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Heat treated orange juice, both pasteurized and concentrate, are being increasingly 

consumed in the U.S. Orange juice is primarily heat treated to increase its shelf life, by 

curbing the growth of microorganisms; and to inactivate pectin methylesterase, which 

demethylates pectin and leads to cloud loss in the juice. However, because of heat 

processing, orange juice undergoes undesirable flavor changes that decrease its 

acceptability to consumers. 

The objectives of this study were to differentiate between fresh frozen and heat 

treated orange juice employing descriptive analysis, and to determine by Osme, a gas 

chromatography-olfactometry (GCO) method, odor active volatiles that were either 

lacking or created in the heat treated juice. The second objective was to determine how 

changes in the odor-active volatile profile of heat treated orange juice, relates to changes 

in the aroma and flavor intensities of the samples as assessed by descriptive analysis. 

Through descriptive analysis, the panel was successful in significantly (p<0.05) 

separating the fresh, pasteurized, and concentrate samples. Orange, orange peel, sweet, 

and grassy descriptors were found to be important for fresh aroma and flavor, while 



cooked, yam, metallic, tamarind, green bean and artificial orange descriptors were higher 

in heat treated samples. 

Using Osme, it was possible to separate fresh frozen from heat treated orange 

juice, on the basis of their aroma profiles. Fresh frozen samples show a higher 

concentration of peaks tentatively identified as gamma-butyrolactone, citral, nonanal, 

carvone, perillaldehyde, carvyl propinate, valencene, and other unidentified peaks 

possessing descriptors such as floral, lime, citrus, pine, bamboo leaf, metallic, and vinyl. 

Pasteurized samples show a larger concentration of peaks tentatively identified as 

hexanol, octanol, nerol / carveol, myrcene, 2-octanone, p-cymene, terpenen-4-ol, beta- 

citronellol, and other unidentified peaks with descriptors such as cilantro, vinyl, melon, 

mushroom, and metallic. 

Descriptors such as orange, orange peel, sweet, grapefruit, and grassy are more 

pronounced in the fresh samples and are similar to the odor descriptors of Osme peaks 

higher in the fresh samples. Descriptors such as cooked, artificial orange, yam, metallic, 

tamarind, and green bean are higher in the pasteurized samples, and are similar to the 

odor descriptors of peaks higher in these samples. 
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GAS CHROMATOGRAPHY/OLFACTOMETRY AND DESCRIPTIVE 
ANALYSIS OF VALENCIA ORANGE JUICE 

1. INTRODUCTION 

Orange juice is one of the most consumed drinks in the United States. It is 

usually consumed fresh-squeezed, or purchased as pasteurized 'ready-to-serve' orange 

juice. Most citrus fruits are produced in the citrus belt, which includes regions of the 

world between 20° and 40° north and south of the equator (Viegas, 1991). Oranges in 

the U.S. are grown mainly in California and Florida. Oranges are also important crops in 

Brazil, U.S.A., Latin America, and some other European and Asian Countries (Fortucci, 

1991). 

The sensory flavor quality of citrus fruit changes as the fruit matures, and different 

cultivar types lead to oranges with typical aromatic and fruity flavors (Nagy and Shaw, 

1990).). Typical orange flavor is a result of non-volatile and volatile components present 

in the juice. The main non-volatiles that contribute to flavor are sugars and acids. Sugars 

found in orange juice in significant quantities are sucrose, glucose, and fructose, and they 

occur in the approximate ratio of 2:1:1 (Curl and Veldhuis, 1948). Acid content of 

orange juice can vary from 0.7 to 2.6%, and is primarily caused by citric acid, and to a 

small extent by malic acid, present at a level of 0.2% (Nagy and Shaw, 1990). Volatiles 

present in orange juice are vital for its characteristic fruity aroma. For the intact fruit, the 

characteristic, pleasant citrus aroma is brought about by volatiles in peel oil such as 

valencene, caryophyllene, famesene, humulene, and cadinene, (Nagy and Shaw, 1990). 

In orange juice, characteristic fruity aroma is mainly due to esters and aldehydes present 



in the juice. Of the aldehydes, octanal, nonanal, and decanal were found to possess an 

orange-like flavor (Ahmed et al., 1978). Three esters important in orange juice are ethyl 

acetate, methyl butyrate and ethyl butyrate (Arctander, 1969) and they all possess an 

orange, fruity flavor. Ethyl butyrate is one of the major volatile esters in orange juice 

(Ahmed et al., 1978). Moshonas and Shaw (1986) found ethyl butyrate, ethyl-2- 

methylbutyrate, and ethyl-3-hydroxyhexanoate to be present in fresh juice. Hydrocarbons 

such as limonene, alpha-pinene, valencene, and alcohols such as linalool are also 

important for flavor. 

Orange juice is mainly heat processed for two reasons: to increase shelf life by 

curbing the growth of microorganisms, and inactivate pectin methylesterase, which 

demethylates pectin and consequently leads to cloud loss. However, as a result of heat 

processing, the juice undergoes undesirable flavor changes. These include the heat 

induced degradation of sugars and ascorbic acid, which leads to the formation of off- 

flavored products such as cyclopentanones, fiirans, furanones, ketones, pyranones, and 

pyrroles (Rouseff et al, 1992). Juice made from concentrate showed lower amounts of 

the water soluble volatiles, such as esters, alcohols, and aldehydes, when compared to 

pasteurized and fresh juices (Moshonas and Shaw, 1997), and it is believed that fresh 

flavor notes are contributed by these water soluble volatiles (Moshonas et al, 1994). It is 

possible that volatiles in the aqueous phase, mainly polar alcohols and esters, are 

volatilized during heating (Johnson et al., 1996). 

Gas chromatography-olfactometry, which is a method that employs human 

panelists to sniff the volatiles eluting from the GC, is a useful method. It enables one to 

determine the odor quality and intensity of the GC peaks as they elute, and so determine, 



on the basis of their odor quality, the volatiles that are important and detrimental to the 

overall flavor of the juice. Osme, a GCO technique developed at Oregon State University 

combines the time and intensity of perception as a response to the eluting odorants 

(McDaniel et al., 1990; Da Silva et al., 1994). In Osme, trained subjects sniff the GC 

effluent mixed with humidified air, and directly record the odor intensity and duration 

time of each odor active compound while describing its odor active quality. The plot of 

the retention time v/s odor intensity is called an Osmegram and it provides a graphical 

representation of the compound's odor significance in the flavor extract. 

The objectives of this study were to use descriptive analysis to determine the 

flavor and aroma differences between the fresh frozen and heat treated orange juice, and 

to employ Osme, a gas chromatography-olfactometry (GCO) method, to determine the 

odor active volatiles that were either lacking or created in the heat treated orange juice. 

The second objective was to determine how changes in the odor-active volatile profile of 

heat treated orange juice, as determined by GCO, was related to differences in the aroma 

and flavor intensities of the samples as assessed by descriptive sensory analysis. 



H. LITERATURE REVIEW 

Citrus Fruits 

A Brief History of Citrus Fruits 

The regions where citrus fruits were first reported were in southeast Asia, 

primarily India, China, and the Malay Archipelago (Nagy and Shaw, 1990). It was later 

that citrus fruits found their way to Europe and Africa by way of caravan traders, 

conquering armies, and early sea explorers. Citron, a citrus species, appears to be the 

first citrus fruit introduced into Europe around 300 B.C. Citrus fruits spread to North, 

Central, and South America from Europe around the late 15th to mid 16th centuries by 

way of Spanish and Portuguese seafarers (Nagy and Shaw, 1990). 

Regions of Production 

Most citrus fruits are produced in the citrus belt, which includes the sub-tropical 

regions of the world, that is between 20° and 40° north and south of the equator (Viegas, 

1991). These fruits generally develop more rapidly and are larger in size when grown in 

warmer climates, and are also generally sweeter, because warmer climates when 

contrasted to cool, Mediterranean-type climates, cause a more rapid drop in fruit acidity 

(Reuther et al., 1969). Oranges are an important crop in Brazil, U.S.A., Latin America, 

and some other European and Asian Countries (Fortucci, 1991). 



Soil Conditions 

Citrus trees grow well on a wide variety of soils, but grow best in sandy loamy 

soils of slight acidity (pH 6-7), that are well-drained, and which permit deep root 

penetration (Nagy and Shaw, 1990). Some factors that affect the flavor of citrus fruit 

are: rootstock, maturity, number of fruit per tree, soil moisture and type, fertilization, 

cultivation, climate, and spray materials (Harding, 1964). The major soil nutrients for 

citrus trees are nitrogen, phosphorus, and potassium. The sensory flavor quality of citrus 

fruit varies considerably throughout the fruit's growth and development periods as a result 

of biochemical changes. As the orange fruit matures, the internal flesh becomes juicy and 

smooth, acidity decreases to partially tart to sweet, however, different cultivar types lead 

to oranges with typical fruity flavors. The maturity standards for oranges, tangerines, and 

grapefruit in Florida involve total soluble solids (0Brix), the ratio of 0Brix to acidity, juice 

yield, and peel color (Nagy and Shaw, 1990). 

Composition and Characteristics of Oranges and Other Citrus Fruits 

The flavor quality of citrus fruits is generally gauged from the fruits' composition 

of total soluble solids and total acids (Harding, 1964). The soluble constituents are 

mainly composed of sugars and acids (about 85%), and are of major importance to the 

taste of the fruit (Nagy and Shaw, 1990). Of the soluble solids, 15% are composed of 

inorganic compounds, amino acids, water soluble vitamins (including ascorbic acid), 

essence oils, water soluble pectins, glycosides, esters and other important flavor 

compounds (Sinclair and Bartholomew, 1947). The only sugars found in citrus juices in 

significant quantities are sucrose, glucose, and fructose, and in orange juice, they occur in 



the approximate ratio of 2:1:1 (Curl and Veldhuis, 1948). As the fruit matures, the total 

sugars represent 63 to 80% of the total soluble solids (Sinclair, 1961), which are 7-14% 

(Nagy and Shaw, 1990). The acid content of orange juice can vary from 0.7 to 2.6%, 

and is primarily caused by citric acid (Nagy and Shaw, 1990). 

Citrus juice is obtained from the juice cell food storage vacuoles, where it exists in 

a clear cloudless form. When the juice cell is ruptured during extraction, higher 

molecular weight compounds such as proteins, hesperidin, cellulose, hemicellulose, and 

pectin form a colloidal suspension (Bennet, 1987). These give the juice its desirable 

opaque nature. 

The characteristic, pleasant citrus aroma of intact fruit is brought about by 

volatiles in peel oil, which are located in small, ductless glands present in the flavedo, or 

the outer portion of the peel (Kealey and Kinsella, 1978). The natural oils found in the 

outer peel such as, valencene, caryophyllene, famesene, humulene, and cadinene, (Shaw 

and Nagy, 1990) act as a barrier to most insects (Kimball, 1991). Juice oil is found in 

juice cells in orange juice; significant differences were found when Wolford et al. (1971) 

compared Valencia orange juice oil with cold-pressed Valencia orange oil and found that 

the ester content of juice oil was 7-18 times greater than that of peel oil, while the 

aldehyde content was relatively low in juice oil. 

In orange oils. 111 volatile constituents have been found (Shaw 1977), including 5 

acids, 26 alcohols, 25 aldehydes, 16 esters, 6 ketones, and 31 hydrocarbons. 

Approximately 1.5% of orange oil is made up of nonvolatile constituents, and these 

include waxes, coumarins, flavonoids, carotenoids, tocopherols, fatty acids, and sterols 



(Kimball, 1991). Up to 200 volatiles have been identified in fresh oranges (Nijssen et al, 

1996). 

Color Pigments in Orange Juice 

The main carotenoids responsible for the orange color of orange and tangerine 

juice are alpha-carotene, beta-carotene, zeta-antheraxanthin (yellowish), violaxanthin 

(yellowish), beta-citraurin (reddish orange), and beta-cryptoxanthin (orange) (Stewart, 

1980). In dry cool Mediterranean climates, as in California, fruit pigmentation is 

pronounced, while in hot, humid areas, as in Florida, the coloration appears more dilute 

(Kimball, 1991). 

Micro-organisms Found in Orange Juice 

The micro-organisms found in citrus fruits fall in the non-pathogenic category, 

and are mainly associated with food spoilage as far as flavor quality is concerned 

(Kimball, 1991). The bacteria most commonly found in citrus fruits belong to the 

Lactobacillus and Leuconostoc families, and the main species are: Lactobacillus 

plantarum, Lactobacillus brevis (Kimball, 1991), Leuconostoc mesenteroids, and 

Leuconostoc dextranicum (Hays and Riester, 1952). Some of the products from 

Lactobacillus and Leuconostoc growth include: diacetyl (buttermilk ofF-flavor), acetate, 

formate, succinate, carbon dioxide, ethanol and lactic acid (Kimball, 1991). 

Sensory Character of Odor Volatiles in Orange Juice 

Orange juice aroma is a result of the combined effect of acids, alcohols, 

aldehydes, esters, hydrocarbons, ketones, and other components (Alberola and Izquierdo, 



1978). Of these, esters and aldehydes are the most important for fresh orange juice flavor 

(Bruemmer, 1975). 

