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Quantitative Descriptive Analysis and Principal Component Analysis
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ABSTRACT

Quantitative descriptive analysis was used to de-
scribe the key attributes of nine ultrapasteurized (UP)
milk products of various fat levels, including two lac-
tose-reduced products, from two dairy plants. Principal
components analysis identified four significant princi-
pal components that accounted for 87.6% of the vari-
ance in the sensory attribute data. Principal component
scores indicated that the location of each UP milk along
each of four scales primarily corresponded to cooked,
drying/lingering, sweet, and bitter attributes. Overall
product quality was modeled as a function of the princi-
pal components using multiple least squares regression
(R? = 0.810). These findings demonstrate the utility
of quantitative descriptive analysis for identifying and
measuring UP fluid milk product attributes that are
important to consumers.

(Key words: quantitative descriptive analysis, princi-
pal component analysis, ultrapasteurized)

Abbreviation key: OLS = ordinary least squares, PC
= principal components, PCA = PC analysis, PCR =
PC regression, PLS = partial least squares, QDA =
quantitative descriptor analysis, UP = ultrapasteuriza-
tion, ultrapasteurized.

INTRODUCTION

Extending the shelf life of fluid milk product will
contribute to the competitiveness of the dairy industry
in the beverage market. As an inverse relationship ex-
ists between product shelflife and the volume of product
inventory that can be maintained at distribution cen-
ters, products with shorter shelf lives have relatively
high distribution and inventory costs. Further, out-of-
date products lead to financial losses for milk proces-
sors. Thus, processing strategies that extend the shelf
life of dairy product are of economic interest to milk
processors. Ultra-high temperature processing and ul-
trapasteurization (UP) represent two currently applied
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approaches for extending dairy product shelf lives be-
yond those obtained by conventional pasteurization.
UHT milk is thermally processed at temperatures be-
tween 135 and 150°C for 1 to 5 s, then the milk is
packaged under aseptic conditions that render the milk
shelf stable without refrigeration. The thermal pro-
cessing of UP milk is similar to that of UHT milk, with
treatment at or above 138°C for at least 2 s, (FDA, 1999)
but the milk is not aseptically packaged. In comparison
with the typical 10 to 21 d shelf life of fluid milk pro-
cessed under conventional high temperature short time
conditions (at or above 72°C for at least 15 s; FDA,
1999), UP products have extended shelf lives of at least
60 d under refrigerated conditions (Boor and Nakim-
bugwe, 1998).

As product quality drives consumer acceptance and
demand, the ability to measure sensory attributes char-
acteristic of high quality products is necessary for the
development and production of products that meet con-
sumer expectations. The traditional dairy judging ap-
proach for evaluating fluid milk for sensory characteris-
tics is based on scoring a product against a specified
list of defects commonly found in conventionally pas-
teurized milk. Traditional dairy judging has been criti-
cized for failure to predict consumer acceptance, lack
of objectivity in quality assessments, difficulty in as-
signment of quantitative scores, and lack of utility for
combining analytically oriented attribute ratings with
affectively oriented quality scores (Claassen and Law-
less, 1992). In addition to these shortcomings, the appli-
cation of traditional judging strategies to UP products
raises further analytical challenges as changes in UP
product characteristics can be more subtle and occur
over a longer period of time than changes typically en-
countered in conventionally pasteurized milk (Boor and
Nakimbugwe, 1998; Shipe, 1980). Thus, as the dairy
industry moves toward production of extended shelf
life products, the need emerges to develop appropriate
sensory tools that are sensitive and specific for these
products.

