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Abstract

Chocolate ice cream is commonly formulated with higher sugar levels than nonchocolate flavors 

to compensate for the inherent bitterness of cocoa. Bitterness, however, is an integral part of the 

complex flavor of chocolate. In light of the global obesity epidemic, many consumers and health 

professionals are concerned about the levels of added sugars in foods. Once a strategy for 

balancing undesirable bitterness and health concerns regarding added sugars has been developed, 

the task becomes determining whether that product will be acceptable to the consumer. Thus, the 

purpose of this research was to manipulate the bitterness of chocolate ice cream to examine how 

this influences consumer preferences. The main goal of this study was to estimate group rejection 

thresholds for bitterness in chocolate ice cream, and to see if solid chocolate preferences (dark vs. 

milk) generalized to ice cream. A food-safe bitter ingredient, sucrose octaacetate, was added to 

chocolate ice cream to alter bitterness without disturbing other the sensory qualities of the ice 

cream samples, including texture. Untrained chocolate ice cream consumers participated in a 

large-scale sensory test by indicating their preferences for blinded pairs of unspiked and spiked 

samples, where the spiked sample had increasing levels of the added bitterant. As anticipated, the 

group containing individuals who prefer milk chocolate had a much lower tolerance for bitterness 

in their chocolate ice cream compared with the group of individuals who prefer dark chocolate; 

indeed, the dark chocolate group tolerated almost twice as much added bitterant in the ice cream 

before indicating a significant preference for the unspiked (control) ice cream. This work 

demonstrates the successful application of the rejection threshold method to a complex dairy food. 

Estimating rejection thresholds could prove to be an effective tool for determining acceptable 

formulations or quality limits when considering attributes that become objectionable at high 

intensities.
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INTRODUCTION

Chocolate is an extremely complex flavor, to which a degree of bitterness is essential for an 

acceptable overall flavor profile. Making a chocolate ice cream, therefore, can be 

complicated, as ice cream contains high levels of fat and sugar that have the ability to 

significantly decrease perceived bitterness. Fat can influence perceived bitterness, as bitter 

compounds may partition away from the aqueous phase of an emulsion and therefore 

become less available to act on taste receptors (Metcalf and Vickers, 2002). However, this 

effect may vary from compound to compound (Keast, 2008; Bennett et al., 2012), as great 

structural diversity exists among compounds that elicit bitterness via human bitter taste 

receptors (Meyerhof et al., 2010). Additionally, crystallinity of the fat can also influence the 

partitioning of small particles into or out of the aqueous phase (Ghosh et al., 2007).

Sweetness perceptually masks bitterness in the central nervous system (Lawless, 1979). It 

has been shown that an optimum level for sugar in vanilla ice cream is about 13.5% 

(Guinard et al., 1996). In chocolate ice cream, however, sugar levels are generally increased, 

compared with other ice cream flavors, to compensate for the bitter compounds inherently 

present in chocolate (Prindiville et al., 2000; Marshall et al., 2003). It has been 

recommended to increase sweetener by using equal weights of sucrose (or equivalent 

sweetener) and cocoa in addition to the initial amount of sweetener to achieve an optimal 

balance of sweetness and bitterness (Marshall et al., 2003). Whereas this may seem to be an 

effective strategy for maintaining flavor balance, levels of added sugar in foods are of great 

concern in the United States, as the obesity epidemic is on the rise (Ogden et al., 2012). 

Moreover, consumers are becoming increasingly aware of and concerned about the amount 

of sugar in the foods that they choose to eat, and approximately 56% of Americans have 

reported trying to limit sugars in their diet (IFIC, 2011). For the production of ice cream in 

particular, strategies to limit sugar may be especially challenging for producers to meet 

consumer demand, as sugar is integral for the perceived creaminess (Stampanoni, 1993; 
Guinard et al., 1997), quality, and acceptance of ice cream products (Guinard et al., 1996). 

Additionally, several processing parameters (i.e., freezing point) are highly dependent on the 

sugar content of the final product, and thus the reduction of sugar can lead to manufacturing 

complications.