Of the aldehydes, octanal, nonanal, and decanal were found to possess an orange- 

like flavor (Ahmed et al., 1978). Perillaldehyde was found to have a floral, rose-like 

aroma, while citral is known to have a typical lemon-like aroma (Ahmed et al., 1978). 

Hexanal and trans-2-hexenal contribute an immature or 'greenish' note (Flath et al., 

1967). Acetaldehyde, one of the major volatile aldehydes found in orange juice, is found 

in the range of 3-7 ppm (Shaw, 1991), and is believed to contribute to orange flavor 

(Ahmed et al., 1978). Sinensal, believed to be a contributor to orange flavor, is a 

sesquiterpene aldehyde, and has an odor like that of overripe citrus (Shaw, 1991). 

Octanal was reported by Bazemore and coworkers, 1995, to have a fruity, lemon odor, 

and nonanal was reported as possessing a dirty, musty, herbal odor. At a level of 0.84 

ppm, linalool which is known to have a honey-suckle, rose (Bazemore et al.,1995) odor, 

was shown to make a positive contribution to orange flavor (Ahmed et al. 1978). 

Ethanol is one of the important alcohols found in orange juice (Nisperos-Carriedo and 

Shaw, 1990) due to its solvent properties. Cis-3-hexenol and trans-2-hexenol are 

important contributors to the 'green, leafy top note* in fresh orange juice (Nisperos- 

Carriedo and Shaw, 1990). Three esters that are important in orange juice are ethyl 

acetate, methyl butyrate and ethyl butyrate (Arctander, 1969) and they all possess an 

orange, fruity flavor. Ethyl butyrate is one of the major volatile esters in orange juice 

(Ahmed et al., 1978). Moshonas and Shaw (1986) found ethyl butyrate, ethyl-2- 

methylbutyrate, and ethyl-3-hydroxyhexanoate to be present in fresh juice. 



Most of the hydrocarbons identified are present in the peel oils. These include 

alpha-pinene, which has a 'piney' aroma, and was shown to have a positive contribution 

to orange flavor (Ahmed et al., 1978); gamma-terpinene and sabinene, the former having 

a citrus aroma, while the latter had a warm, spicy aroma and flavor (Arctander, 1969). 

Limonene, which has a weak citrus-like aroma, is another hydrocarbon found in large 

amounts in orange juice (Nisperos-Carriedo, 1990). It is also possible that limonene 

serves as a carrier for some of the oil soluble volatiles that are important to flavor (Shaw, 

1991). Myrcene, is the second most abundant terpene in orange peel oil, and possesses a 

lime, peel, dusty (Bazemore et al., 1995) aroma, and it is also considered important for 

orange flavor. Valencene, a sesquiterpene that has a citrus-like aroma, is present at 

higher levels in juice oil than in peel oil (Hunter and Brogden, 1965). 

Heat Processing of Orange Juice 

Orange juice flavor is one of the most delicate and difficult flavors to preserve 

(Rouseff et al., 1992). Two of the main heat processing practices followed include the 

pasteurization and concentration of orange juice. Orange juice is usually heat treated for 

the following reasons: increase shelf life by curbing the growth of microorganisms; 

inactivate pectin methylesterase, which demethylates pectin and consequently leads to 

cloud loss. 

The heat induced degradation of sugars and ascorbic acid could lead to the 

production of off-flavored products (Lee et al., 1988). Some of the heat degradation 

products of sugars and ascorbic acid include: acids, cyclopentanones, furans, furanones, 

ketones, pyranones, and pyrroles (RousefiFet al., 1992). Furanones and pyranones, which 
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are oxygen containing heterocyclic compounds, are generally associated with 

caramelized, sweet, fruity, and burnt notes (RousefFet al., 1992). However, 5- 

Hydroxymethyl furfural, which has a hay-like, caramel flavor (Fors, 1983), was the main 

compound formed during the acid catalyzed degradation of fructose (Shaw, et al., 1977), 

and is more often used as an indicator of storage deterioration, though it is not considered 

responsible for off-flavors in orange juice (Berry et al., 1965). The degradation 

compound 2-hydroxyacetyl fiiran, which has a burnt, sweetish flavor (Fors, 1983) is 

formed by the acid degradation of sugar (Shaw et al., 1993). Furfural is known to have a 

bread-like, caramel taste at levels of 80 ppm in orange juice (Shaw et al., 1970), but these 

levels are rarely reached in commercially stored citrus juice (Nagy et al., 1973). 

When Tatum et al (1975) stored canned single strength orange juice for 12 weeks 

at 350C, they found 4-vinylguaiacol; 2,5-dimethyl-4-hydroxy-3(2H)-furanone; and alpha- 

terpineol as most responsible for the off-flavors produced. They were described as rotten 

fruit; pineapple like; stale, musty and piney, respectively. The precursor for 4- 

vinyguaiacol, which was described as an extremely potent malodorant, was thought to be 

ferulic acid in its free form (Tatum et al., 1975). Most of the ferulic acid in orange juice 

exists in its bound form, but the formation of ferulic acid is known to increase as a result 

of heat treatment (Nairn et al., 1988). Dimethylsulfide which possessess a repulsive green 

cabbage like odor (Rouseff et al., 1992), is a degradation compound of the sulfonium ion 

of s-methylmethionine, and quantities of this compound that are 102 -104 times higher 

than its threshold value have been reported in processed juices (Shaw and Wilson, 1982). 

The acid-catalyzed hydration of limonene leads to the formation of degradation 

compounds such as alpha-terpineol, cis and trans-1,8-p-menthanediol (Shaw et al., 1993). 
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Alpha-terpineol, which has a painty, terpeney odor in orange juice has a threshold of 

about 1 ppm in orange juice (Bielig et al., 1974). According to Askar et al (1973), 

limonene and linalool when added to a model juice system were found to degrade to 

alpha-terpineol, which has a stale, musty, piney odor, and cis-l,8-p-mentanediol, which 

has a sweet, camphoraceous odor (Arctander, 1969). This reaction was found to be 

enhanced by an increase in temperature. Linalool was also found to degrade to nerol and 

geraniol, both of which have a sweet, rose character. Cis-l,8-p-mentanediol can undergo 

further reactions to produce 1,4-cineole which has a pungent, camphoraceous off-flavor 

in stored juices (Shaw et al., 1993), and 1,8-cineole, which also has a pungent, 

camphoraceous odor (Tatum et al., 1975). Citral was found to degrade to p-metha- 

l(7),2-dien-8-ol and p-mentha-l,5-dien-8-ol, which have not been characterized for their 

odor quality. These on further degradation can lead to the formation of p-cymen-8-ol, p- 

cymene, and alpha, para - dimethylstyrene all of which have a terpeney off-flavor 

(Kimura et al., 1983; Askar, et al., 1973). Ikeda (1961) found that gamma-terpinene was 

degraded to para-cymene, which has a terpeney off-flavor (Shaw, 1977). 

According to a study by Moshanas and Shaw (1997) juice made from concentrate 

showed lower amounts of the water soluble volatiles, such as esters, alcohols, and 

aldehydes, when compared to pasteurized and fresh juices, and it is believed that fresh 

flavor notes are contributed by these water soluble volatiles (Moshonas et al., 1994). The 

volatiles in the aqueous phase are comprised of mainly polar alcohols and esters (Johnson 

et al., 1996), and these are probably volatilized during heating. It was also found that oil 

soluble constituents were generally lower in fresh samples as compared to more 

processed samples. 
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Odor Perception and Olfaction 

Smell is one of the most evocative sense, and the wide spectrum of odors that 

humans can detect, lead to a variety of emotional and cognitive responses. Humans are 

capable of recognizing 10,000 scents, and most animals have an even greater sensitivity 

to odors (Axel, 1995). The initial detection of odors takes place in the posterior of the 

nose, in a region known as the olfactory epithelium (Axel, 1995). Here the olfactory 

receptors, which are long, narrow, column shaped olfactory cells, are found in the 

mucous membrane, high in each side of the nasal cavity. It is estimated that there are 10 

million olfactory cells in the human nose (Wenzel, 1973). One end of the olfactory 

receptor cells has hair like projections of the olfactory cilia, and these along with their 

immediate connections, the dendritic knobs, as well as the mucosa, which is thought to 

contain odor binding proteins (Dodd and Castellucci, 1991), are thought to be the 

receptor sites for odorants and involved in the initial stage of the transduction process 

(Getchell and Getchell, 1987). Extending from the other end of the olfactory receptor 

cells are nerve filaments comprising olfactory nerve fibers, which connect to the olfactory 

bulb of the brain. The olfactory bulb serves as the first relay station for processing 

olfactory information in the brain. The bulb connects the nose with the olfactory cortex, 

which then projects to higher sensory centers in the cerebral cortex, the area of the brain 

which controls thoughts and behaviors (Axel, 1995). Specific anosmias are olfactory 

disorders in which individuals are unable to smell one or a very limited class of odors 

(Amoore, 1991). Sources of individual differences in sensory studies have also been 
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identified, and these include gender, menstrual status, genetic endowment, age and 

personality. 

The branch of psychology that describes in quantitative terms the relationship 

between physical stimuli and psychological responses is known as psychophysics. 

Current psychophysical views represented by Steven's Law (Stevens, 1957), establish that 

the relationship between the perceived odor intensity (vj/) of a given compound grows 

with the compound's concentration ((()) raised to a power n: \\i = kcj)". 

Contribution of Individual Odorants to Odorant Mixtures 

Guadagni et al., 1963, developed the term 'odor unit' which is calculated as the 

ratio of compound concentration to odor threshold (Guadagni et al., 1966). Odor units 

give an indication of the relative importance of individual components to the food, it gives 

no indication about stimulus concentration and intensity above the threshold (Guadagni et 

al., 1966). This concept was first introduced by Patton and Josephson (1957), and was 

named aroma value by Rothe and Thomas (1963), unit flavor base by Keith and Powers 

(1968), as the odor unit by Guadagni et al., and as the Odor Activity Value by Grosch, 

1994. The concepts form the basis of dilution techniques such as CHARM (Acree et al., 

1984) and Aroma Extract Dilution Analysis (AEDA) (Grosch, 1993). 

Volatile compounds can have various interactions in mixtures with other volatile 

and non-volatile compounds. Interactions between volatile compounds and non-volatile 

compounds can either be attractive or repulsive (Thanh, 1991), and this in turn would 

lead to the enhancement or suppression of that particular odor. As far as interactions 

between odor volatiles are concerned, it was found that in general, binary mixtures of 
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odorants are perceived less intensely than the sum of the intensities of the unmixed 

compounds (Cain, 1975). The degree of reduction in the intensity of the mixture, 

depended upon individual odor intensities of the compounds, and their relative proportion 

in the mixture. However, Guadagni et al., 1963, found compounds of the same or similar 

chemical structure to show an additive effect in their odor intensities. According to 

psychophysical studies, the general trends observed are a suppression of some odorants 

over others at supra-threshold levels, while additivity may occur at sub-threshold levels. 

Gas Chromatography Olfactometry 

Flavor chemistry is a fast growing field which received an impetus when the GC 

started being used in combination with Mass Spectroscopy, which resulted in the 

separation and identification of numerous volatile compounds existing in different foods. 

With the development of Gas Chromatography-Olfactometry (GCO), it was also possible 

to determine the odor quality and quantity of the eluting peaks. This is extremely useful, 

because it helps discriminate between the odor active and inactive volatiles, and it also 

gives an indication of the relative importance of the odor active volatiles. 

The Charm Technique 

Charm is a sensory procedure that is based on odor detection thresholds rather 

than psychological estimations of stimulus intensity (Acree, 1984). Subjects sniff the 

humidified effluent from the GC, and the data obtained includes a record of the average 

time each odor effluent was smelled, its duration, and qualitative descriptor. This method 

involves a series of dilutions of the odor mixture, until the individual odors cannot be 

detected by the panelist. In order to convert the times in the sensory response table to 



15 

retention indices, a solution of n-paraffin standards is chromatographed under identical 

conditions. The peak areas obtained are relative measures of the odor intensities of the 

substances eluting from the gas chromatograph (Acree, 1984), and the response data 

from all dilutions of a mixture are then combined to produce a charm response 

chromatogram (Acree et al., 1984). Charm values indicate odor activity, because they are 

proportional to the amount of odor compound in the most concentrated sample, and are 

inversely proportional to the subject's threshold for that compound (Marin, et al. 1988). 

In Charm analysis (Acree et al., 1984), data processing considers duration of the 

perceived compound as well as its dilution value. Results from the Charm analysis can be 

graphically represented along the run time of the chromatogram, and then compared to 

the flame ionization (FED) chromatogram (Acree, 1993). 

Aroma Extraction Dilution Analysis (AEDA) 

In aroma extract dilution analysis (AEDA), the dilution level at which compounds 

are perceived gives the flavor dilution (FD) factor (Grosch, 1994). Aroma Extract 

Dilution Analysis is an approach introduced by Grosch and co-workers, and it involves 

diluting the sample successively with solvent prior to GC analysis and determining the 

flavor dilution factor, the D value, which corresponds to the highest dilution at which a 

component is still detectable by sniffing at the end of a GC column (Ullrich and Grosch, 

1987; Schieberle and Grosch, 1988). Like Charm, it is based on odor detection 

thresholds rather than an estimation of psychophysical intensity, and compounds with 

higher flavor dilution factors are considered more important in determining the odor 

quality of the sample. The main difference between interpreting the results from Charm 
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and AEDA, is that in Charm analysis the duration of the odor and the maximum dilution 

value are taken into account, while in AEDA only the maximum dilution value is noted 

(Mistry et al., 1997). 

