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Abstract: The efficient use of natural raw materials is a key element of sustainable development
and is also gaining importance in the food sector. Consumers are increasingly realizing that food is
too valuable to be used only partially. However, consumer acceptance is an important precondition
for establishing efficient food utilization options. A total of 470 German consumers were surveyed
through an online-questionnaire where they had to evaluate three options each for the efficient use of
plant-based foods as well as animal-based foods with respect to eight different criteria. The results
show that the six options differed significantly regarding consumer acceptance. The efficient use of
plant-based foods (especially non-standard fruits/vegetables and the “leaf-to-root” principle) was more
accepted than the efficient utilization of animal-based foods. Furthermore, it can be seen that options
using the by-products in a natural form were considered more acceptable than those which subject the
by-products to some form of processing. These results provide an insight into the views of consumers
on food waste reduction strategies, which are frequently debated in the sustainability discussion.
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1. Introduction

The efficient use of natural, renewable raw materials is a key element of sustainable development.
The production of food, for example, is associated with high resource utilization. Not to utilize food
as fully as possible for human nutrition is not only inefficient, but also results in unfavorable social,
environmental, and economic effects on the sustainability of the food sector [1].

By-products are generated in varying amounts during the different stages of the value chain;
for instance, in food retailing (e.g., fruits/vegetables with defects), in the food processing industry
(e.g., pomace from the production of fruit juice), in food service (e.g., offal, skins and heads of fish)
or at the end user or consumer stage (e.g., fruit peels). Although these by-products are often rich in
valuable nutrients and would generally be perfectly suitable for human consumption, they are often
used for other purposes or are disposed of [2].

While it was a matter of course in earlier times to use food holistically or more efficiently than
nowadays [3], this practice has lost importance in the developed countries due to the existing surplus
of food [4]. However, in recent times, a mindset change or rather a return to previous ideas has started,
partly due to the increasing importance of sustainability in the food sector [5] and the public discussion
about food waste and refuse [1]. It is being realized more and more that food is too valuable that only
certain parts of it are used. Besides the sustainability-related advantages of an efficient use of food,
there are also various options for saving costs and developing new products or dishes [4]. Different
methods for the efficient use of both plant-based and animal-based foods are already known, which
can be implemented at various stages of the value chain.
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The acceptance of consumers is an essential precondition not only for being able to utilize the various
methods of efficiently using either plant- or animal-based foods but also for successfully establishing new
products based on food by-products [6–8]. Some studies show that sustainability-related [9] and ethical
aspects [10] have gained in importance in food consumption on the side of the consumer. In addition,
there is also an increasing general awareness of the subject of food waste and a growing appreciation of
food [11,12]. Nevertheless, based on people´s culinary habits, the by-products of foods are still often
regarded as waste [13] and are negatively associated by consumers (e.g., contamination) [14,15].

It is known that deficits of trust in the food industry on the side of the consumer [16] can have
adverse effects on the acceptance of the various methods of efficiently using foodstuffs or even the
development of new products using by-products from the value chain stage of the food processing
industry. The use of by-products for food production can be associated with consumer concerns regarding
the use of raw materials of lower quality for cost-saving or the production of products of reduced
quality [8]. In addition, consumers can have reservations towards certain innovative technologies [17],
which are sometimes used for the efficient utilization of by-products.

Against this background, six options of efficiently utilizing food, located at different stages of the
value chain, will be presented and discussed in the following. Three methods for the efficient utilization of
plant-based by-products will be considered: the “leaf-to-root” principle, non-standard fruits/vegetables,
and the innovative production of valuable substances (by means of food and biotechnological processing
techniques). The three methods for the efficient utilization of animal-based foods include the production
of mechanically separated meat and reconstituted meat products (already established in the food
industry), as well as the “nose-to-tail” principle (cf. Figure 1). In addition, due to the importance of
consumer acceptance, the state of consumer-related research is discussed for each method.
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1.1. Options for the Efficient Utilization of Plant-Based Foods

The “leaf-to-root” principle is one method of efficiently utilizing plant-based foods [18]. It means
the holistic utilization of agricultural plants; i.e., not only the “first cuts” (the parts of plants that are
usually consumed) are used for human nutrition but also those parts which are otherwise thrown away
(the so-called “second cuts”; e.g., peel, roots, leaves, stems, and stalks, etc.) [18,19]. The complete use
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of plants, which was common in households in earlier times, has been forgotten more and more [20].
Recently, the traditional, often forgotten knowledge about the holistic utilization of useful plants has
been rediscovered and further developed. Thus “leaf-to-root” has developed into a culinary trend,
which can be found in private households and in the gastronomy sector. While especially food websites
provide information about the edibility and the processing of “second cuts” (e.g., www.leaf-to-root.com),
there is a lack of scientific consumer-related studies.

Non-standard fruits and vegetables (aka “misfit” or “ugly” vegetables) do not comply with the set
marketing standards and may therefore not be marketed. They are characterized by special features
in their external appearance, which can relate to size, form, shape, color, condition, and defects [21].
In the European Union, ten types of fruits/vegetables are subject to special marketing standards;
all other types are subject to general marketing standards [22]. Non-standard products are partly
used for non-human food purposes (e.g., animal feed) and/or are partly left on the field or otherwise
disposed of [23]. The problem of food losses due to non-standard fruits/vegetables has become subject
to public discussion. Methods of efficiently using non-standard fruits and vegetables already exist at
the retail stage [24], during food processing, in gastronomy, and in private households. The available
consumer-related studies show that damage to the exterior of fruit rapidly attracts attention and that
these products are rarely selected [25]. Moderately misfit fruits are accepted while consumer acceptance
of extremely misfit products is low [26–28]. Moreover, differences in acceptance were observed with
regard to the type of fruit/vegetable and the nature of the deviation from the standard. For instance,
there is a higher willingness to buy non-standard lemons and eggplants than non-standard apples and
carrots [28]. However, price reductions are necessary for the customer’s decision to buy a non-standard
product. Such discounts differ regarding the type of fruit/vegetable and the type of deviation from the
accepted standard [e.g., average discount expectations: apple with spot: 67.1%, crooked cucumber:
23.7% [29]; irregularly shaped carrot: 30%, irregularly sized carrot: 7%; [26]]. Studies on consumer
characteristics for the acceptance/purchase of non-standard fruits/vegetables show that an increased
acceptance of or preference for non-standard products is associated with a higher awareness of food
waste or a higher perceived importance of food waste [27,29], as well as environmental concerns [28].

