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Abstract: As marketing tools, nutrition claims (NCs) and health claims (HCs) can be used to convey
the nutritional properties and health benefits of food to consumers, but their respective effects on
consumers’ perceptions of healthier meat products are inconsistent in the literature. Using a physical
prototype of omega-3-enriched sausages as a research interest, this paper explores how HCs and
NCs differently influence consumers’ sensory preferences and willingness to pay (WTP). Sensory
tests were carried out among 330 participants, followed by a choice-based conjoint (CBC) experiment
to measure consumers’ WTP. Results indicate that, in comparison with the uninformed condition,
labeling an omega-3 nutrition claim increased consumers’ sensory liking for omega-3-enriched
sausages in the attributes of appearance and texture. Moreover, consumers were willing to pay more
for healthier sausages, but labeling HCs did not significantly improve participants’ WTP for omega-3-
enriched sausages more than NCs. Hence, HCs did not significantly outperform NCs, when it comes
to positively influencing consumers’ sensory liking and paying intentions for omega-3-enriched
sausages. The findings of this study have implications for the meat industry in developing healthier
sausage formulations with greater likelihood of success in the market.

Keywords: nutrition claim; health claim; sensory test; choice-based conjoint experiment; payment
estimation

1. Introduction

Meat and its derivatives, with essential nutritional components, constitute an integral
part of the human diet. Recent research efforts have been directed towards developing
healthier meat products containing compounds with known health benefits or reduced
levels of ingredients with negative implications for consumer health [1–4]. These products
meet consumers’ expectations for more healthiness in meat products and provide potentials
market opportunities for the meat industry [5–7].

In Europe, meat manufacturers can use nutrition claims (NCs) and/or health claims
(HCs) labeling on the front of the food pack to communicate the nutritional properties and
health benefits of reformulated meat products to consumers. Claims can be a marketing
tool to differentiate these nutritionally improved meat products from their conventional
counterparts [8–11]. Regulation EC No. 1924/2006 (available online: https://eur-lex.
europa.eu/legal-content/en/ALL/?uri=CELEX%3A32006R1924, accessed on 1 May 2019)
defines NCs as “any claim which states, suggests or implies that a food has particular beneficial
nutritional properties (such as ‘contain’, ‘source of’, ‘free of’ ‘reduced’ and ‘increased’)”, and HCs
as “any claim that states, suggests or implies that a relationship exists between a food category, a food
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or one of its constituents and health”. The difference between NCs and the corresponding HCs
is that HCs explicitly indicate an association between a specific food substance to a health-
related outcome, and this cause-and-effect relationship is scientifically verified [12,13].
For sales purposes, this distinction could be important, as Ares et al. [14] emphasize that
failure to establish an association between the nutrient and its benefit is the main barrier to
consumer willingness to try healthier food.

For meat manufacturers, whether HCs can give healthier meat products a better com-
petitive advantage than NCs is still unclear. Some studies indicate that HCs resonate better
with consumers than NCs, where products labeled with HCs have higher perceived health-
iness, attractiveness, consumption intention [14–16], and willingness to pay (WTP) [17,18]
associated with them. For instance, WTP for frankfurter sausages is less for a low-fat
nutrition claim than its corresponding health claim, which relates to reducing cardiovascu-
lar disease risks [17]. Similarly, Kallas, Realini, and Gil [16] found that awareness of the
health benefits of omega-3 fatty acids positively impacts consumer acceptance of omega-
3-enriched beef steak more than a nutrition claim scenario. Nevertheless, some other
studies argue that HCs are not superior to NCs in making healthier meat more appealing
to consumers. In some cases, NCs outperform HCs in terms of consumers’ purchasing
and paying intentions, such as in lean beef steak [9], fortified yogurts [19], orange juice,
and milk chocolate [20]. Furthermore, a few studies conclude that NCs and HCs impose
negative influences on the perceived healthiness of food due to consumers’ suspicion and
unfamiliarity [21]. Hence, given the lack of consistency in the conclusions, more research
on the topic of consumers’ preferences for meat products with NCs or HCs is required.

In addition, although Kaur, Scarborough, and Rayner [13] conclude that consumers
are more likely to buy and pay for food carrying NCs and/or HCs than conventional
counterparts, previous studies find positive, zero, or even negative price premiums in terms
of meat products with NCs and/or HCs [9,17,22,23]. Therefore, to achieve economic returns
from meat innovation, Decker and Park [24] raise the question of whether consumers are
willing to pay more, or if meat companies have to bear the cost of producing healthier
meat products.

Numerous studies have stated that maintaining sensory pleasantness and reasonable
pricing are two critical factors in consumer acceptance of healthier meat products [24–30].
Furthermore, evidence suggests that consumers’ sensory perceptions could be altered by
information about NCs and/or HCs, such as claims of “plant sterol-enriched” on deli-style
turkey slices [22] and “salt-reduced” on cooked ham [31].

Therefore, this study assessed consumers’ perceptions of NCs and HCs made on
healthier meat products, using omega-3-enriched sausages as a research interest. Omega-3
fatty acids are nutrients proven to be beneficial for human health and contribute to the nor-
mal function of the heart and brain and the maintenance of normal vision. These functions
are recognized by the European Food Safety Authority (EFSA) (regulation No. 432/2012)
as permitted health benefits. In addition, several scientific papers report that sausages
are technologically appropriate for omega-3 enrichment [32,33]. The main objectives of
this paper are two-fold: first, to assess whether and how different omega-3 information
scenarios of NCs and HCs influence sensory preferences and WTP for omega-3-enriched
sausages; second, to estimate how much a consumer is willing to pay for healthier sausages.
To achieve the first objective, a within-subject comparison between two rounds of sensory
tests was implemented to explore how sensory preferences are changed by different claim
information. Starting with a blind sensory test, participants were given omega-3-enriched
sausages with no information. This was followed by an informed test, in which participants
were informed of the omega-3 enrichment in the sausages with either a nutrition claim (fur-
ther referred to as N group) or a health claim (further referred to as H group). To assess the
second objective, a choice-based conjoint (CBC) experiment was carried out immediately
after the two sensory tests, and consumers’ WTP for four types of healthier sausages (i.e.,
higher meat content, source of omega 3, reduced fat, reduced salt) was estimated.
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This study aims to find out if NCs and HCs can generate better sensory experiences and
elicit higher WTP. The findings from this study are expected to deepen the understanding
of consumers’ perceptions of NCs and HCs, and provide insights for meat manufacturers
to develop and market healthier meat products with a greater chance of success.

2. Materials and Methods
2.1. Data Collection

This study was approved by the Human Research Ethics Committee for Sciences at
University College Dublin (UCD) (LS-17-91-Hong-Li). The products tested were safe for
consumption. The preparation of omega-3 sausage samples is described in Appendix A.
The data collection was carried out in an ISO-standard sensory laboratory designed in
accordance with ISO 8589:2007 at the UCD Institute of Food and Health. There were
five phases to be completed in one session: (i) a blind sensory test of omega-3-enriched
sausages; (ii) establishing participants’ familiarity with omega-3 fatty acids and randomly
informing participants of an omega-3 claim (either a nutrition claim or a health claim);
(iii) an informed sensory test of omega-3-enriched sausages; (iv) a CBC experiment re-
quiring participants to choose their preferred sausage options; (v) collecting information
regarding sociodemographic backgrounds and consumption habits of processed meat and
dietary supplements. Figure 1 depicts the experimental procedure. Each step is described
in greater detail throughout this section.

Foods 2022, 11, x FOR PEER REVIEW 4 of 29 
 

 

 
Figure 1. A diagram of the experimental procedure. 

2.2. Sensory Tests 
Both the blind and informed sensory tests of omega-3 sausages were conducted in 

standard sensory booths under artificial daylight-type illumination and a temperature of 
22–24 °C with an air circulation system. 

