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ABSTRACT

This project addressed two areas in the flavour industry – flavour reformulation

required as a consequence of ingredient changes and flavour stability in solid food

products.

The aim of the flavour reformulation study was to evaluate both instrumental and

modelling approaches to reformulate commercial flavourings for food products of

different fat contents. A strawberry flavouring was chosen, which delivered an

acceptable flavour in pectin jelly (0% fat) but did not perform so well in chewy

candy (8% fat). Aroma release profiles in people eating these two sweets were

measured by APCI-MS, the relative release differences for each flavour

compound was determined and then used to reformulate the strawberry flavouring

so its release in both sweets was similar. The sensory performance of candies

confirmed a significant difference between the reformulated and original flavour

(p < 0.05). The modelling approach was based on compound hydrophobicity (Log

P) and the fat content of the food. This was used to estimate relative differences in

flavour delivery for products with two varying fat contents. Flavourings were

reformulated for yoghurt with reduce fat level, and the measured results showed

good correlation with model’s prediction (r = 0.95).

The aim of the flavour stability study was to explore the impact of product storage

and flavour solvent in biscuits with vanilla flavouring. After eight weeks storage

at 45 °C, up to 20% vanillin loss was measured, but sensory results suggested no

difference in vanilla flavour perception. Texture analysis indicated that biscuits

using triacetin (TA) as flavour solvent were more brittle than biscuits made with

propylene glycol (PG). This was explained by X-ray CT analysis results which

showed TA biscuits had larger pores than PG biscuits. Additionally, TA solvent
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provided higher vanillin stability during storage, so it should be a better choice

than PG solvent used in flavourings for biscuits.

IMPACT STATEMENT

This research proved that it is feasible to apply laboratory-derived knowledge and

adapt scientific techniques in a commercial context. It also demonstrated how the

research findings can be transferred into the commercial field through two studies.

The first study successfully illustrated two novel approaches to reformulate

flavourings between food products of differing fat contents. Comparing with

traditional trial and error process, this study demonstrated that instrumental and

modelling approaches can be more effective ways for flavour reformulation in the

flavour and food industry. The cost of flavour reformulation including the

reformulation time and the cost in-use can therefore be reduced considerably. The

results of this study have been presented to company’s major clients worldwide,

and this has been applied commercially in a range of products including the

successful reformulation of a soft drink (£50 M brand value 2010) into new

formats (2011).

The second study increased the understanding of the flavour stability within the

stored food products. This ensured the flavour company to deliver high quality

materials not only to their clients before food manufacturing, but also maintained

its quality in the food products during storage for their end users. Comparing two

flavour solvents – propylene glycol and triacetin, the results of this study

suggested that triacetin is a better solvent as it offered better flavour stability in

the stored biscuits. The findings can also be applied to reduce the cost in-use for

vanilla flavouring in biscuit, which is especially beneficial for food and flavour

company when high cost natural vanilla flavourings are required.



V

PUBLICATIONS

As the result of flavour reformulation studies, three papers have been published:

1. LINFORTH, R., CABANNES, M., HEWSON, L., YANG, N. and

TAYLOR, A. (2010). Effect of Fat Content on Flavor Delivery during

Consumption: an in Vivo Model. Journal of Agricultural and Food

Chemistry, 58 (11), 6905-6911

2. YANG, N., LINFORTH, R. S. T., WALSH, S., BROWN, K., HORT, J. and

TAYLOR, A. J. (2011). Feasibility of reformulating flavours between food

products using in vivo aroma comparisons. Flavour and Fragrance Journal,

26 (2), 107-11

3. LINFORTH, R., BLEE, N., YANG, N., BROWN, K. and TAYLOR, A.

(2011). Variation in aroma release between panellists consuming different

types of confectionary. Flavour and Fragrance Journal, 26 (3), 186-191

Two conference abstracts have been accepted:

1. Reformulating flavours using instrumental analysis (2010). Abstract and

oral presentation in the 239th American Chemistry Society National

Meeting, San Francisco, USA.

2. Impact of flavour carrier solvent on vanillin stability and the aroma of

shortcake biscuits (2011). Abstract for poster presentation in the 13th

Weurman Flavour Research Symposium, Zaragoza, Spain.

Another two papers are being prepared for publication:

1. Impact of flavour solvent on vanillin stability, biscuit texture and flavour

generation in shortcake biscuits during storage. Aimed at Journal of

Agricultural and Food Chemistry.

2. Impact of flavour solvent on matrix micro-structure and chemical stability

of aroma compounds. Aimed at Flavour.



VI

PREFACE

This PhD project was funded by the Knowledge Transfer Partnership (KTP)

programme, which is a UK government funded programme to help small to

medium sized companies increase their competiveness by collaborating with

academic institutes. Aromco Ltd, a flavour house in the UK, was the company

partner in this programme and the flavour group, a sub team of the division of

food sciences at the University of Nottingham were the academic partners. Two

research themes were developed to investigate major challenges in the flavour

industry that could benefit from academic involvement: flavour reformulation and

flavour stability. The study on flavour reformulation was supervised by Prof.

Taylor and Dr. Linforth, and the flavour stability study was supervised by Dr.

Hort and Dr. Fisk.

This thesis is presented in four parts (I-IV). Part I ‘Introduction’ contains Chapter

1 as an overall introduction reviewing some fundamental theories on flavour

release and flavour stability. Part II ‘Flavour Reformulation’ consists of three

chapters (2-4). Chapter 2 covers introduction to the potential approaches of

flavour reformulation plus research objectives. Chapter 3 describes the materials

and methods employed in this study, and Chapter 4 presents the results obtained

and corresponding discussions. Part III ‘Flavour Stability’ follows the same

pattern as Part II, including Chapter 5 (Introduction), Chapter 6 (Materials and

Methods), and Chapter 7 (Results and Discussions). Finally, Part IV contains

Chapter 8 which provides an overall summary of the research outcomes from both

research themes and their commercial applications.
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PART I INTRODUCTION

1 INTRODUCTION

1.1 PROJECT BACKGROUND

The increasing demands from consumers for healthy low fat products require food

companies to produce foods with reduced amounts of fat. Although removing fat

creates flavour imbalance (Taylor & Hort, 2007), consumers expect the flavour

perceived in the low fat version to be the same as its original version. The food

companies pass this pressure to their flavour suppliers to provide reformulated

flavourings that work in low fat products. Any flavour company who can

successfully reformulate these required flavourings for food companies will gain

more share in the global flavour market which has an estimated sales volume of

$22,000 million in 2010 (Leffingwell&Associates, 2011).

In the flavour industry, the traditional procedure of flavour reformulation is done

by trial and error through a process of panel testing and continuous modification

and repeated evaluation by the flavourists and food application technologists. This

can be a very time-consuming and costly method, so it is important for flavour

companies to gain a better understanding of how flavour performs in foods and is

perceived by consumers, allowing new products to be developed more quickly

and effectively. The knowledge about flavour release concepts and analysis

techniques was reviewed in the following (Section 1.2).

Comparing with traditional method, it is also essential to develop some alternative

ways to reformulate flavourings. Two novel approaches were proposed as using
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instrumental analysis and mathematical modelling to guide flavour reformulation.

These were the first research theme involved in the Part II of the thesis.

On the other hand, consumers expect good flavour quality to be maintained during

shelf-life, although flavourings are liable to change due to many factors (reviewed

in Section 1.3). Therefore, flavour stability is another critical issue in the food and

flavour industry. In general, liquid flavourings, as one of the most common types,

have a shelf-life of at least six months to one year, but their stability within the

food product is not well established. They are normally made by mixing aroma

compounds with a particular flavour solvent. The use of different flavour solvents

is determined by its cost and application, but their effects on flavour stability and

performance within the food products are not well understood. Thus, the second

research theme was focused on flavour stability within food products and the

comparison of two flavour solvent systems, discussed in Part III of the thesis.

