments, Dr. Oetker, the sensory panel, was held in Turkey in the Dr. Oetker sensory test 

room. People were asked only to consider it as pleasure and not comment on other sensory 

traits. Consumers received a food treat for participation. All data were collected manually 

through paper questionnaires. The questionnaires of all eight desserts are in Figure C1;4 (see 

Appendixes). 

4.4.1.5 Data analysis  

For each sample, participants were asked to rate their overall liking; likes/ dislikes taste 

characteristics (open-ended questions), flavour intensities, liking combination and liking 

product idea. Liking was assessed using a standard 9-point hedonic scale (1= "Dislike 
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Extremely", 5 = "Neither Like nor Dislike", and 9= "Like Extremely"). Just-about-right (JAR) 

scales were designed as continuous line scales with again nine descriptive anchors, low 

intensity (i.e. "too little/less") on the right end, "Just-About-Right" (JAR) at the centre, and 

high intensity (i.e. "too much") on the left end. 

Some companies use standard percentages such as a minimum 70% of responses in the just-

about-right category to determine if a product attribute is considered to be acceptable. If those 

criteria met then nothing needs to be further done (Pilgrim and Peryam, 1996, p. 51). 

The present work aimed to compare the performance of flavour liking and JAR scales to 

evaluate consumers' perceived adequacy of flavoured milk puddings.  

The data from the acceptance test was analysed using One-Way factor analysis of variance 

(ANOVA) in SPSS (Version 20, Release 20.0.0, 2011) was used to evaluate the effect of liking 

scores of flavours combined in novel desserts. At the p ≤ 0.05 level using the Fisher's Least 

Significant Difference procedure (LSD) was performed to ascertain where significant 

differences were. Follow-up the Pearson's chi-squared test and cross-tabulation test was 

conducted for evaluation of JAR questions. All the figures and tables of ANOVA and LSD 

results are in Tables D (see in Appendixes). Table 15 shows an explanation of the level of 

significance and some definitions in the related further tables. 

There significant differences in a taste comparison of MN and other three desserts which have 

p-value 0.000. (Table 16). It means that they are lower than 0.05. Similar results were obtained 

in other questions. For example, in the overall liking question, it has been found that p values 

are such as LL-MN: 0.00, TL-MN: 0.001, BC-MN: 0.00 for other desserts that MN was 

compared (Table 16). The meaning of this is MN over liking was highly significantly different. 
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Table 18 The explanation of the level of significance and related definitions  

Legend of the probability of error/level of significance. 
In the case of a statistical comparison of two samples, the sample which is evaluated better in trend 

will be underlined. 
≤0,1 % ≤1 % ≤5 % ≤ 10 % > 10 % 

Very high significant High 
significant Significant In line with 

the trend 
Not 

significant 

MV = Mean (Scale 1 - 9) 9 = like extremely 

TTB = Top Three Boxes JAR (Just About Right, Scale 1- 9) 4- 6 = just right 
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Table 19 The significant differences in a taste comparison of four deserts 

continued… 
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MN is very well-liked in taste and overall liking by the consumers. The consumers like the 

combination well and the idea of the product very well. Corresponding figures (Figure C) and 

tables (Table D) are shown in the appendixes. 

The intensity levels of both Mango and Nutmeg taste are rated well (TTB: 83%) by the 

consumers, so there is no immediate need for improvement. The comments of the consumers 

on the taste characteristics are mainly positive and show a strong overall liking (TTB: 82%) of 

the Mango-Nutmeg aroma combination. The other three flavour combinations; LL, TL and BC, 

are liked average at best by the consumers. They are liked average in taste and overall liking 

by the consumers. The combinations and the idea of the products are also liked on an average 

level. The intensity levels of the flavours are rated well for LL, TL and MN. BC is rated on an 

average level (respectively 64% and 67%) at both flavour intensity questions. In the eye of the 

consumer, it contains too less blackberry flavour (35%) and too much coconut flavour (37%). 

There is an immediate need for improvement for BC in increasing the blackberry flavour and 

decreasing the coconut flavour. The comments on the taste characteristics are mainly negative 

for all three samples. Notably, there is a need for improvement for Blackberry-Coconut. There 

are 31 remarks of "Too much coconut taste" and 20 remarks of "Not enough coconut taste”. 
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4.4.1.5.1 Conclusion 

The dessert flavoured with Mango-Nutmeg is rated very well by the consumers and a feasible 

product from a sensory point of view. It should advance further in the product development 

process.  

The other three samples are rated average at best and need further major improvement or 

rework to be considered as feasible products. The Dessert flavoured with Blackberry-Coconut 

has the most need for improvement in changes of dosages of the flavours. 

One of the aims of this study is to prove whether the negative result that may arise from the 

use of two flavours known to have common components according to the food pairing 

hypothesis can be converted to a positive result by changing the dosages of flavours. Therefore, 

the improvement has to be an increase in blackberry flavour and decrease in coconut flavour. 