The same participants did both the blind and informed tests. For all participants, the 
blind test was conducted first. Under the blind test, participants were given omega-3-en-
riched sausage samples labeled with three-digit random numbers (three-digit numbers 
did not have a zero-starting point), but they were not given any additional information 
on sausage samples. Samples were served in sequential monadic order [34]. A raw sau-
sage sample and a cooked sausage sample were presented to participants in pairs on a 
food tray, where the raw was sealed in a transparent bag for observation to mimic the 
situation on the shop shelf, and the cooked was served on odorless white plastic plates. 
Participants were asked to observe the raw sausage and to taste the cooked sausage. Sen-
sory liking on the characteristics of raw sausage appearance and   sausage texture, taste, 
and overall sensory liking were rated, using a Likert 9-point scale [35,36], where 1 = “dis-
like extremely”, 2 = “dislike very much”, 3 = “dislike moderately”, 4 = “dislike slightly”, 5 
= “neither like nor dislike”, 6 = “like slightly”, 7 = “like moderately”, 8 = “like very much”, 
and 9 = “like extremely”. RedJade Sensory Software (RedJade Sensory Software Official 
Website: https://redjade.net/, accessed on 1 May 2019), which was installed on the com-
puters in each booth, was employed to collect responses. Still mineral water and plain 
crackers were available for palate cleansing between sausage samples and after tasting. 

Figure 1. A diagram of the experimental procedure.

Participants were recruited via email and advertisement on the UCD campus on a
voluntary basis, and all were untrained consumers of processed meat and over 18 years
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of age. Three-hundred and thirty participants (326 valid, 141 men and 185 women) were
involved, and they all gave informed consent via the statement “I am aware that my
responses are confidential, and I agree to participate in this survey”. They could withdraw
from the survey at any time without giving a reason. The tests undertaken are specified in
Sections 2.2 and 2.3. More details on participants’ profiles and characteristics are presented
in Section 3.1.

2.2. Sensory Tests

Both the blind and informed sensory tests of omega-3 sausages were conducted in
standard sensory booths under artificial daylight-type illumination and a temperature of
22–24 ◦C with an air circulation system.

The same participants did both the blind and informed tests. For all participants,
the blind test was conducted first. Under the blind test, participants were given omega-3-
enriched sausage samples labeled with three-digit random numbers (three-digit numbers
did not have a zero-starting point), but they were not given any additional information on
sausage samples. Samples were served in sequential monadic order [34]. A raw sausage
sample and a cooked sausage sample were presented to participants in pairs on a food tray,
where the raw was sealed in a transparent bag for observation to mimic the situation on the
shop shelf, and the cooked was served on odorless white plastic plates. Participants were
asked to observe the raw sausage and to taste the cooked sausage. Sensory liking on the
characteristics of raw sausage appearance and sausage texture, taste, and overall sensory
liking were rated, using a Likert 9-point scale [35,36], where 1 = “dislike extremely”,
2 = “dislike very much”, 3 = “dislike moderately”, 4 = “dislike slightly”, 5 = “neither
like nor dislike”, 6 = “like slightly”, 7 = “like moderately”, 8 = “like very much”, and
9 = “like extremely”. RedJade Sensory Software (RedJade Sensory Software Official Website:
https://redjade.net/, accessed on 1 May 2019), which was installed on the computers in
each booth, was employed to collect responses. Still mineral water and plain crackers were
available for palate cleansing between sausage samples and after tasting.

After participants completed the blind test and before the informed test started, par-
ticipants’ prior knowledge of omega-3 was self-assessed on a Likert 9-point scale [35,36],
where 1 = “extremely unfamiliar”, 5 = “neither unfamiliar nor familiar”, and 9 = “extremely
familiar”. This was followed by the information disclosure of one of two claims. The
information on an omega-3 nutrition claim was stated as follows:

“Please note that the sausages you will receive: (1) have sufficient omega-3 fatty acids
to bear a European Food Safety Authority (EFSA) nutrition claim; (2) can have “source of
omega-3 fatty acids” on their package”.

The information on an omega-3 health claim (in the nutrition and health claims, the
wording is quoted from Regulation EU No. 432/2012) was stated as follows:

“Please note that the sausages you will receive: (1) have sufficient omega-3 fatty acids
to bear a European Food Safety Authority (EFSA) nutrition claim and health claim; (2) can
have “source of omega-3 fatty acids” and “omega-3 fatty acids contribute to the normal
function of the heart” on their package”.

Participants were randomly informed of either a nutrition claim (N group) or a health
claim (H group). Following this disclosure of information, participants were given a raw
and a cooked omega-3-enriched sausage sample with the same ingredients as above. Again,
participants were asked to rate their sensory liking of the raw sausage appearance and the
cooked sausage texture, taste, and overall sensory liking on a Likert 9-point scale.

2.3. Choice-Based Conjoint (CBC) Experiment

After the informed test, a CBC experiment was used to measure consumer preferences
and WTP for the selected attributes of sausages. The CBC experiment is a widely applied
method to investigate consumers’ preferences towards food claims and other attributes
of healthier meat products in the existing literature [23,37,38]. In this study, five attributes

https://redjade.net/
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of sausage products (i.e., price, meat content, omega-3 enrichment, fat reduction, and salt
reduction) and their associated levels are described in Table 1.

Table 1. Attributes and levels of sausages used in CBC experiment.

Attributes Levels Notes

Price Four Levels:
EUR 2.60, EUR 2.80, EUR 3.00, EUR 3.20 Per pack price weighting 454 g

Meat Content Four Levels:
60%, 70%, 80%, 90% Pork meat percentage in sausages

Nutrition claim

Two Levels
Source of Omega-3,
No Omega-3

An eligible nutrition claim (as listed in the Annex to
Regulation (EC) No. 1924/2006) of “source of omega-3
fatty acids”

Two Levels:
Reduced Fat,
No Fat Reduction

An eligible reduced (name of nutrient) claim (as listed
in the Annex to Regulation (EC) No. 1924/2006)
meaning “reduced in saturated fatty acids”

Two Levels:
Reduced Salt,
No Salt Reduction

An eligible reduced (name of nutrient) claim (as listed
in the Annex to Regulation (EC) No. 1924/2006)
meaning “reduced in sodium/salt”.

These attributes and levels were selected to reflect sausage characteristics valued
by consumers, based on the relevant literature [38–41]. Price and meat content ranges
were drawn on real commercial products in Irish grocery shops or supermarkets (see
Appendix B: A summary of selected information on pork sausages available in Irish
supermarkets). The three nutrition claims were selected to measure consumers’ WTP for
three types of healthier sausages, where “reduced fat” and “reduced salt” were two popular
reformulation approaches regarding healthier processed meat products. Moreover, the
“source of omega-3” was meant to explore how different health-related claims impact WTP
for omega-3-enriched sausages.

A full-factorial set of attribute-level combinations produced 128 product alternatives
(4*4*2*2*2). Considering cognitive burdens, a modified Fedorov algorithm [42] was used
to reduce the number to 24 alternatives, which was further grouped into 12 choice sets in
the questionnaire (see Appendix C). A “neither” option was also added in each choice set,
which allowed a participant not to “purchase” sausages. Participants were asked to select
the most desirable alternative in the choice set as if it were a real shopping experience and
repeated their decision-making process for all 12 choice sets.

2.4. Econometric Models

Choices made by participants in the conjoint experiment manifest the utilities of
each choice, which quantitatively measures consumers’ preferences on listed attributes,
according to Lancaster consumer theory and random utility theory [43,44]. A mathematical
denotation of utility is modeled as below:

Unjt = Vnjt +εnjt (1)

where Unjt denotes the total utility obtained by a consumer n, from the alternative j (j = 1, . . . , J)
in the choice set t. Vnjt measures utility by a vector of explainable variables constructed by
researchers. εnjt represents the difference between the measured utility and the total utility.

