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OSME AND SENSORY ANALYSIS OF AQUEOUS ORANGE ESSENCE 

CHAPTER 1 

INTRODUCTION 

In order to produce frozen concentrate from fresh juice, water must be removed. 

Unfortunately when water is removed from fresh juice, volatile components responsible 

for the fresh aroma are also removed. Aqueous orange essence is a water - ethanol 

mixture containing the majority of volatile flavor components found in fresh orange juice, 

but removed during frozen concentrate production (Johnson and Vora, 1983).   By adding 

essence back to frozen concentrate, fresh qualities may be restored. 

Although many studies have been devoted to the identification of chemical 

components found in orange juice and essence (Schultz et al., 1971; Nagy, 1971; Johnson 

and Vora, 1983; Moshonas and Shaw, 1990; Ohta et al., 1992; Lin et al. 1993), the role 

of each component in contributing to fresh orange aroma is less understood. 

Gas chromatography / olfactometry (GCO) is a technique which identifies the 

aroma activity of gas chromatoghraphic peaks characteristic of a sample. Following the 

identification of the chemicals responsible for these peaks by mass spectrometry or 

standard analysis, the contributions individual chemical components make to a sample's 

aroma may be determined. Osme, a GCO method developed at Oregon State University, 

permits analysis of GC peak aroma activity by determining an aroma's retention time, 

intensity, and by verbal descriptions of an aroma's character. 



Through descriptive sensory analysis, samples' attributes may be determined and 

the intensities of these attributes may be rated. Correspondingly, character similarities and 

difiFerences between samples may be determined. Through Osme and descriptive analysis, 

sensory properties may be investigated at the molecular level and at a level which 

addresses the synergjstic properties of a complex aroma. 

In the process of producing aqueous orange essence, volatile components may be 

concentrated through reflux in the essence unit. This study was conducted to ascertain if 

there were diflFerences between an aqueous orange essence sample that had been subjected 

to refluxing, and one that had not. In addition to attempts at resolving the question of 

interest, aroma active chemicals important in fresh orange aroma were identified and their 

character described by panelists. 



CHAPTER 2 

LITERATURE REVIEW 

2.1. Aqueous Orange Essence: Industrial Importance 

Following introduction of frozen concentrate orange juice (FCOJ) in the 1945-46 

season, a growing percentage of the annual orange crop has been apportioned to the 

production of this product (Wolford et al., 1967). In order to meet this increasing demand 

and lower production costs, manufacturers have incorporated shorter processing periods 

and higher concentrating temperatures. These harsh conditions have resulted in a loss of 

volatiles and a significant aroma and flavor deterioration. To alleviate this flavor / aroma 

loss, a method was developed and first utilized in the mid 1960's by the citrus processing 

industry to recover the volatiles and return them to the processed product (Braddock and 

Chen, 1985). 

Aqueous orange essences are composed of volatile chemical components 

recovered during the concentration processing of orange juice. Their addition to frozen 

concentrated orange juice will aid in the restoration of fresh flavor and aroma. The amount 

of essence required to impart fresh aroma and flavor depends on physical and chemical 

properties of concentrates. While it is difficult to improve the sensory properties of a poor 

quality concentrate, the flavor and fragrance attributes of fresh orange juice may be 

attainable for a good initial quality concentrate (Wolford et al., 1967). 

A continuing problem for optimum use of orange essence is the lack of an 

acceptable standard for determining quality. Strength and flavor characteristics vary with 



season of harvest, orange variety, evaporator unit, ect. Proposed chemical methods for 

determining essence strength and quality are numerous and include chemical oxygen 

demand (COD), total aldehyde content by colorimetric means, and terpene to octanal 

ratio. Smelling remains the most popular method for determining the strength and quality 

of an essence (Braddock and Petrus, 1971). Sensory testing had not been conducted to 

determine if essences had proven satisfactory in providing floral top notes to citrus 

products (Nagy et al., 1977). Although there has been research in this area (Lin et al., 

1993; Marin et al., 1992; Shaw, 1991; Schinneller, 1972; Wrightson, 1972), work by 

Ahmed et al. (1978), and Arctander (1969) appear to be among the most cited when the 

subject is sensory characteristics of specific orange components. 

2.2. Oils, Essences and Aromas 

Oils, essences and aromas are terms frequently used by the citrus industry. 

Essential oils are composed of peel oil and juice oil. Peel oil makes up the majority of 

citrus juice essential oils. It is found in ductless glands of the flavedo or colored portion of 

the peel. Over 90% of peel oil is d-limonene, a sesquiterpine. Other monoterpenes and 

sesquiterpenes may be found in trace amounts (Kimball, 1991). Juice oil, the other 

constituent of citrus juice essential oil, is from the juice vesicle. Juice oil tends to be 

higher in esters and lower in aldehydes than peel oil. 

During frozen concentrate orange juice production, the essence recovery unit of an 

evaporator collects essence oil and aqueous phase citrus essence. Essence, natural citrus 

aroma, and aqueous phase citrus essence all refer to the water solutions of compounds 



condensed in the recovery unit (Nelson and Tressler, 1980). This water phase, commonly 

referred to as "aroma", is high in ethanol. Essence oil and oil phase essence refer to the oil 

that condenses in the recovery unit. 

2.3. Aqueous Orange Essence Recovery 

The major objective of aroma recovery and juice evaporative concentration is to 

produce an essence product which contains the same sensory characteristics as the juice 

from which it was obtained (Braddock and Chen, 1985). As the concentration of the juice 

increases, the fruity character of the concentrate decreases. The most volatile components 

responsible for aroma, as well as a high percentage of terpenes, are no longer present in a 

concentrate that is at approximately 25% evaporation of initial juice volume (Braddock 

and Chen, 1985). A concentrate at 29% of the original juice volume produced by an 

evaporator at 180oF contains 9 ppm of limonene compared to 110 ppm in the original 

juice (Mannheim, 1967). 

Essence can be obtained by two different methods: collection of volatiles through a 

partial distillation under vacuum prior to evaporation or by collection of volatiles through 

condensation during the initial stages of evaporation (Nelson and Tressler, 1980). 

Essence recovery follows three steps: the generation of essence vapor, separation of water 

vapor from aroma-flavor components, and condensation of essence so that essence has a 

component concentration one hundred or more times that of the original juice (Wolford et 

al., 1967). Many chemical components in orange juice are degraded by heat treatment. 

For this reason concentrating and aroma separation are conducted under vacuum. 



The essence recovery system consists of an evaporator and a fractionating column. In the 

evaporator, vapors which carry the aroma are produced. The fractionating column 

separates the vapors into aroma concentrate and aroma stripped juice. Through reflux 

and a separation process, essence is removed from the condensed water vapor. 

Temperatures and pressures are adjusted to permit optimum recovery of essence from the 

juice (Wolford et al., 1967). 

The thermally accelerated short time evaporator (TASTE) is the most popular 

evaporator in the citrus industry (Chen, 1982; Rouseff, 1994). The essence produced in 

this TASTE evaporator contains a water and an oil phase. Differences in equipment 

design dictate the quality of essence product. Such differences may be due to the product 

from which essence is obtained. For example essences may be obtained directly from 

freshly extracted juice, or from evaporate condensate or condensate produced in another 

manner. 

2.4. Ethanol Concentration 

The percentage ethanol contained in an aqueous essence is not a good indicator of 

flavor strength or essence quality (Moshonas and Shaw, 1984). The reason for this lack 

of reliability is due in part to differences in the methods of juice processing, season of fruit 

harvest, and maturity of the fruit used for production. Regardless of this, ethyl alcohol 

content has been used as a leading indicator of essence strength (Wolford et al., 1968/ 

Mechanical fold of an essence is determined by the ethanol content it possesses 

(Moshonas and Shaw, 1990). The percentage of the original starting volume of orange 



juice made up by the aqueous essence is termed "fold". An essence which makes up 0.2% 

of the original volume of the juice from which it was obtained is termed a 500 fold 

essence. One part of this essence may be used to restore fresh aroma and flavor to 500 

parts of condensed orange juice (Moshonas and Shaw, 1986). For every 5% change in 

ethanol concentration there is an estimated 100 fold change. An essence containing 15% 

ethanol has an estimated fold of 500 (Moshonas and Shaw, 1990). 

Industrial citrus essences typically contain from 11% to 15% ethanol by volume. 

The quantities of individual chemical components present in essences difiers with 

percentage ethanol present. Moshonas and Shaw (1990) conducted a study in which 

aqueous orange essence samples ranged from 12% to 50% ethanol. Volatiles in these 

samples varied in concentration, but not in a predictable manner. For example the 

percentage of acetaldehyde in the 12% sample was 0.169. In the 25% sample the level was 

0.648 and in the 50% sample the level was 0.149. For ethyl butyrate the levels were 

0.029, 0.045 and 0.045 respectively. For methanol the levels were 2.9,2.5, and 2.2. The 

units of measurement are GC FID area percentage values. 

Moshonas and Shaw (1990) reported in the recovery of aqueous orange essences, 

individual essence recovery units may be set to yield different ethanol concentrations. 

Legislation prohibits unlicensed distillation of liquids with an ethanol concentration greater 

than 15% (30 proof). For this reason Florida essence recovery units are adjusted to 

produce a water phase essence containing between 12 and 15% ethanol. 



2.5. Chemical Components 

In attempting to determine chemical components present in aqueous orange 

essence and orange juice, researchers have conducted analysis with various extraction and 

identification techniques. Although column choice varies considerably, analysis by GC 

FID is common (Schultz et al., 1971; Nagy, 1971; Johnson and Vora, 1983; Moshonas 

and Shaw, 1990; Ohta et al., 1992; Lin et al. 1993). 

Schultz et al. (1971) collected volatiles from orange juice head space and trapped 

them on polymeric material. Dinsmore (1971) used dinitrophenyl hydrazine to trap orange 

juice volatiles by bubbling nitrogen gas through the juice and trap. Johnson and Vora 

(1983) identified major components in Valencia orange essence by direct injection onto a 

30m SE-30 (methyl silicone) column. Moshonas and Shaw (1990) analyzed components 

by direct injection onto a phenyl-methyl-silicone column. Ohta et al. (1992) extracted 

orange essence volatiles purchased from a flavor house with n-pentane-diethyl ether in a 

continuous liquid-liquid extractor. 

Quantity of volatiles detected varied extensively with analytical technique. Ohta et 

al. (1992) detected 48 components with continuous liquid-liquid extraction. Lin et al. 

(1993) reported 30 identifiable components obtained when the sample is analyzed by 

direct injection onto a 95% dimethylpolysiloxane, 5% diphenyl column. Moshonas and 

Shaw (1990) identified quantitatively 32 components and qualitatively an additional 16 

components present in Valencia aqueous orange essence. Nagy et al.(1977) compiled a 

list of 142 components identified in a series of orange essence studies. 



Along with reported variance in quantity of volatiles identified, volatile identity 

also varied. Nelson and Tressler (1980) reported 5 acids, 16 alcohlols, 10 aldehydes, 19 

esters, 13 hydrocarbons, 5 ketones and 8 misc. compounds in aqueous orange essence. 

Moshonas and Shaw (1990) identified quantitatively 32 components and qualitatively an 

additional 16 components present in Valencia aqueous orange essence. Those present in 

highest quantity in decreasing order are ethanol (94 to 96 percent), methanol (1.9 to 3.4 

percent) acetaldehyde (0.2 to 0.6%), linalool (0.05 to 0.14 %), ethyl acetate + 2-methyl-3- 

buten-2-ol (0.05 to 0.08%), l-propanol, ethyl butanoate (0.02 to 0.06%), 

1,1-diethoxyethane (as opposed to 1-ethoxy-l-methoxy-ethane in Johnson and Vora, 

1983), trans-2-hexenal, trans-2-hexenol + cis-3-hexen-l-ol. 

When comparing data generated by chemical component analysis, factors such as 

orange variety, processing conditions and extraction technique may influence experimental 

results. An example of this may be seen when comparing results; Johnson and Vora 

(1983) listed 16 components whereas Moshonas and Shaw (1990) listed 48. GC 

conditions varied slightly. Both experiments used non polar capillary columns and both 

directly injected samples. The internal diameters varied as did the column length. Three 

components listed by Johnson and Vora (1983), acetal, 3 -methyl- 1-butanol, and ethyl 

propionate do not appear in the results of Moshonas and Shaw (1990). When components 

from Moshonas and Shaw (1990) are compared with data generated by Ohta et al.(1992), 

23 components are in common. Absent from the list of compounds detected by Ohta 

et al. (1992) are methanol, acetaldehyde, acetone, n-propanol, l-penten-3-ol, and carvone. 

Several compounds Usted in Ohta et al. (1992) were not reported by Moshonas and Shaw 
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(1990) such as heptanal, citonellal and various alcohols. The difference in liquid - liquid 

extraction vs. direct injection are obvious when comparing results of Moshonas and Shaw 

(1990) and Ohta et al. (1992). Liquid-liquid extraction will identify compounds with 

higher boiling points when compared with headspace analysis (Ohta et al., 1992). • 

2.6. Sensory Properties of Chemical Components 

"The aroma and flavor of fresh orange juice is comprised of an extremely complex 

and delicately well proportioned mixture of many chemical compounds" (Wolford et al., 

1967) and is dependent upon many factors such as season, type and quahty of fruit, 

maturity of fruit, and recovery processes and conditions. Orange is the most complex of 

all citrus flavors and the most popular (Anon, 1983). There are not one or two 

components which are the primary contributors to orange flavor and aroma as is the case 

with other citrus fruits such as grapefruit, lemon and lime (Shaw, 1991). 