The production of valuable substances for food production from plant-based by-products is
another option for the efficient use of plant-based foods during food processing. In the food industry,
large quantities of by-products (or secondary streams) are produced during the processing of plant
material (e.g., potato peels). These are not used in human food production, while actually being suitable
for it. Instead, they are often used for other purposes (e.g., animal feed, biogas production) [30,31].
Alternatively, such by-products have to be disposed of, which involves additional costs. The potential of
the valuable substances contained in plant-based by-products has so far been insufficiently exploited [32].
An opportunity of using them for human nutrition is the production or extraction of new valuable
substances (e.g., natural flavorings, dietary fibers, or enzymes, etc.) using food and biotechnological
processing techniques [33–36]. These substances can in turn be used for food production. A good
example of this is the growth of edible mushrooms (Basidiomycota) on plant-based by-products to
produce various types of substances [37–39]. The plant-based by-products are pretreated [i.e., the cells
are broken down mechanically [40] or electromagnetically [41]] before being used as a substrate. This
pretreatment releases the intracellular nutrients for biotransformation by the edible mushrooms.
The fungal biotransformation converts the nutrients contained in the substrate into other utilizable
substances, which can then be extracted from the mushroom cultures [42]. One example of this method
is the biotransformation of the lipids in oil press cake by Polyporus betulinus to produce pineapple
aroma [43]. So far, there is a lack of studies that shed light on this topic from the consumer’s point
of view.

1.2. Options for the Efficient Utilization of Animal-Based Foods

“Nose-to-tail” means that as many parts as possible of a slaughtered animal are utilized. In principle,
almost all parts of a carcass are suitable for the preparation of food, with the exception of fur, bristles,
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claws, eyelids, inner auditory canals, and the tissues around the area where the main blood vessels
of the neck were severed for exsanguination. Which parts are considered as “edible” depends on
culture, individual preferences, and social background [44,45]. The holistic utilization of slaughtered
animals has been forgotten during the course of transformation towards a high degree of specialization
in meat consumption which has taken place in recent decades. Consumers nowadays mostly prefer
certain pieces of meat (fillet pieces), while many of the remaining parts (e.g., offal) are rejected or
regarded as waste [3,4]. Recently, however, there has been a trend back to the holistic utilization of
slaughtered animals, especially in gastronomy, and also in private households [46]. In a consumer
study, “nose-to-tail” was evaluated positively by 75.4% of the respondents. The consumers in the study
reported sensory and ethical aspects as well as economic and (occasionally) environmental reasons as
motives for acceptance, while difficulties in obtaining slaughter by-products, sensory aspects, and a lack
of knowledge regarding preparation were reported as reasons for the rejection of “nose-to-tail” [47].

The production of mechanically separated meat, which is practiced in the food processing industry,
is another opportunity of efficient utilization. After an animal has been slaughtered, firstly, the
high-quality pieces of meat (e.g., fillet) are removed. Then the meat adhering to the bones is detached by
machine, leading to a change in the structure of the muscle fibers (dissolution). The resulting product is
referred to as mechanically separated meat. Mechanically separated meat is not comparable to muscle
meat [48]. It is used as raw material for the production of meat products and meat preparations [49].
In the USA as well as in the EU, mechanically separated meat may only be obtained from pigs and
poultry and its use needs to be specifically labelled [50–53]. Consumer-related studies on mechanically
separated meat are not as yet available.

The production of reconstituted meat (aka meat slurry or emulsified meat) is another option for
the efficient utilization of slaughtered animals in the food processing industry. Reconstituted meat
consists of small pieces of meat that are put together. The meat pieces are obtained after the carcass is
butchered or cut (e.g., when cutting ham to size) [54]. The cohesion of the pieces and the new shape
are achieved using different technological processes. Due to a mechanical pre-treatment of the meat
pieces, their structure is loosened and the muscle protein emerges on the surface. The mass is then
put into molds and subjected to a heat or freezing treatment. The protein that has leaked out on to
the surface coagulates, so that the pieces of meat combine to form a larger piece. The use of enzymes,
salts, and other binding systems is also possible [55]. Reconstituted meat is used, inter alia, for the
production of ham, schnitzel, or chicken nuggets. Reconstituted meat must be labelled in the EU [46].
A consumer-related study has shown that consumers perceive reconstituted meat as a modification of
the product identity and are skeptical [56]. These authors found also that unclear product declaration
is associated with the danger of consumer deception.

In general, options for efficient utilization gain increasing importance in the food sector due to
sustainability-related reasons. Although consumer acceptance is of high relevance for the long-term
establishment of possibilities with regard to efficient utilization or products produced on the basis of
by-products, there is a lack of studies that investigate this issue. As shown above, there are several
consumer-related studies on non-standard fruits/vegetables available and individual ones have been
conducted on “nose-to-tail” or reconstituted meat. However, there are no available consumer-related
studies on the subject of mechanically separated meat, the “leaf-to-root” principle, or the production of
valuable substances from plant-based by-products. In addition, every available study considers only
one option of efficient utilization in combination with different consumer-related aspects. Accordingly,
there is a lack of studies that directly compare consumer evaluations of different methods for the
efficient utilization of foodstuffs based on defined criteria. The aim of the present study therefore,
is a consumer evaluation of the aforementioned six methods of efficiently utilizing plant-based or
animal-based foods. Due to the inclusion of different options of efficient utilization and the use of
identical criteria, the present study enables an estimation of the acceptance of each method as well as a
comparison of these different methods, which is in contrast to previous studies.
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Overall, the present study should provide an insight into the consumers evaluation of different
options of efficient utilization of foods. Based on the study findings, conclusions regarding differences
in acceptance depending on the respective option of efficient utilization can be drawn. In a further step,
acceptance deficits and barriers can be investigated. Also, practical as well as theoretical implications
for the further development of efficient food utilization or products that are produced on the basis of
by-products can be derived.

2. Materials and Methods

2.1. Questionnaire and Data Collection

The present study is based on data that were collected via an online survey undertaken in April/May
2017. The probands were recruited through an external online panel provider using a standardized
online questionnaire. The questionnaire, which was developed by the authors of the study, included
defined questions and answer categories (a closed answer format was used). The online version of
the questionnaire was programmed using the EFS Survey software (Unipark, Questback GmbH, Oslo,
Norway). In the first part of the survey, the probands’ sociodemographic data were collected.

The participants were then asked to evaluate three options of the efficient use of plant-based foods
(“leaf-to-root” principle, non-standard fruits/vegetables, and production of valuable substances using
food and biotechnological processing of plant-based by-products; cf. Section 1.1) and three options of
the efficient use of animal-based foods (“nose-to-tail” principle, mechanically separated meat, and
reconstituted meat; cf. Section 1.2).