A quantitative descriptive analysis (QDA) approach
has gained acceptance for sensory evaluation of various
food and dairy products (Stone and Sidel, 1998), includ-
ing conventionally pasteurized milk (Phillips et al.,
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1995; Quinones et al., 1998), ice cream (Ohmes et al.,
1998; Roland et al., 1999), and cheese (Ordonez et al.,
1998). The principle of QDA is based on the ability to
train panelists to measure specific attributes of a prod-
uct in a reproducible manner to yield a comprehensive
quantitative product description amenable to statistical
analyses. In a QDA approach, panelists recruited from
the general public work together in a focus group to
identify key product attributes and appropriate inten-
sity scales specific to a product. This group of panelists
is then trained to reliably identify and score product
attributes. As panelists generate the attribute terms,
the resulting descriptions are meaningful to consumers,
and thus, analyses provide information amenable to
modeling predictions of consumer acceptability. QDA
results can be analyzed statistically and then repre-
sented graphically.

Principal component analysis (PCA) is a widely used
multivariate analytical statistical technique that can
be applied to QDA data to reduce the set of dependent
variables (i.e., attributes) to a smaller set of underlying
variables (called factors) based on patterns of correla-
tion among the original variables (Lawless and Hey-
mann, 1998). The resulting data can then be applied to
the following: profiling specific product characteristics;
comparing and contrasting similar products based on
attributes important to consumers; and altering prod-
uct characteristics with the goal of increasing market
share for a given set of products.

The objectives of this study were to: 1) assess the
utility of QDA for evaluating UP milk products, 2) iden-
tify the principal components (PC) contributing to sen-
sory evaluation of UP milk products, and 3) develop a
model for predicting overall UP milk product quality
as a function of PC quantification.

MATERIALS AND METHODS

For each milk product, paperboard gable-top cartons
(three layer: polyethylene, paperboard, and polyethyl-
ene) were collected on the same day from each dairy
plant. For each sampling period, testing was performed
on a total volume of one quart (1890 ml) or more. For
some products four half pints (947.2 ml) or two pints
were commingled (947.2 ml). The UP milk products,
container sizes, and sample codes are listed in Table 1.
Randomly selected cartons of milk were analyzed upon
receipt in the laboratory (approximately 2 d postpas-
teurization) as well as after 30 + 1 and 60 + 1 d of
storage at 6°C. Analyses included chemical [freezing
point (model 4D3 Cryoscope, Advanced Instruments,
Norwood, MA), acid degree value (Shipe et al., 1980),
vitamin A (Marshall, 1992) and vitamin D3 (Thompson
et al., 1982) concentrations, fat determination (Mar-

shall, 1992), and total solids (Marshall, 1992)], microbi-
ological (Marshall, 1992), standard plate count, coli-
form count, and growth inhibitor determination, and
sensory evaluation (Chapman et al., 1998). Only the
results from sensory evaluation are presented in this

paper.

Sensory Analyses

Attribute terms for evaluation of UP milk samples
throughout product shelflife were developed by 12 pan-
elists (staff and graduate students from the Cornell
University Food Science Dept.) using QDA methodology
(Phillips et al., 1995). Briefly, ballot development and
panelist training were accomplished during seven
working sessions. The descriptive terms developed for
each major sensory attribute category are listed in Ta-
ble 2. Attributes were quantified with an intensity scale
from 0 to 10; where 0 = attribute not detected and 10
= attribute extremely strong. Overall quality rating was
measured with a scale of 1 to 10, where < 6 was consid-
ered “poor,” 6 to 7 was “fair,” and 8 to 10 was “good.”
The intensities of all attributes except viscosity were
rated on a scale of 0 (not present) to 10 (extremely
strong). A viscosity rating of 0 was equivalent to the
viscosity of nonfat HTST milk; 2.75 was equivalent to
low fat (1%) HT'ST milk; 5.5 was equivalent to reduced-
fat (2%) HTST milk; and 8.9 was equivalent to whole
HTST milk (3.25%).

Physical reference standards determined by panel
consensus, listed in Table 3, were used to develop the
proper descriptive language, to reduce the amount of
time required to train the panelists, and to calibrate
the panel in the use of the intensity scale. After the
terminology development phase, the 12 panelists were
trained in the evaluation of UP milk. Training consisted
of evaluating UP milk samples varying in fat content,
degree of freshness, with and without lactose reduction,
by use of the descriptive terms developed to describe
and quantify aroma, flavor, texture, and aftertaste
characteristics on a scale from 0 to 10. The reference
samples listed in Table 3 were presented along with
the UP milk samples. This procedure was repeated un-
til panel consensus was achieved. A computerized data
collection system (Compusense five, Guelph, ON, Can-
ada) was introduced during the last training session to
ensure panelist familiarity with the scorecard.

