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'Marion' blackberry is known for having excellent aroma and flavor, yet they

are susceptible to damage by freezing and they are very thorny. Thorniess blackberry

cultivars have been developed and show great potential. Thus, the interest of the

study was in determining which of eight thomless blackberry cultivars, have similar

sensory characteristics to 'Marion'.

The objectives of this study were to develop a lexicon of sensory descriptors

for blackberry through descriptive panel profiling and to rate the intensities of those

descriptors for thomless blackberry selections and 'Marion'.

Twelve trained panelists evaluated blackberry puree from 9 cultivars

('Marion', 'Chester', 'Waldo', 'Thorniess Evergreen', ORUS 1380-1, ORUS 1486-2,

ORUS 1843-3, NZ 9128R-1, and NZ 9351-4). Twenty-one descriptors were

developed to describe blackberry aroma and basic tastes. Aromas generally were

described as floral, fresh fruit (strawberry, raspberry, citrus), cooked fruit (prunes,

cooked berry), vegetal (green beans, woody, stemmy, grassy, moldy), grainy, vinyl,

Redacted for privacy



and wet cardboard. Blackberry basic tastes and mouth feel included sweet, sour,

bitter, and astringent.

'Marion' was primarily defined by being high in one aroma descriptor, fresh

fruit (strawberry, raspberry, and citrus). Some of the remaining cultivars were more

complex, being high in cooked fruits, vegetal, and woody aroma. Results showed

that all descriptors were significantly different among cultivars (p<O.O5) as

determined by multivariate analysis of variance. Cultivars were separated in sensory

space according to their aroma and taste characteristics through mapping of the

samples by principle component analysis. Through principal component analysis

mapping, it was shown that two cultivars, ORUS 1380-1 and NZ 9128R-1, were

closest to 'Marion'.

The results from the sensory evaluation analysis for 'Marion' and 'Thornless

Evergreen' were compared to previously published research on blackberry flavor.

The aroma compound analyses were conducted using gas chromatography methods.

The flavor dilution factors from gas chromatography! olfactometry and odor activity

values for each compound found in 'Marion' and 'Thorniess Evergreen' were
4

reported. Gas chromatography! olfactometry results were compared to odor activity

values; only a few of the same compounds were recognized as being important.

Although these data sets were compared to the sensory descriptive analysis results,

because of probable masking of fruity aroma by vegetal and woody aromas, cause

and effect was difficult to predict.



These results support the blackberry breeding program by providing valuable

data for future breeding decisions and by identif'ing blackberry selections that have

the most potential for matching 'Marion' blackberry sensory characteristics.
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DESCRIPTIVE SENSORY ANALYSIS OF THORNLESS BLACKBERRY
SELECTIONS TO DETERMINE SENSORY SIMILARITY TO 'MARION'

BLACKBERRY FLAVOR

INTRODUCTION

Blackberries are one of the most important berry crops in the Pacific

Northwest. Oregon Agricultural Statistics Service (2005) reported that there were

6,300 acres harvested for blackberries with the total production of 46,900,000 pounds

in 2004. The value for the 2004 crops was $33,392,800. 'Marion' blackberry, the

most popular blackberry cultivar due to its excellent flavor, accounted for 4,400 acres

from the total acreage harvested. The harvest season in 2004 produced 28,300,000

pounds of 'Marion' blackberry with a value of $20,942,000. Even though 'Marion' is

very widely known, it is susceptible to winter damage and it has thorns. The breeding

program conducted at the USDA-ARS Horticultural Crops Research Lab, Corvallis,

Oregon has developed thomless blackberry selections which are showing great

potential to replace 'Marion'.

In the early seventies, flavor chemists at Oregon State University first

studied the flavor of blackberry in the form of blackberry essence (Scanlan et al.,

1970; Gulan, et aL, 1973). They identified many compounds, but lacked the

techniques available today to determine aroma active compounds. Recently, studies

on aroma active volatiles have been done by Klesk and Qian (2003), and also by Qian

and Wang (2005). Through gas chromatography/mass spectrometry (GC/MS) and

gas chromatography/olfactometry (GCO) methods, they identified aroma-active



compounds in 'Marion' and 'Thornless Evergreen' both quantitatively and

qualitatively.

GCO methods allow human evaluation of the compounds' aroma individually

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

food matrix, and therefore it is desirable to test the results from GCO analysis in a

food matrix. Comparisons of GCO results with sensory profiles have been reported

for strawberry juice (Schieberle, 1994; Schieberle & Hofrnann, 1997), and also for

apple flavor (Plotto et al., 1998). It is still a challenge to relate data from GC analysis

with the data from sensory descriptive analysis.

Although some instrumental studies have been conducted on blackberry

flavor, very limited research is available on the sensory evaluation of blackberry

flavor. This study included a lexicon (a set of descriptors of sensory characteristics)

development for blackberries which will provide a reference of a blackberry aroma

profile for future study. Descriptive analysis using a modified Spectrum method was

conducted and the analysis of the results allows determination of which cultivars were

the closest in flavor to 'Marion'.



Blackberry
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LITERATURE REVIEW

Blackberries are classified in the Rosaceae family, in the genus Rubus,

and subgenus Eubatus. Blackberries are aggregate fruit of many drupelets, which

have pyrene (seed or 'stone') in each drupelet. The blackberry plants are highly

variable and can be found throughout the world, except in extreme regions, such as

desert. Present blackberry cultivars originated from the interbreeding of many

genetically heterogeneous and morphologically variable species (Galleta &

Himelrick, 1990). For that reason they differ greatly in fruit and plant habit. Erect,

semi-erect, trailing blackberries, and dewberry are types of blackberry that are

commercially grown in the United States (Table 1.1) (Galletta & Himeirick, 1990).

In general, trailing blackberries have a more preferable fruit flavor than erect or semi-

erect types (Strik, 1992). Out of those three types of blackberries, the trailing

blackberry, has the largest percentage production in the Pacific Northwest (California,

Oregon, Washington, USA, and British Columbia, Canada). The most important

trailing blackberry cultivars in the Pacific Northwest are 'Marion', 'Thomless

Evergreen' (Rubus laciniatus), and Boysen. 50% of hectarage in this region is

accounted for by 'Marion', and 'Thorniess Evergreen' is the second most widely

planted cultivar (Strik, 1992).

Most of the trailing blackberries, except 'Thomless Evergreen', produced in

the Pacific Northwest are thorny. Since 85% of the trailing blackberries are machine

harvested, the thorny canes become a major disadvantage. The training canes and

machine harvested fruits are usually damaged by thorns. Trailing blackberries have



Table 1.1 - Classification of American blackberry cultivars
Class Description Cultivars

Erect thorny - Characteristics by Brazos, Cherokee,

erect, spiny canes, Cheyenne, Comanche,

and prolific Darrow, Humble,

production of Shawnee, Choctaw, Illini

primocanes Hardy, Navaho

- Large clustered and

produce large, sweet

fruits

Western trailing - Pacific coast of Botsen, Chehalem,

North America Flordagrand, Gem, Lincoln

- Very vigorous Logan, Logan, Marion,

trailing to semi-erect Okiawaha, Olallie,

canes, and large, Thorniess Evergreen,

roundish to Young

elongated, wine-

colored to black

fruits of distinct

flavor

Semi-erect thomless - Characterized by Black Satin, Chester

vigorous, semi-erect, Thomless, Dirksen

smooth canes, large Thomless, Flint, Georgia

fruit clusters, high Thorniess, Hull Thorniess,

productivity, and late Smoothstem, Thornfree

ripening

Dewberry - Prostrate canes that R. baileyanus, R. ursinus

produce large, early

ripening, high-

flavored fruits

Adapted from Galetta et al. (1990)
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softer fruits, and fruit firmness is one of the major characteristic that is required for

the fresh market. About 95% of the blackberry fruit produced in the Pacific

Northwest is for processing (Finn et al., 1997), for they often do not meet the

requirements for fresh market quality. Blackberry production in the Pacific

Northwest would increase rapidly if a hardy, thomless, trailing cultivar with firm,

highly-flavored fruit suitable for both processing and fresh market were released

(Strik, 1992).

'Marion' Blackberry

The 'Marion' blackberry was released in 1956. It was the result from

'Chehalem' and 'Olallie' that were crossed in 1945 (Finn et al., 1997). Since the

early 1980's, 'Marion', or 'Marionberry' as it is known by consumers and marketers,

has been the dominant cultivar replacing 'Thomless Evergreen' as the most widely

planted cultivar. 'Marion' has an outstanding reputation worldwide, primarily related

to its fruit quality, including flavor, aroma, and perception of fewer pyrenes (seeds or

'stones') (Finn et al., 1997). 'Marion' pyrenes have a flat shape and are also coated

with a 'gelatinous' material so there is a 'cushioning' effect; they slide more easily

between the teeth when the fruit is eaten (Takeda, 1993).