Generally, the nature of the project determined that plenty of practices were

applied into real food products in order to reveal the feasibility of transferring

scientific findings into real business. The types of food products covered in this

thesis were confectionery, yoghurt and bakery products. These products were

developed by Aromco to imitate the market products at a small-scaled bench

production. Dealing with the complex matrices in real food in this study could

cause more variations than a simple experimental composition. Therefore, it was

necessary to evaluate potential variations from the above three food products

during preliminary studies in order to maintain the quality of research involved in

both research schemes.
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1.2 FLAVOUR RELEASE

1.2.1 Flavour Definition

The overall flavour of a food is generally agreed to consist of taste, aroma and

trigeminal sensations (Fisher & Scott, 1997): taste is imparted by non-volatile

components during eating and is perceived by the tongue; aroma is imparted by

volatile components and is perceived by the olfactory receptors in the nose;

trigeminal refers to tactile and temperature responses during chewing.

Among the three sensations, aroma perception of a food is considered as a very

important aspect that influences consumers’ acceptability and the enjoyment of

eating (Bakker et al., 1996). In the context of the work by Taylor (1998), aroma

plays the major role in determining overall flavour. Therefore, in this thesis, the

use of the term flavour relates to the aroma compounds unless specified. For

aroma sensation to occur, an aromatic compound must be sufficiently volatile to

allow detection at distance (Fisher & Scott, 1997). Therefore, aroma compounds

are also referred to as volatiles in some context.

1.2.2 Flavour Release & Perception

Even before the food is placed in the mouth, aroma compounds can enter the nasal

cavity to make contact with the receptor cells in the olfactory epithelium through

the orthonasal route (Figure 1.1). This is especially the case before drinking coffee

or wine, where a great deal of information can be obtained about the product

quality from just sniffing it. During dinking or eating, the volatile compounds

released from food enter the air in the mouth and are then transported to the nose

via the retro-nasal route (Figure 1.1). Some of the volatiles will reach the

olfactory receptors either by the chewing action which pumps some air into the



throat, or by swallowing when a large volume

compounds reaching the olfactory centre

olfactory transduction

Figure 1.1 Diagrammatic representation of
orthonasal route and retronasal route,

Additional to the understanding of the olfactory physiology for flavour perception,

the theory of distal and proximal stimuli is also important

flavour perception

Figure 1.2 Relationship between distal and
sampling method (middle row) and flavour analyses (bottom row),
by Taylor and Hort (2004

by swallowing when a large volume of air is transferred.

compounds reaching the olfactory centre interact with odour proteins to trigger

olfactory transduction (Laing & Jinks, 1996).

Diagrammatic representation of olfactory perception through
asal route and retronasal route, adapted from (Goldstein, 1999

Additional to the understanding of the olfactory physiology for flavour perception,

of distal and proximal stimuli is also important. Its application

perception is illustrated in Figure 1.2.

Relationship between distal and proximal stimulus
sampling method (middle row) and flavour analyses (bottom row),

Taylor and Hort (2004)

4

of air is transferred. Aroma

odour proteins to trigger

olfactory perception through
Goldstein, 1999)

Additional to the understanding of the olfactory physiology for flavour perception,

Its application to food

(top row), flavour-
sampling method (middle row) and flavour analyses (bottom row), demonstrated
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As illustrated in Figure 1.2, the distal stimulus is the flavour composition in the

food, measured by gas chromatography-mass spectrometry (GC-MS); while the

proximal stimulus represents the flavour profile that could be sensed by both

orthonasal and retronasal route. The orthonasal proximal stimulus could be

indicated by the volatile content in the gas phase above the food; whereas,

retronasal proximal stimulus requires the flavour profile to be measured close to

the receptors. Both orthonasal and retronasal proximal stimulus could be

measured by APCI-MS technique, which is described in Section 1.2.4. Perception

can be measured by various sensory techniques.

In this thesis, the reformulation study focused on the proximal stimulus and

perception, so APCI-MS and sensory measurements were applied. The flavour

stability study applied GC-MS and HPLC techniques to measure the distal

stimulus along with relevant sensory analysis.

1.2.3 Factors Affecting Flavour Release

A number of factors influence flavour release and perception, including

i) thermodynamic factors (e.g., partitioning coefficient) and kinetic factors (e.g.,

diffusion and mass transfer) that control flavour release;

ii) the physicochemical properties of aroma compounds that are related to their

availability for perception (e.g., volatility and hydrophobicity);

iii) effect of major food components (e.g., lipid, protein, carbohydrate) that

interact with the aroma compounds ;

iv) oral processing of food that take physiological factors into account (e.g.,

chewing rate, saliva flow, swallow frequency).

The following section discusses each factor in more detail.
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Several mathematical models derived for predicting flavour release under

dynamic conditions were reviewed by van Ruth and Roozen (2010). These models

illustrated that different mechanisms of mass transport were applied to different

types of food products. Although many factors influencing flavour release can be

determined, flavour release is still complex and difficult to predict, owing to the

rapid changing conditions during eating. Le Thanh et al. (1992) described two

types of interactions between flavour compounds and major food components: the

attractive interactions involve fixation of flavour compounds on food components,

whereas the repulsive interactions concern the release of aroma compounds. The

nature of these interactions depends on the physicochemical properties of the

compounds and the food matrix, which will be reviewed in the following two

sections.

1.2.3.2 Effect of physiochemical properties of aroma compounds

Since flavour release depends on the availability of the flavour compounds in the

gas phase and the affinity of the flavour compounds for the food matrix, Kinsella

(1989) stated that the interactions with food components could be determined by

various physicochemical properties of flavour compounds, such as molecular

weight, vapour pressure, boiling point and hydrophobicity. In this study, volatility

and hydrophobicity are the two key factors involved.

The volatility of flavour molecules at a given temperature is important for

transport and as a result for the compound concentration at the olfactory

epithelium. The vapour pressure (VP) of the flavour compounds is an indicator of

volatility at a given temperature, which is important for transport and as a result

for the compound concentration at the olfactory epithelium. However it is difficult
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Figure 1.3 Plot of Log P (hydrophobicity) against Log VP (volatility) of 40 aroma
compounds

The distribution of aroma compounds (Figure 1.3) shows the extremes boundaries

by compounds like acetaldehyde and diacetyl (high volatility and hydrophilic);

vanillin and methyl dihydrojasmonate (low volatility and medium hydrophobic);

limonene (medium volatility but very hydrophobic). In addition, the relationship

between the hydrophobicity (Log P) and volatility (Log VP) was indicated that the

volatility of compounds decreases with the increase of hydrophobicity, that is,

more hydrophobic compounds may be less volatile. However, this is not always

true, such as two compounds with similar hydrophobicity but one (e.g. vanillin) is

much less volatile than another (e.g. ethyl acetate). Moreover, compounds with

similar volatility (like vanillin and hedione) may also differ in their hydrophobic

properties.

Additionally, physicochemical interactions can change flavour intensity or even

generate new flavours. The use of the term ‘matrix’ expresses the bulk of the
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Adsorption and absorption are types of binding specific for low-moisture food

systems (such as a biscuit) which consists of an outer surface and inner surface

with fine pores and channels. Volatile compounds can therefore be sorbed onto

both the outer and the inner surface (adsorption). The aroma compound may also

‘dissolve’ in the material of the particle (absorption). The composition of the food

matrix determines the extent and type of aroma binding.