At each testing period, sample containers were mixed
by inversion, then, in dim light, 60 ml of sample was
poured into 148-ml plastic cups (with blind three-digit
codes), capped with the appropriate plasticlid, and then
presented to panel members seated in individual booths
when the samples reached 15°C. Panelists evaluated
the milk according to the method described in Chapman
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Table 1. Ultrapasteurized (UP) milk products and their sample codes.

UP milk product

Milk Container

Code Plant Fat level size Other

INFQ100LR 1 Nonfat Quart 100% Lactose reduced
1LF70LR 1 Low fat Quart 70% Lactose reduced
1RFHP 1 Reduced fat Half pint

1RFQ 1 Reduced fat Quart

1RFHG 1 Reduced fat Half gallon

2NFQ 2 Nonfat Quart Fortified (condensed skim)
2RFHP 2 Reduced fat Half pint

2FFHG 2 Full fat Half gallon

2FFP 2 Full fat Pint

et al. (1998). Overall quality ratings were included with
the QDA, for the following two reasons: the ratings have
been used in the past with the traditional dairy judging
and our milk quality program requires this rating for
our clients. The 12 panelists performed independent
observations on randomized samples of milk.

Statistical Analyses

The data were analyzed with Minitab ver. 12 (Mini-
tab, State College, PA), except for the orthogonal com-
parisons, which were analyzed using SAS ver. 6.11
(SAS Institute Inc., Cary, NC). Descriptive statistical
measures (Table 4) were first calculated for all attri-
butes at 60 d using scores from the 12 panelists. Analy-
sis of variance was performed on each attribute using
a randomized block design for balanced data, with pan-
elists as repeated measures (Ott, 1993). Where F-test
indicated a significant difference between treatment
means, Tukey paired comparisons and orthogonal com-
parisons were used to determine where the means were
different. Significance of differences was defined as P
<0.05. Principal components analysis was applied with
the factor analysis (Lawless and Heymann, 1998). PCA
was applied to the means of eight of the attributes (n
-1, where n = # of products). (Table 5 lists the attributes
used.) The attributes not selected were those that had
consistently low values, indicating that the attribute
was rarely present, had high standard deviation, or was
highly correlated with another attribute or both. The

Table 2. Descriptors used with quantitative description analysis to
analyze ultrapasteurized milk.

Aroma Flavor Texture Aftertaste
Cooked Cooked Viscosity Drying
Caramelized Sweet Drying Metallic
Grainy/malty Caramelized Chalky Bitter
Other Bitter Lingering Other
Metallic
Other
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analysis extracted the most significant variables with
minimum loss of information. Kaiser’s criterion (eigen-
value > 1) was applied to determine the number of final
factors from the initial ones (Massart et al., 1988). To
facilitate interpretation of the results, the factors were
orthogonally rotated (which leads to uncorrelated fac-
tors), following the ‘Varimax’ method (Massart et al.,
1988).

Modeling

The overall quality ratings (dependent variables)
were modeled as a function of the four Varimax rotated
PC for “cooked,” “dry lingering,” “sweet,” and “bitter”
scores for the UP products (independent variables).
Models were constructed using ordinary least squares
(OLS), principal components regression (PCR), and
partial least squares regression (PLS) routines in
SCAN for Windows Release 1.1 (Minitab, State College,
PA). PCR and PLS models were calculated with one to
four components. In each case, the best fit equations
(those with the highest R?) and those with the best
predictive ability (lowest residual predictive sum of
squares, or residual PRESS) were obtained.