'Marion's poor winter tolerance is the main factor limiting its production in

the Pacific Northwest. In addition, 'Marion' canes have thorns that become a serious

problem when they dislodge during mechanical harvesting and contaminate harvested

fruit (Finn et aL, 1997).

The outstanding flavor of 'Marion' has been the reason it has risen to such

dominance in the worldwide market. 'Marion' will continue to be the predominant



cultivar in the Pacific Northwest until a cultivar is developed which has firmer fruits,

is more winter tolerant, thomless, and also retains 'Marion' fruit flavor quality (Finn

etal., 1997).

Gas Chromatography/Olfactonietry (GCO)

Identification of chemical compounds that are responsible for specific food

aroma is the ultimate goal of flavor chemistry research. The identification can help:

i) postulation of the mechanisms for the formation of objectionable flavors in food

and thus the development of practical methods to prevent or retard their formation; ii)

specification and control of flavor qualities; iii) development of a synthetic food

flavor (Wick, 1965)

Flavor chemistry research improved when gas chromatography (GC) was

invented in 1952 and started being used in combination with mass spectroscopy (MS)

(Stewart, 1963). However, while odor is an integrated and highly subjective response

of an individual to a number of different stimuli, GC/MS, at its best, only

differentiates the chemical compounds present in the aroma system, where only some

of which serve as aroma/flavor stimuli. The challenge in flavor research at present is

to establish which of the compounds isolated, separated, and identified by GC/MS are

responsible for what sensory characteristics in the food product (Stewart, 1963).

After the GC was invented, researchers began sniffing the GC effluent to determine

the odor quality of chemicals of interest (Acree 1997).

To overcome this problem, GC has been combined with olfactory perception

and this method is known as gas chromatrography/olfactometry (GCO) (Acree,
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1997). This method allows the determination of the odor quality and quantity of the

eluting peaks.

Researchers initially involved with GCO were mainly interested in describing

the odor quality of the eluting compounds (DaSilva et al., 1994). Even though these

studies provided useful information regarding odor-active compounds and their odor

quality, attention to intensity or duration of the compounds detected was very limited.

Later on, scientists became interested in collecting more information regarding the

odor-active compounds' significance to the product's flavor. Thus, the current

purpose of GCO is summarized into three main points: identifying odor-active

compounds in flavor systems, determining the odor quality of each odor-active

compound, and also quantifying the odor significance of each odor-active compound

in the flavor system (DaSilva et al., 1994). Therefore, a more quantitative approach

was developed to predict odor importance and improve the usefulness of OCO.

With the combination of GCO with traditional threshold determination

methods, the concept of aroma value was introduced by Rothe and Thomas (1963).

An odorant's aroma value is the ratio of its concentration to its odor detection

threshold. Alternate terms have been used to describe this ratio, including the odor

unit number (Guadagni et al., 1966), odor intensity unit (Teranishi et al., 1971), odor

value (Mulders, 1973), and threshold odor number (Hill & Barth, 1976).

The Charm Method

Acree et al., (1984) developed Charm, a sensory procedure that is based on

odor detection thresholds rather than psychological estimations of stimulus intensity.

In this method, the length of time an odorant is detected and the odor qualities are



recorded as compounds elute off a GC column. This method involves a series of

dilutions of the odor mixture, until the individual odors cannot be detected. A series

of hydrocarbons of n-paraffin are chromatographed to assist in determining retention

indices. Data are converted to dimensionless charm values, using the equation: c =

where d is the dilution factor used in preparing the dilutions and n is the number

of dilutions in which the odorant of interest was detected. 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 (Mann et al., 1988). Charm values are plotted against retention

indices to obtain a Charm chromatogram (Acree et al., 1984).

Aroma Extraction Dilution Analysis (AEDA) Method

Aroma extraction dilution analysis (AEDA) was introduced by Grosch and co-

workers; it involves diluting the sample successively with solvent prior to GC

analysis (Ulrich & Grosch, 1987). In the aroma extraction dilution analysis (AEDA)

method, flavor dilution (FD) is given by the dilution level at which compounds are

perceived (Grosch, 1994). FD factors are the last dilution at which an odorant is

detected at a specific retention index (Ulrich & Grosch, 1987; Schieberle & Grosch,

1988). Odorants which posses higher FD factors are considered to contribute more to

the sample's aroma profile.

Like Charm, this method is based on odor detection thresholds of the

compounds eluted from the GC column rather than an estimation of psychological

intensity, and compounds with higher FD factors are considered more important in

determining the aroma quality of the sample. The main difference between the results



interpretation in Charm 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 recorded (Mistry et al., 1997).

Osnie

Osme, a greek word for 'odor', is a OCO technique developed at Oregon State

University and first reported by McDaniel et al. (1990). This technique 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; DaSilva et al., 1994).

Osme was reported to be a more reliable GCO method than the threshold-

based methods (Piggot 1990). In Osme, trained panelists 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 quality. Retention time is plotted against

odor intensity and is called an Osmegram. The Osmegram provides graphical

presentation of the compound's odor significance in the flavor extract. Duration time

and intensity values are recorded in this method.

For each odorant, Osme gives information on retention index, duration of odor

detection, intensity of odor as determined through the use of a time-intensity device

labeled with a 16-point intensity scale, peak area, and odor quality that is described

verbally by each panelist (DaSilva et. al., 1994). The panelists can be expected to

have variation as a result of differences in human sensitivity to chemical compounds

(DaSilva et al., 1992; Sanchez et al., 1992). However, training the panelists on the

use of the intensity scale could significantly reduce this variation.



10

Aroma Compound Analysis for Blackberries

Very few publications report aroma-active compounds in blackberries.

Compared to other small fruits such as raspberry or strawberry, blackberry aroma has

received very little attention. Some limited studies were mainly related to volatile

compounds in 'Marion' and 'Thornless Evergreen' (Qian & Wang, 2005; Kiesk &

Qian, 2003). Klesk and Qian (2003) conducted GCO using AEDA method and

GC/MS analysis and reported primary aroma descriptors for blackberry are chemical,

earthy, floral, fruity, green, herbaceous, spicy, and vegetal. A series of dilution with

dilution factor of 2 were done prior to the GC analysis, and then flavor dilution (FD)

factors for the odor active compounds in each cultivar were determined using AEDA.

They reported that the most important odor active compounds were the ones that had

FD 16. There are about 19 active volatile compounds that have FD 16 for

"Marion',' and about 32 active volatile compounds have FDl6 for 'Thornless

Evergreen'. Aroma compounds studies indicated that, compared to 'Marion',

'Thomless Evergreen' had higher FD factors for compounds that are responsible for

vegetal, woody, moldy, and spicy (Klesk & Qian, 2003). Some limited work has

been done on the aroma compounds of blackberries (Qian & Wang, 2005; Kiesk &

Qian, 2003), but very little work has been done on their sensory character.

Sensory Descriptive Analysis Methods

Descriptive sensory analysis is a sensory method used to characterize sensory

attributes of a food or a product using human subjects who have been specifically

trained (Meilgaard et al., 1999). Descriptive sensory analysis consists of two

aspects; qualitative factors, which include a set of words describing the sensory
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characteristics of a product, and the quantitative aspect, which expresses the degree

(intensity) to which each characteristic is present in the product (Meilgaard et al.,

1999). Panelists performing the descriptive work have been trained for some period

of time. In descriptive analysis, panelists do not express their liking toward the

product, but instead they recognize and then describe the sensory characteristics into

a set of terms, and also have to be able to rate the intensity of each descriptor.

Descriptive analysis may include one or more of the important sensory aspects (e.g.

appearance, aroma, taste, aftertaste, texture). Through this method, detailed

information of individual sensory characteristics of the product that is becoming the

main interest for the study can be obtained. This method also can be used to monitor

the product quality, to document sensory characteristics, and to correlate chemical

and instrumental measurements with sensory response.

The descriptive sensory analysis methods that commonly used are: The Flavor

Profile Method, Quantitative Descriptive Analysis (QDA) Method, Free Choice

Profiling, and The Spectrum Method. The descriptive method used for investigating

blackberry sensory characteristics in this study was a modified Spectrum method.

Flavor Profile Method

The Flavor Profile method was developed by Arthur D. Little, Inc. in the late

1940's (Caul, 1957; Cairncross et al., 1950). The most important factors in the Flavor

Profile Method are the extensive training required and also the panel leader and the

ability of the panel to work as a team in order to reach consensus decisions. The

panel leader is responsible for directing the conversation to provide a panel

consensus.
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This method can be used when many samples have to be judged by a few

highly trained panelists. In training sessions, panelists are exposed to a wide variety

of samples representing product range. With the panel leader's assistance in

providing reference samples, panelists develop and define a lexicon (a set of words

describing a product sensory characteristics). During the evaluation, five to eight

screened and trained panelists, evaluate samples one at a time, and record the

intensities of attributes using a 7-point scale. The sensory analysis includes overall

impression (amplitude), identification of perceptible aroma and flavor character

notes, intensity of each character note, order in which the character notes are

perceived, and aftertaste. The panel leader records the results and leads a general

discussion to meet a panel consensus profile for each sample. The results are usually

reported in tabular or graphical presentation.

