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A B S T R A C T   

Research suggests that as we age, protein intake, recognised as vital for combating negative health outcomes, 
consistently falls below recommendations in older adults. Decreased food intake, combined with age-related 
eating complications is a major determinant of this protein undernutrition. If nutritional interventions are to 
be effective and sustainable, they must enable eating pleasure, cater for personal preferences and be adaptable to 
different eating patterns. As such, we aimed to identify successful strategies for at-home protein-fortification to 
empower older adults to take a personalised approach to their nutrition, without requiring a large behavioural 
change. To explore healthy older adults’ (age 70+) acceptability and preferences for at-home protein fortifica-
tion, European project Fortiphy led discussions with older adults (n = 37) and caregivers of older adults (n = 15) 
to develop high-protein recipes, which were then utilised in a home-use trial with healthy older adults (n = 158). 
Each fortified recipe was paired with a questionnaire to rate the ease of preparation and liking, and an end-of- 
study questionnaire was provided to capture overall opinions and preferences. The uniqueness of this study is 
that the protein fortified recipes were prepared and tested by older adults themselves, in their own homes. 
Findings showed that older adults were unaware of the importance of protein in ageing and did not have a desire 
to fortify their foods at present. Yet, they were positive regarding the concept and highlighted the importance of 
taste, familiar ingredients, and preferred preparation methods. Cultural preferences across countries were 
identified as having the most influence on the liking of fortified meals. This study also indicated a need for 
increased awareness of protein requirements to influence the motivation to use fortification.   

1. Introduction 

Societal and scientific breakthroughs in health, nutrition and tech-
nology have led to reduced mortality and increased population life ex-
pectancy (Mathers et al., 2015). As such, it is forecast that the number of 
people age eighty years or older is expected to triple between 2020 and 
2050 (World Health Organization, 2022). With a growing percentage of 
the population comprising of older adults, it is important to ensure that 
populations not only live longer, but that those extended years of life are 

in good health (World Health Organization, 2020). This is referred to as 
‘adding life to years’ and can be achieved by following healthy behav-
iours, such as maintaining healthy dietary patterns (World Health Or-
ganization, 2020). 

One macronutrient recognised as key for combating negative health 
outcomes associated with malnutrition in older adults is protein. 
Adequate protein consumption minimises common physical complica-
tions with ageing, such as reduced fracture risk (Groenendijk et al., 
2019), frailty (Mendonça et al., 2020) and sarcopenia, a progressive and 
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generalised loss of muscle mass (Hunter et al., 2019). It is also respon-
sible for reducing cognitive decline (Fernando et al., 2018) and 
improving immune function (Li et al., 2007). In protecting the individ-
ual from these ailments, protein aids in protecting a good quality of life 
(Hunter et al., 2019). 

In Europe, the official recommendations for protein intake vary 
slightly. The current UK protein recommendation is 0.75 g/kg body 
weight per day (Scientific Advisory Committee on Nutrition, 2012). 
However, the European Society for Clinical Nutrition and Metabolism 
(ESPEN) and the PROT-AGE Study Group have advised that a health 
older adults daily protein intake should be increased to 1–1.2 g/kg body 
weight per day (Bauer et al., 2013; Deutz et al., 2014). The Norwegian 
government guidelines also advocate for increased protein intake with 
age with a recommended range of 1.2–1.5 g/kg body weight for older 
adults to prevent declined physical functioning (Blomhoff et al., 2023; 
Geirsdóttir & Pajari, 2023). The increase with age is proposed because 
older muscle is susceptible to anabolic resistance, so it requires greater 
amounts of amino acids to stimulate muscle anabolism (Coelho-Junior 
et al., 2020). Assessments of older adult’s diets consistently reveal that 
protein intake falls short of these suggestions (Fleury et al., 2021; Lonnie 
et al., 2018; Mendonça et al., 2018; Morris et al., 2020; Roberts et al., 
2018). For example, the mean protein intake of older adults in Norway is 
1.1 g/kg body weight per day (Nygård et al., 2020), which is below the 
guidelines being advocated for by the Norwgian government (Blomhoff 
et al., 2023; Geirsdóttir & Pajari, 2023). Moreover, research shows that 
UK-based older adults have a median protein intake of 0.97 g/kg body 
weight per day (Mendonça et al., 2018) and indicates that they are 
potentially short of up to 26 g of protein per day (Smith et al., 2022). In 
addition, a study in France showed that older adults who received a 
“meals-on-wheels” service had an average protein deficit of 42 g a day 
(Fleury et al., 2020). 

A key driver of protein-energy undernutrition is poor appetite, as 
older adults typically consume small portion sizes, which decreases the 
opportunities to consume the necessary nutrients (Sulmont-Rossé, 2020; 
van der Pols-Vijlbrief et al., 2014). As such, there is great value in 
finding alternative methods to supplement or fortify older adults’ diets 
with protein without increasing portion size. Protein-fortification, that is 
incorporating high quality protein ingredients into a meal to increase 
the overall protein content, without substantially changing the portion 
size, is a particularly relevant solution (Douglas et al., 2017; Dunne, 
2007; Geny et al., 2023; Morilla-Herrera et al., 2016). Products can be 
pre-fortified and purchased in the shops, or alternatively, older adults 
could fortify their own foods at home. Food has no nutritional value 
until it is chosen, accepted and consumed (Forde & Delahunty, 2004) 
and the at-home approach facilitates the most flexibility to fortify a 
limitless variety of foods that older adults enjoy eating. 

Most protein-fortification studies have involved hospital or care 
home settings, and studies in participants homes have been either with 
pre-prepared meals or minimal adjustments in protein quantity (such as 
5 g additional protein in one meal) with adults deemed nutritionally 
vulnerable (Douglas et al., 2017). In the current study, healthy older 
adults across three countries were asked to prepare protein-fortified 
meals in their own home. It is also a cross-cultural study to account 
for cultural differences and generate relevant insights that are appro-
priate for a range of populations. To make at-home protein fortification 
a successful and sustainable nutritional intervention, there are 
numerous caveats to consider. Older adults typically have a selection of 
meals on rotation in their diets (Whitelock & Ensaff, 2018) and can be 
reluctant to try new foods (van den Heuvel et al., 2019). Therefore, it is 
important to identify appropriate fortification ingredients and meal 
carriers. In addition, it would be important to incorporate good quality 
sources of protein, such as animal derived proteins like whey protein 
which have a complete balance of amino acids and lead to a greater 
muscle mass synthesis in older adults (Pennings et al., 2011; Wall et al., 
2014). Secondly, the fortified foods must be easy to prepare from both 
dexterity and effort perspectives. Older adults may suffer with tremors, 

