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ABSTRACT KEYWORDS
This study shows how two foodservice products, French fries Reformulation; flavor profile;
with sausage (representing vice food) and vegetable and lentil foodservice; recipe

soup (representing virtue food), can be reformulated to meet modification
the nutritional recommendations without compromising con-
sumer acceptance. The reformulation process involved recipe
development and testing, including techniques such as salt
reduction, fat quality modifications, and spicing solutions to
compensate the flavor changes. The reformulated products
were evaluated by both consumers (N =123) and sensory pro-
fessionals (N =9). Consumer testing revealed no significant dif-
ferences in overall pleasantness between the original and the
reformulated products. However, the reformulated versions
received higher ratings for smell and pleasantness of appear-
ance. This suggests that it is possible to reformulate products
with conventional nutrient profiles without negatively affecting
consumer acceptance. The sensory professionals also evaluated
the reformulated products similarly. The nutrient content of
both products significantly improved following reformulation.
The study concludes by recommending the widespread imple-
mentation of reformulation techniques in the foodservice indus-
try. Authorities are encouraged to support this by providing
funding for training in recipe modification techniques. In addi-
tion, closer cooperation and knowledge sharing among stake-
holders in the food supply chain are recommended to further
enhance the implementation of reformulation practices.

Introduction

Unhealthy eating increases the risk of several lifestyle diseases, and thus has
a significant impact on society’s healthcare costs. Authorities have demanded the
reformulating of foods to better meet the nutritional recommendations as part of
their long-term policy (Council of the European Union, 2016; EU, 2016; Institute
of Medicine, 2010; WHO, 2018; WHO European Region, 2021a). Since the

CONTACT Terhi Junkkari @ terhijunkkari@seamk fi @ Technology and Business, Food and Hospitality, Seindjoki
University of Applied Sciences, FI-60101 Seindjoki, Finland

© 2023 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s)
or with their consent.


http://orcid.org/0000-0001-8816-7312
http://orcid.org/0000-0002-1280-5637
http://orcid.org/0000-0002-9522-9822
http://orcid.org/0000-0002-9708-994X
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15378020.2023.2298626&domain=pdf&date_stamp=2023-12-29

2 (&) T.JUNKKARI ET AL.

beginning of the 21st century, various national implementation policies, including
both voluntary commitments and mandatory limits for nutrient composition,
have been in place to make average diets significantly healthier in many countries
(WHO, 2018). Because of these activities, average diets have become significantly
healthier in many countries during the last few decades, but many people’s diets
still contain too much sugar, salt, and saturated fat, and less dietary fiber than
recommended (Eilander et al., 2015; Shan et al., 2019; WHO, 2018).

In recent years, policymakers have increasingly demanded more actions to
make the supply of foods and the dining environment healthier (U.S.
Government Accountability Office, 2022; WHO, 2018). The food industry
has been extensively reformulating its products since the beginning of the 21st
century (Buttriss, 2013; Harastani et al., 2020; Outila et al., 2006).
Consequently, in our research, we address two pertinent research gaps. Less
attention has been given to 1) reformulation in the foodservice sector, even
though out-of-home (OOH) eating has increased significantly in recent years,
and OOH food is generally less healthy than homemade food (Elitzak &
Okrent, 2018; Lachat et al., 2012; Vandevijvere et al., 2013; WHO European
Region, 2021b); and 2) the impact of health and nutritional information
labeling on consumer behavior in the foodservice sector (Byrd & Almanza,
2021; Janssen et al., 2015; Patel et al., 2016; Stewart et al., 2018). As OOH
eating has become more common in recent years, total energy, fat, and salt
intakes from OOH eating have increased (Guthrie et al., 2018; Rudelt et al,,
2014). Especially, the WHO European Region and the United States autho-
rities have expressed their concern about the increase in OOH eating in recent
years (Elitzak & Okrent, 2018; WHO European Region, 2021b). The COVID-
19 pandemic further accelerated the trend with, among other things, increased
opportunities for meal delivery applications (WHO European Region, 2021b).