When only using five to eight panelists, lack of consistency and

reproducibility might occur, but since the consensus method is used in this descriptive

method, this particular concern can be overcome. The training for this method is very

time consuming, thus a very expensive method of analysis. Another disadvantage of

this method is that the consensus of the panel can be dominated by a senior member

or a dominant personality, so that equal input from other panel members is not

obtained (Pangborn, 1988; ASTM, 1996; Meilgaard et al., 1999).

Quantitative Descriptive Analysis (QDA) Method

The QDA method was developed by Stone and Side! (Stone et al., 1974) in

response to dissatisfaction among sensory analysts with the lack of statistical

treatment of data obtained from the previous descriptive analysis methods. It relies



13

heavily on statistical analysis to determine the appropriate terms, procedures, and

panelists to be used for analysis of a specific product (Stone & Side!, 1985). Ten to

twelve panelists are screened and selected based on their ability to discriminate

differences in sensory characteristics between samples of a specific product on which

they are being trained. In developing this method, it was imperative that the results

were actionable. The panel leader serves as a facilitator, and refrains from

influencing the panel. Development of consistent terminology is stressed, but

panelists are free to develop their own approach in intensity rating using 15-cm line

scale. Evaluation of samples is done one sample at a time in individual booths to

reduce distraction and panelist interaction. Results are analyzed statistically (using

analysis of variance) and are usually presented using a spider plot to visually compare

sensory attributes of each samples.

Lack of leadership might lead to erroneous terms; the "free" approach can

lead to results inconsistency, and also lack of feedback to panelists might reduce the

opportunity for learning and expanding the terminology for greater capacity to

discriminate and describe differences (Stone & Side!, 1985).

Free Choice Profiling

Free choice profiling is a sensory profiling technique in which panelists use

their own vocabularies without having to describe the meaning. This procedure was

developed by Williams and Langron (1984) in order to compensate for panelist

variability which is inevitable when working with human subjects. These include

perception of different stimuli in the same product, use of different terms and scales

between sessions, differing ranges of intensity ratings between panelists, using
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descriptors in different ways, and panelists variance in scoring (Arnold and Williams,

1986).

This method allows panelists to have less training because they choose their

own vocabularies, but they have to use those terms consistently. Besides time

efficiency, another advantage of this method is that the panelists can be used to

represent inexperienced panelists since they are only trained on how to use the scale.

Analysis of free choice profiling results uses a unique statistical method called

Generalized Procrustes Analysis (GPA), which allows for terms to be combined if

they seem to measure the same attribute, and also adjusts for different scale usage

among panelists. The use of GPA compensates for much of the variation normally

found among panelists in descriptive panels. The result of the analysis is a consensus

configuration revealing the interrelationships between the samples for the panel as a

whole (Williams and Langron, 1984).

Even though panelists consistency is still important as well as the ability to

perceive attributes and to generate sufficient terms, untrained panelists and groups

that do not speak the same language can be used, which become the primary

advantages for this method.

The Spectrum Method

The Spectrum Method was developed by Gail Vance Civille to obtain a

sensory descriptive analysis method that reproducible and repeatable (Munoz &

Civille, 1992). In training for the spectrum method, panelists are exposed to the

products and they create a list of descriptors which define sensory profiles of the

products. Panelist descriptors lists are compiled and then a list of descriptors
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(lexicon) that all panelists will use is developed. Reference standards are used in

training to define descriptors so that all panelists describe the attribute in the same

way. The panel leader serves as trainer and extensive training is used. Different

intensity scales can be used, but the universal category scale (16-point) is most often

used with three to five references anchored along the scale (Meilgaard et al., 1999).

These references anchors are used to reduce panelist variability. Final evaluation of

samples is conducted individually in controlled environment booths. Results

obtained from this method are analyzed using analysis of variance to examine

panelists, products, and also panelists by product interaction.

Re1atin Instrumental Data with Sensory Data

By definition, aroma, flavors, textures, and colors are human sensations.

Calorimeters measure light absorption or transmittance. Resistance to pressure or

stress is measured by texturometers. Volatile compounds are identified and

quantified, using GC/MS techniques (Pangborn, 1984). Perceived aroma can be

measured using sensory profiling techniques and one can have a set of qualitative

sensory data corresponding to the set of chemical data. Instrumental analysis can

never substitute for human measurement, but it can be use as a comparison or

supplement (ASTM, 1968; Noble, 1975; DaSilva et al., 1994).

When correlating sensory with instrumental data, there are some important

requirements for making either statistical or non-statistical correlations. Both

measurements must use identical samples, the test samples must cover a sufficiently

wide range of the variability under observation, sufficient replication of both

measurement must be included, sensitivity and reproducibility of both measurements



16

needs to be calibrated, the same panelists must participate in all sensory replications

within a test, and both tests must used the same panelists (Guadagni, 1968;

Dravnieks, 1976).

Studies on Gala apple (Plotto, 1998; Plotto et al., 1999; Plotto et al., 2000)

examined the differences in aroma and flavor between controlled atmosphere and air

storage (Plotto et al., 1999) and also changes in odor-active volatile compounds

produced by Gala apples during storage time were also evaluated using Osme, a GCO

method (Plotto Ct al., 2000). Changes in the odor-active volatile compounds produced

by Gala apples were measured after 4, 10, and 12 weeks storage at 1°C in regular

atmosphere (RA) or controlled atmosphere (CA), and 16 weeks in CA followed by 4

weeks in RA using the Osme method. Hexyl acetate, butyl acetate and 2-methylbutyl

acetate were produced in the largest amount, and also perceived strongest in RA-

stored fruit. 2-methylbutyl acetate remained at the RA concentration until apples had

been stored 16 weeks in CA, while hexyl acetate and butyl acetate concentrations and

aroma intensities decreased during CA storage. Perception intensities of

methylbutyrate esters with appl or berry-like odors decreased less in CA-stored fruit.

4-Allylanisole, 13- damascenone, 1-octen-3-ol, and an unknown compound described

as watermelon, were perceived more in RA-stored fruit than in CA-stored fruit (Plotto

et al., 2000).

Sensory evaluation study on Gala apple was conducted following the previous

research that determined Gala apple's aroma active compounds by Osme (Plotto,

1998). 16 of those compounds were combined in mixtures in water solutions at

concentrations determined by analyzing apple headspace. Sixteen panelists compared
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aromas of the solutions with fresh apples and rated degree of difference for aroma.

Hexyl acetate, hexanal, butyl acetate, 2-methylbutyl acetate, and methyl 2-butyrate

contributed to the least difference between mixtures and apples. Penthyl acetate,

hexyl 2-methylbutyrate, butyl hexanoate, and 4-allylanisole contributed to the largest

difference. Sensory research on the differences in Gala apple characteristics between

controlled atmosphere and regular storage was also conducted (Plotto et al., 1999). A

lexicon of 13 aroma descriptors and 16 flavor descriptors were used by 10 panelists to

characterize changes in controlled atmosphere and regular atmosphere over 20 weeks

storage. Fruity and floral aroma decreased after 10 weeks storage in controlled

atmosphere. Sourness and astringency were significantly higher in controlled

atmosphere fruit, but significantly lower in sweetness. A musty note was perceived

in apples stored in controlled atmosphere for 20 weeks. Aroma of fruit stored for 16

weeks in controlled atmosphere followed by 4 weeks in regular atmosphere was

higher in fruitiness, banana, floral, and anise character (Plotto et al., 1999).

A recent study on relating descriptive sensory analysis to GCO ratings of fresh

strawberry that was done by Schulbach et al. (2004) using partial least squares

regression (PLS). In this study, PLS was successful in producing logical relationships

between sensory scores and GCO analysis of the most prominent aroma-active

compounds. The sour and green sensory aspects were strongly related with titratable

acidity, hexanal, and E-2 hexenal. The caramel/sweet character was related with

Furaneol. Sensory ratings for peach intensity were correlated with GCO ratings for

peach-like lactones. The fruity sensory ratings and floral sensory ratings were not
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well correlated in this study, and could partially be explained by covariance among

the sensory ratings for the samples (Schulbach et al., 2004).