RESULTS AND DISCUSSION
Descriptive Analyses

Mean panelist ratings of overall UP milk quality and
attribute intensities for aroma, flavor, texture, and af-
tertaste after 60 + 1 d of storage at 6°C are listed in
Table 4. In general, the average viscosity rating of UP
milk increased as percent fat increased. The ratings for
nonfat UP milks were approximately the same as for
HTST 1% milk. This increase in viscosity could be con-
sidered advantageous for low fat UP milks, as according
to Pangborn (1985), panelists preferred the viscosity of
2% fat milks to those of milks with lower fat contents.
The higher perceived viscosities of the UP milks com-
pared with HT'ST products could be due to one or more
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Table 3. References used during training to analyze ultrapasteurized milk.

Attribute Reference Position
Very cooked Traditionally pasteurized milk, processed within 24 h 8.0
Extremely cooked Ultrapasteurized milk, processed within 48 h 10.0
Extremely caramelized Sweetened condensed milk, caramel, burnt sugar 10.0
Cereal milk Milk steeped in Grape Nuts cereal 5.5
Slightly sweet 4% glucose 3.7
Extremely sweet 10% glucose 10.0
Medium viscosity 2% milk 5.5
Extremely drying Concord grapes 10.0

of the following factors: higher temperature processing
may cause an increase in milk viscosity (Hill 1988);
protein fortification (sample 2NFQ) and/or 100% lactose
reduction (sample INFQ100LR). The apparent increase
in perception of 100% lactose-reduced milk viscosity
may be related to the increase in perception of sweet-
ness in these products. Lactose reduced milk is per-
ceived to be sweeter than untreated milk as a conse-
quence of the conversion of lactose to glucose and galac-
tose (Bodyfelt et al., 1988). The increase in perception
of sweetness may cast a halo effect on viscosity percep-
tion. A halo effect occurs when one sensory attribute is
rated as more intense or more hedonically positive due
to the perception of other sensory attributes that may
not be logically related (Lawless and Heymann, 1998).
A halo effect has been demonstrated previously in fluid
milk samples in which the addition of a just-perceivable
level of vanilla extract to low fat milk resulted in in-
creased ratings for sweetness, creaminess, and liking
(Clark and Lawless, 1994; Lavin and Lawless, 1998).
The viscosity of sample 1LF70LR, a 70% lactose-re-

duced low fat milk, was perceived to be similar to those
of the reduced-fat milks (samples 1RFHP, 1RFQ, and
2RFHP).

Tukey paired comparisons showed significant differ-
ences between products for overall product quality and
intensities of cooked aroma, caramelized aroma, cooked
flavor, sweet flavor, caramelized flavor, bitter flavor,
viscosity, bitter aftertaste, and lingering aftertaste. The
largest differences were between lactose-reduced UP
milk and regular (nonlactose reduced) UP milk, with
respect to sweetness.

Orthogonal contrasts (Table 5) showed that the pan-
elists did not differentiate between products from the
two plants with regard to the overall product quality;
however, there was a significant difference between all
other attributes except for metallic flavor, drying, and
chalky. Lactose-reduced milks were significantly differ-
ent from all other milks in sweet flavor, caramelized
flavor, and viscosity. Nonfat milks were rated lower in
overall quality than the full fat milks. For the overall
quality rating, nonfat milks were significantly different

Table 4. Mean panelists™ ratings of ultrapasteurized milk at d 60 * 1.