For each of the six options, the participants received first an introductory text with information
about the option. Each of the introductory texts was followed by a polarity profile to evaluate the
option of utilization. The participants had to evaluate each option for eight criteria or dimensions,
which were identified based on a previous literature research (appetizing vs. disgusting; hygienic
vs. unhygienic; harmless for human health vs. risky for human health; high quality vs. low quality;
responsible use of food vs. irresponsible use of food; promising for the future vs. not promising for the
future; respectful vs. disrespectful towards farmers who keep animals/cultivate plants; economically
profitable vs. economically unprofitable). The evaluation was made on a five-tier polarity scale (2 =

“fully correct” [e.g., high quality], 1 = “rather correct” [e.g., high quality], 0 = “neither one nor the other”,
-1 = “rather correct” [e.g., low quality], -2 = “fully correct” [e.g., low quality]). The scale was developed
by the authors according to the work of Menold and Bogner [57], Prüfer et al. [58], Goldhammer and
Hartig [59] and Giersdorf et al. [60]. Before the main survey started, a pretest was carried out.

It took about 15 minutes to complete the questionnaire. A total of 505 German consumers were
surveyed. After cleansing (exclusion of 35 cases) the data of 470 probands was included in the final
data analyses. Since each evaluation aspect was measured by only one item and only at one point of
measurement (cross-sectional study), it is not possible to provide reliability measures. The content
validity of each of the single-item scales was ensured by the fact that the formulation of the items was
closely oriented to the definition of the construct.

2.2. Sample Description

To obtain representative results for the German population, quotas were set for age, gender,
and education. The frequencies of the quotation variables achieved in the sample as well as the
representative frequencies based on data of the Federal Statistical Office of Germany are presented
in Table 1. The sample approximately represents the German population regarding age, gender, and
education. The analyses of other sociodemographic variables revealed that 9.4% of the participants lived
in their parents’ household/with one parent, 27.3% lived alone in an apartment, 3.8% in a flat-sharing
community, 30.7% together with a partner, 24.1% together with a partner and a child/children, and 4.7%
with a child/children without a partner. Regarding professional qualifications, the analysis showed
that 6.4% were doing vocational training/studying, 56.4% had a completed vocational training, 9.1%
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had a polytechnic degree, 16.2% had a university degree, 1.3% a doctorate, 8.7% had no professional
qualification, and 1.9% stated “other”. Regarding the monthly net household income, the analysis
showed that 11.6% had an income below € 500 to € 899, 37.3% an income between € 900 and € 1,999,
30.3% between € 2,000 and € 3,199, and 20.7% € 3,200 and more.

Table 1. Percentage of frequencies in the proband sample as well as representative percentage of
frequencies according to the data of the Federal Statistical Office of Germany regarding the variables
age, gender, and education.

Characteristic
Percentage of

Frequencies in
the Sample (%)

Representative Percentage of
Frequencies according to the Federal

Statistical Office of Germany (%)

Gender 1

male 48.9 48.8
female 51.1 51.2

Age groups 2

18–24 years 11.1 10.9
25–29 years 8.3 9.4
30–34 years 8.7 9.7
35–39 years 9.4 9.7
40–44 years 9.8 9.1
45–49 years 11.9 11.5
50–54 years 14.3 13.8
55–59 years 13.0 12.8
60–65 years 13.6 13.0

Education 3

still in school 1.3 1.1
certificate of secondary education 25.1 25.4
general certificate of secondary education 34.5 34.1
advanced technical college entrance 36.8 35.6
qualification/university entrance diploma
without school leaving certificate 2.3 3.7

1 Federal Statistical Office of Germany. Zensus 2011–Bevölkerung in Gemeinden nach Geschlecht, Deutsche/Ausländer
und fünf Altersgruppen–Erste Ergebnisse des Zensus 2011; Federal Statistical Office of Germany: Wiesbaden, Germany,
2013. 2 Federal Statistical Office of Germany. Bevölkerung am 31.12.2012 nach Alters- und Geburtsjahren, Ergebnisse
auf der Grundlage des Zensus 2011, Zensusdaten mit dem Stand vom 11.04.2014. Unpublished data (personal
communication). Federal Statistical Office of Germany: Wiesbaden, Germany, 2014. 3 Federal Statistical Office
of Germany. Bevölkerung 2015 nach Alter und Bildungsabschluss. Unpublished data (personal communication).
Federal Statistical Office of Germany: Wiesbaden, Germany, 2015.

2.3. Statistical Analysis

The analysis of the data was carried out using SPSS 24 (IBM Deutschland GmbH, Ehningen,
Germany). The descriptive analyses included the calculation of the mean value and the standard
deviation for each option of efficient utilization for each of the eight dimensions of the polarity profile
(cf. Table 2). In order to examine the evaluation differences between the six options of efficient use
on each of the eight dimensions, analyses of variance with repeated measurements were carried out.
The sphericity as a prerequisite for the analysis of variance with repeated measurements was checked by
means of the Mauchly test [61]. When the sphericity assumption was violated, the Greenhouse-Geisser
correction was used.

If a significant difference could be identified using the analysis of variance with repeated
measurement, a post hoc test (post hoc test with Bonferroni correction) was used to determine which
evaluations differ significantly.
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Table 2. Results of the descriptive analysis [mean value (M) and standard deviation (SD)] are shown for each of the six options of efficient utilization as well as the
results of the analyses of variance and post hoc tests.

Criteria
(A)

Reconstituted
Meat M (SD)

(B)
“Nose-To-Tail”

Principle
M (SD)

(C)
Mechanically

Separated Meat
M (SD)

(D)
Non-Standard

Fruits/Vegetables
M (SD)

(E)
“Leaf-To-Root”

Principle
M (SD)

(F) Valuable
Substances from

Plant-Based
By-Products M (SD)

Results of the
Analyses of Variance

with Repeated
Measurement

Results of the Post Hoc Tests 9

Appetizing quality 1 −0.48 (1.02) 0.01 (1.14) −0.28 (1.01) 1.04 (0.89) 0.73 (0.98) 0.21 (1.01) F = 196.068
p = 0.000

A < B, A < C, A < D, A < E, A < F, B > C, B < D, B < E,
C < D, C < E, C < F, D > E, D > F, E > F

Hygiene 2 0.00 (1.00) 0.40 (1.00) 0.08 (.97) 1.17 (0.94) 0.86 (0.98) 0.55 (1.00) F = 144.747
p = 0.000

A < B, A < D, A < E, A < F, B > C, B < D, B < E,
C < D, C < E, C < F, D > E, D > F, E > F

Health harmlessness 3 0.29 (1.06) 0.62 (1.05) 0.27 (1.00) 1.48 (0.82) 1.07 (0.98) 0.57 (1.04) F = 149.514
p = 0.000

A < B, A < D, A < E, A < F, B > C, B < D, B < E,
C < D, C < E, C < F, D > E, D > F, E > F

Quality 4 −0.78 (1.07) 0.23 (1.07) −0.31 (1.06) 1.10 (0.94) 0.74 (1.04) 0.26 (1.00) F = 255.322
p = 0.000