A further potentially influencing factor on the balance of bitterness in chocolate ice cream is 

the temperature at which ice cream is served. Both hot and cold serving temperatures, for 

example, have been demonstrated to have the ability to significantly enhance or decrease the 

perceived intensity of some sweeteners, though the effect sizes are small (Schiffman et al., 

2000). A study by Paulus and Reisch (1980) investigating detection, recognition, and 

terminal thresholds for the 5 prototypical tastes found that, for bitter tastants (specifically 

quinine and caffeine), both hot and cold temperatures elevated the amount of stimulus 

required to be present for detection and recognition thresholds, with the effect much greater 

at higher temperatures. Whereas these effects may not generalize to supra-threshold 

concentrations or different bitter compounds, it remains possible that serving temperature 

may affect the perceived bitterness of ice cream.
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It is important to consider that the degree of bitterness desirable in chocolate products may 

differ largely from consumer to consumer as dictated by preferences for milk or dark 

chocolate (Harwood et al., 2012a,b). That is, those who find bitterness most objectionable 

are likely to avoid dark chocolate, as it is typically more bitter than milk chocolate. 

Additionally, it is unknown whether or not preference for vanilla or chocolate ice cream is 

influenced by preference for milk or dark chocolate when considering individual solid 

chocolate preferences. Recently, we demonstrated that bitterness tolerance in chocolate-

flavored fluid milk can be explained, in part, by solid chocolate preferences, as individuals 

who prefer dark chocolate are much more tolerant of bitterness than those who prefer milk 

chocolate (Harwood et al., 2012a). It seems reasonable to ask whether this pattern also 

generalizes to ice cream. In the current study, our main objective was to investigate if 

rejection thresholds (RjT) for added bitterness in chocolate ice cream are influenced by 

individual preference for milk or dark solid chocolate by estimating group RjT using a 

recently developed sensory method. Rejection thresholds differ from more traditional scale 

based acceptance (liking) tests in that they are a cognitively simpler task, and allow for 

direct estimation of the concentration at which an attribute becomes objectionable. Also, as 

we recently demonstrated, RjT are sensitive to differences between market segments, at least 

for chocolate-flavored fluid milk and solid chocolate.

MATERIALS AND METHODS

Treatments

In ice cream, as sugar content decreases, significant textural and flavor changes occur. After 

pilot testing, it became clear that, though some of these textural aspects may be overcome by 

the addition of bulking agents, the difference was still large enough that preferences could be 

affected regardless of differences in flavor. Therefore, to study how the balance of bitter 

flavor affects preferences in chocolate ice cream, it was decided that the most effective way 

to manipulate the bitterness while holding all other sensory attributes constant would be to 

add small amounts of a highly potent bitter compound. Sucrose octaacetate (SOA; SAFC, 

Lenexa, KS) was chosen as the added bitter ingredient because it is strongly bitter at micro 

molar concentrations, and generally recognized as safe as a direct and indirect food additive 

(21 CFR 172.515 and 21 CFR 175.105, respectively; CFR, 2012a,b). Additionally, whereas 

many other bitter substances may vary across individuals as a function of genetic differences 

(Hayes et al., 2008, 2011; Allen et al., 2013), prior work indicates little to no individual 

differences in SOA bitterness sensitivity in humans (Boughter and Whitney, 1993). Though 

individual differences in the bitterness evoked of compounds endogenous to chocolate may 

exist, no reports of this have been published to date. These concentrations used in the current 

study were based on informal bench testing as well as similar experiments involving SOA 

(Harwood et al., 2012a,b); concentrations were selected to range from undetectable or barely 

detectable (low intensity) to universally objectionable (high intensity).

Here, the control samples were plain chocolate ice cream. The spiked samples contained 

varying amounts of SOA, with final concentrations of 10, 20, 40, 80, and 160 μM. For 

example, to make the 160 μM sample, 3.1513 g of SOA was added to 32 kg of ice cream 

mix (see below).
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Ice Cream Processing

The ice cream formulation used was 14.1% fat (added as cream and whole milk), 10.0% 

nonfat milk solids (added, in part, as nonfat dry milk; Maryland and Virginia Milk Producers 

Association Inc., Reston, VA), 13% sugar (Good Food Inc., Honey Brook, PA), 3.7% corn 

syrup solids (Tate and Lyle, Decatur, IL), 3% cocoa powder (Forbes, Broadview Heights, 

OH), and 0.5% stabilizer or emulsifier blend (Cremodan IcePro, Danisco DuPont, St. 

Joseph, MO). Three samples of each treatment and control were analyzed for TS and fat on 

finished product using CEM Smart Trac (Mathews, NC).