pain and weakness in the hands and fingers, which could lead to motor 
difficulties with the pre-oral stage of eating such as manipulating cutlery 
and cooking equipment, as well as transporting food into the mouth 
(Laguna et al., 2016; Westergren et al., 2002). Additionally, ageing can 
come with swallowing difficulties (Thiyagalingam et al., 2021) and 
some textures can lead to difficulties in oral manipulation (Hall & 
Wendin, 2008; Kremer et al., 2005; Rothenberg & Wendin, 2015), 
especially if the consumer has limited physical abilities or wears den-
tures (Appleton, 2016). There are also textural and appearance prefer-
ences, such as meat tenderness and vegetable preparation (whole versus 
sliced) which can be manipulated to increase meal enjoyment and food 
intake (Van Wymelbeke et al., 2020). Moreover, taste and aroma 
perception can decline with age (Doty & Kamath, 2014; Methven et al., 
2012; Mojet et al., 2001; Sulmont-Rossé et al., 2015) and so the devel-
opment of stronger tasting foods can be used to counter higher taste 
thresholds (Dermiki et al., 2014; Nieuwenhuizen et al., 2010). Thus, 
solutions must take these age-related complexities into consideration to 
ensure that the food is pleasurable to eat. 

Incorporating solutions to account for the above can be undertaken 
through co-creation with the target consumers, where diverse actors 
share and combine knowledge (Raffaele, 2013; Slay & Stephens, 2013; 
Smith et al., 2022; Sulmont-Rossé et al., 2018). A recent systematic re-
view revealed that the acceptability of fortified recipes is seldom done, 
and found no co-created approaches (Geny et al., 2023). As such, we 
recognised that older adults are experts of their diets and behaviours, 
and aimed to conduct culturally and contextually appropriate research, 
by engaging with older adults to inform each stage of the project. In the 
current study, which is part of Project Fortiphy (Preventing the risk of 
undernutrition by fostering meal FORTIfication and PHYsical activity in 
older adult), funded through the European Joint Programming Initia-
tive, our aim was to identify the drivers and barriers for older adults 
fortifying their foods and potential strategies for success. We sought to 
investigate this through focus groups with older adults and caregivers, 
and a home-use trial in which older adults made and consumed fortified 
recipes. Our objectives were as follows.  

1) To identify perception of protein fortification by European older 
adults.  

2) To understand the likelihood of European older adults routinely 
fortifying their meals at home.  

3) To identify what fortified meals and ingredients are most liked by 
European older adults. 

As such, our paper establishes the key drivers and barriers of home- 
living older adults regarding at-home fortification. 

2. Methods 

This paper will report on data collected from two consecutive studies 
from participants across the UK, France and Norway. A two-pronged 
approach was used to explore potential options and preferences for 
protein fortification by obtaining both qualitative (Study 1 - focus 
groups) and quantitative insights (Study 2 - home-use trial). 

2.1. Ethical considerations 

All study procedures were approved by the University of Reading 
Research Ethics Committee (UREC 21/26), the Norwegian Agency for 
Shared Services in Education and Research (SIKT 452337), and the 
Research Ethical Committee (CER) of the University Bourgogne Fran-
che-Comté (CERUBFC-2021-11-16-037). All participants provided 
written informed consent to take part. 

2.2. Study 1: qualitative study (focus groups) 

The purpose of these focus groups was to explore older adults’ and 
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caregivers’ attitudes and knowledge towards protein fortification, as 
well as potential protein rich ingredients and preferred food matrices for 
successful fortification. All focus groups were conducted according to a 
predetermined protocol to facilitate semi-structured data collection and 
had a duration of between one and a half to 2 h. 

2.2.1. Participants 
A total of six focus groups (two per country) were led with adults age 

70+ years across the three countries (UK: n = 12, 70–86 years old, 75% 
female; France: n = 13, 70–90 years old, 69% female; Norway: n = 12, 
73–84 years old; 83% female). All focus groups with older adults were 
separated into groups of participants who lived alone and groups who 
lived with a partner, to avoid emotional discomfort of those who may 
have been bereaved, and to ensure similarities in the barriers and op-
portunities within the group. In addition, a focus group was held in each 
country with professional and familial caregivers of adults aged 70+
(UK n = 3, 66% female; France n = 5, 80% female; Norway n = 6, 66% 
female). Norway only had familial caregiver participants. The UK focus 
group was smaller due to scheduling conflicts and the availability of 
carers, and an additional one to one interview (n = 1) was held with a 
female familial carer due to scheduling conflicts. All the older adults 
were living independently, and the caregivers did not have any 
connection to the older adult participants in the study. Participants were 
recruited via emails and posters and were reimbursed (£20 in the UK, 
€20 in France, and €30 in Norway). 

2.2.2. Focus group procedure 
The focus groups were run between November 2021 and March 

2022. Focus groups were facilitated by 2–3 authors from each country 
who were trained in interviewing techniques. These focus groups with 
older adults were held in person in Norway and France, and online 
(Microsoft Teams) in the UK due to different Covid-19 guidelines 
regarding vulnerable persons at the time. The caregivers focus group in 
Norway was also held online. Due to the potentially unfamiliar tech-
nology and the older participant demographic, participants in the UK 
were offered practice calls in the lead up to the focus group so that they 
were comfortable with using the software and how to actively 
participate. 

The protocol (Tables 1–in the supplementary material), began with 
an icebreaker task about preferred methods of cooking and then 
observed the following prompts and discussions. At points visual aids 
were used to tell a story about protein and fortification. For instance, 
photos of meals and snacks that might be consumed on a typical day in 
each country, informed by food diaries from an earlier Fortiphy study, 
were shown. The purpose was to illustrate how much food would need to 
be consumed to achieve the desired daily protein intake. That prompted 
a discussion about how difficult it can be to reach the recommended 
protein intake on a smaller appetite, and what barriers and opportunities 
there were for protein fortification in their lives. Participants were also 
shown images of various dry and non-dry fortification ingredients (i.e., 
ground almonds, protein powder, eggs and lentils) (Fig. 1 in supple-
mentary material). In the UK, participants were sent images of these 
ingredients in advance in the post so that they could easily see them, as 
well as being shown them on the screen when taking part online. Par-
ticipants in France and Norway, who took part in face-to-face focus 
groups, were not sent these in advance as they would be able to inspect 
them clearly in person. During the focus group, participants were asked 
to recall their meals (including snacks) from the previous (week – 
Norway) (day – France and UK) and consider how they could recreate 
them by including any high protein ingredients they thought would be 
enjoyable and typical of what they would usually eat. The same protocol 
was used for discussions with caregivers as it was for older adults, except 
that edits were made to elicit their opinions about older adults rather 
than themselves, for example a typical question in the discussion might 
have been “What do you think the older adult would think of such a 
change in the meal (e.g., smell and taste, appearance, consistency, 

quantity and price?“. 