Chemical components responsible for fresh orange aroma and flavor have been the 

subject of a number of studies. Ahmed et al. (1978) investigated the contributions of 

volatiles to orange juice flavor and found a mixture of acetaldehyde, citral, ethyl butyrate, 

d -limonene and octanal favorably influenced the aroma and flavor of pump out or 

concentrated orange juice as it leaves the evaporator. Decanal, trans-2-hexenal, and 

citronellal were concluded to be of negative influence. Nelson and Tressler (1980) found 

acetaldehyde and ethyl butyrate to be flavor enhancers while trans-2-hexenal and 

penten-3-one were detrimental. Johnson and Vora (1983) reported major flavor 

components in Valencia orange aroma include ethanol, acetaldehyde, ethyl acetate, acetal. 
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ethyl butyrate (ethyl butanoate). Moshonas and Shaw (1986) reported of 17 components 

identified in aqueous orange essence, 8 were present in quantities above taste threshold as 

measured in water. These included acetaldehyde, ethanol, ethyl acetate, ethyl butyrate, 

limonene, hexanal, trans-2-hexenal, and linalool. Moshonas and Shaw (1994) reported 24 

of 46 quantified components in 13 separate fresh orange juice samples had levels of aroma 

active volatiles above the threshold values. Of seven known water soluble volatiles four 

were present in levels above threshold. These included ethyl propionate, ethyl butanoate, 

ethanol, and (Z)-3-hexen-l-ol. Marin et al. (1992) reported components found to 

contribute to the aroma of orange juice included ethyl 2-methyl butyrate, vanillin, ethyl 

butyrate, citral, linalool, and limonene. Kimball (1991) reported approximately 87% of the 

flavor of fresh squeezed orange juice can be achieved in frozen concentrate by the 

addition of d-limonene, ethyl butyrate, citral, and acetaldehyde. 

A consensus of studies indicates volatiles can generally be placed in one of three 

separate chemical classes: alcohols, carbonyls (aldehydes, esters, and ketones), and 

hydrocarbons. 

2.6.1. Alcohols 

There exist more alcohols than any other group of compounds in orange essence, 

but the number that make contributions to orange flavor is small. Thirty-six alcohols have 

been identified including every primary straight chain alcohol from methanol to decanol 

(Shaw, 1977). 
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Ethanol is present in larger amounts than any other single component in orange 

essence and orange juice (Shaw, 1991). Although ethanol may not significantly contribute 

to citrus aroma, it may act as a solvent for other molecules. 

Other alcohols found to possess aroma activity include (E)-2-hexenol and (Z)-3- 

hexenol, linalool, and alpha terpineol. Both (E)-2-hexenol and (Z)-3- hexenol are known 

to contribute fruity-green top notes. Linalool makes a minor contribution due to it being 

present in small quantities. Alpha terpineol makes a negative contribution by infusing a 

stale, musty or piney flavor. The aroma associated with alpha terpineol is characteristic of 

aged and heat abused orange products (Shaw, 1991). 

2.6.2. Carbonyls 

A total of 22 aldehydes have been identified in aqueous orange essence including 

straight chain aldehydes ranging from acetaldehyde to undecanal (Shaw, 1977). 

Acetaldehyde is present in the greatest quantity and is known to contribute to the quality 

of an orange flavored product (Shaw, 1991; Braddock et al., 1991; Johnson and Vora 

1983). Citral is a combination of neral and geranial which are isomeric monoterpene 

aldehydes and contain almost identical aroma and flavor characteristics and are among the 

most important constituents of orange flavor (Ahmed et al., 1978). Octanal, nonanal, and 

decanal are known to be important contributors to orange flavor (Shaw, 1991). 

Twenty-five esters have been identified in aqueous orange essence (Shaw, 1977) 

with ethyl butanoate, ethyl acetate and ethyl octanoate having been identified most 

frequently. Additionally ethyl-2-methylbutanoate, ethyl propionate, and methyl butanoate 
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are believed to be important contributors to orange flavor. Eleven ketones have been 

identified including carvone. 

2.6.3. Hydrocarbons 

Hydrocarbons are minor components of orange essence. A total of 27 

hydrocarbons have been identified including 15 terpenes. D- limonene and myrcene are 

the two most abundant terpenes in peel oil and are present in large quantities in orange 

juice, but are only present in small quantities in orange essence (Shaw, 1977). 

Limonene was found not to be a major orange flavor contributor, but was 

identified as among the hydrocarbon precursors of alpha terpineol, an off-aroma 

component. D-Umonene acts as more of a carrier of flavors than as a contributor itself. 

(Marin et al., 1992). Myrcene was found to make a negative contribution to orange flavor 

in processed orange juice (Ahmed et al. 1978). Alpha pinene may make a positive 

contribution to orange flavor, but as with limonene and myrcene, its level depends on peel 

oil content of the juice (Shaw, 1991). 

2.7. Olfactometry 

"Sniffing the effluent of a gas chromatograph (GC) is the most useful means of 

determining which components of a complex mixture of volatiles have odor" (Acree et al., 

1976). A sniflFport is a means of directing the GC effluent from the separatory column to 
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the nose of a panelist. It provides a method for aroma isolation and evaluation by 

equating retention times with panelist aroma perceptions. 

Three methods of olfactometry most often cited in literature and among the most 

well known are Osme, Charm Analysis and Aroma Extract Dilution Analysis (AEDA) 

(Boelens, 1995; Rubico, 1994). Osme, a method developed at Oregon State University, 

utilizes a time intensity approach to determine aroma active compounds and their 

significance. Aroma intensities, retention times and descriptors are obtained through 

Osme analysis. Plots of aroma retention times vs. intensities are termed Osmegrams. 

When GC FID chromatograms are compared with Osmegrams, the contribution of 

individual chemical components may be evaluated (Rubico, 1994; da Silva, 1992; 

Miranda-Lopez et al., 1992; Sanchez, 1992). 

Charm Analysis (Marin et al., 1992; Cunningham et al., 1986; Acree et al., 1984) 

and AEDA (Schieberle and Grosch, 1988) are both based on the measurement of an 

aroma threshold as determined through a series of dilutions. Although problems 

associated with GCO exist, such as reproducibility and proper representation of the 

general population by panelists, GCO remains "a first approach to determining the 

importance of individual compounds for the odor and flavor of a product" 

(Boelens, 1995). 

2.8. Analytical 

Three techniques of sample preparation for the extraction of volatiles are 

principally used by the flavor chemist: head space analysis, steam distillation, and solvent 
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extraction. For citrus products solvent extraction procedures have been largely used 

(Ohta et al., 1992). Nawar reported in 1966 "Of all the techniques for analyzing the 

aroma associated with food, headspace analysis is the simplest, fastest, and most similar to 

actual sensory testing". Although almost 30 years have passed since Nawar reported 

headspace analysis advantages, they remain among the simplest and fastest. With the 

possible exception of high boiling point volatiles, the aroma detected by the olfactory 

system includes volatiles present in a substance's headspace. 

Headspace sampling and analysis by GC has been utilized to analyze volatile 

components in food, clinical biochemistry, plant biology, and environmental science 

(Zhang and Pawliszyn,1993). This technique involves analysis of a specific volume of the 

gas phase above the food in a sealed container by direct injection into a GC. Flame 

ionization detection works well in headspace analysis due to this detectors high sensitivity 

to organic compounds (Nawar, 1966). 

Paik and Venables (1991) conducted a study to determine if headspace analysis 

could be used in place of other more complex procedures for a shelf life investigation of 

packaged orange juice. Headspace samples from sealed containers were analyzed to 

determine optimum time and temperature for equilibrium between vapor and liquid phases. 

In order for thermodynamic equilibrium conditions to exist for octanal, the sample 

required 15 minutes at 50° Celsius. In general as temperature increases, the 

concentrations in the headspace increase and the time required to reach equilibrium 

increases. Paik and Venables (1991) attributed this to a smaller increase in the mass 

transfer rate as compared to the increase in equilibrium headspace concentration with 
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increase in temperature. The concentration of a component in the gas phase is described 

by the following equation: 

Cg = Ci / Kp 

Cg is the concentration in the gas phase, G is the concentration in the liquid phase, and Kv 

is the partition coefiBcient. This equation shows if the partition coefficient remains 

constant, and additional components are not added to the sample, the ratio of QI C% 

remains constant. 

When measuring headspace concentrations at constant temperature, the change in 

concentrations present in the liquid phase may also be determined. Application of 

headspace analysis to the packaged orange juice model suggested higher concentrations in 

headspace may be obtained at increasing temperature, but longer times are required for 

equilibrium. 

Ethanol concentration in the headspace will increase with amount of ethanol in 

solution until a specific point. Above this point additional molecules of ethanol condense 

so that additional amounts of ethanol do not affect the concentration in the headspace 

(Nawar, 1966). An ethanol solution in water will have a lower ethanol vapor pressure. 

This decreases the amount of ethanol present in the headspace. 

According a study by Nawar (1966) a headspace sample obtained from orange oil 

will be almost identical to that obtained from an orange beverage flavored with the same 

orange oil. This occurs regardless of the fact that the orange beverage is 5000 times more 

dilute than the oil. 
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Nisperos-Carriedo and Shaw (1990) used headspace analysis to analyze and 

quantitate 20 volatiles present in orange juice. The headspace technique was reported to 

be rapid, reproducible and could be used to monitor orange juice quality. 

In order to identify a sample component, the procedure of obtaining retention 

times from columns with differing polarities and/or confirmation of retention times 

through use of standards has generally been followed (Nagy and Klim, 1986). The 

identification of components with mass spectrometric analysis coupled with retention 

times from a single column provides strong evidence of a components' identification thus 

precluding the necessity for standards and dual column analysis. Component identification 

through mass spectrometric (MS) analysis is generally less sensitive than many GC 

detectors. This disadvantage is partially balanced with the advantage of unvaried 

sensitivity exhibited by MS analysis with different classes of compounds (Nagy and Klim, 

1986). 

The solid phase micro extraction device (SPME, Supelco, Bellefonte PA) contains 

a fused silica fiber with an outer coating of a polymeric organic liquid or solid (Zhang, 

Pawliszyn, 1993). In headspace analysis this silica fiber is inserted into the vapor phase 

(headspace) above a sample. Volitalized components adsorb to the solid phase or 

partition into the liquid phase and are extracted from the sample. The fiber may then be 

injected into a gas chromatograph (GC) for chemical analysis. SPME headspace 

extraction has several advantages over such traditional techniques as purge and trap, 

liquid-liquid, simultaneous distillation/extraction, normal headspace extraction. Low cost, 

time efficiency, portability, precision, and detection limit are examples of benefits. 
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limits of SPME used in conjunction with headspace analysis are ppt when an ion trap mass 

spectrometer is utilized as the detector (Moshonas and Shaw, 1994). Purge and trap 

techniques often require expensive equipment. Additionally this method is non-selective 

for compounds in the gas phase (Moshonas and Shaw, 1994). In normal headspace 

analysis a syringe is used to obtain a sample of analyte which then is injected into the GC. 

Oxygen and water may also be introduced into the GC which may result in damage to the 

instrument. Adsorption of components onto the syringe walls may also contribute to 

experimental error when using this technique. 

Yang and Peppard (1994) examined the usefulness of SPME in headspace and 

liquid sampling. Standard concentrations of 25 flavor compounds were tested. Among 

these compounds were important orange aroma components including ethyl butanoate, 

linalool, and limonene. Results indicate SPME is selective for certain compounds. Ethyl 

butanoate and linalool exhibited a detection limit of between 0.1 and 10 ppb. Limonene 

exhibited a detection limit of 0.01 to 1 ppm. Other components showed no detectable 

amount of absorption. This may be compared with the poor efficiency of solvent 

extraction for hydrophobic compounds. SPME was found to be more sensitive to 

experimental conditions than other extraction techniques. The distribution coefficient and 

absorption rate of components onto SPME will be directly affected by changes in 

experimental conditions. An average relative standard deviation of 7% was obtained. 

"This level is acceptable in trace organic analysis" (Yang and Peppard, 1994). 

For accurate quantitation, internal standards of analytes in question should be used 

in order to determine the distribution coefficient of target components between the sample 
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and the SPME fiber (Hawthorne et al., 1992). Because there may exist a concentration 

difference of components in the headspace and in the liquid phase of a sample, SPME 

extractions may differ between the two. Any differences in the rates of evaporation and 

diSusion of sample compounds can result in these concentration differences. By 

determining which is the preferable component phase, a decision as to whether the 

headspace or liquid should be sampled may be made. 

A direct comparison of SPME vs. DCM solvent extraction sensitivities using a 

fruit beverage was conducted by Yang and Peppard (1994). SPME showed a sensitivity 

comparable to or greater than conventional solvent extraction for most esters and 

terpenoids. Fatty acid adsorption was poor, but this may be interpreted as a positive 

attribute due to analytical interference associated with these compounds. 

