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Abstract

Our objectives were to examine the relationship of aftertaste to milk disliking, characterize the aftertaste, examine several changes

in milk (decreased pH, increased fat level, addition of sucrose, presence of light-induced oxidation) for their ability to alter the inten-

sity/persistence of aftertastes, and determine whether people who dislike milk because of its aftertaste dier from milk likers in the

amount they salivate or in their 6-n-propylthiouracil (PROP) taster status. We conducted focus groups with people who disliked

milk. A descriptive analysis panel characterized the aftertaste of milk. Milk dislikers participated in a hedonic test of several altered

milk samples and in a PROP taster test. Changes in the milks aected the aftertaste, but did not signicantly aect hedonic ratings.

PROP taster status of milk dislikers was dissimilar to the distributions reported for the United States population, with greater-than-

expected numbers of PROP-sensitive individuals. Milk dislikers salivated relatively more in response to milk than did milk likers.

 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In 2001, Dairy Management, Incorporated (DMI)

conducted a beverage consumption study, which de-

tailed the milk drinking habits of the American popula-

tion. This study, which surveyed 1879 individuals, noted

that in the female segment of the sample 25% of adults

and 15% of teens did not consume milk. To determine

what drove consumption of milk, DMI conducted a

penalty analysis. For female non-consumers Ôtoo much

aftertasteÕ had the highest penalty score. Although the

DMI study was the rst paper to detail aftertaste as a

driver of milk dislike, others (e.g. Horwath, Govan,

Campbell, Busby, & Scott, 1995) have found dislike to

be the most important reason why young and elderly

women did not consume milk.

Milk is an excellent source of calcium, a mineral that

is an essential part of numerous biological functions

within the body. Many studies have indicated that cal-

cium is particularly important in the adolescent stage

of life (e.g. Sentipal, Wardlaw, Mahan, & Matkovic,

1991; Teegarden, Lyle, Proulx, Johnston, & Weaver,

1999; Wang et al., 2003) when the body is better able

to absorb and utilize calcium. The amount of dietary

calcium consumed by females during the adolescent

years has a positive relationship with peak bone mass

(Wang et al., 2003) and bone mineral content (Teegar-

den et al., 1999). Increased bone mass may help fend

o problems, such as osteoporosis, later in life. Milk is

an easy mode by which to obtain calcium. If an

objectionable aftertaste prevents young females from

drinking milk, then the calcium in milk will obviously
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be of no benet to them at this crucial stage of bone

development. Thus the problematic aftertaste of milk

demands attention. The broad goal of this research

was to more closely examine milk aftertaste and to

determine if it can be altered in a manner that would

make drinking milk a more pleasant experience for

young female non-consumers, thereby potentially

increasing consumption. The rst objective of our re-

search was to examine the link between an aversion to

milk aftertaste and a dislike of milk in young females.

Although no reported research has dealt solely with

milk aftertaste, it has been acknowledged in some form

in several studies conducted on the sensory properties of

milk. Claassen and Lawless (1992) dened mouthcoat-

ing as Ôthe amount of residue remaining in the mouth,

especially on the cheeks and tongue, after swallowing

or expectorating.Õ They dened mouthdrying as Ôthe dry-
ness, tightness, or roughness felt in the mouth after swal-

lowing or expectoratingÕ, and irritation was dened as

Ôthe sensation in the back of the throat associated with

residue remaining after swallowing or expectoratingÕ.
A number of researchers (Phillips & Barbano, 1997;

Phillips, McGi, Barbano, & Lawless, 1995; Quinones,

Barbano, & Phillips, 1997, 1998) have included the after-

taste terms ÔastringentÕ, Ôoverall residual avorÕ, and

Ôresidual mouthcoatingÕ in their descriptive analysis

vocabularies for milk. Frost, Dijksterhuis, and Martens

(2001) used the term Ôresidual mouth llÕ, dened as the

Ôdegree of residual mouthcoating after expectoration of

the sampleÕ. A second objective of our research was to

fully characterize the nature of these residual avors

and textures.

We hypothesized that consumers who are averse to

milk aftertaste may not be able to eectively cleanse

the mouth of these lingering sensations. Many authors

have reported that the sensation of various taste solu-

tions (Froehlich, Pangborn, & Whitaker, 1987) and

foods (Guinard, Zoumas-Morse, & Walchak, 1997;

Watanabe & Dawes, 1988) or even the smell of food

(Engelen, de Wijkm, Prinz, van der Bilt, & Bosman,

2003) elicits a higher rate of salivary ow than does no

stimulus or plain water. Perhaps for milk aftertaste disl-

ikers, milk doesnÕt increase salivary ow to the rate nec-

essary to eectively cleanse the mouth of the milk

residue. Thus our third objective was to determine if

there are dierences between the salivary ow rates of

individuals who do not like the aftertaste of milk and

individuals who do not mind or do not notice the after-

taste of milk.

Altering the fat content (Frost et al., 2001; Phillips

et al., 1995), protein content (Quinones et al., 1997, Qui-

nones, Barbano, & Phillips, 1998), levels of defects such

as oxidation (Lawless & Claassen, 1993), and other com-

ponents of milk (Phillips & Barbano, 1997; Phillips

et al., 1995) have been shown to change the sensory

properties of the milk, but no researchers have concen-

trated strictly on how the aftertaste of milk is altered

when making such changes. Therefore, a fourth objec-

tive of this research was to examine several changes in

milk for their ability to lessen the intensity and/or persis-

tence of any of the aftertaste attributes. A fth objective

was to explore the eect of these changes in milk on lik-

ing of the aftertaste of the milk samples.

