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Abstract: Evidence suggests that consumer perceptions and acceptance of cultivated meat (CM)
differ between countries, cultures, and consumer groups. Limited research specific to Aotearoa
New Zealand (A-NZ) is available. Survey responses from 592 A-NZ residents were analysed to
determine CM awareness, willingness to engage with CM, and perceived CM product attributes
relative to conventional meat and plant-based meat alternatives (PBMAs). The effects of gender, age,
meat/PBMA consumption frequency, CM awareness, and food neophobia on CM perceptions were
determined. The statements were rated on a seven-point Likert scale. Half (52%) of the respondents
agreed they were aware of CM. The awareness was higher in men compared to women (p = 0.036),
higher in Millennials compared to Generation X (p = 0.022), and higher in regular compared to
infrequent PBMA consumers (p = 0.0003). The willingness to engage with CM and perceived CM
product attributes were consistently more positive in consumers who were aware, compared with
consumers not aware of CM (p < 0.05). Being male, Millennial, low neophobic and a low meat, or
high PBMA consumer was also associated with higher potential engagement and perceptions of CM
to varying extents. Segmentation divided the respondents into three groups. The ‘positive” cluster
(41%) consumed more PBMAs and less meat and was more aware of CM than the ‘neutral” (50%) and

‘negative’ (9%) clusters. In conclusion, consumers in A-NZ are not a homogenous group with regards

to their perceptions and potential engagement with CM. Increasing awareness and familiarity with
CM will be an important strategy to increase engagement with CM.

Keywords: cultivated meat; in vitro meat; clean meat; lab-grown meat; plant-based meat alternatives;
consumer perception

1. Introduction

A shift towards a more plant-based diet has been recommended to enhance personal
health and environmental sustainability [1]. Furthermore, the COVID-19 pandemic has
raised concerns about food safety issues associated with risk of disease from meat consump-
tion [2]. Growing numbers of consumers in Aotearoa New Zealand (A-NZ) are interested
in replacing meat products with plant-based meat alternatives (PBMAs) [3-5]. These tradi-
tionally include, for example, tofu, tempeh, and textured vegetable protein products. More
recently, a broader range of offerings has become available, with many products, such as
the Impossible Burger or Beyond Meat, designed to have meat-like appearances, flavours,
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and texture characteristics, including some that ‘bleed” like meat [6]. Despite consumer
beliefs in the potential advantages of replacing meat with PBMAs, for example, reduced
environmental impacts, PBMA’s level of sensory appeal has been identified as the primary
barrier to their consumption that weighs heavier than potential advantages [7].

A potential additional alternative to conventional meat is cultivated meat (CM), which
is produced by culturing stem cells collected from an animal (e.g., satellite cells, induced
pluripotent or mesenchymal stem cells) to form muscle tissue in a growth medium con-
taining essential nutrients [8,9]. The sensory profile of CM may be more desirable than
PBMAs because it is expected that, once optimised, CM will look like, cook like, and taste
very similar to conventional meat [9]. The technology for large-scale production of CM
is currently in development and currently CM is only approved for commercial sale in
Singapore [10]. Once the technical challenges of upscaling CM production are overcome,
consumer acceptance will determine whether CM will be successful [11].

The motivators and barriers to consuming PBMAs in place of meat vary widely, and
include perceived sensory preference/appeal, health considerations, concerns regarding the
meat industry’s impact on the environment and animal welfare, convenience of preparation,
cooking and use, risk of disease from animal-based food consumption, familiarity, and
naturalness [12]. Although similar factors may be relevant to a future understanding of
CM consumption behaviours, recent evidence suggests that perceptions of CM currently
differ from perceptions of PBMAs. For example, in an Australian survey [13], PBMAs,
when compared with conventional beef, were rated equally for health, affordability, and
safety. In contrast, cultivated beef compared to conventional beef was rated more positive
for perceived animal welfare, but more negative for perceptions of health, affordability,
safety, and eating enjoyment [13].

Consumer characteristics may influence perceptions of CM: in previous studies in
the USA, India, and China [14], those who omitted meat from their diet were less likely
to purchase CM compared to those who ate meat. Furthermore, low neophobia scores,
awareness of CM, and perceived appeal contributed to the likelihood of purchase [14].
Potential engagement with CM is generally lower with increasing age [13,15-17].

Previous studies in the USA, Europe, Australia, South Africa, and Mexico [14,18,19]
have shown that the perception of CM varies across countries with respect to familiarity,
acceptance, evoked disgust, and perceived naturalness. Research investigating consumer
perceptions of CM in A-NZ is limited. A focus group study [20] reported an overall
negative attitude towards CM and, although the participants acknowledged that CM may
improve animal ethics and increase capacity to produce protein, almost all participants
rejected CM out of concern for sensory appeal and unfamiliarity with the CM concept.
A more recent A-NZ study [21] in 254 mostly young and highly educated respondents
found that, although most initial reactions to CM consisted of fear/unnaturalness (~25%),
responses also included liking/approval (~15%) and curiosity (~10%). In this study, 51% of
the respondents were willing to purchase CM [21]. An online survey in 206 A-NZ residents
reported that this percentage reduced from 50% to 11% if CM was more expensive than
conventional meat [22], indicating that price will be an important factor in CM purchasing
decisions in A-NZ.

More evidence is needed to provide a deeper understanding of the motivations and
barriers that would influence A-NZ consumer engagement with CM. It is unclear whether
or how factors including gender, age, meat, PBMA consumption frequency, neophobia, and
awareness of CM, for example, are likely to affect potential engagement with or motivation
to consume CM. To the authors” knowledge, no studies have investigated how current
meat and PBMA consumption frequency affects perceptions of CM. Detailed data on CM
perceptions in A-NZ consumers who are willing to replace at least some of their intake of
conventional meat with alternatives is needed to characterise the potential local market
for CM and to inform industry, government, and investment decisions in CM technology.
Flexitarians constitute a large, growing segment of the population that is interested in the
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dietary inclusion of alternatives to animal protein for multiple reasons [4,23] and could be
receptive to incorporating CM in their diet.

This study sought to: (a) explore attitudes towards CM, (b) investigate motivators and
barriers to engagement with CM, and (c) predict the characteristics of future adopters of
CM in A-NZ consumers with different levels of meat and PBMA consumption. The specific
objectives of the study were to determine the association of ‘awareness of CM’ with gender,
age, meat consumption frequency, PBMA consumption frequency, and neophobia; the asso-
ciation of potential engagement with CM with gender, age, meat consumption frequency,
PBMA consumption frequency, neophobia, and CM awareness; whether perceptions of CM
are relative depending on their comparison to conventional meat or PBMAs; the association
of perceived CM product attributes (cooking and use, tastiness, healthiness, animal friend-
liness, environmental sustainability, ethics, safety, naturalness, and cost) with gender, age,
meat consumption frequency, PBMA consumption frequency, neophobia, and awareness
of CM, relative to both conventional meat and PBMAs; and whether CM perception is
segmented across A-NZ consumers with different levels of meat and PBMA consumption.

2. Materials and Methods
2.1. Respondents

The respondents were recruited via an online recruitment company (Dynata, Auckland,
New Zealand) and comprised members of the Dynata database who volunteer to complete
online surveys in return for an incentive (NZD 10). The respondent information sheet,
consent form, and survey were hosted on the Qualtrics platform (Qualtrics, Provo, UT,
USA). Data were collected in October and November 2021.