4.4.2 Experiment 2 

4.4.2.1 Design 

The questions were organized in the same way, which was mentioned in experiment 1. This 

time, the flavour dose of this dessert was compared with experiment 1, compared with the 

Blackberry-Coconut flavoured dessert. For each sample, participants were asked to rate their 

overall liking, likes/ dislikes taste characteristics (open-ended questions), flavour intensities, 

liking combination and liking product idea. This test aims to find the best combination of 

flavouring compounds by changing the dosages in the formula. 

4.4.2.2 Participants  

Participants, Dr. Oetker, was an untrained panel of 60 people showing interest in sensory tests 

on new foods in Turkey before. The evaluators were contacted by e-mail and informed by 

phone as in Experiment 1. Information was given about the original flavour composition names 

of the products. Volunteers with diabetes, any known or suspected food allergy, or a previous 

diagnosis of an eating disorder were excluded, and the study was declared unsuitable for 
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vegetarians. Because the dessert to be tested contains milk and milk products. The assessors 

were between 20-45 years old. 

4.4.2.3 Testing food  

The base formula of desserts has been already used in production. Powder mixtures of desserts 

were prepared in the production site in Dr. Oetker, Turkey. Only flavours and colours were 

weighted and added to mixtures in the laboratory as they are the very small amount, and 

sensitive weighing is required. The mixtures were mixed again in the pilot-scale mixer in the 

laboratory. The powder mixture was prepared one day in advance. The finished samples were 

stored at refrigeration temperature (~4°C) for at least 24 hours before serving. 110g powder 

per formula is mixed with 500ml milk for 4 minutes in test day and served in cold bowls (8-

100C). The UHT milk was used as an external ingredient, and it was supplied by regular Milk 

supplier of Dr. Oetker Turkey. The same batch of milks was used for two dessert formulas. For 

the sensory tasting sessions, a portion (c. 100 g) was served in a transparent plastic cup with 

three-digit code. Spoon, napkins and water for neutralisation were provided. 

4.4.2.4 Procedure  

Sensory tests were conducted two days. Participants evaluated two products in a day. Also, 

participants have been instructed to refrain from eating and to drink only water for the two 

hours before testing. Samples were served in a semi-monadic order, with a minimum five 

minutes mandatory break between each sample. Participants rinsed with room temperature 

filtered water between samples to reduce potential carry-over effects. All sensory experiments 

were conducted in the Sensory panel room at Dr. Oetker, Turkey. People were asked to evaluate 

only as taste and not to comment on other sensory features. Consumers received a food treat 

for participation. All data were collected manually via paper questionnaires. 

4.4.2.5 Data analysis  

The data from the acceptance test was analysed using Pearson's chi-squared test and cross-

tabulation test. Wilcoxon signed-rank test was then performed for two related sample 

differences and their comparisons. These statistical analyses were performed using SPSS 
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(Version 20, Release 20.0.0, 2011). Previous formula pf BC defined Sample 1 (New 1), the BC 

formula whose dosage was modified, was named Sample 2 (New 2). The new 2 has more 

blackberry, less coconut flavour. 

The liking of the flavour combination and the liking of the product idea of the modified dessert 

is still on an average level. TTB of New 1 is 72 %, while New 2 got TTB 70%. Therefore, the 

dessert with the modified flavour dosages still needs further improvement to be considered as 

a feasible product. 

The modified dessert New 2 is rated significantly better, with 72% in overall liking than the 

dessert with the original flavour concentrations from the previous test (New 1). The modified 

sample is also rated better in trend with p-value 0.084 (not significantly) in taste and liking of 

the flavour combinations with p-value 0.085. The consumers rate the modified sample well in 

taste and overall liking. 

The intensities of blackberry and coconut taste of the modified dessert (New 2) are both rated 

well respectively %75 and 72%. The intensity of the blackberry taste is rated highly 

significantly better (p-value 0.007) in the modified dessert than in the dessert with the original 

dosages (Table 17). 
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Table 20 The significant differences in a taste comparison of 2 desserts 

 

continued… 
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The intensity of the coconut taste is rated significantly better (p-value 0.019) in the modified 

dessert than in the dessert with the original dosages. There is still room for improvement by a 

further adjustment of the concentrations (a little more blackberry, less coconut). 

The flavour combination and the idea of the New 2 are still liked on an average level 

respectively (59% and 65%) even though they have improved. Related tables (Table E) and 

figures (Figure D) are in the Appendixes. 

According to the literature, some well-known nutrients in foods act as the precursors of aroma 

compounds in the food (Reineccius, G. 2006). Table sugar -sucrose-, added into our dessert 

formulation, was declared as the precursor of aroma compounds named octanal, octanoic acid, 

hexyl-alcohol, and octanol which were also found as the common flavour compounds of the 

main ingredients in this study. 