The reasons behind serving unhealthier food are myriad in the foodservice
sector. One common belief among consumers and chefs is that healthy food is
unpalatable, and unhealthy food is tasty (Bédard et al., 2020; Briers et al., 2020;
Raghunathan et al., 2006; Reichler & Dalton, 1998). The objective of this study
is to test whether foodservice products with an unhealthy nutrient profile
could be reformulated to meet the criteria of the nutritional recommenda-
tions, using basic reformulation techniques and without compromising con-
sumer acceptance. Our aim is to show that common opinions about the
unpalatability of reformulated products is just a lay belief that can be remedied
with careful recipe development, testing, and implementation.

The rest of our article is structured as follows. To develop our conceptual
framework, we first conduct a select literature review on OOH eating and the
foodservice sector’s reformulation issues, such as challenges with salt reduction.
Next, we introduce our methodology consisting of the development of reformu-
lated versions of one “vice” food and one “virtue” food, and collecting data from
both ordinary consumers and trained sensory panelists. Subsequently, we report
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the results informing how the reformulated products fare in terms of sensory
quality, and finally discuss their implications for theory and practice.

Literature review
Out-of-home eating and the foodservice sector’s challenges in reformulation

Generally, OOH eating includes various kinds of food services, both commercial
(such as full-service restaurants and fast-food companies, or primarily business-
based foodservice), and noncommercial establishments (such as food served in
schools and hospitals, usually a secondary support service). The majority of
foodservice sales are generated by commercial restaurants (Institute of
Medicine, 2010; U.S. Department of Agriculture, 2023). According to the
study by Lin and Guthrie (2012), OOH food is generally unhealthier than
homemade food, and as measured in the intakes of total energy, fat and salt,
food served by commercial restaurants is even unhealthier than food served by
noncommercial establishments. In the current situation, authorities are also
concerned by the fact that the OOH market is currently less regulated than
other food industry operations (WHO European Region, 2021b).

For customers, it is difficult to estimate actual energy, fat, and salt intake
without adequate nutritional content or other health impact information
(Moran etal., 2017; Pettigrew et al., 2013). Thus, food manufacturers and suppliers
play a key role in introducing a healthier diet. To reach health goals, different
reformulation techniques must be constantly developed, tested, and implemented.
There are a number of challenges in implementing reformulation in the foodser-
vice sector. The main challenges include concerns about the unpalatability of
reformulated products, decreased customer satisfaction, and thus the loss of
customers following reformulation (Bédard et al., 2020; Briers et al., 2020;
Institute of Medicine, 2010; Murray et al., 2015; Stastny et al., 2011). Some
manufacturers have experienced product failures in the past when marketing
foods with better nutritional quality. Also, staft skills, the capacity of kitchen
facilities, the availability of ingredients, and customer desires all play
a significant role in the planning of healthier menus (Institute of Medicine,
2010; MacCon Iomaire et al., 2021; Tsui & Morillo, 2016). Still, many restaurant
owners and chefs would like to have more information and training to develop
and market healthier products (Ma et al., 2014). In addition to the skills of the
restaurant staff, there is also insufficient data available on the impacts of health and
nutritional information labeling on consumer behavior in the foodservice sector
(Byrd & Almanza, 2021; Janssen et al., 2015; Patel et al., 2016; Stewart et al., 2018).
Earlier studies have shown that health labels and nutritional information lead
customers toward healthier menu items, smaller portions, and lower calorie intake
in foodservice establishments (Freedman & Larner, 2011; Parikh & Behnke, 2015;
Sharma et al.,, 2011). Our study is based on the claim that, currently, the
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Figure 1. Conceptual framework of the study.
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implementation of reformulation techniques is not at a sufficient level in the
foodservice sector. Our goal is to enhance the implementation of basic reformula-
tion techniques in the foodservice sector without compromising taste and con-
sumer acceptance. A conceptual model of this study is presented in Figure 1.