2.2.3. Focus group analysis 
Two to five groups per category of participant have been found to be 

adequate in reaching a point of data saturation, the point after which 
findings continue to be replicated across the groups and no new infor-
mation is retrieved (Carlsen & Glenton, 2011). As such, six focus groups 
with older adults and three focus groups with caregivers was deemed an 
appropriate point to stop. In Norway and France, the focus groups were 
recorded and transcribed using a denaturalised approach which 
removed unnecessary stutters and pauses, as well as the correction of 
grammar (Oliver et al., 2005; Whitelock & Ensaff, 2018). Original 
quotations prior to translation to English are found in Table 2 in the 
supplementary material. In the UK, live transcripts were recorded by 
Microsoft Teams and were amended for auditory mistakes by replaying 
the original recorded discussions to corroborate them. The data were 
analysed by inductive thematic analysis (Kiger et al., 2020) to identify, 
analyse and report repeated patterns within the transcripts. Two re-
searchers from each country led this analysis using Nvivo 12 (QSR In-
ternational Pty Ltd, 2018) by analysing the transcripts separately, 
creating codes, and then discussing similarities and differences to decide 
on draft themes together. If an uncertainty arose, a third researcher was 
consulted. To synthesise the findings across all three countries, the 
multisite qualitative analysis approach was adopted (Jenkins et al., 
2018). This involved an initial within country analysis, followed by a 
between country analysis to develop over-arching themes and finally a 
second within country analysis. Final themes were selected based on 
how often they occurred and how prominent they were in terms of how 
fellow focus group participants responded to them in discussions (either 
a topic brought up by a fellow participant or a researcher). 

3. Results of focus groups 

This paper elaborates on a total of five parent themes: ‘typical 
approach to cooking’ with two subthemes; ‘priorities in food choice’ 
with three subthemes; ‘factors related to appetite’ with five subthemes; 
‘fortification as a concept’ with two subthemes; and ‘fortification in-
gredients’ with two subthemes. Themes are predominantly presented in 
the order that the protocol followed (refer to Table 1 in the supple-
mentary). Direct quotes are used to support these themes, and the source 
can be identified by using the following code: Older Adult (OA), Pro-
fessional Carer (PC) or Familial Carer (FC) and United Kingdom (UK), 
France (FR) and Norway (NO). For example, ‘FC-UK’ refers to a Familial 
Carer from the UK. 

3.1. Theme 1: typical approach to cooking 

3.1.1. Methods of food preparation 
During the focus groups, the icebreaker provided an opportunity to 

discuss participants’ preferred method of cooking. It was also frequently 
discussed throughout the focus group. 

A preference for quick and convenient meals and cooking styles was 
the most popular. In more than one country there was a preference for 
making meals in larger amounts (batch cooking) and then having left-
overs, as to not spend too much of the week preparing meals. The use of 
a microwave and minimal equipment was popular as to being easier to 
manage and avoid too much washing up. 

(FC – UK) “I think Granny finds things like doing veg a lot easier in 
the microwave.” 

(OA – UK) “I do like using the slow cooker because then it makes 
meals for when you’re in a hurry.” 

(OA – UK) “I batch cook where possible, so I’m making spaghetti 
Bolognese or chilli con carne enough for 2–3 meals. Those get 
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portioned out, put in the freezer, brought out, defrosted at some 
stage in the future and then microwaved.” 

(OA – FR) I’m on the food processor because … for several years 
already, because I find that it frees up my time while having a good 
cuisine, a good stewed cuisine … well, we have all the possibilities of 
cooking with this machine.” 

(OA – FR) “The microwave helps me reheat because I don’t make 
soup for a day. I make soup for three, four days.” 

(FC – FR) “I’m talking about microwaves at the moment because I’ve 
been with my mother for two years - before that I was with my father. 
And now we have … I’m bringing in meal trays/meal on wheels. So 
it’s basically reheating in the microwave.” 

(OA – NO) “I really like cooked food, food with lots of sauce, fried 
food, yes … but I am very dependent on the microwave. There I cook, 
and there I heat food.” 

(OA – NO) “I probably like oven stuff the best. I found that it keeps 
the flavour very well and it is clean. It’s cleaner than when you use 
the frying pan and stuff like that.” 

(OA – NO) “Yes, it is also easier in relation to washing up. You have 
serving dish and all in one. But it’s mostly about the taste, and when 
you put it on, you don’t have to stand by the pot all the time. You can 
do something else.” 

3.1.2. Who does the cooking 
In the UK and Norway if a participant lived with someone else, 

cooking seemed to be a role in the household that one person took more 
responsibility for. This theme was not prominent in the France focus 
groups, although the researchers based in France noted that this is 
typically the case. 

(OA – UK) “I am working in Marks and Spencer part time, so most of 
my cooking is done in the microwave. If I do any, and my wife does 
most of the cooking in the house. Guess we’re old fashioned like 
that.” 

(OA – NO) “I seldom cook dinner now. I did it when I was working, 
then I started when the wife had arrived, I started with dinner. But 
now she is the one who controls everything, has taken over 
everything.” 

(FC – NO) “And often I make such a large portion that he then has for 
2 days. And before he got home care, we had it like he got it for 3 
days, so every time, so yes … and before that again, he cooked dinner 
himself.” 

(FC – NO) “She lives alone and fends for herself. Doesn’t have home 
care or anything like that. She cooks herself dinner every day, mostly 
by herself, unless we who shop for her 1–2 days a week can also help 
cook and eat with her.” 

3.2. Theme 2: priorities in food choice 

3.2.1. Taste and smell 
Taste and eating pleasure were considered a highly important factor 

in food choice. This related to food they were currently choosing to 
consume, as well as when they were considering potential protein 
fortification. 

(OA – UK) “You get to seventy years old. You’re not gonna start 
eating stuff that you don’t like so it’s gotta taste good.” 

In France in particular, this related to the preferred method of 
cooking by caregivers that would retain the best flavour. 

(FC – FR) “Steam cooking because it is very healthy. In my opinion, it 
really preserves the flavour and aromas of the food perfectly.” 