Samples were formulated and manufactured to the formulation described above at the 

Berkey Creamery at Pennsylvania State University. Ice cream mix was batched and 

pasteurized at 178.5°F for 43s on an HTST pasteurizer system (APV, Charlotte, NC) and 

then held at 4°C until mix was frozen. Immediately before freezing, ice cream mix was 

weighed into separate batches and spiked with the appropriate amount of SOA (in 50 mL of 

ethanol for ease of dispersion) into the mix. Ice cream mix was frozen on a Gram GIF 400 

continuous freezer (Gram Equipment of North America, Tampa, FL) with overrun set to 

80%. Calculations from ice cream mix and finished product yielded an 82.6% overrun across 

all samples. Samples were packaged into 4-oz. plastic cups (Airlite Plastics, Omaha, NE) on 

an automatic filling system (T.D. Sawvel Co. Inc., Maple Plain, MN). All ice creams were 

then stored at 5°F for 1 wk before serving. Before being served to panelists, samples were 

tested for total coliforms and total aerobic plate count according to standard methods (Wehr 

et al., 2004).

Sensory Testing Procedures

Individuals were recruited from the Penn State community via email, and screened for their 

willingness to eat chocolate ice cream. Ninety-six reportedly healthy, nonsmokers (31 men) 

participated in the study. Half of the participants were between 18 and 24 yr of age and the 

remaining half were between 25 and 45 yr old. Recruitment aimed for an equal number of 

participants with a stated preference for solid milk chocolate and solid dark chocolate. Forty-

six participants indicated that they preferred milk chocolate and 50 indicated that they 

preferred dark chocolate when asked at the conclusion of the test (Table 1). All participants 

provided informed consent and were paid for their time. Procedures were exempt from 

Institutional Review Board review by the Penn State Office of Research Protections under 

the wholesome foods or approved food additives exemption 45 CFR 46.101(b)(6). All 

sensory data were collected using Compusense Five software v5.2 (Guelph, Canada).

Rejection thresholds were measured using a series of two-alternate forced choice paired 

preference tests. Samples were presented as blinded pairs (a control and a sample spiked 

with SOA), and the participants were asked to indicate which of the 2 samples they 

preferred; a “no preference” option was not given (Harwood et al., 2012a). The pairs were 

presented in order of ascending SOA concentration (increasing bitterness). Within the pairs, 

the order of the samples was randomized to prevent order biases. All tests were carried out 

in individual testing booths at the Sensory Evaluation Center at Penn State under white 

lights. Each sample pair was presented as needed through a serving hatch by project staff to 

prevent melting of the samples and consistency of tasting temperature. Participants were 
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instructed to rinse with room temperature (21°C) water between samples. All samples were 

presented between −12 and −15°C in 4-oz. plastic cups labeled with random 3-digit blinding 

codes. At the conclusion of the two-alternate forced choice tests, participants were asked to 

indicate their preference for solid milk chocolate or solid dark chocolate, chocolate or 

vanilla ice cream, sex, and age.

Whereas fatigue is a potential concern with a high-fat product such as ice cream, Guinard et 

al. (1996) previously demonstrated participants could evaluate 9 samples without 

experiencing significant fatigue. In this study, participants each tasted 10 different samples 

with a minimum of 60 s (controlled by timed delays enforced via software) between sample 

sets and participants were instructed to rinse with water between each sample. Additionally, 

all participants were informed of the large amount of samples to be tasted and instructed to 

only taste 1 spoonful (approximately 4 g) of each. Consequently, we believe that fatigue did 

not play a role in the results of our study.

Statistical Analysis

Rejection thresholds were analyzed using the procedure outlined previously (Harwood et al., 

2012a), with participants separated into groups based on their self-reported preference for 

solid chocolate (milk chocolate or dark chocolate) and ice cream (chocolate or vanilla). 

Fisher’s exact test was used to investigate effects of sex on preference groups, as well as 

stated preference for solid chocolate (milk vs. dark) and vanilla or chocolate ice cream.

RESULTS AND DISCUSSION

As expected, the group that preferred dark chocolate had a significantly higher RjT for SOA 

in the chocolate ice cream than the group that preferred milk chocolate, with a concentration 

approximately 2 times higher (Table 2). This result (both the concentration of SOA required 

for rejection as well as the separation between milk- and dark chocolate-preferring groups) 

corresponds with what has been shown previously for the same compound (SOA) in 

chocolate-flavored fluid milk and solid milk chocolate-flavored compound coating 

(Harwood et al., 2012a,b). The rejection thresholds for SOA in chocolate ice cream (Figure 

1) fall approximately halfway between those observed previously for chocolate milk and 

compound chocolate; this was expected, as the sugar and fat content of chocolate ice cream 

falls between the levels in these products (Table 3).