The respondents were aged 25-55 years and consumed meat, but for less than 7 days
per week, indicating that they were potentially interested in reducing their meat con-
sumption. The quotas were set for equal numbers of respondents in two age groups
(Millennials, aged 2540 years or Generation (Gen) X, aged 41-55 years), by gender (men,
women), and according to meat consumption frequency (4-6 days per week; 1-3 days
per week; fortnightly; monthly; less than monthly). The age groups were included be-
cause a recent review reported that younger consumers were more accepting of CM than
older consumers [17]. The study was considered and assessed as low risk following the
Massey University Human Ethics Committee process (human ethics notification number:
4000024924). All respondents indicated informed consent by checking a checkbox to that
effect at the commencement of the survey.

2.2. Procedure

The survey was piloted with colleagues and consumers prior to launch. Apart from
grammatical suggestions, the only issues raised were that respondents were unsure whether
CM was considered a plant-based product and whether it was currently available in A-NZ.
These details were therefore clarified in the final version of the survey.

The survey required respondents to complete initial demographic questions, including
gender and age range. Ethnicity, income, and location (rural, urban, or in-between) were
also collected to characterize the sample but were not part of the research objectives. In
subsequent questions (Table 1), respondents were asked about the frequency of their meat
(Question 1a) and PBMA (Question 1b) intake. The survey terminated if the respondents
indicated that they ate meat every day, or never. Furthermore, the survey terminated if the
respondents indicated that they had never tried PBMAs. With these criteria, it was aimed
to include respondents who replace meat by PBMAs to some extent.

The respondents were asked to respond to 23 statements/questions across 4 areas of
interest (Table 1): awareness of CM (Statement 2), perceived product attributes of CM relative
to conventional meat (Statements 3a-i), perceived product attributes of CM relative to PBMAs
(Statements 4a—i), and potential willingness to engage with CM (Statements 5a—c and 6). The
statements were rated on a 7-point scale ranging from strongly disagree to strongly agree
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(Statements 2-5) or never to always (Statement 6), with additional information provided to
respondents at various points in the survey process.

Table 1. Survey questions to determine cultivated meat perceptions of consumers resident in Aotearoa
New Zealand.

Outcome Area of Interest

Questions/Statements

Labels on 7-Point Likert Scale

Meat consumption frequency

PBMA consumption frequency

1.

How often do you eat:

Meat, including poultry

Plant-based products

1 =7 days per week,

2 = 4-6 days per week,

3 =1-3 days per week, 4 = fortnightly,

5 = monthly,

6 = meat: less than monthly/plant-based products: I have
tried them once,

7 =never

Awareness of CM

I am aware of cultivated meat
(sometimes called: in vitro meat,
lab-grown meat, and/or

clean meat)

1 = strongly disagree,

2 = disagree,

3 = somewhat disagree,

4 = neither agree nor disagree,
5 = somewhat agree,

6 = agree,

7 = strongly agree

Perceived product attributes of CM
relative to conventional meat

@

TT@ e an T

Compared to conventional meat, I
think cultivated meat would be:
Cooked and used in the same way
Tastier

Healthier

More animal friendly

More environmentally sustainable
Safer

More ethical

More natural

More expensive

1 = strongly disagree to 7 = strongly agree

Perceived product attributes of CM
relative to PBMAs

L

To@ e an o

Compared to plant-based meat

alternatives, I think cultivated meat
would be:

Cooked and used in the same way
Tastier

Healthier

More animal friendly

More environmentally sustainable
Safer

More ethical

More natural

More expensive

1 = strongly disagree to 7 = strongly agree

@

Potential willingness to engage with CM

If cultivated meat was available in
New Zealand:

I would be willing to taste
cultivated meat.

Iwould be willing to eat cultivated
meat on a regular basis.
Cultivated meat would be a more
attractive alternative to meat than
plant-based meat alternatives (e.g.,
tofu, vegetarian burgers, sausages,
Quorn, falafels)

1 = strongly disagree to 7 = strongly agree

Based on your current knowledge,
please indicate how often you
would purchase cultivated meat
instead of conventional meat if it
was available in New Zealand?

1 =never,

2 =rarely,

3 = occasionally,
4 = sometimes,
5 =regularly,

6 = often,

7 = always
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After indicating their level of familiarity with CM (Statement 2: ‘I am aware of
cultivated meat (sometimes called: in-vitro meat, lab-grown meat, and/or clean meat)’,
the respondents were provided with a description of CM to ensure each respondent was
exposed to identical background information before continuing with the survey:

“Cultivated meat is a future alternative to the meat we consume today (animal products). It
is still under development; you can’t currently buy it in supermarkets or restaurants. To make
cultivated meat, tissue is removed from an animal (e.g., a salmon, cow or duck) and grown into cuts
of meat/fish in a laboratory by feeding the tissue with essential nutrients. Cultivated meat could
produce 80,000 burgers from tissue the size of a sesame seed, where conventional farming requires
100 cows.”

Animal meat and cultivated meat look, cook, and taste identical because they are both made
of animal muscle. This makes them different from plant-based alternatives like tofu or the Beyond
burger, which are made from plants. The nutritional benefits of cultivated meat are expected to be
equal or better than animal meats.

Cultivated meat is also known as (cell-)cultured meat, cell-based meat, clean meat, and lab-
grown meat. In this study, we use the term ‘cultivated meat’ and assume that cultivated meat does
not require any further animal material after the removal of cells from the animal.

Respondents were next asked to rate their perceptions of CM product attributes rel-
ative to conventional meat (Table 1, Statement 3a—i) and then relative to PBMAs (Table 1,
Statement 4a—i) to explore a range of common motivators and barriers for reducing meat
consumption [12], including preparation and cooking; tastiness; healthiness; animal friendli-
ness; environmental friendliness; safety; ethicalness; naturalness; and cost. The respondents
were informed of different terms used for cultivated meat and to assume that no further
animal material is required to produce CM:

“Cultivated meat is also known as (cell-)cultured meat, cell-based meat, clean meat and lab-
grown meat. In this study we use the term ‘cultivated meat” and assume that cultivated meat does
not require any further animal material after the removal of cells from the animal.”

The final survey section was designed to explore the willingness to engage with CM.
The respondents were asked about their likelihood to taste, eat regularly, and purchase
CM instead of conventional meat if it was available, and if they considered CM to be
a more attractive alternative to meat than PBMAs (Table 1, Statements 5a—c and 6). To
determine the willingness to engage with CM irrespective of cost—a known key driver of
CM purchase likelihood [22]—the respondents were explicitly instructed to assume CM
and conventional meat were identically priced with the following written instruction:

“Currently, cultivated meat is not commercially available in New Zealand. Assuming that
the price of cultivated meat is identical to that of conventional meat, rate how likely you are
willing to taste cultivated meat (e.g., try on a one-off occasion) versus purchase and eat cultivated
meat reqularly.”

To gauge willingness to try new foods, the respondents were also asked to complete
the food neophobia questionnaire [24] comprising 10 questions rated on a 7-point Likert
scale ranging from strongly disagree (score = 1) to strongly agree (score = 7).

2.3. Data Analysis

All statistical analyses were performed in R version 4.2.0 using R Studio software
version 2022.2.3.492 [25]. Package dplyr [26] was used for data handling. p-values of <0.05
were considered statistically significant and the mean + standard error (SE) values are
reported throughout the article.

To determine if the respondents completed the survey genuinely, the food neophobia
survey, which includes reverse-scored items (i.e., statements for which the scoring scale
runs in the opposite direction of other statements), was assessed for respondents who
repeatedly gave the same response to every statement. These individuals were identified
using k-means clustering [25] of the neophobia scores and were removed from the dataset.