A < B, A < C, A < D, A < E, A < F, B > C, B < D, B < E,
C < D, C < E, C < F, D > E, D > F, E > F

Responsible use of food 5 −0.10 (1.13) 0.84 (1.09) 0.35 (1.07) 1.45 (0.90) 1.26 (0.90) 0.73 (1.06) F = 207.067
p = 0.000

A < B, A < C, A < D, A < E, A < F, B > C, B < D,
B < E, C < D, C < E, C < F, D > E, D > F, E > F

Future potential 6 0.02 (1.11) 0.68 (1.05) 0.37 (1.02) 1.28 (0.88) 1.05 (0.98) 0.88 (0.96) F = 134.835
p = 0.000

A < B, A < C, A < D, A < E, A < F, B > C, B < D,
B < E, B < F, C < D, C < E, C < F, D > E, D > F, E > F

Respect towards far- mers who
keep ani- mals/cultivate plants 7 −0.23 (1.09) 0.65 (1.13) 0.31 (1.00) 1.35 (0.96) 1.18 (0.96) 0.68 (1.05) F = 204.639

p = 0.000
A < B, A < C, A < D, A < E, A < F, B > C, B < D, B < E,

C < D, C < E, C < F, D > E, D > F, E > F

Economic profitability 8 1.05 (1.07) 1.06 (1.06) 0.86 (1.06) 1.16 (1.01) 1.17 (0.96) 0.98 (0.97) F = 9.653
p = 0.000 A > C, B > C, C < D, C < E, D > F, E > F

1 Scale from (2) = appetizing–fully correct, 1 = appetizing–rather correct, (0) = neither the one nor the other, (−1) = disgusting–rather correct, (−2) disgusting–fully correct 2 Scale from (2) =
hygienic–fully correct, 1 = hygienic–rather correct, (0) = neither the one nor the other, (−1) = unhygienic–rather correct, (−2) unhygienic–fully correct 3 Scale from (2) = harmless for human
health–fully correct, 1 = harmless for human health– rather correct, (0) = neither the one nor the other, (−1) = risky for human health–rather correct, (−2) risky for human health–fully correct
4 Scale from (2) = high quality–fully correct, 1 = high quality– rather correct, (0) = neither the one nor the other, (−1) = low quality–rather correct, (−2) low quality–fully correct 5 Scale from
(2) = responsible use of food–fully correct, 1 = responsible use of food– rather correct, (0) = neither the one nor the other, (−1) = irresponsible use of food–rather correct, (−2) irresponsible
use of food–fully correct 6 Scale from (2) = promising for the future–fully correct, 1 = promising for the future– rather correct, (0) = neither the one nor the other, (−1) = not promising for
the future–rather correct, (−2) not promising for the future–fully correct 7 Scale from (2) = respectful towards farmers who keep animals/cultivate plants–fully correct, 1 = respectful
towards farmers who keep animals/cultivate plants–rather correct, (0) = neither the one nor the other, (−1) = disrespectful towards farmers who keep animals/cultivate plants–rather
correct, (−2) = disrespectful towards farmers who keep animals/cultivate plants–fully correct 8 Scale from (2) = economically profitable–fully correct, 1 = economically profitable–rather
correct, (0) = neither the one nor the other, (−1) = economically unprofitable–rather correct, (−2) economically unprofitable–fully correct 9 The differences between the measurements that
were found to be significant are outlined.
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3. Results

3.1. Consumer Evaluation of the six Options for the Efficient Utilization of Food

As can be seen in Table 2, the mean values for appetizing quality vary between -0.48 (reconstituted
meat) and 1.04 (non-standard fruits/vegetables), for health harmlessness between 0.29 (reconstituted
meat) and 1.48 (non-standard fruits/vegetables), and for hygiene between 0.00 (reconstituted meat)
and 1.17 (non-standard fruits/vegetables). The dimension quality lies between -0.78 (reconstituted
meat) and 1.10 (non-standard fruits/vegetable). The average evaluations for the responsible use of
foods are between -0.10 (reconstituted meat) and 1.45 (non-standard fruits/vegetables), while those of
the future potential are between 0.02 (reconstituted meat) and 1.28 (non-standard fruits/vegetables).
The evaluations regarding respect towards farmers range between -0.23 (reconstituted meat) and
1.35 (non-standard fruits/vegetables). The mean values for economic profitability lie between 0.86
(mechanically separated meat) and 1.17 (“leaf-to-root”).

3.2. Comparison of the Options for the Efficient Utilization of Plant-based Foods

The mean values of non-standard fruits/vegetables of the seven dimensions appetizing quality,
health harmlessness, hygiene, quality, responsible use of food, future potential, and respect towards
farmers are significantly higher than for both “leaf-to-root” and the production of valuable substances
from plant-based by-products. In addition, “leaf-to-root” shows significantly higher mean values in
comparison to the production of valuable substances from plant-based by-products for all of these
dimensions. Regarding the eighth dimension, economic potential, both non-standard fruits/vegetables
and “leaf-to-root” have significantly higher mean values than the production of valuable substances
from plant-based by-products (cf. Table 2).

3.3. Comparison of the Options for the Efficient Utilization of Animal-based Foods

“Nose-to-tail” shows significantly higher mean values for the seven dimensions appetizing quality,
health harmlessness, hygiene, quality, responsible use of foods, future potential, and respect towards
farmers than either reconstituted meat or mechanically separated meat. Significantly higher mean
values for mechanically separated meat were found for the five dimensions appetizing quality, quality,
responsible use of foods, future potential, and respect towards farmers than for reconstituted meat.
Again, the results for the eighth dimension—economic profitability—stand out: both reconstituted
meat and “nose-to-tail” have significantly higher mean values than the mean value of mechanically
separated meat (cf. Table 2).

3.4. Comparison of the Options for the Efficient Utilization of Plant-based and Animal-based Foods

The mean values of non-standard fruits/vegetables and “leaf-to-root” are significantly higher for
the seven dimensions appetizing quality, health harmlessness, hygiene, quality, responsible use of food,
future potential, and respect towards farmers, than of all three possibilities for the efficient utilization
of animal-based foods. The production of valuable substances from plant-based by-products has
significantly higher mean values for these dimensions than both mechanically separated meat and
reconstituted meat. In contrast, the production of valuable substances has only one dimension where it
was found to be higher than “nose-to-tail”; namely, with regard to future potential. With respect to
the eighth dimension—economic profitability—both non-standard fruits/vegetables and “leaf-to-root”
evinced significantly higher mean values than mechanically separated meat (cf. Table 2).