4.4.2.5.1 Conclusion 

Eight flavour compounds shared by four main ingredients of new dessert contained citrus-floral 

fruit-fatty odour characteristics with sweet, fruity (orange, apple-like) and milky, creamy taste 
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characteristics. Therefore, these alike properties showed that odour/taste integration could 

easily be achieved in the new dessert, which might influence the hedonic property towards 

liking.  

This study based on the company food data will be useful to create alternative dishes for the 

palate of the people who are accustomed to consuming similar ingredients. 

In conclusion, Mango-Nutmeg is highly appreciated by consumers and is the clear winner of 

the test. The other three products (Lemon-Lavender, Tangerine-Laurel and Blackberry-

Coconut) are rated average at best.  

The large difference between the mean values of Mango-Nutmeg (red) and the other samples 

is a clear indicator that Mango-Nutmeg is significantly better than the other samples. Table 18 

shows the results of the first sensory test with the four desserts. 

Table 21 The results of the first sensory test with the four desserts 

 
Sample Taste Overal

l Liking 
Liking 
Combinatio
n 

Liking_Idea of 
Product 

Dessert 
flavoured 
Lemon-
Lavender 

Mean 6,12 6,11 5,86 6,40 
N 72 72 72 72 

Std. Deviation 1,883 1,850 2,285 2,087 

Dessert 
flavoured 
Tangerine-
Laurel 

Mean 6,17 6,33 5,99 6,32 
N 72 72 72 72 

Std. Deviation 1,695 1,627 2,079 1,978 

Dessert 
flavoured 
Blackberry-
Coconut 

Mean 6,14 6,07 6,11 6,22 
N 72 72 72 72 

Std. Deviation 2,098 2,119 1,990 2,190 

Dessert 
flavoured 
Mango-Nutmeg 

Mean 7,33 7,29 7,01 7,44 
N 72 72 72 72 
Std. Deviation 1,492 1,467 1,910 1,767 

Total 
Mean 6,44 6,45 6,24 6,60 
N 288 288 288 288 
Std. Deviation 1,869 1,842 2,109 2,061 
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Naturally, the dosage test might be done with mango nutmeg. Still, the other goal is to answer 

the question of whether an undesirable food liked by changing the aroma dosage according to 

the flavour pairing hypothesis in it.  

Blackberry-Coconut has the highest potential for improvement by changing the dosages (more 

blackberry, less coconut). 

The modified sample (more blackberry, less coconut) is rated significantly better in overall 

liking than the sample with the original flavour concentrations like in the last test. The modified 

sample is also rated better in trend (not significantly) in taste and liking of the flavour 

combinations. The consumers rate the modified sample well in taste and overall liking. 

The intensities of blackberry and coconut of the modified sample (more blackberry, less 

coconut) are both rated well and significantly better than the intensities of blackberry and 

coconut of the other sample. Further research is needed in to determine the applicability of 

attribute questions to food product design and the influence of this type of questions on 

consumer overall liking ratings. 

In conclusion, the flavour combination and the idea of the product are still liked on an average 

level even though they have improved. Overall, these results should fit with the hypothesis of 

Food Pairing. 
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 DISCUSSION 

It is not just a matter of culinary tradition that we like to eat certain foods together; based on 

chemistry - based on overlap between specific flavour molecules. Vilgis, T doesn't just look at 

the molecules that the components have in common. It also examines contrasting flavour 

profiles and how they create more exciting taste experiences. The reason why chili and 

chocolate is a match made in heaven is the "opposites attract" phenomenon; it also makes 

caramel cream great with soy sauce and explains why mint mustard sauce has an unexpected 

effect (Lugert, V. 2019). 

All foods, whether home-cooked dishes, restaurant cuisine, or commercial products, are 

characterised by their flavours which is a combination of flavour aromatics with taste or 

gustatory components (Porzio, A. M, 2017).  

In this study, one of the molecular gastronomy approaches, "Food / Flavour Pairing", has been 

tried to develop a food product by using the methods of chemical analysis and consumer testing 

mechanisms of the cases have been applied to a type of dessert product. Products are gradually 

refined with insights from the experimental study of food pairing culinary phenomena that 

contribute to sensory experiences.  

New product development and finding new uses for the old product is crucial for the continuous 

growth of a company. It includes the process of creativity and discovery that intends to 

accumulate knowledge, create something new from trial and error and learn from the errors 

made (Traynor, M. 2013). A modern product development process usually contains many 

activities where the activities may be dependent or interdependent with each other. 

In the product development process, instrumental measurements (GC-MS) are frequently 

coupled with sensory analysis techniques to try and determine the volatile responsible for some 

flavour sensations (Chambers and Koppel, 2013). The first part of the development study 

described in Chapter 2 involved the GC-MS analyses of 87 food ingredients to provide volatile 

compounds from them subsequently. 
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This situation led study to a collaboration study where foods chemical compounds were 

analysed and the information inputted to a database for cross-checking for similar or matching 

compounds in chosen raw materials. From this point, a hypothesis formed, that you can pair 

two foods if they have major flavour components in common and there have been many more 

new and unexpected successful flavour matches. 