Osme 

Osme, a GCO technique developed at Oregon State University is based on 

Steven's law of psychophysics and combines the time and intensity of perception as a 

response to the eluting odorants (McDaniel et al., 1990; Da Silva et al., 1994). Osme, 

which is Greek for smell, is a GCO technique developed at Oregon State University 

(McDaniel et al., 1990; Sanchez et al., 1992) which reflects current psychophysical views. 

In Osme, trained subjects sniff the GC effluent mixed with humidified air, and directly 

record the odor intensity and duration time of each odor active compound while 

describing its odor active quality. The plot of the retention time v.s. odor intensity is 

called an Osmegram and it provides a graphical representation of the compound's odor 

significance in the flavor extract. 

Duration time and intensity values are collected using a data acquisition device 

which is connected to a personal computer. For each odorant, Osme provides 1) the 

odor peak, obtained by plotting retention time v/s odor intensity values, 2) the odor 

duration time, 3) the maximum odor intensity, 4) the area under the odor peak, 5) the 

Kovats index based on panelist response, 6) the odor quality (Da Silva et al., 1994). 

The Osme methodology has many advantages: 1) it is strongly founded on current 

psychophysical views because it directly collects each compound's odor intensity as it is 

present in the extract, 2) it is less time consuming since it does not require a dilution 
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series, 3) it provides one aromagram which, similar to the GC, represents the exact 

sensory phenomena occurring during the compound elution, the increasing odor intensity 

phase followed by one steady phase with subsequent decreasing odor intensity (Da Silva 

et al., 1994). 

The plot of odor intensity of eluted compounds versus retention time is called an 

Osmegram and this can be compared to the FID chromatogram of the sample run on the 

same column and under the same conditions. Da Silva and coworkers, 1994, employed 

four subjects to assess the capability and reliability ofOsme. The four subjects directly 

recorded the intensity, duration, and quality of each sample odorant in the GC effluent. 

The samples comprised five model solutions, each solution contained the same six aroma 

compounds but at diflferent concentrations. The perceived intensity with different 

solution concentrations of the compounds was measured by Da Silva and coworkers 

(1994). The power function, and the linear and logarithmic functions in some cases, 

provided a good fit in relating the sensory responses and the compound concentrations 

(Da Silva et al., 1994). The panelists can be expected to exhibit variation as a result of 

differences in human sensitivity to chemical compounds (Da Silva, 1992; Sanchez, 1992). 

Variation within panelists has been observed and attributed to physiological and 

psychological effects (Da Silva, 1992); however, training the panelists on the use of the 

intensity scale could significantly reduce this variation. 
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Advantages / Drawbacks of GCO Methods 

GCO techniques are useful as a first step for determining the importance of 

individual volatile components in how they affect the overall quality of the food. Once 

the positive or detrimental effects of a particular volatile have been validated, one can 

consider different means to eliminate or enhance their formation. However, these 

methods do have some limitations, and it is important to be aware of these. 

It is important to realize that the GCO techniques evaluate the compounds 

individually and outside the food matrix. The compounds may behave differently when 

present in a food matrix, and therefore it is imperative that the results from the GCO 

analysis are tested in a food matrix. Confirmation of GCO results by sensory comparison 

of mixtures with the original samples has been shown for strawberry juice (Schieberle, 

1994; Schieberle and Hofinann, 1997), and apple flavor (Plotto et al., 1998). 

Different GCO and extraction methods may provide different results as to which 

compounds are most important in a sample (Abbott et al., 1993; Young, 1997). It is 

advisable to use at least two different extraction methods when analyzing the flavor 

properties of a product. GC separation problems such as co-elution and the compounds 

not being resolved by the column (Sanchez, 1992) could lead to analysis problems. It has 

also been shown that odor thresholds as determined by GCO may vary by several orders 

of magnitude depending on the stationary phase used (Blank, 1997). The use of columns 

coated with different phases and chromatographic runs using different conditions may aid 

in alleviating this problem (Grosch, 1993). 
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Some other criticisms of GCO methods are that rapidly eluting peaks allow little 

time for aroma characterization (Clark and Cronin, 1974); and fatigue decreases the 

assessor's efficiency during a long run ( Clark and Cronin, 1974). However, it has been 

shown that identification of odor compounds at their recognition threshold levels is 

achieved with a single sniff whose average duration is just 0.45 seconds (Laing, 1986), 

and perception of odorants maximum intensity takes between 0.39 and 0.64 seconds 

(Laing, 1985). 

Drawbacks of extraction dilution techniques are that they are founded on the 

compounds' odor detection threshold rather than an estimation of their odor intensity 

(Maarse, 1991), and that they assume linearity between sensory perception and 

component concentration, not considering the power relationship between these two 

variables as postulated by Steven's law. Another drawback of the extraction dilution 

techniques is that due to the large number of dilutions that need to be tested, these 

methods can be very time consuming, and it is therefore difficult to duplicate or triplicate 

analyses to check reproducibility among different GCO users (Mistry et al., 1997). The 

Osme method circumvents both of the above mentioned problems. 

Headspace Extraction 

When choosing an extraction method one should try and ensure that the extracted 

sample is as representative (in aroma) as possible of the original sample. Headspace 

sampling usually captures low molecular weight, low boiling point compounds (Wampler, 

1997). 
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High molecular weight esters (above CIO) are seldom found in headspace 

extracts of apples (Paillard, 1990). Solvent extraction is probably more appropriate to 

extract the high molecular weight compounds. Some of the popular headspace extraction 

methods are: static headspace extraction, dynamic headspace extraction, and vacuum 

headspace extraction. 

Equilibrium or static headspace analysis involves the chromatographic separation 

of a 'predetermined volume of vapor headspace above a sample held in a closed vial' 

(Girard and Nakai, 1991). Static headspace analysis has potential to be used for quality 

control due to its simple and rapid operation, however, one of its drawbacks is the 

detection of compounds with lower boiling points in abundance (Girard and Nakai, 

1991). One can increase the sensitivity of this method by increasing the temperature of 

the sample (Girard and Nakai, 1991). The static headspace method is less sensitive than 

the dynamic headspace approach, however it is a simple, reproducible, and easily 

controlled (by temperature) method (Moshanas and Shaw, 1992). 

SPME 

Solid Phase Microextraction (SPME) is a new, solvent free, inexpensive method 

of extracting analytes from different matrices. Analytes are partitioned from a liquid or 

gaseous sample into an immobilized stationary phase (Steffen and Pawliszyn, 1996), 

which is the SPME fiber. SPME is an equilibrium process, and at equilibrium, the 

concentration of an analyte in the fiber coating and its concentration in the headspace are 

directly proportional to each other (Zhang et al., 1993). Once the fiber has been exposed 

to the extraction medium for a sufficient time, it is withdrawn into a protective covering. 
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It can then be desorbed at a GC or HPLC injection port by virtue of the high 

temperatures. Fiber coatings can be of varying polarity. One of the main advantages of 

SPME is that it eliminates the preconcentration step by directly extracting the analytes 

onto the fiber coated with the stationary phase (StefFen and Pawlizyn, 1996). The 

amount of an analyte adsorbed on the fiber, and the resulting sensitivity, are determined 

both by adsorption kinetics and by the distribution coefficient of the compound between 

the fiber surface and the sample (Yang and Peppard 1994). Depending on the nature of 

the analyte one can increase the selectivity of the analysis by choosing a specific 

stationary phase of the appropriate polarity (Steffen and Pawlizyn, 1996). SPME fibers 

are not uniformly sensitive to all compounds (Bartelt, 1997), and therefore, relative GC 

peaks from a SPME extraction do not reflect accurately the true proportions of the 

compounds in the headspace. It would therefore be prudent to perform the extractions 

using SPME fibers of differing polarities, to get a more complete picture. 

Descriptive Analysis 

When the purpose of the principal researcher is to define the sensory attributes of 

a food product using specific word descriptors, descriptive analysis is the method of 

choice. Descriptive analysis can be defined as a method that involves the detection 

(discrimination) and the description of both the qualitative and the quantitative sensory 

aspects of a product by trained panels (Meilgaard, et al. 1991). Descriptive panels can 

have diverse applications from product development to sales and marketing (Rutledge et 

al., 1990), or any other applications where one is required to qualify and quantify the 

flavor characteristics of a food product. 
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Flavor Profile Method 

Originally developed at Arthur D. Little, Inc., this is a useful method when the 

objective of the descriptive panel is to evaluate many different products (Caul, 1957 and 

Cairacross, et al., 1950). Various parameters such as aroma and flavor attributes and 

their intensities, order of appearance, and aftertaste are evaluated by a trained panel of 

four to six trained judges. It is through training sessions with various reference samples 

representing the product range, that the panelists and panel leader decide on the terms to 

be used in the final ballot. Panelists are also trained on how to use a seven-point intensity 

scale. A consensus profile for each sample is obtained through a general discussion 

among the panel members which is led by the panel leader after individual results have 

been obtained. 

Free Choice Profiling 

In cases where the panel leader has time constraints and cannot go through 

elaborate training processes or wants to obtain data that is representative of the naive 

untrained consumer, Free Choice Profiling (Williams, A., et al. 1989) is a good method to 

adopt. Free Choice Profiling was developed by Williams and Arnold at the Agricultural 

and Food Council in the U.K., and the main objective of this method was to allow 

panelists the freedom of inventing their own terms to define a certain attribute. Data 

from this method is analyzed using a statistical program called General Procrustes 

Analysis, which combines terms that seem to measure the same characteristic, and also 

makes adjustments for the fact that different panelists may use different parts of the scale, 
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and this results in grouping descriptors measuring the same response and standardization 

of scale usage. 

Spectrum Method 

The Spectrum method can be defined as a "custom design" approach to panel 

development, selection, training and maintenance. In this method, panelists with the help 

of the panel leader, and through discussion come up with terms to define the attributes of 

the food product concerned. Panelists are familiarized with the product and evaluation 

procedures involved through training and with the use of references. Panelists are also 

trained on the use of the scale to rate the intensity of the samples; it is required that the 

scale have at least three to five reference points distributed across its range (Meilgaard et 

al., 1991). Samples are evaluated individually. 

Quantitative Descriptive Analysis Method 

The QDA method (Stone, et al., 1974), developed by Tragon Corporation, is a 

method that relies to a large extent on the use of statistical analysis. QDA panelists are 

selected from a large group of panelists according to their discriminatory capabilities with 

regard to the sensory properties of the specific food product to be tested. Training of 

QDA panelists is similar to other panels in their use of product and ingredient references. 

The panel leader in a QDA panel acts like a facilitator, and the panelists are allowed the 

freedom to develop their own approach to scoring using the 15 cm line scale. Panelists 

evaluate the products individually. One of the main advantages of the QDA method is 
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that due to less formal training the response obtained is more like that of the naive 

consumer, but this could also lead to the problem of inconsistent data that has large 

variation. 
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Abstract 

Pasteurized 'ready-to-serve' orange juice is the most commonly consumed 

processed orange juice. As a result of heat processing, orange juice undergoes 

undesirable flavor changes, which decrease its acceptability to consumers. The objective 

of this study was to differentiate between fresh frozen and heat treated samples, both 

qualitatively and quantitatively, employing descriptive analysis. The panel was successful 

in significantly (p<0.05) separating the fresh, pasteurized, and concentrate samples. It 

was found that orange, orange peel, sweet, and grassy descriptors were important for 

fresh aroma and flavor, while cooked, yam, metallic, tamarind, green bean and artificial 

orange descriptors were identified with cooked aroma and flavor. 
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Introduction 

An excellent orange juice can be defined as possessing the 'sweet, smooth, 

blossomy fragrance of a fresh-cut orange', with moderately, well-balanced sweet and sour 

tastes, and 'only the slightest bitterness and astringency' (Consumer Report, 1991). It is 

this fresh tasting orange juice that most consumers' desire, but convenience and cost take 

precedence over flavor, and it is primarily for those reasons that processed juices are 

gaining in popularity. The most commonly sold processed orange juices are the frozen 

concentrate and pasteurized 'ready-to-serve' (Consumer Report, 1987). Of the orange 

varieties grown in Florida, Valencia is the most prized, and it has an extremely sweet 

flavor (Consumer Report, 1991). One important advantage of processed orange juice 

over fresh juice is that since it is a blend of different varieties of oranges, it is easier to be 

more consistent in maintaining the quality of the juice, which would be more difficult to 

control in fresh squeezed juice (Consumer Report, 1991). In an effort to improve sales, 

orange juice manufacturers are always trying to make processed juice taste like fresh 

squeezed juice. As a result of the heating process, orange juice obtains a cooked flavor, 

and it is only through descriptive sensory analysis that one can better understand how 

flavor attributes change as a result of heating the juice. 