Approximately 30% of the population is taste blind

to PROP and approximately 70% of the population nd

the compound bitter (Blakeslee & Fox, 1932; Tepper,

1999). PROP tasters and supertasters have greater num-

bers of fungiform papillae and taste pores than do non-

tasters (Bartoshuk, Duy, & Miller, 1994; Miller &

Reedy, 1990; Yackinous & Guinard, 2001). There have

been conicting reports concerning the connection be-

tween PROP taster status and preference for dairy prod-

ucts. Keller, Steinmann, Nurse, and Tepper (2002)

reported that taster-girls showed lower acceptance of

full-fat milk than non-taster-girls. Duy and Bartoshuk

(2000) reported that women exhibit a decreased prefer-

ence for high fat foods (including whole milk and

cheese) as sensitivity to PROP increases. However,

Drewnowski, Henderson, and Barratt-Fornell (1998)

failed to nd decreased preferences for sweetened, high

fat dairy products in PROP tasters/supertasters. Thus

a sixth objective of ours was to determine whether the

liking of milk aftertaste is aected by 6-n-propylthiour-

acil (PROP) taster status. We hypothesize that in our

target population of female milk dislikers, a greater pro-

portion of the individuals would be supertasters/tasters

than is expected in a normal population. As supertas-

ters/tasters may experience increased perception of vari-

ous tactile sensations in viscous foods, we suspect that

this increased perception will lead to a decreased accep-

tance of milk aftertaste.

2. Material and methods

2.1. Overview

We rst used focus groups to examine the link be-

tween an aversion to milk aftertaste and a dislike of milk

in young females. Next we used descriptive analysis to

fully characterize the aftertaste of milk and to examine

several changes in milk (fat content, sucrose content, cit-

ric acid content, and presence of light-induced oxida-

tion) for their ability to modify the intensity and/or

persistence of any of the aftertaste attributes. We then

used a subset of focus group and descriptive analysis

panelists to determine if there were dierences between

the salivary ow rates of those who do not like the after-

taste of milk and those who do not mind or do not no-

tice the aftertaste of milk. Finally a larger group of

subjects that disliked milk rated their liking for a subset

of the samples from the descriptive analysis portion of
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our research. We classied these subjects into PROP

taster status groups based on their intensity response

to a solution of PROP.

2.2. Focus groups

2.2.1. Subjects

Fourteen females ranging in age from 18 to 25 partic-

ipated in the focus group sessions. They had responded

to iers posted at the University of Minnesota and email

solicitations. To be selected for participation in the focus

groups, each interested individual needed to have re-

sponded to an e-mailed questionnaire indicating that

they were female, aged 18–25, consumed unavored

milk as a beverage less than once per week, and avoided

milk at least in part because of an aversion to its after-

taste. We excluded subjects that mentioned lactose intol-

erance as a reason why they didnÕt drink milk.

Participants received a payment of $20.00 upon comple-

tion of the focus group.

2.2.2. Procedure

Two focus groups were conducted on consecutive

days, each lasting from approximately 60 to 90 min.

Four females (ages 18–25) took part in the rst focus

group session; 10 females (ages 19–24) participated in

the second. The rst author moderated both groups. A

basic questionnaire was developed for use in both focus

groups. The questionnaire was developed to include

questions that didnÕt specically ask about aftertaste,

but for which details about a problematic aftertaste

might be reasonable answers. Once a participant rst

introduced the subject of aftertaste, the group was

probed further on that topic. The questionnaire included

the following questions, with follow up questions asked

as necessary:

1. When you did drink milk regularly, what types of

milk did you drink?

2. Currently, how often do you drink milk?

3. Why did you stop drinking milk or reduce how often

you drink milk?

4. What do you remember most about drinking milk?

a. What kind of sensations from milk do you remem-

ber that you really disliked?

b. What sort of sensations do you remember liking?

5. Are there any types of milk that you currently donÕt
mind drinking?

6. Are there times when you do drink plain milk?

Each focus group concluded by having the partici-

pants evaluate six dierent samples of milk. After tast-

ing each sample, the group was asked to comment on

what they liked and did not like about the sample and

on the level, character, and liking of any aftertaste

sensations.

2.2.3. Products

The samples evaluated during each of the focus

groups included: skim milk, whole milk, 1% fat milk

sweetened with sucrose, 1% fat milk with light-induced

oxidation, 1% fat milk with sour o avor, and 1% fat

milk with cooked o avor. Their preparation is de-

scribed below.

We obtained fresh raw milk from a local dairy and

separated it into skim milk (0.12% fat) and cream

(34.2% fat). Fat, in the form of cream, was added back

to two separate portions of the skim milk to produce a

milk sample with a fat level of 1% and a milk sample

with a fat level of 3.3% (referred to as whole milk).

Within 4 h of creating the blended samples, all of the

milk samples were pasteurized at 73 C for 15 s, homo-

genized, and cooled. Precautions were taken throughout

the process to ensure that the milks were exposed to

minimal light. We determined the actual fat content of

the samples through the Mojonnier method of fat con-

tent determination (AOAC Method 989.05). Immedi-

ately after preparation the samples were poured into

2500 cc amber-colored glass jars and stored for approx-

imately 24–48 h at 2 C.
Milk (1%) with sucrose was prepared by stirring in

15 g sucrose per liter after pasteurization. Milk with

light-induced oxidation was prepared by pouring the

1% pasteurized milk into half-gallon clear glass jars.

The jars were subjected to 250 ft candles of light by plac-

ing them in a 17.75-in. by 18.25-in. by 10.25-in. card-

board box tted with an 18-in., 15-W full-spectrum

uorescent lamp. The cardboard box was closed, the

lamp was turned on, and the box was stored at 2 C
for 24 h. Milk having a sour avor was produced follow-

ing the procedure outlined by Bodyfelt, Tobias, and

Trout (1988). After pasteurization, homogenization,

and cooling, a portion of the 1% fat milk was poured

into 2500 cc amber-colored glass jars. Low-fat butter-

milk (Kemps, Minneapolis, MN, USA) was added at a

level of 43.5 ml/l and the samples were stored at 2 C
for 24 h. We introduced a cooked o avor into milk

following the procedure outlined by Bodyfelt et al.

(1988). After pasteurization, homogenization, and cool-

ing, a portion of the 1% fat milk was heated over boiling

water to a temperature of 80 C and held for 1 min. The

milk was transferred into 2500 cc amber-colored glass

jars and held for approximately 24 h at 2 C.
One-half cup portions of every product were poured

into 5-ounce plastic cups approximately 4 h before serv-

ing. All samples were covered with lids and stored at

2 C until serving. Precautions were taken to protect

milk samples (except milk with light-induced oxidation)

from light throughout preparation and storage.