(FC – FR) “Cooking in a pan. For what? Because I find it easy and 
quick. I find that the smells that emerge during cooking are quite 
pleasant.” 

(FC – NO) “They [older adults] flavour the food more, use a lot of 
salt. Maybe less sense of taste.” 

(FC – NO) “[The older adult I care for] doesn’t have as good a sense of 
taste as before. Uses the sense of smell.” 

(FC – NO) “But in recent years, perhaps during the pandemic, interest 
in food has waned. And she says that taste has changed and doesn’t 
think things taste like they used to. There is little that tempts, so she 
eats less. She eats, but not a lot and doesn’t bother to cook every day, 
or dinner every day. She has lost a lot of weight but is otherwise 
healthy.” 

3.2.2. Health 
Older adults were concerned about the correct ‘balance’ of food 

groups and meal types when choosing what they were eating. They 
appeared to be mainly interested in reducing nutrients and food groups 
as a means of maintaining good health, and there was less discussion 
about adding important nutrients or food groups into their diets. 

(OA – FR) “Eggs, I don’t eat too many of them because of the 
cholesterol.” 

(OA – UK) “I don’t eat pasta and I don’t eat rice very much. Probably 
for two reasons. One to keep the carbohydrates down, but I find they 
make me feel very bloated”. 

(OA – UK) “I do try to have protein at lunchtime when we’re having a 
vegetarian meal in the evening. Just to try and balance it.” 

(OA – FR) “Yes, I’m a little surprised. The proposals you present [the 
ideal meal picture] seem excessive to me. I generally tighten the 
bolts.” 

(OA – FR) “They say that coffee with milk is not digestible, so you 
should avoid milk in coffee.” 

(OA – NO) “We also eat very little potato, because my husband has 
gotten the idea that there is far too much starch.” 

It also related to timings of food and what they believed to be the 
healthiest. 

(OA – FR) “I also think that we can eat more in the evening, but what 
you have to be careful about is that it is not too fatty. In fact, it may 
be more in the way we eat than in the quantity. Because if you eat 
fatty things, it’s harder to digest.” 

(OA-FR). “With cholesterol, we say: you should not eat cheese in the 
evening, you should … with diabetes, you should limit the quantities 
of bread. So you always have to limit. So finally, I restricted myself 
and I barely eat anything anymore. And as a result, I lost 6 kg in a few 
weeks.” 

3.3. Theme 3: factors related to appetite 

There were numerous social factors that appeared to influence self- 
reported appetite, particularly low or small appetites in older adults. 

3.3.1. Social factors 
Loneliness and bereavement were seen to have an impact on a loss of 

appetite or motivation to prepare meals in the same way that they once 
did. 
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(OA – UK) “My life has changed remarkably this last year because 
unfortunately I lost my husband so really cooking is the last thing I’m 
thinking of.” 

(OA – FR) “I also think it’s loneliness. Because the presence of someone 
stimulates … I’m not going to say laziness, but the desire to … more desire 
to cook. So, she just eats the soup and that’s it, it’s good.” 

(OA – FR) “I have my mother-in-law who hardly eats when she is alone, 
she has to be forced to make food for herself. But as soon as she is at our 
house, she eats, but like me. She eats normally. So, it’s really loneliness 
that actually makes them become malnourished. And there you go. And in 
the evening, she eats her soup and then she goes to bed because she no 
longer has any interest in anything else.” 

(PC – FR) “Also, loneliness I noticed that people who are in a relationship, 
both, they still manage to eat better than a person alone. I recently had a 
lady with her husband when he was still there, they both ate really, really 
well. Her husband died two months ago. You have to see her now, I push 
her, but really so that she can eat just a little bit. For her, eating alone no 
longer really makes sense.” 

(FC – NO) “It is when we are together with my mother, for example on 
holiday and such, when she is with us for more than several days and eats 
all types of things with us, then she eats a lot more.” 

(FC – NO) “My mother says she forgets to eat. She can get preoccupied 
with something, or be busy with something, and suddenly almost the 
whole day has passed. Then she has forgotten to eat. So, she doesn’t have 
a strong feeling of hunger anymore.” 

3.3.2. Physiological considerations 
Physiological considerations reflected a loss of appetite and taste/ 

smell changes, as well as other complications such as mastication and 
dentition issues. 

(OA – FR) “Loss of appetite linked to chewing problems. I see my 
mother who was 98 years old, she no longer had … her dentures, 
they were floating, she could no longer chew. And so afterward, she 
only ate the small biscuits bought in pharmacies”. 

(PC – FR) “I am a professional carer and I have seen several of my pa-
tients. And the observation that has always come up over ten years in the 
profession is that people who have braces always eat less than people who 
have their teeth. It’s really weird, despite trying to adapt the food ac-
cording to their teeth, they still eat less than people who have their teeth” 

(FC – NO) “My mother feels that she has difficulty swallowing”. 

(OA – NO) “In periods of a lot of pain, I have had it. Bad appetite, yes. 
Poor appetite. When the pain subsides, it’s back.” 

Some adults considered factors that made them choose to consume 
their largest meals at different times of day. 

(OA-UK) “I suffer with indigestion sometimes, and it’s far better for 
me to eat in the middle of the day.” 

(OA – FR) “I have a sister who is 80 years old and has a lot of health 
problems and she eats a lot less in the evening. In the evening, it’s 
soup, yoghurt, and that’s it. Because she no longer moves, she can no 
longer move.” 

This appeared to have an impact on overall intake as well. 

(OA-UK) “So, for me one [problem] is indigestion, but I’m not eating 
too much in the evening that solves that problem, but it also it messes 
the deal if you have to spend a chunk of the middle of the day 
cooking and eating a large meal but inevitably feeling dozy in the 
afternoon.” 

3.3.3. Beliefs 
This theme also ties into the above because there were many beliefs 

held about when and how much to eat. In particular, older adults in 
France held beliefs that they should have their smallest meal at the end 
of the day. 

(OA – FR) “I believe in many beliefs because many times I have heard: 
“you shouldn’t eat too much in the evening because you don’t sleep well 
and everything”. So afterward, it’s a vicious circle. The person eats less in 
the evening, then they will eat … In the morning, they will eat well because 
in general, they are … we are very hungry in the morning when we haven’t 
eaten the day before. And then afterwards, we reduce the portions little by 
little, then we eat less and less, as you say. But it’s a bit of a vicious 
circle.” 

(OA – FR) “When I listen to my grandmother, she said: “in the morning, 
you must eat like an emperor, at lunchtime like a king and in the evening 
like a pauper.” 