Meat consumption groups were recategorised into three categories to create more
equal group sizes: high (4-6 days/week), medium (1-3 days/week), and low (fortnightly,
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monthly, or less than monthly). PBMA consumption was recategorised into four groups:
high (7 days/week, 4-6 days/week), medium (1-3 days/week), low (fortnightly, monthly),
and ‘tried once’.

To calculate neophobia scores, reverse-scored items were recoded so that the direction
of scoring was equal for all statements, and the scores of all 10 questions were summed.
The scores were segmented into low, medium, and high by dividing the respondents
into three groups corresponding to the lowest quartile, second and third quartile, and
highest quartile, respectively [27]. Kendall’s tau (1) correlation was used to determine the
correlations between meat and PBMA consumption frequency, and neopobia.

To determine whether respondent demographics affected meat and PBMA consump-
tion frequency, linear models were determined with the following fixed factors: gender,
age, meat and PBMA consumption frequency, neophobia class, and awareness of CM [25].
When the main effect of a fixed factor was significant, the differences in ratings between
the demographic subgroups (post hoc testing) were determined using the Dunn test [28],
with Benjamini-Hochberg corrections for multiple comparison. The correlations between
meat consumption frequency and gender and age group were not determined because
respondent quotas for the recruitment of these groups were used.

A linear effect model was used to determine whether there were differences between
the different levels of potential engagement (statements 5a—c and 6). Linear effects models
were determined for each individual statement, with the following fixed factors: gender,
generation group, meat consumption frequency, PBMA consumption frequency, neophobia
segment (i.e., low, medium, high), and awareness of CM (not included in the model for the
statement on awareness of CM). When including CM awareness in the linear effects models
as a fixed factor, the respondents were recategorised as either unaware (scored 1-4) or aware
(scored 5-7). Interactions were allowed among gender, age group, and meat consumption
frequency groups as these groups were included in respondent quotas. Post hoc testing
was performed with the Dunn test for main effects and contrasts of estimated marginal
means for interactions, both with Benjamini-Hochberg corrections for multiple comparison.

To determine whether CM product attribute (tastiness, healthiness, etc.) perceptions
were dependent on comparison with conventional meat or PBMAs (Statements 3—4), prin-
cipal component analysis (PCA) was performed on the ratings of CM product attribute
perceptions relative to conventional meat and PBMAs. Then, the effect of comparator (i.e.,
conventional meat and PBMAs) on the fitted values of PC1 and PC2 were assessed by
mixed effect models [29] with comparator as a fixed factor and the respondent as a random
factor. When significant, indicating that there was an effect of the comparator, the effects
of the comparator for each individual CM product attribute were determined with mixed
effects models [29], with the comparator as a fixed factor and the respondent as a random
factor. Linear effects models were determined for the perception of each individual product
attribute, with the following fixed factors: gender, generation group, meat consumption
frequency, PBMA consumption frequency, neophobia segment, and awareness of CM. The
Dunn test was used for post hoc testing, with Benjamini Hochberg corrections for multiple
comparison. Spearman correlation was used to determine the correlations between the
outcomes of potential engagement and product attribute perceptions of CM. R-values of
>0.5 (p < 0.05) were considered worthy of consideration.

K-means clustering on all statements relating to CM was used to determine if segmen-
tation of respondents was evident. The optimal number of clusters was determined using
the elbow method [30], which indicates the smallest number of clusters that still has a low
sum of squares errors. The clusters were visualised using the factoextra package [30]. The
differences in the proportions of demographics (e.g., men vs. women) between each cluster
and the total sample were investigated with Chi-square goodness-of-fit test. If the propor-
tions were different between a cluster and the total sample, standardised residuals were
used to compare which subgroups were responsible for this difference. The differences in
the mean ratings for statements between clusters were determined using the Dunn test [28],
with Benjamini-Hochberg corrections for multiple comparison.
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3. Results

A total of 801 respondents completed the survey but 221 were classified as insincere
submissions based on internally inconsistent responses to the food neophobia survey. A
further eight did not identify with either binary gender, and, as this group was too small to
include in statistical models as a separate gender group, their responses were excluded from
statistical analyses. Consequently, 572 responses were included in the final data analysis.

3.1. Respondent Demographics and Neophobia Scores

Demographic data, product consumption frequency, and neophobia scores for the
respondent sample (1 = 572) are summarised in Table 2. The respondents were 56%
Millennial and 44% Gen X, with 47% identifying as male and 53% as female. With respect
to meat consumption, 30% of respondents consumed meat less than once a week, 31%
consumed meat 1-3 days per week, and 39% consumed meat 4-6 days per week. Regarding
PBMA consumption, 24% had tried PBMAs just once, 34% consumed PBMAs less than
once per week, 23% consumed PBMAs 1-3 days per week, and 20% consumed PBMAs
4-6 days per week. Low, medium, and high food neophobia groups corresponded to 26%,
50%, and 24% of the total sample, with mean (£SE) food neophobia scores of 23 £ 0.2,
37 £0.1, and 44 £ 0.2, respectively, out of a maximum score of 70.

Table 2. Respondent demographics and neophobia scores (1 = 572).

Demographic Categories Total (n) %
Male 268 47
Identified gender Female 304 53
Millennial 319 56
Generation Gen X 253 44
Low (less than 1 d/w) 175 30
Meat consumption frequency Medium (1-3 d/w) 176 31
High (4-6 d/w) 221 39
Tried once 140 24
Low (less than 1 d/w) 184 32
PBMA consumption frequency Medium (1-3 d/w) 132 23
High (4-6 d/w) 116 20
Low (23 +0.2) 147 26
Neophobia scores (mean =+ SE) Medium (37 + 0.1) 290 50
High (44 £+ 0.2) 135 24
New Zealand European 339 59
Maori 50 8.6
Samoan 7 1
Cook Islands Maori 1 0.1
Ethnicity Tongan 1 0.1
Niuean 1 0.1
Chinese 38 6.6
Indian 57 10
Other 78 13
Rural 120 21
Location Urban 389 68
In between rural and urban 63 11
<20,000 56 10
20,000-49,999 118 21
. 50,000-99,9999 219 38
Annual yearly household income (NZD) 100,000-199,999 132 23
>200,000 11 2

Prefer not to say 36 6
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Meat consumption frequency was inversely associated with PBMA consumption
frequency (t = —0.2, p < 0.0001). Food neophobia was positively associated with meat
consumption frequency (t = —0.15, p < 0.0001) and inversely associated with PBMA
consumption frequency (1 = —0.14, p < 0.0001; data presented in text only).

3.2. Awareness of Cultivated Meat

Overall, the mean CM awareness (1 = 572) was 4.3 £ 0.07, and 52% of respondents
indicated that they ‘somewhat agreed’, ‘agreed” or ‘strongly agreed’ that they were aware
of CM (scores 5-7 on 7-point answering scale; data presented in text only). The mean CM
awareness scores (Table 3 were significantly higher in men compared to women (4.5 £ 0.06
vs. 4.2 + 0.07; p = 0.036), higher in Millennials compared to Gen X (4.5 & 0.07 vs. 4.1 & 0.07;
p = 0.022), and increased with increasing PBMA consumption frequency (p = 0.0003) and
decreasing neophobia scores (p = 0.019). Meat consumption was not associated with
awareness of CM (p = 0.26).

Awareness of CM was associated with more frequent PBMA consumption (t = 0.17,
p < 0.0001), but not with meat consumption frequency (t = —0.05, p = 0.15; data presented
in text only).