The amount of analyte adsorbed by the liquid outer coating on the fused silica fiber 

may be calculated according to the following equation: 

n = CoV1V2K/(KV,+V2) 

n = mass absorbed by the coating, Vi and V2 are volumes of coating and solution, K is 

the partition coefiBcient of the analyte between the coating and water, Co is the initial 

concentration of analyte in the aqueous solution (Zhang and Pawliszyn, 1993). 

SPME may also be utilized to extract from a sample by submersion of the fiber 

into a liquid, however the time required may be relatively long due to a large fiber 

coating / aqueous partition coefiBcient. Difiiision of analytes in the vapor phase is four 

times greater than in the aqueous phase. 
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2.9. Descriptive Panel 

Analytical measurement of aroma characteristics may supplement, but never 

substitute for human measurement (da Silva, 1992). Descriptive sensory analysis may be 

used to identify perceived product attributes for the purpose of relating them to 

instrumental properties (Meilgaard et al., 1991). Descriptive analysis permits description 

and quantification of sample attributes by a trained panel of human subjects.   The basis of 

descriptive work is panel training. Panelists must be trained to become proficient in their 

abilities to identify specific sensory characteristics of a sample and rate their intensities 

consistently. 

2.9.1. Free Choice Profile Method 

Free Choice Profiling (FCP) is a procedure developed to solve the problem when 

panelists use different terms for the same attribute (Williams et al., 1981; Meilgaard et al. 

1991). The advantages of FCP include less panehst training time required. This is due to 

individual descriptors use as opposed to shared use. There is no requirement for shared 

descriptor understanding. Panehsts develop their own ballots (Hartwig, 1994). 

Other important advantages are panehsts are not required to use terms proposed by others 

and the panel leader is not required to ensure panelists are in agreement in their use of 

terminology. 
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2.9.2. Generalized Procrustes Analysis 

Generalized Procrustes Analysis is the only statistical method available to analyze 

FCP data. This method permits the investigation of sample relationships and 

determination of individual panelist application through residual calculation (King and 

Arents, 1991). 

Three mathematical steps are involved in GPA. First, there is a geometrical 

transformation to a common origin to eliminate the effect of panelists using different parts 

of the ballot scale. Second, isotropic scale changes correct for differences in scoring range 

used. Third, axes rotation / reflection to match configurations (Arnold and Williams, 

1986). 
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CHAPTERS 

MATERIALS AND METHODS 

3.1. Aqueous Orange Essences 

Two samples of Valencia orange essences were obtained from FMC corporation. 

The first sample, termed sample "R" for reflux, contained 16.2% ethanol and was 

subjected to extensive refluxing conditions. The other sample was not refluxed, termed 

'TSIR" for no reflux, and contained 6% ethanol (Kane, 1994). Valencia oranges were 

harvested the week of 15 April, 1994 and essences were produced 22 April, 1994. 

Essences were of the same cultivar and maturity. Essence samples were stored in amber 

glass jars at 80C. 

Essences were produced through use of a thermally accelerated short time 

evaporator (TASTE) fitted with an essence unit designed for this type evaporator. In 

TASTE evaporators juice is heated by steam at atmospheric pressure and flows through a 

series of effects (vapor flow through the evaporator), and stages (sequence of product 

flow as it traverses the evaporator). The majority of TASTE evaporators are forward 

flow and single pass with no recirculation and are normally 4 to 7 effects (Chin, 1982). 

The essence recovery unit pulls in vapor produced in the TASTE with 25 inches 

Hg vacuum (Brock, 1995). Vapor is directed to the refractionating column. At this point 

it may be condensed in an ammonia chiller and collected in a decant tank or it may remain 

in reflux to produce aroma concentrate and aroma stripped juice through distillation 
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(Braddock and Chin, 1985). Essence obtained from the evaporator essence recovery unit 

consists of a water and oil phase. Aqueous orange essence is the water phase. 

In the production of the refluxed sample, condensate was pulled off the forth stage 

of the TASTE into the recovery unit. In the recovery unit condensate was heated to 187° 

F and circulated through the refractionating column. Volatiles in the vapor were then 

condensed in an ammonia chiller and collected in a tank where the oil phase rose to the 

top and the water phase went to the bottom (Heisler, 1995). In the production of the 6% 

ethanol sample, reflux time in the fractionating column of the essence recovery unit was 

minimized. 

3.2. Method of Extraction 

Volatile components were extracted from orange essences through use of a solid 

phase micro extraction device (SPME, Supelco, Bellefonte, PA). A 10 mL sample of 

essence was placed in a 40 mL amber glass vial fitted with a plastic screw cap with 

silicone septa. A magnetic stirring bar was placed in the vial and the sample was 

positioned on a stirring plate for 15 minutes to permit equilibration to room temperature. 

Contaminants adsorbed onto the SPME fiber were desorbed by placing the fiber in the gas 

chromatograph injection port heated to 250° for 5 minutes. Following 15 minutes of 

sample equilibration time and 5 minutes of SPME contaminant desorption, the SPME fiber 

was injected through the vials' silicone septa into the sample headspace. Extraction was 

conducted for 60 minutes at room temperature while stirring continuously. 



24 

The amber vial fitted with a plastic screw cap and silicone septa was found to work 

well with SPME extraction. Following an initial penetration of the vial septa with a 

syringe, the SPME fiber could easily be inserted through the septa and into the headspace. 

This facilitated a tight seal and prevented volatiles from leaking. The 40inL vial was 

selected for use because it held the lOmL of sample with suflBcient headspace for SPME 

extraction. 

Although FID chromatograms obtained from 60 minute SPME extractions 

contained very large ethanol peaks, (Figures 5.1), this amount of time was required to 

extract sufficient volatiles for Osme analysis. Shorter extraction periods were found to 

result in smaller numbers of aroma active peaks as perceived by panelists. 

33. Gas Chromatographic Analysis 

GC analysis was conducted with a Hewlett Packard 5890A gass chromatograph 

(Hewlett Packard, Avondale, PA) with a fused silica capillary column. Initial analysis was 

conducted with a polar Supelcowax 10 capillary column (Supelco, Bellefonte, PA) with 

stationary phase chemical structure (CHz-CHz-O),, and with the following dimensions: 

length 30 M, internal diameter .32mm, film thickness 0.5um. Subsequent analysis was 

conducted with a non polar Restek Rtx5 capillary column (Restek, Bellefonte, PA) with 

stationary phase chemical structure 95% dimethyl, 5% diphenyl poly siloxane and with 

identical column dimensions except for a l.Oum film thickness. The Rtx5 capillary column 

was selected because of its successfiil use by Lin et al. (1993) in orange essence analysis. 
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Analysis was conducted with a temperature program of 40° C for 5 minutes then 

60C per minute to 185° C and held for 5 minutes. This program was selected based on 

orange juice headspace analysis work conducted by Paik and Venables (1991) who 

conducted GC runs with a temperature program beginning at 500 C for 3 minutes then 

60C / min to 185° C.   Marin et al.(1992) investigated orange juice volatiles with GC- 

olfactometry and used a temperature program that consisted of isothermal oven heating at 

35° C for 3 minutes followed by 60C per minute to 185° C. 

GC injection and detection ports were 250° C. The carrier gas was helium with a 

flow rate of 1 mL per minute. This yielded a linear velocity of 11.08 m / min or 

18.46 cm / sec. GC runs were splitless with a purge off time of 6 minutes. 

3.4. Olfactometry 

3.4.1. Instrumental 

Olfactometry was facilitated through a plumbing modification of the Hewlett 

Packard gas chromatograph. The outlet of the separating capillary column was connected 

to a Valco 2 position, 4 port switching valve containing 2 outlets. To each outlet were 

fitted deactivated fused silica segments of .32 mm id, 30 cm length. One outlet segment 

was connected to the flame ionization detector and the other was routed through an 

unused detector port to a 3-way connection, a swagelok 1/4 inch brass tee. At this 3 way 

connection, lines of humidified air and GC effluent were adjoined to a 1/4 inch silanized 

glass tube with id. 3.5 mm and length 45 cm. 
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The humidified air was obtained by directing regulated compressed air through 

activated charcoal then drierite and molecular sieve 5A (Alltech, Deerfield, IL). Purified 

air was then directed through a temperature controlled, water filled round bottomed flask 

fitted with input and output glass fittings. Humidified (80% relative humidity), purified air 

was adjusted to a flow rate of 2.9 L/ min. 

3.4.2. Osme Sniffing Procedure 

Panelists were seated in front of the GC at a position which permitted maximum 

comfort. This aided in preventing fatigue from interfering with concentration. 

Components were separated in the capillary column and carried through silanized glass 

tubing (45 cm length, 1/4 inch diameter) to the seated panelist who rated the intensity of 

the volatiles on a 16 point sliding scale. Increments of the scale ranged from no aroma 

perceived = 0, to moderate = 7, to extreme =15. The sliding scale was interfaced with a 

personal computer thus allowing time intensity data recordings. At the time of aroma 

perception, panelists verbally described the aroma to the experimenter. Retention times 

and verbal descriptions were recorded to permit aroma descriptors to be coupled with 

aroma intensities. N-alkane standards with retention times encompassing and bracketing 

retention times of the sample components were analyzed by GC prior to olfactometry 

analysis. This facilitated the conversion of aroma active peak retention times to standard 

Kovats index values. These standard values could then be related to index values obtained 

from flame ionization sample analysis. 



27 

3.4.3. Osme Panel Selection and Training 

Panelists selected for participation included 2 males and 2 females. All panelists 

were graduate students in the Sensory Science Laboratory of the Food Science and 

Technology Department at Oregon State University. Training consisted of four Osme 

practice runs with different aqueous orange essences to familiarize panelists with the 

sliding scale and with optimum positioning and breathing technique, and to provide 

practice with verbal descriptors. 

Standards of components typically found in orange essences were combined in a 

single solution and injected into the GC for Osme identification by panelists. This 

provided additional practice for panelists and also served to generate standard descriptors 

(Table 4.6). 

Solutions (20 mL aliquot of a mixture consisting of luL standard in 1 mL ethanol 

diluted to 250 mL with distilled water) of individual standards were also placed in 40 mL 

vials to permit aroma evaluation (Table 4.7). Due to weaker aroma intensities, the 

concentrations of alpha terpineol, alpha pinene, and isoamyl alcohol were doubled. Prior 

to Osme analysis panelists sniffed the standards present in 40 mL vials for familiarization 

This seemed to aid in component description. 
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3.4.4.   Aromagrams 

In order to identify the chemical component responsible for the aroma active peak, 

the retention times of GC FID peaks and Osme peaks are converted to Kovats index 

values and matched. Aiding in this match are aroma descriptors. Osme analysis of 

standard components was conducted under identical conditions as that of the sample 

(Table 4.6). Additionally, panelists generated descriptors by evaluating standards 

solutions in 40mL glass vials (Table 4.7). A comparison of standard aroma descriptors 

with sample aroma descriptors supports conclusions reached by comparisons of Kovats 

index values. 

3.4.4.1. Individual Aromagrams 

Panelists evaluated each orange essence sample 3 times. Retention times and 

intensities of aroma active peaks detected by panelists were averaged. To be deemed 

"detected" by a panelist, the aroma active peak had to have been identified at 

approximately the same retention time a minimum of 2 out of 3 repetitions. 

3.4.4.2. Consensus Aromagrams 

The process of determining which aroma active peaks are selected for the 

consensus aromagram depends on repetitions of panelists correctly identifying retention 

times and aroma descriptors. In most cases panelists used several descriptors for a 

specific aroma peak. For example panelists used the terms rose oil, citrus, apple, soapy. 
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flowery, lime peel, and honeysuckle to describe linalool (Table 4.6,4.7). While these 

descriptors differ, a comparison of retention times in most cases clearly indicates the same 

aroma active peak is described . 

In order for an aroma active peak to be used in the consensus Osmegram (Figure 

4.4,4.5), the peak had to have been detected by 2 of 4 panelists. A consensus aromagram 

was obtained by averaging times and intensities of all individual panelist aroma active 

peaks and then graphing this averaged time vs. averaged intensity value. 

3.5. Gas Chromatography / Mass Spectrometry (GC-MS) 

Gas chromatography - mass spectrometry (GC-MS) analysis was conducted 

through use of a Varian 3400 GC interfaced with a Finnigan quadrupole MS. Mode of 

MS operation was electron impact. The GC contained a Carbowax 20 M, .25mm I.D., 

.25um film thickness (Supelco, Bellefonte, PA). GC analysis was conducted with a 60:1 

split. The injector port was held at 250° C, oven temperature programming began with a 

5 minute hold at 40° C followed by a 6° C / minute increase to 185° C for 5 minutes. 

Galaxy MS software was utilized. Library searches of the National Institute of Standards 

and Technology (NIST, Gaithersburg, MD) data base (Version 4, 1992) assisted in 

compound identification. 
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3.6. Verification of volatile compounds 

Detection of sample components was conducted through use of a polar 

Supelcowax 10 (Supelco, Bellefonte, PA) and a nonpolar Rtx5 capillary column (Restek, 

Bellefonte, PA). Retention times of component FID peaks were matched with retention 

times of standards (Tables 4.1). Additionally, identification of components was conducted 

by comparing fragmentation patterns generated by GC/MS analysis on polar Carbowax 

30M (Alltech, Deerfield, IL) and nonpolar SE54 ( Alltech, Deerfield, IL) capillary 

columns with patterns in the NIST library (Version 4,1992). 