MATERIALS AND METHODS

Samples

Nine blackberries cultivars were included in this study. Four of them were

commercial cultivars: 'Marion', Waldo, Chester, and Evergreen; and the other five

were advanced cultivars: NZ 9128R-1, NZ 9351-1, ORUS 1380-1, ORUS 1486-2,

and ORUS 1843-3. These samples were selected based on the closeness of sensory

characteristics to 'Marion'. The blackberries used for this study were grown in

Woodburn, OR, from 5 to 10 years old plants. After the fruits were either hand

harvested or machine harvested, they were washed, graded, individually quick frozen,

and stored at -18°C. All of the blackberry samples used in the lexicon development

sessions were from the 2003 harvest season. All of the samples, except those for

ORUS 1486-2, used in training and testing sessions were harvested from the field in

2004. The ORUS 1486-2 samples used were harvested in the 2003.

Panelists

The trained blackberry panel included three professional panelists and nine

students and staff from the Department of Food Science and Technology at OSU.

The professional panelists were hired independently from off campus and had been

involved in descriptive panel work for a range of 5-10 years. The other panelists

volunteered to be on the blackberry panel.

Sample Preparation

Sample of IQF blackberries (500 gr) were thawed on a single layer tray for

four hours at room temperature and turned into a puree using a blender (10 speeds

Osterizer Oster Blender, Sunbeam-Oster Household Products, Schaumburg, Illinois
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60173, USA) in puree mode for 20 seconds. One ounce (30 ml) of sample was served

to each panel member in an eight-ounce teardrop wine glass covered with a plastic lid

(Sweetheart USL3) and held at room temperature for evaluation.

Descriptive Panel

Lexicon Development

Lexicon development was done during the first two sessions out of the total of

twelve training sessions. The panelists were asked to describe the aroma and flavor

of the samples. All actual test samples were exposed to each panelist to ensure that

the descriptors covered all of the aroma and flavor characteristics for all samples.

During the lexicon development sessions, panelists were able to add needed

descriptors or remove those were not useful. Panelists discussed descriptors and

came to a consensus on 18 aroma descriptors, 4 taste descriptors, and their

corresponding standards.

Training

Panelists had a total of 12 one-hour training sessions. The training sessions

were done in the Sensory Laboratory's Descriptive Room at the Department of Food

Science, Oregon State University. After the lexicon development sessions, training

sessions consisted of intensity scaling and practice sessions using the actual test

samples. The first two sessions were lexicon development, the next six sessions were

learning to use the 16 point intensity scale, where 0 = None, 3 = Just Detectable, 7 =

Slight, 11 = Moderate, and 14 = Moderate to Large, and the last four sessions were

practice for the actual testing. Reference standards were provided during the training

sessions for familiarizing panelists with each descriptor.
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For flavor assessment, panelists were instructed not to chew the seeds in

rating the intensity; for chewing seeds might contribute bitterness to the samples.

Testing Protocol

Panelists had six one-hour testing sessions. Testing sessions were done in

individual booths under red lights to prevent color bias. Before each testing session,

panelists could re-visit the reference standards for each descriptor. In the first, third,

and fifth session, panelists were given two sets of three samples, while in the second,

fourth, and sixth testing session, panelists were given one set of three samples. So,

for every two sessions, panelists evaluated 9 samples (one replication). The panelists

recorded their ratings on a paper ballot. Spring water and unsalted crackers were

provided for rinsing between samples. Panelists rested 1 to 2 minutes between

samples, and 15 minutes between sets to minimize fatigue.

Panelists evaluated samples in the order presented from left to right and

finished evaluating both aroma and flavor for one sample before moving on to the

next sample.

Experimental Desi2n

Each sample was tested independently one sample after another for both

aroma and taste to have maximal evaluation for the differences found in the

blackberry cultivars. The order of samples presented was randomly assigned for each

panelist. A balanced completely randomized block design was employed between

samples. Panelists were treated as the blocking design criteria. Three replications

were performed for each sample.
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Data Analysis

Data obtained from the descriptive panel were analyzed using multivariate

analysis of variance (MANOVA) to obtain means and multivariate significant

differences. In MANOVA, sample, panelist and replication were main effects.

Panelist was treated as a random effect, but sample and replication were treated as

fixed effects (Lundahi & McDaniel, 1988). A univariate analysis of variance

(ANOVA) was used to determine the influential factors that caused differences found

in MANOVA. The model for the ANOVA was the same as in MANOVA, where

sample, panelist and replication were main effects; panelist was treated as a random

effect, while sample and replication were treated as fixed effects. Tukey's test was

used to detect significant differences of descriptors indicated by ANOVA. The

analysis for MANOVA was done through SAS System v. 8e (2001), and the analysis

for ANOVA was done through SPSS v. 11.5 (2002).

Principal Components Analysis (PCA) was employed to map the attributes for

each sample. The analysis of PCA was done through SPSS v. 11.5 (2002).
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As mentioned in previous chapters, nine samples were used in the descriptive

analysis. The lexicon descriptors and the definition for each descriptor are provided

in Table 2.1. Definitions were developed by the panel through extensive training,

evaluation, and discussion. Any applicable definitions for terms presently in use as

ASTM standard terminology were used (ASTM, 1991).

The question may be raised regarding the possibility that panelists' ratings

may reflect some overlapping use of descriptors. An intensive effort was made

during the training to clearly describe the descriptors and their definitions to ensure

that there were no more than one descriptor was used to describe a particular

attribute. This was done using standards and extensive panel discussion. The

definitions in Table 2.1 are distinctly different from each other.

Descriptive Analysis Results

The developed lexicon was validated through examination of the use of

descriptors by the panel. Through MANOVA, significant differences between

samples were found (Table 2.2). After running an ANOVA and looking at mean

separations with Tukey's, all descriptors were also found significant for sample effect

and panelist effect (Table 2.3). Panelists effect is commonly found in ANOVA

results of trained panel data, especially when intensity standards are not used, which

is the case in this study. The significant panelist effect indicated that panelists were

using different parts of the intensity scale for rating the descriptors, but this did not

interfere with the sample effect.



Table 2.1 Lexicon descriptors, definition, and standard references
Attributes Definition Standards

Aroma___________________________________________________________
Overall Aroma The overall aroma intensity
Floral A sweet aromatic associated with flowers NS*

Fresh Fruits Aromatic associated with fresh fruits NS*

Strawberry Aromatic associated with fresh strawberries
30 ml Strawberry puree from Albertson's
frozen strawberry

Raspberry Aromatic associated with fresh raspberries
30 ml Raspberry puree from Albertson's
frozen raspberry

Citrus Aromatic associated with general impression of citrus fruits I tsp. lime juice
Cooked Fruits Aromatic associated with the process of heating/cooking fruits NS*

Prunes A browned, sweet, fruity aromatic, reminiscent of dried prunes 100 gr dried prunes
Cooked Berry Aromatic associated with heated/cooked berries 30 ml overcooked blackberry jam
Vegetal Aromatic associated with green notes NS*

Green Beans Aromatic associated with fresh green beans 8 pieces of 2 cm fresh green beans
Woody Aromatic associated with dry fresh cut pine wood 4 pieces of 3 cm chopped fresh pine wood
Stem my A vegetative aroma note associated with grape stems 3 pieces of 5 cm grape stems
Grassy Green, aromatic associated with cut grass NS*

Moldy Aromatic characteristic of mold growth or wet damp soil NS*

Grainy Aromatic associated with wheat bread
5 pieces of 2x2x1 cm wheat bread
(Albertson's)

Vinyl Aromatic associated with vinyl products, plastic synthetics NS*

Cardboard Aromatic associated with reminiscent of wet cardboard packaging I piece of 3x5cm wet cardboard
Taste___________________________________________________________________
Sweet Taste on tongue stimulated by sugars and high potency sweeteners NS*

Sour Basic taste on tongue associated with acids NS*

Bitter
Taste on tongue stimulated by solutions of caffeine, quinine, and certain other
alkaloids NS*

Astringent The chemical feeling factor on the tongue or other skin surfaces of NS*
the oral cavity described as puckering/dry and associated with tannins and
alum

*no standard provided



Table 2.2 Significance IeveW' for MANOVA main factors (Sample, Replication, and Panelist) and 2-way interactions
Source of
Variance

Overall
Intensity Floral

Fresh
Fruit Strawberry Raspberry Citrus

Cooked
Fruit Prunes

Cooked
Berry

S p1
***

Replicate ns * ns ns ns ns ns ns
P I t *** *** *** *** *** ***

Sample*Panelist ns ns ns ns ns ns ns
Replicate*Panelist ns ns ns ** ns ** ns * ns
Sample*Replicate ns ns ns ns flS flS flS flS flS

a ns not significant at pO.O5
refers to significance atpO.O5, pO.Ol, pO.00l

Source of
Variance Vegetal

Green
Beans Woody Stemmy Grassy Moldy Grainy Vinyl Cardboard

Sample *** *** *** *** *** ***

Replicate ** ns ns ns * ns ns ns ns
Panelist *** *** *** *** ** *** *** ***

Sample*Panelist ns ns ns ns ** ns ** ns
Repticate*Panelist ns ns ns ** ns ns *

Sample*Replicate ns ns ns ns ns ns ns ns
a ns not significant at pO.O5

*,**,*** refers to significance atpO.O5, pO.Ol, pO.001

Source of Variance Overall Intensity Sweet Sour Bitter Astringency
Sample *** *** ***