3.3. Potential Engagement with Cultivated Meat

The mean scores (n = 572) for willingness to taste CM (4.9 £ 0.06) were rated higher
than the scores for willingness to eat CM regularly (4.3 & 0.07), attractiveness of CM com-
pared to PBMAs (4.4 £ 0.07), and willingness to purchase CM (3.6 & 0.07) as measurements
of potential engagement (main effect of statement, p < 0.0001, post hoc all p < 0.0001; data
presented in text only). Overall, 67% of respondents stated that they ‘somewhat agreed’
‘agreed’, or ‘strongly agreed’ (score >5 on 7-point answering scale) that they were willing
to try CM; 47% were willing to eat CM regularly; and 30% were willing to regularly, often,
or always purchase CM instead of conventional meat (data presented in text only).

The mean scores for willingness to try, regularly eat, and purchase CM instead of
conventional meat and for attractiveness of CM compared to PBMAs were consistently
higher in those who reported that they were aware of CM, compared with those who
reported they were not (all p < 0.0001; Table 3). Men, compared to women, reported higher
ratings of willingness to engage with CM for all outcomes (all p < 0.05), except willingness
to try (p = 0.27). The respondents who consumed PBMAs more often were more likely to
be willing to purchase CM instead of conventional meat (p < 0.0001). The mean rating for
willingness to purchase in the high PBMA consumption group was 4.1 & 0.08, equivalent
to ‘sometimes’ on the response scale and ranging between ‘never’ and ‘always’, compared
to a rating of 3.1 & 0.06 (equivalent to occasionally) by respondents who had only tried
PBMAs once (p = 0.0002).

A three-way interaction effect of gender, age, and meat consumption frequency for
willingness to purchase CM instead of conventional meat was evident (p = 0.023; data pre-
sented in text only). Notably, willingness to purchase was highest in Millennial, low meat-
consuming men, and was significantly higher than the Millennial, low meat-consuming
women (men: 4.4 £ 0.07 vs. women: 3.4 + 0.06; p = 0.0089; data presented in text only).
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Table 3. Mean =+ SE and associated p-values of factors associated with potential engagement with cultivated meat (1 = 572 respondents).

Awareness of CM Willingness to Taste CM Wi(ljll\i/?%{régisl;glgat Attmc‘tis"’;réﬁ; fCM Willingness to Purchase CM
Mean =+ SE p!t Mean =+ SE p! Mean =+ SE p! Mean =+ SE p! Mean =+ SE p!
Not aware 45+0.06? 40+0.06? 41+£0.072 32+£006?
Awareness of CM Aware N/A 5.3 + 0.06 b <0.0001 4.6 + 0.06 b <0.0001 47 +0.07 b <0.0001 4.0+ 0.07 b <0.0001
Men 45+0.06? 5.0 £ 0.06 4.6+0.06? 47 +0.06° 3940077
Millennial 45+0.072 49 £ 0.06 4.4 +0.06 44 +0.07 3.8+£0.06?
Age group Gen X 41+007° 0.022 49 +0.06 0.86 42 +0.07 027 43 +0.07 0.80 34+007° 0.045
. Low 4.5+0.07 43 +£0.072 4.3 +0.07 43 £0.07 3.8 £0.07
Meat consumption Medium 4.2 40.06 0.26 4540062 0.035 4.5 £ 0.06 0.10 454 0.06 027 3.7 £0.06 0.23
frequency High 42 £0.07 42+£0.072 4.2 40.07 4.3 4+ 0.07 3.4 £ 0.06
Tried once 3.9+£0.072 4.8 £0.07 40+£0.072 4.3 £0.08 31+£0062
PBMA consumption Low 4.2 40,072 5.1 +0.06 4.4 40.06° 4.5+ 0.06 3.6 £0.06°
frequency Medium 4440060 0.0003 494006 0.09 4340060 0.038 424007 0.36 374006° 0.0002
High 47 +£0.07°¢ 4.8 £0.06 4.6 +£0.07° 4.5+ 0.07 41+0.08¢
Low 45+0.08? 44+0082 4.4 +£0.08 4.440.08 3.7 £0.07
Neophobia class Medium 434+0.062 0.019 43+ 0.06P <0.0001 4.3 £ 0.06 0.81 44+ 0.06 0.84 3.6 £0.07 0.38
High 41+£0.072 43 +0.07° 43 +£0.07 44 +0.07 3.6 +0.07

Values are mean + SEM. CM: cultivated meat; PBMA: plant-based meat alternative. ! p-values were determined by running a linear effects model with awareness of CM, gender, age,
meat/PBMA consumption frequency, and neophobia class as fixed factors, allowing interactions between gender, age, and meat frequency consumption. For & ¢, different superscript
letters within a column indicate significant differences (p < 0.05) between respondent demographic groups with more than two levels (i.e., PBMA consumption frequency, neophobia
class, and meat consumption frequency). Post hoc tests were performed using the Dunn test with Benjamini-Hochberg procedure to correct for multiple comparisons.
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3.4. Principal Component Analysis for Comparison of Product Attributes of CM Relative to
Conventional Meat and PBMAs

In the PCA of the CM product attribute perceptions relative to conventional meat
and PBMAs, Principal Component (PC) 1 explained 54% and PC2 explained 14% of the
data variability.

Similar loadings on PC1 (0.28-0.38; Table 4) for all product attributes, except cost
(loading = 0.14), suggested that the variables similarly contributed to the variability of PC1.
PC2 had particularly large loadings for animal welfare (—0.41), naturalness (0.52), and cost
(—0.38), suggesting that these variables contributed most to the variability of PC2.

Table 4. PC1 and PC2 loadings, mean ratings, and p-value for comparison of product attribute
perceptions of CM relative to conventional meat and PBMAs.

PC1 ? Loadin, PC2?2 :
C G 4(‘,;3d 8 Loa dir(lzg (14%) CM vs. Conventional Meat CM vs. PBMAs P 1

Cooking and use 0.28 —0.32 49 +0.05 4.8 +£0.05 0.027
Tastiness 0.31 0.29 4.1 +£0.05 4.3 +0.06 <0.0001

Healthiness 0.36 —0.11 4.3 +0.06 4.3 +0.06 0.94
Animal welfare 0.34 —0.41 5.1+ 0.06 4.7 £0.06 <0.0001
Environmental sustainability 0.35 —0.29 5.0 + 0.06 4.7 + 0.06 <0.0001

Safety 0.38 0.21 4.3 +0.06 4.2 +0.06 0.057
Ethics 0.38 -0.19 4.7 +0.06 4.3 +0.06 <0.0001
Naturalness 0.38 0.52 3.8 4+ 0.07 4.0 +0.07 <0.0001

Cost 0.14 —0.38 5.0 +0.06 5.0 £+ 0.06 0.60

PC: principal component, CM: cultivated meat; PBMA: plant-based meat alternatives. ! p-values were determined
by mixed-effects models, with comparator (i.e., conventional meat or PBMAs) as a fixed effect and respondent as
a random effect. 2 PC1 and PC2 were determined with principal component analysis (PCA), including all product
attribute ratings of CM relative to conventional meat and PBMAs.

