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Abstract

Algae-based foods are becoming more and more popular in recent years. They not only provide health benefits
for the human organism but are also cheap and sustainable to produce. Therefore, algae-based novel food
products hold potential for future expansion within the consumer market. On the basis of a discrete choice
experiment, we assessed consumer perception and willingness to pay (WTP) of Austrian consumers for
innovative food products made from algae on the example of algae crackers. To approximate the weighting of
the product attributes origin, price, flavor, production method, and packaging, Choice Based Conjoint Analysis
(CBCA) was applied (online survey; n=301). In addition, socio-demographic data were collected and the
preferences of the participants towards algae food products were determined using scales from literature.
Subsequently, WTP for each product attribute was approximated based on the outcome of the CBCA.

Results of the CBCA show that the attribute “production method” is the most important attribute with an overall
importance of 26.7% (maximum part worth utility for the attribute level “organic”), followed by price (25.6%; as
expected, the lowest price has the highest part worth utility), origin (20.6%; maximum part worth utility for
domestic origin), packaging (17.3%; paper packaging) and taste (9.8%; almost no differences between “spicey”,
“salt”, “sweet”). Based on these results, the overall WTP was assessed: +1.90 € for products produced in Austria
compared to products imported from the EU; +2.42 € for organically produced and +1.44 € more for paper
packaging (in comparison to plastic packaging). Altogether, the present study shows that in general algae-based
food products are positively perceived by consumers; the findings are roughly in line with previous studies from
literature, with some interesting differences—e.g., higher WTP for organic algae-based food compared to similar
studies where regional production was evaluated to be of higher importance. Therefore, it is expected that
innovative algae foods have significant potentials in today's consumer food market; however, food producers
should consider the expectations and perceptions of consumers in order to be able to successfully introduce
novel algae food products in this—at least up to now—niche market.

Keywords: Algae foods, consumer behavior, Choice Based Conjoint Analysis, novel food, willingness to pay, niche
market.

1 Introduction

Plant-based proteins are the main source of protein for food, but in general, meat consumption is raising on a
global level. Microalgae-based proteins could be a reliable source to fulfil the population’s need for protein and
could be a “game changer” to the global trend towards more and more animal based nutrition. Microalgae-based
proteins have some important advantages compared to established (plant-based and animal-based) protein
sources such as lower land requirements, usage of non-arable land for cultivation, less freshwater usage, and the
potential to be produced in seawater (Caporgno & Mathys, 2018).

There is already a market for products with health-promoting properties existing, triggered by new insights into
the relationship between nutrition and health (Tuorila & Hartmann, 2020). However, the market introduction of
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new food products are also connected to significant barriers, for instance potentially arising for not being
approved by regulatory authorities (Caporgno & Mathys, 2018). Another problem is probably food neophobia,
which is seen as the general skepticism of consumers towards novel foods (Henriques et al., 2009). To overcome
food neophobia, researchers have found that the most important factor in creating familiarity is direct exposure
to a food; the theoretical knowledge about a product is only of secondary importance (Tuorila & Hartmann,
2020). Furthermore, Tuorila and Hartmann (2020) found out that men are a little more neophobic than women
and older people are more prone to neophobic behavior than younger people. Indicators for the demand of the
consumer for a certain product could be price premiums, where the consumer pays an excess price which is
justified by the personal value for the product (Krystallis & Chryssohoidis, 2005). Value can be defined as the
evaluation of an experience with a product or service, based on all the benefits and disadvantages associated
with it (Le Gall-Ely, 2009; Wertenbroch & Skiera, 2002).

This is reflected in willingness to pay (WTP) for novel food. Confirming Mcfarlane and Pliner (1997), the relative
willingness to try novel food increased linearly with age. This might be shown on the example of organic food
with additional ethical characteristics such as animal welfare, biodiversity or fair prices for producers. Zander
and Hamm (2010) conducted a study with participants from Austria, Switzerland and Germany. 6 % of consumers
chose a low-priced organic product without additional value and an overall WTP of at least 20 % for added ethical
properties of organic food. This example clearly shows that alternative, more sustainable food products might
result in higher WTP and market share, if consumers understand and appreciate the food products. To find
answers for algae food products, this study intended to answer the following research questions:

1. How important are selected product attributes for algae food products for consumers (including the utility of

attribute levels)?
2. How far are consumers willing to pay a price premium for selected characteristics of an algae food product?