Under the utility-maximization assumption, a consumer n chooses an alternative i
among all J alternatives (j = 1, . . . , J) within the same choice set t, if and only if Unit > Unjt ∀
j 6= i for any i and j. Derivations from random utility models lead to probabilistic choice
behavior. The probability of alternative i being chosen is framed as:



Foods 2022, 11, 3460 6 of 21

Pnit = Prob (Unit > Unjt ∀ j 6= i)
= Prob (Vnit +εnit > Vnjt+εnjt ∀ j 6= i)

= Prob
(
εnjt −εnit < Vnit − Vnjt ∀ j 6= i)

(2)

Researchers’ identification of the distribution of the unobserved utility component
εnjt and specification of its density function decides the form of cumulative probability
function in Equation (2) to analyze choice experiment data. As previous studies suggest that
consumers have heterogeneous preferences for meat content in sausages and health-related
food claims are heterogeneous according to existing literature [9,21,38,45,46], coefficients of
observed variables should be allowed to vary among participants. As a result, a generalized,
highly flexible, random-parameter logit (RPL) model is employed for data analysis. Under
an RPL model, the unobserved portion of utility is decomposed into two parts: a part
taking a closed form plus a part that is subject to any specified distribution, which not only
relaxes limitations on taste variation, substitution patterns, and panel data, but also allows
the form of distribution settings in the parameters suitable for research requirements [47].
Each consumer is treated with a set of specific parameters reflecting individual preference
and variance of random parameters leads to correlation in unobserved utility across alter-
natives [48]. The standard specification of Vnjt is constructed linearly with parameters [16].
Under RPL modeling, Equation (1) is illustrated as:

Unjt = β′nXnjt+εnjt (3)

where β′n is a vector of parameter coefficients associated with a participant, representing the
decision maker’s personal tastes [44]. However, the values of β′n are not known. Therefore,
with the assumption that εnjt follows type-I extreme value distribution, the unconditional
choice probability function is derived as the integral of a standard logit model weighted by
a density function of parameters.

Pnit =
∫ ( exp(β′Xnit)

∑j exp
(

β′Xnjt
)) f (β|θ)dβ (4)

where Pnit denotes the choice probability of consumer n choosing alternative i in the choice
set t. f (β|θ) is a density function of parameters θ in the constructed model. Without a
closed form, the integral needs to be estimated by simulation. Simulated probabilities of
a sequence of choices are performed in the log-likelihood framework, where values of
parameters are taken from numerous times of Halton draws [49].

In this study, the utility function of a consumer n, selecting the sausage product
j (j = 1, 2, and 3 for Product 1, Product 2, and neither) in the choice set t (t = 1, 2, 3, . . . , 12),
is expressed as:

Unjt = β0 + β1Pricejt + β2Meatjt + β3Om3jt + β4R f atjt + β5Rsaltjt+εnjt (5)

Dependent variables are dichotomous, where 1 equals the alternative being chosen
and 0 otherwise. The constant β0 captures the effect of the opt-out option and represents
the utility level if a consumer chooses the “neither” (i.e., not purchasing) option. Both the
price variable and the meat content variable have four levels (see Table 1). Nutrition claims
regarding omega-3, reduced fat, and reduced salt (corresponding to Om3jt, R f atjt, and
Rsaltjt in Equation (5), respectively) are all binary variables, where 1 indicates the sausage
alternative includes the respective nutrition claim and 0 otherwise. Only main effects are
evaluated in the models.

The price coefficient is used to calculate WTP for the remaining sausage attributes [50].
Compared with estimation in preference space, estimation in WTP space is advantageous
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in reflecting more realistic WTP measurement and better goodness of fit in data [51–54].
Equation (5) is reparameterized as:

Unjt = βn0/µn + βn1/µnPricenjt + ∑5
m=2(βnm/µn)Xnjt+εnjt (6)

Unjt = βn0/µn + λn[Pricenjt + WTPnXnjt] + εnjt (7)

where µn is a scale parameter. βnm denotes the coefficient vector of nonprice attribute Xnjt
(i.e., Meatnjt, Om3njt, R f atnjt, Rsaltnjt). εnjt is the type-I extreme value distributed error
term with scaled variance to be constant (i.e., π2/6) [55]. The utility coefficients are defined
as λn = βn1/µn, cn = βnm/µn, and WTPn = cn/λn. The coefficient of price in the utility
function is estimated as a lognormal parameter, which is suitable when a higher price is
always negatively valued by a consumer [28,44,49,56]. The WTP coefficients of nonprice
attributes, including meat content and claims, are estimated as independently random
parameters with normal distribution.

2.5. Data Analysis

Stata 15.1 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX,
USA: StataCorp LLC) software was used to run all data analysis.

Sensory likings were analyzed by paired-sample t-tests to compare the within-subject
difference of the two omega-3 sausages’ sensory liking means before vs. after the omega-3
information disclosure.

WTP estimation for healthier sausages (i.e., higher meat content, source of omega 3,
reduced fat, reduced salt) was conducted by maximum simulated likelihood [44,49,51],
with 2000 Halton draws being performed to ensure robust analytical outputs. Consumers’
WTP for omega-3-enriched sausages in the N group and the H group was estimated to
reflect consumers’ WTP with vs without the expected health benefit information of omega-3.

3. Results and Discussion
3.1. Participants

Of the 330 participants who were involved in this study, there were 4 incomplete
questionnaires. The remaining 326 valid participants were randomly divided into 2 sub-
groups based on the two different omega-3 claim information disclosures, and each group
had 163 participants. Table 2 reports characteristics of all participants, and the two sub-
groups (i.e., N group and H group) regarding socio-demographics, omega-3 familiarity,
and processed meat consumption habits.

Participants were roughly balanced for gender (56.75% female and 43.25% male) but
were unbalanced for age and education. They were biased toward young and highly educated
subjects, with most participants being students, which is quite common when volunteer-based
food-related consumer studies are conducted on a university campus [22,56]. The average
score for self-assessed familiarity with omega-3 was 6, showing that participants were
slightly familiar with omega-3. Regarding consumption habits, 79.44% of participants ate
processed meat at least once a week. Furthermore, the two subgroups of the N group and
the H group consistently had similar characteristics to the total participants. No statistically
significant differences (p > 0.05) were observed between the N group and the H group
regarding socioeconomic and demographic characteristics according to the results of the
independent two-sample t-tests. Hence, participants in the N group were comparable with
their counterparts in the H group.
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Table 2. Characteristics of the total participants, N group and H group.

Total N 1 Group H 1 Group p-Value 2

N (persons) 326 163 163
Gender (%) 0.578
Male 43 45 42
Female 57 55 58
Age class (%) 0.064
18–24 62 55 69
25–34 26 33 20
35–44 7 6 9
45 and Over 5 6 3
Education level (%) 0.401
Secondary or less 12 12 12
College credit, no degree 20 19 21
Bachelor 28 25 31
Master or professional 31 36 26
Doctoral or above 8 7 8
Others 1 1 2
Employment Status (%) 0.856
Student 74 74 74
Employed Full-Time 20 19 20
Employed Part-Time 5 5 5
Not Employed 1 2 1
Household income range (%) 0.700
EUR 15,000 and below 8 9 7
EUR 15,001–EUR 40,000 28 29 27
EUR 40,001–EUR 80,000 19 18 20
EUR 80,001 and above 20 19 20
Do not know or prefer not to
answer 3 25 25 26

Familiarity with omega-3 ratings (score) 4 0.197
Average rating 6 6 5
Eating frequency of processed meat (e.g., sausages, nuggets, burge) (%) 0.443
15 or more times a week 4 5 2
7–14 times a week 14 15 14
4–6 times a week 23 23 22
1–3 times a week 39 36 41e
Less than once in a week 21 21 20

Note: 1 N and H correspond to two claim information conditions, where N denotes an omega-3 nutrition claim
information condition, and H denotes an omega-3 health claim information condition. 2 p-Value derived from
independent two-sample t-tests of equal variances, with Ho suggesting a mean difference equaling zero. 3 About
twenty-five percent of participants did not know or preferred not to answer the level of household income and
were assigned an average income level for further analysis. 4 Omega-3 fatty acids familiarity was self-assessed
using a Likert 9-point hedonic scale, where 1 = “extremely unfamiliar”, 5 = “neither unfamiliar nor familiar”, and
9 = “extremely familiar”.