There was an effect of the comparator (i.e., conventional meat or PBMAs) on the
fitted values of PC1 (p = 0.0011) and PC2 (p < 0.0001), and, therefore, the effects of the
comparator were determined for each individual attribute (Table 4). CM perceptions were
different compared to conventional meat than compared to PBMAs for cooking and use,
tastiness, animal welfare, environmental sustainability, ethics, and naturalness (all p < 0.05;
Table 4). CM was perceived as more natural and tastier (both p < 0.0001) compared to
PBMAs than compared to conventional meat (Table 5). CM was perceived as more ethical,
environmentally sustainable, animal friendly (all p < 0.0001), and more similar in cooking
and use (p = 0.027) relative to conventional meat than to PBMAs. Perceived healthiness
(p = 0.94), safety (p = 0.057), and cost (p = 0.60) of CM were similar, compared to either
conventional meat or PBMAs.
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Table 5. Mean =+ SE and associated p-values for factors associated with product attribute ratings for cultivated meat relative to conventional meat (1 = 572 respondents).

Cooking Use Tasty Healthy Animal Welfare Environment Safety Ethics Naturalness Cost
Mean + SE plt Mean =+ SE plt Mean + SE pt Mean + SE p! Mean + SE plt Mean + SE plt Mean + SE plt Mean + SE p! Mean + SE p!
Not 4.6 +0.06° 3.940.05° 4140.052 4.940.06° 4.7 40.06° 41+0.06° 4.440.06° 3.540.062 4.840.06°
Awareness of CM aware <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0009 0.0004
Aware 52+0.05P 43+0.06° 45+0.06° 5.4+0.06° 53+0.06° 45+0.06° 5.1+0.06° 4.0+0.08° 5.240.05°
Men 5.0 £ 0.05 4.4+0.05° 45+0.052 5.2 4 0.05 5.1+ 0.06 4540.062 4.9+ 0.06 41+0.07° 4.9 +0.06
Gender Women 4.9 + 0.06 0.19 394+006b  0.0005 424+ 0.06° 0.026 5.0+ 0.06 0.052 4.9 + 0.06 0.26 41+ 0.06° 0.032 4.6+ 0.06 0.06 3540070  0.0025 51+ 0.06 0.25
Millennial ~ 4.9 + 0.05 42+0.06 4.5 +0.05 5.1 +0.06 5.0 + 0.06 4.4 +0.06 4.940.06° 3.9 +0.07 5.0 + 0.06
Age group Gen X 49 +0.06 0.66 3.9 4+ 0.05 0.25 414006 0.11 5.1 4 0.06 0.65 5.0 4+ 0.06 0.79 4.140.06 0.19 46+007> 0041 364007 0.30 5.0 4+ 0.06 043
M ) Low 4.7 +0.06° 4.340.06° 4.4+ 0.06 49+0.07° 4.8+ 0.06 4.4+ 0.06 4.7 4+0.07 42+0.07° 4.9 +0.06
eaisnse‘ﬁpﬂon Medium  49+0.05% (034 434+0.05* 0006 4.4 +0.05 0.25 5240.06" 0011 5.1+ 0.05 0.15 44 +0.05 0.12 49 +0.05 0.10 394006 00005 49+005 0.068
quency High 5.1+0.05° 3.8+0.05° 42 +0.06 5.340.06° 5.1+ 0.06 4.1+0.06 47 £0.07 3.340.07P 5.2+ 0.06
PEMA T;ﬁg 4.8+ 0.06 3.740.05° 3.940.06° 5.2 +0.07 5.0 + 0.07 3.9 +0.062 45 +0.07 3.340.072 5.340.06°
consumption Low 5.1+ 0.05 0.058  41+005° <0.0001 434006° 0013 5.2 +0.05 0.32 5.0 + 0.05 0.49 43+0.06° 0.002 4.8 +0.06 0.17 374007  <0.0001 49£006°  0.020
frequency Medium 4.9 +0.05 4240.05° 4440.05b¢ 5.1+ 0.06 5.0 + 0.06 4.4 +0.05b¢ 4.8 +0.06 3.8+0.06° 4.940.05°
High 4.8 +0.06 4.6+0.06°¢ 47 40.06¢ 5.0 & 0.06 49 +0.06 4.740.06 4.8 +0.07 4540.07¢ 5.0 +0.05°
Low 5.340.052 3.840.05° 41+0.06 5.7 +0.06° 5.4+0.06° 414007 5.1+ 0.06° 3.1+0.07° 5.2 4 0.06
Neophobia class Medium  48+0.05> 00004 42+005° 0013  44+005 0.09 494006 <0.0001 48+006> 00006 ~ 44+0.06 0.40 474+006° 0042  39+£006° <00001 49+005 0083
High 48+0.06° 4240.06° 4.3 +0.06 4.940.06° 49+0.06° 4.3 +0.06 4.6+0.07° 424 0.07b 5.0 + 0.06

PBMA: plant-based meat alternatives. ! p-values were determined by running a linear effects model with awareness of CM, gender, age, meat/PBMA consumption frequency,
and neophobia class as fixed factors, allowing interactions between gender, age, and meat frequency consumption. For 2P, different superscript letters within a column indicate
significant differences (p < 0.05) between respondent demographic groups. Post hoc tests were performed using the Dunn test with Benjamini-Hochberg procedure to correct for
multiple comparisons.
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3.5. Perceptions of Cultivated Meat

Since CM perceptions were rated differently depending on its comparator (traditional
meat or PBMAs), the effects of respondent demographics were determined separately for
CM perceptions relative to conventional meat and PBMAs.

3.5.1. Cultivated Meat Relative to Conventional Meat

Respondents who were CM aware consistently rated all CM product attributes, relative
to conventional meat, more positive than those who were not CM aware (Table 5). There
was an interaction effect of gender by age for the perceived tastiness of CM compared to
conventional meat (p = 0.018, data presented in text only): Millennial men rated perceived
CM tastiness compared to conventional meat as more positive (4.8 &= 0.06) than Millennial
(4.2 £ 0.05; post hoc p = 0.0007) and Gen X (4.1 &+ 0.06; p = 0.021) women. Compared
to those with low neophobia, the respondents with medium or high food neophobia
rated CM lower for perceived similarity of cooking and use (p = 0.004), animal welfare
(p <0.0001), environmental sustainability (p = 0.0006), and ethics (p = 0.042), but rated
CM more positive for perceived tastiness (p = 0.013) and naturalness (p < 0.0001). Low
and medium meat-consuming respondents rated CM relative to conventional meat more
positive than high meat-consuming respondents for naturalness (p = 0.0005) and tastiness
(p = 0.006). The frequency of PBMA consumption was associated with perceptions of CM
tastiness, healthiness, animal welfare, safety, and naturalness, which were generally rated
lowest by those who had tried PBMAs once, intermediate for those with low or medium
PBMA consumption, and highest for those with high PBMA consumption (Table 5).

3.5.2. Cultivated Meat Relative to PBMAs

The respondents who were not CM aware rated all perceptions of CM product at-
tributes relative to PBMAs lower than those who were CM aware, except for animal welfare,
which was rated equally by aware and non-aware groups (Table 6). There was an interaction
effect of gender by age for the perceived healthiness of CM compared to PBMAs (p = 0.02,
data presented in text only). Millennial men rated perceived CM healthiness more positive
(4.6 £ 0.05) than Gen X men (4.0 & 0.05; post hoc p = 0.0026) and Millennial (3.9 & 0.06;
p =0.0011) and Gen X (3.9 £ 0.06; p = 0.0011) women. Compared to the respondents with
low neophobia scores, the respondents who had medium and high neophobia scores rated
CM more positive for perceived healthiness (p = 0.034), safety (p = 0.003), and naturalness
(p < 0.0001). Medium meat consumption respondents, compared to those with high meat
consumption, rated CM more positive for perceived tastiness (p = 0.039). Low and medium
meat consumers also rated CM more positive than high meat consumers for perceived
naturalness (p = 0.035). High PBMA consumers generally rated tastiness, healthiness, safety,
and naturalness of CM more positive than those who had tried PBMAs once or were low
or medium PBMA consumers (Table 6).
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Table 6. Mean =+ SE and associated p-values of factors associated with product attribute ratings for cultivated meat relative to PBMAs (1 = 572 respondents).