An essence component was identified'\i its Kovats indice matched a standard 

Kovats indice on both stationary phases utilized in this study, or if it matched the standard 

on 1 column and was also identified by MS. An essence component was detected if its 

Kovats indice matched a standard on only 1 column and was not detected by MS. 

3.7. Descriptive Sensory Analysis 

Five women and 2 men were recruited from the Department of Food Science and 

Technology at Oregon State University to serve as panel members. All recruited 

personnel had served as trained panel members previously. Initial training consisted of 

12 sessions (3 days per week for 4 weeks). Emphasis was placed on the ability to 

consistently describe and rate the aroma intensities of aqueous orange essence samples. 

Chemical components identified in aqueous orange essence which possess aroma 

activity (Johnson and Vora, 1983; Moshonas and Shaw, 1990; Ohta et al., 1992; Lin et al. 
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Attempts to assign descriptive words to standards were not completely successful due to a 

large variance in panelist aroma descriptors. For this reason the descriptive technique 

"free choice profiling" was adopted. Descriptors generated in a study by Lin et al. (1993) 

were used as an initial starting point for generation of a descriptive ballot. 

Table 3.1.   List of standards used in Osme and descriptive analysis 

1. Lemon pulp 11. Alpha pinene 
2. Lemon peel 12. Alpha terpineol 
3. Lime pulp 13. Myrcene 
4. Lime peel 14. Trans-2-hexenal 
5. Valencia oranige pulp 15. Nonanal 
6. Valencia orange peel 16. Isoamyl alcohol 
7. Citral 17. Limonene 
8. Ethyl butanoate 18. Hexanal 
9. Linalool 19. Octanol 
10. Octanal 

Intensities were rated on a 16 point scale with 0 = none and 15 = extreme. For 

intensity standards, essences were made up to different concentrations equal, above, and 

below that of the test essences. 

Initial testing was conducted by comparing 3 mL of each sample diluted to 500 mL 

with distilled water (0.006 g / mL). Undiluted essences were stored in amber glass 

containers at 8° C prior to analysis. Twenty mL of the diluted essence were presented in 

0.25 L tulip shaped wine glasses capped with aluminum lids for sample evaluation. Glasses 

were coded with 3 digit random numbers. Analysis was conducted in sensory booths. 
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Following a 2 week break, the panel met again for 6 additional sessions of training. 

Substitutes for two panelists were included. Emphasis was placed on defining character 

differences between samples other than that associated with concentration. To accomplish 

this, essences of approximate strength were required. In order to determine what ratio of 

the less concentrated no reflux sample was required to match the intensity of the stronger 

reflux sample, GC FID peak areas of 4 volatile components (octanal, linalool, ethyl 

butanoate, and hexanal) identified as contributing to essence aroma were utilized. Osme 

analysis indicated the strongest aroma active components in both samples were octanal, 

linalool, and ethyl butanoate. Because the GC FID peak for ethyl butanoate was not 

completely resolved from hexanal, hexanal was included. GC FID peak areas of the 4 

components were added to yield a total specific for each sample (Table 3.1). 

Table 3.2. GC FID peak areas of 4 volatiles and their totals in essence samples 

Volatile No Reflux sample Refux sample 
GC FID Peak Area GC FID Peak Area 

ethyl butanoate 235672 523121 
+ hexanal 

linalool 918762 1720245 
octanal 191534 420650 
Total 1345968 2664016 

A ratio of total peak area for NR / R = 0.505. Analysis of essence samples where 

R was diluted to half of NR resulted in similar overall intensity values. From additional 

training it appeared a ratio of NR / R of 0.40 produced samples of closer overall intensity. 
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The 3 different concentrations of samples included 5 mL NR and 2 mL R, 7.5 mL NR and 

3 mL R, 11.25 mL NR and 4.5 mL R. Each pair reflected the 0.40 ratio of NR / R and a 

150% concentration increase between pairs. Testing of the 3 pair was replicated 3 times. 

Data was analyzed with Generalized Procrustes Analysis (GPA) using Procrustes-PC 

Version 2.0 and by Statistical Analysis System for personal Computer (SAS, 1987, Gary, 

NC). Significant differences among samples were determined by Analysis of Variance 

(ANOVA) on the principal component axis scores. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1. Gas Chromatography Flame lonization Detector (GC FID) and Mass 
Spectrometry (MS) analysis 

GC FED analysis of essences on nonpolar and polar columns indicated the reflux 

sample contained more peaks and peaks of greater size than the no reflux sample; 

additionally, all peaks found in the no reflux sample were also present in the reflux sample. 

In the analysis time of 0 to 30 minutes, separation with the non polar Rtx5 column 

(Restek, Bellefonte, PA) and detection with FID resulted in 70 reflux peaks and 59 no 

reflux peaks (Figure 4.1,4.2,4.3). For this same period, separation with a polar 

Carbowax column (Supelco, Bellefonte, PA) resulted in 90 reflux and 83 no reflux peaks 

(Figure 4.4,4.5, 4.6). A ratio of no reflux to reflux total peak areas for the first 30 

minutes of analysis on the Rtx5 column was 31.4% and on the Carbowax column, 22.6%. 

These ratios indicate the no reflux sample was roughly between one-fourth to one-third 

the concentration of the reflux sample. 

Twenty-two peaks in the reflux sample and 20 in the no reflux sample were 

identified or detected through use of polar and nonpolar column stationary phases and 

mass spectrometry (Table 4.1). Of the components identified or detected, hexenol, 
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Table 4.1. Components identified or detected in aqueous orange essence samples and 
analysis technique utilized 

GC Component Component   Compound 
FID detected in detected in 
Peak Reflux No reflux 
# essence essence 

Identification technique 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

x 

x 

X 

X 

GCFID GC 
(Carbowax)    FID 

(Rtx5) 

MS 

acetaldehyde x 

methanol 

ethanol x 

penten-3-ol 

isoamyl alcohol x 

hexanal x 

ethyl butanoate x 

trans-2-hexenal x 

cis-3-hexenol x 

hexenol x 

myrcene 

octanal x 

limonene x 

octanol x 

linalool x 

nonanal x 

4-terpineol x 
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Table 4.1. Components identified or detected in aqueous orange essence samples and 
analysis technique utilized (continued) 

GC      Component   Component   Compound Identification technique 
FID     detected in     detected in 
Peak   Reflux No reflux 
# essence essence 

GC FID GC        MS 
(Carbowax)    FID 

(Rtx5) 

18 x x alpha terpineol x x 

19 x x decanal x x 

20 x x neral x x x 

21 x x carvone x x 

22 x x geranial x x x 

myrcene, and isoamyl alcohol were not detected in the no reflux essence. Four pairs of 

components; acetaldehyde and methanol, hexanal and ethyl butanoate, linalool and 

nonanal, alpha-terpineol and decanal were found to coelute on the Rtx5 column. This 

made determinations as to which component was present in the sample difficult. 

Fortunately, the Carbowax column resolved the latter 3 pair effectively (Figure 4.4, 4.5, 

4.6). Mass spectrometric identification confirmed the presence of hexanaL, ethyl 

butanoate, linalool, alpha terpineol, and decanal. Methanol and acetaldehyde posed a 

greater problem. An acetaldehyde standard matched sample indicies on both stationary 

phases, but mass spectral analysis was unsuccessful. Methanol matched retention indicies 
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on the nonpolar column, but mass spectra failed to confirm its presence. It appeared data 

obtained from mass spectral scans at the values required for the low molecular weights of 

acetaldehyde and methanol could not be easily separated from background noise. A 

nonanal standard matched the sample retention indices on Carbowax, but was not detected 

by mass spectrometry. In addition to coelution problems, cis-3-hexenol was not detected 

on the Rtx5 column. 

One coelution problem occurred with the Carbowax column and that was with 

myrcene and penten-3-ol. These components matched retention indicies on the Rtx5 

column, but were not identified by mass spectrometry. Separations were better with the 

Carbowax column as evidenced by the greater number of peaks and better separations. 

Replication was more of a problem, however. Carbowax required more conditioning. It 

was sensitive and more susceptible to carry over problems. Replication was affected by 

this. These factors contributed to the decision to use Rtx5 for Osme analysis. 

Thirteen of the components identified in this study were also identified by Lin et 

al.(1993) who analyzed aqueous orange essence with an identical Rtx5 capillary column . 

These components were methanol, acetaldehyde, ethanol, penten-3-ol, hexanal, ethyl 

butanoate, trans-2-hexenal, cis-3-hexenol, octanal, octanol, linalool, 4-terpineol, and 

alpha-terpineol. In addition to these components found by both studies, the components 

carvone, myrcene, isoamyl alcohol, hexenol, limonene, nonanal, decanal, neral, and 

geranial were detected or identified in this study, but not by Lin et al.(1993). Kovats 

indicies obtained from standards of propanoL, ethyl acetate, 2-methyl propanol, 2-methyl- 
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3-buten-2-ol, penten-3-ol, methyl butanoate, butanol and pentanol (components found in 

essences tested by Lin et al.,1993) did not match indicies of essences tested in our study. 

Ethanol was the peak of greatest area in both samples. Ethanol accounted for 72% 

of the total peak area in the reflux sample on the Rtx5 column and 51% of the total peak 

area on the Carbowax column as determined through SPME extraction and analysis of 

volatiles for the time period of 0 to 30 minutes. In the no reflux sample ethanol accounted 

for 61% on Rtx5 and 20% on Carbowax. Ethanol is the component present in greatest 

quantity in the precursor to aqueous orange essence, orange juice. No reflux and reflux 

samples were reported by FMC (Kane, 1994) as having 6% and 16.2% ethanol 

respectively, the rest being volatiles and water. Water would not be extracted with 

SPME. It was expected a ratio of no reflux to reflux ethanol GC FID peak areas would be 

6/16.2 or 37%. The actual value was 26.68 % Rtx5 and 9.10 % Carbowax. Both results 

were lower than expected and indicated there was either more ethanol in the reflux 

sample, or less ethanol in the no reflux sample. The ethanol peaks in both samples 

exhibited significant tailing. Other components, such as propanol and ethyl acetate, may 

have been masked by this tailing. Ethanol concentration in reflux and no reflux was 

measured at 14.7 % and 6.9 % with an ebulliometer. These were opposite the results 

expected. The effects of ethanol saturation of the SPME fiber were not known. The 

greater concentration of ethanol in the reflux sample may have saturated the fiber and 

resulted in GC FID peaks which indicate more ethanol present that was actually the case. 

Following ethanol, the components present in greatest concentration in the reflux 

sample (Carbowax) and in decreasing order were: linalool, octanal, unknown, unknown. 
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octanol, unknown, ethyl butanoate, trans-2-hexenal, neral, and alpha terpineol. With Rtx5 

the order is: linalool, geranial, ethyl butanoate / hexanal, unknown, octanal, octanol, alpha 

terpineol, unknown, unknown, unknown. Analysis from both columns indicates linalool is 

present at greatest quantity following ethanol. The order is not consistent, but clearly 

octanal, ethyl butanoate, alpha terpineol, and citral (either neral or geranial) are among the 

highest concentrations. 

For the no reflux sample the components were (Carbowax): linalool, octanal, 

octanol, ethyl butanoate, unknown, neral, unknown, decanal, alpha terpineol, unknown. 

With Rtx5: linalool, ethyl butanoate / hexanal, geranial, octanol, octanal, alpha terpineol, 

neral, carvone, 4-terpineol, unknown. Again it is evident linalool is present at greatest 

concentration. The order varies with the column used, but ethyl butanoate, citral, octanol, 

octanal, and alpha terpineol are among the highest component concentrations. 

Although analysis by mass spectrometry (MS) confirmed the identities of 12 

components found in samples, MS analysis proved only partially successful. Contributing 

to the problem of low MS component identification may have been the low quantity of 

volatiles extracted by SPME (Supelco, Bellefonte, PA) and the low molecular weights of 

volatiles previously identified as present in aqueous essences. Analysis by GC FID with 

polar and nonpolar capillary columns helped detect ten additional components (Table 4.2). 