The second stage of development of database has been conducted with a data combining 

algorithm (DCA) and bi-partite algorithm (BPA) that was written in MATLAB Programming 

environment. Additionally, the number of shared compounds among the ingredients were used 

to draw the food aroma network (FANG). PCA (Principle Component Analysis), which is 

frequently used in such studies where instrumental and sensory analyzes were evaluated 

together, was not used in this study, because every food ingredient did not have the same 

compounds. 

In this work, four different flavour paired desserts were developed through a flavour pairing 

approach, and later, consumer sensory preference was investigated. Each chapter consists of 

different investigations but are related to holistic culinary approach, provides a scientific 

understanding insight. Such mechanisms included flavour release and instrumental analysis 

(Chapter 4), influencing taste volatile interactions (Chapter 4.3), consumer sensory perception 

and acceptance (Chapter 4.4). The common goal of each part was to apply the knowledge 

gained through experimental work to improve the overall sensory experience of the new food 

product being developed. Therefore, this study was in line with the goals of molecular 

gastronomy, where it is very important to maximize the sensory experience of the consumer 

(Barham et al. 2010; van der Linden, 2008).  

Also, the best combination of flavouring ingredients was to find out whether it depends on their 

proportions and densities in the recipes by hedonic testing. The design of foods with desirable 

flavour profiles is based on an understanding of the relationship between the food types and 

concentrations of flavours substances and the final flavour perceived by consumers (Mc 

Clements, J. A. 2005, p.389). 

Flavour is one of the most important factors determining the perceived quality of foods, and 

consumers expect each type of food product to have its own characteristic flavour profile 
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(Muellenet, F. 2004, p.33). Empirical models can lead to predictions of volatile partitioning, 

and a food manufacturer must ensure that the flavour profile of a product is desirable and that 

meets consumer expectations for such a product (McClements, D. 2005, p. 389). 

The study in section 4 is crucial for looking at phenomena of food pairing and ultimately 

developing food products that address the consumer's hedonic response to food. Also, very few 

studies have been published reiterating the importance of working in this field and the 

importance of a further investigation. The results from the consumer assessment of the new 

pairing were the most acceptable food pairing of Mango-Nutmeg Lemon-Lavender, Blueberry-

Coconut and Tangerine-Laurel received with an average result. The results thus far led to the 

development of the final instant dessert with modified the amount of flavour. Flavour is more 

than complex sequence of chemical interactions in foods but is also an interaction of the food 

and the consumer (Traynor, M. 2013). 

'Flavour pairing' might help to understand consumer flavour intelligence that brings actionable 

insights to predict the company's next booming flavour. The approach also might eliminate 

trial and error in a new product development cycle and might to provide reducing the time to 

market the product. Increasing the speed of new product development causes a continuous 

shortening of the product life cycle time and an increase in competition due to technological 

developments and globalization (Chen et al. 2000). Food companies can achieve several 

significant benefits from increasing the speed of new product development; first, increased 

profitability, margins, and market share (Brown and Eisenhardt, 1995). A company capable of 

rapid product development can quickly respond to market demands, improve timely product 

entry and increase customer satisfaction (Chen et al. 2000). 

Product developers of food wish to know the type and number of flavouring components that 

must be incorporated into food during the production process to produce a desirable flavour 

profile in the final food product (Traynor, M. 2013). Looking at the other way, a food producer 

may want to know how to prevent off-flavour formation in a food during production, storage 

or use (Mc Clements, D. 2005). Therefore, consumer testing and market research were required 

on the final product to establish preferred new formulations and to assess their overall 

acceptability (Traynor, M. 2013). 
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Overall results of this study reveal that the hedonic evaluation of food products influenced not 

only by the actual products being evaluated, but also by the consumers who evaluate them and 

by their interest in such novelties. 

The study also showed that not only is the hedonic evaluation of food products influenced by 

the actual products but also by the subjects evaluating them and by their reaction to such 

novelties. Predisposition neophobic behaviours can be factors which impede the commercial 

growth of a product in a general market and must be overcome (Traynor, M. 2013). In this 

study, people were told what kind of products they would taste so, some of them stated that 

they were not open to such innovations and were reluctant to taste. Therefore, while choosing 

flavour pairs after the BPA algorithm results, very strange and stimulating for the aroma 

partners to be used were avoided for dessert names. The aforementioned, marketing research 

that was done separately from this study has been carried out for the possible dessert flavours 

also on social platforms. 

There are several factors which contribute to food/flavour pairing. Gaffney, M. (2013) 

explained with five different patterns that are seasonality, personal taste, comparable flavour 

compounds, geography, memories and instinct. Every tradition has some food couple that has 

been associated with each other as a good flavour pairing (seasonality). Some people don’t 

prefer, and not all people have the same sensitive olfactory receptors, approximately 33% of 

the population cannot smell truffles (personal taste). 