A) Lipid-flavour interactions

It is generally acknowledged that flavour-lipid interactions are one of the most

important factors to affect the release and perception of aroma compounds

(Ollivon, 2006), and these interactions were a major concern during the flavour

reformulation study in this thesis. In products containing fat, hydrophobic aroma

compounds are bound to fat molecules by weak, reversible, Van der Waals and

hydrophobic interactions. The nature of the aroma compounds has a big impact on

its behaviour towards the matrix. Brauss et al. (1999b) reported that more

hydrophobic compounds with higher Log P, e.g. anethole (Log P = 3.45) and

terpinolene (Log P = 4.44), were influenced most profoundly by changes of fat

content in yoghurt.

In fact, lipids adsorb and solubilise hydrophobic flavour compounds and reduce

their vapour pressures. Small amounts of oil can significantly decrease the

headspace flavour concentration. Weel et al. (2004) showed the minimum

effective oil content for ethyl hexanoate was less than 0.01% from static

headspace measurement, 0.5-1% from orthonasal aroma perception (two trained

panellists) and 1% from the retronasal perception. Many studies have (de Roos &

Wolswinkel, 1994; Doyen et al., 2001; Roberts et al., 2003) shown that the effect
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of oil content on in-vivo aroma release or perception is smaller than expected

from equilibrium headspace studies. Linforth et al. (2002) explained the

differences observed between static headspace and in-vivo delivery are due to the

dynamic nature of in-vivo delivery affecting mass transfer.

The effects of lipids on the rate and amount of the aroma released have been

reviewed extensively (de Roos, 1997). Plug and Haring (1993) stated that

changing the fat content of foods would change volatile intensity and the rate of

release. However, Brauss et al. (1999b) illustrated that there were no changes in

rates of release in-vivo but the maximum volatile intensity of aroma compounds

was affected by the fat content in yoghurt.

Changing the fat content of food may not only change the partition of aromas that

lead to imbalanced flavour, but also change the viscosity and mouthfeel of food.

The importance of fat in the perception of food has been reviewed previously

(Hort & Cook, 2007). Additionally, fat may also trigger a specific fat receptor in

the palate (Mattes, 2003), it can also act as a precursor for certain flavours which

would not be formed in its absence, such as those observed during Maillard

reaction (Elmore et al., 2002). Therefore, fat has a significant effect on food

acceptability and formulating flavourings for food with different fat content could

be challenging.

(B) Protein-flavour interactions

Generally, there are two major interactions concerning proteins and flavour

molecules: 1) reversible binding (i.e., physical adsorption through Van der Waals

forces or hydrophobic interactions between hydrophobic regions of proteins and

volatiles); 2) irreversible binding (i.e., chemical reactions of various strengths).
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sucrose, lactose) could be defined as simple sugars, which may increase the

vapour pressure for certain volatile compounds and a marked decrease for others,

especially hydrophobic aroma compounds (Nahon et al., 1998). It is generally

considered that the addition of sweeteners to the food system enhances the

perceived flavour, but any changes in a formulation that affect sugar content may

also have profound effects on the release of the aroma compounds in that food.

Pectin gels consist of polysaccharide networks surrounded by water, which can

prevent the release of aroma molecules from the gel to the gas phase above.

Hansson et al. (2002) found aroma concentration in the headspace was related to

gel texture, i.e., stronger gels provided low aroma concentration, due to

entrapment of aroma molecules within the gel structure. Therefore, the strength of

the gel remained consistent in this study.

Kant et al. (2003) found aroma compounds were retained by starch with

reversibility, so volatile release was greater during consumption than expected

based on static headspace data. Tietz et al. (2008) concluded that the formation of

starch-aroma complexes influences aroma release as the helical structures consist

of hydroxyl groups oriented to the outside of the coil and a central hydrophobic

region that retain the hydrophobic flavour compounds and fats. Therefore, starch

being the major ingredient for a biscuit (Chapter 6) might play an important role

during flavour stability studies.

1.2.3.4 Effect of food oral process

Food in the mouth undergoes both chemical and physical changes, which affect

flavour release. The physical changes in the mouth include temperature change,

hydration of dry foods, mixing of food phases and the effect of bolus size. Some
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examples of chemical changes in the mouth are reactions between salivary

components (mucin, amylase). E.g., saliva can interact with some aroma

compounds causing a change in release and perceived flavour (Roberts & Acree,

1995; van Ruth et al., 1995; van Ruth & Buhr, 2003).

Variations in oral physiological movements are widely reported in the literature.

The source of variations could be generally divided into i) individual difference in

physiology; ii) food properties differences.

Indeed, humans vary considerably in their anatomy (mouth volume, mucus layer

thickness) and their physiology (rate of breathing, saliva flow rate, and so on).

The impact of intra and inter-subject oral physiological variance has been well

studied, and several studies indicated that the inter-subject variance was greater

than intra-subject variation (Brown et al., 1994; Kemsley et al., 2002). The release

of aroma compounds have been shown to be dependent on chewing frequency,

chewing number and masticatory muscle activity (Haahr et al., 2004; Pionnier et

al., 2004). The perception of flavour has also been shown to correspond with the

variation in volatile release caused by changes in oral physiological movements

(Mestres et al., 2006).

On the other hand, different food properties, especially the effect of texture has

been well studied on its influence of oral physiology movements (Aprea et al.,

2006; Blissett et al., 2006), and the consequent impact on release of aroma

compounds and the perception of flavour perception (Baek et al., 1999; Weel et

al., 2002). Using model gel systems, Weel et al. (2002) pointed out the perception

of flavour did not appear directly related to in-vivo aroma concentration, but was

determined by the gel texture.
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1.2.4 Flavour Release Measurement

Measuring the orthonasal aroma release can help us identify the flavour profile

from intact food prior to eating, e.g. sniffing a cup of coffee or opening a bag of

crisps. The static headspace measurements can be applied for orthonasal aroma

release measurement. However, measuring the flavour changes during food oral

processing through the retronasal route is more challenging. Previous attempts at

flavour release measurements were reviewed with varying degrees of success

(Taylor & Linforth, 1994). The technique of Atmospheric Pressure Chemical

Ionisation Mass Spectrometry (APCI-MS) had been successfully adapted by

Linforth and Taylor (1998) to measure the volatile content of expired air from

people during the consumption of food. The related commercially available

equipment is called MS-Nose (Micromass, Manchester, UK). A key feature of this

technique is a particular interface (Figure 1.4), which uses a venturi to sample air

from the nose, mouth or the headspace above a food at a sampling flow rate of 5

to 50 mL/min (Taylor & Linforth, 2000).

Figure 1.4 Diagrammatic illustration of the APCI-MS interface, demonstrated by
Taylor and Linforth (2000)

APCI-MS is a ‘soft’ ionisation method based on proton transfer reaction. Water

molecules are ionised by accepting protons (H+) when they enter the source of the

MS and form the hydronium ion (H3O
+). H3O

+ does not react with any of the

natural components of air (such as nitrogen, oxygen and carbon dioxide) that have
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Therefore, the APCI-MS technique can detect the majority of aromas close to

their odour threshold, and is sufficiently sensitive for use in a range of foods from

pectin/ gelatine gel (Linforth et al., 1999), to biscuit (Brauss et al., 2000) and beer

(Taylor et al., 2010), just to name a few. However, APCI-MS is not sensitive

enough to meet odour threshold values of all compounds, and some compounds

fragment badly, such as furaneol, which creates noise and confusion in the system.