Complexity of salt reduction in reformulation

The reformulation of foods toward a lower salt content is challenging as
consumers do not readily accept changes in the sensory profiles of products.
This is because of consumer preferences for a salty taste, but also because salt
has effects on the overall sensory profile of foods. In addition, taste perceptions
are not only caused by choices of raw materials and cooking techniques, but
also by mixtures of food texture and odor-taste interactions (Earle et al., 2017;
Hoppu et al., 2017). Lowering salt content in food has been shown to impact
the overall palatability of foods by suppressing the perception of unfavorable
flavors such as bitterness and metallic flavor, while enhancing the preferred
sensory characteristics such as salty and sweet taste, and overall flavor intensity
(Liem et al., 2011). Various studies report strategies to enhance salty taste or to
compensate the decreased palatability of low-salt foods. For example, organic
acids commonly used in foods have been shown to be effective at enhancing
the saltiness of sodium as well as at improving the palatability of tomato soup
(Little & Brinner, 1982). Odor-induced saltiness enhancement was demon-
strated by Nasri et al. (2011), who showed that a sardine aroma commonly
associated with salty foods enhanced the perception of saltiness in mineral
water. Also, a monosodium glutamate (MSG) and nucleotide-induced umami
taste in vegetable soups was shown to increase the pleasantness of soups with
a 50% lower salt content (Roininen et al., 1996). The first two mentioned
strategies — increasing the sour taste and adding flavors commonly associated
with savory foods - are easy to implement in practical cooking, for example in
the foodservice industry. However, consumer attitudes toward MSG limit the
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use of this strategy in reducing the salt content of foods (Prescott & Young,
2002; Wang & Adhikari, 2018).

Methodology

In this study, we tested whether two common foodservice products with
a nutrient content profile that did not meet the criteria for the Heart
Symbol, based on Finnish nutritional recommendations, could be reformu-
lated to meet the criteria without sacrificing consumer acceptance (Finnish
Nutritional Recommendations, n.d.; Heart Symbol, n.d.). The nutrient criteria
of the Heart Symbol address the main nutritional challenges in Finland,
including total fat, saturated and trans fats, salt, sugar and fiber, and the
main dietary sources of these nutrients as derived from data on population
diets. We wanted to study the effect of flavor modification techniques that are
easy to apply in the foodservice industry and easy to accept by most consumers
when reducing the salt content of foodservice products. The strategies selected
were including organic acids and increasing the flavor intensity in the recipes.
For fat reduction, a commonly used strategy in addition to total fat amount
reduction is to replace high-fat cream with low-fat cream in a recipe. The

a)

Group 1, N=64 Group 2, N=59
e All participants evaluated both the e All participants evaluated both the
original French fries with sausage and reformulated French fries with sausage
vegetable and lentil soup and vegetable and lentil soup
e Samples served e Samples served
o one by one in a randomized order o one by one in a randomized order
o at the same temperature o at the same temperature
o fresh (max 1 hour from preparation, o fresh (max 1 hour from preparation,
kept warm on a heat plate) kept warm on a heat plate)
b)
Part 1 - descriptive analysis, N=9 Part 2 — sample evaluation, N=9
e Four 1-hour training sessions ¢ One training evaluation for each
¢ During the training sessions, sensory research product
attributes, profile intensities and o Three evaluating sessions for each
reference values were decided for all the research product
research products (the original and the e Samples served
reformulated French fries with sausage o one by one in a randomized
and vegetable and lentil soup) order
at the same temperature
fresh (max 1 hour from
preparation, kept warm on a
heat plate)

Figure 2. Study design for a) the consumer study and b) the sensory profile analysis.
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selected research products represented both healthy (vegetable and lentil soup)
and unhealthy (French fries with sausage) product images (Photo 1, Paakki
et al., 2022). There are several products with similar nutritional compositions
on the Finnish market, in both the retail and foodservice sectors. The original
and reformulated products were tested by consumers and sensory panel
professionals (Figure 2). To our knowledge, no previous scientific study has
demonstrated the successful use of salt and fat content reduction compensa-
tion techniques in commonly served foodservice products in such a concrete
and detailed manner. In this study, we have included recipes and nutrient
content calculations as well as a sensory profile analysis of reformulated
products in a scientific paper for the first time, which facilitates the imple-
mentation of the results in the foodservice industry and the catering field.

a)

320

458

b)

Photo 1. Photos of the research products, a) the reformulated (on the left) and the original
vegetable and lentil soup and b) the reformulated (on the left) and the original French fries with
sausage.
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Sample preparation