(OA – FR) “I had memorized that dinner is a preparation for the 
night, that is better if it is rather light.” 

(OA – FR) “It was also said that because we are older, we have less need 
to consume. There is also this idea that is made. And that if we also eat … 
there is also a person, if they eat too much in the evening, they have poor 
sleep.” 

3.4. Theme 4: fortification as a concept 

When we looked into fortification as a concept, there were mixed 
opinions and a number of barriers that were discussed that would need 
to be overcome. 

3.4.1. Disassociation from age group 
Many older adults in the UK and France spoke about the fortification 

process and increased protein requirements as though it was intended 
for someone older in years than themselves. 

(OA – FR) “But at what age do you call “older person”? We have to set 
an age, but I find that here, 65–70 years old, we are much younger 
than 20 years ago, people aged 50″ 
(OA – FR)"Say “old” at 70, you’re not old after all [Laughing.]” 

(OA – FR) “Me, I have a dad who has just turned 101 and a mom who 
will be 100 tomorrow, indeed, I am young … that’s it, absolutely.” 

(OA – UK) “I do think that the age group you’re aiming at are quite 
set in their ways and they are not always happy to change.” 

(OA – UK) “I just don’t think they see the need or that’s not in their 
way of doing things.” 

3.4.2. Knowledge of protein 
Participants were asked if they thought younger people (under 65 

years) needed more or less protein per day than they did. Compared to 
professional caregivers who believed that protein requirements increase 
with age, most older adults and familial caregivers believed that they 
would need less. 

(PC-UK) “[Younger people need] less protein because you compare the 
immune system of older adults to the ones of young adults. I think the 
immune system of older adults is usually lower, so they should have more 
protein than young adults.” 

(OA – NO) “But I didn’t know that. That we needed more protein when 
we got old.” 

The reason they believed younger people need more protein was 
typically linked to activity levels, and associated intakes that were 
perceived necessary for such activity. 
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(OA-UK) “I would think [younger people would need] slightly more 
because below 65 are more likely to be more energetic, doing more 
and more energetic things.” 

(OA-UK) “I would say higher, possibly. Because they’ve got to 
maintain their body weight and their energy. For doing things like, 
because they are in the age group that work. And you know, [they] 
have more things to do in their life then what older people do so 
therefore they need the energy.” 

(OA – FR) “Perhaps people who have physical activity, good physical 
activity, can ultimately eat more, because they need more calories.” 

There were also comments regarding the use of protein within the 
body, which adults had mixed opinions on. As a whole, they appeared to 
be uncertain. 

(OA-UK) “I mean young children are growing and then through 
teenage years they also growing at a different rate, probably from 
when they were young children. So, it’s not simply age. It’s also like a 
developmental stage and body requirements growth. I mean, when 
you’re 65 plus, you’re not going to grow very much, but you need 
protein for repair and all the other things you mentioned just now, 
whereas growth is more important perhaps than younger children.” 

(OA-UK) “It’s a bit of a mixed ’cause those under 65 do need a lot of 
energy, but I think as you get older you perhaps don’t process the 
absorption and the benefits of it as much as you do when you’re 
younger. So that we might need more, I don’t know.” 

In contrast to guidelines, some older adults also expressed that they 
thought it was possible to have too much protein or that a small amount 
was sufficient. 

(OA-UK) “For lunch, scrambled egg on a muffin so one egg, I could have 
two eggs for that, but I would have thought one egg was sufficient protein 
per meal.” 

It was also mentioned that protein can be expensive and therefore 
frugal habits formed in childhood still influence food choices now. 

(OA-UK) “I was obviously brought up poor because I’ve never put 
two proteins in a sandwich. I’d have ham or I have cheese. I wouldn’t 
have it both. I always put lettuce or watercress. That’s my sandwich 
and I wouldn’t ever put two lots of protein in a sandwich, but my 
husband does, but I wouldn’t. I’d always put just egg, or you know 
something on its own.” 

In terms of protein sources, there was generally a good under-
standing, with many participants citing meat, fish and eggs. However, 
no-one mentioned protein powders. There was a good understanding of 
what proteins were needed for with many older adults citing muscle 
mass and muscular function, although only the professional caregivers 
mentioned immune function, as indicated earlier. 

(OA – FR) “There are already animal proteins and there are vegetable 
proteins.” 

(OA-FR) “In meat, in eggs, fish” (OA – FR) … “Pulses” (OA – FR) … 
“Dairy” 

(FC – FR) “Proteins, so they can be found in meat, fish, eggs. That’s … 
and those for example who don’t eat animal proteins or anything else, we 
can find that in plant proteins such as soy and others and even in legumes 
in particular. There you have it, legumes. So. So, proteins … yes, are 
particularly useful for muscle function.” 

There were some occasions throughout the focus groups where foods 
typically low in protein were mentioned as an example of protein. 

(OA – UK) “There was a little bit of protein [on the cake] because we 
had strawberries on top.” 

(OA – FR) “In all vegetables, there is a little [protein].” 

All participants expressed gratitude for taking part in the focus 
groups and for learning more about protein and fortification. Most had 
not heard of the term fortification before and were keen to learn more 
about what they could be doing to benefit their health through further 
information. 

(OA – UK) “If we’d been asked this before we started today it’s not 
something any of us would have thought was something we’d want 
to do. But I think if you get the education, you realise the importance 
of it.” 

(OA – FR) “For us, we need to be aware of it [that we need to eat more 
proteins].” 

(OA – FR) “I realize that I have [nutritional] deficiencies.” 

- (FC – NO) “If I had known that my mother had been so malnourished, 
which I really don’t think she is now, then I think that if she was going to 
take any protein powder, it would have to be her doctor who kind of, gave 
some kind of prescription on it and said that "this here is something you 
have to take." 

3.5. Theme 5: fortification ingredients 

3.5.1. Everyday culinary ingredients 
Participants were open to using everyday culinary ingredients to 

fortify their meals and had various preferences and strategies for how 
they would prefer to do it. 

(OA – NO) “If I had to add anything, it would be cheese. We love cheese. 
But I use most of this here almost every day. Both eggs and, ham I guess I 
don’t use that much, but cheese. We use a lot of milk products. And 
grain.” 

(OA – FR) “Cheese in pasta, eggs in quiche, cream in soup.” 

(OA – FR) “On the ice cream, I didn’t add anything, but I probably could 
have added a little ground almonds.” 