Two of the main heat processing practices followed include pasteurization and 

concentration of orange juice. Orange juice is usually heat treated to increase shelf life by 

curbing the growth of microorganisms, and to inactivate pectin methylesterase, which 

demethylates pectin and consequently leads to cloud loss. The heat induced degradation 

of sugars and ascorbic acid could lead to the production of off-flavored products (Lee et 

al., 1988), such as, 5-Hydroxymethyl furfural, which has a hay-like, caramel flavor (Fors, 
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1983), 2-hydroxyacetyl furan, which has a burnt, sweetish flavor (Fors, 1983), and 

furfural, which is known to have a bread-like, caramel taste at levels of 80 ppm in orange 

juice (Shaw et al., 1970). Other heat induced degradation compounds include: 4- 

vinylguaiacol; 2,5-dimethyl-4-hydroxy-3(2H)-furanone; and alpha-terpineol (Tatum et al., 

1975), these were described as rotten fruit; pineapple like; stale, musty; and piney, 

respectively. Dimethylsulfide which possesses a repulsive green cabbage-like odor 

(RousefFet al., 1992), is a degradation compound of the sulfonium ion of s- 

methylmethionine, and quantities of this compound higher than its threshold value have 

been reported in processed juices (Shaw and Wilson, 1982). 

One of the most prominent sources of heat induced, off-flavored degradation 

compounds is limonene, which has a minty odor (Bazemore et al., 1995), and undergoes 

acid-catalyzed hydration to lead to degradation compounds such as alpha-terpineol (Shaw 

et al., 1993), which has a painty, terpeney odor in orange juice at a threshold of about 1 

ppm (Bielig et al., 1974). According to Askar et al (1973), limonene and linalool, which 

has a floral, butterscotch odor (Bazemore et al., 1995), when added to a model juice 

system were found to degrade to alpha-terpineol, which has a stale, musty, piney odor, 

and cis-l,8-p-mentanediol, which has a sweet, camphoraceous odor (Arctander, 1969). 

This reaction was enhanced by an increase in temperature. Linalool was also found to 

degrade to nerol and geraniol, both of which have a sweet, rose character. Cis-l,8-p- 

mentanediol can undergo further reactions to produce 1,4-cineole and 1,8-cineole, both 

of which have a pungent, camphoraceous off-flavor in stored juices (Shaw et al., 1993; 

Tatum et al., 1975). Citral, which has a citrus, fruity odor (Bazemore et al., 1995) was 

found to degrade to p-metha-l(7),2-dien-8-ol and p-mentha-l,5-dien-8-ol, which have 
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not been characterized for their odor quality. These on further degradation can lead to 

the formation of p-cymen-8-ol, p-cymene, and alpha, para-dimethylstyrene all of which 

have a terpeney off-flavor (Kimura et al., 1983; Askar, et al., 1973). Ikeda (1961) found 

that gamma-terpinene was degraded to para-cymene, which has a terpeney off-flavor 

(Shaw, 1977). 

According to a study by Moshanas and Shaw (1997), juice made from 

concentrate showed lower amounts of the water soluble volatiles, such as esters, alcohols, 

and aldehydes, when compared to the pasteurized and fresh juices, and it is believed that 

the fresh flavor notes are contributed by these water soluble volatiles (Moshonas et al., 

1994). • The volatiles in the aqueous phase comprise mainly the polar alcohols and the 

esters (Johnson et al., 1996), and these are probably volatilized during the heating 

process. It was also found that the oil soluble constituents, such as hydrocarbons, were 

generally lower in the fresh samples as compared to the more processed samples. 

Descriptive analysis involves the use of trained panels to evaluate both the 

qualitative and the quantitative sensory aspects of a product (Meilgaard et al., 1991). 

Unlike chemical analyses, which usually involve an extraction procedure, in descriptive 

analysis the food is analyzed in its unaltered form. It is therefore imperative to be able to 

correlate instrumental and descriptive analysis results. Utilizing descriptive analysis, one 

can differentiate both quantitatively and qualitatively between samples, using the aroma 

and flavor attributes of those samples. Descriptive analysis was employed by Peterson et 

al., 1998, in orange juice, and by Lin et al., 1993, in aqueous phase orange essence. Free 

choice profiling was employed by Bazemore et al., 1995, to evaluate aqueous orange 

essence. Aroma terms generated by the panelists to describe the essence samples 
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included fresh, orange, floral, green, musty, alcohol, piney, sweet, fruity, orange peel, and 

citrus. 

Since the data obtained from descriptive analysis involves multiple responses, it is 

critical to use a multivariate statistical method to analyze these data. Principal 

Component Analysis is one such approach. Principal Component Analysis (PCA) 

determines which descriptors play an important role in separating the samples. In 

addition, it shows how the samples separate on the basis of the flavor descriptors, and 

how the samples and the descriptors are related to each other. Only if the original 

variables are correlated, can PCA simplify the data set; this is important to know because 

some variables might be measuring the same response (Federer et al., 1987), and might 

not additionally contribute to the separation of the samples. Consequently, when a group 

of variables are all highly intercorrelated one may select only those variables that 

contribute discretely to the separation of the samples. 

The objectives of this study were to differentiate the fresh frozen and the heat 

processed orange juice both qualitatively and quantitatively on the basis of aroma and 

flavor descriptors. It was important to determine those descriptors that were responsible 

for the fresh and cooked notes in the fresh frozen and heat processed samples 

respectively. In order to achieve these objectives, it was imperative to gain a complete 

understanding of the descriptive properties of orange juice. 
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Materials and Methods 

Sample Storage and Preparation 

These included fresh frozen, pasteurized, and concentrate Valencia orange juices 

which were supplied by FMC Corporation, Lakeland, Florida. Sample sets were obtained 

from the Middle '96, Late '96, and Early '97 Valencia seasons, and each set contained 

two batches. The Middle Valencia oranges were processed on May 1 and May 2, 1996, 

and Late Valencia oranges were processed on May 29 and May 30, 1996, and Early 

Valencia samples were processed in the first week of March, 1997. 

The juice of the freshly harvested oranges was extracted using a FMC 391 

extractor equipped with standard juicing components, collected in a tank, and mixed well. 

One part of this juice was packaged in 1 gallon gable top cartons and labeled as "Fresh", 

following which it was stored at -150F until it was shipped. The remaining juice was used 

to prepare the pasteurized and concentrate samples. The pasteurized juice was prepared 

by heating the juice at 950C for 8 seconds using a Microthermics Model HTST Lab 25 

Pilot Plant pasteurizer. As the juice exited the pasteurizer, it was chilled to 40C and 

packaged in gable top cartons, and was stored at -150F until it was shipped. The 

concentrate juice was prepared at the Citrus Research and Education Center where it was 

evaporated to approximately 60obrix, and packaged in nalgene bottles at -150F and stored 

at that temperature until it was shipped. All the samples were frozen and shipped 

overnight express to Oregon State University, where they were stored at -370C until they 

were tested. 
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Titratable Acidity and 0Brix Measurement 

Titratable Acidity measurements using 25 ml sample, 75 ml distilled water, 0.3123 

N NaOH and phenolphthalein indicator were performed on all the samples; results were 

reported as % citric acid. 0Brix was measured using a refractometer. 

Sensory Panel Training 

Sensory testing was performed at the Department of Food Science and 

Technology at Oregon State University and included nine volunteers from the Corvallis 

community. They were trained in 35 one-hour sessions over a period of seven weeks to 

describe and rate the aroma, flavor and texture intensities of various commercial orange 

juice samples. 

Through a process of discussion with the panel leader and amongst the panelists 

themselves, the panel arrived at a consensus on descriptors to be used in the final ballot. 

Reference materials were provided to help standardize panelists on the use of descriptors. 

A written consensus definition of each descriptive term was developed and reviewed by 

each panelist before every training session. Descriptors, definitions, and reference 

standards used are listed in Table III. 1. The ballot consisted of 12 aroma, 15 flavor-by- 

mouth and 2 mouthfeel descriptors. 

Another component of descriptive analysis, besides evaluating the sample 

qualitatively, is to rate the intensity of each descriptor perceived in the samples. Panelists 

were trained on the use of a 16-point scale (0-none, l=just detectable, 3 =slight, 5 = 

slight to moderate, 7 = moderate, 9 = moderate to large, 1 l=large, 13 = large to extreme, 

and 15 = extreme). Intensity standards were provided as scale reference points to reduce 



33 

Table EDLl. Descriptor reference standards1 utilized by the descriptive sensory panel 
during the evaluation of the orange juice aroma, flavor and mouthfeel. 

Descriptor Reference Standards 

AROMA 

INTENSITY STANDARDS 

Overall Intensity(3) 

Overall Intensity (7) 

Overall Intensity (10) 

Overall Intensity (15) 

AROMA STANDARDS 

Orange 

Cooked 

Orange Peel 

Sweet (Tangerine) 

Artificial Orange 

Primary aroma of 25 ml. Mazola Corn Oil, Best 
Food Div., CPC International INC. Englewood 
Cliffs, NJ. 

Primary Aroma of 25 ml. Hi-C Orange drink from 
Aseptic Pack, Coca-Cola Co. Houston TX. 

Primary aroma of 25 ml. Welche's Grape Juice. 
Welch Foods, Inc. MA. 

Primary aroma of 25 ml. Apple vinegar 5% Acidity, 
Heinz, Pittsburgh, PA. 

Primary aroma of 60 ml. fresh squeezed Valencia, 
FMC. 

Primary aroma of 60 ml. Florida's Nature not-from- 
concentrate Grower's style, Citrus World, Inc. Lake 
Wales, FL. 

Primary aroma of one quarter section fresh orange 
peel twisted to break oil vesicles 

Primary aroma of 60 ml. Freshly Squeezed Navel 
orange from California, Sunkist Growers Inc. 
Sherman Oaks CA. 

Primary aroma of 60 ml Hi-C orange drink, CoCa- 
Cola Co. Houston TX. 

^1 the reference standards were placed in opaque, tulip shaped wine glasses (0.25 L) 
capped with aluminum lids. 
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Table 111.1 continued. Descriptor reference standards1 utilized by the descriptive sensory 
panel during the evaluation of the orange juice aroma, flavor and 
mouthfeel. 

Descriptors Reference Standards 

Grapefruit 

Yam 

Primary aroma of 60 ml. Florida's Natural not- 
from-concentrate Ruby red Grapefruit juice, Citrus 
World, Inc. Lake Wales, FL 

Primary aroma of 30 g, 0.5 cm thick yam cooked in 
a microwave for 4 minutes 

Grassy 2 (iL.of cis-3-hexen-l-ol, 1 ml of 95% ethanol, and 
10 ml of distill water. 

Metallic Primary aroma of 60 ml 0.01 % Copper sulfate 
solution 

Tamarind Primary aroma of 6.25% tamarind solution, Viho 
Food Co. Brisbane CA. 

Greenbean 

FLAVOR STANDARDS 

Primary aroma of 30 g Del Monte quality blue lake 
home style greenbean, Del Monte Foods San 
Francisco, CA. 

Orange 

Cooked 

Sweet 

Sour 

Bitter 

Primary taste of fresh squeezed Valencia, FMC. 
Lakeland, FL. 

Primary taste of Florida's Nature not-from- 
concentrate Grower's style, Citrus World, Inc., Lake 
Wales, FL 

Primary taste of 80 g/L sucrose in spring water. 

Primary taste of 0.8 g/L citric acid in spring water. 

Primary taste of 0.03 g/L quinine sulfate in spring 
water. 

'All the reference standards were placed in opaque, tulip shaped wine glasses (0.25 L) 
capped with aluminum lids. 
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Table HLl continued. Descriptor reference standards1 utilized by the descriptive sensory 
panel during the evaluation of the orange juice aroma, flavor and mouthfeel. 

Descriptors Reference Standards 

Astringency 

Orange Peel 

Primary taste of 0.6 g/L alum in spring water. 

Primary taste of Tropicana Pure Premium Not-From 
Concentrate Original, Tropicana Products, Inc. 
Bradenton FL. 

Artificial Orange Primary taste of Hi-C orange drink, CoCa-Cola Co., 
Houston, TX. 

Grapefruit Primary taste of Florida's Natural not from 
concentrate Ruby red Grapefruit juice, Citrus World, 
Inc. Lake Wales FL. 

Yam 

Grassy 

Primary taste of 0.5 cm thick yam cook in 
microwave for 4 minutes (80 gm in 20 ml water) 

Primary taste of Alfalfa sprouts, Hydro Harvest Ltd. 
Brush Prairie WA. 

Metallic 

Tamarind 

Greenbean 

MOUTHFEEL 

Primary taste of 0.01% (w/v) copper sulfate in 
spring water. 

Primary taste of 6.25% tamarind candy (W.S. 
Agency Ltd., Part. Rajprasong, Bangkok, Thailand) 
in spring water. 

Primary taste of 30g Del Monte quality blue lake 
home style greenbean, Del Monte Foods, San 
Francisco CA. 

Pulpy 

Body 

Florida's Natural Not-From-Concentrate, Grower's 
Style, Citrus World, Inc. Lake Wales, FL. 

Florida's Natural Not-from-concentrate, Home 
squeezed style, Inc. Lake Wales, FL. 