4. Discussion

4.1. Consumer Evaluations of the six Options for the Efficient Utilization of Foods

Non-standard fruits/vegetables were evaluated as being rather of higher quality, rather hygienic,
(rather) harmless for health, and rather appetizing by the participants in the study. The probands
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had slight reservations with respect to the non-standard fruits/vegetables, although they only differ
in external appearance from products that conform to the standards, not in their intrinsic qualities,
regarding food safety [1,62] and taste [26]. Modern consumers are used to finding fruits/vegetables
in stores without any or with minimal visual deficits [63] and over time, consumers have come to
link external appearance with the evaluation of food quality [64], food safety [26,62], and taste [26,29].
It is known that consumers extrapolate from visual suboptimality to a reduced quality [63] and food
safety [29]. In addition, even sensory evaluation can be influenced by suboptimal appearance [65].
In general, fruits and vegetables are regarded as important sources of nutrients and are health-promoting.
Information about the health benefits of non-standard fruits/vegetables (e.g., lower pesticide use)
is associated with an increased acceptance and willingness to buy [66]. Consumer concerns could
arise if they associate suboptimal appearance with, inter alia, genetic modifications [26]. The use
of non-standard fruits/vegetables was regarded by the probands in the present study as being a
(rather) responsible use of food and as rather promising for the future. These results are in line with
other studies that have shown an increasing sustainability awareness in the consumer with respect to
food consumption (e.g., [9]). Especially an awareness of the problem of food waste is a prerequisite
for the acceptance of non-standard fruits/vegetables, whereby the consumption of these products
needs to be recognized as a concrete solution for the problem of food waste [26,27]. In addition,
the use of non-standard fruits/vegetables was regarded by the probands as being (rather) respectful
towards farmers and rather economically profitable. The production of fruits and vegetables requires
a great deal of energy, manpower, and resources [67]. Despite the high quality of non-standard
fruits/vegetables [1,62], these are often not used for human nutrition, but for other purposes or are
disposed of [68]. This is associated with financial losses for the farmers [69]. Even if consumers expect
a discount on the purchase of non-standard fruits/vegetables [26,29], the profits from the use for human
nutrition are still higher than for alternative marketing channels [64,70].

The probands had an ambivalent to rather positive position with regard to both appetizing quality
and quality to “leaf-to-root”. Culture and tradition, as well as the related habits and familiarity with
certain foods, are of importance in determining which types of food are consumed [13]. For this reason,
many plant “second cuts” are regarded as less high-quality residues that need to be disposed of [4].
In addition, many of the “second cuts” are fibrous, tough, or bitter when raw and they need to be
processed to become palatable [71]. Previous positive consumer experiences with the consumption of
“second cuts” (e.g., apple with peel, lemon peel in a cake) can have a positive effect on the evaluation
of appetizing quality and quality. In addition, “second cuts” are being more often used for dishes in
sophisticated gastronomy [20], which can have a positive effect on their image. “Leaf-to-root” was
evaluated by the probands as being rather harmless to health. In general, the skins of drupes or stone
fruits and pome fruits are edible; most of their vitamins are even found just under the skin. However,
plant parts that are usually not consumed were previously rarely tested for pesticide residues [19].
The available studies show that a considerable proportion of consumers have generally health-related
concerns regarding pesticide residues (e.g., [72]). Furthermore, no relevant data is available for various
“second cuts” so an expert evaluation of any possible consumption risks is not possible. However,
there is evidence of health risks being associated with some plants or parts thereof [19]. “Leaf-to-root”
was evaluated by the participants in the present study as a rather responsible use of foods as well as
rather promising for the future. Due to the increasing public discussion about food waste [1], the use of
food is gaining in appreciation [11]. The “leaf-to-root” concept provides one method of reducing food
waste [73]. In addition, the use of “second cuts” opens up new opportunities for innovative dishes,
which underlines its potential for the future. “Leaf-to-root” was also evaluated by the probands as
being rather respectful towards farmers. A complete utilization of fruits and vegetables acknowledges
the expenditures which are associated with cultivation [67]. However, there is one limitation as plant
parts that are usually not intended for human consumption are treated differently in agriculture than
“first cuts”. In conventional agriculture, “second cuts” can contain higher pesticide residues [19]; while
in organic agriculture, there is the possibility of contamination with farm manure [73]. The known
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possible risk of contamination may also have influenced the probands’ ambivalent to rather positive
attitude to hygiene with respect to this option. “Leaf-to-root” was also evaluated as being rather
economically profitable by the study’s participants. Costs can be saved by using “second cuts” instead
of “first cuts” as a basis for meal preparation. Furthermore, disposal costs can be reduced through the
holistic use of plants.

The production of valuable substances from plant-based by-products was evaluated by the
probands as being neither appetizing nor disgusting. An available study shows that it is difficult for
consumers to estimate the risks and benefits that are associated with innovative food technologies
and foodstuffs [74]. However, it is also known that products produced by new technologies can
lead to concerns and uncertainties among consumers [6], which can have a negative impact on taste
expectations [75,76]. With regard to the health aspect, the probands’ evaluation of the production
of valuable substances from plant-based by-products lay between “neither harmless nor risky for
human health” and “rather harmless for human health”. In a study by Hengse and Bücking [77],
40% of the respondents also had an indifferent position (39% don’t agree at all/agree a bit; 22% agree
completely/agree somewhat) when asked about the rejection of technical innovations due to feared
health-damaging consequences. As already mentioned above, new food technologies and foods can
give rise to consumer concern. Innovations may involve unknown, potentially harmful risks that are
perceived to be “beyond one´s control” by consumers [6]. The probands had an ambivalent to rather
positive position with regard to the responsible use of foods and the future potential in relationship to
the production of valuable substances from plant-based by-products. Due to the growing production
figures in the fruit and vegetable processing sector, the quantity of by-products will increase [30].
Alternative (non-human food) usage would not sufficiently exploit the potential of the constituents [32].
Although there are concerns on the consumer side about new food technologies [6], their need is
recognized, as strategies for resource-saving production were evaluated as being important by 85%
of the consumers in one study and 68% considered the use of residual materials to produce other
new types of products in the future food production to be important [77]. The extraction of valuable
substances from plant-based by-products was also evaluated as rather economically profitable by the
probands. The disposal of secondary streams is associated with costs for food-processing companies [30].
Through their use, however, new products such as food additives can be developed [4,43]. Overall,
the importance of processed foods is increasing [78] so that there is also a need for food additives.
Regarding the hygiene of the production of valuable substances from plant-based by-products, the
present study’s probands rated this as ambivalent to rather positive. Certainly, in general, plant-based
by-products are prone to rapid microbial spoilage [30], but they do not spoil and so become waste if
they are stored and handled correctly [4]. The probands also gave an ambivalent evaluation regarding
quality of the valuable substances produced from plant-based by-products. This is understandable
as, all in all, the production of valuable substances from plant-based by-products or their use in
food production is not known to the consumer, therefore they cannot integrate this type of food into
their existing cognitive schemes [79], making a clear evaluation difficult for them. The probands’
evaluation of the respect towards farmers is ambivalent to rather positive. The use of by-products is
most probably regarded as respectful by the probands, because there are high quality requirements
placed on the fruits/vegetables used for industrial processing [62]. Their ambivalence may be due
to the fact that consumers do not regard many of the by-products as raw materials in the sense of
agricultural products that are produced by farmers although in some cases, there is a high proportion
of by-products produced during food processing.