2 Material and Methods

In order to approximate the importance of algae food product characteristics, a conjoint analysis approach is
applied, also to consequently approximate the WTP. A Choice Based Conjoint Analysis (CBCA) is generally applied
in the marketing sector in the areas of pricing, product development, and aspects of market segmentation. The
method can be used for comprehensive practical applications such as optimal product or service design, price
determination, or preference determination (Baier & Brusch, 2009). Among other methods, the CBCA is also in
popular use for surveys in current consumer food studies (Anabtawi et al., 2020; Meixner & Katt, 2020; Weinrich
& Elshiewy, 2019). Studies using CBCA examine the preference and WTP for meat substitutes based on
microalgae (Weinrich & Elshiewy, 2019). Other studies deal with the health and safety of food, such as those by
Anabtawi et al. (2020) who researched the perceived healthiness of food items and the traffic light front of pack
nutrition labelling or assessing the impact of COVID-19 on consumer food safety perceptions (Meixner & Katt,
2020). Further publications used CBCA to observe the development of new products (van Kleef et al., 2005), the
acceptance of functional foods (Annunziata & Vecchio, 2013), or novel bread, milk and meat food items (Cox et
al.,, 2011). Additionally, CBCA is often used in combination with other quantitative and qualitative research
methods such as cross-sectional surveys, multi-item scales, laddering interviews, and cluster analysis (Anabtawi
et al., 2020; Annunziata & Vecchio, 2013; van Kleef et al., 2005; Weinrich & Elshiewy, 2019).

Concerning WTP, Krystallis and Chryssohoidis (2005) revealed that the WTP measured by a conjoint analysis is
considered more realistic than in methods where consumers are directly interviewed. Also Meixner and Katt
(2020) and Weinrich and Elshiewy (2019) primarily used this methodology in their research to determine
consumers’ WTP. Hofstetter et al. (2020) and Miller et al. (2011) discuss how WTP can be measured most
effectively and which methodological approach is best suited for which context Hofstetter et al. (2020) argue
that both methods, dichotomous-choice as indirect single question approach and CBCA as indirect multiple
guestion approach, can be applied to individual features of a product.

The stages of the CBCA usually consist the following steps: (1) establishing attributes; (1) assigning attribute levels;
(1) designing the choice sets; (1V) generating and pre-testing the questionnaire; (V) Analyzing the data Mangham
et al. (2009). Because of the good comparability and similarity to products already established on the Austrian
market, the research product within this study are algae crackers. These are dried and pressed microalgae that
can be refined with spelt flour, linseed, pumpkin seeds, amaranth and other natural ingredients. The research
design of this work is based on the specifications of Weinrich and Elshiewy (2019).

Step (1) and (ll): The attributes and attribute levels of these algae crackers consist of (1) origin: “Produced in
Austria” and “Produced in the EU”. (2) The price attribute was defined in accordance to the study by Weinrich
and Elshiewy (2019), the prices used in this experiment 2.19 €, 2.79 €, 3.39 € and 3.99 € (each for a 200-gram
pack). (3) We also included the attribute “flavor” (natural, salty and spicy based on the flavor varieties for algae
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crackers offered in Austria). (4) The attribute “production method” is a usual attribute in CBCA food studies,
defined as “organic” and “conventional”. Previous studies have already shown a close connection between
locally as well as organically produced food with sustainability in the perception of consumers (Hempel & Hamm,
2016; Weinrich & Elshiewy, 2019; Zepeda & Deal, 2009). (5) Finally, we included two important packaging
opportunities for algae crackers: plastic and paper packaging (Raheem, 2013). Table 1 gives an overview over the
included attributes and attribute levels. Furthermore, to keep the study design realistic, forbidden product
attribute combinations (e.g., organic at lowest price level) were included (Table 2).