'All the reference standards were placed in opaque, tulip shaped wine glasses (0.25 L) 
capped with aluminum lids. 
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variability among panelists. Standards were anchored at points 3, 7, 10, and 15 (Table 

III. 1). After considerable training, panelists were able to use this scale consistently. 

Sensory Panel Testing 

For descriptive analysis, 60 ml orange juice samples were served in tulip shaped 

wine glasses (0.25 L) coded with 3-digit random numbers and capped with aluminum 

lids.  Sample evaluation took place in individual booths, under white lighting. Data were 

collected in the testing booths using Computerized Sensory Analysis (Compusense Inc., 

Guelph, Ontario, Canada). The concentrated sample was diluted with distilled water to 

the same 0Brix as the fresh sample (Table III.2), while the fresh and pasteurized samples 

were served as they were. The tests were conducted in May '96, June '96, and March '97 

for the Middle, Late, and Early Valencia samples respectively. 

Experimental Design and Data Analysis 

A randomized block design was used. Evaluations were replicated four times on 

the middle Valencia '96 samples, and three times on the late '96 and early '97 Valencia 

samples. There were nine panelists for the Middle and Late samples, and eight for the 

Early sample. The data were analyzed individually for each season. Individual 

descriptors were compared across treatments with Analysis of Variance (ANOVA). The 

explanatory variables included sample, panelist, and batch (within sample), and second 

order interactions between sample, panelist, and batch (within sample). Panelists were 

considered as a random effect. Significant differences were determined using the method 

of Least Significant Difference at p<0.05. Descriptors were compared multivariately 

across treatments using Principal Component Analysis (PCA). Significant differences 
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across treatments were determined using the method of Least Significant Difference at 

p<0.05. ANOVA and PCA were carried out using the Statistical Analysis Software 

(SAS®, Cary, NC) for Personal Computer package. 

Results and Discussion 

Titratable acidity (T.A.) and 0Brix values have been reported for the different 

seasons in Table III.2. The concentrated samples had the highest T.A., on a single 

strength basis, within all seasons followed by the fresh frozen and the pasteurized 

samples. Early Valencia '97 samples had the highest T.A. followed by middle Valencia 

'96 and then by late Valencia '96, for all three treatments. These results relate well to 

what was obtained in the descriptive analysis. As can be seen for the sour flavor 

descriptor in Table III.3, in.4, and III.5, intensity ratings show the same trend with 

decreasing sourness from the Early to the Late season. This corroborates the changes that 

occur in the fruit as it matures, which is a decrease in sourness (Nagy and Shaw, 1990). 

0Brix did not show any trends across seasons or treatments, as can be seen in Table III.2. 

Comparison of Fresh, Pasteurized, and Concentrated Orange Juice Using Analysis 
of Variance (ANOVA) 

Aroma Characteristics 

Differences in aroma descriptors across all three treatments for all three seasons 

are shown in Tables III.3 to III.5. The following results are based on trends observed in 

at least two out of the three seasons. 
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Table in.2. Titratable acidity and 0brix*: Middle '96, Late '96, Early '97 Valencia 

Season Titratable Acidity 
as % Citric Acid 
(Std. deviation) 

0Brix 

(Std. deviation) 

Middle Valencia '96 Fresh                 1.7 
(0.1) 

Fresh 13.2 
(0.8) 

Pasteurized        1.8 
(0.1) 

Pasteurized 13.1 
(0.6) 

Concentrate       3.3 
(0) 

Concentrate ** 

Late Valencia '96 Fresh                 1.7 
(0) 

Fresh 12.4 
(0.3) 

Pasteurized        1.5 
(0.1) 

Pasteurized 12.4 
(0.2) 

Concentrate       2.7 
(0) 

Concentrate ** 

Early Valencia '97 Fresh                  2.8 
(0) 

Fresh 11.1 
(0.1) 

Pasteurized         2.3 
(0) 

Pasteurized 11.1 
(1.0) 

Concentrate        3.9 
(0.1) 

Concentrate ** 

* Values for titratable acididty and 0brix were averaged across batches. 

** Concentrate sample was diluted to the same 0brix as the fresh sample for that 

specific season. 



Table III.3. Middle Valencia '96: Means and standard deviations () of the aroma and flavor/mouthfeel descriptors 
of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Aroma concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

overall intensity 9.83B 9.298 9.29" overall intensity 9.788 9.71a 9.55a 

(1.39) (1-52) (1.72) (1.42) (1.63) (146) 

orange 3.178 6.98° 5.91b orange 3.898 8.46b 7.42b 

(2.47) (1.59) (2.17) (2.88) (2.36) (2.52) 

cooked 8.64c 5.078 6.89b cooked 8.50c 4.558 6.46b 

(2.22) (2.83) (2.14) (201) (2.92) (2.27) 

orange peel 2.388 5.50b 5.12b sweet 5.348 6.71b 6.32b 

(2.47) (2.18) (1.95) (2.31) (2.4) (215) 

sweet/tangerine 1.158 3.88° 2.56b sour 4.948 5.34" 5.478 

(1.65) (1.9) (2.01) (1.81) (1.68) (1.44) 

artificial orange 1.78" 0.96a 1.298 bitter 1.33a 1.258 1.38B 

(1-91) (1.59) (1-82) (1.30) (1.40) (1.5) 

grapefruit 0.658 1.32b 1.12b astringency 3.37a 3.79a 3.74a 

(1.49) (1.97) (1.77) (1.72) (1.98) (1.97) 

yam 2.66b 0.208 0.898 orange peel 2.898 5.55b 4.89b 

(3.04) (0.61) (1.90) (2.18) (192) (2.04) 

grassy 0.878 2.11b 1.568b artificial orange 2.07b 0.87° 1.39ab 

(1.52) (249) (1.93) (1.99) (1.7) (2.06) 

metallic 2.94" 1.33" 1.37° grapefruit 0.578 1.52b l.lTb 

(2.38) (2.12) (1.97) (1.13) (2.11) (1.9) 

tamarind 1.83b 0.248 0.428 yam 2.10b 0.21a 0.46a 

(234) (0.62) (1.06) (2.54) (0.65) (111) 

greenbean 1.01b 0.068 0.12a grassy 0.668 1.82a 1.34a 

(1.62) (0.46) (0.58) (1.21) (2.4) (1.73) 
abcMeans with commor i superscripts within rows are not significantly different (p<0.05) 



Table III.3 continued. Middle Valencia '96: Means and standard deviations () of the aroma and flavor/ 
mouthfeel descriptors of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Mouthfeel concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

pulpy 0.078 2.79b 0.12" metallic 3.32b 1.12' 1.5a 

(0.57) (1.66) (0.56) (2.49) (1.73) (2) 

body 6.73b 5.84" 7.06b tamarind 2.16b 0.43" 0.748 

(161) (1.90) (1.69) (2.48) (1.01) (1.46) 

greenbean 0.56" 
(1.35) 

0° 
(0) 

0.14a 

(0.59) 

abc, Means with common superscripts within rows are not significantly different (p<0.05) 

o 



Table III.4. Late Valencia '96: Means and standard deviations () of the aroma and flavor/mouthfeel descriptors of 
orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Aroma concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

overall intensity 10.46b 9.44'' 9.258 overall intensity 10.46b 9.318 8.758 

(1.02) (1.55) (1.5) (1.07) (2.12) (182) 

orange 2.46" 6.9b 5.96b orange 2.968 8.03c 6.55b 

(2.4) (1.72) (1.82) (2.98) (230) (1.9) 

cooked 8.68c 4.66" 6.11b cooked 8.88b 4.278 5.778 

(2.91) (2.69) (1-73) (285) (2.76) (205) 

orange peel 2.4a 5.81b 5.46b sweet 5.88" 6.35" 6.14" 
(2.52) (2.05) (1.94) (251) (2.0) (2.13) 

sweet/tangerine 1.14' 3.5C 2.22b sour 4.378 4.24* 4.338 

(1.74) (1.81) (1.94) (1.7) (1.58) (135) 

artificial orange 2.07b 1.01° 1.57ab bitter 1.42" 1.628 1.298 

(1.98) (1.56) (1.98) (143) (213) (138) 

grapefruit 0.64" Ml8 1.168 astringency 2.758 2.688 2.618 

(216) (2.39) (2.03) (1.5) (1.63) (1-59) 

yam 3.01b 0.078 Ml" tirange peel 2.94l, 5.22b 4.9b 

(2.8) (0.42) (2.09) (2.42) (2.04) (1.78) 

grassy 0.74a 1.598 1.22" artificial orange 2.11b 0.94" 1.68b 

(1-98) (2.21) (1.82) (22) (161) (2.08) 

metallic 3.62b 1.058 1.188 grapefruit 0.968 1.35" 1.2' 
(1.93) (2.08) (2.08) (236) (2.59) (216) 

tamarind 2.22b 0.25a 0.318 yam 2.79b 0.05a 0.48" 
(2.08) (0.64) (0.84) (263) (03) (112) 

greenbean 1.16b 0.07" 0.22" grassy 0.618 1.618 0.858 

(1.67) (0.42) (114) (1.76) (244) (129) 
abcMeans with conunor i superscripts within rows are not significantly different (p<0.05) 



Table III.4 continued. Late Valencia '96: Means and standard deviations () of the aroma and flavor/mouthfeel 
descriptors of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Mouthfeel concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

pulpy 0.4a 2.42b 0.33a metallic 3.85b 1.09° 1.12* 
(1.46) (1.64) (1.24) (1.88) (1.9) (1.64) 

body 6.62b 5.78 6.35b tamarind 2.37b 0.258 0.38a 

(1.84) (205) (1.71) (2.2) (0.67) (0.83) 

greenbean 1.09b 

(178) 

O8 

(0) 

0.25B 

(1.03) 

abci Means with common superscripts within rows are not significantly different (p<0.05) 



Table III.5. Early Valencia '97: Means and standard deviations ( ) of the aroma and flavor/mouthfeel descriptors of 
orange juice samples (fresh-frozen, pasteurized, and concentrate). 

Descriptors SAMPLES Descriptors SAMPLES 
Aroma concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

overall intensity 8.75" 8.95" 8.75a overall intensity 9.22" 9.91b 9.31" 
(1.27) (1.85) (1.74) (1.43) (1.69) (1.72) 

orange 3.12° 7.04b 6.1b orange 3.798 9.04c 7.56b 

(1.9) (168) (1.24) (1.97) (2.12) (199) 

cooked 7.5C 3.87a 5.7b cooked 7.06c 3.1a 5.06b 

(1.27) (236) (1.61) (1.27) (2.32) (221) 

orange peel 2.06" 5.37b 5.3 lb sweet 6.33a 7.1a 6.79" 
(2.07) (178) (1.66) (218) (1.94) (163) 

sweet/tangerine 1.5a 4.47c 3.1b sour 5.85" 5.72" 5.91a 

(1.75) (1.55) (1.87) (1.35) (1.45) (1.28) 

artificial orange 2.91" 1.16° 1.43a bitter 1.85° 1.6a 2.02a 

(2) (158) (1.66) (1.52) (1.31) (161) 

grapefruit 0.5a 1.37b 1.75b astringency 3.35" 3.31a 3.7a 

(ill) (1.96) (1.9) (1.21) (1.43) (138) 

yam 1.64* 0.29a 0.6a orange peel 3.54" 5.35b 5.41b 

(1.8) (0.79) (1.16) (2.27) (1.87) (141) 

grassy OSl" 2.1b 1.56ab artificial orange 2.85b 0.54" 1.25a 

(1.52) (203) (1.28) (1.86) (0.98) (146) 

metallic 3.12b 0.89a 0.81a grapefruit 1.83" 2.2a 2.18a 

(1.95) (1.61) (1.43) (2.48) (2.34) (242) 

tamarind 1.93b 0.08a 0.1" yam 1.2" 0.22a 0.12a 

(2.13) (0.27) (0.37) (1.63) (0.83) (0.39) 

greenbean 1.33b oa 
0.14" grassy 0.77a 1.87a 1.47a 

(1.69) (0) (0.77) (1.56) (2.64) (2.08) 
abcMeans with commor i superscripts within rows are not significantly different (p<0.05) 4^. 



Table III.5 continued. Early Valencia '97: Means and standard deviations () of the aroma and flavor/mouthfeel 
descriptors of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Mouthfeel concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

pulpy 0.04" 2Mh 0.52" metallic 3.37b 1.33" 1.62" 
(0.2) (158) (0.79) (2.11) (2.13) (2.18) 

body 7.1" 5.97" 7.02" tamarind 2.22b 0.18a 0.168 

(134) (1.49) (1.08) (2.46) (0.57) (0.47) 

greenbean 0.58b 

(0.87) 

o8 

(0) 

. 0.028 

(0.14) 

abcMeans with common superscripts within rows are not significantly different (p<0.0S) 
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Panelists were successful in separating the heat treated and untreated samples 

using the aroma characteristics. One of the main objectives was to determine which 

descriptors drove the fresh and cooked aromas. Most of the aroma descriptors that were 

important in separating the samples were similar to those in flavor, which is expected 

because aroma forms an integral and essential part of flavor. However, there were some 

unique important descriptors in the aroma study. 