2.2.4. Analysis

Each focus group session was recorded using a table-

top tape recorder, and each recording was transcribed
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verbatim. Similar statements or ideas from the transcrip-

tions were clustered and those clusters containing the

most statements and/or the highest degree of agreement

among panelists were considered to be key ndings.

2.3. Descriptive analysis

2.3.1. Subjects

Eight students (ve females, three males) from the

Department of Food Science and Nutrition at the Uni-

versity of Minnesota were recruited to be panelists.

Seven had previous experience with descriptive analysis.

Selection criteria were availability and willingness to

consume uid dairy products. Panelists received pay-

ment at an hourly rate upon completion of all sessions.

2.3.2. Products

A complete factorial design of four factors: fat con-

tent (skim vs. whole), sucrose content (none vs. 1.5%),

citric acid content (none vs. 1 g/l, pH 6.1), and light-in-

duced oxidation (none vs. 250 ft candles for 24 h) was

constructed. The milk was prepared following the same

procedures used to process the milk for the focus groups.

2.3.3. Procedure

2.3.3.1. Panel training. The panelists participated in two

sessions devoted to vocabulary development. During the

rst session the panelists discussed and dened each

attribute, eliminated redundant terms, and gave sugges-

tions for reference samples to appropriately illustrate the

attributes.

During the second session, the panelists reached con-

sensus on the sensations present after swallowing the

milk samples, the denition of each attribute, and a ref-

erence for each attribute (a list of the attributes, their

denitions, and references can be found in Table 1).

Panelists rated each attribute on 15-unit scales (numbers

were printed directly below the scale) anchored on the

left and right with the descriptors ÔNoneÕ and ÔExtremeÕ.
They designated by consensus a scale point to denote the

intensity of the reference for each attribute.

The panelists participated in two additional practice

sessions. Data from these sessions were analyzed to

determine if there was any confusion among the panel-

ists regarding any of the attributes. During the second

practice session, the panel leader noted which attributes

had the greatest variance in intensity ratings and the

panelists discussed the approach to rating these

attributes.

2.3.3.2. Evaluation. The panelists participated in four

evaluation sessions, each lasting approximately 1 h.

Over the four sessions, the 16 samples were presented

in duplicate. Presentation order was balanced following

Table 1

Attributes, denitions, references, and the agreed intensity of the reference for the descriptive analysis vocabulary

Attribute Denition Reference Reference

intensity

(15 point scale)

Basic tastes

Sweet The taste associated with sugars 50 g/l sucrose in ltered water 7

Sour The taste associated with acids 0.8 g/l citric acid in ltered water 5

Bitter The taste associated with caeine 0.8 g/l caeine in ltered water 9.5

Umami The taste and sensation associated

with monosodium glutamate (MSG)

10 g/l MSG in ltered water 10

Aromatics/avors

Cream The avor associated with fresh, heavy cream Land OÕLakes Gourmet heavy

whipping cream

14

Cooked The avor associated with heated milk Skim milk heated to 176 F for 1 min 9

Buttery The avor associated with fresh, sweet cream

butter. Diacetyl is a main component of this avor

Crystal Farms unsalted butter 11

Fruity The avor associated with Juicy Fruit gum WrigleyÕs Juicy Fruit gum 14

Cardboard The sensation associated with wet cardboard 1-in. square cardboard soaked in

water for 1 h

13

Barny/hay The sensation associated with an animal barn No reference Not applicable

Dairy sour A sour sensation with notes of dairy and lactic acid No reference Not applicable

Textures/feelings

Astringency The tightening and puckering of the cheeks

and dryness of the tongue

10 tea bags soaked in 1000 ml

hot water for 1 h

9

Fatty mouthcoat The thick, greasy/oily mouthcoat associated

with fresh, heavy cream

Land OÕLakes Gourmet heavy

whipping cream

11

Lingering dry mouthcoat The dry residue coating the mouth resulting in

perceived friction between the various parts of the

mouth (tongue and cheeks)

No reference Not applicable

Urgency to clear the throat How urgent the feeling is to clear the throat No reference Not applicable
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a modied WilliamÕs Latin Square design. Samples were

presented in coded 2-ounce cups. The panelists also re-

ceived a hand-held timer. The panelists started the timer

after swallowing the rst sample, and rated the intensity

of all attributes. Using the timer, the panelists noted the

time it took for all avors (except dairy sour) to clear the

mouth, the time it took for all textures and feelings to

clear the mouth, and the intensity of the dairy sour attri-

bute at 1-min intervals throughout the 5-min after swal-

lowing. If any avors and/or textures remained in the

mouth after 5 min, the panelists made note of that on

their score sheet and proceeded to the next sample. Be-

fore evaluating the next sample, the panelists rinsed their

mouths with water until they could no longer perceive

the previous sample.

2.3.4. Analysis

All data were compiled using Compusense Paper

(version 2.6) and analyzed using SAS statistical soft-

ware. Analyses of variance (ANOVA) using PROC

GLM (attribute intensity = judge + rep + judge * rep +

all main eects and interactions of fat, sucrose, citric

acid, and oxidation) were used to determine if the fac-

tors aected the intensity of any of the aftertaste attri-

butes and/or the persistence of the aftertaste avors

and/or textures.

2.4. Salivary ow study

2.4.1. Subjects

Twelve students from the University of Minnesota

participated in this part of the study. Ten of them had

participated in either one of the focus groups or the

descriptive analysis. Six subjects (three males, three fe-

males) were recruited on the basis that each regularly

consumed unavored milk as a beverage and did not

mind or did not notice the aftertaste of milk. The remain-

ing six subjects (one male, ve females) were selected for

participation because each did not consume unavored

milk as a beverage at least in part because of an aversion

to its aftertaste. Participants were paid for their time.

2.4.2. Products

The salivary ow rate of the subjects was measured

after consumption of distilled water and after consump-

tion of whole milk. We poured 120 ml of distilled water

(Ice Mountain, Greenwich, CT, USA) into 5-ounce plas-

tic cups, covered with a lid and let stand at room tem-

perature for 1 h before evaluation. We poured 120 ml

of whole milk (Land OÕLakes, St. Paul, MN, USA) into

5-ounce plastic cups and served it immediately. The milk

was stored at 2 C until poured and served.