Table 1. Examined attributes and their characteristics.

Attributes Attribute levels
Origin 1.  Produced in Austria

2. Produced in EU
Price 1. 219¢€

2. 279¢€

3. 3.39¢€

4. 399¢
Flavor 1. Natural

2. Salt

3.  Spicy
Production method 1.  Organic

2. Non-organic
Packaging 1.  Plastic

2.  Paper

Table 2: Prohibited combinations of characteristics in profile design.

Forbidden combinations Origin Price Production method
Combination 1 produced in Austria 2.19€ organic
Combination 2 produced in EU 3.99€ conventional

Step (lll): Consequently, out of 96 possible combinations (possible products), and considering the unused
combinations, 10 different profiles were generated by means of the Microsoft add in “XLSTAT V2020.3.1.1"
(Table 3) (reduced CBCA study design). In general, the number of profiles must always be lower than the number
of comparisons and the number of profiles per comparison (XLSTAT, 2020).

Table 3: Stimuli design with XLSTAT.

Observations  Origin Price Flavor Production method  Packaging
Profile 1 produced in EU 3.99€ salty organic paper
Profile 2 produced in Austria  2.19€  salty conventional plastic
Profile 3 produced in EU 2.19€ natural conventional paper
Profile 4 produced in Austria  3.39€ natural organic paper
Profile 5 produced in EU 2.19€ spicy organic plastic
Profile 6 produced in EU 3.39€ spicy conventional plastic
Profile 7 produced in Austria  2.79€  salty organic plastic
Profile 8 produced in EU 2.79€ natural conventional plastic
Profile 9 produced in Austria  3.99€ natural conventional plastic
Profile 10 produced in Austria  2.79 €  spicy conventional paper

In accordance with the CBCA conducted by Weinrich und Elshiewy (2019), 12 choice sets of 4 stimuli each and
an additional “no-choice” option are presented to participants. The possibility to choose the “no-choice” answer
provides more flexibility. The respondents do not feel forced to choose between the given options; this is
definitely closer to real shopping behavior where consumers tend to not to buy a food product if the presented
alternatives are not fulfilling their demand. For instance, the choice 1 consisted of the following profiles: Choice
1: profile 2, 2: profile 6, 3: profile 10, 4: profile 7 and the no choice option (0) (see Appendix for graphical design
and trial plan).
Data were collected via an online survey in 2021. The questionnaire including the graphically designed choice
were developed by means of the online platform lime survey. In accordance with Weinrich und Elshiewy (2019),
who used a minimum sample size of approximately 300 participants per country (Germany 315, Netherlands
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310, France 315), the intended sample size for Austria was set at 300 as well. After a pre-test, a total of 451
participants delivered data, 301 were successfully finished and fulfilling all requested pre-conditions (responsible
for shopping in the family, living in Austria). After eliminating some more data sets (e.g., due to consistently using
the no-choice option), 278 cases could be used to approximate CBCA part-worth utilities. The approximations
were done applying a Hierarchical Bayes (HB) approach comparable to usual CBCA studies (Meixner & Katt,
2020). “[R]ecent advances in Bayesian estimation make the estimation of these models computationally feasible,
offering advantages in model interpretation over models based on indirect utility, and descriptive models that
tend to be highly parameterized” (Chandukala et al., 2008). Via this approach it is possible to approximate
individual part-worth utilities.

3 Results

The following CBCA analysis only refers to the final sample size of 278. The sample structure is not corresponding
to the overall Austrian population (more females, younger, urban, higher educated; Table 4). The approximations
deliver non-transferable results, representativeness is limited (convenience sample).

Table 4. Demographic profile of respondents.