This was expected due to the relative greater sensitivity of FID over electron impact MS 

(Libbey, 1995). 
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Table 4.2. GC FID analysis of orange essence aroma standards listed in elution order on 
Carbowax and Rtx5 columns 

Carbowax column Rtx5 column 
Component Retention Kovats Component Retention Kovats 

time (min) Indicies time (min) Indicies 
acetaldehyde 2.74 <600 •a 

acetaldehyde 2.48 <500 

ethyl acetate 5.16 807 methanol 2.46 <500 

ethanol 6.52 890 ethanol 2.98 <500 

methyl 8.05 1002 propanol 5.64 610 
butanoate 

alpha-pinene 8.83 1026 ethyl acetate 5.74 614 

ethyl 9.64 1050 2-methyl 6.20 625 
butanoate propanol 

hexanal 11.16 1097 2-methyl-3- 
buten-2-ol 

7.53 659 

2-methyl 11.45 1106 penten-3-ol 8.26 683 
propanol 

penten-3-ol 13.61 1174 methyl 
butanoate 

9.81 721 

b 
myrcene 13.61 1175 butanol 10.17 728 

limonene 14.69 1209 isoamyl alcohol 10.37 736 

isoamyl 15.02 1221 pentanol 11.70 768 
alcohol 

trans-2- 15.50 1238 hexanal 12.95 803 
hexenal 

AA^^4 &%^A**Ak4. 

octanal 17.43 1306 ethylc 

butanoate 

13.00 804 

hexenol 19.04 — trans-2- 
hexenal 

15.16 861 

cis-3-hexenol 19.92 1399 cis-3-hexenol 15.45 869 

nonanal 20.22 1411 hexenol 15.56 871 

decanal 22.81 1518 alpha-pinene 18.16 944 

linalool 23.79 1562 myrcene 19.86 994 
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Table 4.2. GC FID Analysis of Standards listed in elution order on Carbowax and Rtx5 
columns (continued) 

Carbowax column Rtx5 column 
Component          Retention    Kovats Component          Retention Kovats 

time (min)   Indicies time (min) Indicies 

octanol 

4-terpmeol 

carvone 

alpha- 
terpineol 

neral 

geranial 

24.03 

25.31 

27.12 

27.33 

28.17 

28.55 

1570 

1629 

1713 

1723 

1762 

1780 

octanal 20.27 

limonene 21.46 

octanol 22.34 

linalool 23.33 

nonanal 23.55 

4-terpineol 26.00 

alpha- 26.33 

terpineol 

decanal 26.36 

neral 27.53 

carvone 27.86 

geranial 28.26 

1007 

1041 

1073 

1105 

1109 

1198 

1210 

1211 

1255 

1267 

1282 

acetaldehyde and methanol coelute using Rtx5 column 

myrcene and penten-3-ol coelute using Supelcowax 10 column 

hexanal and ethyl butanoate coelute using Rtx5 column 

linalool and nonanal coelute using Rtx5 column 

alpha-terpineol and decanal coelute using Rtx5 column 
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4.2 Osme analysis 

Valencia aqueous orange essence samples were found to contain 37 aroma active 

peaks (Table 4.3). The reflux sample contained 33 aroma active peaks and the no reflux 

sample contained 25. Sixteen reflux peaks had Kovats indicies which matched those of 

standard compounds. Thirteen no reflux peaks matched standard Kovats indicies. 

Descriptors of essence aroma active peaks (Table 4.3) and standards (Table 4.5 and 4.6) 

were similar in character with the exception of a reflux peak believed to be caused by 

penten-3-ol. This aroma was characterized as burnt rubber, oxidized and pungent. The 

corresponding peak in the no reflux essence was solvent, citrus, floral. The no reflux 

descriptors were also used by panelists to describe the penten-3-ol standard. An impurity 

may have eluted from the column and been responsible for the ofF-aroma associated with 

the reflux peak. All components that matched the retention times of standards and had 

similar aromas were previously reported as present in Valencia aqueous orange essences 

by Moshonas and Shaw (1990). Osmegrams showing aroma intensity vs. retention times, 

coupled with GC FID chromatograms, are shown in Figure 4.7 and 4.8. From these 

figures, aroma intensities of individual GC FID peaks may be ascertained. Descriptors of 

aroma active peaks are found in Table 4.3. GC FID peak areas of aroma active 

components, which show relative concentrations, are found in Table 4.4. 



Table 4.3 Consensus Osme analysis of aqueous orange essences with GC FID Kovats 
indicies of essence components and standards 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats       Kovats       Descriptors   Aroma       Kovats       Kovats       Descriptors 
maximum  index index maximum   index index 
intensity     (Osme)      (GCFID) intensity     (Osme)      (GCFID) 

1 

2 

acetaldehyde 
& methanol 

unknown 

<600 
RT = 2.46 / 
2.48 

4.3 <600 
RT = 2.56 

<600 
RT = 2.52 

alcohol 3.2 

2.6 

<600 
RT = 2.54 

647 

<600 
RT = 2.48 

alcohol 

perfume, 
citrus 

3 penten-3-ol 683 6.9 687 688 burnt 
rubber 
oxidized 
pungent 

4.3 680 686 solvent 
citrus 
floral 

4 isoamyl 
alcohol 

736 8 734 732 floral 
fruity 
citrus 

731 

5 unknown 4.3 761 760 floral 
fruity 

6 hexanal & 
ethyl 
butanoate 

803 / 804 5.4 804 804 cut grass 
citrus 

8.7 809 803 cut grass 
leafy 
lime peel 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats       Kovats       Descriptors   Aroma       Kovats       Kovats       Descriptors 
maximum  index index maximum   index index 
intensity     (Osme)      (GCFID) intensity     (Osme)      (GCFID) 

7 ethyl 
butanoate 

unknown 

804 

cis-3-hexenol    861/869 
& trans-2- 
hexenal 

10 unknown 

11 unknown 

12 unknown 

12 

2.4 

6.9 

6.6 

10.4 

6.5 

808 

834 

857 

913 

978 

987 

citrus 
floral 

8.8 815 fruity 
woody 
musty 

fruity 
solvent 

859 grassy 
flowery 

moldy 
musty 
rancid oil 

6.3 859 859 floral 
fruity 
bananas 

979 

987 

moldy 
citrus, lime 
peel, floral 

mushroom 

10.3 

8 

978 

989 

972 

987 

orange 
peel, lim 
peel, 
musty 
mushroc 

o 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats 
maximum  index 
intensity     (Osme) 

Kovats       Descriptors   Aroma       Kovats       Kovats 
index maximum   index index 
(GCFID) intensity     (Osme)       (GCFID) 

Descriptors 

13 myrcene 994 

14 octanal 

15 octanal 

16 unknown 

1007 

1007 

6.8 

7.5 

12.8 

5.2 

994 

1005 

1013 

1053 

996 

1007 

1016 

1054 

woody, 
piney, 
dirty 

candy 
canned 
fruity 
moldy 
lemon 

floral, 
orange 
blossom, 
lime peel, 
moldy 
orange 

mint 
pepper- 
mint 

5.7 

5.9 

11.9 

4.6 

996 

1006 

1014 

1054 

dusty, lime 
peel 

1006 fruity 
floral 
moldy 
orange 
bubble- 

1016 forrest. 
orange 
grove, 
cleaning 
solution 

1053 menthol, 
pepper- 
mint 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats       Kovats       Descriptors   Aroma       Kovats       Kovats       Descriptors 
maximum  index index maximum  index index 
intensity     (Osme)      (GCFID) intensity     (Osme)      (GCFID) 

17 octanol 1073 

18 octanol 

19 unknown 

1073 

20 nonanal 1109 

21 linalool 1105 

5.2 1071 1073 cooked 
vegetables 
vegetable 
oil 

2.4 1080 moldy 
citrus 
canned 
oranges 
lime peel 

4.2 1079 

6.1 1087 1084 piney, 
beach, 
surf, floral 

9.6 1086 

9.3 1110 dirty 
musty, 
herbal 

7.4 1109 

1107 11.7 1113 

1073 

metallic 
solvent 
rotten 
apple, 
vegetable 

1084 musty 
earthy, 
mushroom 

1106 dirty 
dusty 
grassy 

, honey- 
suckle, 
rose 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats       Kovats       Descriptors  Aroma       Kovats       Kovats       Descriptors 
maximum  index index maximum   index index 
intensity     (Osme)       (GCFID) intensity     (Osme)       (GCFID) 

perfume 

22    linalool     1105      11.4    1117 

23    unknown 

24    unknown 

25    unknown 

6.4     1149 

4.4     1161 

5.8     1172 

rose oil 12 1117 
honey- 
suckle, 
soapy 

1148 moldy, 
rotten 
orange 

1161 leafy 
piney, 
dirty lime, 
peel 

5.4 1163 

1174 cucumber 
stale, floral 

5.4 1173 

1116 

1148 

1161 

1174 

citrus, 
grassy 

ammonia, 
cleaning 
solution 
pungent 

cucumber 
water- 
melon, 
mustv 



Table 4.3 (Continued) 

1 Reflux No reflux 

Aroma Aroma active Chemical Aroma Kovats Kovats Descriptors Aroma Kovats Kovats Descriptors 
active component standard maximum index index maximum index index 
peak Kovats 

index 
(GC FID) 

intensity (Osme) (GCFID) intensity (Osme) (GC FID) 

26 unknown 9.7 1178 1182 piney, 8.2 1179 dirty 
dirty 
socks 
stale 
church 

socks 
mushroom 

27 4-terpineol        1198 5.3 1198 1198 cosmetic 
powder, 
beach 
surf, lime 
peel 

1198 

28 alpha 
terpineol & 
decanal 

1210/1211      8.6 1209 1210 orange 
rind, surf 

7.1 1214 1210 beach 
surf, 
cooked 
apple, lime 
peel 

29 decanal 1211 7.5 1219 1220 floral 
medicinal 
lime peel, 
beach 

1220 

u *. 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component       standard 
peak Kovats 

index 
(GC FID) 

Aroma       Kovats       Kovats       Descriptors   Aroma       Kovats       Kovats       Descriptors 
maximum   index index maximum   index index 
intensity     (Osme)       (GCFID) intensity     (Osme)       (GCFID) 

30 unknown 

31 unknown 

32 unknown 

33 unknown 

34 unknown 

5.4 1226 1228 dusty, 
woody, 
lime peel, 
anise 

4.9 1223 1228 earthy, 
surf, lime 
peel 

5.4 1236 1234 oxidized 
vegetable 
oil 

7.5 1236 1238 rancid oil 
painty 

5.8 1243 1244 burnt 
rubber 

1243 

8.6 1253 1255 woody 
vegetable 
oil 

6.2 1263 rotten 
orange, 
metallic, 
piney 

1262 



Table 4.3 (Continued) 

Reflux No reflux 

Aroma    Aroma active   Chemical 
active     component      standard 
peak Kovats 

index 
(GC FID) 

Aroma      Kovats 
maximum   index 
intensity     (Osme) 

Kovats       Descriptors  Aroma       Kovats       Kovats 
index maximum   index index 
(GCFID) intensity     (Osme)       (GCFID) 

Descriptors 

35 

36 

unknown 

unknown 

37 unknown 

7.2 1280 1262 peppermint 
spearmint 
floral 

6.3 1285 1267 minty, 
spearmint 

6.6 1307 1310 lemon 
window 
cleaner, 
pine 

6.7 1321 mint, 
cinnamon 
clove 
lemon 

0\ 



Table 4.4 Match of Osme and GC FID peaks with Osme peak identifications and GC FID 
peak areas 

Aroma Aroma active Kovats 
active   component      index 
peak (Osme) 

Reflux 
Kovats Peak area    Kovats 
index (GC FID)    index 
(GC FID) (Osme) 

No reflux 
Kovats        Peak area 
index (GC FID) 
(GC FID) 

1 acetaldehyde / < 600 <600 97744 
&methanol      RT = 2.56 RT = 2.52 

< 600 < 600 53572 
RT = 2.54    RT = 2.48 

unknown 647 

penten-3-ol      687 688 36389 680 686 6232 

4 isoamyl 
alcohol 

734 732 186940 

5 unknown 761 760 3965 

6 hexanal & 
ethyl 
butanoate 

804 804 523121 

7 ethyl 
butanoate 

808 

731 9784 

809 

815 

803 235672 

unknown 834 
oi 
-j 



Table 4.4 (Continued) 

Reflux No reflux 
Aron la Aroma active Kovats Kovats Peak area Kovats Kovats Peak area 
activi e  component index index (GC FID) index index (GC FID) 
peak (Osme) (GC FID) (Osme) (GC FID) 

9 cis-3-hexenol / 857 859 131550 859 859 49134 
trans-2- 
hexenal 

10 unknown 913 

11 unknown 978 979 9990 978 972 8388 

12 unknown 987 987 7720 989 987 2742 

13 myrcene 994 996 6990 996 995 2964 

14 octanal 1005 1007 420650 1006 1006 191534 

15 octanal 1013 1014 1016 2967 

16 unknown 1053 1054 5355 1054 1053 2977 

17 octanol 1071 1073 406464 1073 200293 

18 octanol 1080 1079 
00 



Table 4.4 (Continued) 

Aroma Aroma active Kovats 
active   component      index 
peak (Osme) 

Reflux 
Kovats      Peak area Kovats 
index (GC FID) index 
(GC FID) (Osme) 

No reflux 
Kovats        Peak area 
index (GC FID) 
(GC FID) 

19 unknown 1087 1084 35800 1086 1084 3896 

20 nonanal 1110 

21 linalool 

22        linalool 

23 

25 

26 

unknown 

24        unknown 

unknown 

unknown 

1117 

1149 

1161 

1172 

1178 

27 4-terpineol       1198 

28 alpha terpineol 1209 
& decanal 

1107 1720245 1109 

1113 

1117 

1106 918762 

1148 12527 1148 7866 

1161 1356 1163 1161 645 

1174 36284 1173 1174 28743 

1182 1905 1179 

1198 222867 1198 90223 

1210 288351 1214 1210 183674 



Table 4.4 (Continued) 

Aroma Aroma active Kovats 
active  component     index 
peak (Osme) 

Reflux 
Kovats      Peak area Kovats 
index (GC FID) index 
(GC FID) (Osme) 

No reflux 

Kovats Peak area 

index (GC FID) 

(GC FID) 