2.4.3. Procedure

Saliva collection was done in duplicate sessions, one

session on each of two successive days. Subjects were

given a timer; a sample of water; a sample of whole milk;

ve empty, white-labeled, coded, capped 5-ounce plastic

cups; and ve empty, orange-labeled, coded capped 5-

ounce plastic cups. The saliva collection technique re-

quired that the subject rest one of his or her arms on

the edge of the table surface of the booth and rest his/

her forehead upon his/her forearm. The technique also

required that the subject hold the saliva collection cup

in his or her free hand at a position just below the mouth

and allow his or her saliva to ow from the mouth into

the collection cup (Navazesh & Christensen, 1982).

After receiving verbal instructions and a demonstra-

tion of the saliva collection technique, the subjects drank

all of the distilled water, started the timer to count down

from 1 min, and allowed their saliva to pool in the

white-labeled cups for a total of 5 min, following the

technique described above. Each cup was used to collect

saliva for 1 min and was labeled for the appropriate

minute. When the timer reached ÔzeroÕ, the subjects re-

secured the lid on the cup and restarted the timer before

beginning to use the next cup for saliva collection. After

collecting their saliva for 5 min in this manner, the sub-

jects took a short break (approximately 1 min) before

consuming the whole milk and repeating the saliva col-

lection process using the orange-labeled cups. The sub-

jects were instructed to make the switch between saliva

collection cups as rapidly as possible without swallowing

any saliva in the process.

2.4.4. Analysis

The mass of each saliva sample was determined less

than 10 min after collection. Mixed-model ANOVAs

(random variable: judge nested in liking of milk after-

taste, model: saliva ow = milklike + liquid + time + all

interactions) were performed to determine if salivary

ow after consumption of milk diered between those

who do not like milk aftertaste and those who do not

mind or do not notice milk aftertaste. Least squares

means of the dierences between the salivary ow rates

of the dierent liking groups were calculated.

2.5. Consumer study

2.5.1. Subjects

We recruited 72 subjects (59 females, 13 males) by

posting iers at the University of Minnesota and con-

tacting individuals via email. Initial selection criteria

were age (age range of 18–25), sex (female), consump-

tion of unavored milk as a beverage less than once

per week, and avoidance of milk at least in part because

of an aversion to its aftertaste. We excluded subjects

that mentioned lactose intolerance as a reason why they

didnÕt drink milk. Because we did not receive enough

interested responses from females aged 18 to 25 who

met the criteria, females outside of the age range of 18

to 25 and males who met the criteria were also invited
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to participate. Sixty-six of the 72 participants were be-

tween the ages of 18 and 27; 59 of the 72 participants

were female. Participants received payment of $20 upon

completion of the taste test.

2.5.2. Products

Seven milk samples were evaluated (Table 2). We pre-

pared and monitored samples as described earlier.

We obtained 6-n-propylthiouracil (PROP) from

Sigma–Aldrich (St. Louis, MO, USA). The PROP was

mixed with distilled water under conditions of low heat

and constant agitation to produce a 0.0032 M solution.

The solution was held at 2 C for approximately 40 h.

Approximately 2–8 h before serving, 10 ml of the solu-

tion was poured into coded 1-ounce plastic cups. All

cups were covered with lids and stored at room temper-

ature until serving.

2.5.3. Procedure

Each panelist received a tray containing one of each

of the seven milk samples, rinse water, and score sheets.

Presentation order of the samples was balanced using a

modied WilliamÕs Latin Square design. For each sam-

ple, the panelists rated their liking of the avor during

drinking, the avor after swallowing, and how their

mouths felt about 20 s after swallowing using Labeled

Aective Magnitude scales (LAM) (Schutz & Cardello,

2001). To acclimate the panelists to the LAM scale, the

rst section of the score sheets instructed the panelists

to rate their liking of 13 items and concepts (e.g. straw-

berries, winter days, waiting in line) using the LAM

scale. After completing this preliminary task, the panel-

ists evaluated the samples for their liking of the attributes

described above. The panelists also indicated whether or

not they would choose to drink a glass of the sample as

a beverage. If panelists indicated that they would

not choose to consume the sample as a beverage, they

were asked to indicate the reason(s). In between samples,

the panelists were instructed to rinse their mouths with

water until they could no longer perceive the previous

sample.

The panelists then rated the intensity of the bitterness

of the PROP sample using the generalized Labeled Mag-

nitude Scale (gLMS) (e.g. Bartoshuk et al., 2003). Each

subject received one coded PROP sample, rinse water, a

spit cup, and score sheet. To acclimate the panelists to

the gLMS, the rst section of the score sheet instructed

the panelists to rate the intensities of 18 imagined sensa-

tions of varying magnitudes and modalities (e.g. sour-

ness of a fresh lemon slice, bitterness of black coee)

using the gLMS. Beyond familiarization, this task

helped to anchor the panelists within the scale, as they

would rate the intensity of the PROP sample in relation

to the intensities of the other sensations. After complet-

ing this warm-up task, the panelists placed the entire

PROP sample in their mouths, briey swirled it around,

expectorated it, and rated its bitterness.

2.5.4. Analysis

All analyses, with the exception of the stepwise

regression, the log linear regression and corresponding

contrasts were conducted using SAS statistical soft-

ware. The stepwise regression and log linear regression

and contrasts were conducted using MacAnova statis-

tical software (Oehlert & Bingham, 2004).

ANOVAs (liking of avor during drinking, liking of

avor after swallowing, liking of mouthfeel after swal-

lowing = judge + sample) were used to determine if

there were signicant dierences in liking among the

samples. We conducted Bonferroni multiple compari-

sons tests to determine which samples were signicantly

dierent with respect to each of the three liking

parameters.

Log linear regression (count = sample + response +

sample * response) was conducted on the number of

subjects that would, would not, or might choose to

drink a glass of the beverage in order to determine if

there were signicant dierences between samples

regarding the numbers of participants citing each of

the three responses. Six contrasts were computed to

examine the dierences between samples regarding the

number of Ôwould drink a glassÕ and Ôwould not drink

a glassÕ responses (the Ômight drink a glassÕ responses
were omitted from these contrasts). Each contrast com-

pared the responses given Sample X to the responses

given the skim milk sample. The signicance of each

contrast was determined using a multiple comparisons

test, as six comparisons were calculated.