 The flavour pairing hypothesis that is the main subject of this study is tasting well together, 

and food has shared volatile molecules such as Lemon and Lavender (comparable flavour 

compounds). 

There are some noticeable differences in the food pairings in different societies, culturally and 

geographically. Foods were cooked and paired together because they grew in the same region. 

The richness and diversity that the geography offers are reflected in the culinary culture of the 

region are described by Şengül et al. (2015). 

Memories and instincts can be associated with certain food pairings can have more favourable 

acceptability for an individual, positively or negatively. Taste and olfactory senses direct 

individual’s primitive memories by arousing emotions of intense pleasure or revulsion that are 
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stored in his/her brains, shaping future food choices (Fisher and Scott, 1997). Regarding that, 

some of the sensory panellists interestingly mentioned Blueberry flavour reminds them of their 

cleaning stuff because this aroma is sometimes used in those products. 

Cultures are in constant interaction with each other. Although the food culture of a country is 

the result of the accumulation of years passed from generation to generation, some old habits, 

incompletely or partially, can be destroyed by the developments in technology in recent years 

(Batu and Batu, 2018, p.76). The richness of the Turkish culture is due to the old history of 

Turks, and Turks have migrated in huge numbers from the past until today (Batu and Batu, 

2018, p. 76). Thus, Turks own a rich culinary culture synthesized as a consequence of migration 

to different geographical areas and interaction with different cultures. Countless types of herbs 

and spices exist therein (Batu and Batu, 2018, p. 77).  

Pairing one food with another one has been experimented with since humans began evolving 

and some of these pairings have become traditional mainstays in those societies and tradition 

encapsulates both seasonality and culture. For example, Mastic has a special place in Turkish 

Cusine has probably been used since ancient times. The ancient Greeks added Mastic to their 

wine to make palatable taste (Grossman, H.J. 1985). Today, Mastic is used for milky desserts, 

ice creams, Turkish delights and uniquely Turkish coffee. In this study, Turkish coffee and 

Mastic has no shared compounds, after DCA computerized analysis, and there are not enough 

researches regarding mastic flavour in detail also. Rosewater has another extensively used for 

traditional desserts like milky dessert muhallebi and güllaç. Again, looking at the DCA results, 

no common compound was found between rose (42) and milk (17). If such floral scents rose, 

lavender etc. is not used in general for traditional dishes, often used in soap or shower gel etc. 

and reminds of cleaning products. In this way, similar comments were received by consumer 

test for the lavender flavour used in this study.  

Another Turkish speciality is Salep.It is a drink made from sahlep root in hot milk and 

cinnamon. Sahlep and cinnamon (bark and leaf) have 7 and 8 respectively shared compounds 

that present in DCA results of this study. Therefore, it might not be evaluated that Turkish 

cultural cuisine has food ingredients that have mostly shared or no shared compounds while 

they combine like research of Western and North Asian cuisines was done by Ahn et al. (2011). 

Turkey is a cross-road between different cultures and regions, with borders to Central Asia, the 
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Middle East and the Balkan region. Over the centuries, traditional Turkish cuisine has had 

many other influences (Ugurlu, K. 2015, P. 58). 

Some foods have been chosen because they taste good with each other while others not only 

complement the food flavour but also have the bonus of helping with the digestion of the food 

it is paired or eaten with. In an old age practice (circa 1390), the pairing of meats with a 

condiment like apples that make sense because they ‘work’ together or complement each other 

and help with the digestive process (Gafney, M. 2013, p. 11). In the Seljuk Empire Period (990-

1063), Sirkencubin whets the appetite if served before the meal, helps digestion if served post-

meal, and is one of the important beverages of Seljuk cuisine. Sirkencubin has a pair of honey 

and vinegar and is still a very much-loved drink, especially in the middle part of Turkey (Batu, 

and Batu, 2018, p. 10). 

Food consumption is typically a multimodal experience, with the term flavour used to describe 

the holistic sensory experience while eating. In its simplest form, it captures the common sense 

of taste and olfaction. However, in a broader sense, flavour encompasses all sensory 

experiences related to food intake, both chemical (such as smell, taste, chemical irritation, and 

pain) and non-chemical (e.g. temperature, mouthfeel, visual appearance of food, and the sounds 

it makes when we eat; Makki, F. 2014). Many studies reported that recipes are based on 

ingredients not only for flavour but also to provide the final textures and overall structure of a 

particular dish, supporting the idea that fitness values depend on flavour profiles as well as 

multitude of ingredient characteristics (Ahn et al. 2011). 

Besides, this Food Pairing theory may find a way for the application of new food product 

development in the food industry as well. Furthermore, an emerging area of computational 

gastronomy is increasingly paving the way of developing new culinary databases and digital 

platforms that can be shared worldwide, leading to creating novel tasteful products.  