As can be seen in Tables III.3, IE.4, and III.5, the fresh sample was highest in 

orange, orange peel, sweet, and grassy descriptors, which represent fresh aroma. Sweet 

and grassy descriptors were more prominent in aroma but not in flavor. The concentrated 

sample was highest in cooked, yam, metallic, tamarind, and green bean aroma, which are 

important cooked aroma indicators. Most importantly, the panel was able to separate the 

fresh and pasteurized samples with two aroma descriptors. The fresh sample was 

significantly higher (p<0.05) in sweet aroma, while the pasteurized sample was 

significantly higher in cooked aroma. The fresh sample was significantly higher (p<0.05) 

than the concentrated sample in orange, sweet, orange peel, grapefruit, and grassy 

descriptors while the concentrated sample was significantly higher in cooked, yam, green 

bean, tamarind and metallic descriptors. The pasteurized sample was significantly higher 

(p<0.05) than the concentrated sample in orange, sweet, orange peel, and grapefruit 

descriptors while the concentrated sample was significantly higher in cooked, yam, green 

bean, tamarind and metallic descriptors. 
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Flavor Characteristics 

Panelists were successful in separating the fresh frozen, pasteurized, and 

concentrated samples using the flavor descriptors. Tables III.3 to III. 5 contain descriptor 

intensities across all three seasons. The following results are based on trends observed in 

at least two out of the three seasons. 

Of the descriptors that were significantly different across treatments (Tables III.3 

to in. 5), orange and orange peel were highest in the fresh samples and therefore 

important for the fresh note, while cooked, artificial orange, yam, metallic, tamarind, and 

green bean were highest in the concentrated sample, and therefore identified with the 

cooked note. This conforms with the panelists perceptions, as a number of them used 

descriptors such as yam, tamarind, green bean to express that cooked, mushroom-like, 

and steamy flavor. A cooked or prune-like flavor was also reported in aseptically 

packaged juices in studies done by Moshonas and Shaw, 1989. 

The most important objective, which was to separate the fresh and the pasteurized 

samples, was successfully achieved using the flavor descriptors of the samples. Orange 

and pulpy were significantly (p<0.05) higher in the fresh sample, while cooked and body 

descriptors were significantly higher in the pasteurized sample. The higher intensity for 

body in the pasteurized sample is probably a result of the deactivation of the enzyme 

pectin methylesterase, which deesterifies pectin in fresh squeezed juice and results in 

cloud loss (Kimball 1991). 

The fresh frozen sample was significantly higher (p<0.05) than the concentrated 

sample in orange and orange peel, while the concentrated sample was significantly higher 

(p<0.05) in cooked, artificial orange, yam, metallic, tamarind, and green bean descriptors. 
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Descriptor ratings for the concentrated sample reflect what the panelist perceived, as they 

rated the sample low on all the fresh descriptors and high on all the cooked. The 

pasteurized sample was significantly higher (p<0.05) than the concentrated sample in 

orange and orange peel, while the concentrated sample was significantly higher (p<0.05) 

in cooked, yam, metallic, tamarind, and green bean descriptors. 

There was an overlap of descriptors such as orange, sweet, and orange peel in the 

free choice profiling analysis by Bazemore, 1995, and the lexicon used in this study. 

Principal Component Analysis 

PCA - Aroma Characteristics 

The negative end of PCI in Figures III.l to III. 3 is influenced by orange, orange 

peel, sweet, grapefruit, and grassy descriptors, which are identified with fresh aroma, and 

hence the fresh and pasteurized samples were more towards this end. Since the fresh 

samples are more pronounced in these descriptors they are further left than the 

pasteurized samples. The positive end of the axis was influenced by cooked, artificial 

orange, yam, metallic, tamarind, and green bean descriptors, which are responsible for 

the cooked aroma, and hence the concentrated samples were more towards this end. The 

concentrated samples were significantly separated (p<0.05) from the other two treatments 

for all seasons (Table III.6). 

As can be seen in Figures III. 1 to 111.3, the panelists were also successful in 

separating the fresh from the pasteurized samples, as they clustered into two groups on 
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Table IIL6. Principal Component (PC) aroma mean scores for PCI for Valencia 
orange juice: fresh-frozen, pasteurized, and concentrate. 

Season Sample Batch Code PCI Mean Score* 

Middle '96 

Concentrate 1 C 4.27 a 

Concentrate 2 c 3.90 a 

Pasteurized 1 P -1.34 b 

Pasteurized 2 P -1.83 * 

Fresh-Frozen 1 F -2.41 c 

Fresh-Frozen 2 f -2.59 c 

Late '96 
Concentrate 

Concentrate 
Pasteurized 

Pasteurized 
Fresh-Frozen 
Fresh-Frozen 

1 C 

2 c 

1 P 

2 P 
1 F 

2 f 

4.10 a 

3.51 a 

-0.91 
-1.21 

-2.62 
-2.86 

be 

cd 

Early '97 
Concentrate 1 C 

Concentrate 2 c 

Pasteurized 1 P 

Pasteurized 2 P 
Fresh-Frozen 1 F 

Fresh-Frozen 2 f 

4.08 
3.96 

-0.94 

-1.76 
-2.37 

-2.96 

cd 

* Means followed by different letters are significantly different within the same season 
by the Fisher protected LSD test at p < 0.05 



Figure III.1. Middle Valencia '96 aroma: Principal Component plot 
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Figure III.2. Late Valencia '96 aroma: Principal Component plot 
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Figure I1I.3. Early Valencia '97 aroma: Principal Component plot 
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the first principal axis. The fresh samples are more oriented towards the left of the first 

principal axis, being higher than the pasteurized samples in orange, orange peel, sweet, 

and grassy descriptors. However, at a significance level of p<0.05, there was overlap of 

one of the batches of the pasteurized samples with the fresh samples (Table III. 6). The 

PCA results show that the aroma descriptors can also be used as effective tools in 

separating the samples. 

Flavor Characteristics 

As is apparent in Figures III. 4 to III. 6, separation of the samples based on heat 

treatment was successfully achieved through PCA for the middle, late, and early Valencia 

samples. Concentrated samples were clustered toward the positive end of the axis, which 

was described by the cooked, artificial orange, yam, metallic, tamarind, green bean, and 

body descriptors, which define cooked characteristics. The negative end of the axis was 

dominated by the orange, sweet, orange peel, grassy, and pulpy descriptors, which define 

fresh characteristics, the fresh and pasteurized samples were more towards this end. 

These descriptors were important for separating the samples. In a similar study by Lin et 

al., 1993, on aqueous phase orange essence, utilizing Quantitative Descriptive Analysis, 

they found off-flavor notes such as buttery oil-like, flowery herbal, and fruity tea-like to 

have a greater influence in separating the samples. 

Most importantly, the panel was successful in significantly (p<0.05) separating 

the fresh from the pasteurized samples for two of the three seasons (Fig. 4 and 6). The 

fresh and pasteurized samples form two distinct groups for these two seasons (Table 

III. 7), with the fresh samples being more pronounced in orange, sweet, orange peel, 

grassy, and pulpy descriptors. The panel was successful in significantly separating 



Figure in.4. Middle Valencia '96 flavor: Principal Component plot 
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Figure 111.5. Late Valencia '96 flavor: Principal Component plot 
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Table IIL7. Principal Component (PC) flavor mean scores for PCI for Valencia 
orange juice: fresh-frozen, pasteurized, and concentrate. 

Season Sample Batch Code PCI Mean Score* 

Middle '96 

Concentrate 1 C 4.32 a 

Concentrate 2 c 4.19 a 

Pasteurized 1 P -1.12 b 

Pasteurized 2 P -1.45 b 

Fresh-Frozen 1 F -2.74 c 

Fresh-Frozen 2 f -3.20 c 

Late '96 

Concentrate 1 C 

Concentrate 2 c 

Pasteurized 2 P 
Pasteurized 1 P 

Fresh-Frozen 2 f 

Fresh-Frozen 1 F 

3.91 
3.84 

-0.43 
-1.29 
-2.87 

-3.15 

be 

cd 

Early '97 

Concentrate 1 C 4.31 a 

Concentrate 2 c 3.74 a 

Pasteurized 1 P -0.49 b 

Pasteurized 2 P -1.20 b 

Fresh-Frozen 1 F -2.85 c 

Fresh-Frozen 2 f -3.51 c 

* Means followed by different letters are significantly different within the same season 
by the Fisher protected LSD test at p < 0.05 
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the concentrated from fresh and pasteurized samples for all three seasons (Table III.7). 

For flavor, the samples were separated to a certain extent on PC2 at the p<0.05 

significance level for the Early and Late Valencia seasons. In the Late season, the 

pasteurized sample was significantly separated (Table III. 8) from the fresh and 

concentrated samples. Fresh and concentrated samples were influenced by overall 

intensity, grapefruit, grassy, and metallic descriptors (Figure III.5). For the Early 

Valencia samples on PC2, the fresh and pasteurized samples form two distinct groups 

(Table III.8). Fresh samples were influenced by sweet, yam, and pulpy descriptors while 

pasteurized samples by astringent, sour, bitter, and body descriptors (Figure III.6). 

Conclusion 

It is possible to differentiate fresh frozen from heat treated orange juice on the 

basis of their aroma and flavor properties, employing descriptive sensory analysis. 

Flavor characteristics of the samples are more effective in separating the treatments, as 

compared to aroma characteristics. Aroma and flavor descriptors such as: orange, orange 

peel, sweet, grapefruit, and grassy are more important in fresh samples that have not been 

heat treated. While descriptors such as cooked, yam, green bean, metallic, tamarind, and 

artificial orange are more identified with the heat treated samples. 
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Table IIL8. Principal Component (PC) flavor mean scores for PC2* for Valencia 
orange juice: fresh-frozen, pasteurized, and concentrate. 

Season Sample Batch      Code       PC2 Mean Score** 

Late '96 

Pasteurized 2 P 
Pasteurized 1 P 

Concentrate 1 C 

Concentrate 2 c 

Fresh-Frozen 2 f 

Fresh-Frozen 1 F 

-1.66 
-1.23 
0.60 
0.72 
0.67 

0.89 

Early '97 

Fresh-Frozen 2 f -1.47 a 

Fresh-Frozen 1 F -0.97 a 

Concentrate 2 c -0.61 ^ 

Concentrate 1 c -0.51 ^ 

Pasteurized 2 p 1.21 * 

Pasteurized 1 p 2.34 c 

* PC2 was not significant for the Middle '96 season at p < 0.05 
* * Means followed by different letters are significantly different within the same 

season by the Fisher protected LSD test at p < 0.05 
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Abstract 

Orange juice flavor and aroma is mainly influenced by its volatile components 

which includes acids, alcohols, aldehydes, esters, hydrocarbons, and ketones. Pasteurized 

orange juice is gaining in popularity across the United States; however, as a result of 

heating it undergoes undesirable flavor changes. In an effort to improve the flavor of 

heat treated orange juice, researchers are attempting to identify the compounds 

responsible for these detrimental changes. The objectives of this study were to determine 

the odor active volatiles responsible for differences in aroma profiles of pasteurized and 

fresh frozen samples as determined by gas chromatography-olfactometry (GCO), and to 

determine how these relate to the aroma and flavor intensities of the samples as assessed 

by descriptive sensory analysis. Fresh frozen samples showed a higher concentration of 

peaks tentatively identified as gamma-butyrolactone, citral, nonanal, carvone, 

perillaldehyde, carvyl propionate, valencene and other unidentified peaks. Pasteurized 

samples showed higher concentrations of peaks tentatively identified as hexanol, octanol, 

nerol / carveol, myrcene, 2-octanone, p-cymene, terpenen-4-ol, beta-citronellol, and other 

unidentified peaks. Descriptors such as orange, orange peel, sweet, grapefruit, and grassy 

are more pronounced in the fresh samples and are similar to the odor descriptors of 

Osme peaks high in the fresh samples. Descriptors such as cooked, artificial orange, 

yam, metallic, tamarind, and green bean are higher in the pasteurized and samples, and 

are similar to the odor descriptors of peaks higher in these samples. 
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Introduction 

As a result of its complex nature, orange juice flavor is delicate and difficult to 

preserve (Rouseff et al., 1992). The flavor of orange juice is a result of volatile and non- 

volatile compounds. Major non-volatile flavor contributors include sugars and acids, and 

comprise about 85% of total soluble solids (Nagy and Shaw, 1990). However, orange 

juice aroma and flavor are mainly influenced by the volatile components of orange juice: 

acids, alcohols, aldehydes, esters, hydrocarbons and ketones (Alberola and Izquierdo, 

1978). For fresh orange juice flavor, esters and aldehydes, are extremely important 

(Bruemmer, 1975). 