The reformulated products were developed in fall 2021 for a collaborative
consumer study in South Ostrobothnia, Finland. Two foodservice products
with different health and nutrition images, vegetable and lentil soup (repre-
senting a healthy, less fatty, and salty product) and French fries with
sausage (representing an unhealthy, fatty, and salty product), were refor-
mulated to meet the criteria for the Heart Symbol. Despite different health
images, neither of the original products met the criteria for the Heart
Symbol (Table 1). Compared to the nutritional recommendations and the
Heart Symbol criteria, the original vegetable and lentil soup contained too
much total and saturated fat as well as salt. In the reformulated product,
the amount and quality of fat was improved by decreasing the total amount
of oil and replacing full fat cream (fat 35%) with light cream (fat 15%). The
flavor change caused by the salt reduction was compensated by increasing
the sour taste with acidic apple and lemon juices. In the original recipe
consisting of French fries with sausage, the amount and quality of fat was
within the nutritional recommendations, but the salt content was well
above the recommended level. In the reformulated recipe, the salt reduction
was compensated by increasing the flavor intensity with chili powder and
onion. During cooking, the onion was roasted, which also emphasized the
umami and sweet tastes in the reformulated product. The recipes were
developed, and the final products were tested in the training restaurant of
Seindjoki University of Applied Sciences. The study was carried out in
collaboration with the Finnish Heart Association, which is responsible for
managing the use of the Heart Symbol criteria (Heart Symbol, n.d..). The
experts of the Finnish Heart Association reviewed the nutrient content
calculations of the reformulated products and approved the recipes devel-
oped for the study.

For the consumer study, the research products, both the original and
reformulated versions, were prepared according to the researchers’ recipes
by trained professional chefs at Sodexo Flavoria® lunch restaurant at the
University of Turku. The ingredients of the recipes were generally weighed
by the professional chefs but the critical ingredients (salt and spices), were
weighed by the researchers to ensure the correct salt content and taste balances
of the research products. Also, the product samples for the sensory profile
analyses were prepared in an experimental kitchen by trained researchers with
the same recipes.

Consumer study

The consumer study (N =123, aged 19-70 years, mean 38.5 years, females
74.8%) was conducted in a multisensory research laboratory (Aistikattila®,
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Flavoria research platform, University of Turku). Each participant evaluated
both research products (vegetable and lentil soup and French fries with
sausage), either the original (N =64, aged 21-70 years, mean 39.6 years,
females = 76.6%) or the reformulated (N =59, aged 19-68 years, mean 37.2
years, females=72.9%) versions, in a randomized order (Figure 2). The
research products were prepared before each evaluation session and kept
warm on a heating plate (max. 1 hour), and dished out just before the
evaluation. Consumer acceptance was evaluated by asking about the appear-
ance, smell, taste, texture, and overall pleasantness of the original and the
reformulated products. Seven-point Likert-scales from 1 (very unpleasant) to 7
(very pleasant) were used to measure pleasantness. One-way ANOVA was
used to detect the effects on the variables between the groups. The data was
collected using Compusense Cloud software, version 22.0 (Compusense Inc.,
Guelph, Ontario, Canada). Statistical analyses were performed using IBM
SPSS Statistics, version 28.0. This study was part of a larger study on eating
behavior, where the participants (N = 355, aged 19—70 years, mean 38.1 years,
temales 74.1%) were exposed to health labeling and multisensory eating
simulation exercise. The results of this paper are based on the control group
of this study, with no exposure to health labeling or eating simulation.

Sensory profile analysis

In addition to the consumer study, the descriptive profiling of the
research products was done by experienced trained sensory professional
panelists (N = 9, ISO 8589 sensory evaluation laboratory, Lawless &
Heymann, 2010). The descriptive analysis consisted of four one-hour
training sessions, one training evaluation, and three evaluation sessions.
In the first training session, the samples were presented to the panelists,
who were asked to describe their odor, appearance, texture, mouthfeel,
taste, and flavor, and this was followed by a group discussion. In the
further training sessions, the verbal descriptions of the lexicon were
clarified, and the reference values for the sensory profile intensities of
the product samples were mutually agreed and decided on (Figure 2). The
tinal sensory profile of the French fries with sausage consists of 13 sensory
attributes (four odor, one mouthfeel, two taste, and six flavor properties),
and the vegetable and lentil soup had 16 sensory attributes (four odor,
one mouthfeel, two taste, and nine flavor properties).