Replicate ns * ns ns **

Panelist *** *** *** ***

Sample*Panelist *** *** ***

Replicate*Panelist ns ns ns ns ns
Sam ple*Replicate ns ns ns ** ns

a ns not significant at pO.O5
*,**,*** refers to significance at pO.O5, pO.O 1, pO.00l



Table 2.3 Significance 1evels' for ANOVA main factors (Sample, Replication, and Panelist) and 2-way interactions
Source of
Variance

Overall
Intensity Floral

Fresh
Fruit Strawberry Raspberry Citrus

Cooked
Fruit Prunes

Cooked
Berry

S p1
***

Replicate ns * ns ns ns ns ** ns *

P n I t *** *** *** *** *** ***

Sample*Panelist ns ns ns ns ns ns ns
Replicate*PaneUst ns ns ns ns ns ns ns ns
Sample*Replicate ns ns ns ns ns ns ns ns ns

a ns not significant at pO.O5
*,**,*** refers to significance atpO.O5, pO.01, pO.001

Source of
Variance Vegetal

Green
Beans Woody Stemmy Grassy Moldy Grainy Vinyl Cardboard

S p1
*** *** *** *** *** *** *** ***

Replicate ns ns ns ns ns ns ns ns ns
Panelist *** *** *** *** ** *** *** *** ns

Sample*Panelist ns ns ns ns ** ns ns ns
Replicate*Panelist ns ns ns ns ns ns ns
Sample*Replicate ns ns ns ns ns ns rts ns

4ns not significant at pO.O5
refers to significance atpO.O5, pO.Ol, pO.001

Source of Variance Overall Intensity Sweet Sour Bitter Astringency
Sample *** *** *** ***

Replicate ns ns ns ns ns
Panelist *** *** *** ***

Sample*Panelist *** *** *** ns
Replicate*Panelist ns ns ns ns ns
Sample*Replicate ns ns ns * ns

a ns not significant at pO.O5
*,**,*** refers to significance at pO.O5, pO.Ol, pO.00l



27

Some of the significances found in the interaction term between panelists and

samples seemed to result from panelists scoring in a different manner from each other

(Lundahi & McDaniel, 1991). This case occurred most often with taste descriptors.

Also when a descriptor's intensity was similar in more than one sample, it was harder

for panelists to rate it in the same maimer. Deletion of data from an inconsistent

panelist would be expected to reduce significant interaction effects, but no panelist

identified was identified as inconsistent. Therefore all panelists were used in the data

analysis.

Even after panel agreement on terms and definitions, there were panelists who

understood the definition, but did not use a particular descriptor. There were certain

terms that were not used by some panelists either in training or testing sessions.

These terms were the specific fresh fruit terms, strawberry and raspberry, and also

taste descriptors, including astringent. Sweet, sour, bitter, and astringent solutions

were presented to the panelists in varying concentrations to make certain that

panelists understood the terms and their definitions. Studies conducted earlier

showed that panelists are occasionally confused by sourness and bitterness

(Robinson, 1970), and also in the discussion between panelists, they agreed that

sometimes it was hard for them to differentiate between sourness and astringency.

These can be overcome by defining taste adjectives and providing the appropriate

taste sensations (O'Mahoney et al., 1979). All panelists actually perceived these

descriptors, but some panelists did not perceive them at the low levels found in the

test samples. These panelists were classified as non-perceivers in the analysis of test

results. Also, some panelists did not detect and therefore did not rate all of the



descriptors. Strawberry was not detected by three panelists, raspberry, dried prunes,

and astringency by one panelist, and bitterness was not detected by two panelists.

Another way to validate the use of a lexicon is to examine the mean separation

among descriptors. Mean separations for all samples are shown in Table 2.4. and 2.5.

'Marion', the cultivar that has been perceived as having an exceptional aroma and

flavor in the market, turned out not to have the highest overall aroma intensity (Table

2.4). Its overall aroma intensity was similar to NZ 9128R-1, ORUS 1380-1, 'Waldo',

and 'Chester'. Even though the mean of the overall aroma intensity of 'Marion' was

not the highest, it was the highest in fresh fruit, strawberry, and raspberry aroma.

This separated 'Marion' from cultivars like ORUS 1486-2, 'Waldo', 'Chester', and

'Thomless Evergreen', which had higher vegetal and woody character. NZ 9l28R-1,

ORUS 1380-1, ORUS 1843-3, NZ 9351-1 were similar to 'Marion' in fresh fruit.

ORUS 1380-1 and ORUS 1843-3 were similar to Marion for strawberry. NZ 9128R-

1 and NZ 935 1-1 were similar in raspberry to 'Marion'.

On the other hand, 'Marion' had lower means in cooked fruit, vegetal, and

woody aroma, as contrasted with 'Chester' and 'Thornless Evergreen', which had

higher means in those descriptors. For cooked fruit, prune, and cooked berry,

'Marion' fell into the lower end of the rating similar with most of the cultivars except

'Thorniess Evergreen' and 'Waldo', which were high in those characters. 'Marion'

was similar in vegetal character to most samples but was significantly lower in

vegetal than ORUS 1486-2, 'Chester', and 'Thorniess Evergreen'. 'Marion' was

significantly lower in green beans than ORUS 1486-2 and 'Chester'. 'Marion' was



Table 2.4. Mean ratins* and standard deviations (SD) for aroma descriptors
Sample Overall Cooked
Name lntensity*** Florat*** Fresh Fruit*** Strawberry*** Raspberry*** Citrus*** Fruit***

'MarIon' 8.6 (1 5)a 45 9)ab 74 (25)d 3.6 (2.9)8 4.0 (2.5)' 1.9 (1
7)bC 2.8 (25)bcd

NZ9128R-1 8.6 (1.7)a 5.9 (2.2)c 6.6 (2.6) 2.1 (2.7)8 46 (33)d 2.2 (19)Cd 2.6 (2.o)

ORUS 1380-1 8.4 (1.7)a 5.3 (2.8) 6.7 (28)Cd 3.1
(31)de 3.6 (35)bCd 1.7 (15)bC 1.8 (17)ab

ORUS 1486-2 10.0 (13)de 3.7 (2.8)a 54 (27)b 1.7 (22)ab 33 (31)bc 30 (20)de 33 (25)de

ORUS 1843-3 95 (1 7)bcd 6.0 (2.6)c 7.0 (2.1 )d 2.9 (25)cde 3.6 (3.1 )bCd 33 (2.8)e 1.9 (1
5)ab

Waldo 9.2 (1 .8) 53 (7)bc 5.9 (2.5) 1.8 (23)ab 2.8 (33)ab
1 (1

3)ab 46 (24)ef

NZ 9351-4 9.7 (1 5)bcd 6.3 (2.3)c 7.2 (23)d 2.6 (28)bCd 43 (7)Cd 2.9 (24)de
1 .4 (1 .6)

Chester 8.9 (1
9)ab 43 (29)ab 5.2 (30)8b 1.9 (22)ab 2.8 (3.erb 1.1 (1

5)ab 33 (4)cd
iThornless
Evergreen' 9.9 (1 4)cde 4.6 (28)ab 43 (34)a 1.6 (2.5)a 2.1 (2.8)a 0.7 (1.1 ) 5.6 (24)f

Sample
Name Prune*** Cooked Berry*** Vegetal*** Green Beans*** Woody*** Stemmy***

'Marion' 1.7 (1 7)8bCd 2.2 (2.3)8 33 (2J)abc 1.0 (1 4)ab 1.2 (1
3)ab 2.4 (1 g)ab

NZ9128R-1 1.6 (22)abc 2.6 (25)de 4.2 (l.8) 1.2 (15)ab 1.6 (18)8bc 2.7 (17)ab

ORUS 1380-1 1.1 (1
6)ab

1.1 (1
4)ab 3.4 (2)8bC 1.7 (1

8)b 1.6 (2.1 )8bC 2.9 (1
3)b

ORUS 1486-2 1.9 (1 .9Y 2.1 (1
9)bCd 4.8 (20)d 4.3 (27)d 2.5 (2.2)c 4.2 (2.7)c

ORUS 1843-3 0.7 (0.g)a 1.3 (1.6)8 3.1
(18)ab 0.9 (11)8b 0.9 (1.3)8 2.4 (l.7)

Waldo 2.8 (1 4.3 (23)f 4.0 (23)bCd 0.7 (1
5)a 2.0 (20)t 2.9 (23)b

NZ 9351-4 0.8 (1 .2)a 0.9 (1
3)8 2.6 (1

5)8 0.3 (0.6)a 0.7 (1.1)8 1 .7 (1 .8)a

Chester 2.3 (2.5) 1.5 (16)abcd
6.1 (2.3)8 3.3 (2.8)c 4.1

(25)d 4.6 (2.5)c

'Thorn less
Evergreen' 3.9 (2.4)e 3.0 (2.4)8 7.1 (2.1)° 1.2 (16)ab 53 (31)d 2.9 (22)b

***Treati.ient effects significant at P<0.001
Means with different superscripts within a column are significantly different (alpha 0.05) by Tukey HSD multiple comparison
Numbers in parenthesis represent standard deviation of the means
*panelist used the 16 point intensity scale where 0=none, 3=slight, 7=moderate, and 1 5=extreme intensities.