Sample valid % Austria %
Gender Male 28 51
Female 72 49
Age up to 29 72 33
30to 44 21 20
45 to 59 4 23
60 and older 3 24
Place of residence Rural 20 47
Urban 80 53
Education Compulsory school 3 18
Apprenticeship/middle school 31 49
High school diploma, university 66 33
Income per month Mean income estimated 1760 to 2185 1887

N = 278; 2 Statistics Austria; https://www.statistik.at

Table 5: Arithmetic mean values of the consumer preference statements

Statement Statement Arithmetic
mean
S1  General WTP I would also be prepared to pay higher prices for food made from algae. 4.08
S2  WTP for regional prod. | would spend more money on algae food that was produced regionally. 5.24
S3  WTP for organic prod. | would spend more money on algae food that was produced organically. 5.18
S4  Vegetarian / vegan diet | think that a vegetarian or vegan diet is beneficial for the human organism. 5.00
S5 Price I think meat substitutes made from algae are too expensive. 4.09
S6  Texture/Taste I think | would not like the texture or taste of algae food products. 3.32
S7  Health | believe that the consumption of algae food has a positive effect on my health. 5.06
S8 Appearance The appearance of algae food would be important to me. 4.61
S9  Packaging The packaging of algae food would be important to me. 4.95
S10 Variety When buying algae food, it would be important for me to have a wide choice. 4.27
S11  Sustainability | belie.ve that the consumption of algae food has a positive impact on the environment 5.45
and climate.
S12 Substitutability I think food made from algae is a good meat substitute. 4.21
S13 Novelty | am interested in new and innovative foods. 5.66
S14 Curiosity | find food from algae an exciting topic that interests me personally. 5.02
S15 Preparation | do not know how to prepare meals with food made from algae. 5.20
S16 Future prospect | believe that the consumption of algae food in Austria will increase in the coming years. 4.89

1=do not agree atall ... 7 = very much agree

At the beginning of the survey, the respondents were asked to indicate their agreement with selected statements
concerning algae food products on a scale from 1 (total disagreement) to 7 (total agreement). The respective
outcome can be taken from Table 5. In general, the perception of respondents concerning algae food are mostly
on an intermediate level. However, as we can learn from the first three items (Statements S1 to S3), the
differences in the agreement of the respondents seem to be mainly due product characteristics (intermediate
WTP for algae food products; much higher for regional/organic algae food).
In general, respondents are quite interested in novel food (Statement S13); algae food is considered to be a
rather sustainable (S11) and also healthy (54 and S7) food alternative. Besides texture/taste (S6), there seem to
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be no extreme tendency in the answers of the respondents (respondents mostly reject the statement that they
will not like the texture or taste of algae food products. It will be interesting to compare these results with the
outcome of the CBCA; e.g., if there is a correlation between the acceptance of higher prices and the
approximated WTP according to CBCA.

As mentioned above, the approximations of the importance of the different product attributes and of the part-
worth utilities of each attribute levels were done on an individual level per respondent by means of Hierarchical
Bayes (HB) estimations. The most important attributes responsible for the choices of the respondents are the
production method (0.267) and price (0.256). Origin (0.2062) and packaging (0.173) are also quite important,
flavor seems to be less relevant (0.098). However, the results are quite heterogeneous considering the minimum
and maximum values and standard deviation in Table 6 (this issue would require further considerations, e.g.,
cluster analysis; however, we refrain from including the respective results in this contribution as it leads us
beyond the study goal).

Table 6. Importance of attributes.

Attribute Minimum Maximum Mean Star.'ndz.ard
deviation
Origin 0.0012 0.5959 0.2062 0.1051
Price 0.0212 0.8163 0.2555 0.1400
Flavor 0.0047 0.5361 0.0981 0.0645
Production method 0.0034 0.5562 0.2671 0.1386
Packaging 0.0002 0.5044 0.1731 0.1212
N =278

Concerning the part-worth utilities of the attribute levels, the results are in accordance with our expectations.
Produced in Austria, the lowest price level (2.19 €), and organic production are much better evaluated compared
to production in EU, highest price (3.99), and conventional production. Here too, the distribution of part-worth
utilities indicates that a further analysis of the individual approximations might be necessary (Table 7).

Table 7. Part-worth utilities of attribute levels.