Another commonly used mass spectroscopic method is proton-transfer-reaction

mass spectrometry (PTR-MS) firstly introduced by Lindinger and co-workers

(1993), and recently reviewed by Blake et al. (2009). The key differences between

APCI-MS and PTR-MS are that the later technique could form the reagent ions

separately and the reaction between reagent ions and volatile compounds is

controlled in a drift tube at a precise temperature and pressure. This gives PTR-

MS a lower background count and higher sensitivity, but it spends more time to

collect signal for a particular ion. Despite the fact that both APCI and PTR have

limitations to differentiate the compounds with the same molecular mass, both

techniques have contributed much to our understanding of flavour release from

food matrices (van Ruth et al., 2003; Biasioli et al., 2011a).

Other methods for real-time flavour release analysis are also available. Smith and

Spanel (1996) have developed a method based on SIFT (Selected-Ion Flow Tube)

and reviewed recently (Spanel & Smith, 2011). This technique is programmed to

deliver not only H3O
+ but also NO+ and O2

+ based on the different reaction

mechanisms of the reagent ions. SIFT provides softer ionisation than PTR, but

more complex set-up and more difficulty of interpreting data comparing to APCI.

Additionally, the limit of detection is compound-dependent and may not be an
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ideal tool for breath-by-breath analysis of the mixture when the complex ion

spectra formed from the different ionisation pathways (Taylor & Linforth, 2010).

Overall comparison of all three technologies mentioned above was compared in

much more detail by Biasioli et al. (2011b) with examples of applications for each

technology. These instrumental results could be correlated to appropriate sensory

evaluations to help better understand the perception of flavour. For example,

Shojaei et al. (2006a) carried out simultaneous sensory and instrumental studies

with about 90 people, which showed that the in-vivo results during the

consumption of milk (proximal stimulus) related better to sensory perception than

the headspace analysis (distal stimulus). Further application of their work on

reformulation will be mentioned in Chapter 4.

1.3 FLAVOUR STABILITY

1.3.1 Flavouring Definition & Classification

The flavour of the food products can be improved and modified with the use of

flavourings. The definition of ‘flavouring’ depends on the regions of which

authorities issue their guidelines, taking the US and EU regulation for instance. a)

The United States as a member of Flavor and Extract Manufacturers Association

(FEMA.) and it applies the Code of Practice of the International Organization of

the Flavor Industry (IOFI, 2006), which defines flavourings as ‘products that are

added to food to impart, modify, or enhance food additives, with the exception of

sweet, sour, or salty taste.’ b) The EU Commission have established new flavour

regulation (EC/1334/2008) with two clear points as flavouring definition: ‘i) not

intended to be consumed as such, which are added to food in order to impart or

modify odour and taste; ii) made or consisting of the following categories:
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flavouring substances, flavouring preparations, thermal process flavourings,

smoke flavourings, flavour precursors or other flavourings or mixtures thereof’.

Although the above definitions differ in some aspects, the terms of ‘flavourings’

in the flavour industry are generally regarded as the complex compositions of

edible chemicals and extracts that alter the flavour of the food product.

Furthermore, the perception of flavour is a property of flavourings, for example, a

typical strawberry flavouring in a candy will be perceived as a strawberry flavour.

Flavourings could cover a wide range of categories, but the key areas of interest in

this thesis are flavouring substances, which are chemically defined substances

with flavouring properties. These substances could be either formed by chemical

synthesis, or obtained from materials of plant or animal origin. Natural flavouring

substances are naturally present and have been identified in nature that are

obtained from vegetable, animal or microbiological origin either in the raw state

or after a traditional food preparation process for human consumption. Regarding

to this study, most aroma compounds are chemically synthesized because their

composition can be precisely controlled.

Despite the source of the flavouring substances, they can be classified through

their functional groups such as acids, esters, alcohols, aldehydes and ketones, etc.

These functional groups have some significant effect on their aroma profile and

numerous attempts have been made to provide a theory to explain structure-

activity relationships (Lipkowitz, 1989). Maurice (2002) concluded that the most

important factors affecting this relationship seemed to be overall shape and size of

the molecule, certain chemical properties (e.g. polarity, nature of functional

groups) and physical properties (e.g. volatility and solubility).
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Flavourings are commonly divided into classes based on the physical states, i.e.,

liquid, emulsions, powder or paste. Liquid flavourings are the major products sold

by Aromco, and they are the only type used in our studies. Typical liquid

flavourings are made by blending the required flavouring substances in the

desired concentration with particular food grade solvents, which are discussed in

the following section.

1.3.2 Flavour Solvent

Selecting an appropriate solvent for a liquid flavouring is based on its ability to

dissolve the required flavouring compounds and its solubility in the applied food

products. For example, flavourings for beverage need to use water soluble solvent

like ethanol and propylene glycol, whereas bakery products or salad dressing

prefer more oil soluble solvents like triacetin or vegetable oil. Furthermore, use of

the flavour solvent should also avoid an adverse effect on the product properties.

de Roos (2007) suggested that propylene glycol works as a plasticiser and makes

the hard candy sticky so it should be replaced in the flavourings for hard candies.

Another well-known example is triacetin being widely used in the chewing gum

flavouring due to the gum formulated with triacetin is softer than if formulated

with propylene glycol (Potineni, 2008).

According to the strict selection criteria, the number of approved solvents

available for food flavouring is limited. The commonly used solvents in the global

flavouring industry are propylene glycol, ethanol, glycerol, and triacetin. However,

some solvents have limited application due to technical and cultural reasons:

ethanol is not permitted in Muslim countries and its transportation implies higher

cost; glycerol is a poor solvent for many flavouring compounds. This leaves
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propylene glycol (PG) and triacetin (TA) being the widely accepted flavouring

solvents as the main areas of interest in this study. The chemical structure of PG

and TA is shown in Figure 1.5.

(i) (ii)

Figure 1.5 Chemical structure of i) propylene glycol and ii) triacetin

1.3.2.1 Propylene glycol (PG)

Propylene glycol (1,2-propanediol) is a colourless and slightly viscous liquid with

a faintly sweet taste (Acrctander, 1969). Since it is miscible with water, alcohol

and most flavour compounds, PG being relatively inexpensive becomes the most

extensively used flavour solvent.

From the chemical structure of PG shown in Figure 1.5 (i), two hydroxyl groups

can be very reactive with either other flavour compounds in the flavouring or

other major components in the food products. Therefore, PG can result in the

formation of new compounds due to this reactivity.

The reaction of PG with aldehydes and ketones to form the corresponding acetals

and ketals, has been widely reported (Heydanek & Min, 1976). This reaction can

be reversible in aqueous acidic media where acetals are quickly hydrolysed to

regenerate the original aldehydes (de Roos, 2007). Sharma et al. (1998)

considered the acetal formation as an advantage because it protects the aldehydes

against oxidation and polymerisation in the flavouring; while Baines and Knights

(2005) mentioned in some cases the acetals may be insoluble in propylene glycol

forming two layers in the flavour.
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In addition to PG-acetal formation, Elmore et al. (2011) also summarised another

two reaction pathways during storage of PG flavourings, i.e., i) reaction between

PG and organic acids commonly used in flavourings (e.g. acetic and butyric acid)

to form both monoesters and diesters; ii) transesterify with lactones to give

dihydroxy esters.

1.3.2.2 Triacetin (TA)

Compared to propylene glycol, triacetin (1,2,3-propanetriol triacetate) is a

colourless, slightly viscous liquid with a very faint ethereal-fruit odour

(Acrctander, 1969). As indicated in Figure 1.5 ii), TA is less polar than PG and

basically more oil soluble. It also has good solvent properties with a higher

boiling point (260 °C) than PG (188 °C), as experimental values indicated by

EPIsuiteTM.

Since TA does not react with aldehydes, it can be used in flavouring when the use

of PG is restricted or avoiding acetal formation becomes vital. TA as an ester may

transesterify with other esters, or with alcohols to release acetic acid (Winkel,

2005). That may explain why Baines and Knights (2005) describes triacetin with

‘a mild sweet taste at level less than 500 pm but above is bitter and may have an

acetic acid character depending on the extent of decomposition’.