To determine which aftertaste attributes were signi-

cant drivers of liking, we conducted stepwise regressions

Table 2

Composition of milk samples evaluated in the consumer hedonic test

Sample Milk fat (%) Citric acid Sucrose Exposure to light Articial strawberry avor (% wt./wt.)

Skim 0.2 None None None None

Whole 3.3 None None None None

Skim with sucrose 0.2 None 15 g/l None None

Skim with citric acid 0.2 1 g/l None None None

Light-oxidized skim 0.2 None None 250 ft candles for 24 h None

Flavored skim 0.2 None 15 g/l None 0.25

Flavored whole 3.3 None 15 g/l None 0.25
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modeling the mean liking scores from the consumer he-

donic data on the mean intensities of the aftertaste attri-

butes from the descriptive analysis portion of the study.

The sweetened/avored samples were omitted from this

analysis, as they were not part of the descriptive analysis

study.

2.5.4.1. PROP taster status classication. To normalize a

subjectÕs intensity rating from the PROP sample, it was

divided by the quotient obtained from dividing the sub-

jectÕs intensity rating for Ôbrightness of the sun when

looking directly at it’’ by the average intensity rating

for this sensation. Rescaling the PROP data relative to

a non-taste sensation allowed us the latitude to make

comparisons across individuals (Bartoshuk et al.,

2003). The taster status of each panelist was determined

using the cut-o values employed by Essick, Chopra,

Guest, and McGlone (2003): panelists were non-tasters

if their rescaled PROP score was below 10.9 (corre-

sponding to 0.5 cm right of the ÔWeakÕ descriptor on

the gLMS), tasters if their score was between 10.9 and

61.5 (corresponding to 1 cm right of the ÔVery strongÕ
descriptor on the gLMS), or supertasters if their score

was above 61.5.

2.5.4.2. Eect of taster status on liking of milk samples.

Mixed model ANOVAs (random variable: judge nested

in PROP taster status; model: liking of avor during

drinking, liking of avor after swallowing, liking of

mouthfeel after swallowing = status + sample + sta-

tus * sample) were performed to determine the eect of

taster status on the liking parameters of the milk sam-

ples. Least squares means of the dierences between

the liking of the avor during drinking, the liking of

the avor after swallowing, and the liking of the mouth-

feel after swallowing of the dierent PROP taster status

groups were calculated.

3. Results

3.1. Focus groups

An undesirable aftertaste was a denitive component

of a dislike of milk. The objectionable aftertaste of milk

is not merely a taste as the term implies, but includes a-

vors, feelings, and textures that are present in the mouth

after consuming milk. The general impression of milk

aftertaste obtained from the focus groups follows, illus-

trated by quotes from participants. Clarications of the

quotations are expressed in square brackets.

Milk aftertaste is:

• A sour avor left in the mouth

– ‘‘. . . when you breathe [after swallowing milk], . . .
you really taste that sour taste.’’

– ‘‘But the only avor that I can describe other than

sour is . . . milk.’’

• A coating left on the surfaces of the mouth

– ‘‘I feel [milk is] kind of coaty like—like when you

drink warm Coke, you can feel it sticking to your

teeth—I feel the same way.’’

– ‘‘. . . I feel like after you take a swallow [of milk],

itÕs still there because itÕs stuck to everything and

you canÕt get rid of it.’’

– ‘‘. . . when you put your tongue on the top of your

mouth, you can still feel [milk] in there.’’

– ‘‘ThereÕs like a lm kind of on your mouth [after

drinking milk].’’

• An overall dryness of the mouth

– ‘‘ItÕs just the fact that itÕs there and kinda dries

everything out.’’

– ‘‘To me, it just feels like I have cotton mouth. . . .
Like you need something else after it to get rid

of that taste.’’

• General avors and textures/feelings that linger in the

mouth for a substantial period of time

– ‘‘I thought it was really sour aftertaste [referring

to a milk sampled during the focus group session].

It gets worse later on . . . it lingered for about

30 s.’’

We also learned that avored milks are better toler-

ated than are plain milks by most in this subset of

consumers.

– ‘‘. . . it feels like the chocolate kind of . . . takes over
the milky taste so I donÕt really realize it . . .’’

– ‘‘. . . the chocolate coats, but you taste chocolate.

. . . I can still feel it, but IÕm tasting chocolate

rather than milk taste.’’

– ‘‘Oh, chocolate milk, itÕs tolerable. I could nish a

glass.’’

3.2. Descriptive analysis

The panelists identied 15 sensory attributes in the

aftertaste of the milk samples. We considered the attri-

butes that closely matched the undesirable characteris-

tics of milk aftertaste pinpointed by the focus group

participants to be key aftertaste attributes. The attri-

butes are listed in Table 3, with the key aftertaste attri-

butes denoted by italics.

Each of the factors (fat, sucrose, citric acid, and light-

induced oxidation) had a signicant eect on the inten-

sity of several of the sensory and persistence attributes.

Table 4 lists the mean intensity/time ratings for each

key aftertaste attribute for samples containing the high

and low levels of fat, sucrose, citric acid, and light-in-

duced oxidation, respectively.

With an increased level of fat in the milk samples, the

key attributes, ÔSourÕ and ÔFatty mouthcoat,Õ increased
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in intensity and the time it took for textures and avors

(except Dairy sour) to clear the mouth also increased

(Table 4).

The intensity of the ÔSourÕ attribute decreased in sam-

ples containing sucrose when compared to samples that

did not contain sucrose. The time it took until textures

had cleared the mouth, on the other hand, increased in

samples that contained sucrose (Table 4).

The intensity of the ÔSourÕ attributeÕ increased in sam-

ples that contained citric acid compared to samples that

did not contain citric acid. The intensity of the ÔDairy

sourÕ attribute rated initially in sequence with the other

attributes and the ÔDairy sourÕ attribute rated 1 min

after swallowing the sample also increased in samples

that contained citric acid (Table 4).