“Nose-to-tail” was evaluated by the probands in this study as neither appetizing nor disgusting.
In general, the holistic consumption of slaughtered animals is associated with new taste experiences [44].
However, it is known that people’s food choices are determined by habits and past behavior [80].
Due to the fact that the consumption of prime cuts is predominant nowadays, consumers gain hardly
any experiences with the consumption of the remaining parts of a carcass. It is known that older
people evaluate “nose-to-tail” more positively, because they have a greater familiarity with this
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principle (e.g., consumption of offal in childhood) [81]. In addition, there are differences in acceptance
depending on the particular animal part. The closer the connection between the part and the animal
or the more a piece of meat looks like the animal, the less appealing it is [82]. The probands rated
“nose-to-tail” between “neither harmless nor risky for human health” and “rather harmless for human
health”. In general, edible animal by-products contain important nutrients [83]. However, the offal of
animals may contain higher levels of heavy metals than muscle meat [84] and on the consumer side,
there are contamination-related concerns about such food [85,86]. Indeed, meat and meat products
are among the foods that are most frequently avoided due to the alleged high contamination with
undesirable substances [86]. The probands’ evaluations of “nose-to-tail” regarding the responsible use
of foods, future potential, and respect towards farmers varied between ambivalent to rather positive.
The available studies reveal not only an increasing consumer appreciation of food [11] but also an
increase in the importance of animal welfare [87] and environmental aspects [88] in food consumption.
“Nose-to-tail” can be considered as being more responsible in comparison to the widespread preference
for prime cuts, which is associated with the production of a significant amount of by-products. Such
by-products are little used for human nutrition despite their high nutrient content, which is ethically
problematical [89]. “Nose-to-tail” would help to deal with the increasing demand for meat. In addition,
the need to expand animal production with its negative ecological consequences to cover this increasing
demand would be reduced [3,47]. Furthermore, the need for the development of breeding lines for
farm animals which are aimed at covering the demand for specific parts (e.g., broad-breasted turkeys),
but are associated with adverse effects on animal health [3], would also be reduced. The probands
gave an ambivalent evaluation regarding quality of “nose-to-tail”. In the course of the specialization
of meat consumption in fillet pieces, the range of meat products of equivalent quality has become
to be regarded as “standard”, with the so-called “base” pieces being regarded as more inferior [3].
The consumption of offal is traditionally regarded as a less price-intensive option of nutrition [90],
while the consumption of “prime cuts” is associated with higher prices and wealth consumption [47].
Indeed, from the consumer’s point of view, the price could act as a quality indicator, so that a lower
price is associated with lower quality [91]. The consumer perception of by-products as being more
inferior can also have had an influence on the ambivalent to rather positive hygiene-related evaluation
of “nose-to-tail” found in the present study. It has been shown that the availability of the meat of
a species in stores is an indicator for the safety of the food [92]. Accordingly, the lack of availability
of parts such as offal in stores could be associated with food safety problems. The holistic use of
slaughtered animals was also seen as being rather economically profitable by the participants in the
present study. This underlines the results of a previous study in which consumers noted economic
aspects as reasons for the preference of “nose-to-tail” [47]. In general, meals can be prepared more
economically if everything is used. It should be noted that some by-products are considered delicacies
in other cultures, so that higher prices are achievable [93].

With regard to appetizing quality, health harmlessness, and hygiene, the probands in the present
study had an ambivalent attitude towards mechanically separated meat. Due to health risks (BSE-inducing
prions), only mechanically separated meat from pigs and poultry may be obtained throughout the
EU [94,95]. Although specific hygiene requirements apply to the production of mechanically separated
meat and the used raw materials [48], mechanically separated meat is often regarded as an inferior
ingredient from the consumer’s point of view [96]. The reasons for this not only could be the media
reports about mechanically separated meat of poor quality (e.g., [97]), but also the lack of methods for
the detection of risk material in the end product [98] and the risk of bone abrasion [96]. In addition,
it has been shown that the high degree of processing of mechanically separated meat [99] and the
contained additives [100] have a negative impact on the consumers’ evaluation of quality. As such,
the quality-related evaluation of the probands being ambivalent to rather negative is understandable.
The present study’s participants rated the responsible use of foods as well as their future potential as
being ambivalent to rather positive for mechanically separated meat. Although as previously stated there
are concerns regarding mechanically separated meat on the consumer side, it is known that if the hygiene
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and declaration regulations are observed, mechanically separated meat can be regarded as a sustainable
and ethically responsible option [49,96]. If the option of producing mechanically separated meat is not
used, the slaughter of millions more farm animals per year would be necessary. This would be associated
with negative ecological consequences [49] and increased food waste [101]. The probands considered
the production of mechanically separated meat to be neither respectful nor disrespectful to being rather
respectful towards farmers. The holistic use of slaughtered animals is an efficient use of the carcass and so
appreciates the high expenses and resource use that are associated with the production of animal-based
foods [102]. However, various media reports on the disregard of hygiene and declaration requirements
have promoted a critical evaluation of mechanically separated meat by the consumer, which may well
then be extended to the entire value chain, including the farmers. Regarding the economic profitability
of using mechanically separated meat, the attitude of the probands was ambivalent to rather positive.
Compared to the costly disposal or alternative uses of such material, the production of mechanically
separated meat for human nutrition is an economically profitable option [101]. The economic efficiency
of meat processing can be significantly increased by using mechanically separated meat as a raw material
for meat products and preparations [49].