On the other hand, TA had found another possible function by Choi et al. (2009)

who incorporated TA into oil-in-water emulsions to alter the stability of citral to

chemical degradation. Their results indicated that triacetin may improve the

chemical stability of citral in beverage emulsions. However, they also noted that

temperature fluctuations during storage or the presence of other additives may

affect the rate of citral degradation, so they added ‘further studies are needed to
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elucidate the impact of other factors on citral stability in model beverage

emulsions’.

Nevertheless, the work on the impact of solvent choice on food product consumer

quality and perceived preference over ageing is limited, especially comparing the

effect of these two solvents (PG and TA) on the flavour performance within food

products. Therefore, more comprehensive studies about solvent effect on flavour

stability of biscuits during processing and shelf-life test were carried out in this

study (Chapter 5, 6 and 7).

1.3.3 Factors Affecting Flavour Stability in Food Products

The evidence of flavour instability could be the disappearance of essential

molecules and the appearance of other components with high flavour impact

(Grab, 1994). The stability of the flavouring itself and its stability in the food need

to be distinguished, so the nature of flavour compounds in flavouring itself is

discussed in the Section 1.3.3.1, while the possible flavour changes during food

processing and product storage are discussed in Section 1.3.3.2 and 1.3.3.3

respectively.

1.3.3.1 Factors for flavouring compounds

Flavouring itself is a complex composition of natural and synthetic flavouring

substances, and its quality is characterised by the balanced quantity of relevant

flavouring substances. Any change in this balance could change the perceived

quality and the flavour profile. Flavouring compounds are labile and their stability

varies according to different functional groups. Aldehydes are one of the most

reactive compounds, which are particularly susceptible to oxidation to acids.
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Whilst flavourings should have a shelf-life of at least a few months, solving

flavour stability problems depends on its physical state (liquid or solid). In the

liquid flavouring system, flavour compounds can react not only with other flavour

compounds, but also with solvent. In particular, the interactions between flavour

solvent (PG or TA) and certain flavour compounds have been reviewed in the

previous section (1.3.2.1 or 1.3.2.2). Specific flavour compounds will react

differently with individual solvents; and there is evidence of interactions between

propylene glycol and aldehydes, such as cinnamaldehye and vanillin could form

their respective propylene glycol acetals (Potineni & Peterson, 2008; Elmore et al.,

2011).

Possible reaction of flavour compounds through degradation, oxidation and

rearrangement, illustrated the challenges when handling flavour stability issues.

When dealing with flavourings, small changes of the quantity and the structure of

ingredients may have a strong influence to the perceived quality of the flavoured

food. The flavour intensity is gradually reduced with time, and the desirable

flavour profile may change directly to be unbalanced and even unacceptable for

the final product after food manufacturing.

1.3.3.2 Factors for food processing

Aroma compounds could be either generated or lost during food processing. There

are two fundamental causes of flavour instability during food processing: i)

chemical instability, where the concentrations of the flavour compound decrease

due to decomposition in the product or reaction with food components; ii)

physical instability, where the flavour compounds remain intact but disappear



26

from the product by volatilisation, migration, absorption and adsorption effects in

complicated food matrices, or other physical processes.

Take baking for example: a large number of complex chemical reactions and

physical processes lead to the generation of the biscuits final flavour. The key

chemical reactions like the Maillard reaction and caramelisation (Ait Ameur et al.,

2008) and the physical processes like volatilisation, physical binding and physical

entrapment (de Roos, 2006) may all occur during baking. The impact of major

components (flour, sugars and fats) on the biscuit dough system was reviewed by

Chevallier et al. (2000b), this illustrated several complex phenomena during

dough preparation and baking, such as protein denaturation, loss of starch

granular structure and fat melting. All these transformations lead to the formation

of final biscuit structure, demonstrated by Chevallier et al. (2000a) as a cellular

solid with a thin coloured surface and a porous inner structure where proteins

aggregate and starch granules remain almost intact in biscuits.

The resulting food structure or microstructure could have a significant impact on

its texture (Pareyt et al., 2009), and hence the aroma release during eating (Burseg

et al., 2007), thereby influence the related sensory perception such as crispness

and hardness of cookies (Booth et al., 2003) or freshness of biscuits (Heenan et al.,

2009). Additionally, the spatial geometry and homogeneity of the food matrix will

also have a marked impact on the flavour release and stability (Druaux & Voilley,

1997). For example, the effect of viscosity or presence of physical barrier layers

(de Roos, 2003) could lead to differences in limiting factors e.g. diffusion rates,

permeability, porosity, and tortuosity.
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The major factors that can affect flavour stability during food processing are

process temperature and time, product moisture content, pH of the food matrix

and other product variables. In our study, all the processing conditions were kept

as similar as possible to minimise the variation of biscuits during production.

1.3.3.3 Factors for product storage

During product storage, shelf-life is an important concept, which is defined as the

time during which the food product will: i) remain safe; ii) be certain to retain

desired sensory, chemical, physical and micro-biological characteristics; iii)

comply with any label declaration of nutritional data when stored under the

recommended conditions (Kilcast & Subramaniam, 2000). The factors that

influence shelf-life can be categorised into intrinsic and extrinsic factors. Intrinsic

factors are the properties of the final product, like water activity, pH values that

are determined by its raw material type and quality, and product formulation and

structure. Extrinsic factors are linked to storage conditions of the final products,

such as storage temperature, time, relative humidity, light and packaging.

The packaging material may interact with the flavour constituents of the food,

which could cause the loss of desirable food flavour and absorption of undesirable

off-flavour from components of the packaging (Sajilata et al., 2007). The

interactions of aroma compounds between ingredients, packaging and atmosphere

could cause either physical instability (by migration, volatilisation, absorption and

adsorption) or chemical instability (by oxidation, photo-oxidation and fat

autoxidation).

A number of processes that limit shelf-life are classified as microbiological,

chemical, physical and temperature related. The growth of spoilage organisms is
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often readily identified by sensory changes like visual mould growth, generation

of off-odours and flavour or texture changes. In low water content food like

biscuits, it is normally a minor concern. Physical deteriorative changes due to

moisture migration are the major cause, especially for biscuits that lose their

crispness through moisture uptake. Many chemical deteriorative changes occur

from reactions between food components with external species, such as oxygen.

In fat-containing foods like biscuits, rancidity development can occur via different

mechanisms, e.g. lipolytic/hydrolytic reactions, oxidative reactions and flavour

reversion reactions. Deterioration can occur at both elevated and depressed

temperatures. In terms of temperature, it is known that increased temperatures will

accelerate many ageing process.

Consequently, the stability of flavourings in products does not only depend on the

nature of the flavouring compounds and solvent but also on the product

composition, food processing, packaging and storage conditions.

To sum up, this chapter has provided the background to some key factors that

influence flavour release from food and flavour stability in food products, which

should be taken into account during flavour reformulation and stability studies.

Further considerations to these two key areas are given in Part II and Part III.
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PART II FLAVOUR REFORMULATION

2 INTRODUCTION

2.1 FLAVOUR REFORMULATION APPROACHES

As many factors affect flavour release from foods (see Section 1.3.3), it is very

challenging for the flavourists to produce the same flavour perception across

different food matrices. Indeed, flavour houses may have ten to a hundred

different flavour formulations of one typical flavour type (e.g. strawberry) to cope

with many different matrices. Instead of using traditional process of reformulating

flavours through trial and error, some novel approaches based on either

instrumental analysis or modelling prediction have been used in a fundamental

and scientific way during this study.