The intensities of the attributes ÔSourÕ, ÔDairy sour

immediateÕ, and ÔFatty mouthcoatÕ increased in samples

that contained light-induced oxidation when compared

to samples that were not oxidized. In addition, it took

signicantly longer for all avors (except Dairy sour)

to clear the mouth when oxidation was present (Table 4).

In samples without sucrose, addition of citric acid did

not signicantly alter the time it took for textures to

clear the mouth. However, adding citric acid to samples

that contained sucrose signicantly decreased the length

of time textures lingered in the mouth (citric acid * su-

crose: F(1,217) = 4.9; p = 0.03). This interaction is illus-

trated in Fig. 1.

One key aftertaste attribute, ÔLingering dry mouth-

coatÕ was unaected by any of the factors.

3.3. Salivary ow study

There were no signicant dierences in average sali-

vary ow rates after consumption of water between

the group of individuals who did not like the aftertaste

of milk and the group of individuals who did not

mind/did not notice the aftertaste of milk (Table 5)

(t210 = 1.48, p = 0.14). Additionally, there were no sig-

nicant dierences in average salivary ow rates after

consumption of whole milk between the two groups

(Table 5) (t210 = 0.44; p = 0.66). The non-likers had a

Table 3

Milk aftertaste attributes identied by the descriptive analysis panelists and key aftertaste attributes designated by the authors as those noted by both

the focus group participants and the descriptive analysis panelists

Basic tastes Flavors Textures/feelings Persistence

Sweet Cream Astringent Time until all avors clear the mouth

Sour Cooked Fatty mouthcoat Time until all textures clear the mouth

Bitter Buttery Lingering dry mouthcoat

Umami Fruity Urgency to clear the throat

Cardboard

Barny

Dairy sour

Table 4

Mean (n = 8) attribute ratings for key aftertaste attributes in samples containing low levels of a factor and high levels of a factor (one factor is

highlighted in each two-column section)

Aftertaste attribute Samples with

low level

of fat

Samples with

high level

of fat

Samples with

low level

of sucrose

Samples with

high level

of sucrose

Samples with

low level of

citric acid

Samples with

high level of

citric acid

Samples with

low level

of oxidation

Samples

with high

level of

oxidation

Sour 2.1b 2.6a 2.6b 2.2a 1.9b 2.8a 2.0b 2.8a

Dairy sour immediate 2.2a 2.5a 2.3a 2.4a 1.9b 2.7a 2.0b 2.7a

Dairy sour 1 min 2.9a 2.9a 2.8a 3.0a 2.6b 3.1a 2.7a 3.1a

Dairy sour 2 min 2.8a 2.8a 2.6a 3.0a 2.8a 2.8a 2.6a 3.0a

Dairy sour 3 min 2.7a 2.5a 2.5a 2.7a 2.5a 2.7a 2.5a 2.7a

Dairy sour 4 min 2.5a 2.4a 2.4a 2.4a 2.4a 2.5a 2.4a 2.5a

Dairy sour 5 min 2.4a 2.4a 2.4a 2.5a 2.3a 2.5a 2.4a 2.4a

Lingering dry mouthcoat 3.7a 4.1a 3.9a 3.8a 3.7a 4.0a 3.7a 3.9a

Fatty mouthcoat 1.7b 3.5a 2.5a 2.7a 2.7a 2.5a 2.4b 2.8a

Time until avors

(except Dairy sour)

have cleared the mouth

1.2b 1.5a 1.3a 1.4a 1.4a 1.3a 1.2b 1.5a

Time until textures

have cleared the mouth

2.3b 2.6a 2.4b 2.6a 2.5a 2.4a 2.4a 2.6a

In each section, the data are collapsed over levels of the other three factors. Each attribute was rated on a 15-unit scale except for the time variables

which are expressed in minutes.
a,b Means in the same two-column segment of a row with identical superscripts are not signicantly dierent (a = 0.05).
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higher average salivary ow rate after consumption of

milk than after consumption of water (t210 = 5.09;

p = < 0.0001). The likers did not exhibit any signicant

dierences in the average salivary ow rate after con-

sumption of water compared to the average salivary

ow rate after consumption of milk (t210 = 1.24;

p = 0.22).

3.4. Consumer study

3.4.1. Hedonic test

Fig. 2 illustrates the mean liking ratings for the avor

after swallowing of the seven milk samples. The liking

was highest for the whole and skim milk samples with

strawberry avor and sucrose added. These two samples

were the only samples for which the liking after swallow-

ing was signicantly higher than the rating given the

skim milk sample. While the liking of the avor after

swallowing was the highest for these samples, they only

received scores of 100 and 103 respectively, which are at

and slightly above the ÔNeutralÕ point on the LAM scale.

The liking ratings assigned to the skim milk samples

with citric acid and with light-induced oxidation were

the lowest of all the samples and were signicantly lower

than the rating given the skim milk sample.

The ratings for liking of the avor during drinking

and liking of the mouthfeel after swallowing followed

a similar pattern to that shown in Fig. 2. Actual ratings

are given in Table 6.

Table 6 also lists the percentage of participants for

each sample that indicated they would, would not, and

might choose to drink a glass of the sample as a bever-

age. Log linear regression uncovered signicant dier-

ences in the proportions of responses between samples

Table 5

Average salivary ow rate (g/min) after consumption of distilled water

and after consumption of whole milk for milk likers (n = 6) and non-

likers (= 6)

Condition Non-likers Likers

Distilled water 0.8a 1.1a

Whole milk 1.1a 1.2a

a Means in the same row with identical superscripts are not signi-

cantly dierent (a = 0.05).
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Fig. 1. Eect of adding sucrose and citric acid on the mean ratings

of ÔTime it takes for textures to clear the mouthÕ (Fsucrose * acid =4.9;

p = 0.03).