Regarding appetizing quality, the probands’ evaluation of reconstituted meat was found to be
somewhere between “neither appetizing nor disgusting” and “rather disgusting”. The evaluation
could have been influenced by negatively connoted media reports, in which the use of reconstituted
meat without an appropriate declaration was disclosed (e.g., [103]). In addition, reconstituted meat is
often mentioned in connection with food imitations, which have a lower meat content and have been
critically discussed in the media [e.g., “cheap disgusting stuff”; [104] (p. R4)]. These discussions, as well
as reports on the use of inferior pieces of meat (e.g., [105]), could also have contributed to the probands’
ambivalent attitude towards hygiene. Although the specifications for the production of reconstituted
meat say that only pieces of meat, not minced, chopped, or similarly processed meat is allowed to
be used [55], the probands gave an ambivalent to rather negative quality evaluation. This view may
also have been influenced by the critical media reports already mentioned. In addition, reconstituted
meat is a processed product, which can be produced with the use of binding agents [55]. A recently
published review by Román et al. [106] reveals how important perceived naturalness is for consumers
(e.g., low degree of processing, freedom from additives). A high degree of processing [99] and the use
of additives [100] have been shown to be associated with a reduction in food quality. Health-related
concerns of consumers which are associated with the use of additives [107] and a high degree of
processing [108] can also explain the probands’ ambivalent attitude with regard to health harmlessness.
An ambivalent attitude to reconstituted meat is also evident regarding the responsible use of foods,
the future potential, and the respect towards farmers. It is known that consumers consider the use
of residual materials to produce other products as being important for future food production [77].
In addition, the use of by-products resulting from cutting for human nutrition can be regarded as
respectful and responsible due to the high level of specialization of meat consumption [3]. However,
compared to muscle meat, reconstituted meat has a different product identity [56] and its meat content
is only 90 to 95% [55]. When it is known that reconstituted meat is used instead of muscle meat
without adequate declaration (as has happened in the past, cf. [109]), it may lead to feelings of being
deceived [56]. As a consequence, the existing skepticism of German consumers towards the food
industry [16] may be increased and the long-term establishment of reconstituted meat products can be
complicated. The production of reconstituted meat was evaluated by the participants in this study as
being rather economically profitable. This is certainly in line with the fact that the yield of an animal
carcass can be increased by producing reconstituted meat. In addition, cost advantages are possible in
the food industry by using reconstituted meat products instead of just muscle meat [110].

4.2. Comparison of the Options for the Efficient Utilization of Plant-based Foods

The significantly more positive proband evaluation of non-standard fruits/vegetables compared
to “leaf-to-root” (with the exception of the dimension of economic profitability) and the production of
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valuable substances from plant-based by-products is attributable to the consumers’ general greater
familiarity with non-standard fruits/vegetables. This is partly due to the public discussion about food
waste [1] as well as the increasing availability of non-standard fruits/vegetables: for example, in retail
sales campaigns [24]. Moreover, non-standard fruits/vegetables are whole fruits and in comparison to
“second cuts” (“leaf-to-root” principle) or the by-products arising in the food processing industry, these
are perceived much less as by-products and are less associated with waste [8,14]. The significantly more
positive evaluation of non-standard fruits/vegetables and “leaf-to-root” compared to the production
of valuable substances from plant-based by-products on all dimensions could be due to the fact that
non-standard fruits/vegetables and “second cuts” are natural products, which are eaten or prepared
in their unprocessed form. The available studies show that consumers have a clear preference for
natural foods [106,111]. In contrast, the use of food technologies is associated with consumer-sided
concerns [17], which could therefore also have affected the evaluation of valuable substances made
from plant-based by-products as they are produced by means of food and biotechnological processing.

4.3. Comparison of the Options for the Efficient Utilization of Animal-based Foods

“Nose-to-tail” was evaluated by the probands significantly more positively in comparison to
mechanically separated meat (on all dimensions) and reconstituted meat (on seven dimensions, with
the exception of economic profitability). A reason for the more positive evaluation of “nose-to-tail”
could be that the parts of the slaughtered animal are used in their natural form for food preparation.
In contrast, mechanically separated meat and reconstituted meat are products that are subjected
to a manufacturing process and are enriched with additives (cf. Sections 1.2 and 4.1). As already
explained, consumers have a preference for naturalness in food and a low level of processing as
well as the absence of additives are regarded as indicators for that [106]. Conversely, a high degree
of processing and the enrichment with additives are associated with a reduced food quality by
consumers [99,100]. In addition, reconstituted meat was evaluated more negatively on five dimensions
(with the expectation of health harmlessness, economic profitability, and hygiene) in comparison to
mechanically separated meat. Reconstituted meat has more often been the subject of negative public
reporting than mechanically separated meat. The various incidents of missing or false declaration of
reconstituted meat (e.g., [112]; cf. Section 4.1) may have contributed to a stronger feeling of deception
among consumers and a significant loss of confidence in these products.

4.4. Comparison of the Options for the Efficient Utilization of Plant-based and Animal-based Foods

Non-standard fruits/vegetables and “leaf-to-root” were evaluated in the present study significantly
more positively than all three options of the efficient use of animal-based foods (except for the dimension
of economic profitability, where non-standard fruits/vegetables and “leaf-to-root” showed higher mean
values only compared to mechanically separated meat). Studies on foods with which consumers
are not very familiar have shown that products of animal origin are more strongly rejected than
those of non-animal origin. Disgust as well as a higher pathogenic risk are possible reasons for
this reaction [113,114]. In contrast, fruits and vegetables as plant-based foods are characterized by a
healthier, more positive image [115]. Compared to mechanically separated meat and reconstituted
meat, non-standard fruits and vegetables and “second cuts” are ‘natural’ foods that are more preferred
by consumers [106]. Non-standard fruits/vegetables, “leaf-to-root”, and “nose-to-tail” are all natural
products. However, non-standard fruits/vegetables are becoming more and more frequently available
and “second cuts” are often components of purchased fruits/vegetables (e.g., peels, stalks). In contrast,
the normally unconsumed parts of slaughtered animals are rarely available to the end-consumer [47],
a state that can be regarded by the consumers as an indicator of reduced food safety [92]. In addition,
there are consumer concerns regarding the contamination of meat (and especially offal) with heavy
metals, which can lead to a critical consumer evaluation or an avoidance of the products [86].

The production of valuable substances from plant-based by-products was evaluated by
the probands significantly more positively than reconstituted and mechanically separated meat.
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Manufacturing processes are necessary for the production of valuable substances from plant-based
by-products as well as for reconstituted and mechanically separated meat (cf. Sections 1.1 and 1.2).
Regarding the production of valuable substances from plant-based by-products, the probands showed
an overall rather ambivalent attitude. But in comparison to reconstituted meat and mechanically
separated meat the production of valuable substances from plants is evaluated more positively.
In general, consumers are unfamiliar with the production of valuable substances from plant-based
by-products. The substances are perceived as being innovative. It would have been difficult for our
probands to make a clear evaluation of the production processes and the produced substances due to
their lack of knowledge about them. This inability to make a clear classification into existing cognitive
schemes [79] leads to a rather ambivalent attitude in the consumer. In contrast, reconstituted and
mechanically separated meat had already been available on the market for a longer time so that the
probands already had information about or experiences with these products and so could evaluate them.
Especially various incidents that have been discussed in the media (e.g., misdeclaration of reconstituted
meat, use of inferior raw materials for mechanically separated meat, etc.; cf. Section 4.1) may have had
a negative impact on the evaluation (e.g., quality) of these products/the options of efficient utilization.
The production of valuable substances from plant-based by-products was evaluated as being more
promising for the future than “nose-to-tail” in this study. Despite reservations, consumers in general
recognize the importance and necessity of innovative technologies for the future food production [77].
Due to this reason, the future potential of the production of valuable substances from plant-based
by-products was also estimated to be higher than from “nose-to-tail” in the present study.