29 decanal 1219 1220 103152 1220 38955 

30 unknown 1226 1228 

31 unknown 1236 1238 

32 unknown 1243 1244 

33 unknown 1255 

34 unknown 1263 1262 

35 unknown 1280 1283 

36 unknown 1310 

37 unknown 1321 

21177 

186354 

507985 

158266 

11732 

598227 

88143 

1223 

1236 

1253 

1285 

1307 

1228 14546 

1238 73117 

1243 108985 

1255 126484 

1262 6986 

1282 233199 

1310 69046 

O 
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Table 4.5. Consensus aroma descriptors generated from Osme analysis of 
chemical standards 

Standard 

methyl 
butanoate 

Panelist 1 
descriptors 
orange 

Panelist 2 
descriptors 

Panelist 3 
descriptors 
fruity 

Panelist 4 
descriptors 
orange 

alpha pinene pine — woody stinky 

ethyl 
butanoate 

floral, bubble gum orange sweet tart banana sweet lolly pop 

hexanal cheesy, orange leafy, grassy lime sweet, earthy 

limonene — light leafy lime peel cooking oil 

octanal linalool aroma citrusy, alcoholic strong lime 
peel 

strong, moldy 
orange 

cis 3-hexen- 
l-ol 

fresh orange leaf, apple slight cooked grapefruit, 
green 

nonanal butyrate, cow 
milk 

dirt strong. strong lime 
peel 

moldy, 
mushroom 

linalool floral orange sweet fruity, 
mandarin 

strong lime floral, orange, 
towelettes 

4-terpineol — — woody distinct 
something 

neral almond — lime peel tart moldy 

geranial citrus peel light orange, 
vitamin C 

lime citrus, 
towellette, floral 
green 
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Table 4.6. Consensus aroma descriptors generated by panelist evaluation of 
standard components in 40 mL glass vials 

Standard Descriptors 
Panelist 1 Panelist 2 Panelist 3 Panelist 4 

acetaldehyde   solvent, pungent    green fruit, wood solvent 
citrusy 

methyl ripened cheese       fruity, floral, fruity, banana,      stinky cheese 
butanoate leafy, herbal nail polish 

alpha pinene   pine bark, sap        grassy, glue, paint pine 
woody, leafy, 
forest 

ethyl 
butanoate 

artificial apple, 
orange 

fruity fruity, banana, 
pina colada 

fruity grape 

hexanal fresh apple juice old fruit, dirty rotten apple, 
moldy orange 

sweet slight 
mushroom stinky 

limonene fresh, citrus, 
orange, peel 

medicinal, 
dirty 

lemon peel weak orange, 
sweet solvent 

trans-2- 
hexenol 

fresh cut apple, 
peel 

peel, dirty rotten orange musty, moldy 

octanal fresh fruit, citrus, 
pungent 

dirty, fruity lime peel sweet, slight 
mushroom stinky 

cis-3-hexen- 
l-ol 

cut grass grassy, leafy moldy orange, 
grapefruit 

cut glass 

linalool rose oil, orange 
peel 

fruity, citrus, 
mellow 

strong lemon floral towelettes 

4-terpineol pine scent, 
cleaning agent 

dirty, wood, 
wood chips 

musty, mold old wood, musty 

octanol waxy orange, 
grassy & fruity 

alcoholic, 
solvent 

lime peel, clean- 
ing solution 

musty, moldy, 
peel 
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Table 4.6. Consensus aroma descriptors generated by panelist evaluation of 
standard components in 40 mL glass vials (continued) 

Standard Descriptors 
Panelist 1 Panelist 2 Panelist 3 Panelist 4 

citral lemon peel, lime citrus, sweet 
tart 

lime tart citrus, floral 

penten-3-ol orange, fresh. dirty, spicy. garlic solvent, garlic - 
albedo sweet onions, 

garlic 
like 

isoamyl 
alcohol 

alcohol, dirty 
socks, solvent 

alcohol lemon peel solvent, musty 

2-inethyl 
propanol 

solvent, 
alcoholic. 

solvent wine musty, 
mushroom 

decanal 

myrcene 

carvone 

cleaning agent 

orange peel, 
squeezed orange 

metallic, 
medicinal, 
camphor 

spearmint 

green, solvent    lime peel 

dirty wet 
clothes, 
newspaper 

spearmint 

pine 

spearmint 

beach, surf 

piney 

spearmint 

4.2.1. Aroma activities of identified/detected peaks 

Thirteen reflux and 10 no reflux aroma active peaks possessed Kovats indicies 

that matched an indice of an essence component identified by polar and non polar column 

GC FID or GC FED and MS (Table 4.1). For the reflux sample, the components 

acetaldehyde, isoamyl alcohol, cis-3-hexenol / trans-2-hexenal, linalool, and 4-terpineol 

were found to contribute one aroma active peak each; while hexanal / ethyl butanoate. 
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octanal, octanol, and alpha terpineol / decanal seem to be associated with more than one 

peak each. This phenomenon is explained in more detail under chemical subheadings. For 

the no reflux sample, the components acetaldehyde, cis-3-hexenol / trans-2-hexenal, 

octanol, and alpha terpineol / decanal contributed 1 aroma active peak each. Hexanal / 

ethyl butanoate, octanal, and linalool are associated with 2 aroma active peaks. 

Three reflux and no reflux aroma active peaks possessed Kovats indicies that 

matched an indice of an essence component detected by GC FID on 1 capillary column 

stationary phase (Table 4.1). These detected peaks included penten-3-ol, myrcene, and 

nonanal. The presence of myrcene was not detected in the no reflux sample by GC FED or 

MS, but an aroma active peak which matched the retention indice and aroma descriptors 

of a myrcene standard (Table 4.6) was detected. This suggests myrcene was present 

below the detection limit of the GC and MS, but not below the detection limit of the 

human nose! 

The 10 aroma active components with strongest intensities in the refluxed sample 

were octanal (12.77), ethyl butanoate (12.00), linalool (11.37), 2 unknown components 

(10.41, 9.68), nonanal (9.27), alpha terpineol (8.58), isoamyl alcohol (7.96), decanal 

(7.51), octanal n (7.43) (Table 4.3).   In the no reflux sample the list includes linalool I 

(11.98), octanal (11.86), linalool H (11.65), unknown (10.27), unknown (9.56), ethyl 

butanoate (8.80), hexanal (8.69), and 3 unknowns (8.55, 8.16, 7.95). Linalool, octanal, 

ethyl butanoate, and 2 unknown components were responsible for the strongest aroma 

intensities in both aqueous orange essences. Generally these components were stronger in 

the reflux sample than in the no reflux, with the exception of linalool. 
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4.2.1.1. Acetaldehyde and methanol 

The first aroma active peak was probably due to a mixture of acetaldehyde and 

methanol (Figure 4.1,4.4,4.7, Table 4.3). It possessed an alcoholic, solvent, citrus 

aroma. Aroma intensities varied slightly between samples with an average of 4.3 for 

reflux and 3.17 for no reflux. Distinction as to which component was dominant and more 

responsible for the aroma activity was difficult due to poor non polar column resolution 

between the acetaldehyde and methanol peaks, however Shaw (1991) reported 

acetaldehyde is an important contributor to flavor. Lin et al. (1993) reported similar 

problems in resolving these peaks with an Rtx5 capillary column, but following analysis 

with a 5% Carbowax 20M packed column this peak proved to be a mixture of 

acetaldehyde and methanol. Because standard analysis proved inconclusive as to which 

compound was present, and both compounds had Kovats index values and aroma 

descriptors matching those of the Osme generated aroma descriptors, this peak is believed 

to be a mixture of methanol and acetaldehyde. GC FID analysis showed the concentration 

of acetaldehyde / methanol in the no reflux sample was 54% of that in the reflux (Table 

4.4). 

4.2.1.2. Penten-3-ol 

The nonpolar Kovats index for the penten-3-ol standard matched that of aroma 

active peak 3 (Table 4.3). Descriptors were citrus, floral, and solvent with intensity of 4.3 

for no reflux and burnt rubber, oxidized, pungent with intensity 6.9 for reflux. Panelists 

described the penten-3-ol standard as solvent, orange, dirty, spicy (Table 4.6). An 
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impurity eluting from the column may be responsible for the off aroma of the reflux peak. 

This peak was detected by GC FID analysis by non polar capillary column (Rtx5, Restek, 

Bellefonte, PA). Analysis by Supelcowax 10 capillary column was inconclusive. The no 

reflux was 17% of the reflux GC FID peak area (Table 4.4). 

4.2.1.3. Isoamyl alcohol 

The floral, fruity, citrus aroma of peak 4, with average intensity of 8.0, is isopentyl 

(isoamyl) alcohol (Figure 4.2, Table 4.3 ). This aroma active peak was reported only in the 

reflux sample, although the no reflux chromatogram contained a GC FID peak with 

matching Kovats indice. This suggest the olfactory detection limit for isoamyl 

alcohol is higher than that of GC FID; opposite of what occurred with myrcene. Standard 

descriptors for isoamyl alcohol included lemon peel, musty, dirty socks (Table 4.6). The 

no reflux was 5% of the reflux GC FID peak area. 

4.2.1.4. Ethyl butanoate and hexanal 

A combination of hexanal and ethyl butanoate is beheved responsible for peak 6, a 

cut grass / citrus aroma of intensity 5.4 in reflux, and cut grass, leafy, lime peel aroma of 

intensity 8.7 in no reflux. Peak 7, on the other hand, appears to be ethyl butanoate alone, 

which was described as citrus, floral of intensity 12 (second strongest in the reflux 

sample), and fruity, woody, musty of intensity 8.8 (sixth strongest aroma activity in the no 

reflux sample). The strong intensity and concentration of ethyl butanoate appears to have 
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been perceived in 2 aroma peaks. GC analysis of ethyl butanoate and hexanal standards 

indicated components coeluted from the Rtx5 capillary column, but both components 

were detected by GC/MS with polar column separation (Carbowax, Supelco, Bellefonte, 

PA). While descriptors used for peak 6 describe both components, descriptors for peak 7 

were identical to those used by panelists to describe the ethyl butanoate standard 

chromatograms, with the no reflux peak at almost half the size of the reflux (45%). 

4.2.1.5. Trans-2-hexenal and cis-3-hexenol 

Trans-2-hexenal and cis-3-hexenol were found to coelute with the Rtx5 column 

utilized for Osme analysis and both are believed to contribute to peak 9, described as 

grassy and flowery of intensity 6.9 in reflux and floral, fruity, bananas of intensity 6.3 in no 

reflux (Table 4.3). Trans-2-hexanal was identified by GC/MS. Although cis-3-hexenol 

was detected only by Kovats index match with a standard using a Supelcowax 10 

(Supelco Inc., Bellefonte, PA) capillary column, the grassy and fresh leaves aroma is 

indicative of this compound. Descriptors of no reflux differed slightly with more fruity 

and floral character than grassy. This indicates less cis-3-hexenol present which is 

confirmed by GC analysis. The no reflux GC FED peak area was 37% of the reflux. 

4.2.1.6. Myrcene 

Myrcene was detected only in the reflux sample, but appears responsible for aroma 

activity in both essences. Kovats index values and aroma descriptors match well with the 
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myrcene standard (Table 4.3). Peaks were characterized as having woody, piney aroma 

with intensity 6.8 in reflux, and dirty, dusty, lime peel with intensity 5.7 in the no reflux. 

The myrcene standard was described as piney, dirty (Table 4.6). 

4.2.1.7. Octanal 

Due to the similarity of aroma descriptors, strong intensity of aroma, and nearness 

of the Kovats index values of peaks 14 and 15, both are believed to be octanal (Table 4.3). 

DiflFerent concentrations of the effluent are beheved responsible for the perceived presence 

of two separate peaks. There are separate GC FED peaks (not due to octanal) with 

Kovats indices that match the indicies of reflux and no reflux aroma peaks 15, but due to 

the much smaller sizes of these FID peaks, and the known aroma activity of octanal, it is 

believed the smaller peaks are insignificant and the much larger octanal peaks are 

responsible for the aroma activity of peaks 14 and 15. Octanal was described as having a 

moderate candy, canned fruit, moldy aroma with an intensity of 7.43 changing to strong 

orange blossom, floral, lime peel with an intensity of 12.77 in reflux. This was the 

strongest aroma active peak in reflux. Octanal in no reflux accounts for a fruity, floral 

aroma of intensity 5.9 changing to strong orange grove, forest with intensity of 11.86. 

Octanal was one of the largest GC FED peaks (Table 4.4). The no reflux peak area was 

45% that of the reflux. 
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4.2.1.8. Limonene 

Although limonene was found to be present in both samples by GC FID analysis 

on Rtx5 and Supelcowax 10 (Supelcowax, Bellefonte, PA) capillary columns, its aroma 

activity was unclear. A rough match of Kovats values (unknown reflux and no reflux 

peaks of 1053 and 1054 compared to 1041 for the limonene standard (Table 4.1,4.3) 

indicates it may have contributed to a menthol, peppermint aroma, however several 

unresolved and unidentified peaks elute before and after limonene (Figure 4.2, 4.3). The 

contributions of these unidentified peaks are unknown. Marin et al. (1992) reported 

limonene had very slight aroma activity when analyzed by GCO. Sizer et al. (1988) 

reported limonene is not a major contributor to orange flavor. Aroma intensities of this 

possible limonene peak 16 are light to moderate for both orange essence samples. 