(OA-UK) “I suppose I could have done egg fried rice or something, maybe 
not, and then going back to a string of cutting out things and in the 
morning had a Kit Kat chocolate bar. And in the afternoon chocolate. 
Sorry, ginger cake. If I’d have cut those out completely that might be good. 
Or if I had had some like cheese on crackers in the afternoon, maybe that 
could also been better than what I had, chocolate.” 

(OA – NO) “No, I wouldn’t use any protein, but eggs.” 

3.5.2. Protein extracts 
Participants and caregivers were initially suspicious of the protein 

powders and had many questions about how they would be found, used, 
and what affects they might have on a meal in terms of taste, texture and 
appearance. 

(OA – NO) “I thought this was pretty disgusting stuff. Milk proteins, that’s 
… What am I going to use it for?” 

(FC – NO) “Why should we have these powders, if we can use more eggs 
and more grated cheese or cheese in the menu? Are there any benefits to 
using these powders?” 

(FC-UK) “Mum would probably be a bit nervous about it [protein pow-
der] but if she couldn’t taste the difference, I think she’d be fine.” 

(OA – FR) “When you want to enrich a meal with something like that, 
does it change the taste?” 

(OA – FR) “And does it change the colour too, the visual?” 

(OA-UK) “All these other kinds of powders I’d be really stuck to find out 
what to do with them.” 

However, these thoughts were mediated by ideas about how to 
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substitute other dry ingredients with powders. 

(RS) "Does anyone else here use any kind of ingredient to thicken up a 
soup or casserole?“, (OA – UK) “Cornflower”, (RS) “Ok so perhaps 
would you consider using a powder in place of that?“, (Multiple OA’s – 
UK) “Yes”, (OA-UK) “Like if it’s adding the protein, that’s a double 
winner.” 

(OA-FR) “And even if it modifies the taste, it depends a little on the 
taste because we put vanilla or vanilla sugar in certain cakes, why not 
that? It depends on the taste it gives.” (OA-FR) “We add a little va-
nilla sugar to hide the taste.” 

Collagen was considered more acceptable by some participants, 
whereas in general the older adults did not view themselves as the target 
market for the powders. 

(OA – NO) “If I were to add something, it would have to be the collagen 
powder, because it is good for the skin, among other things. And it didn’t 
taste bad.” 

(FC – NO) “I think my mother would have had a pretty high threshold for 
mixing this in her food. It is probably because she does not feel that she 
really needs it or, it doesn’t mean to much.” 

(OA – NO) “Just heard that there is such a powder, but thought it doesn’t 
concern me.” 

(OA – NO) “But those who build bodies, they’re a bit confused, aren’t 
they? They buy boxes of powder. That’s not good, is it?” 

Some female older adults were also interested in the powders if they 
provided a lower fat option than other everyday culinary ingredients. 

(OA-UK) “Well, I personally would be more conscious. I love cheese and I 
would put grated cheese on a lot of things, but it’s the calorie side of that. 
The fat side that I would be concerned about. I don’t know what the 
makeup of the protein powders are, but I would assume they’re lower in 
calories, and I think they would be a very good alternative.” 

3.5.3. Natural ingredients 
There was also some concern for the ‘naturalness’ of foods, primarily 

related to how processed they were, which impacted attitudes towards 
everyday culinary ingredients and protein extracts. 

(OA-UK) “I’m a bit worried about ham at the moment because it’s 
processed … you can think of things for protein and you can think of 
things against it. It’s difficult because we’re always told to eat one 
thing and then it’s not good for something else and it gets very 
confusing. I am wary of ham I have to say.” 

(OA-UK) “It depends where the plant based or plant-based ones are 
produced … are they, are they you know are they covered in all sorts 
of chemicals sprayed with this, that and the other?” 

(OA – FR) “For me, it’s artificial [protein powders].” 

(CS) “So under what conditions would you be ready to use them? 
What would it take for you to actually be ready to use them?” 

(OA-FR) “Honestly, from the composition, knowing if it’s really just 
the product or if there are additions, stuff.” 

4. Study 2: quantitative study (home-use trial) 

After the focus groups, insights from these discussions as well as diet 
diaries from a previous Fortiphy study (data not shown), were used to 
develop eight recipes that provided an additional 6–10 g protein per 
portion compared to their unfortified counterparts. The recipes included 
fortified porridge, granola, Scotch pancakes, French toast, Bolognese 
sauce, carrot soup, mashed potatoes and vanilla cake (see Table 3 in 
supplementary material for recipe ingredients and protein increase). 

These recipes were initially developed in Norway (by author GHR) and 
were modified for subtle changes in relation to which ingredients were 
available in each country (e.g., a vanilla sugar available in Norway, was 
substituted for vanilla essence and sugar in France and the UK). These 
meals were purposely chosen to account for meals which were typically 
lower in protein, were commonly consumed by older adults in the three 
countries, except porridge in France, and were a suitable fit gastro-
nomically for a range of everyday culinary and more functional protein 
sources to be added (such as whey protein isolate) (manuscript is in 
preparation). In particular, there was a strong emphasis on breakfast 
meals as meals this time of day are typically lower in protein than other 
meals in the day (Lonnie et al., 2018). The recipes were primarily for-
tified with two core high protein ingredients (extruded soya mince in 
granola and Bolognese, and milk protein powder in vanilla cake, Scotch 
pancakes, mashed potato, porridge and carrot soup). Other everyday 
culinary ingredients such as quark (a soft cheese) were also used (in 
French toast and Scotch pancakes), as well as ground almonds (in 
Bolognese and vanilla cake) and eggs (in French toast). To explore as to 
whether these recipes were easy to use and liked by older adults, a 
home-use trial was set up for older adults to recreate these meals in their 
home environment and provide receive feedback. 

4.1. Participants 

Adults aged 70+ years or older who lived independently in the 
community (i.e., not in a hospital or care home) were eligible to take 
part in this study. Participants were made aware of the study via emails, 
posters and word of mouth. Some participants who took part in previous 
Fortiphy studies, such as the focus groups and had indicated that they 
wanted to be invited to more studies in the future were also invited 
directly to take part again and be engaged in the whole co-creation 
process. The recruitment pool was wide because all interactions were 
completed over the phone or through the post, hence participants could 
participate from anywhere in the three countries. According to the 
powder calculation, 51 participants were required in each country (α =
0.05, power = 80%, d = 0.8/7, ±SD = 1.6 (Sulmont-Rossé et al., 2018). 
In total 158 participants took part in the study (UK n = 51, 70–87 years 
old; 67% female, France n = 56, 70–96 years old; 89% female, Norway n 
= 51, 70–93 years old; 75% female). Table 1 details the demographics. 