3.2. Sensory Liking Results

Sensory liking for three sensory attributes (appearance, taste, and texture) and overall
sensory liking ratings are detailed in Table 3.

The average liking ratings of appearance, taste, texture, and overall liking were all
between 5 (5 = “neither like nor dislike”) and 6 (6 = “like slightly”), showing that partic-
ipants liked omega-3-enriched sausages but to a certain degree. Although this finding
indicates that the omega-3-enriched sausage prototype in this study needs further sensory
optimization, consumers’ preferential attitudes towards omega-3-enriched sausages and
other omega-3-enriched processed meat products are in line with many previous stud-
ies [32,33,40,41]; thus, omega-3-enriched sausages are worth being considered as a product
upgrade with market potential.
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Table 3. Sensory liking means for omega-3-enriched sausages.

Modality N 1 Group (N = 163) H 1 Group (N = 163)

Blind 2 Informed 2 ∆ 3 p-Value 4 Blind 2 Informed 2 ∆ 3 p-Value 4

Appearance Mean (S.D.) 5.24 a (1.77) 5.54 x (1.65) −0.30 0.007 ** 5.80 b (1.73) 5.96 y (1.61) −0.15 0.217
Taste Mean (S.D.) 5.33 (1.76) 5.42 (1.75) −0.09 0.533 5.44 (1.84) 5.52 (1.82) −0.07 0.610
Texture Mean (S.D.) 5.01 (1.82) 5.36 (1.84) −0.36 0.019 * 5.05 (2.00) 5.26 (1.86) −0.21 0.106
Overall Liking Mean (S.D.) 5.28 (1.63) 5.52 (1.72) −0.25 0.075 5.41 (1.88) 5.55 (1.80) −0.14 0.316

Note: * and ** denote significance at the 5%, and 1% levels, respectively. SD is short for standard deviation. A
raw sausage sample and a cooked sausage sample were presented to participants in pairs on a food tray, where
the raw was for evaluated for appearance and the cooked was evaluated for taste and texture. Sensory liking
on raw sausage’s appearance and the cooked sausage’s taste, texture and overall liking were evaluated using a
horizontal Likert 9-point scale, where 1 = “dislike extremely”, 2 = “dislike very much”, 3 = “dislike moderately”,
4 = “dislike slightly”, 5 = “neither like nor dislike”, 6 = “like slightly”, 7 = “like moderately”, 8 = “like very much”,
and 9 = “like extremely”. 1 N and H corresponded to two information conditions regarding claims, where N
denotes an omega-3 nutrition claim information condition, and H denotes an omega-3 health claim information
condition. 2 Blind and informed corresponded to two information conditions regarding omega-3, where under
the blind condition, participants tasted omega-3 sausages without being given any additional information, and
under the informed condition, participants tasted omega-3 sausages, aware that they were omega-3 enriched.
3 ∆ represents the within-subject difference of the two sensory liking means before vs. after the omega-3
information disclosure. 4 p-Value derived from the paired t-tests with Ho suggesting a mean difference equaling
zero. a,b Under the blind condition, blind omega-3 sausages with different letters in a row are significantly
different (p ≤ 0.05, independent two-sample t-test with equal variances with Ho suggesting a mean difference
equaling zero). x,y Under the informed condition, omega-3 sausages with different letters in a row, are significantly
different (p ≤ 0.05, two-sample t-test with equal variances with Ho suggesting a mean difference equaling zero).
S.D. is short for standard deviation.

A within-subject comparison of sensory liking means between the blind test and the
informed test indicated that, although the omega-3 information disclosure increased the
averaged liking ratings of all three sensory attributes and overall liking, only appearance
(p = 0.007) and texture (p = 0.019) differences were statistically significant among partic-
ipants in the N group. For participants in the H group, the averaged liking ratings for
omega-3 sausages displayed no statistical difference in any sensory aspect after the omega-3
information disclosure compared to before. Hence, the positive impacts on sensory as-
pects from NCs and HCs were more evident in the case of NCs than HCs. Participants
in the N group were significantly more accepting of omega-3 sausages’ appearance and
texture after knowing the sausages labeled a “source of omega-3” nutrition claim, but
their counterparts in the H group indicated insignificant differences in the acceptability of
omega-3 sausages before and after the health claim information disclosure. These findings
are somewhat similar to the conclusion of Lahteenmaki, Lampila, Grunert, Boztug, Ueland,
Astrom, and Martinsdottir [21] of a negative halo effect from HCs. Lahteenmaki, Lampila,
Grunert, Boztug, Ueland, Astrom, and Martinsdottir [21] found that the omega-3 nutrient,
per se without a benefit, increased perceived healthiness of products among consumers,
but providing them with the expected health benefits information of memory-related or
weight-related functions from the omega-3 health claims did not increase the perceived
healthiness compared with the conventional products. The authors explained that this
negative halo effect from HCs could be due to consumers’ suspicions, uncertainties, and
distrust of claimed health rewards. Some more explanations of the negative halo effect from
HCs might be due to difficulty in consumers’ understanding of the information in a health
claim [45,57] and substitutional effects arising from excessive information presented in
dual health and nutrition claims [18]. Although the negative halo effect from HCs was not
observed in this study, labeling NCs is better than HCs, in terms of improving participants’
sensory liking for omega-3-enriched sausages in comparison with the uninformed situation,
especially in the sensory attributes of appearance and texture liking.

A between-subject comparison of sensory liking means between the N group and the
H group under the same information condition gave similar results, where participants in
the H group only liked the appearance of omega-3 sausages more than their counterparts
in the N group whether they were unaware or aware of the omega-3 enrichment in the
sausages. However, in terms of the other two sensory attributes (i.e., taste, and texture) and
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overall liking, having or not having the expected health benefit information of omega-3
had no statistically significant impacts on participants’ sensory liking. In contrast to some
other studies on healthier meat products, our findings suggest that different knowledge
information from NCs and HCs should not significantly affect consumers’ sensory lik-
ing assessment. However, Grasso, Monahan, Hutchings, and Brunton [22] found that
a health information disclosure significantly increased the appearance liking for plant
sterol-enriched turkey compared to the blind condition. In addition, Kallas, Realini, and
Gil [16] concluded that revealing the health benefits of omega-3 mitigates some negative
impacts of beef visual appearance defects. Therefore, whether HCs information can gener-
ate some more positive impacts on sensory liking than NCs, especially for the attribute of
the appearance of healthier meat products, could be product specific.

3.3. WTP Estimation

Table 4 reports the WTP estimation of the selected attributes by the two information
groups (i.e., N group and H group) based on the choice experiments.

Table 4. Means and 95% confidence intervals of WTP estimation.

Variable
N 1 Group (N = 163) H 1 Group (N = 163)

Mean (S.D. 2) Mean (S.D. 2)

Constant (neither) −2.93 ** (2.28 **) −3.41 ** (2.28 **)
Meat 3 3.24 ** (2.77 **) 3.07 ** (2.75 **)
Om3 claim 0.50 ** (0.47 **) 0.59 ** (0.59 **)
Rfat claim 0.59 ** (0.51 **) 0.43 ** (0.48 **)
Rsalt claim 0.39 ** (0.32 **) 0.43 ** (0.46 **)
Log-likelihood −1332.31 −1289.12
Wald Chi-Square 627.06 545.31
AIC 4 2688.61 2602.24
No. of participants 163 163
No. of observations 5868 5868

Note: ** denotes significance at the 1% level. 1 N and H correspond to two information conditions regarding
claims, where N denotes an omega-3 nutrition claim information condition, and H denotes an omega-3 health
claim information condition. 2 S.D. is short for standard deviation. 3 When interpreting the coefficient of “meat
content”, the coefficient should be multiplied by 0.1, indicating a 10% increase/decrease in meat content. 4 AIC is
short for Akaike information criterion.