Table 2.4. (Cont'd) Mean ratings* and standard deviations (SD) for aroma descriptors

Sample
Name Grassy*** Moldy*** Grainy*** Vinyl*** Cardboard***

'Marion' 1.2 (1
5)ab 0.4 (O.8) 0.3 (0.7)a 0.3 (0.7)a 0.5 (1 .2)a

NZ9128R-1 1.1
(15)b 11 (16)bcd 0.7 (l.l)a 0.9 (l.2)al) 0.4 (O.8)a

ORUS 1380-1 3.4 (5)d 0.4 (07)ab 0.2 (05)abc 0.3 (0.9)a 0.4 (1 .0)a

ORUS 1486-2 2.4 (2.3) 1.4 (14)Cd 11 (20)bCd
2.1 (2.3)c 0.9 (1.1)a

ORUS 1843-3 0.7 (0.9)a 0.9 (16)abc 0.6 (19)ab 1.7 (21)bc 0.6 (1.2)a

Waldo 1.6 (20)ab 1.3 (1
5)Cd 1.8 (1

7)de 1.2 (1 5)abC 0.5 (1 .2)a

NZ9351-4 1.1
(12)ab 0.3 (0.8)a 0.8 (16)abc 0.6 (0.g)a 0.4 (1.1)a

Chester 1.8 (1
8)bC 1.8 (1

5)d 1.4 (1
4)Cd 1.7 (1

8)bC 1.9 (24)b

'Thorniess
Evergreen' 17(15)bc 3.5(2.2)e 2.4(2.1) 4.1

(33)d 29(27)b

***Treaent effects significant at P<0.0O1
Means with different superscripts within a column are significantly different (alpha = 0.05) by Tukey HSD multiple comparison
Numbers in parenthesis represent standard deviation of the means
*panelist used the 16 point intensity scale where O=none, 3=slight, 7=moderate, and 1 5=extreme intensities.



Table 2.5. Mean ratings* and standard deviations (SD) for taste descriptors

Sample
Name

Overall
lntensity*** Sweet*** Sour*** Bitter*** Astringency***

'Marion' 10.1 (22)d 2.0 (l.49)a 55 (25)Cd 0.8 (1.oy 31 (15)Cd

NZ9128R-1 10.0
(1g)d 4.0 (20)b 9.7 (30)f 1.0 (1.1) 4.7 (2.5)e

ORUS 1380-1 10.1
(22)d 47 (17)bC 41 (23)b 1.0 (12)ab 2.4 (15)abc

ORUS 1486-2 8.1 (1.8) 4.0 (17)b 2.5 (1.9)a 1.4 (21)abc 1.9 (16)ab

ORUS 1843-3 7.7 (1.8)a 43 (15)b 3.0 (2.1)a 1.0 (16)ab 17 (1.4)a

Waldo 2.4(1.8)a 8.5(3.0)e 1.2(1.5) 3.1 (20)d

NZ9351-4 9.6 (1.9) 5.2 (1.4)c 6.5 (27)d 11 (14)ab 4.1 (2.4)e

Chester 8.8 (18)b 4.0 (19)b 4.8 (25)t 1.7 (21)bC 3.2 (22)d

'Thorniess
Evergreen' 8.5 (1 flab 5.3 (.

3)C 6.0 (27)d 0.9 (1 .Or 2.6 (1 3)bcd

***Treatment effects significant at P<0.0O1
Means with different superscripts within a column are significantly different (alpha = 0.05) by Tukey HSD multiple comparison
Numbers in parenthesis represent standard deviation of the means
*Panelist used the 16 point intensity scale where O=none, 3=slight, 7=moderate, and 1 5=extreme intensities.
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significantly lower in woody than 'Chester' and 'Thorniess Evergreen' and was

significantly lower in stemmy than ORUS 1486-2 and 'Chester'. Only ORUS 13 80-11

was significantly difference to 'Marion' in grassy aroma descriptor. 'Marion' was

also significantly lower in moldy, grainy, vinyl, and cardboard than 'Chester' and

'Thorniess Evergreen'.

In overall taste intensity rating (Table 2.5.), 'Marion' had higher means than

most of the cultivars, except in sweetness. ORUS 9128R-1, ORUS 1380-1, and

ORUS 9351-4 were similar in the overall taste intensity to 'Marion'. Surprisingly,

'Marion' had the lowest mean in sweetness, where as 'Thorniess Evergreen' had the

highest mean in sweetness. The high overall taste intensity rating must have been

influenced psychologically by the aroma since the taste descriptors' intensities for

'Marion' were not as high as the overall taste intensity. Only 'Waldo' was similar to

'Marion' in sweetness. 'Marion' was significantly lower in sourness than NZ 9128R-

I and 'Waldo'. For astringency, 'Marion' was similar to most of the samples except

ORUS 9128R-1 and ORUS 9351-1, which were higher in astringency than 'Marion'.

The principal component analysis (PCA) graphs in the next section will give clearer

pictures of where the samples placed in the aroma and taste space.

Principal Component Analysis (PCA)

Through PCA graphs, samples were placed in the aroma and taste space to

determine which cultivars were similar to 'Marion'. The PCA model of the aroma

descriptors was explained by the first four principle components (84%). Principal

component 1 (PC 1) explained 40% (Figure 1.2), principal component 2 (PC2)
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Figure 1.1. Principal component analysis plot of aroma intensity ratings for blackberry cultivars: principal component 1 vs. 2.
The three connected points for each sample represent three replications across twelve panelists.



Green
Stemn
Grass'

I

I.-.

Floral
Fresh

Sample positioning in aroma space (PCI vs. PC2)
[PCI sample effect P<O.001; samples with different superscript

letters on PCI are significantly different from one another (Tukey's P<O.05)]

GrainyCitrus PCI (40% of total variance accounted for)
Cooked FruitsStrawberry

Figure 1.2. Sample positioning in aroma space (PCi vs. PC2) [PCi sample effect P<O.001; samples with different superscript
letters on PCi are significantly different from one another (Tukey's P<O.05)]



Green Bean
Stemmy
Grassy

> -3

4-.

I...
1

N

Floral
Fresh Fruits Fre

Citrus
Strawberry

Sample positioning in aroma space (PCI vs. PC2)
(PC2 sample effect P<O.00I; samples with different superscript

letters on PC2 are significantly different from one another (Tukeys P<O.05)J

PCI (40% of total variation accounted for)
Grainy
Cooked Fruits

Figure 1.3. Sample positioning in aroma space (PCi vs. PC2) [PC2 sample effect P<O.001; samples with different superscript
letters on PC2 are significantly different from one another (Tukey's P<O.05)] Ui



Pru flE

Grain
Cook
Cook

C

0
U
U

C
0

CD

Citrw
Strav

Sample positioning in aroma space (PCI vs. PC3)
(PC3 sample effect P<O.00f; samples with different superscript

letters on PC3 are significantly different from one another (Tukeys P<O.05)]

GrainyCitrus PCI (40% of total variation accounted for)
Cooked FruitsStrawberry

Figure 1.4. Sample positioning in aroma space (PCi vs. PC3) [PC3 sample effect P<O.001; samples with different superscript
letters on PC3 are significantly different from one another (Tukey's P<O.05)1



Citrus
Overa

(5

9-

0

Straw
Grass

Sample positioning in aroma space (PCI vs. PC4)
(PC4 sample effect P<O.00I; samples with different superscript

letters on PC4 are significantly different from one another (Tukeys P<O.05)]

GrainyCitrus PCI (40% of total variation accounted for) Cooked FruitsStrawberry

Figure 1.5. Sample positioning in aroma space (PCi vs. PC4) IPC4 sample effect P<O.001; samples with different superscript
letters on PC4 are significantly different from one another (Tukey's P<O.O5)]



Overall

-1

4-.