Plant 1 Plant 2
1INFQ100LR 1LF70LR 1RFHP 1RFQ 1RFHG 2NFQ 2RFHP 2FFHG 2FFP
Overall quality rating? 6.5" 6.9% 7.6 7.4%° 6.9% 6.6 6.2° 7.3 7.7°
Cooked aroma?® 4.92b 5.32b 4.8 5.82 6.02 4.32b 3.5 4.9° 4.92b
Caramelized aroma 2.02b 2.02b 2.22 1.5% 2.02b 0.4° 1.02 1.32 1.220
Grainy/malty aroma 0.7 1.0? 0.8% 0.9% 1.3% 0.6% 0.2 0.8% 0.3%
Cooked flavor 4.72b 4.72b 5.22b 6.32 5.92 3.5P 4.5% 4.72b 4.42b
Sweet flavor 4.42 3.7 1.3P 1.5° 1.1b 1.0P 0.6° 1.0° 1.3P
Caramelized flavor 1.4%° 1.7 1.120 0.9% 1.3 0.5" 0.62 0.9 0.82b
Bitter flavor 0.4% 0.4% 0.2 0.1° 0.8% 1.0 1.8 0.42 0.1°
Metallic flavor 0.9% 0.72 0.32 0.5% 0.5% 0.6 0.32 0.32 0.12
Viscosity 2.6° 3.12b 3.82b 3.5 4.52 2.3b 3.12 5.02 4.32
Drying 2.6% 2.32 2.9% 2.72 2.5% 2.02 2.82 2.12 2.22
Chalky 0.42 0.6% 0.9 0.72 0.32 0.5 0.5% 0.5% 0.3%
Drying aftertaste 3.0% 3.1# 3.5% 3.4 3.6 2.5% 2.92 3.0% 2.8%
Metallic aftertaste 0.6% 0.42 0.5% 0.6% 0.8% 0.3% 0.32 0.32 0.32
Bitter aftertaste 0.2° 0.32b 0.2° 0.1° 0.72b 0.72b 1.82 0.32 0.9
Lingering aftertaste 2.7° 3.0° 3.3" 2.9° 3.4b 2.7° 3.72 3.0 3.0°

aMeans within the same row (attribute) with different superscripts differ (P < 0.05).

n =12.

2Qverall quality rating 1 to 10, where < 6 is poor, 6 to 7 is fair, 8 to 10 is good.

3Intensity of attribute: 0 = none, 10 = extremely strong.
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Table 5. Orthogonal contrasts! of ultrapasteurized milk at 60 * 1 d.

Plant 1 Lactaid Nonfat Reduced fat Full fat

vs. vs. vs. vs. vs.
Attributes? Plant 2 Regular Other Other Other
Overall quality rating NS NS * NS *
Cooked aroma * NS * NS NS
Caramelized aroma * NS NS NS NS
Grainy/malty aroma * NS NS NS NS
Cooked flavor * NS * * NS
Sweet flavor * * * * *
Caramelized flavor * * NS NS NS
Bitter flavor * NS NS NS NS
Viscosity * * * NS *
Drying aftertaste * NS NS NS NS
Metallic aftertaste * NS NS * NS
Bitter aftertaste * NS NS NS NS
Lingering aftertaste * NS NS NS NS

INS = Not significantly different.

2No significant comparison for metallic flavor, drying, chalky.

*P < 0.05.

from milks with higher fat contents; likewise full fat
milks were significantly different from milks with lower
fat contents.

Nonfat milks were rated significantly lower in viscos-
ity than milks with higher fat despite protein fortifica-
tion in sample 2NFQ, which might have increased per-
ceived product viscosity. Reduced fat milk sample vis-
cosities were not perceived as different from viscosities
of either the nonfat or the full fat samples.

To create a visual profile or “fingerprint” of product
attributes, spider plots were created by plotting average
intensity values on each scale, and then joining the
points (Stone and Sidel, 1998). Figure 1 shows attri-
butes of a reduced-fat UP milk at d 2, 29, and 61. This
plot illustrates that “cooked aroma” and “cooked flavor”
were the product’s most prominent characteristics, as
previously suggested for both UP and UHT products
(Blanc and Odet, 1981; Hansen, 1987; Shipe, 1980) and
that the perception of these attributes decreased over
time, as reported by Boor and Nakimbugwe (1998). Car-
amelized aroma, caramelized flavor, and grainy/malty

Table 6. Varimax rotated principal component factor loadings for
ultrapasteurized milk attributes.