Attribute Minimum Maximum Mean Star.'ndz.ard

deviation

Origin—produced in Austria -0,759 3,499 1,603 0,931
Origin—produced in EU -3,499 0,759 -1,603 0,931
Price—2,19 -1,648 5,167 1,601 1,351
Price—2,79 -0,951 2,706 1,140 0,719
Price—3,39 -3,639 1,589 -1,305 1,125
Price—3,99 -3,325 1,419 -1,435 0,835
Flavor—natural -1,996 1,796 0,121 0,611
Flavor—salty -1,518 1,833 -0,084 0,562
Flavor—spicy -2,219 3,514 -0,037 0,892
Production method—conventional -4,459 1,220 -2,043 1,309
Production method—organic -1,220 4,459 2,043 1,309
Packaging—paper -0,748 3,446 1,217 0,905
Packaging—plastic -3,446 0,748 -1,217 0,905

N =278

To approximate WTP for changed attribute levels (e.g., Austrian origin instead of EU), theoretical considerations
are based on compensation via price changes. If the overall part-worth utility of the product increases, the price
of the product can increase as well to reach the same utility level (and vice versa). The difference equals then
the approximated WTP confirming formula (1). In other words, consumers will be willing to pay more to obtain
one superior attribute value instead another inferior attribute value (Breidert & Hahsler, 2007).

Dif ference of relevant price levels

WTP = X Part-worth gain (loss) of attribute (1)

Part—worth dif ference of relevant price levels

Mean part-worth for production in Austria equals 1.603, production in the EU is —1.603. Their difference is 3.206.
Out of the estimation of part-worth utilities of price levels, WTP can be approximated by means of the following
formula (2). For all other attributes, WTP approximations are similar.

WTP(Origingyar) = —t> 1X3.206 = +1.90 € (2)

1.601—-[-1.435
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In our study, WTP for origin, production method, and packaging are rather high considering the overall price
levels (between +1.90 € to +2.42 € if the superior attribute level is selected). The approximation was only done
on an aggregate level, as linearity is required which is not always the case on an individual level. Even though
WTP might be overestimated, it clearly shows that also in the case of microalgae, origin and production method
are of importance which might be surprising for this non-domestic product category.

Table 8. Willingness to pay.

Property characteristics WTP 2
Origin—produced in Austria instead of EU +1.90 €
Production Method—organic instead of conventional +2.42 €
Packaging—paper instead of plastic +1.44 €

2 approximated on an aggregated level (basis: means of total sample)

As we can see from Table 9, there are some significant correlations of selected perception statements (only WTP
relevant statements S1 to S3 were used for this analysis). If the price attribute is more important for respondents
(price sensitive buyers), the self-assessed willingness to pay a price premium is lower; the correlation coefficients
(Pearson’s r) are all negative and significant; in particular, r reaches an intermediate level for WTP for regional
and organic food (r =-0.338 and -0.326, respectively). For production method attribute the opposite is true: the
more important the production method is, the higher the self-assessed WTP confirming S1 to S3 might be. r
amounts to 0.272, 0.220, and 0.399, respectively; all significant.

Table 9. Correlation between WTP-statements and CBCA approximations.

Price levels Importance attribute
. prod. .

2.19€ 2.79€ 3.39€ 3.99€ origin method price
S1: 1 would also be prepared to Pearson’sr -0.134" 0.183™ 0.114 -0.093 0.058 0.272**  -0.178"
pay higher prices for food made Sig. 0.029 0.003 0.063 0.130 0.348 0.000 0.004
from algae. N =265
S2: 1 would spend more money on  Pearson’sr -0.330™ 0.172™ 0.251™ 0.048 0.175™ 0.220**  -0.338"
algae food that was produced Sig. 0.000 0.005 0.000 0.429 0.004 0.000 0.000
regionally. N =268
S3: | would spend more money on  Pearson’sr -0.310™" 0.226™ 0.259™" -0.039 0.012 0.399**  -0.326"™
algae food that was produced Sig. 0.000 0.000 0.000 0.525 0.850 0.000 0.000
organically. N =266

* Sig. < 0.05; ** Sig. < 0.01

Including the price levels into the analysis, this interpretation vastly holds: The more price sensitive repsondents
are, the less they agree to the WTP statements S1 to S3.