Overall, participants were willing to pay significantly more for all healthier sausages
included in this study. In the N group, participants were willing to pay most for a “reduced
fat” claim (an additional EUR 0.59 per 454 g), followed by a “source of omega-3” claim
(EUR 0.50) and a “reduced salt” claim (EUR 0.39) and the least for a higher meat content
(EUR 0.32). In the H group, participants indicated the highest WTP for a “source of omega-
3” (EUR 0.59) claim, followed by a “reduced fat” (EUR 0.43) and a “reduced salt” claim
(EUR 0.43) and the least for a higher meat content (EUR 0.31).

These findings are consistent with previous studies’ conclusions that consumers are
willing to pay a higher price for healthier sausages, including fiber-added sausages [58],
salt-reduced sausages, and fat-reduced sausages [23,59].

Nevertheless, the WTP mean in the H group was marginally higher (EUR 0.09) than in
the N group. Although Ares et al. [60] report that lack of nutritional knowledge represents a
critical barrier to the acceptability of healthier food and emphasize the importance of using
health claims as labels, this study suggested that labeling an omega-3 health claim to convey
the knowledge of health benefit of omega-3 to the normal function of the heart should not
significantly improve participants’ WTP for omega-3-enriched sausages compared to an
omega-3 nutrition claim. One possible explanation could be that participants had some
familiarity with omega-3. The average familiarity with omega-3 rating was 6 (Table 2),
indicating that for participants omega-3 was not unknown to them. With nutritional
knowledge on omega-3, the influence of the health benefits of omega-3 from the health
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claim was therefore insignificant. Somewhat similarly, Lahteenmaki, Lampila, Grunert,
Boztug, Ueland, Astrom, and Martinsdottir [21] compared consumers’ perceptions of the
more commonly marketable nutrient “omega-3 fatty acids” with a less marketable nutrient
“bioactive peptides”. Their results suggested that informing consumers of HCs only
significantly increases the perceived healthiness of food with bioactive peptides, but not
with omega-3. Therefore, consumers are willing to pay higher prices for meat companies to
produce healthier processed meat products, such as omega-3-enriched, fat-reduced, and
salt-reduced sausages. However, in the case of omega-3-enriched sausages, labeling an
omega-3 health claim does not significantly outperform an omega-3 nutrition claim, in
terms of consumers’ sensory liking and WTP.

4. Conclusions

NCs and HCs are important marketing tools to convey nutritional properties and
health benefits to consumers. This study provides insights into how NCs and HCs influence
consumers’ perceptions of healthier sausages from the perspectives of sensory liking and
WTP. Results indicate that consumers are willing to pay a higher price for healthier sausages,
but in the case of omega-3-enriched sausages, labeling an omega-3 health claim does not
significantly outperform an omega-3 nutrition claim in terms of positively influencing
consumers’ sensory liking and WTP.

Therefore, the implication for the meat industry is that labeling NCs on the package of
healthier sausages is worthwhile to generate a better sensory experience and elicit higher
WTP. Nevertheless, whether HCs information can generate some more positive impacts
or more negative halo effects on sensory liking and WTP compared to NCs could be
product specific.

There are several limitations to this study. One is that the sample population was
not representative and was biased in age, education, and employment. Therefore, the
conclusions are more applicable to a college consumer group. Another limitation is that
participants might overestimate WTP values, as the CBC experimental approach is a stated
preference method. Further studies are warranted to test NCs and HCs made on a wider
variety of healthier meat prototypes among a representative sample population according
to ISO recommendations (ISO 20784:2021). Non hypothetical experiments, such as auctions
with real money transactions, could calibrate the implicit over-stated payment intentions.
Eye-tracking studies could also provide data to further understand behavioral preference
for food information and claims.
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Appendix A

Omega-3-enriched sausage sample preparation process.
The omega-3-enriched sausage prototypes were made in the food laboratory of Uni-

versity College Dublin (UCD), mainly with local Irish ingredients. The pork sausage meat
was purchased from the Fenelon’s butcher shop (Fenelons, Stillorgan, Co. Dublin, Ireland),
which dates back to 1966 and has won several awards for its meat quality in recent years.
The purpose of buying sausage meat from a long-established meat retailer was to guarantee
the sensory features of sausage samples to be conventional and well-accepted. The adopted
approach of exogenous modification to alter the fatty acid composition of the purchased
sausage meat was to add fish oil directly to the meat. This approach was regarded as a
most promising technique for low-quantity fortification (approximately 150–300 mg fish
oil to be nutritionally significant) [24]. Therefore, a bottle of 500 mL of liquid cod liver oil
(Holland & Barrett Cod Liver Oil Liquid, online link: https://www.hollandandbarrett.ie/
shop/product/holland-barrett-cod-liver-oil-liquid-60007310, accessed on 10 January 2019),
free from artificial colors, flavors, preservatives, added sugar, added sweetener, added
salt, corn, porcine, or yeast, was purchased from the retailer Holland & Barrett (Nutgrove
Shopping Centre, Dublin 14, Ireland). This product was marketed as a food supplement,
which contains 557 mg EPA and 472 mg DHA per 5 mL intake, and consumption can be on
its own or in a mixture with other food.

Referring to the European Food Safety Authority (EFSA) regulations (namely, EC
No. 1924/2006, EC No. 353/2008, and EC No. 432/2012), an EFSA claim requires a
minimum level of “40 mg of the sum of EPA and DHA per 100 g and per 100 kcal” to
make a nutrition claim of “source of omega-3 fatty acids” and/or a health claim of “EPA
and DHA contribute to the normal function of the heart”. According to the nutritional
information on the package of Fenelon’s sausage meat, every 100 g meat product contains
264 kcal, which requires 105.6 mg of the sum of EPA and DHA to sufficiently obtain an
omega-3 nutrition and/or health claim. Therefore, 6 mL of commercialized cod liver oil
was mixed with 1 kg of sausage meat.

To achieve a homogeneous texture, the combination of sausage meat with the appro-
priate amount of fish oil addition was mixed in a Stefan mixer (UMSK 5E–60E, Stephan
Machinery GmbH, Stephansplatz 2, 31789 Hameln, Germany) for 4 min at a medium speed.
The homogeneous meat batters were then inserted into collagen casings (Edicas NB Edible
Casings, S.L., Girona, Spain) using a hydraulic sausage filler (Mainca EM12, Equipamientos
Cárnicos, S.L., Barcelona, Spain) and were hand linked into cocktail-sized sausages.

Cocktail-sized sausages were vacuum packed and cooked by immersion in a water
bath at 72 ◦C for 2 h. After cooking, the vacuum-packed sausages were immersed in cold
water for 30 min, before being stored frozen (−18 ◦C). Raw sausage samples were also
stored frozen (−18 ◦C). All samples for sensory testing were prepared on the day of testing.
Sausage samples, both raw and cooked, were defrosted for 5 h in the food kitchen of the
sensory laboratory at room temperature. Cooked sausages were further reheated for 20 min
at 200 ◦C, being turned once after 10 min during cooking, until an internal temperature of
70 ◦C was reached. Sausages were served within 45 min of cooking and kept warm in the
oven (70 ◦C ± 4 ◦C) during the waiting time. Although the oven is a less common way to
cook sausages, due to the merits of better temperature and time control, this study used an
oven cooking technique rather than grilling or pan-frying.

https://www.hollandandbarrett.ie/shop/product/holland-barrett-cod-liver-oil-liquid-60007310
https://www.hollandandbarrett.ie/shop/product/holland-barrett-cod-liver-oil-liquid-60007310
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Appendix B

Table A1. An information summary of selected pork sausages available in Irish supermarkets.