5. Conclusions

Overall, the results show that the different options of efficient utilization of foods were evaluated
very differently by the participants in the present study and were therefore accepted to varying degrees.
Three main results can be revealed: (1) In general, the options of efficient utilization of plant-based foods
(especially non-standard fruits/vegetables and “leaf-to-root”) were evaluated more positively than the
options of complete utilization of animal-based foods. An analysis of the literature indicates that the
reasons for this may be the rather low confidence in the meat industry, the perceived higher pathogenic
risk, and disgust. In contrast, fruits and vegetables are characterized by a healthier, more positive
image. (2) If the options of holistic use of plant-based and animal-based foods are considered separately,
the options using by-products in their natural form (non-standard fruits/vegetables, “leaf-to-root”, and
“nose-to-tail”) were evaluated more positively in comparison to those options which subjected the
by-products to some form of processing (reconstituted meat, mechanically separated meat, and valuable
substances from plant-based by-products). These results indicate a strong preference for naturalness in
food, for low levels of processing and for the absence of additives. (3) Regarding the options that use
processing operations, the proband’s familiarity with processes or the food technologies was also of
high importance. When technologies or products were novel for the participants, it was difficult for
them to give clear indications and an ambivalent attitude was observed (e.g., valuable substances from
plant-based by-products). Processing operations and products that were already established were
evaluated more clearly due to the proband’s previous knowledge and experiences (reconstituted meat,
mechanically separated meat).

In general, the present findings provide a useful addition to the consumer-related study of efficient
food utilization. Until now, there are only individual studies available which shed light on options
of efficient food utilization from a consumer’s point of view (cf. Section 1). The findings of the
present study connect to these studies and provide further insight into the consumer acceptance of
possibilities of efficient utilization. Further, they enable a comparison between different options of
efficient utilization of food on the basis of predefined criteria.

The high relevance of naturalness for consumers [106,111] is also evident with regard to
by-products. In addition, findings of the present study, which support the positive evaluation of
utilizing plant-based by-products (especially non-standard fruits/vegetables and “leaf-to-root”), connect



Sustainability 2019, 11, 4779 15 of 21

to findings confirming the high value and benefits attached to fruits and vegetables by consumers.
For instance, consumers use different strategies in everyday life to minimize deterioration and wastage of
fruits [116]. The already proven more critical consumer view of animal-based foods [113,114] compared
to plant-based foods is, according to the findings of the present study, also transferable to by-products.

Available studies show an increasing food-related sustainability orientation [9] and an awareness
of food waste issues [1] among consumers. Nevertheless, the results of the present study also confirm
a considerable consumer skepticism especially regarding the efficient utilization of animal-based
by-products. These results connect to findings on non-standard fruits/vegetables, showing that
consumers interest and openness towards the topic of food waste is not consistently translated into
their purchasing behavior [26]. There is a need for further research in this context.

Various managerial implications can be derived from the findings of the present study. It shows that
the various options of efficient utilization of foods differ significantly regarding consumer acceptance.
Accordingly, when manufacturing goods based on by-products, the consumer acceptance of each
product should be carefully evaluated before its market launch. In case of a lack of acceptance, existing
acceptance barriers could be identified.

The study also shows that the naturalness of a by-product has a positive effect on consumer
acceptance, with non-standard fruits/vegetables and “leaf-to-root” being evaluated more positively than
“nose-to-tail”. Increasing availability of animal-based by-products in retail could have a positive effect
on consumer acceptance. In addition to the development of a greater familiarity with the products [117],
consumer fears concerning food safety resulting from product unavailability [92] could be allayed.

The present study shows that consumers can have difficulties evaluating innovative foodstuffs
that originate from by-products, and that are manufactured using new technologies (ambivalent
evaluation of innovative valuable substances from plant-based by-products). This might be the case
because an integration into existing cognitive schemata is impossible. In this situation, producers can
influence the decision-making behavior by providing specific cues which help consumers to evaluate
the product [8].

In general, strategies for the reduction of food waste are a frequently debated topic. Basically,
industry and retailing have an economic interest in reducing food waste. However, this is difficult in
the case of by-products from the meat industry. Our results also showed a considerable skepticism
regarding all three options of efficient utilization of animal-based foods. The skepticism around sausage
production (utilization of animal-based by-products) is, historically speaking, by no means a novelty.
However, the multitude of meat scandals, e.g., the BSE crisis or the rotten meat scandal, is likely to have
updated the existing distrust even further [16,118]. Even though there is a huge reduction potential for
food waste [119,120], it is harder to achieve than it appears at first glance. The findings of our study,
which used an information treatment, provide factual indications for this. As a practical implication
of the findings of this study, it can be said that simple information campaigns will not overcome the
widespread distrust. Rather, a comprehensive approach that includes transparency [121–123] and trust
management [122,124] as well as the transmission of price benefits, whose relevance has been shown
in studies regarding non-standard fruits/vegetables [26,29] seems necessary.

There are also some study limitations that need to be acknowledged. Due to a time limitation of
the questionnaire, we could not consider more than six options of efficient utilization in the survey.
Still, there are various other possibilities of efficient food utilization that have not been investigated,
or have been investigated only to a limited extent from a consumer’s point of view. Moreover, only
eight criteria or dimensions could be included to evaluate each option of efficient utilization. Other
additional aspects would have been important here. The fact that each of the eight evaluation criteria
is queried exclusively by one item can also be regarded as limiting. The inclusion of multi-item
scales for querying each aspect was not possible for reasons mentioned above. The use of single-item
scales in cross-sectional studies is associated with some disadvantages compared to multi-item scales.
Among other things, it is not possible to determine reliability [125]. Furthermore, the study focused on
consumer evaluation. Aspects that determine the evaluations were not taken into account.
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In further studies, other possibilities of efficient food utilization as well as additional criteria to
evaluate the options of efficient food utilization could be used. Due to the fact that options including
innovative technologies gain importance, they should be taken in particular account in further studies.
In addition, follow-up studies could focus on how consumer acceptance of different food utilization
options is influenced. So far, initial findings on non-standard fruits/vegetables are available [27–29].

In the present study, the probands received neutral information about the options of efficient food
utilization on which the evaluation was based. In follow-up studies, it would be interesting to examine
the extent to which further information influence consumer evaluation. According to Bruhn [6], a
successful establishment of innovative products is likely, if they are associated with tangible advantages.
Accordingly, the influence of available and appropriate information on consumer acceptance of the
products could be tested (e.g., the production of valuable substances from plant-based by-products is
carried out without genetic engineering).

The present study demonstrates clear acceptance differences between the various options of
efficient utilization of foods. This result points towards the need for a more differentiated investigation
of possibilities in this respect. Further research could include the development of a comprehensive
questionnaire investigating consumer evaluations of efficient food utilization options or innovative,
by-product based food items. The questionnaire could be applied both in practice and scientific research.
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