Heat processed juice purchased in ready-to-serve cartons is gaining in popularity 

across the United States. The main reasons for heat treating orange juice include 

increased shelf life, by curbing the growth of microorganisms, and inactivation of pectin 

methylesterase, which demethylates pectin and consequently leads to cloud loss. The 

main drawback of heat processing orange juice is undesirable flavor changes. These may 

result from the heat induced degradation of sugars and ascorbic acid, which lead to the 

formation of off-flavored products with a caramel, burnt flavor (Lee et al., 1988). Other 

off-flavored products include 4-vinylguaiacol, which has a rotten fruit odor and is formed 

from the degradation of ferulic acid (Tatum et al., 1975). Dimethylsulfide, which 

possesses a repulsive green cabbage like odor (Rouseff et al., 1992), is a degradation 

compound of s-methylmethionine. However, major sources of off-flavored compounds 

are limonene and linalool. Acid catalyzed hydration of limonene and linalool leads to the 

formation of degradation compounds such as alpha-terpineol and cis-1, 8-p-menthanediol 

(Askar et al., 1973). Alpha-terpineol, at a threshold of 1 ppm in orange juice, has a 
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painty, terpeney odor (Bielig et al., 1974). Linalool was also found to degrade to nerol 

and geraniol, both of which have a sweet, rose character. Cis-1, 8-p-mentanediol can 

degrade to produce 1,4-cineole and 1,8-cineole, both of which have a pungent, 

camphoraceous odor (Tatum et al., 1975; Shaw et al., 1993). P-mentha-l(7),2-dien-8-ol 

and p-mentha-l,5-dien-8-ol, both degradation compounds of citral, can further degrade to 

p-cymen-8-ol, p-cymene, and alpha, para - dimethyl sty rene all of which have a terpeney 

off-flavor (Kimura et al., 1983; Askar, et al., 1973). Ikeda (1961) found that gamma- 

terpinene was degraded to para-cymene, which has a terpeney off-flavor (Shaw, 1977). 

There is a large loss in volatiles as a result of the heating process. According to a 

study by Moshanas and Shaw (1997), juice made from concentrated showed lower 

amounts of the water soluble volatiles, such as esters, methyl and ethyl butyrate; alcohols, 

such as methanol, and ethanol; and aldehydes, such as geranial, when compared to the 

pasteurized and fresh juices. It is believed that the fresh flavor notes are contributed by 

these water soluble volatiles (Moshonas et al., 1994). Volatiles in the aqueous phase 

comprise mainly of the polar alcohols and the esters (Johnson et al., 1996), and these are 

probably volatilized during the heating process. It was also found that the oil soluble 

constituents, such as hydrocarbons, were generally lower in the fresh samples as 

compared to the more processed samples. 

Gas chromatography-olfactometry (GCO) is a useful approach in flavor analysis 

because it helps identify the odor active volatiles in a food matrix from a large array of 

volatiles. In addition, it also gives an indication of each compound's relative odor 

intensity. This is important because a conventional FID detector determines the amount 

of all volatiles present, but gives no indication of their odor contribution. GCO methods 
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such as CHARM (Acree et al., 1984) and Aroma Extract Dilution Analysis (Grosch, 

1993) involve the successive dilution of the sample until it is undetected, while Osme is 

based on a direct response of the intensity of the compound as it elutes the GC. Osme 

(McDaniel et al., 1990) is founded on current psychophysical views because it directly 

collects each compound's odor intensity. Since it does not require a dilution series, it is 

also less time consuming. The plot of odor intensity of eluted compounds versus 

retention time is called an Osmegram and represents the exact sensory phenomena 

perceived during compound elution. 

The response obtained for each odor active peak in Osme is a time-intensity 

curve. The main information that one can obtain from this peak, is its height and area. 

Peak height and area are used mainly to determine the odor impact of a particular peak, 

and also to compare differences in peak height or area, resulting from a change in 

concentration of that volatile. Previous researchers have used both parameters with an 

equal frequency. Plotto et al., (1998) used peak height to determine proportions of 

compounds to be used in preparing model mixtures to study gala apple flavor. Young et 

al., (1997) employed peak area in relating the Osme profile of cold pressed lemon oil 

aroma with its descriptive data. Bazemore, (1995) used peak height to study the 

properties of aqueous orange essence. Da Silva et al., (1992) when comparing the fit of 

Osme response with odor concentration, found that power, linear, and logarithmic 

functions provided good fit in the category scales for peak height, while the linear 

function provided best fit for relating peak area and odor concentration. 

A relatively new method, Solid Phase Microextraction (SPME) is being 

increasingly employed as a method of extraction. This solvent-free extraction method 
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involves the use of a fused silica fiber coated with polymeric organic liquid onto which 

the analytes are adsorped (Zhang and Pawliszyn, 1993. SPME fibers are now available 

with coatings of varying polarity, and depending on the analytes, one can select a fiber of 

specific polarity. This method is rapid, efficient, and economical. In headspace 

extraction, the amount of analyte adsorped onto the fiber depends on a three-phase 

equilibrium of the analyte in the solution, headspace and fiber coating (Zhang and 

Pawliszyn, 1993). An advantage of using SPME is that analytes can be directly desorped 

from the fiber in the GC injection port. Headspace SPME analysis was used by Steffen 

and Pawliszyn, 1996, to study orange juice volatiles. In this study fibers coated with 

polydimethyl siloxane and polyacrylate were compared, and it was found that with the 

exception of terpenes, the polyacrylate coated fibers extracted more analyte. It was also 

found that the addition of NaCl to the orange juice matrix increased the amount of 

analyte extracted on the fiber. 

The primary objective of this study was to determine the odor active volatiles 

responsible for the differences in aroma profiles of heat treated and fresh frozen samples 

as determined by gas chromatography olfactometry. The second objective was to 

understand how the aroma and flavor of the samples as assessed by descriptive sensory 

analysis, were influenced by the quality of the odor-active peaks as obtained by gas 

chromatography olfactometry. The third objective was to identify odor active 

compounds. 
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Materials and Methods 

Samples 

Two batches of fresh frozen, pasteurized, and concentrated Valencia orange juice 

were supplied by FMC Corporation, Lakeland, Florida. The juice was processed in the 

middle of May, 1996, over a period of two days. Juice processed on separate days was 

labelled as batch 1 and 2. The juice of the freshly harvested oranges grown in Florida, 

was extracted using a FMC 391 extractor equipped with standard juicing components, 

collected in a tank, and mixed well. One part of this juice was packaged in 1 gallon gable 

top cartons and labeled as Fresh, following which it was stored at -15°F until it was 

shipped. The remaining juice was used to prepare the pasteurized and concentrated 

samples. The pasteurized juice was heated at 950C for 8 seconds using a Microthermics 

Model HTST Lab 25 Pilot Plant pasteurizer. As the juice exited the pasteurizer, it was 

chilled to 40C and packaged in gable top cartons, and was stored at -150F until it was 

shipped. The concentrated juice prepared at the Citrus Research and Education Center, 

was evaporated to approximately 60oBrix, and packaged in nalgene bottles at -15°F and 

stored at that temperature until it was shipped. All the samples were frozen and shipped 

overnight express to Oregon State University, where they were stored at -370C until they 

were tested. For testing, samples were thawed gently over a day and a half in a 

Styrofoam box (about 10°C). Before the concentrated sample was tested, it was diluted 

to the same 0Brix level as the fresh frozen sample, which was 12.3 0Brix. 
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Descriptive Analysis 

Procedure as followed in Shah et al. (Chapter III). 

Extraction Procedure 

Head space extraction was done using a 100 (im polydimethylsiloxane SPME 

fiber (Supelco, Bellefonte, PA). 500 mL of orange juice in a 1 L Erlenmeyer flask was set 

in a 320C water bath, and was stirred using a magnetic stirrer. The flask had a rubber 

cork stopper, lined by aluminum foil to prevent odors adsorption by the rubber. The 

stopper had two holes, one for the SPME fiber and the other for a thermometer to monitor 

temperature. Extraction time was 1 hr, after which the SPME fiber was desorped in the 

GC injection port at 250oC. 

Gas Chromatograph Conditions 

GC analysis was conducted using a Hewlett Packard 5890A gas chromatograph 

(Hewlett Packard, Avondale, PA). The column selected was a Restek Rtx5 capillary 

column (Restek, Bellefonte, PA) with a stationary phase of 95% dimethyl 5% diphenyl 

polysiloxane, and with the following dimensions: length 30 m, internal diameter 0.32 

mm, and film thickness 1 [xm. The samples were run using the following temperature 

program: initial temperature 800C; initial time 3 min; rate, 40C/min; final temperature 

90° C; final time 0 min; rate A, 20C/min; final temp A, 110 0C; final time A, 0 min; rate 

B, 60C/min; final temperature B, 250 0C; final time B,15 min; purge 7 (OSME); purge 

0.2 (FED); linear velocity = 30.7 cm/s. 
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Gas Chromatography-Olfactometry (Osme) 

With Osme, effluents emerging from the column are directed to a sniff port 

consisting of a 46 cm by 1 cm (i.d.) glass tube set on top of the detector base. Effluents 

are continuously mixed with humidified and charcoal filtered air with a relative humidity 

of 60% and a flow rate of 10.2 L/min. This is directed to the panelist, who verbally 

describes the quality of each odorant as it is detected, and also records its intensity and 

duration using an electronic device containing a 16 point intensity scale. Data were 

recorded on Osme V.1.0 for Windows 3.1, software developed at Oregon State 

University. A detailed description of the set-up is provided by DaSilva et al. (1992). FID 

and hydrocarbon runs (Ce-Cie) were performed on each testing day. GC conditions 

followed were as previously cited. 

Osme Training 

Panelists were trained to use the 16 point time-intensity device consistently. They 

were instructed to calibrate themselves on the 16 point scale using the following 

standards as reference points: 3 = 30 ml saflflower oil (Saffola Quality Foods, Los 

Angeles, CA), 7 = 20 ml Hi-C orange drink (The Coca-Cola Company, Houston, TX), 11 

= 20 ml grape juice (Welch's, Westfield, NY), and 15 = 1 stick Big Red cinnamon 

chewing gum, unwrapped (W.M. Wrigley Jr. Co., Chicago, IL). Training involved 10-12 

sniffing trials of commercially available orange juice headspace extracts, to enable 

panelists to familiarize themselves with the odor active volatiles present in orange juice. 
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Peak Identification 

Osme peaks were identified by running standards that were commercially 

available, and these standards were matched with peaks on the basis of retention time and 

odor descriptor. 

Experimental Design and Data Analysis 

There were two panelists employed in this study, and each panelist did four 

replications for each sample. Sample presentation order was randomized across subjects. 

Each session lasted 32 minutes. If peaks were detected in atleast two out of four 

replications, the remainder were given missing values, however, if peaks were detected 

in less than two replications of a specific batch, that peak was given a zero value for that 

specific batch. Using Microsoft Excel, peaks were matched and averaged across 

replications and panelists on the basis of Kovats indices and odor descriptors. 

Results and Discussion 

The results from the descriptive analysis are shown in Table IV. 1. The fresh 

sample was highest in orange, orange peel, sweet, and grassy descriptors, which represent 

fresh aroma and flavor. Sweet and grassy descriptors were more pronounced in aroma 

but not in flavor. At the other extreme, the concentrated sample was highest in cooked, 

yam, metallic, tamarind, and green bean aroma and flavor, which are important cooked 

aroma indicators. Most importantly, the panel was able to separate the fresh and 

pasteurized samples on two aroma and one flavor descriptors. 



Table IV. 1. Valencia orange juice '96: Means and standard deviations ( ) of the aroma and flavor/mouthfeel 
descriptors of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Aroma concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

overall intensity 9.83a 9.29" 9.29" overall intensity 9.78" 9.71" 9.55" 
(1.39) (1-52) (1.72) (1.42) (1.63) (1.46) 

orange 3.17° 6.98c 5.91b orange 3.89" 8.46b 7.42b 

(2.47) (1.59) (2.17) (2.88) (2.36) (2.52) 

cooked 8.64c 5.07" 6.89b cooked 8.50c 4.55" 6.46b 

(2.22) (2.83) (2.14) (2.01) (2.92) (2.27) 

orange peel 2.38" 5.50b 5.12b sweet 5.34" 6.71b 6.32b 

(2.47) (2.18) (1.95) (2.31) (2.4) (2.15) 

sweet/tangerine 1.15" 3.88c 2.56b sour 4.94" 5.34" 5.47" 
(1.65) (1.9) (2.01) (1.81) (1.68) (1.44) 

artificial orange 1.788 0.96" 1.29" bitter 1.33" 1.25" 1.38" 
(1.91) (1-59) • (1.82) (1.30) (1.40) (1.5) 

grapefruit 0.65" 1.32b 1.12b astringency 3.37" 3.79" 3.74" 
(1.49) (1.97) (1.77) (1.72) (1.98) (1.97) 

yam 2.66b 0.20" 0.89" orange peel 2.89" 5.55b 4.89b 

(3.04) (0.61) (1.90) (2.18) (1.92) (2.04) 

grassy 0.87" 2.11b 1.56"b artificial orange 2.07b 0.87" 1.39"b 

(1.52) (2.49) (1.93) (1.99) (1.7) (2.06) 

metallic 2.94" 1.33" 1.37" grapefruit 0.57" 1.52b 1.178b 

(2.38) (2.12) (1.97) (1.13) (2.11) (1.9) 

tamarind 1.83b 0.24" 0.42" yam 2.10b 0.21" 0.46" 
(2.34) (0.62) (1.06) (2.54) (0.65) (i.ii) 

greenbean 1.01b 0.06" 0.12" grassy 0.66" 1.82" 1.34" 
(1.62) (0.46) (0.58) (1.21) (2.4) (1.73) 

abcMeans with common i superscripts within rows are not significantly different (p<0.05) 
to 



Table IV.l. continued. Valencia orange juice '96: Means and standard deviations () of the aroma and flavor/mouthfeel 
descriptors of orange juice samples (fresh-frozen, pasteurized, and concentrate) 

Descriptors SAMPLES Descriptors SAMPLES 
Mouthfeel concentrate fresh pasteurized Flavor concentrate fresh pasteurized 

pulpy 0.07a 2.79b 0.12' metallic 3.32b 1.12' 1.5' 
(0.57) (166) (0.56) (2.49) (1.73) (2.) 

body 6.73b 5.84' 7.06b tamarind 2.16b 0.43' 0.74' 
(1.61) (1.90) (1.69) (2.48) (1.01) (1.46) 

greenbean 0.56' 
(1.35) 

0' 
(0) 

0.14' 
(0.59) 

Means with common superscripts within rows are not significantly different (p<0.05) 
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The fresh sample was significantly higher than the pasteurized (p<0.05) in orange 

and sweet aroma, while the pasteurized sample was significantly higher in cooked aroma, 

and flavor. 