Bitter
Sweet

Sample positioning in taste space (PCI vs. PC2) (PCI sample effect P<O.001; samples with
different superscript letters on PCI are significantly different from one another (Tukeys

P<O.05)1

PCI (41% of total variation accounted for) Astringent
Bitter

Figure 1.6. Sample positioning in taste space (PCi vs. PC2) [PCi sample effect P<O.001; samples with different superscript
letters on PCi are significantly different from one another (Tukey's P<O.05)] 00



Overall

I-

.2

0

S

.5

CDN
N
U
a.

Bitter
Sweet

Sample positioning in flavor space (PCI vs. PC2) (PC2 sample effect P<O.00I; samples with different
superscript letters on PC2 are significantly different from one another (Tukeys P<O.05)]

PCI (41% of total variation accounted for)

Sour
Astringent
Bitter

1.5

Figure 1.7. Sample positioning in taste space (PCi vs. PC2) [PC2 sample effect P<O.001; samples with different superscript
letters on PC2 are significantly different from one another (Tukey's P<O.05)I



accounted for 17% (Figure 1.3), principal component 3 (PC3) accounted for 16%

(Figure 1.4), and principal component 4 (PC4) accounted for 10% of the variation

(Figure 1.5). The PCA model of the taste descriptors was explained by the first two

principal components (66%); Principal component 1 (PC 1) explained 40% (Figure

1.6), and principal component 2 (PC2) accounted for 25% of the total variation

(Figure 1.7).

From the PCA plot in Figure 1.1, a clear picture of the goodness of the

replication can be seen. The three replications evaluated by panelists for each cultivar

were close to each other forming a tight triangle. Each cultivar was clearly separated

from one another in the aroma space. In the aroma analysis, 'Chester' and 'Thomless

Evergreen' were distinctly separated on PC 1 from the other samples (Figure 1.2). On

Figure 1.2, 'Marion' was significantly higher in fresh fruits, raspberry, citrus, and

strawberry than 'Chester', 'Thomless Evergreen', and ORUS 1843-3. 'Marion' was

significantly higher in intensity of the fresh fruit descriptors (including raspberry,

citrus, and strawberry) and lower in intensity of the cardboard, moldy, woody, vinyl,

vegetal, dried prune, grainy, and cooked fruits aromas than 'Chester' and 'Thornless

Evergreen'. Samples were separated on PC2 for floral and fresh fruit descriptors on

the negative side and green beans, stemmy, and grassy descriptors on the positive side

of the axis (Figure 1.3). 'Marion' was significantly lower in green bean, stemmy, and

grassy aroma than 'Chester'. Samples were separated on PC3 for citrus and

strawberry descriptors on the negative side and prunes, grainy, cooked berry, and

cooked fruits attributes on the positive side of the axis (Figure 1.4). 'Waldo' was

separated on PC3 as being significantly higher in cooked fruit and grainy character
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than the others. Samples were separated on PC4 for citrus and overall aroma

descriptors on the positive side and strawberry and grassy attributes on the negative

side of the axis (Figure 1.5).

For the taste analysis, NZ 9128R-1 and ORUS 1380-1 were close to 'Marion'

in overall taste intensity. Samples were separated on PCi for sourness, astringent,

and bitterness (Figure 1.6). In this figure, 'Marion' was significantly lower in

sourness, bitterness, and astringency than ORUS 1843-3. Samples were separated on

PC2 for overall taste intensity at positive side and bitter and sweet at negative side of

the axis (Figure 1.7). 'Marion', NZ 9128R-1, and ORUS 1380-1 were significantly

higher in overall taste intensity than the other samples. PC2 was also showed that

there was a group of samples that was significantly higher in bitterness and sweetness

than 'Marion'.

Instrumental and Sensory Comparison for 'Marion' and 'Thorniess Evergreen'

The purpose of this study was to determine the sensory character of selected

blackberry cultivars. At approximately the same time this study was being

conducted, Michael Qian and his colleagues (Kiesk & Qian, 2003; Qian & Wang,

2005) were using techniques to identify and quantify the aroma compounds in

'Marion' and 'Thorniess Evergreen', and to measure the "sensory" importance of

these compounds indirectly by looking at aroma activity through GCO, and

thresholds measurements. Kiesk and Qian (2003) conducted GCO using the AEDA

method and GC/MS analysis. A series of dilutions (dilution factor of 2) were done

prior to the GC analysis, and then flavor dilution (FD) factors for the odor active

compounds in each cultivar were determined using AEDA. They reported that the
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most important odor active compounds were the ones that had FD 16. The aroma

compounds that were important (FD > 16) for 'fruity', 'floral', 'vegetal', 'woody',

'moldy', 'spicy', and 'cheesy/sour' aroma are found in Tables 2.6, 2.7, 2.8, 2.9, 2.10,

2.11, and 2.12, respectively.

Qian and Wang (2005) also reported the volatile concentration (in ppm) for

'Marion' and 'Thomless Evergreen'. These were the same cultivars that were used in

Kiesk and Qian (2003). After measuring the concentration of the volatile compounds

in the two blackberry cultivars, Qian and Wang used the concentration with the

compounds' sensory threshold in water (literature values) to calculate odor activity

values (OAV). The results would have been more accurate if thresholds in blackberry

puree were used instead of using thresholds in water. However, in this study the

OAV was calculated by dividing the concentration of an aroma compound found in

the sample by the threshold in water from the literature (Qian & Wang, 2005). Thus,

the formula is:

OAV=
Amount found in sample (ppm)

Sensory threshold in water (ppm)

Qian and Wang (2005) chose the aroma compounds that have OAV> 10 as important

for the aroma of the blackberry cultivars. The aroma compounds that were important

for 'fruity', 'floral', 'vegetative', 'woody', and 'spicy' aroma are found in Tables

2.13, 2.14, 2.15, 2.16, 2.17, respectively.

From the sensory descriptive analysis results, 'Marion' is fruitier than

'Thorniess Evergreen', which is high in vegetal and woody. From the compound
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Table 2.6 'Fruity' odor active volatiles in 'Marion' and 'Thorniess Evergreen'
that had flavor dilution (FD)> 16 (Klesk & Qian, 2003)

Compounds Aroma 'Marion' 'Thorniess
descriptor flavor dilution Evergreen'

flavor dilution
2-heptanone Fruity, banana, 16 32

sweet
2,5-dimethyl-4- Fruity, sweet, 32 1024

hydroxy-3-(2H)- caramel
furanone

13-damascenone Berry, sweet, 32
grape

Benzaldehyde Fruity, berry, 64 256
juicy

Ethyl-2- Fruity 128 1024
methylbutanoate

Ethyl-2- Sweet, fruity, 2048
methyipropanoate berry

Ethyl-3- Fruit, sweet, 64
methylbutanoate banana

Ethyl acetate Fruity 16

Ethyl hexanoate Fruity 32

Table 2.7 'Floral' odor active volatiles in 'Marion' and 'Thorniess Evergreen'
that had flavor dilution (FD)> 16 (Klesk & Qian, 2003)

Compounds Aroma
descriptor

'Marion'
flavor dilution

(FD)

'Thorniess
Evergreen'

flavor dilution (FD)
2-ethyl-4-hydroxy-5-
methyl-3-(2H)-furanone

Floral, sweet,
caramel

32 16

13-lonone Floral, perfume 16

Linalool Sweet, floral 16 128

p-methylacetophenone Fresh, floral 32

Phenethyl alcohol Sweet, floral 32



Table 2.8 'Vegetal' odor active volatiles in 'Marion' and 'Thorniess Evergreen'
that had flavor dilution (FD) > 16 (Klesk & Qian, 2003)

Compounds Aroma 'Marion' 'Thorniess
descriptor flavor dilution Evergreen'

(FD) flavor dilution (FD)
Dimethyl disulfide Vegetal 32 2048

Dimethyl sulfide Cabbage 16 128

Dimethyl trisulflde Green 16 16

vegetables
Hexanal Green, fresh 64 1024

Neo-allo-ocimene Vegetal, 16
cucumber

Methylethyl sulfide Vegetal, 16

pungent
t-2-nonenal Fresh 64

vegetables,
green

Thiophene Green, onion 128

Table 2.9 - 'Woody' odor active volatiles in 'Marion' and 'Thorniess Evergreen'
that had flavor dilution (FD) >16 (Klesk & Qian, 2003)

Compounds Aroma
descriptor

'Marion'
flavor dilution

(FD)

'Thorniess
Evergreen'

flavor dilution (FD)
2-heptanol Woody 512

2-undecanone Pine, green 16

2-Heptanol Woody, green 8 512

a-terpinolene Woody, sweet 64



Table 2.10 - 'Moldy' odor active volatiles in 'Marion' and 'Thorniess
Evergreen' that had flavor dilution (FD)> 16 (Klesk & Qian, 2003)

Compounds Aroma 'Marion' 'Thorniess
descriptor flavor dilution Evergreen'