0

20

40

60

80

100

120

140

160

180

200

 L
A

M
S 

ra
tin

g 
gi

ve
n 

to
 'f

la
vo

r a
fte

r s
w

al
lo

w
in

g'
 

Skimbc Wholebc
Skim w/

citric acidcd

Skim w/
sucroseb

Skim w/
oxidationd

Skim w/flv
+ sucrosea

Whole w/flv
+ sucrosea

Greatest imaginable
like

Neutral 
Dislike slightly 

 

Dislike moderately 

Dislike very much 

Greatest imaginable 
dislike
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signicantly dierent (a = 0.05). Error bars indicate the standard error of the means.
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(sample * response interaction: v212 ¼ 60.22, p < .0001).

The sweetened and avored skim milk sample and the

sweetened and avored whole milk sample received sig-

nicantly greater numbers of Ôwould drinkÕ responses
than the skim milk sample (v21 ¼ 7.5, p = 0.037 and

v21 ¼ 8.995, p = 0.02, respectively).

For each of the samples, the participants indicated a

dislike of the avor during drinking, the avor after

swallowing, and the mouthfeel after swallowing with

substantial frequency (Table 7). However, for each

sample, a dislike of the mouthfeel after swallowing

was indicated less frequently as a deterrent to consump-

tion. The samples with the highest number of ÔOtherÕ
comments were the sweetened and avored skim and

sweetened and avored whole milk samples. Most of

the comments connected to the ÔOtherÕ responses for

these samples regarded a dislike of some aspect of the

strawberry avor or a perception that the milk sample

was too sweet.

Stepwise regression indicated that the aftertaste attri-

bute, ÔSourÕ, was the only statistically signicant predic-

tor (albeit negative predictor) of the liking of the avor

during drinking, the liking of the avor after swallow-

ing, and the liking of the mouthfeel after swallowing

for the milk samples. Modeling each of the three liking

scores (avor during drinking, avor after swallowing,

and mouthfeel after swallowing) individually on the

ÔSourÕ attribute resulted in R2 values of 0.80, 0.85, and

0.99 for the models, respectively.

3.4.2. PROP taster status classication

Eleven participants were classied as non-tasters, 34

were classied as tasters, and 27 individuals were classi-

ed as supertasters. There was not a signicant interac-

tion between taster status and the liking ratings of avor

during drinking (F(12,412) = 1.09, p = 0.3697) and a-

vor after swallowing (F(12,412) = 1.56, p = 0.1014).

There was a signicant interaction between taster status

Table 6

Hedonic ratings  for the avor during drinking and the mouthfeel after drinking for the samples presented in the hedonic test, and the percentage of

participants indicating they would, would not, or might choose to consume the sample as a beverage

Sample Flavor during drinking Mouthfeel after drinking % Would drink % Would not drink % Might drink

Skim 82c 85ab 7 69 24

Whole 82c 77ab 11 63 26

Skim w/citric acid 66cd 69c 4 86 10

Skim w/sucrose 83bc 85ab 8 65 26

Skim w/oxidation 63d 68c 3 83 14

Skim w/avor and sucrose 100ab 94a 21 44 35

Whole w/avor and sucrose 106a 92a 24 44 32

a,b,c,d Samples within a column having letter superscripts in common do not dier signicantly (p > 0.05).
  Scores from the labeled aective magnitude (LAM) scale. 0 = greatest dislike imaginable; 100 = neither like nor dislike; 200 = greatest like

imaginable.

Table 7

Of the participants who indicated they would not drink a sample as a beverage, the percentage that cited a dislike of the avor during drinking, the

avor after swallowing, and/or the mouthfeel after swallowing as the reason(s) they would not choose to consume the sample

Sample Dislike of avor

during drinking (%)

Dislike of avor

after swallowing (%)

Dislike of mouthfeel

after swallowing (%)

Other (%)

Skim 53 44 26 7

Whole 43 49 35 17

Skim w/citric acid 74 68 44 6

Skim w/sucrose 50 44 24 10

Skim w/oxidation 69 58 39 8

Skim w/avor and sucrose 72 63 56 38

Whole w/avor and sucrose 69 56 47 41

a
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and the liking ratings of mouthfeel after swallowing

(F(12,411) = 1.95, p = 0.0273).

Fig. 3 illustrates the mean liking ratings by PROP

sensitivity for the mouthfeel after swallowing of the

seven milk samples. Supertasters objected less to the

mouthfeel after swallowing of the skim milk sample with

citric acid than did the tasters and nontasters. Tasters

and supertasters disliked the mouthfeel after swallowing

of the sweetened and avored whole milk sample more

than did the nontasters.

4. Discussion

Milk aftertaste is a combination of tastes, avors,

textures, and feelings. This is clearly supported by the

participantsÕ comments during the focus groups and by

the list of sensory attributes identied in the aftertaste

of milk by the descriptive analysis panelists. The list of

descriptive analysis attributes expands the previously de-

scribed aftertaste attributes of Claassen and Lawless

(1992) and Frost et al. (2001). The importance of these

aftertaste sensations is supported by the DMI survey

(2001) plus data from both the focus groups and the he-

donic test. Dislike of the avor and mouthfeel after

swallowing each contributed substantially to the deci-

sion to not consume milk as a beverage.

Our nding that the addition of fat to milk increased

the intensity of the ÔFatty mouthcoatÕ is consistent with
the results of others (Frost et al., 2001; Phillips et al.,

1995). However, whereas Phillips et al. (1995) found no

signicant dierences in overall residual avor between

samples of diering fat levels, we found that adding fat

to milk increased the intensity of three taste/avor attri-

butes (ÔSweetÕ, ÔCreamÕ, and ÔButteryÕ), decreased the

intensity of the ÔSourÕ attribute, and increased the time

it took for all avors except ÔDairy sourÕ to clear the

mouth. The increased persistence of both avors and tex-

tures in the high-fat milk samples can be partly attributed

to an increase in the amount of residual milk present in

the mouth due to greater viscosity (Brauss, Linforth,

Cayeux, Harvey, & Taylor, 1999). Linforth and Taylor

(2000) also noted that increased viscosity would reduce

the rate at which a substance is cleared from the throat,

thus prolonging the release of avor compounds.