Attributes PC1 PC2 PC3 PC4

Cooked aroma 0.971! 0.013 0.034 -0.208
Caramel aroma 0.497 -0.539 -0.567 -0.252
Grainy/malty aroma 0.964 0.021 -0.231 0.032
Cooked flavor 0.702  -0.547 0.091 -0.350
Sweet flavor 0.038 0.082 -0.969 -0.146
Bitter flavor -0.186  -0.003 0.191 0.946
Dry texture 0.004 -0.942 -0.101 -0.092
Lingering aftertaste -0.003 -0.758 0.389 0.413
Proportion of total variance 33.1% 25.7%  19.0%  16.6%

'Loadings with an absolute value greater than 0.560 are shown in
bold type.
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aroma also dissipated with time. By d 61, “bitter flavor,”
“drying,” “bitter aftertaste,” and “lingering aftertaste”
characteristics became apparent. These attributes ap-
pear to contribute to the reduction in the overall quality
rating. At least some of these characteristics may be a
consequence of protease and lipase enzyme activities
that can survive UHT processing conditions (Driessen,
1983; Manji, 1986).

As shown in Figure 2, nonfat UP milk differs from
the reduced-fat UP product on initial day. The reduced-
fat UP milk had less “caramelized aroma,” “grainy/
malty aroma,” “caramelized flavor,” and less “lingering

Caramelized Aroma
7 -

Lingering Aftertaste l Grainy/Malty Aroma
6

Bitter Aftertaste Cooked Aroma

Metallic Aftertaste . Cooked Flavor

Drying Aftertaste —— T Sweet Flavor

Chalky ~ Caramelized Flavor

Bitter Flavor

/
Viscosity" LMetallic Flavor

Figure 1. Sensory profiles of reduced fat milk (sample 1RFHP)
stored at 6°C. Individual attributes are positioned like the spokes of
a wheel around a center (zero, or not detected) point, with the spokes
representing attribute intensity scales, with higher (more intense)
values radiating outward. Legend: dark grey area is d 2, black area
is d 29, and light grey area is d 61.
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Caramelized Aroma

Lingering Aftertaste Grainy/Malty Aroma

Bitter Aftertaste _ \\ 5 Cooked Aroma

Metallic Aftertaste Cooked Flavor

Drying Aftertaste — — Sweet Flavor

Chalky Caramelized Flavor

Drying \ Bitter Flavor

Viscosity" ' Metallic Flavor

Figure 2. The profiles of nonfat milk (sample 2NFQ) and reduced
fat milk (sample 2RFHP) on initial days. Legend: light grey = sample
2RFHP, dark grey = sample 2NFQ.

aftertaste” than the nonfat UP milk. These products
also differed in overall quality ratings. The reduced-fat
UP milk (sample 2RFHP), which had an overall quality
rating of 8.1, was rated significantly higher than the
nonfat milk (sample 2NFQ) at 6.4.

Principal Components Analysis

With descriptive sensory data, several dependent
variables may be correlated with one another. Follow-
ing ANOVA, several individual sensory descriptors may
discriminate among the samples, but multiple descrip-
tors may be driven by the same underlying causes. PCA
is a multivariate technique that provides a method of
extracting structure from a variance-covariance or cor-
relation matrix. PCA identifies patterns of correlation
among dependent variables and substitutes a new vari-
able, called a factor, for the group of original attributes
that were correlated. The analysis then identifies a sec-
ond and third group of attributes and derives a factor
for each, based on the residual variance (that which is
left after the variance accounted for by the previous
factor has been removed). The attributes will have a
correlation with the new dimensions, called a factor
loading, and the products will have values on the new
dimensions, called factor scores. The factor loadings are
useful in interpreting the dimensions, and the factor
scores show the relative positions among the products
in a map (Lawless and Heymann, 1998). Thus, PCA
transforms original dependent variables into new un-
correlated dimensions to simplify the data structure,
eliminate descriptor redundancies, and indicate poten-
tial latent causal variables.