Product Name Quantity Weight (g) Price per Package Pork Content %

Tesco Finest Traditional Irish Pork Sausages 6 454 2.38 85%
Denny Gold Medal Sausages 16 454 2.99 60%
Kearns Pork Sausages 16 454 3.55 54%
Clonakilty Pork Sausages 16 454 3.49 63%
Galtee Traditional Sausages 12 408 2.69 55%
SuperValu Award Winning Irish Sausages 6 246 2.09 80%
SuperValu Signature Taste Irish
Breakfast Sausages 9 338 2.19 70%

SuperValu Signature Taste Traditional
Pork Sausages 6 380 2.19 70%

SuperValu Butchers Irish Pork Sausages 8 336 2.5 70%
Jack&Eddie’s 12 Finest Pork Sausages 12 350 3.59 80%
Superquinn 9 Reduced-fat Irish Sausages 9 369 3.19 53%
Clonakilty Sausages (Gluten Free) 8 227 2.15 70%
Mallons Low Fat & Gluten Free 6 Traditional Irish
Pork Sausages 6 240 2.60 75%

Hodgins Sausages (Gluten Free) NA 454 3.25 80%
Jane Russell’s Handmade Sausages (Gluten Free,
Dinner Sausages) NA 320 4.95 96%

Note: The information was first-hand gathered from the Irish shop shelves and sorted by the authors.

Appendix C

Twelve choice sets of twenty-four product alternatives and neither options in the
questionnaire.

Foods 2022, 11, x FOR PEER REVIEW 15 of 29 
 

 

 
Figure A1. Choice set 1 in the questionnaire 

Figure A1. Choice set 1 in the questionnaire.



Foods 2022, 11, 3460 14 of 21
Foods 2022, 11, x FOR PEER REVIEW 16 of 29 
 

 

 
Figure A2. Choice set 2 in the questionnaire 

  Figure A2. Choice set 2 in the questionnaire.
Foods 2022, 11, x FOR PEER REVIEW 17 of 29 
 

 

 
Figure A3. Choice set 3 in the questionnaire 

  Figure A3. Choice set 3 in the questionnaire.



Foods 2022, 11, 3460 15 of 21
Foods 2022, 11, x FOR PEER REVIEW 18 of 29 
 

 

 
Figure A4. Choice set 4 in the questionnaire 

  Figure A4. Choice set 4 in the questionnaire.
Foods 2022, 11, x FOR PEER REVIEW 19 of 29 
 

 

 
Figure A5. Choice set 5 in the questionnaire 

  Figure A5. Choice set 5 in the questionnaire.



Foods 2022, 11, 3460 16 of 21
Foods 2022, 11, x FOR PEER REVIEW 20 of 29 
 

 

 
FigureA6. Choice set 6 in the questionnaire 

  Figure A6. Choice set 6 in the questionnaire.
Foods 2022, 11, x FOR PEER REVIEW 21 of 29 
 

 

 
Figure A7. Choice set 7 in the questionnaire 

  Figure A7. Choice set 7 in the questionnaire.



Foods 2022, 11, 3460 17 of 21
Foods 2022, 11, x FOR PEER REVIEW 22 of 29 
 

 

 
Figure A8. Choice set 8 in the questionnaire 

  Figure A8. Choice set 8 in the questionnaire.
Foods 2022, 11, x FOR PEER REVIEW 23 of 29 
 

 

 
Figure A9. Choice set 9 in the questionnaire 

  Figure A9. Choice set 9 in the questionnaire.



Foods 2022, 11, 3460 18 of 21
Foods 2022, 11, x FOR PEER REVIEW 24 of 29 
 

 

 
Figure A10. Choice set 10 in the questionnaire 

Figure A10. Choice set 10 in the questionnaire.
Foods 2022, 11, x FOR PEER REVIEW 25 of 29 
 

 

 
Figure A11. Choice set 11 in the questionnaire 

Figure A11. Choice set 11 in the questionnaire.



Foods 2022, 11, 3460 19 of 21
Foods 2022, 11, x FOR PEER REVIEW 26 of 29 
 

 

 
Figure A12. Choice set 12 in the questionnaire 

  Figure A12. Choice set 12 in the questionnaire.

References
1. Zhang, W.A.; Xiao, S.; Samaraweera, H.; Lee, E.J.; Ahn, D.U. Improving functional value of meat products. Meat Sci.

2010, 86, 15–31. [CrossRef] [PubMed]
2. Thogersen, R.; Bertram, H.C. Reformulation of processed meat to attenuate potential harmful effects in the gastrointestinal

tract—A review of current knowledge and evidence of health prospects. Trends Food Sci. Technol. 2021, 108, 111–118. [CrossRef]
3. Manassi, C.F.; de Souza, S.S.; Hassemer, G.d.S.; Sartor, S.; Goncalves Lima, C.M.; Miotto, M.; Lindner, J.D.D.; Rezzadori, K.;

Pimentel, T.C.; de Paiva Anciens Ramos, G.L.; et al. Functional meat products: Trends in pro-, pre-, syn-, para- and post-biotic use.
Food Res. Int. 2022, 154, 111035. [CrossRef]

4. Sirini, N.; Munekata, P.E.S.; Lorenzo, J.M.; Stegmayer, M.A.; Pateiro, M.; Perez-Alvarez, J.A.; Sepulveda, N.; Sosa-Morales, M.E.;
Teixeira, A.; Fernandez-Lopez, J.; et al. Development of Healthier and Functional Dry Fermented Sausages: Present and Future.
Foods 2022, 11, 1128. [CrossRef]

5. Siro, I.; Kapolna, E.; Kapolna, B.; Lugasi, A. Functional food. Product development, marketing and consumer acceptance—A
review. Appetite 2008, 51, 456–467. [CrossRef]

6. Hathwar, S.C.; Rai, A.K.; Modi, V.K.; Narayan, B. Characteristics and consumer acceptance of healthier meat and meat product
formulations—A review. J. Food Sci. Technol. Mysore 2012, 49, 653–664. [CrossRef]

7. Jimenez-Colmenero, F.; Cofrades, S.; Herrero, A.M.; Ruiz-Capillas, C. Implications of domestic food practices for the presence of
bioactive components in meats with special reference to meat-based functional foods. Crit. Rev. Food Sci. Nutr. 2018, 58, 2334–2345.
[CrossRef]

8. Leathwood, P.D.; Richardson, D.P.; Strater, P.; Todd, P.M.; van Trijp, H.C.M. Consumer understanding of nutrition and health
claims: Sources of evidence. Br. J. Nutr. 2007, 98, 474–484. [CrossRef] [PubMed]

9. Van Wezemael, L.; Caputo, V.; Nayga, R.M.; Chryssochoidis, G.; Verbeke, W. European consumer preferences for beef with
nutrition and health claims: A multi-country investigation using discrete choice experiments. Food Policy 2014, 44, 167–176.
[CrossRef]

10. Ballco, P.; Caputo, V.; de-Magistris, T. Consumer valuation of European nutritional and health claims: Do taste and attention
matter? Food Qual. Prefer. 2020, 79, 103793. [CrossRef]

11. van buul, V.J.; Brouns, F.J.P.H. Nutrition and Health Claims as Marketing Tools. Crit. Rev. Food Sci. Nutr. 2015, 55, 1552–1560.
[CrossRef] [PubMed]

12. Arvanitoyannis, I.S.; van Houwelingen-Koukaliaroglou, M. Functional foods: A survey of health claims, pros and cons, and
current legislation. Crit. Rev. Food Sci. Nutr. 2005, 45, 385–404. [CrossRef] [PubMed]

http://doi.org/10.1016/j.meatsci.2010.04.018
http://www.ncbi.nlm.nih.gov/pubmed/20537806
http://doi.org/10.1016/j.tifs.2020.12.015
http://doi.org/10.1016/j.foodres.2022.111035
http://doi.org/10.3390/foods11081128
http://doi.org/10.1016/j.appet.2008.05.060
http://doi.org/10.1007/s13197-011-0476-z
http://doi.org/10.1080/10408398.2017.1322937
http://doi.org/10.1017/S000711450778697X
http://www.ncbi.nlm.nih.gov/pubmed/17705892
http://doi.org/10.1016/j.foodpol.2013.11.006
http://doi.org/10.1016/j.foodqual.2019.103793
http://doi.org/10.1080/10408398.2012.754738
http://www.ncbi.nlm.nih.gov/pubmed/24364816
http://doi.org/10.1080/10408390590967667
http://www.ncbi.nlm.nih.gov/pubmed/16130415