All the samples were evaluated in triplicate during the three different
sessions on a scale of 0 (min) to 10 (max). The samples were served one by
one from the heating plate, and the evaluation order was randomized both
between the panelists and between the sessions. The data was collected using
the Compusense Cloud software, version 22.0 (Compusense Inc., Guelph,
Ontario, Canada). The difference between the attributes in the original and
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the reformulated samples was tested with Student’s t-test (IBM SPSS Statistics
for Windows, Version 28.0).

Results
The reformulated recipes

In the reformulated vegetable and lentil soup, the salt content was decreased
by 17%, rapeseed oil content by 20%, and the amount of full cream (35% fat)
was replaced by a 13% lower amount of light cream (15% fat). Following these
recipe modifications, the reformulated vegetable and lentil soup met the Heart
Symbol criteria of the Finnish Heart Association. The reduced salt content was
compensated by increasing the amount of apple juice (+40%) and lemon juice
(+20%) in the recipe. During the product development process, the increased
amount of herb (thyme) was also tested, but based on a pretest consumer
evaluation, the amount of herb was not changed in the reformulated vegetable
and lentil soup. In the reformulated French fries with sausage product, the
reduced salt content (—46%) was compensated by increasing the amount of
onion (+30%) and chili powder (+31%) in the recipe (Table 1).

As a result of the recipe reformulation, the nutrient profile of the vegetable
and lentil soup improved remarkably, with reductions of 25% in energy, 47%
in total fat, 62% in saturated fat, and 17% in salt content. The improvement in
the nutritional profile of the French fries with sausage product was the
markedly (-28%) decreased salt content (Table 1).

Consumer evaluation

Consumer acceptance was evaluated by asking the participants to evaluate the
pleasantness of the appearance, smell, taste, texture, and the overall pleasant-
ness of the original and the reformulated products. Compared to the original,
the reformulated French fries with sausage achieved higher ratings in plea-
santness of appearance (Mean+SD: 4.85 + 1.38 vs 4.03 + 1.37, p <0.001) and
smell (5.68+1.36 vs 5.08 +1.37, p=0.016), but there was no difference in
overall pleasantness (4.93 +1.22 vs 4.80 £ 1.28, p =0.549) between the pro-
ducts. The vegetable and lentil soup had similar results; no difference in overall
pleasantness (5.86 + 0.99 vs 5.77 + 1.22, p = 0.624) between products, but the
smell of reformulated product received a higher rating (5.53 £ 1.39 vs 4.95 +
1.28, p=0.019), and had a conditional positive effect on appearance (6.15
0.78 vs 5.80 + 1.30, p = 0.071) compared to the original product.

Sensory profiles
The trained sensory panel evaluated the sensory profile of the products using
16 sensory attributes for the vegetable and lentil soup and 13 sensory attributes
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for the French fries with sausage. Among the trained panelists, the original

vegetable and lentil soup was evaluated as significantly richer in texture-
mouthfeel (p =0.039) than the reformulated version. Also, the creaminess of
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the original vegetable and lentil soup tended to differ significantly from the
reformulated soup (p =0.058). However, no differences in sensory attributes
between the original and the reformulated French fries with sausage products
were observed (Student’s t-test, Figures 3, and 4).

Discussion

Reformulation has so far mainly been performed to improve the nutritional
quality of processed products, for food industry purposes. For example, in the
food industry, significant reductions in salt and fat content as well as in overall
fatty acid profiles have been achieved in many product categories without
affecting consumer product acceptance (Bruce, 2020; Buttriss, 2013;
Fouladkhah et al., 2015; Hoppu et al., 2017; van Raaij et al., 2009). As most
current technological solutions focus on the development of industrial pro-
cesses, there has been little research on basic recipe modification techniques
and compensating methods for unhealthy ingredients in the foodservice field.
However, as OOH eating is increasing, the foodservice industry also needs
new ways to improve the nutritional quality of served foods.