One explanation for the increase in the ÔSourÕ attri-
bute that accompanied the increase in fat content is that

the compound(s) responsible for the sour taste may also

linger in the mouthcoating of the milk and thus be per-

ceived as more intense. Another explanation is that the

bacteria in the mouth may convert residual lactose to

lactic acid, and/or the lipases in the mouth may form

free fatty acids. Both scenarios would increase the ÔsourÕ
intensity of the aftertaste.

Volatile compounds produced during the light-acti-

vated oxidation of milk may be responsible for the

increased intensities of the key attributes ÔSourÕ and

ÔDairy sour immediate.Õ According to Cadwallader and

Howard (1998), the most prevalent compounds found

in light-oxidized milk (from an olfactory detection

standpoint) are dimethysulde, pentanal, hexanal,

1-octen-3-one, acetaldehyde, and 1-hexen-3-one. The

panelists in the Cadwallader and Howard (1998) study

described the odor of acetaldehyde as Ôsolvent, yogurtÕ
and described the odor of pentanal as Ôsour, cut-grassÕ.
It is possible that the increases in the intensities of the

ÔSourÕ and ÔDairy sour immediateÕ attributes were due

to increased perception of compounds such as acetalde-

hyde and pentenal. However, it should be noted that

these compounds are more often described in the litera-

ture as ÔpungentÕ (Peterson & Reineccius, 2003; Qian &

Reineccius, 2003; Singh, Drake, & Cadwallader, 2003;

Venkateshwarlu, Chandravadana, & Tewari, 1999),

rather than sour or dairy-related.

Although we had included citric acid as a factor in

our study on the premise that its addition to milk would

result in increased salivary ow and therefore would

help rid the mouth of residual milk and residual avors

and textures, we did not see this eect. Perhaps the citric

acid was not at a level high enough to induce the rate of

salivary ow needed to counteract the milk aftertaste.

Or the astringency of the acid may have compounded

the problematic aftertaste instead of alleviating it. Par-

ticipants liked the mouthfeel of the sample with added

citric acid less than they liked the skim milk sample.

On the basis of this study we cannot conclude that the

dislike of milk aftertaste is due to a decrease in salivary

ow rate after consumption of milk. On the contrary,

milk dislikers had a relatively higher (relatively higher

than milk likers) salivary ow rate after consuming milk

compared to their ow rate after consuming water. Per-

haps this increase in saliva production after consuming

milk is their bodyÕs attempt to rid the mouth of the

oensive mixture. To conrm these ndings, this part

of the study should be repeated using a larger number

of subjects and matching the temperature of the milk

to the temperature of the water.

The addition of avoring and sucrose to milk chan-

ged the properties of milk aftertaste in a positive man-

ner. As these samples were not evaluated during the

descriptive analysis portion of our research, we cannot

conclusively state which properties of milk aftertaste

changed upon the addition of the strawberry avor

and sucrose. Adding sucrose increased the time until tex-

tures cleared from the mouth, but had no eect on the

time until avors cleared from the mouth. We speculate

that simply adding avoring to the mixture of sucrose

and milk would not alter these persistence properties.

The added avoring probably masked the original oen-

sive sensation. Thus avoring milk is the most promising

avenue explored in this research to increase the liking

and consumption of milk for consumers who do not like
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milk. Further research to optimize the avoring for this

subset of consumers is needed.

Approximately 15% of individuals participating in the

consumer test portion of our research were taste blind to

PROP and about 85% were sensitive to PROP. This ex-

ceeds the proportion of PROP sensitive individuals one

more typically nds in samples from the population of

the United States (Blakeslee & Fox, 1932; Tepper,

1998; Tepper, 1999; Tepper, Christensen, & Cao, 2001).

Most of our consumer study participants were female,

and women are more likely to be classied as tasters or

supertasters than men (Bartoshuk et al., 1994; Drewnow-

ski, Kristal, & Cohen, 2001). The proportion of supertas-

ters in our study (37.5%) was higher than proportions

observed in two other studies of women (Drewnowski,

Henderson, Hann, Berg, & Run, 2000) (21% supertas-

ters) (Drewnowski et al., 1998) (29% supertasters), but

lower than the 55% of supertasters observed in the Drew-

nowski et al. (2001) study. Thus women that dislike the

aftertaste of milk may be somewhat more likely to be

tasters and supertasters of PROP.

For all milk samples, except the sweetened and a-

vored whole milk sample and the sweetened skim milk

sample, we observed an upward trend in liking as sensi-

tivity to PROP increased. This occurred for liking of a-

vor during drinking (data not shown), liking of avor

after swallowing (data not shown), and liking of mouth-

feel after swallowing (Fig. 3). This trend, although gen-

erally not statistically signicant, was striking in its

consistency and should be further investigated using

greater numbers of subjects in each PROP sensitivity

category.

Our research adds to the few studies published on the

eect of PROP taster status on liking of milks, but our

strategy of testing people that dislike milk because of

its aftertaste makes it dicult to compare our results

with those of others that have studied relations between

PROP taster status and milk liking. This may at least

partly explain why our results are inconsistent with

those of Keller et al. (2002), who reported a lower accep-

tance of full-fat milk in taster-girls than in non-taster-

girls. (We show the opposite trend for whole milk.) They

also used preschool children. Our results are also incon-

sistent with Duy and Bartoshuk (2000), who reported a

decreased preference for high fat foods (including whole

milk) as sensitivity to PROP increased. The results of

our research are also inconsistent with the ndings of

Drewnowski et al. (1998) who failed to link decreased

preferences for sweetened, high fat dairy products to

PROP taster status.

5. Conclusions

The aftertaste of milk clearly contributes to the dis-

like of milk among a subset of consumers that avoid

drinking milk. Milk aftertaste attributes determined

through descriptive analysis that matched the attributes

mentioned by focus group participants included sour,

dairy sour, fatty mouthcoat, and lingering dry mouth-

coat. Although our changes in the milks (fat content, su-

crose content, citric acid content, and light oxidized

avor) had noticeable eects on the aftertaste, they were

not large enough to importantly aect hedonic ratings.

Distribution of PROP taster status of milk dislikers

was dissimilar to the distributions reported for the Uni-

ted States population, with greater-than-expected num-

bers of PROP-sensitive individuals participating in this

study. Milk dislikers salivated relatively more in re-

sponse to milk than did milk likers.
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