Though we did not design this series of experiments to specifically pull apart the effects of 

temperature, fat, or sugar, we feel that our results are likely due to the differences in sugar 

content of the different sample matrices. It seems likely that the bitterness of SOA was 

masked by the sugar via the process of mixture suppression. Mixture suppression is a 

commonly observed perceptual phenomenon in taste where the sensation of a mixture is less 

than the sensations that would be elicited from the stimuli when experienced separately 

(Lawless, 1979; Keast and Breslin, 2003). Alternatively, if the RjT were a function of 

temperature rather than sugar content, they would be in a different order than what was 

observed across these experiments (present data; Harwood et al., 2012a,b). That is, if cold 

temperature was suppressing the bitterness, the ice cream would have the highest RjT, 
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followed by the chocolate milk, and then, finally, the compound chocolate would have the 

lowest RjT.

However, this interpretation does not preclude the possibility that we are observing a 

physiochemical effect rather than a perceptual interaction due to partitioning into the fat 

phase. Specifically, increasing fat levels can decrease the bitterness of some stimuli (Metcalf 

and Vickers, 2002). Metcalf and Vickers (2002) demonstrated a reduction in the bitterness of 

quinine sulfate by oil in water emulsions with a concentration dependent effect: more fat in 

the system resulted in greater reduction of bitterness. Those authors hypothesized this result 

was due to the lipophilic nature of quinine sulfate, causing a portion of it to partition into the 

fat phase of the emulsion, thereby rendering it unavailable to taste receptors. Contrary to 

these findings, however, Keast (2008) demonstrated the opposite effect for caffeine: as milk 

fat level increased, so did bitterness. This might be explained by the lipophilicity hypothesis 

of Metcalf and Vickers (2002), as caffeine is predominantly hydrophilic, with a partition 

coefficient of −0.07 (Biagi et al., 1990). When considering our experiments with SOA, it 

seems unlikely that increasing fat would reduce the bitterness intensity; SOA has a negative 

partition coefficient (−0.9) according to PubChem (2013), so it would be expected to 

partition into the water phase. Whether this may also be influenced by pH is unknown 

(Bennett et al., 2012).

Another potential explanation for the differences in RjT between experiments might be 

differences in viscosity across the matrices. Previous work in liquids of varying viscosity 

suggests that the bitterness of quinine sulfate decreases as viscosity increases (Moskowitz 

and Arabie, 1970). The concentration of solids in the solution in the saliva would increase 

from chocolate milk to chocolate ice cream to compound chocolate due to an increase in 

viscosity across these products; if this also reduces perceived bitterness (which was not 

directly assessed in our tests), then we might also expect differences in hedonics. That is, as 

the viscosity increases, more SOA may be required to elicit the same intensity of bitterness 

that results in rejection of the spiked sample.

Preference for chocolate or vanilla ice cream was tested for association with preference for 

milk or dark chocolate (Table 4) using Fisher’s exact test, and found to be significant (P < 

0.02). That is, people who prefer milk chocolate were over-represented in the group 

preferring vanilla, whereas the group preferring chocolate ice cream was comprised of 42 

and 58% individuals that prefer milk chocolate and dark chocolate, respectively. Secondary 

analyses of rejection thresholds based on these alternative groupings reflect this distribution 

of preferences. The RjT for the vanilla ice cream group was 14.6 μM (similar to the 14.2 μM 
seen for the group preferring milk chocolate). The RjT for the chocolate ice cream group 

was 21.1 μM, which is similar to what we see for the average RjT of all the participants 

(48% for those who prefer milk chocolate, 52% for those who prefer dark chocolate) at 20.2 

μM.

The estimation of group rejection thresholds for SOA in chocolate ice cream allowed us to 

demonstrate that excessive bitterness leads to the rejection of chocolate ice cream, which is 

the basis for the general recommendation to increase the amount of sweetener in chocolate 

ice cream mix. Additionally, the comparison of these results to previous studies evaluating 
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RjT for SOA in chocolate-flavored products (Harwood et al., 2012a,b) suggests that 

increasing levels of sugar offset the amount of SOA required to elicit rejection, as would be 

expected. That is, increasing sweetness suppresses the perception of bitterness in chocolate-

flavored products. When practically applied, our results suggest chocolate ice cream 

formulated to contain lower levels of sweetener may still be acceptable to consumers who 

tolerate more bitterness (i.e., consumers who prefer dark chocolate), providing that the other 

sensory properties of the ice cream remain unchanged (i.e., texture), though this remains to 

be verified. That is, a market niche may exist for lower sugar chocolate ice cream that would 

do well among consumers of dark chocolate.