4.2.1.9. Octanol 

When attempting to match the Kovats index of the octanol standard with a reflux 

aroma active peak Kovats indice, it was apparent there were 2 possible matches. Peak 17 

differed by only 2 Kovats units from that of the octanol standard, but this peak was 

described as possessing a cooked vegetable, vegetable oil aroma (Table 4.3). The 

retention time of peak 18 differed from that of the standard by 7 Kovats units, but the 

aroma descriptors matched those generated by the panelists to describe the octanol 

standard, namely moldy citrus, lime peel, canned oranges. The importance of effluent 

concentration is not as apparent with octanol as with the octanal, possibly due to weaker 
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intensities of reflux aroma activity which were 5.2 for peak 17 and 2.4 for peak 18. The 

no reflux sample possessed only 1 peak believed to be due to octanol. It was described as 

floral, lime peel, and vegetable oil of intensity 4.2, the same descriptors of both reflux 

sample peaks (Table 4.3). 

4.2.1.10. Nonanal 

Nonanal's was detected in essences by polar column GC FED analysis 

(Supelcowax, Supelco, Bellefonte, PA), but due to nonpolar column (Rtx5, Restek, 

Bellefonte, PA) coelution with linalool, the identity could not be confirmed. The Kovats 

indice and aroma descriptors of aroma active peak 21 match well with the indice and 

descriptors of the nonanal standard (Table 4.3). Descriptors for this aroma active peak 

were dirty, musty and herbal with intensity of 9.3 for the reflux and dirty, dusty and grassy 

with intensity 7.4 for the no reflux. Because nonanal coeluted with linalool on the Rtx5 

column, aroma active peaks 20,21, and 22 are associated with a single GC FID peak 

(Table 4.3). 

4.2.1.11. Linalool 

Linalool was found to contribute 2 no reflux aroma active peaks , and 1 reflux 

peak.   The component appears responsible for peak 21, described as rose, honeysuckle, 

and perfume of intensity 11.7 in no reflux only. In addition to peak 21, linalool appears 

responsible for peak 22, described as citrus and grassy with intensity 12 in no reflux, and 
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rose oil, honey suckle, soapy with intensity 11.4 in reflux. Linalool was the strongest 

aroma active component in the no reflux sample and third strongest in the reflux (Figure 

4.3). Linalool was detected by GC/MS and by standard Kovats match. The identification 

of the linalool aroma active peaks posed a problem in that Kovats indicies did not match 

well between the linalool standard and the second essence aroma peak, peak 22. Although 

there are 12 Kovats units which separate the linalool standard peak from this second 

essence aroma active peak, the strong characteristic aroma of linalool is reflected by 

descriptors for reflux and no reflux peak 22. Linalool was second only to ethanol in GC 

FDD peak size. It was much larger than other peaks. The no reflux peak was 53% the size 

of the reflux peak. 

4.2.1.12. 4-terpineol 

Four-terpineol, identified by GC/MS and standard Kovats match in both sample 

essences, was found to contribute an aroma active peak in the reflux sample only. This 

peak was described as lime peel, cosmetic powder, ocean surf with intensity 5.28. This 

component was detected in the no reflux sample, but there was no aroma active peak 

associated with it. As with isoamyl alcohol, the concentration of component appears to be 

below the threshold of perception. The no reflux GC FID peak area was 40% that of the 

reflux peak area. 
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4.2.1.13. AIpha-terpineol and decanal 

Both alpha terpineol and decanal were detected by GC/MS and by standard match 

on a Supelcowax 10 capillary column in both essences, but with the Rtx5 capillary 

column used in Osme analysis these components coeluted with Kovats indices of 1210 

and 1211 (Table 4.3). Aroma active peak 28 was described as orange rind, surf, with 

intensity 8.6 in the reflux sample. In the no reflux, peak 28 was lime peel, beach, surf, 

cooked apple with intensity 7.1. Peak 29 was found in the reflux sample only and was 

described as possessing a floral, medicinal, beach aroma with intensity 7.5. 

4.2.1.14. Carvone 

Carvone was detected by standard match on polar and nonpolar columns, but there 

was no match between the Kovats indice of the carvone standard and an essence aroma 

active peak. Spearmint, peppermint, and floral were descriptors of aroma active peak 35, 

and these same descriptors are characteristic of the carvone standard (Table 4.3,4.5). 

However, the standard had a 1267 Kovats index (Table 4.1) while the aroma active peaks 

(reflux and no reflux) had 1280 and 1285 Kovats values respectively (Table 4.3). The 

difference in Kovats values indicates carvone is probably not the component responsible 

for this aroma active peak, but possibly a similar chemical structure is. 
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4.2.1.15. Citral 

Both of the citral isomers, neral and geranial, were detected in orange essence 

samples by standard match using polar and nonpolar columns. The neral standard had a 

Kovats index of 1255 and a lemon - lime aroma (Table 4.3,4.6). The closest sample 

aroma active peak to neral was peak 34 which had a reflux 1263 and a rotten orange, 

metallic, piney aroma (Table 4.3). GC FID showed a no reflux peak at 1262 Kovats, but 

it had no aroma activity. There was a no reflux aroma peak at 1253 Kovats (peak33) with 

a woody, vegetable aroma (Table 4.3). Neither of these aroma active peaks matched well 

with the citral standard in descriptors of aromas, or Kovats indices. It was concluded 

neither of the aroma active peaks are due to neral. An aroma active peak corresponding 

to that of geranial was not found either. GC FID analysis indicated neral and geranial 

were present in large amounts. 

4.2.2. Aroma active peaks present below the detection limit of GC FID 

Although aroma active peaks 7, 18 (no reflux), 20 (reflux), and 21 (no reflux) are 

believed to be caused by carry over from a preceding peak, peaks 2, 8 (reflux), 10 (reflux), 

13 (no reflux), 34 (reflux), and 37 (reflux) cannot be explained this way. The presence of 

aroma active peaks without any apparent corresponding FID peaks suggests an aroma 

active component present below the detection limit of the GC, but not below the detection 

limit of the human nose. Of the aroma active peaks without corresponding GC FID peaks, 

only myrcene was a detected component; all other were unknowns. Other studies have 
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reported similar findings. Miranda et al. (1992) reported regions of aroma activity where 

as much as 50% of aroma active peaks do not coincide with GC FID peaks. 

Boelens et al. (1995) reported volatile components present only on chromatograms may 

be misleading in presenting all important odorants. 

4.3. Descriptive panel evaluation 

The descriptive panel used Free Choice Profiling (FCP) of samples and generated 

9 to 13 descriptors per panelist (Table 4.6). Panelists used nine descriptors in common: 

overall intensity, green, floral, musty, piney, fruity, alcohol, sweet and fresh orange. 

Initial descriptive panel testing with equal volumes of essences clearly indicated the major 

attribute separating essences was overall intensity. Table 4.8 indicates 5 of 7 panehsts 

thought the reflux sample was higher in overall intensity with loadings of: -0.67, -0.39, 

-0.60, -0.48, -0.34. Fresh orange, in comparison, was Usted as a separating attribute by 4 

panelists, but the values were: -0.37, 0.33,0.37, -0.59. The difference was with fresh 

orange, the positive and negative signs are mixed. While panehsts 2 and 5 thought the 

reflux sample contained more fresh orange, panehsts 3 and 4 thought the no reflux did. 

Overall intensity is the only attribute panehsts used consistently. 

Adjustment of reflux and no reflux essence concentrations was conducted to yield 

samples of approximate equal overall intensity so to permit determinations of possible 

essence character differences without the distracting difference in overall intensity. As 

discussed in section 3.7., the concentrations of chemicals in essences determined to 

contain strong aroma activity were compared and dilutions were made to produce essence 
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samples of approximate equal strength. The lowest strength reflux contained 2 mL in 

SOOmL distilled water. This was approximately equal to 5 mL no reflux in 500mL. 

Middle concentrations were 3mL and 7.5 mL. High concentrations were 4.5 mL and 

11.25 mL. 

Loadings generated by examination of equal strength essences are listed in Table 

4.9. Examination of the first principal axis indicated there was no pattern of separating 

attributes. GPA followed by ANOVA on the consensus scores indicated significant 

dififerences did not exist between samples on the first principal axis. Significant dififerences 

were found between samples on the second and third principal axes (p < 0.03, p < 0.01 

respectively). 

A plot of principal axis 1 vs. 3 indicated some panelist success in discerning 

differences between diflferent concentrations of essences, but not between approximate 

equal strength essences (Figure 4.9). Triangles formed by drawing lines between identical 

shapes were indicative of replication success. For example Rl, the low concentration 

(low strength) of reflux, was replicated 3 times. Because the triangle formed by 

connecting squares was relatively small, replication was fairly consistent. The triangle 

formed for NRl (low strength no reflux) was larger. Replication was not as good. 

Because the positions of triangles for Rl and NRl are fairly close, these samples were 

thought of as being similar. Because Rl and NRl were the lowest strengths of reflux and 

no reflux, and had approximately the same strengths, it was discerned character 

dififerences were minimal. Dififerences between these samples (Rl and NRl) and R3 and 

NR3 (strongest reflux and no reflux) were indicated by the separation in their positions on 
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the graph (Figure 4.9). The second principal axis (Table 4.10) indicated low strengths 

were not different from one another, but the middle and high strength reflux samples were 

different from the low strength reflux and no reflux samples. When examining loadings 

for the second principal axis it may be seen overall intensity and sweet were used by 3 of 7 

panelists to separate the samples with the no reflux essence ranking generally higher. This 

may indicate a slightly lower amount of the no reflux essence could have been utilized to 

produce samples of equal overall concentration. 

The third principal axis indicates significant differences exist between the reflux 

sample with the highest concentration and all other samples except the highest 

concentration of no reflux (Table 4.11). ANOVA on consensus scores on this axis also 

indicated there are significant differences between the highest concentration of no reflux 

and the lowest concentration of no reflux, the lowest concentration of reflux, and the mid 

concentration of reflux. Overall Figure 4.9 and Table 4.10 indicated when essence 

intensities were approximately equal, no significant differences were found. 
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Principal 
axis 3 
(18%) 
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NR3 - no reflux (high) 

d 

Principal axis 1 (25%) 

Figure 4.9 Sample consensus plot for equal strength essences 
(first vs. third principal axes) 
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Table 4.8. Loadings of descriptors for the first three principal axes following free choice 
profiling of equal volumes of orange essences 

Panelist    Principal Axis 1 
# 
1 fruity (-.67), sweet 

(-.32), wine (-.46) 

2 O.I. (-.39), musty (.46), 
fruity (-.61), 
f. orange (-.37) 

3 O.I. (-.60), green (-.34), 
musty (-36), piney 
(-.48), f. orange (.33) 

4 green (.32), floral (-.47), 
piney (.38), f. orange 
(.37), ovr ripe orange 
(-46) 

5 O.I. (-.59), alcohol 
(-.46), f. orange (-.59) 

6 O.I. (-.48), green (-.47), 
painty (-.35), 
g. apple (-.44) 

7 O.I. (-.34), musty (-.60), 
o. peel (-.31), 
basil (-.47) 

Principal Axis 2 

green (.64), floral (.36), 
musty (-.44), alcohol 
(.36) 
O.I. (.39), green (.48), 
floral (-.55), musty (.39) 

O.I. (.30), floral 
(-.61), musty (-.47), 
piney (.31), vanilla (-.30) 
green (-.58), floral 
(-.62), ovr ripe orange 
(.45) 

green (.53), musty (.61), 
piney (-.32), 
sweet (-.40) 
fruity (.49), sweet (-.35), 
painty (.60), g. apple (- 
.39) 
floral (-.38), musty (.39), 
piney (-.41), f. orange 
(.43), o. peel (-.41), basil 
(-.31) 

Principal Axis 3 

O.I. (.36), floral (-.34), f. 
orange (.57), o. peel (.51) 

green (-.42), floral 
(.-.54), musty (-.47), 
f. orange (-.42). 
piney (.37), sweet (.79), 
f. orange (.37) 

green (.34), floral (.31), 
musty (-.59), piney (.31), 
ovr ripe orange (.49) 

green (-.75), musty (.44), 
f. orange (.42) 

musty (.39), sweet (.64), 
g. apple (-.33) 

green (-.45), sweet (-.54), 
f. orange (-.60) 
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Table 4.9. Loadings of descriptors for the first three principal axes following free choice 
profiling of equal strength orange essences 

Panelist Principal Axis 1 Principal Axis 2 Principal Axis 3 
ft 

1 musty (.74), fruity (.64), sweet (.61) green (-.52), piney (.56), 
f. orange (-.42) alcohol (.30), f. orange 

(-.38), o. peel (-.31) 
2 fruity (-.44), f orange O.I. (.38), green (.50), green (.71), sweet (-.42), 

(-.40), butter (-.55) musty (-.36) sweet 
(-.36), citrus (.42) 

citrus (-46) 

3 O.I.(-.53),piney(-.37), O.I. (.35), floral (.32), green (-.33), fresh orange 
fruity (-.54) musty (.47), fruity 

(-■58), 
(-.76), vanilla (.46) 

4 floral (-.64), musty (.47), piney (.55), sweet (.38), O.I. (.41), musty (.68), 
ovr ripe orange (-.42) f. orange .45), fruity (.41), 

ovr ripe orange (-.32) ovr ripe orange (.32) 
5 green (.39), floral (-.79), musty (.56), piney (.45) O.I. (.71), f. orange (.61) 

f. orange (.31) alcohol (.58), sweet 
(.31) 