2.1.1 Instrumental Analysis

Taylor (1996) considered that for the same flavour experience to be perceived

from different food matrices, the same profile of flavour compounds must be

received at the flavour receptors in the nose and with the same timing. With the

development of the APCI-MS technique, in-vivo measurement results have

provided information about the intensity and timing of aroma release from some

aroma components.

Hollowood et al. (2000) demonstrated that the concentration of volatile

components released during eating measured by APCI was correlated with

perceived quality and intensity of the flavour of a food. However, Hort and

Hollowood (2004) then found that the perception of the banana flavour with

controlled amounts of isoamyl acetate was driven by the sucrose concentration.



30

Taste-aroma interactions have been reported from several studies, such as

Davidson et al. (1999) which illustrated that the perception of mint-flavour

followed sucrose release rather than menthone release; Dalton et al. (2000)

demonstrated an aroma-taste-interaction when benzaldehyde and saccharin were

used as aroma stimuli and taste stimuli respectively.

Nevertheless, when the taste and trigeminal stimuli are similar during eating two

food systems, the aroma release difference is assumed to be related directly to a

sensory perception difference. This is the proposed hypothesis to use instrumental

analysis as a novel flavour reformulation approach. If the aroma released during

the eating of the two food systems with the same flavouring were measured by

APCI-MS, comparing the aroma release profile between two systems for each

compound would determine which compounds in the target flavouring were

affected and by how much. Reformulating flavour becomes feasible using the

ratio of the maximum breath concentration (Imax value) measured for target and

investigated samples.

APCI-MS analysis has been applied widely to measure aroma release differences

during consumption of foods with different fat contents, such as yoghurts (Brauss

et al., 1999b), biscuits (Brauss et al., 1999a), emulsions (Doyen et al., 2001) and

milk samples (Shojaei et al., 2006b). Various food applications have been studied,

and all highlighted differences in flavour delivery from samples with different fat

content, and the impact of the hydrophobic properties of the aroma compounds on

release. As a result, this study investigated the effect of lipid content in food and

hydrophobicity of the aroma compounds as two main factors for flavour

reformulation regardless of using instrumental analysis or model prediction.
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This instrumental approach for flavour reformulation was proved to be successful

by Shojaei et al. (2006a). The group manipulated a fruit flavour aroma (ethyl

hexanoate) in low fat milk to have similar delivery intensity in regular fat milk

was perceived the same. However, they only dealt with simple milk systems using

a single aroma compound, whereas real commercial flavourings are usually a

much more complex mixture involving a wider range of compounds. Therefore,

one of the purposes for this study was to evaluate the application on this lab-based

technique to commercial flavourings added into real food systems.

2.1.2 Model Prediction

Aroma compounds have very different properties due to their chemical structure,

and their interactions with food matrices to different extents. Equations can be

constructed with parameters that describe the attribute of the system (flavour

molecules, matrix and the phases surrounding them) and the way these

components interact to influence flavour release. Therefore, modelling flavour

release from these equations to predict flavour perception is an attractive

proposition and has received attention from several research groups using three

different approaches: theoretical models by Harrison and Hills’ Group (Section

2.1.2.1), semi-empirical models by de Roos’ Group (Section 2.1.2.2), and

empirical models by Taylor and Linforth’s Group (Section 2.1.2.3).

2.1.2.1 Theoretical models (Harrison & Hills’ Group)

Mechanistic models for flavour release were proposed by Harrison and Hills

(1997). The basic models for mass transport were adapted for the special

conditions that apply to a variety of food materials from a boiled sweet (Hills &

Harrison, 1995), gelatine gels (Harrison & Hills, 1996), emulsion (Harrison et al.,
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1997) and liquids where aroma binding occurred (Harrison & Hills, 1997). These

models were comprehensive and covered key release mechanisms like saliva-

product partition and mass transport of aroma across the liquid-gas interface, but

validation of these models using experimental data has been limited because

determining suitable values for the key parameters (like the diffusion coefficient)

could be very difficult.

Linforth (2010) commented that the advantage of these models is that they are not

initially dependent on available experimental data, which are only required for

model validation. The disadvantage of these models is that they can be created

and tested for simple systems but are difficult to work with in complex situations

because too many variables can make a solution impossible. For example,

Harrison (2000) has described the model of flavour release from chewing gum

during eating with 16 variables in total. The values of all the variables in their

models were determined by iterative fitting individually, and such processes are

difficult and unreliable.

2.1.2.2 Semi-empirical models (de Roos’ Group)

Unlike the Harrison and Hills models, which are based on an understanding of the

physical processes involved in the mouth during eating, de Roos and Wolswinkel

(1994) developed a model based on non-equilibrium partition. To overcome a lack

of information on the mass transfer properties at the saliva-air interface, they

obtained experimental data and developed a semi-empirical relationship that

allowed them to produce predictive models. The predicted values from these

models were found to correlate well with the observed behaviour from foods. This

approach has apparently proven successful, not only in simple systems, but also in
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real foods (de Roos & Graf, 1995; de Roos, 1999). The different models for

flavour release from liquid and solid products have been reviewed by de Roos

(2000).

The models developed by de Roos group combine the theory with a degree of

empiricism, so they are more usable and practical than pure theoretical models

developed by Hills group. However, the limitation of this approach is that these

models only apply for the conditions pertaining to the experimental conditions

and each new formulation of a product and each different food type would require

a new model to be developed.

2.1.2.3 Empirical QSPR models (Taylor & Linforth’s Group)

An alternative approach is to develop empirical models using Quantitative

Structure Property Relationship (QSPR) modelling. This approach assumes the

behaviour observed experimentally is a result of the different physicochemical

properties of the compounds exhibiting the behaviour. Linforth (2010) described

the process to establish the empirical models. Firstly, experimental data (such as

aroma compounds in-vivo concentrations) are collected to determine the

behaviour of a range of flavour compounds in a range of food matrices. Then the

model is constructed with sufficient components to describe the variation in the

data. This type of model may contain some of the same parameters used in the

theoretical approach, or they may contain parameters that numericse the

differences that occur in the range of the system studies (e.g. differences in Log P

values).

Taylor and Linforth (2001) explained this QSPR modelling approach to predict

dynamic flavour release from certain food systems. Friel et al. (2000) applied this
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method to describe and predict the headspace concentration of volatile compounds

above solutions containing sucrose. Carey et al. (2002) predicted the partition

behaviour of volatile aroma compounds from a cloud emulsion. Kant et al. (2003)

using QSPR, identified two key physicochemical properties (Log P and a

molecular charge descriptor) being the factors determining flavour retention in

dilute starch solutions.

To sum up, the empirical QSPR modelling is data driven and derived statistically

based on correlation and regression. Best descriptors are selected to build the

model and make accurate predictions, but it must be tested to ensure the reliability

of the model’s predictions. The model is validated by comparing the predicted

values with the data obtained experimentally under the same conditions used for

the prediction, and the quality of the correlation between these two sets of values

is a good indicator of the validation of the model. Regarding to our study, a QSPR

model that can predict the effect of fat on flavour release during mastication was

developed and validated in real products.



35

2.2 RESEARCH OBJECTIVES

The aim of the flavour reformulation study was to evaluate both instrumental and

modelling approaches and their relative merits.

2.2.1 Objectives for instrumental approach to flavour reformulation

(case study: confectionery products)

(1) To define the variations related to APCI-MS in-vivo analysis of

confectionery products.

Confectionery products are more complex food systems than the milk samples

previously used for flavour reformulation (Shojaei et al., 2006b). It can be

challenging to apply APCI-MS in-vivo analysis for confectionery products

because large variations might be gathered from instrument variation during

measurement, flavour content variation during confectionery manufacturing, and

panellist variation during chewing and swallowing these candies. Thus, variations

from these three sources need to be defined initially.