Cooking Use Tasty Healthy Animal Welfare Environment Safety Ethics Naturalness Cost
Mean + SE plt Mean =+ SE plt Mean + SE pt Mean + SE p! Mean + SE plt Mean + SE plt Mean + SE plt Mean + SE p! Mean + SE p!
Not 4740052 4140062 4140052 4.6 4 0.06 44+0.062 4040067 4340062 3940062 48+0.062
Awareness of CM aware 0.01 <0.0001 0.0022 0.10 0.0001 0.0013 0.024 0.047 0.0003
Aware 49+0.05° 4.6 +£0.06° 45+0.06° 4.8+ 0.06 49+0.05° 4.4 £0.06° 4.6 +£0.06° 41+007° 5.240.05°
Men 49 +0.05 4.6+0.06° 46+0.052 49 +0.06 484005 4440062 4.6+ 0.06 4240.06 4.9 4 0.06
Gender Women 4.7 +0.06 0.21 424006 0014 4140060 00027 464007 0054 45+006 0078 40940060 0009 434006 0.11 384007 0085  50+0.06 0.34
Millennial ~ 4.8 + 0.05 454 0.06 4540062 48+0.06 484005 434006 4.6 +0.06 424006 5.0 + 0.06
Age group Gen X 48 +0.06 0.78 424006 0077 434006b 0014 471007 0.47 45+ 0.06 0.10 41+0.06 033 434007 0082 384007 0.18 5.0+ 0.05 0.99
Meat " Low 474006 44400620 454006 4.6 +0.07 454006 44 +0.07 454007 4440072 494 0.06
ca fco“sump 0 Medium 4.8 +0.05 029  45+006° 0039  44+005 026 4.8 +0.06 017  48+005 0.06 4.3 £0.06 0059  45+005 062 414006 0035 494005 0.55
requency High 494 0.05 42+0.06° 414 0.06 4.8 +0.06 4.6+ 0.06 39 +0.05 4.4 40.06 37+0.07° 5.1 +0.05
PBMA E‘rﬁg 4.8 4 0.06 4140062 400062 4840.07 4.6 +0.06 3940062 434007 3.6+0.072 5.1+ 0.06
consumption Low 48+005 0.94 434006 0016 4240052 <0po01 47 +£0.06 0.64 47 £0.05 0.79 41+£006% 00008 44006 047 39+£007* <00001 50+005 0087
frequency Medium 4.8 4 0.05 44+ 0.062b 434005 4.7 40.06 4.6 +0.05 4240052 454 0.05 414006 4.9 4+ 0.05
High 484005 47 +0.06° 4.940.06° 4.8 +0.06 47 4+ 0.06 47 +0.06" 4.6 £0.06 4.7+0.06° 4.8 +0.06
Low 5.0 4 0.06 47 +0.06 40+0.052 49 +0.07 4.6 +0.06 3840062 444007 3.340.072 5.2+ 0.06
Neophobia class Medium 4.7 £0.05 0.063 4.8 £0.05 0.30 444006 0034 4.7 +0.06 0.58 4.7 +0.05 0.73 434005 0.003 45 +0.06 0.81 4240.06° <00001 5.0+0.05 034
High 4.8+ 0.06 494 0.05 45+006° 47 40.06 4.7 +0.06 444007 454 0.06 434006 4.8 4+ 0.05

PBMA: plant-based meat alternatives. ! p-values were determined by running a linear effects model with awareness of CM, gender, age, meat/PBMA consumption frequency,
and neophobia class as fixed factors, allowing interactions between gender, age, and meat frequency consumption. For P, different superscript letters within a column indicate
significant differences (p < 0.05) between respondent demographic groups. Post hoc tests were performed using the Dunn test with Benjamini-Hochberg procedure to correct for
multiple comparisons.

Table 7. Correlations between potential engagement with cultivated meat and product attribute perceptions of cultivated.

Cooking and Use Tastiness Healthiness Animal Friendliness Environment Safety Ethics Naturalness Cost
CM vs. conventional meat:

Willingness to try CM 0.48 0.28 0.35 0.56 * 0.53 * 0.39 0.55* 0.17 0.26
Willingness to eat CM regularly 0.43 0.47 0.55* 0.41 0.48 0.60 * 0.55 * 0.51* 0.12
Attractiveness of CM vs. PBMA 0.40 0.40 0.48 0.40 0.45 0.52* 0.47 0.42 0.18

Willingness to purchase CM 0.35 0.45 0.45 0.34 0.38 0.52* 0.48 043 0.03
CM vs. PBMAs:

Willingness to try CM 0.43 0.44 0.29 0.37 0.41 0.32 0.38 0.16 0.28
Willingness to eat CM regularly 0.42 0.54* 0.48 041 0.44 0.51* 0.48 042 0.17
Attractiveness of CM vs. PBMA 0.35 0.57 * 047 0.38 0.44 0.48 0.45 043 0.15

Willingness to purchase CM 0.30 0.44 0.39 0.30 0.39 043 042 0.37 0.08

CM: cultivated meat; PBMA: plant-based meat alternatives. Spearman correlations between outcomes of potential engagement with cultivated meat and product attribute perceptions of
cultivated meat compared to conventional meat and PBMAs. * Correlations were deemed relevant if r > 0.5 (p-values were all p < 0.0001).
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3.6. Clustering Respondents

The elbow method suggested three clusters with different responses to CM (Figure 1).
Cluster 2 (subsequently assigned the label ‘neutral cluster”) was the largest cluster (n = 284,
50% of total) and was characterised by mostly neutral opinions (scores around 4).

2.5
= cluster
S 0.0 v
o .
~ [4] 2
= =1
o (W] 3
-2.54
-5.01

Dim1 (46.3%)

Figure 1. Respondent clusters based on potential engagement and perceptions of cultivated meat,
determined with k -means clustering of 572 respondents into 3 clusters. Image was created with the
factoextra package [30].

Concerning CM (Table 8), Cluster 3 (named the ‘positive cluster’; n = 239, 41%) was of
considerable size, and perceived CM more positively than Cluster 2, with scores generally
higher than 5 across all statements. Cluster 1 (named the ‘negative cluster’) was the smallest
(n =49, 9%) and associated with negative opinions towards CM, with scores below 3 for
each statement. Neophobia scores were not different between clusters. The positive cluster
was more aware of CM than the negative and neutral clusters, and also had significantly
more positive perceptions of the CM product attributes than the neutral and negative
clusters. Not surprisingly, the positive cluster was significantly more likely to engage with
CM: this cluster found CM more attractive than PBMAs and indicated that they would
regularly eat and buy CM instead of conventional meat on a regular basis if it was available.

In terms of demographics (Table 8), the ‘neutral’ cluster differed from the total respon-
dent sample in terms of gender proportions and meat and PBMA consumption frequencies.
Compared to the total sample, the neutral cluster had lower proportions of men (neutral
cluster: 41%, total sample: 47%) and higher proportions of women (neutral cluster: 59%,
total sample: 53%). Furthermore, the neutral cluster had a lower proportion of low meat
consumption respondents (neutral cluster: 24%, total sample: 30%), and a higher propor-
tion of high meat consumption respondents (neutral cluster: 46%, total sample: 39%). This
cluster also had a lower proportion of high frequency PBMA consumers compared to the
total sample (neutral cluster: 11%, total sample: 20%).
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Table 8. Clustering of the survey respondents.