In overall, the work presented here gives a full methodology for detailed data-driven analysis 

and characterisation of a local consumer taste. The process of analysis includes the initial steps 

of collection, extracting VOC of raw materials, trials of recipes to a form suitable for many 

aspects of analysis including basic statistical information, ingredients contribution and flavour 

network and sensory analysis. The results extracted using these methods give detailed 
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information about the raw material characteristics of Turkish consumer preferences, its flavour 

trait information and enable visualisation of the cuisine flavour network. The information 

extracted using this approach can be used for many diverse experiments as comparing the 

flavours of different cuisines and their mutual influence, up to proposing recipes with specific 

flavours.  

This research would continue with an analysis of the health benefits from the recipes present 

in Turkish market by looking into their nutritional values. This analysis might contribute to the 

everyday selection of highly nutritious meals and even providing healthier, sustainable 

substitute ingredients in one recipe. 
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 APPENDIXES



 

Table A 1 GfK report 2016 

 

TRY: Turkey Lira 

Continued… 
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Table A 2 GfK report 2016 

 

TRY: Turkey Lira 
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Table B 1 Sample preparation of Fruits  

FRUITS 
NO 

     
MATERIAL SUPPLIER METHOD SAMPLE FORM SAMPLE AMOUNT 

1 Raspberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
2 Blueberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
3 Blackberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
4 Strawberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
5 Elderberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
6 Cherry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
7 Date AROMSA SBSE-GC-MS Maceration 20ml sample 
8 Fig AROMSA SBSE-GC-MS Maceration 20ml sample 
9 Black Grape AROMSA SBSE-GC-MS Maceration 20ml sample 

10 Raisin AROMSA SBSE-GC-MS Maceration 20ml sample 
11 Orange AROMSA SBSE-GC-MS Essential oil form 0,1µl sample 
12 Tangerine AROMSA SBSE-GC-MS Essential oil form 0,1µl sample 
13 Lemon AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 

14 Grapefruit AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 
15 Lime AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 
16 Gojiberry AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
17 Watermelon AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
18 Melon AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
19 Apricot AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
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20 Red apple AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
21 Kiwi AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
22 Mango AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
23 Banana AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
24 Pomegranate AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
25 Peach AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
26 Green apple AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
27 Tomato AROMSA SBSE-GC-MS Fruit Juice form 20ml sample 
28 Coconut AROMSA SBSE-GC-MS Maceration 20ml sample 
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Table B 2 Sample preparation of Vegetables 

VEGETABLES 
NO 

     
MATERIAL SUPPLIER METHOD SAMPLE FORM SAMPLE AMOUNT 

1 Cucumber AROMSA SBSE-GC-MS Maceration 1g sample / 20ml water 

2 Pumpkin AROMSA SBSE-GC-MS Fruit juice form 8g sample / 20ml water 

3 Carrot AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 

4 Celery AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 

5 Garlic AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 

6 Onion AROMSA Direct injection to GC-MS Essential oil form 0,1µl sample 

7 Corn AROMSA SBSE-GC-MS Maceration 2g sample / 20ml water 
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Table B 3 Sample preparation of Nuts 

NUTS 
NO 

     
MATERIAL SUPPLIER METHOD SAMPLE FORM SAMPLE AMOUNT 

1 Almond (Roasted) AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 

2 Pistaccio (Aromsa suplier AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 

3 Peanut AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 

4 Walnut (Aromsa Supplier AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 

5 Hazelnut (Aromsa Supplier AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 

6 Chestnut AROMSA SBSE-GC-MS Maceration 10ml sample 

7 Almond AROMSA SBSE-GC-MS CO2 Supercritic extraction 
oil form 10ml sample 
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Table B 4 Sample preparation of Spices 

SPICES 
NO 

     

MATERIAL SUPPLIER METHOD SAMPLE FORM SAMPLE AMOUNT 

1 Anise AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

2 Laurel AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

3 Dill AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

4 Basil AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

5 Cardamom AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

6 Black pepper AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

7 Clove AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

8 Oregano AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

9 Cumin AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

10 Coriander AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 
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11 Lavender AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

12 Parsley AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

13 Marjoram AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

14 Nutmeg AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

15 Spearmint AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

16 Peppermint AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

17 Cinnamon Bark AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

18 Cinnamon leaf AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

19 Ginger AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 

20 Red Hot Chili Pepper AROMSA SBSE-GCMS Oil form 1ml sample /20ml water 

21 Tamarind AROMSA SBSE-GCMS Maceration 2g sample /20ml water 

22 Mahlep AROMSA SBSE-GCMS Solution in water 5g sample /20ml water 

23 Rose AROMSA Direct injection to GC-MS Essential Oil form 0,1µl sample 
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Table B 5 Sample preparation of Others 

 
OTHERS 

NO 

     