8 musty (-.34), piney piney (.45), sweet (.46), O.I. (.47), sweet (.46), 
(-.77), gm apple (.44) f. orange (.72) f. orange (.34) 

9 musty (-.61), fruity O.I. (.48), o. peel (.73) floral (.43), fruity (.68), 
(.30), f. orange (.56) o. peel (-.50) 

Table 4.10. Principal axes 1, 2, 3: mean scores for essences at different concentrations 

Aqueous Orange Essence   Mean Score* Mean Score**        Mean Score** 
Concentration (principal axis 1)    (principal axis 2)   (principal axis 3) 

Reflux 0.40% -0.097 
Reflux 0.60% -0.023 
Reflux 0.90% -0.227 
No reflux 1.00% 0.247 
No reflux 1.5% 0.157 
No reflux 2.25% -0.060 

-0.227 
0.037 
0.003 
-0.210 
0.160' 
0.233' 

B 

AB 

AB 

B 

-0.087 c 

-0.100c 

0.257 A 

-0.227 c 

-0.043 
0.193 

BC 

AB 

*No significant differences found at p < 0.05 
**Subscripts with different letters indicate samples differed significantly at p < 0.05 
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APPENDIX A 

Essence Kovats indicies and GC FID peak areas (Rtx5) 

Kovats indicies and GC FID peak areas for the reflux and no reflux essences 

analyzed on an Rtx5 column are listed in Table A. 1. Time of analysis was from 0 to 30 

minutes. Indicies below 600 have retention times listed. 
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Table A Kovats indicies and GC FED peak areas obtained from Rtx5 column analysis of 
reflux and no reflux aqueous orange essences 

Reflux No reflux 

Kovats GCFID Kovats GCFID 

Index peak area Index peak area 

RT = 2.52 97744 RT = 2.48 53572 

RT = 2.93 18804176 RT = 2.88 5016365 

618 249463 686 6232 

665 9309 731 9784 

677 40982 772 4421 

688 36389 803 235672 

693 59356 853 1455 

725 4607 859 49134 

732 186940 872 17900 

760 3965 905 3618 

774 16318 927 1202 

804 523121 963 2546 

849 1292 972 8388 

853 5825 987 2742 

859 131550 995 2964 

872 40057 999 12038 

893 11990 1006 191534 

905 10430 1016 2967 

927 6317 1025 636 
963 6341 1039 23555 

972 18801 1047 16681 

979 9990 1053 2977 

987 7720 1065 890 
996 6990 1073 200293 

999 23744 1084 3896 

1007 420650 1092 30168 

1016 12568 1100 571 
1039 59156 1106 918762 

1048 35453 1123 934 
1054 5355 1128 1421 

1065 1303 1133 8125 

1073 406464 1136 19678 



Table A (Continued) 
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Reflux No reflux 

Kovats GC*1D Kovats GCF1D 
Index peak area Index peak area 

1084 35800 1140 32128 

1092 276711 1148 7866 

1100 1618 1151 13367 

1107 1720245 1161 645 
1124 16421 1167 5304 

1133 17831 1174 28743 

1137 30648 1189 3336 

1140 45192 1191 4635 

1148 12527 1198 90223 

1151 20945 1206 930 
1157 1650 1210 183674 

1161 1356 1220 38955 

1165 7222 1228 14546 

1168 7606 1233 38545 

1174 36284 1238 73117 

1182 1905 1243 108985 

1186 6259 1250 3700 

1189 2907 1255 126484 

1191 5625 1262 6986 

1198 222867 1267 111793 

1206 1556 1275 25173 

1210 288351 1282 233199 

1220 103152 1302 68506 

1228 21177 1310 69046 

1234 58806 1316 17688 

1238 186354 1327 9339 

1244 507985 1334 2419 

1250 9655 Total area = 8170453 

RT - 27.74 158266 

1255 11732 

1262 128319 
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Table A (Continued) 

Reflux 

Kovats GCFID 

Index peak area 

1268 19176 

1276 598227 

1283 26053 

1299 77251 

1302 88143 

1310 28986 

1316 7902 

1328 2597 Total area = 26049673 
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APPENDIX B 

Essence Kovats indicies and GC FID peak areas (Carbowax) 

Kovats indicies and GC FID peak areas for the reflux and no reflux essences 

analyzed on a Carbowax column are listed in Table B. 1. Time of analysis was from 0 to 

30 minutes. Indicies below 600 have retention times listed. 
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Table B Kovats indicies and GC FED peak areas obtained from Carbowax column analysis 
of reflux and no reflux aqueous orange essences 

Reflux No reflux 
Kovats GCF1D Kovats GCFID 
Index peak area Index peak area 

516 1460 RT - 2.08 211 
550 87114 510 525 
716 8055 796 654 
814 88223 817 26279 
822 201059 882 391666 
892 10546968 892 567089 
1036 12719 1051 191632 
1051 441917 1095 69499 
1095 236677 1113 3156 
1117 2166 1124 4530 
1123 8715 1148 1543 
1127 1516 1169 3753 
1143 2521 1176 14620 
1147 7162 1200 11303 
1169 27424 1211 12879 
1178 42985 1221 29799 
1198 21061 1230 12163 
1204 13439 1238 23850 
1209 12688 1241 35440 
1214 12126 1247 37783 
1222 82046 1259 5870 
1232 28542 1265 22745 
1240 283539 1272 19881 
1243 165782 1287 1867 
1251 95408 1291 20413 
1262 21082 1306 285511 
1267 94216 1337 2119 
1273 47224 1347 6398 
1290 81474 1257 1981 
1292 87838 1363 1119 
1305 824057 1366 9033 
1331 8984 1371 3368 
1336 15054 1377 4263 
1346 26071 1389 11619 



Table B (Continued) 

94 

Reflux No reflux 

Kovats GCF1D Kovats GCblD 
Index peak area Index peak area 

1357 3154 1394 4370 

1362 3161 1398 42369 

1366 34129 1411 66080 

1372 14207 1434 83386 

1378 4355 1443 15787 

1389 34833 1449 9902 

1399 150982 1453 2137 

1411 109411 1459 3677 

1436 689098 1464 8337 

1443 72765 1468 45670 

1449 13895 1478 2478 

1453 3352 1491 149405 

1460 45839 1509 2362 

1464 21650 1518 136411 

1469 209222 1532 10236 

1479 3694 1541 1745 

1493 689556 1547 2268 

1504 1507 1551 1679 

1512 2708 1561 845346 

1518 182700 1571 206281 

1532 33999 1585 8868 

1542 2644 1592 3517 

1547 2707 1596 8045 

1552 3525 1609 2436 

1562 1908391 1618 428 
1572 508849 1627 76640 

1585 17473 1636 3652 

1592 6688 1643 8468 

1597 31685 1652 36942 

1609 2757 1665 10848 

1613 4883 1672 47722 

1619 3470 1678 10474 

1628 193889 1694 32385 

1635 7831 1704 25072 



Table B (Continued) 
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Reflux No reflux 

Kovats GCFID Kovats GCFID 
Index peak area Index peak area 

1644 10049 1712 94330 

1652 64468 1721 128189 

1665 14007 1730 22156 

1673 59988 1745 13620 

1679 12707 1750 101954 

1688 9847 1762 178793 

1695 45124 1774 182305 

1704 49714 1779 70399 

1712 147619 1795 6599 

1722 260752 1798 4544 

1731 47798 RT=29.02 19091 

1752 490210 RT=29.33 24786 

1762 277552 RT=29.53 66622 

1774 231807 RT=29.69 5347 

1779 122601 RT=29.85 9292 

Total area 

1799 40809 4678011 

RT=29.03 34614 

RT=29.17 6629 

RT=29.34 40749 

RT=29.54 98979 

RT=29.68 13865 

RT=29.85 8788 

Total area = 
20744997 
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APPENDIX C 

Consensus descriptors from Osme analysis of the reflux sample 

A Usting of descriptors used by all panelists from Osme analysis of the reflux sample is 

provided in Table C. The table indicates the number of panelists who perceived each aroma 

active peak in addition to the descriptor. 



Table C Consensus descriptors from Osme analysis of the reflux sample 

Kovats RT Panelist 1 Panelist 2 Panelist 3 Panelist 4 

0 2.56 alcohol, solvent citrus, solvent alcohol 
687 8.64 oxidized, rancid, stale dirty floral, fruity burnt rubber, banana pungent, burnt rubber 
734 10.42 floral, roses, lemon candy citrus, bubblegum fruity, citrus floral, fruity, grape 
761 11.55 floral, apple fruity 
804 13.11 cut grass, orange leaf citrus, cut grass green, cut grass, flowers 
808 13.25 fresh orange juice, floral citrus, fruity, floral lemon, lime peel 
834 14.24 fruity, oxidized alcohol, solvent 
857 15.14 fresh leaves, fruit fruity, grassy fruity, floral, flowery citrus, apple 
913 17.21 rancid oil, overcooked moldy, musty, lime peel 
978 19.4 citrus, lemon oil floral, grassy lime peel moldy citrus 
987 19.53 mushroom mushroom mushroom 
994 19.97 metallic, rancid, oxidized woody, dirty, dusty woody, piney 
1005 20.36 canned fruit, jam candy, artificial, floral fruity, floral anise, pungent, citrus 
1013 20.58 orange blossom floral, grassy, citrus lime peel, lemon moldy, rotten orange peel 
1053 21.84 peppermint medicinal, phenolic minty mint, menthol, sassafras 
1071 22.35 cooked vegetables vegetable oil 
1080 22.7 canned oranges lime peel pungent, moldy citrus 
1087 22.96 cooked mushroom floral, perfume, grassy lime peel, piney beach, surf 
1110 23.64 dirty, musty, herbal strong floral dirty, dusty 
1117 23.82 rose oil citrus, apple, soapy flowery, lime peel honeysuckle, towlettes 
1149 24.74 moldy orange moldy, rotten orange 
1161 25.07 leafy, chemical, floral lime peel, pina colada dirty, piney 
1172 25.38 cut flowers, rose floral, cucumber cucumber, stale church 
1178 25.54 woody, piney stale church, socks 
1198 25.96 cosmetic powder, perfume lime peel, fruity dirty socks, beach 
1209 26.41 orange rind beach, surf 
1219 26.69 floral, orange blossom medicinal, pine, floral lime peel beach, surf 
1226 26.41 dusty, woody lime peel anise 



Table C (Continued) 

Kovats RT Panelist 1 Panelist 2 Panelist 3 Panelist 4 

1236 27.16 oxidized, baked bread vegetable oil 
1243 27.37 burnt rubber burnt rubber 
1263 27.88 plastic, metallic piney, rotten orange 
1280 28.32 peppermint, spearmint floral, lemon minty, spearmint 
1321 29.46 lemon mint, cinnamon, clove minty, flowery 

00 
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APPENDIX D 

Consensus descriptors from Osme analysis of the no reflux sample 

A listing of descriptors used by all panelists from Osme analysis of the no reflux sample is 

provided in Table D. The table indicates the number of panelists who perceived each aroma 

active peak in addition to the descriptor. 



Table D Consensus descriptors from Osme analysis of the no reflux sample 

Kovats RT Panelist 1 Panelist 2 Panelist 3 Panelist 4 

0 2.54 alcohol alcohol 
647 7.63 perfume, cooked corn orange, citrus 
680 8.62 solvent, woody flowery, fruity, pina colada solvet, citrus 
809 13.25 fresh cut grass leafy, grassy lime peel, green apple green, cut grass, orange 
815 13.53 fruity, woody citrus, musty, fruity 
859 15.21 tea citrus, floral, bubblegum bananas, fruity floral, fruity 
978 19.44 citrus, orange peel grassy, leafy lime peel musty orange 
989 19.79 mushroom mushroom, metallic 
996 20.05 vegetable peel, floral dirty, dusty, musty mushroom, lime peel, wood dirt, metallic 
1006 20.39 fresh fruit fruity, floral, bubblegum fruity, floral fruity, moldy orange, solvent 
1014 20.63 orange grove, orange peel floral, leafy, forrest cleaning soln, lemon, lime peel moldy orange 
1054 21.88 peppermint, soapy minty, woody, cedar menthol 
1079 22.62 mushroom, metallic solvent, floral, rotten apple lime peel vegetable oil 
1086 22.88 mushroom musty, earthy orange 
1109 23.56 dirty, grassy, cooked vegetable dirty, dusty 
1113 23.71 rose, perfume honeysuckle 
1117 23.79 citrus, grassy flowery, lime peel 
1163 25.16 ammonia, cleaning solution, plastic dirty, flowery, pungent 
1173 25.41 pine, woody, musty cucumber, lime peel watermelon 
1179 25.6 cucumber, floral mushroom stale, church pew, dirty socks 
1214 26.57 cooked apple, floral lime peel beach, surf, rotting organic 
1223 26.83 solvent, grassy, earthy lime peel surf, beach 
1236 27.27 rancid oil, painty minty vegetable oil 
1253 27.58 leafy, woody, floral vegetable oil 
1285 28.45 peppermint, spearmint minty, fruity spearmint, wintergreen 
1307 29.05 lemon window cleaner, solvent pine 
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