4.2. Home-use trial procedure 

The home use trial ran from April 2022 through to September 2022. 

Table 1 
Participant characteristics in the home-use trial.   

France (n =
56) 

Norway (n =
51) 

UK (n =
51) 

Total (n =
158) 

Age 
Mean 76 75 75 75 
Range 70–96 70–93 70–87 70–96 
70–79 43 (77%) 41 (80%) 45 (88%) 129 (82%) 
80–87 13 (23%) 10 (20%) 6 (12%) 29 (18%) 
Gender 
Male 6 (11%) 13 (25%) 17 (33%) 36 (23%) 
Female 50 (89%) 38 (75%) 34 (66%) 122 (77%) 
Relationship and living status 
Living with a 

partner 
23 (59%) 33 (65%) 33 (65%) 89 (56%) 

Not living with a 
partner 

33 (41%) 18 (35%) 18 (35%) 69 (44%) 

Health status (self-reported) 
Better than others 

my age 
21 (38%) 21 (42%) 23 (45%) 65 (41%) 

Same as others my 
age 

32 (57%) 28 (56%) 27 (53%) 87 (55%) 

Worse than others 
my age 

3 (5%) 1 (2%) 1 (2%) 4 (4%)  
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The recipes were posted out to participants in different ways for each 
country (Table 3 – see supplementary material) and porridge was not 
included in France due to it not being a commonly consumed food there. 
Participants were asked to make each recipe once, and complete a 
questionnaire designed by the Fortiphy team that assessed the prepa-
ration, usage and liking each time. Participants were allowed to choose 
when they wanted to make each recipe and had to make them all within 
a month of receiving the study materials. After this, participants were 
asked to complete a final questionnaire designed by the Fortiphy team 
about their experience with making the recipes, fortification in general, 
preferred recipes and comments about the study. Specifically, partici-
pants were asked to indicate their first, second and least favourite meals 
and provide their preferred fortification ingredients by selecting at least 
one option from ‘Common high-protein ingredients (eggs, nuts, milk, 
cheese, almond flour … ‘, ‘Protein extracts (milk protein powder and 
soya protein)’ and ‘None, I do not want to use fortification’. They were 
asked for their general opinions on how they felt about including the 
high protein ingredients using a 4-point scale (‘I was happy with the 

outcome because they generally improved the meal’, to ‘I was disap-
pointed with the outcome because they generally worsened the meal’) 
and asked about the likelihood of them using fortification in the future 
using another 4-point scale (‘Yes, most definitely’ to ‘No, most definitely 
not’). Ease of use was captured by a 5-point scale (‘Very easy to use’ to 
‘Very difficult to use’) and an improvement 3-point scale from 
‘degraded’, through ‘did not change’ to ‘improved’ were used for the 
impact of fortification on appearance, taste, texture and nutritional 
content. Understanding of fortification, awareness of protein require-
ment, protein knowledge, and understanding of nutrition for older 
adults were captured through quiz style questions developed by the 
authors. Food neophobia was measured using an adapted Food Neo-
phobia Scale questionnaire adapted for older adults (it uses a 4-point 
scale instead of 7) (Mingioni et al., 2016). The final score varies from 
10 (not neophobic) to 40 (very neophobic). As proposed by the original 
scale authors (Pliner & Hobden, 1992), negative statements were 
reversed and recoded for final score calculation. For the purposes of data 
analysis low food neophobia was regarded to be scores between 10 and 

Table 2 
Perception of protein ingredients from older European consumers.   

France (%) (n =
53) 

Norway (%) (n =
49) 

UK (%) (n =
51) 

Male (%) (n =
36) 

Female (%) (n =
117) 

Total (%) (n =
154) 

In general, what were your opinions on including the high protein ingredients? 
I was happy with the outcome because it improved the 

meal (1) 
21.4 31.3 14.0 13.9 24.6 22.1 

I was happy with the outcome because it did not seem to 
change the meal (2) 

69.6 62.5 54.0 63.9 61.9 62.3 

I was disappointed with the outcome because it did not 
seem to change the meal (3) 

5.4 0 10.0 13.9 2.5 5.2 

I was disappointed with the outcome because it worsened 
the meal (4) 

3.6 6.3 22.0 8.3 11.0 10.4 

Mean (±SD) 1.91b (±SD.640) 1.81b (±SD.734) 2.40a 

(±SD.990) 
2.17 
(±SD.775) 

2.00 (±SD.847) 2.04 (±SD.831) 

Median 2 2 2 2 2 2 
How easy were the high protein ingredients to use? 
Very easy to use (1) 43.6 38.8 49.0 47.1 42.9 43.8 
Easy to use (2) 43.6 55.1 34.7 32.4 47.9 44.4 
Ok (Neither easy nor difficult) (3) 12.7 4.1 14.3 14.7 9.2 10.5 
Difficult to use (4) 0 2.0 2.0 5.9 0 1.3 
Mean (±SD) 1.69a (±SD.690) 1.69a (±SD.652) 1.69a 

(±SD.769) 
1.79 
(±SD.914) 

1.66 (±SD.641) 1.71 (±SD.756) 

Median 2 2 2 2 2 2 
How did the high protein ingredients impact the food visually? 
Improved the visual impact of the food – making it more 

appetizing (1) 
1.8 0 6.0 5.7 1.7 2.6 

Did not change the visual impact of the food (2) 98.2 98.0 80.0 91.4 92.4 92.2 
Degraded the visual aspect of the food – making it less 

appetizing (3) 
0 2.0 14.0 2.9 5.9 5.2 

Mean (±SD) 1.98 (±SD.135) 2.02 (±SD.143) 2.08 
(±SD.444) 

1.97 
(±SD.296) 

2.04 (±SD.273) 2.03 (±SD.279) 

Median 2 2 2 2 2 2 
How did the high protein ingredients impact the taste of the food? 
Improved the taste of the food (1) 14.5 26.5 16.0 25.7 16.8 18.8 
Did not change the taste of the food (2) 83.6 69.4 58.0 60.0 73.9 70.8 
Degraded the taste of the food (3) 1.8 4.1 26.0 14.3 9.2 10.4 
Mean (±SD) 1.87 (±SD.388) 1.78 (±SD.511) 2.10 

(±SD.647) 
1.89 
(±SD.631) 

1.92 (±SD.507) 1.92 (±SD.536) 