PCA was applied to the mean attribute ratings listed
in Table 4 to simplify interpretation of data from 15
attributes measured on nine products. One important
aspect of PCA includes determination of the number of
fundamentally different properties (PC) exhibited by
the data set. As the first four PC generated from this
analysis had eigenvalues > 1 (Kaiser criterion; Massart
et al., 1988) and accounted for 94.4% of the total vari-
ance in the data set, these four PC were retained. These
four PC were then subjected to Varimax rotation to
bring them into closer alignment with the original vari-
ables (Lawless and Heymann, 1998). The Varimax ro-
tated factor loadings, which represent correlations be-
tween PC and the original attribute measurements, are
shown in Table 6 (varimax rotated PC factor loadings).
Loadings with an absolute value greater than 0.560
(shown in bold type) represent a strong influence. PC1
is entirely related to the following “cooked” attributes:
cooked aroma, grainy/malty aroma, and cooked flavor.
PC2 has large negative loadings for dry and lingering.
PC3 is largely negatively related to sweet attributes:
caramel and sweet. PC4 is almost entirely influenced
by bitterness.

PCA also produces factor score values (Table 7) that
specify the location of each product along each of the
Varimax rotated PC. The resulting graphs illustrate
relationships (i.e., product position) among the UP
products (Figures 3 and 4). With this strategy of percep-
tual mapping, products that are similar to one another
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Figure 3. Three-dimensional plot of ultrapasteurized milks at 60
+ 1 d on Varimax rotated PC axes using PC1, PC2, PC3 for the
following: sample 1INFQ100LR (M), sample 1LF70LR (@), sample
1RFHP (a), sample 1RFQ (), sample 1IRFHG (v), Sample 2NFQ
(0), sample 2RFHP (O), sample 2FFHG (A), and sample 2FFP ().
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Figure 4. Three-dimensional plot of ultrapasteurized milks at 60
+ 1 d on Varimax rotated PC axes using PC1, PC2, PC4 for the
following: Sample INFQ100LR (M), sample 1LF70LR (@), sample
1RFHP (a), sample 1RFQ (00), sample 1RFHG (V¥), Sample 2NFQ
(0), sample 2RFHP (O), sample 2FFHG (A), and sample 2FFP ().

are positioned close to one another in the map, and
products that are very different are far apart (Coxon,
1982, Lawless and Heymann, 1998; Schiffman et al.,
1981). Figure 3 shows each product’s location on the
“cooked” (PC1), “drying/lingering” (PC2), and “sweet
axis” (PC3). As one would expect, the two lactose-re-
duced milks (samples INFQ100LR and 1LF70LR),
which are sweeter than other UP milks, are close to-
gether on the “sweet” axis and are also separated from
the other milks. The milks of the same fat levels are
within close proximity of each other. Figure 4 shows
each product’s location on the cooked (PC1), drying/
lingering (PC2), and bitter (PC4) axis. Sample 2RFHP
is differentiated from the rest because of high bitter-
ness. Once again, the milks of the same fat levels are

Table 7. Varimax rotated principal component factor scores for ultra-
pasteurized milk at 60 d.

Milk PC1 PC2 PC3 PC4
Code Cooked Dry/lingering Sweet Bitter
INFQ100LR -0.591 -0.0668 -2.05 -0.205
1LF70LR 0.584 0.364 -1.34 0.312
1RFHP -0.0265 -1.28 -0.0114 -0.650
1RFQ 0.834 -0.277 0.669 -1.39
1RFHG 1.83 -0.449 0.355 1.06
2NFQ -0.473 1.79 0.475 0.966
2RFHP -1.38 -1.36 0.695 1.36
2FFHG 0.257 0.818 0.618 -0.215
2FFP -1.03 0.459 0.588 -1.24
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within close proximity of each other. All of the products
from plant 1 are grouped together, while all of the prod-
ucts from plant 2 are grouped together, suggesting that
the products from the same plant are more similar to
each other than to the products from the other plant.
The reduced-fat milk from plant 2 (sample 2RFHP),
which had the lowest overall quality rating, is posi-
tioned by itself; while the full fat pint (sample 2FFP),
which had the highest overall quality rating, was posi-
tioned in the center.