 
MATERIAL 

 
SUPPLIER 

 
METHOD 

 
SAMPLE FORM 

 
SAMPLE AMOUNT 

1 Honey Dr. Oetker Supplier SBSE-GCMS Solution in water 2g sample / 20ml water 

2 White chocolate (Dr. 
Oetker Supplier Dr. Oetker Supplier SBSE-GCMS Solution in water 1g sample / 20ml water 

3 White Cheese Dr. Oetker Supplier SBSE-GCMS Solution in water 1.2g sample / 20ml 
water 

4 Tea AROMSA SBSE-GCMS Solution in water 3g sample / 20ml water 

5 Cheddar Cheese AROMSA SBSE-GCMS Solution in water 2g sample / 30ml water 

6 Mastic Dr. Oetker Supplier SBSE-GCMS Solution in ethanol 0,6gsample /2ml 
ETHO/20ml water 

7 Milk Dr. Oetker Supplier SBSE-GCMS as a Milk 20g milk sample 

8 Mustard Dr. Oetker Supplier Direct injection to GC-MS Essential Oil form 0,1µl 
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9 Dr. Oetker Cocoa-50 Dr. Oetker Supplier SBSE-GC-MS Solution in water 5g sample / 20ml water 

10 Dr. Oetker Cocoa 78 Dr. Oetker Supplier SBSE-GC-MS Solution in water 5g sample / 20ml water 

11 Dr. Oetker Caramel Dr. Oetker Supplier SBSE-GC-MS Solution in water 5g sample / 20ml water 

12 Molasses Dr. Oetker Supplier SBSE-GC-MS Solution in water 5g sample / 20ml water 

13 Rice Dr. Oetker Supplier SBSE-GC-MS A solution in boiled water 8g sample / 20g hot 
water 

14 Popcorn AROMSA SBSE-GC-MS Solution in water 2g sample / 20ml water 

15 Sahlep Dr. Oetker Supplier SBSE-GC-MS Solution in water 5g sample / 20ml water 

16 Sesame Dr. Oetker Supplier SBSE-GC-MS Sesam oil form 20ml sample 

17 Tahini Dr. Oetker Supplier SBSE-GC-MS Solution in water 1g sample / 20ml water 

18 Turkish Coffee Dr. Oetker Supplier SBSE-GC-MS Maceration 2g sample/ 20ml water 

19 Yoghurt AROMSA SBSE-GC-MS Solution in water 5g sample / 20ml water 
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20 Olive oil AROMSA SBSE-GC-MS as an Olive oil 20ml olive oil 

21 Dr. Oetker Vanilin-A Dr. Oetker Supplier SBSE-GCMS Solution in ethanol 0,6gsample /2ml 
ETHO/20ml water 

22 Dr. Oetker Vanilin-F Dr. Oetker Supplier SBSE-GCMS Solution in ethanol 0,6gsample /2ml 
ETHO/20ml water 
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Figure A 1 Chromotgram display of Lavender 1 
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Figure A 2 Chromotgram display of Lavender 2 

 



14 

 

Figure A 3 Chromotgram display of Blackberry 1 
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Figure A 4 Chromotgram display of Blackberry 2 
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Figure A 5 Chromotgram display of Mango 1 
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Figure A 6 Chromotgram display of Mango 2 
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Figure A 7 Chromotgram display of Nutmeg 1 
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Figure A 8 Chromotgram display of Nutmeg 2 
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Figure A 9 Chromotgram display of Laurel 1 
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Figure A 10 Chromotgram display of Laurel 2 
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Figure A 11 Chromotgram display of Lemon 1 
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Figure A 12 Chromotgram display of Lemon 2 
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Figure A 13 Chromotgram display of Coconut 1 
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Figure A 14 Chromotgram display of Coconut 2 
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Figure A 15 Chromotgram display of Tangerine 1 
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Figure A 16 Chromotgram display of Tangerine 2 
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Figure B 1 Food Aroma Network Graph of Fruits 
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Figure B 2 Food Aroma Network Graph of Fruits Group 
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Figure B 3 Food Aroma Network Graph of Nuts Group 
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Figure B 4 Food Aroma Network Graph of Others Groups 

 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Food Aroma Network Graph

  Salep

  Dr Oetker Cocoa-78

  Molasses

  Dr Oetker Cocoa-50

  Dr Oetker Caramel

  Sesame

  Turkish Coffee  White Chocolate

  Yoghurt
  Boiled Rice

  Turkish White Cheese

  Olive Oil

  Tahini

  Cheddar Cheese

  Tea

  Honey
  Milk

  Mastic gum

  Popcorn

  Dr Oetker Vanilin-F

  Dr Oetker Vanilin -A   Mustard



32 

 

Figure B 5 Food Aroma Network Graph of Spices Groups 
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Figure B 6 Food Aroma Network Graph of Vegetables Group 
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Table C 1 Questionaire of Lemon-Lavender flavoured Dessert 

 Lemon-Lavender flavoured Dessert 

1. 
How do you like the 

taste in Sample 465? 
 like extremely 

like very 

much 

like 

moderately 
like slightly 

neither 

like nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

               

2. 
How do you like Sample 465 in 

general? 
like extremely 

like very 

much 

like 

moderately 
like slightly 

neither 

like nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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3. 
Could you write your favourite taste characteristics 

for Sample 465? 
        