At levels that were not statistically significant, descriptors such as orange peel, 

grapefruit, and grassy, influenced the fresh samples more than the pasteurized; while 

descriptors such as artificial orange, yam, metallic, tamarind, and greenbean influenced 

the pasteurized samples more than the fresh. These descriptors though not important in 

significantly differentiating fresh and pasteurized samples, do give an indication to the 

flavor notes that are present in the fresh and pasteurized samples. 

The fresh sample was significantly higher (p<0.05) than the concentrated sample 

in orange, sweet, orange peel, grapefruit, and grassy aroma, and orange, orange peel, 

sweet and grapefruit flavor descriptors. The concentrated sample was significantly 

higher in cooked, yam, green bean, tamarind and metallic aroma, and cooked, artificial 

orange, yam, metallic, and tamarind flavor descriptors. The pasteurized sample was 

significantly higher (p<0.05) than the concentrated sample in orange, sweet, orange peel, 

and grapefruit aroma, and orange, sweet, and orange peel flavor descriptors. The 

concentrated sample was significantly higher in cooked, yam, green bean, tamarind 

aroma, and cooked, yam, metallic, and tamarind flavor descriptors. For the mouthfeel 

characteristics, the fresh sample was significantly higher in pulpy, while the pasteurized 

sample was significantly higher in body. The latter might be a result of the deactivation 

of pectin methylesterase as a result of heating, which in its active form, demethylates 

pectin, which in turn leads to a loss in body. 
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These results were then compared to results obtained from the GC analysis of the 

samples, which comprised FID and GC-olfactometry analyses of the samples. FID 

chromatograms of the three treatments for the middle Valencia samples are shown in Fig. 

IV. 1. The profiles for the fresh and pasteurized samples are similar, except for a decrease 

in quantities for some of the peaks in the pasteurized sample between 20 and 30 minutes. 

However, the concentrated sample shows a large loss of peaks from 10 to 25 minutes, 

which is a result of these peaks being volatilized as a result of heating. As can be seen in 

the chromatograms, the heat treated samples mainly undergo a loss rather than a gain in 

volatiles. However, one cannot judge the odor significance of these differences across 

treatments by solely evaluating the FED chromatograms. 

GC-olfactometry analysis indicates which volatiles are important odor 

contributors. There was a total of 71 odor active peaks detected in the middle Valencia 

sample. As the main objective of this research was to separate fresh from pasteurized 

samples on the basis of their odor-active peaks, those peaks that showed greater than 25% 

increase or decrease in peak area from the fresh to the pasteurized samples are shown in 

Table IV.2. 

Peaks 1,2, and 14, had a skunky off odor, and of these 1 and 2 were higher in the 

pasteurized sample while peak 14 was higher in the fresh sample. Peaks 3, 7, 11, 13, 19, 

20, 30, 31, and 33 were higher in the pasteurized samples. These peaks had odor 

descriptors such as nutty, mushroom-like, green, woody, vinyl, straw, musty, and other 

descriptors which described a cooked, steamy off-flavor. These peaks would influence 

similar descriptors such as metallic, green bean, cooked, tamarind, and yam from the 

descriptive panel, as can be seen in the pasteurized sample. These all indicate a 'cooked' 
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Figure. FV. 1 . FED chromatogram for Valencia orange juice samples 
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Table IV.2. Peak areas for the aromagrams of Valencia '96 orange juice samples 

No. Kovats Fresh Pasteurized Concentrated Descriptor Tentative Identification" 

1 680 0.00 1.99 0.00 skunky, spicy 

2 833 2.16 3.14 0.00 skunky, fruity to 

3 875 1.08 1.50 0.69 green, orange peel, nutty hexanol 

4 893 1.33 0.98 1.18 sweet orange, pungent, ripe orange gamma-butyrolactone 

5 991 2.26 3.05 0.00 heater myrcene 

6 996 3.50 1.49 0.53 sweet, floral 

7 999 1.73 2.31 0.25 lime, nutty, vinyl 2-octanone 

8 1010 1.39 0.37 0.00 myrcene, lime 

9 1050 0.68 1.11 0.00 minty, lime, piney, citrus, vinyl p- cymene 

10 1055 0.65 0.00 0.00 bamboo leaf, nutty, woody 

11 1071 0.05 0.49 0.00 citrus, orange, mushroom, metallic octanol 

12 1081 0.75 0.45 0.00 citrus, lime 

13 1099 0.47 0.71 0.14 lime, citrus, pine, vinyl, green 

14 1101 0.61 0.00 0.00 skunky 

15 1108 2.61 1.83 0.00 vinyl, nutty 

16 1116 0.77 0.44 0.00 solvent, pungent, vinyl, lime nonanal 

17 1133 0.00 1.15 0.00 orange, floral 

18 1165 1.08 0.68 0.00 greasy.lime, melon 

* based on standards with similar retention times and odor descriptors 



Table IV.2. continued. Peak areas for the aromagrams of Valencia '96 orange juice samples 

No. Kovats Fresh Pasteurized Concentrated Descriptor Tentative Identification* 

19 1187 0.29 0.70 0.20 nutty 

20 1188 0.00 0.73 0.23 woody, cedar, cilantro, octanol terpenen-4-ol 

21 1219 1.57 0.87 0.00 citrus, floral 

22 1230 0.26 1.04 0.12 pencil to 

minty, plastic nerol / carveol 

23 1238 0.38 0.25 0.00 burnt, sulfur 

24 1244 0.57 0.78 0.00 floral, sweet, metallic, minty beta-citronellol 

25 1263 1.23 0.87 0.00 citrus, lemon, floral, sweet, mint to 

mint 

citral 

carvone 

26 1280 0.23 0.00 0.16 nutty, green, plastic, painty perillaldehyde 

27 1317 0.43 0.00 0.00 vinyl, herb 

28 1319 0.67 0.88 0.28 pine, lime, metallic, plastic, vinyl 

29 1330 0.43 1.12 0.00 metallic, mint 

30 1330 0.36 0.47 0.00 nutty 

31 1355 0.16 0.58 0.21 dirty, musty, straw, mushroom, vinyl 

32 1362 0.59 0.42 0.00 heater, floral 

33 1414 0.31 0.44 0.20 nutty, cheesy, cooked, tobacco 

34 1419 0.51 1.06 0.00 vinyl, plastic 

35 1428 0.00 1.21 0.00 citrus, floral 

36 1436 1.38 0.89 0.00 lime, metallic, vinyl, green 

* based on standards with similar retention times and odor descriptors oo 



Table IV.2. continued. Peak areas for the aromagrams of Valencia '96 orange juice samples 

No. Kovats       Fresh Pasteurized    Concentrated        Descriptor Tentative Identification* 

37 1478 0.26 0.17 0.00 

38 1503 0.68 0.86 0.42 

39 1526 0.45 0.06 0.00 

woody, earthy 

mint, butterscotch, vinyl, plastic 

metallic, waxy, mushroom 

carvyl propionate 

valencene 

* based on standards with similar retention times and odor descriptors 
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aroma and flavor. Of these off-odor peaks, those tentatively identified were octanol, 

hexanol, 2-octanone, and terpenen-4-ol. Peak 37, tentatively identified as carvyl 

propionate, also had a woody, earthy odor, but was higher in the fresh sample. 

Peaks 8, 12, 16, 18, 25, and 36 had lime, citrus, pine, melon, and lemony odor 

characteristics, and were all higher in the fresh sample. These peaks would influence 

descriptors such as orange, orange peel, sweet, and grapefruit, which describe fresh flavor 

in orange juice. Of these, those tentatively identified were two aldehydes, nonanal and 

citral, and a ketone, carvone, all of which are important to orange flavor. 

Peaks 6, 17, 21, 32, and 35, had floral, sweet, orange, and citrus odor 

descriptors. These peaks would influence sweet and orange descriptors from the 

descriptive panel. Of these 6, 21, and 32 were higher in the fresh sample, while peaks 17 

and 35 were higher in the pasteurized sample. 

Peaks 9, 22, 24, 27, 28, 29, 34, and 39, had metallic, vinyl, minty, floral, herb, 

and plastic odors, which would influence off-odor descriptors such as metallic and 

artificial orange. Of these 9, 22, 24, 28, 29 and 34, were higher in the pasteurized 

samples, and peak 27 and 39 were higher in the fresh sample. Peak 9, 22, and 24 were 

tentatively identified as p-cymene, nerol / carveol, and beta-citronellol. P-cymene has 

been reported as a degradation compound of gama-terpinene (Ikeda, 1961), and nerol has 

been reported as a degradation compound of linalool (Askar et al, 1973). Peak 39 was 

tentatively identified as valencene, and it is found in peel oil of oranges. 

Conclusion 

Using Osme, it was possible to separate fresh frozen from pasteurized orange 

juice, on the basis of their aroma profiles. Fresh frozen samples show a higher 
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concentration of peaks tentatively identified as gamma-butyrolactone, citral, nonanal, 

carvone, perillaldehyde, carvyl propinate, valencene, and other unidentified peaks 

possessing descriptors such as floral, lime, citrus, pine, bamboo leaf, metallic, and vinyl. 

Pasteurized samples show a larger concentration of peaks tentatively identified as 

hexanol, octanol, nerol / carveol, myrcene, 2-octanone, p-cymene, terpenen-4-ol, beta- 

citronellol, and other unidentified peaks with descriptors such as cilantro, vinyl, melon, 

mushroom, and metallic. 

Descriptors such as orange, orange peel, sweet, grapefruit, and grassy are more 

pronounced in the fresh samples and are similar to the odor descriptors of Osme peaks 

higher in the fresh samples. Descriptors such as cooked, artificial orange, yam, metallic, 

tamarind, and green bean are higher in the pasteurized samples, and are similar to the 

odor descriptors of peaks higher in these samples. 
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V. THESIS SUMMARY 

Heat treated orange juice, both pasteurized and concentrate are gaining in 

popularity across the U.S. However, one of the main drawbacks of heat treated juice is a 

loss in flavor quality. Orange juice manufacturers are increasingly attempting to 

determine the volatile constituents in orange juice responsible for these flavor changes. 

It is important to first determine the aroma and flavor changes that occur in the juice as a 

result of the heating process. A descriptive sensory panel was employed for this 

purpose, and it was successful in significantly (p<0.05) separating the fresh, pasteurized, 

and concentrate samples. Orange, orange peel, sweet, and grassy descriptors were found 

to be important for fresh aroma and flavor, while cooked, yam, metallic, tamarind, green 

bean and artificial orange descriptors were higher in heat treated samples. 

Once these descriptive sensory changes were identified, it was necessary to 

determine the odor-active volatiles present in the juice that were responsible for these 

changes. Gas chromatography-olfactometry (GCO) was employed for this purpose, and 

this method allows the researcher to determine the odor quality and intensity of the 

volatiles as they elute from the GC. The GCO method employed was Osme, which was 

developed at Oregon State University, and is based on measuring the panelists response 

on a time-intensity scale. Fresh frozen samples showed a higher concentration of peaks 

tentatively identified as gamma-butyrolactone, citral, nonanal, carvone, perillaldehyde, 

carvyl propionate, valencene and other unidentified peaks. Pasteurized samples showed 

higher concentrations of peaks tentatively identified as hexanol, octanol, nerol / carveol, 

myrcene, 2-octanone, p-cymene, terpenen-4-ol, beta-citronellol, and other unidentified 

peaks. Descriptors such as orange, orange peel, sweet, grapefruit, and grassy are more 
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pronounced in the fresh samples and are similar to the odor descriptors ofOsme peaks 

high in the fresh samples. Descriptors such as cooked, artificial orange, yam, metallic, 

tamarind, and green bean are higher in the pasteurized and samples, and are similar to 

the odor descriptors of peaks higher in these samples. 

Future researchers need to identify and quantify the odor-active volatiles 

determined as important by this study. Mass spectroscopy could be used to identify the 

volatiles. Once the important volatiles have been identified, their odor significance 

needs to be verified. This can be achieved by spiking them in orange juice, individually 

and in mixtures, and measuring changes in the sensory profile of the juice using a 

descriptive sensory panel. 
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