Cluster 1 ‘Negative Cluster 2 ‘Neutral ~ Cluster 3 ‘Positive

Total Sample Cluster’ (n,%) Cluster’ (11,%) Cluster’ (1,%)
Total sample 49 (9%) 284 (50%) 239 (41%)
Men 47% 18 (37%) 117 (41%) * 133 (56%) *
Gender Women 53% 31 (63%) 167 (59%) * 106 (44%) *
Millennial 56% 23 (47%) 146 (51%) 150 (63%) *
Age group Gen X 44% 26 (53%) 138 (49%) 89 (37%) *
X Low meat 30% 20 (41%) 68 (24%) * 87 (36%) *
Meat consumption Medium meat 31% 10 (20%) 86 (30%) 80 (33%)
frequency High meat 39% 19 (39%) 130 (46%) * 72 (30%) *
Tried once PBMA 24% 15 (31%) 82 (29%) 43 (18%) *
PBMA consumption Low PBMA 32% 13 (27%) 100 (35%) 71 (30%)
frequency Medium PBMA 23% 9 (18%) 70 (25%) 53 (22%)
High PBMA 20% 12 (24%) 32 (11%) * 72 (30%) *
Low 26% 12 (24%) 74 (26%) 61 (26%)
Neophobia score Medium 50% 22 (45%) 149 (52%) 119 (50%)
High 24% 15 (31%) 61 (21%) 59 (25%)
Awareness of CM 3.8+20%2 3.9+0.062 4.8+ 0.06P
Cooking and use 2.7 +0.072 48+0.04° 5.6+0.04¢
Tastiness 2.040.052 374+09Pb 5.0+ 0.05¢
Healthiness 194+0.042 4.04+09Pb 53+0.04¢
CM vs Animal welfare 2.6 £0.062 4940.05° 594+0.04°¢
conventionai meat Environmental sustainability 2440062 48+ 0.05° 584+ 09°¢
Safety 1.84+0.042 3.9+0.04b 5.3 40.05°¢
Ethics 2.0 £+ 0.06 2 44 +0.05° 57+0.04°¢
Naturalness 1.6 £0.042 32+0.05P 49+0.05¢
Cost 394+0.092 5.0 4+ 0.05b 534+0.05¢
Cooking and use 2.8+0.06° 4.6 +0.05° 55+005°¢
Tastiness 2240052 4.0+0.04° 5.3 40.05°¢
Healthiness 204+0.052 394+09P 534+0.05¢
CM vs. PBMAs Animal welfare 2.540.062 44+0.05° 5.5+ 0.05°¢
’ Environmental sustainability 2240.052 43+09P 55+0.04¢
Safety 1.8 40.052 3.7409b 5.2 40.05°¢
Ethics 2.0+0.052 40+ 0.05P 5.4 +0.05¢
Naturalness 2.0+0.062 3.64005P 5.0+£0.05¢
Cost 3.8 4+ 0.09 2 494 005" 5.3 40.05°¢
Willingness to try 2.4 4 0.06 4.6 +0.05" 5.8 +0.04°¢
. Willingness to eat regularly 1.84+0.05% 3.8+ 0.05P 54+£0.04°¢
P 1
otential engagement i\ activeness CM vs. PBMA 1740042 404005 54+005¢
Willingness to purchase 1.6 +£0.04° 3.0+ 0.05" 47 £0.05¢

* Subgroups that are different from total sample (e.g., compared to the total sample, Cluster 2 has lower proportions
of low meat frequency and higher proportions of high meat frequency respondents), determined by comparison
of standardized residuals of Chi-square goodness-of-fit test (i.e., standardized residual of >1.96 indicates p < 0.05).
abc different superscript letters for the different CM perceptions indicate differences between clusters (p < 0.05),
determined with Dunn testing and Benjamini-Hochberg corrections for multiple comparisons.

Compared with the total respondent group, the ‘positive’ cluster had more men (posi-
tive cluster: 56%, total sample: 47%); less women (positive cluster: 44%, total sample: 53%);
more Millennials (positive cluster: 63%, total sample: 56%); and less Gen X respondents
(positive cluster: 37%, total sample: 44%). Furthermore, the positive cluster had more low
meat (positive cluster: 36%, total sample: 30%) and less high-frequency meat (positive
cluster: 30%, total sample: 39%) consumer respondents than the total sample. Conversely,
this cluster had more high-frequency PBMA consumers (positive cluster: 30%, total sample:
20%) and less respondents who tried PBMAs once than the total sample (positive cluster:
18%, total sample: 24%). The demographic proportions of the negative cluster were not
different from proportions of the total respondent sample.

4. Discussion

This study advances the current limited knowledge concerning the perception of
CM among A-NZ consumers with varying meat and PBMA consumption habits. The
results show that the willingness to engage and perceptions of CM are not homogenous
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across A-NZ flexitarians and that segmentation informs a more nuanced understanding
of how factors such as gender, age, meat and PBMA consumption frequency, and levels
of neophobia affect such perceptions. A clear relationship between PBMA consumption
frequency and CM product attribute perceptions, as well as potential engagement with
CM, is highlighted.

4.1. Effects of Respondent Demographics on Awareness and Perceptions of CM

Awareness of CM was rated around neutral for most demographic groups, but was
higher in men than women, higher in Millennials compared to Generation X, and higher in
high-frequency compared to low-frequency PBMA consumers. The proportion of respon-
dents aware of CM (52%) was lower than a recent A-NZ study in which 66% of respondents
were well informed of CM or had heard of it before [21]. Awareness is higher in young
and highly educated people [17], and the Hamlin study included mostly young university
students, whereas the cohort here represented a wider general population.

CM awareness in A-NZ appears lower than in other countries; for example, in India
~75% were aware [14]. Several factors can be postulated to contribute to a low relative
awareness of CM in A-NZ. Firstly, agricultural food production plays a major role in the
local economy [31], its society, and food culture [20]. Secondly, A-NZ has a conservative
attitude towards some novel food production techniques compared to other countries. For
example, A-NZ does not allow the cultivation of genetically modified (GM) crops and GM
foods can only be imported after approval through the Food Standards Australia New
Zealand Novel Foods Framework [32]. A-NZ has no specific regulatory framework in
preparation for CM production, whereas others (e.g., the USA, Singapore) are actively
developing bespoke frameworks [33]. Thirdly, in contrast to Europe, Asia, and North
America, there are to date no CM start-ups within A-NZ [33,34], likely reducing the media
exposure to CM for A-NZ residents.

Awareness and knowledge of CM have been associated with increased consumer
acceptance of CM [35-37]. This was confirmed herein where CM aware respondents
consistently rated potential engagement and CM product attributes higher than those CM
unaware. Increasing consumer awareness and /or familiarity with CM therefore presents
as an important strategy to increase consumer interest and engagement with CM in A-NZ.

4.2. Effects of Respondent Demographics on Potential CM Engagement (Willingness to Taste, Eat
Regularly, and Purchase) and Perceptions of CM Product Attributes

The finding that men and Millennials have more positive perceptions of CM than
women and Gen X, respectively, concurs with two recent comprehensive reviews on factors
affecting consumer acceptance of CM [16,17].