(2) To evaluate the feasibility of applying in-vivo analysis by APCI-MS to

reformulate real commercial flavourings.

Reformulating complex commercial flavouring is also challenging as previous

research only measured the change in a single aroma compound by APCI-MS in-

vivo analysis (Shojaei et al., 2006b). In this study, the challenge was greater, as a

commercial strawberry flavouring that consisted of nine aroma compounds at

various concentrations was selected. The challenge of the method and ability of

APCI-MS to detect the nine compounds, and at the concentrations used, was

tested.
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(3) To reformulate flavourings for chewy candy to achieve the same aroma

release as pectin jelly via APCI-MS in-vivo analysis.

In the confectionery industry, pectin jelly as a fat-free soft matrix is normally

considered as standard with good flavour release; whilst chewy candy, with 8%

fat and a hard matrix, has much poorer release. When applying the same

flavouring to a different matrix, some level of reformulation is usually required.

Instead of using trial and error as the traditional approach, APCI-MS was used to

measure the in-vivo release ratio between pectin jelly and chewy candy for every

aroma compound. The strawberry flavouring was then reformulated using these

ratios.

(4) To validate the instrumental reformulation approach applied to chewy

candy by comparing with pectin jelly via sensory analysis.

Ultimately, it is necessary to assess consumer perception of chewy candy with the

reformulated strawberry flavouring by comparing it with the standard pectin

jelly’s flavour during sensory analysis. If there is no significant flavour difference

between these two products (p > 0.05) perceived by consumers, the instrumental

reformulation approach is valid.

2.2.2 Objectives for modelling approach to flavour reformulation

(case study: yoghurt products)

(1) To demonstrate the process of modelling reformulation approach in

yoghurt products with different fat levels.

A general reformulation model was developed by Linforth et al. (2010) based on

fat content in food matrices and compound hydrophobicity (Log P). Once these

values are known, the model equation can be used to calculate the predicted in-

vivo release differences between any two products, which can then be used for
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flavour reformulation. For this study, yoghurt products at different fat levels with

an experimental flavouring were selected as case study to illustrate this modelling

reformulation process.

(2) To reformulate flavourings for low fat yoghurt to deliver the same profile

as its high fat version through predictive modelling.

Due to concerns about dietary intake and health, low fat food alternatives are

preferred over their original high fat versions. However, removing fat in yoghurt

products causes imbalanced flavour profiles when the same flavourings are

applied as in the standard high fat version. Flavourings in low fat yoghurts are

required reformulation so they deliver the appropriate aroma profile. Instead of

actually measuring their in-vivo release differences between the selected two

yoghurt products, the flavouring can be reformulated for the low fat yoghurt based

on the values calculated by the model equation. Using these model’s predicted

values, the reformulated flavourings in low fat yoghurt are not expected to be

significantly different to the high fat version (p > 0.05).

(3) To validate the modelling reformulation approach via instrumental

measurement using APCI-MS in-vivo analysis.

To determine the precision of model’s predictions, actual measurements of aroma

release were made. If there is good correlation (r > 0.90) between these predicted

values and the actual in-vivo release ratios measured by APCI-MS for the original

low fat and high fat yoghurt, the model gives a good prediction for what happened

during in-vivo analysis. Additional APCI-MS analysis can be applied to measure

the release from low fat yoghurt with reformulated flavouring from the model’s

prediction. If there is no significant difference (p > 0.05) between the release of

the reformulated low fat yoghurt and the standard release from the original high
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fat yoghurt, the modelling approach is further confirmed as a valid method for

flavour reformulation.

(4) To validate the modelling reformulation approach applied to yoghurt

products via sensory analysis.

Finally, sensory validation of the modelling approach is required by comparing

the flavour of the two yoghurts. However, reducing fat level in yoghurt products

also induces changes in texture and mouth-feel, so the perception might be

affected even if the aroma release is matched between these products. Additional

sensory analysis can compare both the original and reformulated flavourings in

low fat yoghurt, and if consumers could not differentiate them (p > 0.05), the

limitations of this model’s application need to be defined.
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Confectionery products were used as a case study to illustrate the instrumental

reformulation approach. Since real flavourings and real food systems were the

materials used in the experiments, it was necessary to identify the major sources

of variation involved during reformulation studies. Therefore, the tests for

variation analysis were carried out prior to the reformulation studies and a

standard method was developed for headspace and in-vivo analysis by APCI-MS

for all subsequent reformulation studies. A commercial strawberry flavouring was

reformulated for chewy candy comparing its in-vivo release ratio with pectin jelly.

The results of reformulated flavouring for chewy candy were then validated by

sensory analysis.

For the modelling approach, flavoured yoghurt products with low fat and high fat

versions were used in the case study to demonstrate the modelling reformulation.

A mathematical model was applied to reformulate flavourings for low fat yoghurt

to achieve the same flavour release as high fat yoghurt. The predicted values from

model equation were validated by the release results from APCI-MS in-vivo

analysis. Sensory tests were also applied as another validation method to assess

consumer perception for the original and reformulated flavourings in the selected

yoghurt products.

3.1 FLAVOURINGS

3.1.1 KTP4 Experimental Flavouring

The selection of compounds for KTP4 experimental flavouring was based on four

criteria: i) they should be commercially available aroma compounds; ii) they

should be volatiles that can be detectable by APCI-MS; iii) they should vary in

hydrophobicity and cover a broad range of Log P values; iv) they should vary in
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functional groups that include aldehydes, esters, alcohols and ketones. Previous

illustration with the range of compound hydrophobicity and volatility (Chapter 1,

Figure 1.3) was used as reference, and the following six compounds that fulfilled

all the requirements were chosen (Table 3.1).

Pyrazine (Aldrich; Dorset, UK), 3-methyl butanol, ethyl butyrate, 2-nonanone,

para-cymene, ethyl nonanoate and propylene glycol were all supplied by Aromco

Ltd (Nuthampstead, UK) at purity levels > 95%.

Table 3.1 Composition of an experimental flavouring (KTP4) and APCI ions used
to monitor their release at cone voltage of 18 V

Compound Log P Molecular Mass
(Da)

Formulation
(g)

APCI ion
(m/z)

pyrazine -0.06 80 0.50 81
3-methyl butanol 1.26 88 0.25 71
ethyl butyrate 1.85 116 0.05 117
2-nonanone 2.71 142 0.25 143
p-cymene 4.00 134 0.25 134
ethyl nonanoate 4.30 186 0.25 187
propylene glycol - - 8.45 -

The Log P value was estmiated by KOWWINTM programme from EPIsuiteTM,

which was developed by the US Environmental Protection Agency’s Office of

Pollution Prevention Toxics and Syracuse Research Corporation with free

download available (http://www.epa.gov/oppt/exposure/pubs/episuite.htm). This

EPIsuiteTM also provides other physicochemical parameters (e.g., boiling point,

melting point, vapour pressure, air-water partition coefficient, etc.). So any

relevant parameters involved in this thesis were estimated by this software.

This KTP4 experimental flavouring was applied in the confectionery products for

variation analysis and in the yoghurt products for modelling reformulation

demonstration and instrumental validation.
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3.2 INSTRUMENTAL APPROACH

3.2.1 Confectionery Products Preparation

Two types of confectionery products were chosen to demonstrate the effect of fat

on aroma release and the reformulation approach through instrumental analysis.

Pectin jelly as a fat-free soft matrix is normally used as standard flavour profile in

the confectionery industry as it is considered to have a good flavour release.

Whereas chewy candy with 8-9% fat is known to have much poorer release if the

same amount of flavouring was applied. Therefore, the flavouring for chewy

candy normally needs to be reformulated to the target aroma profile of pectin jelly.