Overall Quality Modeling

Aregression model can be used to estimate the overall
product quality rating based on measurement of its
attributes. To this end, mathematical models express-
ing overall quality as a function of the PC values of UP
milk were constructed. The coefficients (the b terms)
were fitted by OLS, PCR, and PLS, using a matrix of
the four PC for the UP milk products as the independent
variables and the overall quality rating as the depen-
dent variable using the following formula:

Overall quality = b, + b;PC1 + boPC2 + b3PC3 + b,PC4.

The analysis resulted in the fits described in Table
8.The PCR best fits (highest R?) were for models derived
from four components. The model with one component
had the lowest R2, but the best (lowest) PRESS (pre-
dictive error sum of squares). Also with PLS, the one
component model had the lowest PRESS. With PLS,
all four components had the same R? (R? value = 0.810),
which was the same as OLS. PLS is better suited than
OLS in situations in which combinations of levels of the
independent variables cannot be set at optimal levels or
where the sample:measurement ratio is less than three
(Siebert, 1999). The best model for prediction of overall
quality at d 60 was

Overall quality rating = 7.01 + 0.127 cooked + 0.013
dry/lingering + 0.154 sweet — 0.424 bitter.

In general, as shown by the model, perception of bitter
flavor had the most dramatic effect on overall quality
perception, as illustrated by the fact that the “bitter”
attribute bears the only coefficient in the model that is
significantly different from zero (P =0.02). As both “dry/
lingering” and “sweet” attributes had negative factor
loadings, these attributes would be expressed more ac-
curately as “not dry/lingering” and “not sweet” (Table
6). As both attributes were positive in the regression
equation, products perceived as being more dry/linger-
ing and more sweet were considered less desirable.
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Table 8. Fitting results for overall quality rating using ordinary least squares (OLS), principal components
regression (PCR), and partial least squares regression (PLS).

Resid.
Components R? PRESS! R2cv? b3 by by b by
OLS
4 0.810 3.03 -0.396 7.01 0.127 0.0127 0.154 -0.424
PCR
1 0.415 1.78 0.177 7.01 0.0165 -0.222 0.0782 -0.239
2 0.623 1.86 0.144
3 0.628 3.45 -0.591
4 0.810 3.03 -0.396
PLS
1 0.810 2.56 -0.179 7.01 0.127 0.0127 0.154 -0.424
2 0.810 2.57 -0.186
3 0.810 3.03 -0.396
4 0.810 3.03 -0.396
'Resid. PRESS = residual predictive error sum of squares.
2R%cv = cross validated R?.
3b terms are the coefficients for the overall quality model.
Use of QDA for Product Positioning ACKNOWLEDGMENTS

The generation of quantitative descriptive sensory
data can contribute to a well-defined competitive mar-
keting strategy. Product positioning can assist target
customers in understanding and appreciating a specific
product’s characteristics in relation to those of its com-
petitors’ products. In this strategy, each brand within
a set of competitive products is thought to occupy a
certain position in a customer’s “perceptual space” (Ur-
ban et al., 1987). In general, marketers have two broad
objectives in mind when undertaking perceptual map-
ping. One objective is to determine where a target brand
is positioned versus the competition. The other objective
is to help identify determinant product attributes that
influence customer choice within the product class
(Kohli and Leuthesser, 1993). These determinant attri-
butes must be important to customers and must also
exhibit differences across brands. Regardless of the im-
portance of a product attribute, if brands are not per-
ceived to differ in that attribute, then the attribute will
not be influential in customers’ decisions. Perceptual
mapping could contribute to strategic product position-
ing for development and marketing of new dairy
products.

As a follow-up to this study, a consumer study of UP
milk using preference mapping would be advisable to
assess the personal response by current and potential
customers and to correlate their responses with the
trained panel.

In conclusion, QDA and PCA can contribute to strate-
gic product positioning for development and marketing
of new dairy products, including UP and other fluid
milk products.

The authors thank the New York State Dairy Promo-
tion Advisory Board for financial support and for its
concern for improving the quality of dairy products. We
gratefully acknowledge advice and technical assistance
from Karl Siebert and assistance with computer soft-
ware from Lynn Whited.
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