The effects of food neophobia have been less commonly reported. Here, although low
neophobics reported a slight but significantly higher willingness to try CM compared to
medium and high neophobics, all scores were only somewhat above neutral (‘neither agree
nor disagree”). Neophobic groups did not differ in their willingness to eat CM regularly
or purchase it. The willingness to purchase was rated lower than the willingness to taste
or regularly eat CM and suggests that the level of willingness to actively consume CM
may not directly translate into purchase intent. Previous studies reported that increased
neophobia reduces willingness to engage with CM [14,38-40]; however, these studies
mostly only measured one level of engagement (e.g., willingness to consume/eat CM,
intention to purchase CM) or reported averages across multiple measures of potential
engagement [39]. This highlights that even though those who are most open to trying new
foods demonstrate a higher relative willingness to try CM, they do not show more potential
interest in regular engagement with CM than those generally less open to trying new foods.
The Food Technology Neophobia Scale (FTNS) may have correlated more strongly with
the measures of willingness to engage with CM than the Food Neophobia Scale since the
FTNS specifically focuses on novel technologies rather than the food product itself [41]. For
example, food technology neophobia was significantly correlated with attitudes of CM, as
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well as four different levels of potential engagement with CM, in an online survey among
617 German respondents [42]. Therefore, future research should consider the inclusion of
the FTNS as an additional measure.

Notably, high PBMA consumers consistently reported higher CM awareness and
willingness to eat and purchase CM regularly than those who did not regularly consume
PBMAs. This suggests that, in A-NZ, CM is more attractive to those who already incorpo-
rate PBMAs in their diet—perhaps as a means of replacing meat as indicated by the strong
association between meat and PBMA consumption frequency. In addition, cluster analysis
showed that the most positive cluster had a relatively high proportion of high-frequency
PBMA consumers and a low proportion of high-frequency meat consumers. In terms of
product attribute perceptions, there was a strong positive PBMA consumption frequency
effect on the perception of CM being more tasty, healthy, safe, and natural. Interestingly,
high compared to low PBMA consumers had more positive CM perceptions not only
relative to conventional meat but also relative to PBMAs, even though they consume the
latter most often. Furthermore, replacing PBMAs with CM was perceived to increase the
tastiness and naturalness of CM more than when CM was considered as a replacement for
conventional meat. This implies a dissatisfaction with the taste of current PBMAs, consis-
tent with the previous literature that reports that consumers prefer sensory characteristics
of conventional meat over PBMAs [43,44]. As such, CM, which is expected to taste similar
to meat once fully developed [9], may have a superior sensory profile compared to PBMAs,
and could be an option for those embarking on a flexitarian lifestyle.

The current study is the first to report on CM perceptions across categories of PBMA
consumption frequency, ranging from ‘tried PBMAs once’ to ‘consuming PBMAs 4-7 days
per week’, and highlights the clear relationship between PBMA consumption frequency
and CM perceptions, at least in A-NZ consumers.

4.3. Perceived CM Product Attributes Relative to Conventional Meat and PBMAs

The relative consistency across respondent demographics points to a general consensus
among respondents regarding CM’s contribution to improving animal welfare and its
environmental sustainability. Overall, replacing conventional meat with CM was seen as
having a larger impact ethically and on animal welfare and environmental sustainability
than consuming CM instead of PBMAs. This perception has been found in previous studies
across multiple geographic areas, including Brazil [36], Germany [45], USA [46], and
Italy [37]. These positive consumer CM perceptions could provide a useful narrative for
future CM marketing. However, despite some predictive life-cycle analyses for CM [47-49],
it is unknown whether commercially produced CM will be more environmentally friendly
than conventional meat. If CM is eaten in addition to, rather than in substitution of,
conventional meat, its environmental credentials would be diminished [50]. Likewise,
whether CM will improve animal welfare is yet to be determined [51].

The respondent demographic groups were divided as to perceived tastiness and natu-
ralness of CM, perhaps because these attributes are more a matter of personal preference
than animal welfare and environmental sustainability concepts. Taste is certainly subjective,
and perceived naturalness flows from emotional factors (e.g., fear, disgust) more so than
from logical reasoning [52]. Furthermore, it is difficult to rate the perceived tastiness of
a hypothetical and unavailable product, as implied by the large proportion of respon-
dents who neither agreed nor disagreed with statements that CM was tastier /healthier/
safer than conventional meat/PBMAs. Sensory characteristics are a key driver of food
choice [53], therefore, extensive sensory characterisation will be required to compare CM to
conventional meat once CM is available for evaluation [54].

Interestingly, when compared to conventional meat, low neophobics rated perceptions
of CM more positively than medium and high neophobics for animal welfare, environ-
mental sustainability, and ethics, but lower for taste and naturalness. This may suggest
that low neophobics could consider consuming CM for ethical reasons, however, the low
perceived naturalness (ratings less than neutral) may be a large barrier as perceived natu-
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ralness has been reported to be strongly associated with reduced CM acceptance [18,55]
through evoked disgust [56]. Siegrist et al. (2020) previously reported counter-intuitive
results of reduced perceived CM naturalness by low neophobic Chinese respondents as a
chance finding [40], however, this study shows similar results. Low neophobia in adults
has been associated with a preference for low processed, whole food products [57], which
may account for more negative perceptions of naturalness for meat grown in an industrial
setting in the low neophobic group.

The positive correlations between potential engagement and CM product attributes
suggest that more positive perceptions of safety and ethics may result in a higher willing-
ness to regularly eat and purchase CM when compared to conventional meat, but that
higher perceived tastiness may result in higher engagement with CM when compared
to PBMAs. This highlights that motivators of consumption differ depending on whether
a consumer uses CM to replace conventional meat or PBMAs and may be an important
consideration when targeting different consumers.

4.4. Limitations

This study provided novel insights into CM perceptions in A-NZ based respondents
but had some limitations. Firstly, the study included a convenience sample of quasi-
professional panellists who may not be fully representative of the population aged 25-55.
The results may not be applicable to those younger and older than the respondents included
in this study. Due to the low numbers of non-binary respondents, these were removed from
statistical analyses and therefore CM perceptions in non-binary respondents is an area for
future research. Education level was not considered in this study, but should be investigated
in future studies since a high education has been associated with the early adoption of novel
food technologies in previous studies [17]. Furthermore, this study investigated a product
concept (CM) not currently available on the market within A-NZ and so respondents may
have found it cognitively challenging to answer questions about a concept with which
they have no tangible experience and may account for answers hovering around neither
agree nor disagree for several statements. It should be acknowledged that the information
respondents received included comments on potential cooking, use, taste, and health of CM
and potential benefits of CM on animal welfare, which may have influenced the product
attribute ratings in the current study. However, the researchers deemed it a priority that
respondents completed the survey with identical background knowledge to be able to
compare the results between demographic groups. Nevertheless, as consumer acceptance
of these products is key to their success, this research is needed to inform developments in
and promotion of this new technology.

5. Conclusions

Awareness most consistently predicted potential engagement and enhanced CM
product attribute perceptions, but other factors (being male, Millennial, a high-frequency
PBMA, and/or low-frequency meat consumer) also improved perceptions and increased
potential engagement with CM to some extent. Consumer segmentation showed that only
a small group of respondents (9%) had very negative perceptions of CM, with other groups
having more neutral (50%) or positive (41%) perceptions. The differences in respondent
demographics between clusters showed that consumers in A-NZ are not a homogenous
group with regards to their perceptions and potential engagement with CM. Furthermore,
increasing consumer awareness of and familiarity with CM to improve perceptions of this
novel technology will be an important strategy to enhance CM engagement. Currently;, it
appears early adopters of CM may be those who already consume PBMAs regularly.
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