               

4. 
Could write taste characteristics that you don't like 

for Sample 465? 
        

               

5. 
Would you evaluate the taste of 

lavender in Sample 465? 
extremely much 

too 

much 
quite much a little more 

just 

about 

right 

a little 

less 
quite less 

too 

less 

extremely 

less 

               

6. 
Would you evaluate the taste of 

lemon in Sample 465? 
extremely much 

too 

much 
quite much a little more 

just 

about 

right 

a little 

less 
quite less 

too 

less 

extremely 

less 
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7. 

How do you like the 

combination lemon and 

lavender of sample 465? 

like extremely 
like very 

much 

like 

moderately 
like slightly 

neither 

like nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

               

8 

How do you like the idea of the 

product Lemon-Lavender 

flavoured dessert? 

like extremely 
like very 

much 

like 

moderately 
like slightly 

neither 

like nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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Table C 2 Questionaire of Mango Nutmeg flavoured Dessert 

 Mango-Nutmeg flavoured Dessert 

               

1. How do you like the taste in 

Sample 891? 

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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2. How do you like Sample 891 in 

general?  

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

               

3. Could you write your favorite taste characteristics for 

Sample 891? 

        

               

  ........................................................................................................................................................      

4. Could write taste characteristics that you don't like for 

Sample 891? 
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  ........................................................................................................................................................      

5. Would you evaluate the taste of mango in 

Sample 891? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

6. Would you evaluate the taste of nutmeg in 

Sample 891? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

7. How do you like the combination mango and 

nutmeg of sample 891? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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8 How do you like the idea of the product 

mango-nutmeg flavoured dessert? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

 

Table C 3 Questionaire of Blackberry-Coconut flavoured Dessert 

 Blackberry- Coconut flavoured Dessert 

               

1. How do you like the taste in 

Sample 276? 

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

               

2. How do you like Sample 276 in 

general?  

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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nor 

dislike 

               

3. Could you write your favorite taste characteristics for 

Sample 276? 

        

               

  ........................................................................................................................................................      

4. Could write taste characteristics that you don't like for 

Sample 276? 

        

               

  ........................................................................................................................................................      
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5. Would you evaluate the taste of blackberry in 

Sample 276? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

6. Would you evaluate the taste of coconut in 

Sample 276? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

7. How do you like the combination blackberry 

and coconut of sample 276? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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8 How do you like the idea of the product 

coconut-blackberry flavoured dessert? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

 

 

 

Table C 4 Questionaire of Tangerine -Laurel flavoured Dessert 

 Tangerine-Laurel flavoured Dessert 

               

1. How do you like the taste in 

Sample 540? 

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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2. How do you like Sample 540 in 

general?  

 like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 

               

3. Could you write your favorite taste characteristics for 

Sample 540? 

        

               

  ........................................................................................................................................................      

4. Could write taste characteristics that you don't like for 

Sample 540? 
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  ........................................................................................................................................................      

5. Would you evaluate the taste of tangerine in 

Sample 540? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

6. Would you evaluate the taste of laurel in 

Sample 540? 

extremely 

much 

too much quite much a little more just 

about 

right 

a little 

less 

quite less too 

less 

extremely 

less 

               

7.  

How do you like the combination tangerine 

and laurel of sample 540? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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8 How do you like the idea of the product 

tangerine taurel flavoured dessert? 

like 

extremely 

like very 

much 

like moderately like slightly neither 

like 

nor 

dislike 

dislike 

slightly 

dislike 

moderately 

dislike 

very 

much 

dislike 

extremely 
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Table D 1 ANOVA results of 4 desserts Sensory Tests 
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Figure C 1 Bar Graph of Taste 
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Figure C 2 Bar Graph of Overlooking 
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Figure C 3 JAR Taste results of Lavender Tangerine Blackberry Mango 
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Figure C 4 Bar Graph of Taste Lemon Coconut Laurel Nutmeg 
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Figure C 5 Bar Graph of Liking combination 
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Figure C 6 Bar Graph of Liking Idea of Product 
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Table E 1 JAR intensity results of blackberry Coconut Desert 2 
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Figure D 1 Bar Graph of Taste for Blackberry Coconut Desserts 2 
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Figure D 2 Bar Graph of Overliking for Blackberry Coconut Desserts 2 
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Figure D 3 Bar Graph of intensity for Blackberry taste 
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Figure D 4 Bar Graph of Intensity for Coconut Taste 

 



60 

 

Figure D 5 Bar Graph of Overliking for Blackberry Coconut Desserts 2 
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Figure D 6 Bar Graph of the idea of product for Blackberry Coconut Desserts 2 
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