This study showed that the nutritional profile of different foodservice
products can be significantly improved by simple recipe modification
techniques, without adverse effects on consumer acceptance. The salt and
fat content in the reformulated products was decreased to a maximum of
27% and 62%, respectively, using basic recipe compensation techniques,
simply by balancing taste, appearance and smell through the spiciness,
sweetness, and sourness of the products. The results suggest that consumers
may even prefer reformulated products if the recipe is carefully designed to
compensate for the altered sensory profile of the reformulated product. It
seems that with the right kind of compensation techniques, it is possible to
produce not only healthier but even more tasty products. Furthermore, the
sensory professionals found differences only in a few sensory attributes,
similarly indicating the power of research-based strategies to modify the
sensory profile of low-salt and low-fat food products. Recommended com-
pensation techniques for salt reduction in soups and ready meals not only
include a total and gradual reduction in the use of NaCl, but also an
increased use of herbs, spices, acidic ingredients, and sweet tastes
(Buttriss, 2013; Hoppu et al., 2017; Liem et al., 2011). In the reformulated
French fries with sausage, the salt reduction was compensated with an
increased amount of onion (31%) and chili powder (30%). As a result,
the spicy flavor effect of chili powder was balanced and enhanced by sweet
and umami tastes created with roasted onion in the reformulated French
fries with sausage. This was confirmed by the consumer evaluation, as
despite the increased amount of chili and onion in the recipe, the con-
sumers did not find the reformulated French fries with sausage spicier or



JOURNAL OF FOODSERVICE BUSINESS RESEARCH 13

more onionous than the original product. In addition, compared to the
original the consumers did not find the reformulated product less salty,
even though the amount of salt was significantly reduced in the reformu-
lated product. As a matter of fact, past studies have demonstrated that
consumers’ ability to discriminate between different tastes is relatively
low - and can be influenced by subtle non-evaluative cues such as the
hue of orange juice (Hoegg & Alba, 2007). Thus, consumers’ taste percep-
tion is a highly malleable and subjective experience, shaped by many
marketing cues (e.g., brand, price, package claims) and consumer charac-
teristics, e.g., values, food neophobia, demographics, and their interactions
(Allen et al., 2008; Paasovaara et al., 2012).

Furthermore, the sensory professionals found a sweet taste in the sensory
profile of the reformulated French fries with sausage, even though the differ-
ence in sweetness between the original and the reformulated products was not
significant. It seems that the increased amount of chili powder and roasted
onion also made the appearance of the reformulated product more pleasant. In
the reformulated vegetable and lentil soup, the salt reduction was compensated
with an increase of acidic apple (+20%) and lemon (+40%) juices. The
increased quantity of herbs is one of the recommended salt reduction com-
pensation techniques in ready meals (Fouladkhah et al., 2015; Hoppu et al,,
2017). Interestingly, we found during the product development process that,
to gain consumer acceptance, the amount of thyme had to be kept at the
original level in the reformulated vegetable and lentil soup. In an earlier study,
Wang et al. (2014) also found that herbs must be used with caution, as
excessive amounts of herbs reduce the overall acceptance of soups. The
panel of trained sensory professionals clearly distinguished the flavor and
odor of the herb both in the original and in the reformulated soups.
Compared to the reformulated vegetable and lentil soup, the original soup
contained more fat and full fat cream, and, consequently, the original soup was
evaluated to have more fullness in its texture and creaminess in its flavor.
However, the consumers did not notice any difference in overall pleasantness
between the original and the reformulated soup.

Theoretical implications

The results from our study confirm the findings of earlier studies on the use of
common salt and fat reduction compensation techniques in ready-to-eat
foods, and these recipe compensation techniques can be recommended to be
more widely used in the foodservice and catering sectors. Since OOH has
increased significantly in recent years, the societal and managerial implica-
tions of these actions would be extensive.

More attention and resources should be allocated to the testing and
implementation of compensation techniques in the foodservice industry.
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A food supply approach is central to achieving significant improvements
in diet. Recently, White et al. (2020) argued that the commercial food
system in particular has a significant role in taking leadership to support
dietary public health, although systemic-level governmental changes are
needed. The authorities are making progress on the matter, as, for
example, the European health authorities are developing guidelines and
operating models for the reformulation of processed foods, not only for
large manufacturers but also for small and medium-sized enterprises
(WHO European Region, 2021a).