Foods 2022, 11, 3460 20 of 21

13. Kaur, A.; Scarborough, P.; Rayner, M. A systematic review, and meta-analyses, of the impact of health-related claims on dietary
choices. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 93. [CrossRef] [PubMed]

14. Ares, G.; Gimenez, A.; Gambaro, A. Consumer perceived healthiness and willingness to try functional milk desserts. Influence of
ingredient, ingredient name and health claim. Food Qual. Prefer. 2009, 20, 50–56. [CrossRef]

15. Verbeke, W.; Scholderer, J.; Lahteenmaki, L. Consumer appeal of nutrition and health claims in three existing product concepts.
Appetite 2009, 52, 684–692. [CrossRef]

16. Kallas, Z.; Realini, C.E.; Gil, J.M. Health information impact on the relative importance of beef attributes including its enrichment
with polyunsaturated fatty acids (omega-3 and conjugated linoleic acid). Meat Sci. 2014, 97, 497–503. [CrossRef] [PubMed]

17. Barreiro-Hurle, J.; Gracia, A.; de-Magistris, T. Market implications of new regulations: Impact of health and nutrition information
on consumer choice. Span. J. Agric. Res. 2009, 7, 257–268. [CrossRef]

18. Barreiro-Hurle, J.; Gracia, A.; de-Magistris, T. The Effects of Multiple Health and Nutrition Labels on Consumer Food Choices.
J. Agric. Econ. 2010, 61, 426–443. [CrossRef]

19. Orquin, J.L.; Scholderer, J. Consumer judgments of explicit and implied health claims on foods: Misguided but not misled.
Food Policy 2015, 51, 144–157. [CrossRef]

20. Steinhauser, J.; Janssen, M.; Hamm, U. Consumers’ purchase decisions for products with nutrition and health claims: What role
do product category and gaze duration on claims play? Appetite 2019, 141, 104337. [CrossRef]

21. Lahteenmaki, L.; Lampila, P.; Grunert, K.; Boztug, Y.; Ueland, O.; Astrom, A.; Martinsdottir, E. Impact of health-related claims on
the perception of other product attributes. Food Policy 2010, 35, 230–239. [CrossRef]

22. Grasso, S.; Monahan, F.J.; Hutchings, S.C.; Brunton, N.P. The effect of health claim information disclosure on the sensory characteristics
of plant sterol-enriched turkey as assessed using the Check-All-That-Apply (CATA) methodology. Food Qual. Prefer. 2017, 57, 69–78.
[CrossRef]

23. Schnettler, B.; Ares, G.; Sepulveda, N.; Bravo, S.; Villalobos, B.; Hueche, C.; Lobos, G. Are consumers willing to pay more for
reformulated processed meat products in the context of the implementation of nutritional warnings? Case study with frankfurters
in Chile. Meat Sci. 2019, 152, 104–108. [CrossRef] [PubMed]

24. Decker, E.A.; Park, Y. Healthier meat products as functional foods. Meat Sci. 2010, 86, 49–55. [CrossRef] [PubMed]
25. Verbeke, W.; Perez-Cueto, F.J.A.; de Barcellos, M.D.; Krystallis, A.; Grunert, K.G. European citizen and consumer attitudes and

preferences regarding beef and pork. Meat Sci. 2010, 84, 284–292. [CrossRef]
26. Tobin, B.D.; O′Sullivan, M.G.; Hamill, R.; Kerry, J.P. European consumer attitudes on the associated health benefits of

neutraceutical-containing processed meats using Co-enzyme Q10 as a sample functional ingredient. Meat Sci. 2014, 97, 207–213.
[CrossRef]

27. Kraus, A. Factors influencing the decisions to buy and consume functional food. Br. Food J. 2015, 117, 1622–1636. [CrossRef]
28. Shan, L.C.; Regan, A.; Monahan, F.J.; Li, C.G.; Murrin, C.; Lalor, F.; Wall, P.G.; McConnon, A. Consumer views on “healthier”

processed meat. Br. Food J. 2016, 118, 1712–1730. [CrossRef]
29. Hung, Y.; de Kok, T.M.; Verbeke, W. Consumer attitude and purchase intention towards processed meat products with natural

compounds and a reduced level of nitrite. Meat Sci. 2016, 121, 119–126. [CrossRef]
30. Hung, Y.; Verbeke, W.; de Kok, T.M. Stakeholder and consumer reactions towards innovative processed meat products: Insights

from a qualitative study about nitrite reduction and phytochemical addition. Food Control. 2016, 60, 690–698. [CrossRef]
31. Henrique, N.A.; Deliza, R.; Rosenthal, A. Consumer Sensory Characterization of Cooked Ham Using the Check-All-That-Apply

(CATA) Methodology. Food Eng. Rev. 2015, 7, 265–273. [CrossRef]
32. Berasategi, I.; Navarro-Blasco, I.; Calvo, M.I.; Cavero, R.Y.; Astiasaran, I.; Ansorena, D. Healthy reduced-fat Bologna sausages

enriched in ALA and DHA and stabilized with Melissa officinalis extract. Meat Sci. 2014, 96, 1185–1190. [CrossRef] [PubMed]
33. Zajac, M.; Kulawik, P.; Tkaczewska, J.; Migdal, W.; Pustkowiak, H. Increasing meat product functionality by the addition of

milled flaxseed Linum usitatissimum. J. Sci. Food Agric. 2017, 97, 2865–2874. [CrossRef] [PubMed]
34. Kemp, S.E.; Comm, I.P. Application of sensory evaluation in food research. Int. J. Food Sci. Technol. 2008, 43, 1507–1511. [CrossRef]
35. Kessler, F.; Nielsen, M.B.R.; Tostesen, M.; Duelund, L.; Clausen, M.P.; Giacalone, D. Consumer perception of snack sausages

enriched with umami-tasting meat protein hydrolysates. Meat Sci. 2019, 150, 65–76. [CrossRef]
36. Mazhangara, I.R.; Chivandi, E.; Jaja, I.F. Consumer Preference for the Chevon Sausage in Blind and Nonblind Sensory Evaluations:

A Comparative Study. Int. J. Food Sci. 2022, 2022, 8736932. [CrossRef]
37. Miklavec, K.; Hribar, M.; Kusar, A.; Pravst, I. Heart Images on Food Labels: A Health Claim or Not? Foods 2021, 10, 643. [CrossRef]
38. Hong, X.; Li, C.; Bai, J.; Gao, Z.; Wang, L. Chinese consumers′ willingness-to-pay for nutrition claims on processed meat products,

using functional sausages as a food medium. China Agric. Econ. Rev. 2021, 13, 495–518. [CrossRef]
39. Shan, L.C.; Henchion, M.; De Brun, A.; Murrin, C.; Wall, P.G.; Monahan, F.J. Factors that predict consumer acceptance of enriched

processed meats. Meat Sci. 2017, 133, 185–193. [CrossRef]
40. Shan, L.R.C.; De Brun, A.; Henchion, M.; Li, C.G.; Murrin, C.; Wall, P.G.; Monahan, F.J. Consumer evaluations of processed meat

products reformulated to be healthier—A conjoint analysis study. Meat Sci. 2017, 131, 82–89. [CrossRef]
41. Schnettler, B.; Sepulveda, N.; Bravo, S.; Grunert, K.G.; Hueche, C. Consumer acceptance of a functional processed meat product

made with different meat sources. Br. Food J. 2018, 120, 424–440. [CrossRef]
42. Carlsson, F.; Martinsson, P. Design techniques for stated preference methods in health economics. Health Econ. 2003, 12, 281–294.