3.2.1.1 Flavouring Addition

The KTP4 flavouring was added at the same concentration (0.2%) to pectin jelly

and chewy candy to check the product variation. The KTP4 flavoured candies

were used to develop method for instrument measurement.

According to the dosage suggested by Aromco, the strawberry flavouring was

added at 0.2% into pectin jelly and chewy candy, i.e., 1 g per 500 g candy mass.

The reformulated strawberry flavouring through instrument approach was also

added into chewy candy at 0.2%.

3.2.1.2 Pectin jelly manufacturing

Pectin jelly (P) was made by a high ester pectin extracted from citrus peel and

standardised by addition of sucrose (GENU® pectin 150 grade USA-SAG type D)

supplied by CP Kelco Ltd (Grossenbrode, Germany). This pectin has a low setting

temperature and is a common gelling agent used for confectionery products.
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The pectin (11.25 g) was blended with 150 g sucrose (granulated sugar, Tate &

Lyle Ltd, UK), added to 150 mL of boiled water (still water, Tesco Ltd, Perthshire,

Scotland) and stirred until all clumps dissolved. The liquid was brought back to

the boil and added with the remainder of the sucrose (232.50 g) and 150 g glucose

syrup (42 °DE, Essential Ingredients Ltd, Kent, UK). The mixture was boiled until

the temperature reached 109 °C, then removed from the heat to add 6.0 g citric

acid solution (Cargill Ltd, Manchester, UK) prepared at 50% w/v solution. Finally,

1 g flavouring (0.2%) was added based on total yield of 500 g. The colouring

Allura Red (Blends Ltd, Liverpool, UK) prepared at 50% w/v solution was added

at 0.2% (1 g) into the candy mass.

Once the liquid mass was mixed well with the flavouring and colouring by

wooden spoon for 1 min, it was quickly deposited into plastic moulds (each round

pocket was 35 mm diameter and 5 mm thickness) to produce individual pieces.

All sweets were left for 20 min to cool and set, then coated with fine sugar (Tate

& Lyle Ltd, UK), wrapped and stored in air tight containers prior to consumption.

Normally, 50 – 60 individual pieces of pectin jelly (5 ± 0.5 g) were produced from

one standard batch.

3.2.1.3 Chewy candy manufacturing

Several ingredients used for chewy candy were from the same supplier as the

pectin jelly, including sucrose, water, glucose syrup and citric acid. Additional

ingredients for chewy candy were egg white power and hydrogenated palm kernel

oil (HPKO) both supplied by Silbury Ltd (Warwick, UK).

Chewy candies were made by preparing a ‘Frappé’ consisting of egg white

powder (20 g), water (80 g) and glucose syrup (320 g) by gradually whisking
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(Hobart, Windsor, UK) for 10 min at 20 °C. A ‘Premix’ was made from glucose

syrup (272 g), sucrose (184 g) and water (45 g) heated to 125 °C. The ‘Frappé’

(50 g) was added into hot ‘Premix’ by whisking for 1 min, and then combined

with 45 g of melted HPKO followed by 3 min whisking. Based on a total yield of

500 g, 0.6% citric acid (3 g), 0.2% flavouring (1 g) and respective colouring -

Allura Red (Blends Ltd, Liverpool, UK) were added and mixed by a metal beater

(Hobart, Windsor, UK) for 2 min.

The hot mass was then layered onto a PTFE board to rest for 3 min, and then

lifted by two plastic scrapers to form a rope shape by hands. After repeat

stretching out and folding back for 5 min, the mass had a soft sheen appearance

and was rolled to a thickness of 8mm. Individual candies were cut (15 x 15 mm),

then wrapped and stored in airtight containers until use. One batch produced 60-

70 pieces of chewy candy (5 ± 0.5 g).

All the ingredients used to make pectin jelly and chewy candy are summarised in

Table 3.3.
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Table 3.3 Pectin jelly and chewy candy composition in finished products. Values
are (g/ 100 g product).

Ingredients Matrix type
Pectin Chewy

Sucrose 41 33
Glucose Syrup 38 56
Water 19 2.5
Pectin 2
Palm Oil 8.1
Egg White Powder 0.4

100 100

Flavouring 0.2 0.2
Colouring 0.2 0.2
Citric Acid 0.6 0.6

Since the same level of flavouring was added to both types of candies, the fat

content at 8 % in chewy candy was considered as the major factor that reduced

flavour quality comparing with the standard flavour profile of pectin jelly.

3.2.2 Variation Analysis Method

Three main sources of variation during flavour release analysis for two

confectionery products were measured; i) instrument variation through APCI-MS

measurement, ii) product variation within and between batches of candies, and iii)

panellist release profile variation due to differences in oral processing between

individuals.

3.2.2.1 Instrument variation analysis

The instrument variation was evaluated through the static headspace analysis of

the standard solutions of KTP4 flavouring. Dilutions of the KTP4 flavouring were

made to produce standard solution containing 312 µg/L of pyrazine, 156 µg/L of

3-methyl butanol, 2-nonanone, p-cymene and ethyl nonanoate and 31 µg/L of

ethyl butyrate. Four replicated samples of standard solution (200 mL) were placed
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in screw capped bottles (500 mL) and allowed to equilibrate at 20 °C for 3 hours

prior to the measurement. Three replicated measurements were taken by

headspace analysis by APCI-MS (Platform II, Micromass, Manchester, UK) fitted

with a MS Nose interface (Micromass) and operated at a cone voltage of 18V.

A portion of the headspace was sampled into the APCI source at flow rate of 6

mL/min through a small port in the bottle cap. Since the headspace volume in the

flask was around 300 mL and sampled for a short time, there was no significant

effect on headspace dilution and the APCI-MS traces showed a rapid rise in signal

to a plateau value which was maintained for about 30 s until the bottle was

resealed.

Data were collected in selected ion recording mode with a dwell time of 0.02 s

monitoring ions with respective m/z value illustrated in Table 3.1. Masslynx 3.2

(Micromass, Manchester, UK) was used to determine the peak height of the

maximum signal (i.e, the ion intensity) observed for every compound from every

bottle at each measurement.

3.2.2.2 Product variation analysis

(A) Method development of headspace analysis for confectionery products

Before measuring the product variation, it was essential to determine the best

method for the headspace analysis of these candies. Three types of sample

treatment methods were demonstrated by three pieces of strawberry flavoured

pectin jelly. Each jelly (5g) was placed in the 500 ml glass bottle either intact (a)

or chopped into pieces (b); the third piece was dissolved into 100 mL water (c).

All the bottles were sealed with lids and after three hours equilibrium, the

headspace above the sample was measured through a small port in the lid. The
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same method of headspace analysis for all three types of sample preparation

methods was carried out by APCI-MS (Platform II, Micromass, Manchester, UK)

with the air flow of 6 mL/min.

Figure 3.2 shows the schematic demonstration of three sample treatments and

respective chromatogram obtained during static APCI headspace analysis at each

treatment under Full Scan Mode.

Figure 3.2 Three sample treatment methods- a) intact jelly, b) chopped jelly and c)
jelly dissolved in water with respective chromatograms by APCI-MS headspace
analysis and the total ion current (TIC) by 1.28 e9 as the maximum ion intensity
from three measurements taken at 1 min, 2.4 min and 3.8 min

The results indicated that intact jelly (a) had the lowest TIC (total ion current) as

compounds entrapped in the candy matrix were hardly released from intact jelly -

only two ions were found for two out of nine compounds in the strawberry

flavouring. As a result, the remaining two methods (b and c) with higher intensity

were more practicable and represented more aroma compounds ions. Additional
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