To reach health improvement goals, further actions are needed. Based on our
studies, these actions should include more innovative approaches and extensive
piloting. Reformulated menu planning should be done gradually, carefully testing
the customer acceptance of each recipe change. In addition, more consumer
acceptance research is needed to understand customers’ reactions to reformu-
lated products in the foodservice sector. Communication about healthy food
choices should also be carefully considered and tested. It is still unclear whether
reformulation should be done “silently,” or whether the customer should be
informed of healthier options. Several earlier studies have shown that lay beliefs
prevent rather than facilitate healthy eating habits (Chandon & Wansink, 2007;
Paakki et al., 2022; Stastny et al., 2011; Suher et al., 2016). According to a study
conducted by Giazitzi and Boskou (2021) most foodservice outlets customers
welcome nutritional information on their menu cards. However, a recent study
by Byrd and Almanza (2021) found that menu labeling with a sodium warning
symbol even might have harmful consequences in the foodservice sector. Earlier,
Turnwald and Crum (2019) showed that healthy foods should be promoted with
taste-related arguments rather than healthiness-related ones.

Practical implications

Successful reformulation requires product development resources, which
are not available in all professional kitchens. Therefore, efforts should be
made to effectively share knowledge and know-how. Thus, the importance
of chef training plays a crucial role in the development of healthier foods
(Bertoldo et al., 2022; Tsui & Morillo, 2016). For example, the training of
chefs could include “healthier menu developer certificates” (cf., e.g.,
hygiene certificates) and governments should subsidize healthier menus.
Utilizing modern technologies such as digital recipe banks and recipe
editing tools in the training of chefs would be cost-effective and have
a widespread impact on the foodservice industry and on OOH eating.
Also, food industry and large foodservice companies with better resources
and wider knowledge could help smaller companies with planning, test-
ing, and implementing reformulation techniques. Such co-operation
would be beneficial and valuable to society as a whole. Standardized
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regulations and maximum content limits should be defined for the most
critical nutrients, especially for salt and fat. A study conducted among
Dutch industrial representatives showed that the food industry welcomes
reformulation, but at the same time it wishes to have greater government
support and similar regulation for all companies (van Gunst et al., 2018).
Knowledge sharing among food supply actors could be done through
conferences, websites, and newsletters dedicated to reformulation. Open
collaboration that encourages everyone to openly share their ideas, as we
did in our research by sharing a detailed recipe, is critical to success and
achieving a common goal. Similar recommendations were presented as
early as in 2010 by the U.S. Institute of Medicine, for example, but no
significant implementation has taken place so far in the foodservice
sector. More recently, the WHO European region (2020) published a list
of actions for different supply chain actors to accelerate salt intake
reduction.

Study limitations and future prospects

The study was conducted with only two products. Future actions should
include testing the salt and fat reduction techniques in various types of
ready meals, and among larger study groups, as well as among different age
groups and in different foodservice environments.

Recipe development was performed by researchers with a hospitality man-
agement background, and the products were tested in research environments.
A real-life environment study with chefs would have given additional insight
to the study, which must be taken into account in future studies. Several earlier
studies have shown that the development of healthier products and menus
motivates many chefs (Bertoldo et al., 2022; Gillis et al., 2020).

Moreover, future research needs to address the effects of longer storage and
shelf-life on the sensory quality of reformulated products. In reformulation
techniques, the implementation of closer co-operation among food supply
actors is recommended. Previous examples of successful cooperation among
actors in the food supply chain have been presented, e.g., in preventing food
waste, promoting sustainable business through information technology,
knowledge sharing, and product development (Ersoy et al., 2022; Gobel
et al., 2015; Krogager et al., 2016). More generally, the importance of co-
innovation practices and management within food supply chains is becoming
more and more recognized (Misra & Mention, 2022).

Consumers’ perceptions of healthy food are variable, and there is clearly not
enough information about consumers’ motivations to choose a healthy pro-
duct. Further research is needed on the factors that most influence healthy
food choices, and how to influence customers’ choices of healthier alternatives.
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Conclusion

In this study, we successfully tested simple ways to reformulate common
foodservice products through basic recipe compensation techniques for salt
and fat content reductions. Compared to the original products, only minimal
differences were observed in the reformulated ones, and the overall pleasantness
of the reformulated products was actually perceived to be higher. In conclusion,
these techniques should be widely implemented by the foodservice industry, and
authorities should encourage foodservice industry experts to adopt reformula-
tion and provide funding for training in reformulation and recipe modification
techniques in the foodservice sector. Closer cooperation and knowledge sharing
between actors in the food supply chain is recommended.
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