Previously, almost all studies on RjT have been applied to liquid foods, such as wine, milk, 

or soup (Prescott et al., 2005; Lee et al., 2008; Saliba et al., 2009). We recently demonstrated 

the use of this method with a solid food (Harwood et al., 2012b) and we extend this work 

further here, by showing this technique can be applied to an intermediate food matrix, such 

as ice cream. This validation should be of interest to those who work with dairy products 

because of the broad potential application of the RjT method in dairy products. Chocolate 

ice cream is a very complex stimulus that can be difficult to evaluate with consumers, and 

can require trained panels to profile, which are costly and labor intensive. In contrast, the 

RjT method is simple to carry out for both the researcher and the participant as it is based on 

straightforward preference tasks. As demonstrated by this experiment, this method could be 

used to quantify group RjT limits for an assortment of off flavors or attributes that only 

become objectionable at high intensities in a variety of dairy products. In addition, past and 

present data indicate it can also be used when considering specific market segments.

When considering acceptable concentration limits for attributes that are necessary for (or 

irrelevant to) preferences at low levels but become objectionable at high levels (e.g., 

bitterness), many benefits to using the RjT method exist. For formulations already known to 

be acceptable, such as the commercially successful chocolate ice cream mix used in this 

study, consumer acceptance tests are not required for validation. As a method of constant 

stimuli, spiked samples are always compared with control samples. Therefore, the standard 

of comparison is known. Of course, for formulations with unknown acceptability, it would 

be beneficial to carry out appropriate acceptance tests for the control sample before 

determining RjT. The RjT allows for the determination of the point at which the 

concentration of the attribute of interest becomes objectionable, even if it falls between the 

samples given, which can be difficult to determine when using acceptance tests. However, 

once this range is determined, it may be prudent to subsequently validate these data using 

traditional acceptance tests. Finally, the RjT method allows for the determination of a 

preference or indifference function, which illustrates the relative rate at which increasing the 

concentration in the spiked samples causes them to become objectionable (via the slope of 

the linear portion of the sigmoid function).

CONCLUSIONS

In conclusion, RjT for SOA in chocolate ice cream are influenced by preference for solid 

milk or dark chocolate. Existing preferences for solid chocolate appear to generalize to 

chocolate-flavored ice cream, as might be expected. Specifically, those who prefer solid dark 
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chocolate to milk chocolate tolerate substantially higher levels of an added bitterant. This 

difference in RjT agrees with previous studies on RjT for SOA in other chocolate-flavored 

products. This approach could be used to make chocolate ice cream with less added sugar to 

be marketed for dark chocolate lovers, though this remains to be verified. Rejection 

thresholds also have the potential to be applied to other dairy foods in quality control or 

product optimization applications as a means to determine specific concentration limits 

associated with preferences.
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Figure 1. 
Rejection thresholds for sucrose octaacetate (SOA) in chocolate ice cream for groups that 

prefer milk and dark chocolate. Color version available in the online PDF.
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Table 1

Breakdown of participants by sex and solid chocolate preference

Item n Men Women

All participants 96 31 65

Milk chocolate preference 46 18 28

Dark chocolate preference 50 13 37
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Table 2

Group rejection thresholds for sucrose octaacetate (SOA) in chocolate ice cream

Preference group Concentration of SOA (μM) Fold difference P-value

Milk chocolate 14.17 1.93× 0.0002

Dark chocolate 27.42

Vanilla ice cream 14.6 1.45× 0.0039

Chocolate ice cream 21.1

All participants 20.2 NA1 NA

1
NA = not applicable.
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Table 3

Sugar and fat content of stimuli in past and present experiments and corresponding rejection thresholds (RjT)

Item Sugar (%) Fat (%) Milk chocolate preference 
RjT (μM)

Dark chocolate preference 
RjT (μM)

Chocolate-flavored fluid milk1 10 2 3.9 9.0

Chocolate ice cream2 13 14.1 14.2 27.4

Solid milk chocolate-flavored compound coating3 55 31 43.9 113.5

1
Results from Harwood et al. (2012a); n = 70, 38 preferred dark chocolate and 32 preferred milk chocolate.

2
Results of current study; n = 96, 50 preferred dark chocolate and 46 preferred milk chocolate.

3
Results from Harwood et al. (2012b); n = 85, 42 preferred dark chocolate and 43 preferred milk chocolate.

J Dairy Sci. Author manuscript; available in PMC 2016 June 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harwood et al. Page 14

Table 4

Contingency table for preference group distributions (Fisher’s exact test)

Item Milk chocolate Dark chocolate Total

Chocolate ice cream 32 45 77

Vanilla ice cream 14 5 19

Total 46 50 *

*
P = 0.02.
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