(FD) flavor dilution
(FD)

1-octen-3-ol Moldy 64

1-octen-3-one Moldy, earthy 16

2-methyithiopene Earthy, moldy, 32 512
pungent

5-ethyl-3 -hydroxy-4- Moldy, smoky 256
methyl-2-(5H)-

Methional Moldy 256 2048

Table 2.11 - 'Spicy' odor active volatiles in 'Marion' and 'Thorniess Evergreen'
that had flavor dilution (FD)> 16 (Klesk & Qian, 2003)

Compounds Aroma 'Marion' 'Thorniess Evergreen'
descriptor flavor dilution Flavor dilution (FD)

(FD)
4,5-dirnethyl-3 -hydroxy-2- Spice, curry 32 128
(5H)-furanone
Cinnarnic alcohol Spice 32



Table 2.12 'Cheesy/Sour' odor active volatiles in 'Marion' and 'Thorniess
Evergreen' that had flavor dilution (FO) 16 (Klesk & Qian, 2003)

Compounds Aroma 'Marion' 'Thorniess
descriptor flavor dilution Evergreen'

(FD) flavor dilution
(FD)

2-methylbutanoic acid Cheesy, sour, 32 16
smelly

Acetic acid Vinegar, sour 16 16

Butanoic acid Cheesy, 32
pungent

Hexanoic acid Pungent, sour 128



Table 2.13. Odor Activity Value (OAV) of 'Fruity' aroma compounds in 'Marion' and Thornless Evergreen' blackberries
(Qian and Wang, 2005)

Compounds Aroma Odor 'Marion' 'Marion' 'Thorniess 'Thornless
descriptor threshold* (ppm) (OAV) Evergreen' Evergreen'

(ppm) (ppm) (OAV)
2-Heptanone Fruity 0.001 0.05 50.9 0.46 461.5
2-Undecanone Orange 0.007 0.26 36.8
Ethyl-2- Fruity, 0.000091 0.01 103.4
methylbutanoate pineapple
Ethyl hexanoate Fruity, 0.0001 0.02 1518.1 0.01 1184.2

banana
Limonene Lemon-like 0.01 0.04 4.4 0.34 34.4

in water by Van Gemert (1999)

Table 2.14. Odor Activity Value (OAV) of 'Floral' aroma compounds in 'Marion' and Thorniess Evergreen' blackberries
(Qian and Wang, 2005)

Compounds Aroma
descriptor

Odor
threshold*

(ppm)

'Marion'
(ppm)

'Marion'
(OAV)

'Thorniess
Evergreen'

(ppm)

'Thoruless
Evergreen'

(OAV)
a-Ionone Violet-like 0.0006 0.01 23.9
13-lonone Violet-like 0.000 1 0.03 282.2
Linalool Floral 0.006 0.53 88.7 0.17 28.1
* threshold in water by Van Gemert (1999)



Table 2.15. Odor Activity Value (OAV) of 'Vegetal' aroma compounds in 'Marion' and Thorniess Evergreen' blackberries
(Qian and Wang, 2005)

Compounds Aroma
descriptor

Odor
threshold*

(ppm)

'Marion'
(ppm)

'Marion'
(OAV)

'Thornless
Evergreen'

(ppm)

'Thorniess
Evergreen'

(OAV)
2-Heptanol Herbaceous 0.07 0.27 3.8 4.05 57.9
2-Methylbutanal Green 0.0013 0.01 11.5

3-Methylbutanal Fresh grass 0.00035 0.01 39.2
Hexanal Green 0.0045 0.06 14.2 0.06 12.9

p-Cyrnene Carrot-like 0.0062 0.18 28.5
t-2-Hexenal Green, leaf 0.01 0.07 7.5 0.25 24.9
* threshold in water by Van Gemert (1999)

Table 2.16. Odor Activity Value (OAV) of 'Woody' aroma compounds in 'Marion' and Thorniess Evergreen' blackberries
(Qian and Wang, 2005)

Compounds Aroma Odor 'Marion' 'Marion' 'Thornless 'Thornless
descriptor threshold* (ppm) (OAV) Evergreen' Evergreen'

(ppm) (ppm) (OAV)
a-Pinene Pine 0.062 0.04 0.7 2.22 35.9
Sabinene Woody 0.037 0.37 10.0
* threshold in water by Van Gemert (1999)



Table 2.17. Odor Activity Value (OAV) of 'Spicy' aroma compounds in 'Marion' and Thorniess Evergreen' blackberries
(Qian and Wang, 2005)

Compounds Aroma Odor 'Marion' 'Marion' 'Thorniess 'Thorniess
descriptor threshold* (ppm) (OAV) Evergreen' Evergreen'

(ppm) (ppm) (OAV)
Myrtenol Mint, flowery 0.007 0.14 19.7

* threshold in water by Van Gemert (1999)
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analysis study, the FD factors (Table 2.8) and OAV values (Table 2.15) for

compounds that were responsible for vegetal aroma were higher in 'Thomless

Evergreen' than in 'Marion'. The number of compounds, FD factors (Table 2.9) and

OAV values (Table 2.16) for compounds that were responsible for woody aroma

were again higher in 'Thorniess Evergreen' than in 'Marion'. In the sensory

descriptive results, there was no significant difference between 'Marion' and

'Thornless Evergreen' in floral aroma. The FD factors of compounds responsible for

floral in 'Thornless Evergreen' were higher than in 'Marion' (Table 2.7), but the

OAV values for floral aroma compounds (Table 2.14) were higher in 'Marion' than in

'Thornless Evergreen'. 'Marion' was significantly higher in fresh fruit aroma,

including strawberry, raspberry, and citrus, in the sensory analysis results, however

'Thornless Evergreen' was higher in cooked fruit aroma. From the GCO results

(Kiesk & Qian, 2003) 'Thomless Evergreen' was higher in FD than 'Marion' in 8 of

the 10 fruity compounds (Table 2.6), suggesting that 'Thomless Evergreen' might be

higher in fruity aroma. From the OAV results (Qian & Wang, 2005) 'Thorniess

Evergreen' was higher than 'Marion' in 5 of 8 compounds (Table 2.13), suggesting

again that 'Thornless Evergreen' might be higher in fruity aroma. These findings

may reflect the cooked nature of the fruity character in 'Thomless Evergreen', but

even more the fruit flavor in 'Thornless Evergreen' was probably masked by the

prominence of other characters such as vegetal and woody.

The different techniques in both studies mentioned above found the same

compounds. However, when aroma activity and thresholds were taken into account,

different compounds were identified as important to aroma depending on the
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technique used. For example, for vegetal (Tables 2.8 and 2.15), only Hexanal was in

common to both lists. For woody (Tables 2.9 and 2.16) and spicy (Tables 2.11 and

2.17), none of the compounds were in common. For floral (Tables 2.7 and 2.14), two

compounds, 13-Jonone and Linalool were in common. For fruity (Tables 2.6 and

2.13), only three compounds of 8-10 found important were in common.
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SUMMARY AND CONCLUSION

This research found that overall blackberry flavor can be divided into a

lexicon of descriptors which define the complexity of blackberry flavor. Through

ANOVA and PCA, most of the cultivars were significantly different in most of the

descriptors in the lexicon. Through mean comparison and PCA, the advanced

blackberry cultivars which were the closest to 'Marion' flavor were ORUS 1380-1

and NZ 9128R-l. Thus, ORUS 1380-1 and NZ 9128R-1, based on flavor, should be

able to best replace 'Marion' in the marketplace.

In overall sensory evaluation of the cultivars, 'Marion' and 'Thornless

Evergreen' were perceived as two blackberry cultivars that were totally different in

most of the aroma descriptors. 'Marion' was perceived as having more fresh fruit

aroma, including strawberry, raspberry, and citrus, where 'Thomless Evergreen' was

perceived as having more cooked fruit, vegetal, and woody aroma.

Results from previously published GC analyses providing FD factors and

OAV for 'Marion' and 'Thornless Evergreen' were combined and compared to the

results from the sensory descriptive analysis study. The use of GCO with direct

sensory analysis of the GC effluent resulted in totally different significant flavor

compounds than by using OAV with indirect sensory thresholds.

Through both sensory descriptive analysis and aroma compound analysis,

'Marion' was lower in vegetal and woody aroma than 'Thorniess Evergreen'.

Furthermore, even though there were no significance different between 'Marion' and

'Thorniess Evergreen' in floral from sensory descriptive analysis results, 'Thorniess

Evergreen' had higher FD factors and 'Marion' had higher OAV in the compounds
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that were responsible for floral aroma. When evaluated by sensory descriptive

analysis, 'Marion' was higher in fresh fruit while 'Thornless Evergreen' was higher

in cooked fruit aroma. Both FD factors and OAV for 'Thorniess Evergreen' were

relatively higher than 'Marion' for fruity.
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