4 Discussion and Conclusion

The sample structure of this study do not correspond to the Austrian population as they were collected by means
of a convenient sample; they can therefore not be considered to be representative (Ball, 2019). Compared to our
study, Weinrich and Elshiewy (2019) offer better representativeness and data quality with a significantly larger
sample (n = 940). The sample size is however also due to the fact that Weinrich and Elshiewy (2019) compare
three countries (Germany, Netherlands, France). The sample size for the present study is therefore more or less
comparable to this study. The lack in data quality is however reducing the quality of our outcome, in future
research representativeness should be reached.

Considering the outcome of the perception part of the study (agreement to statements S1 to S16), it is plausible
to consider the respondents of this study as above average ready to accept novel food. Therefore, the following
conclusion that are based on a convenience sample might be true for parts of the consumers (interested in and
ready to adopt food innovations/novel food products).

There has been a five-fold increase in microalgae production in food and feed since the early 2000ies (Vigani et
al., 2015). However, it is still a niche market and the commercial production of microalgae as an alternative
source of proteins, fatty acids, and carbohydrates is still an industry in its infancy (Vigani et al., 2015).
Nevertheless, we see that improvements in the production technology can be implemented to enable a more
sustainable microalgae production in the future (Grahl et al., 2018). These market developments might be further
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boosted as the sector for microalgae products, either as final product or biomass, is expanding with start-ups
and big enterprises by indicating their interest on a global scale (Caporgno & Mathys, 2018). If we accept that
the respondents in our study have a rather positive attitude and perception of microalgae to be implemented in
human nutrition, the respective results are rather valid for the core target group within this market than the
general population. We can see that at least for this target group, algae-based food products should be produced
regionally and organically. In this case, the products can be sold at a significant price premium. This is in
accordance with Weinrich and Elshiewy (2019). We approximated an even higher WTP for organic production
compared to regional production, a slight contradiction to literature (Hempel & Hamm, 2016; Zander & Hamm,
2010; Zepeda & Deal, 2009). However, to identify and evaluate product characteristics that are relevant for the
broader public, or, more generally speaking, reaching the mass market with novel food based on microalgae,
more in-depth research implementing appropriate empirical designs (such as CBCA in our study) and applying
high-quality data will be beneficial. Via this approach, it should be possible to convince consumers to integrate
microalgae into their daily diet and to overcome the refusal or avoidance to eat novel food; the latter is in general
known as food neophobia, one of the most important obstacles for novel food products to be successful in the
food market.
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Appendix — Graphical design & trial plan

Product labels used in CBCA design

GUTESIEGEL AT-BIO-301

AusTr\P 5 2
L Osterreich-Landwirtschaft

DE-OK0-039

EU-/ Nicht EU-Landwirtschaft

AMA seal of quality AMA organic seal EU organic seal EU organic seal
from EU agriculture from Austrian agriculture
Graphical design Example choice
of stimuli

ALGEN
CRACKER CRACKER

Sea Salt Flavour Epicy Flavour

Preis: 2,138 * Preis; 2,728
Konventioncll praduziert * Konventionell produziert
Herhuntt: Osterreich * Herkunft: Dsterreich
Plastikverpackung * Papierverpachung

ALGEN

CRACKER

Natural Flavour

CRACKER

Spicy Flavour

ALGEM. o Prok: Sane * Preis:2,79¢

SUPERFOOD, : ::'::ﬂ";”:;ﬂ produsiert * Biologisch produsiert

# Plastikverpackung : :;":‘:I:::::I::‘h

Trial plan for conjoint analysis with XLSTAT
Comparisons Choice 1 Choice 2 Choice 3 Choice 4 Choice 5 “no-choice”

Comparison 1 2 6 10 7 0
Comparison 2 9 3 5 4 0
Comparison 3 4 5 1 6 0
Comparison 4 2 7 8 3 0
Comparison 5 3 4 2 1 0
Comparison 6 5 7 6 8 0
Comparison 7 7 1 10 5 0
Comparison 8 8 2 4 6 0
Comparison 9 10 8 7 4 0
Comparison 10 6 1 3 9 0
Comparison 11 5 10 9 2 0
Comparison 12 1 9 8 10 0
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