[CrossRef] [PubMed]

http://doi.org/10.1186/s12966-017-0548-1
http://www.ncbi.nlm.nih.gov/pubmed/28697787
http://doi.org/10.1016/j.foodqual.2008.07.002
http://doi.org/10.1016/j.appet.2009.03.007
http://doi.org/10.1016/j.meatsci.2014.03.015
http://www.ncbi.nlm.nih.gov/pubmed/24769150
http://doi.org/10.5424/sjar/2009072-417
http://doi.org/10.1111/j.1477-9552.2010.00247.x
http://doi.org/10.1016/j.foodpol.2015.01.001
http://doi.org/10.1016/j.appet.2019.104337
http://doi.org/10.1016/j.foodpol.2009.12.007
http://doi.org/10.1016/j.foodqual.2016.11.013
http://doi.org/10.1016/j.meatsci.2019.02.007
http://www.ncbi.nlm.nih.gov/pubmed/30844619
http://doi.org/10.1016/j.meatsci.2010.04.021
http://www.ncbi.nlm.nih.gov/pubmed/20580991
http://doi.org/10.1016/j.meatsci.2009.05.001
http://doi.org/10.1016/j.meatsci.2014.01.010
http://doi.org/10.1108/BFJ-08-2014-0301
http://doi.org/10.1108/BFJ-11-2015-0447
http://doi.org/10.1016/j.meatsci.2016.06.002
http://doi.org/10.1016/j.foodcont.2015.09.002
http://doi.org/10.1007/s12393-014-9094-7
http://doi.org/10.1016/j.meatsci.2013.10.023
http://www.ncbi.nlm.nih.gov/pubmed/24334039
http://doi.org/10.1002/jsfa.8116
http://www.ncbi.nlm.nih.gov/pubmed/27790719
http://doi.org/10.1111/j.1365-2621.2008.01780.x
http://doi.org/10.1016/j.meatsci.2018.12.009
http://doi.org/10.1155/2022/8736932
http://doi.org/10.3390/foods10030643
http://doi.org/10.1108/CAER-06-2020-0160
http://doi.org/10.1016/j.meatsci.2017.07.006
http://doi.org/10.1016/j.meatsci.2017.04.239
http://doi.org/10.1108/BFJ-04-2017-0211
http://doi.org/10.1002/hec.729
http://www.ncbi.nlm.nih.gov/pubmed/12652515


Foods 2022, 11, 3460 21 of 21

43. Lancaster, K.J. New approach to consumer theory. J. Political Econ. 1966, 74, 132–157. [CrossRef]
44. Train, K.E. Discrete Choice Methods with Simulation, 2nd ed.; Cambridge University Press: Cambridge, UK, 2009; pp. 1–388.

[CrossRef]
45. van Trijp, H.C.M.; van der Lans, I.A. Consumer perceptions of nutrition and health claims. Appetite 2007, 48, 305–324. [CrossRef]

[PubMed]
46. Annunziata, A.; Vecchio, R. Consumer perception of functional foods: A conjoint analysis with probiotics. Food Qual. Prefer.

2013, 28, 348–355. [CrossRef]
47. McFadden, D.; Train, K. Mixed MNL models for discrete response. J. Appl. Econom. 2000, 15, 447–470. [CrossRef]
48. Ortega, D.L.; Wang, H.H.; Wu, L.P.; Olynk, N.J. Modeling heterogeneity in consumer preferences for select food safety attributes

in China. Food Policy 2011, 36, 318–324. [CrossRef]
49. Hole, A.R. Fitting mixed logit models by using maximum simulated likelihood. Stata J. 2007, 7, 388–401. [CrossRef]
50. Ryan, M.; Watson, V. Comparing welfare estimates from payment card contingent valuation and discrete choice experiments.

Health Econ. 2009, 18, 389–401. [CrossRef]
51. Scarpa, R.; Thiene, M.; Train, K. Utility in willingness to pay space: A tool to address confounding random scale effects in

destination choice to the Alps. Am. J. Agric. Econ. 2008, 90, 994–1010. [CrossRef]
52. Coffie, R.O.; Burton, M.P.; Gibson, F.L.; Hailu, A. Choice of Rice Production Practices in Ghana: A Comparison of Willingness to

Pay and Preference Space Estimates. J. Agric. Econ. 2016, 67, 799–819. [CrossRef]
53. Ortega, D.L.; Hong, S.J.; Wang, H.H.; Wu, L.P. Emerging markets for imported beef in China: Results from a consumer choice

experiment in Beijing. Meat Sci. 2016, 121, 317–323. [CrossRef]
54. Ortega, D.L.; Chen, M.L.; Wang, H.H.; Shimokawa, S. Emerging Markets for US Pork in China: Experimental Evidence from

Mainland and Hong Kong Consumers. J. Agric. Resour. Econ. 2017, 42, 275–290.
55. Hole, A.R.; Kolstad, J.R. Mixed logit estimation of willingness to pay distributions: A comparison of models in preference and

WTP space using data from a health-related choice experiment. Empir. Econ. 2012, 42, 445–469. [CrossRef]
56. Bi, X.; Gao, Z.; House, L.A.; Hausmann, D.S. Tradeoffs between sensory attributes and organic labels: The case of orange juice.

Int. J. Consum. Stud. 2015, 39, 162–171. [CrossRef]
57. Miele, N.A.; Di Monaco, R.; Cavella, S.; Masi, P. Effect of meal accompaniments on the acceptability of a walnut oil-enriched

mayonnaise with and without a health claim. Food Qual. Prefer. 2010, 21, 470–477. [CrossRef]
58. Diaz-Vela, J.; Totosaus, A.; Escalona-Buendia, H.B.; Perez-Chabela, M.L. Influence of the fiber from agro-industrial co-products as

functional food ingredient on the acceptance, neophobia and sensory characteristics of cooked sausages. J. Food Sci. Technol. Mysore
2017, 54, 379–385. [CrossRef]

59. Romagny, S.; Ginon, E.; Salles, C. Impact of reducing fat, salt and sugar in commercial foods on consumer acceptability and
willingness to pay in real tasting conditions: A home experiment. Food Qual. Prefer. 2017, 56, 164–172. [CrossRef]

60. Ares, G.; Gimenez, A.; Gambaro, A. Influence of nutritional knowledge on perceived healthiness and willingness to try functional
foods. Appetite 2008, 51, 663–668. [CrossRef]

http://doi.org/10.1086/259131
http://doi.org/10.1017/cbo9780511805271
http://doi.org/10.1016/j.appet.2006.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17157958
http://doi.org/10.1016/j.foodqual.2012.10.009
http://doi.org/10.1002/1099-1255(200009/10)15:5&lt;447::AID-JAE570&gt;3.0.CO;2-1
http://doi.org/10.1016/j.foodpol.2010.11.030
http://doi.org/10.1177/1536867X0700700306
http://doi.org/10.1002/hec.1364
http://doi.org/10.1111/j.1467-8276.2008.01155.x
http://doi.org/10.1111/1477-9552.12180
http://doi.org/10.1016/j.meatsci.2016.06.032
http://doi.org/10.1007/s00181-011-0500-1
http://doi.org/10.1111/ijcs.12164
http://doi.org/10.1016/j.foodqual.2010.01.001
http://doi.org/10.1007/s13197-016-2473-8
http://doi.org/10.1016/j.foodqual.2016.10.009
http://doi.org/10.1016/j.appet.2008.05.061

	Introduction 
	Materials and Methods 
	Data Collection 
	Sensory Tests 
	Choice-Based Conjoint (CBC) Experiment 
	Econometric Models 
	Data Analysis 

	Results and Discussion 
	Participants 
	Sensory Liking Results 
	WTP Estimation 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	References