Median 2 2 2 2 2 2 
How did the high protein ingredients impact the texture of the food? 
Improved the texture of the food (1) 32.7 20.4 20.4 20.0 26.3 24.8 
Did not change the texture of the food (2) 63.6 69.4 55.1 68.6 61.0 62.7 
Degraded the texture of the food (3) 3.6 10.2 24.5 11.4 12.7 12.4 
Mean (±SD) 1.71 (±SD.533) 1.90 (±SD.549) 2.04 

(±SD.675) 
1.91 
(±SD.562) 

1.86 (±SD.612) 1.88 (±SD.600) 

Median 2 2 2 2 2 2 
How did the high protein ingredients impact the nutritional content of the food? 
Improved the nutritional content of the food (1) 89.1 97.9 89.8 90.9 92.4 92.1 
Did not change the nutritional content of the food (2) 10.9 2.1 8.2 9.1 6.8 7.3 
Degraded the nutritional content of the food (3) 0 0 2.0 0 0.8 0.7 
Mean (±SD) 1.11 (±SD.315) 1.02 (±SD.146) 1.12 

(±SD.389) 
1.09 
(±SD.292) 

1.08 (±SD.309) 1.09 (±SD.304) 

Median 1 1 1 1 1 1 

a,b Mean values with different superscript letters were significantly different between Countries (Dunn’s procedure, p ≤ 0.05). 
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25, with high food neophobia regarded as scores above 26. Participants 
returned the questionnaires in the post. This paper considers the results 
of the final questionnaire, once the participants had tried all recipes; 
results from the individual recipes will be reported elsewhere in a 
separate manuscript which is in preparation. 

4.3. Home-use trial data analysis 

The data entry phase occurred as data was returned from participants 
from May–November 2022 and was statistically analysed in Novem-
ber–December 2023. Shapiro-Wilk tests on the variables showed that the 
data were not normally distributed, and so non-parametric statistical 
tests were used, although both mean and median values were both re-
ported for clarity. Data were analysed using XLStat statistical software 
(version XLSTAT 2023.January 1, 1398, Paris, France). Older adults’ 
overall perceptions of high protein fortificants and the likelihood of 
them continuing with fortification in the future were analysed with 
Mann-Whitney (for 2 group comparisons), Kruskal Wallis (for compar-
ison of more than 2 groups) and Spearman’s Rho Correlations. Further 
detail on the perceived impact of fortification on appearance, taste, 
texture and nutritional content was analysed with descriptive statistics. 
Preferred fortified meals and ingredients were analysed by Chi Square 
and demonstrating pairwise comparisons between countries using 
Fishers exact test. 

4.3.1. What perceptions do older adults in Europe have of protein 
fortificants? 

Table 2 shows the mean and percentage ratings of how older adults 
thought the high protein ingredients affected their meals. Most partici-
pants reported ‘I was happy with the outcome because it did not seem to 
change the meal’ (mean 2.04, ±SD0.831), however UK participants had 
a significantly lower opinion of the high protein ingredients (p = 0.002). 
There was no significant impact of age (p = 0.375), gender (p = 0.129), 
or food neophobia (p = 0.490) on this perception. Participants thought 
that the protein fortificants were easy to use (mean 1.71, ±SD0.756), 
however there was a weak positive correlation for increased age leading 
to a perceived increased difficulty of use (Rho = 0.220, p = 0.048). 
There were no statistically significant differences between country (p =
0.992), gender (p = 0.556) or food neophobia (p = 0.185) for ease of 
use. The 3-point scales for the impact of protein fortificants on appear-
ance, taste, texture and nutritional content had very little distribution 
and so were not analysed for statistical differences by country, age, 
gender and food neophobia. 

4.3.2. What is the likelihood of European older adults routinely fortifying 
their meals at home? 

Older adults were asked ‘are you likely to continue with fortifying 
your food with protein in the future?’ and overall, their answers fell 
between ‘yes, probably’ and ‘no, probably not’ (mean 2.49, median 3). 
This was significantly different between countries, with the UK partic-
ipants being less likely to continue with fortification. Increased age was 
associated with being less likely to continue with fortification, however 
this was not statistically significant (rho = 0.154, p = 0.057). Other 
factors such as gender (p = 0.117) and food neophobia (rho = 0.031, p 
= 0.709) did not influence the results. In addition, knowledge-based 

factors did not have an impact either, as there was no difference be-
tween people who had a correct understanding of what protein is used 
for versus those who did not (rho = 0.071, p = 0.709). There was no 
difference between those who understood what fortification was and 
those that did not (rho = 0.117, p = 0.145). Neither an understanding of 
nutrition in general nor an awareness of higher protein recommenda-
tions for older adults (rho = − 0.125, p = 0.124; p = 0.807 respectively) 
impacted results either (Table 3). 

4.3.3. What fortified meals and ingredients are most liked by European 
older adults? 

Table 4 shows which fortification ingredients older adults preferred 
to use for fortification. The most popular choice was to only fortify foods 
with common high protein ingredients (such as eggs, nuts, cheese …) 
(55.8% of consumers). This was followed by a combination of common 
high protein ingredients and milk protein powders and soy proteins 
(23.4% of consumers) and a small number of older adults who preferred 
milk protein powders and soy proteins only (5.2%). Approximately 16% 
of consumers did not want to use fortification at all. There was not a 
statistically significant impact of country (p = 0.195), age (p = 0.200) or 
gender (p = 0.272) on preference. There was however a nearly signifi-
cant impact of food neophobia (p = 0.103) which suggested that more 
food neophobic consumers would be more likely to prefer the use of milk 

Table 3 
Likelihood of older consumers in Europe to continue fortifying foods with protein after the interventions home-use study.   

France (%) (n = 53) Norway (%) (n = 49) UK (%) (n = 51) Male (%) (n = 36) Female (%) (n = 117) Total (n = 153) 

Yes, most definitely (1) 18.9 6.1 7.8 11.1 11.1 11.1 
Yes, probably (2) 41.5 40.8 31.4 38.9 37.6 37.9 
No, probably not (3) 30.2 44.9 51.0 38.9 42.7 41.8 
No, most definitely not (4) 9.4 8.2 9.8 11.1 8.5 9.2 
Mean (±SD) 2.30b (±SD.890) 2.55b (±SD.738) 2.63a (±SD.774) 2.50 (±SD.845) 2.49 (±SD.805) 2.49 (±SD.812) 
Median 2.00 3.00 3.00 2.50 3.00 3.00 

a,b Mean values with different superscript letters were significantly different between Countries (Dunn’s procedure, p ≤ 0.05). 

Table 4 
Preferred fortification ingredients of older European consumers (as %).   

France 
(n =
54) 

Norway 
(n = 49) 

UK (n 
= 51) 

Male 
(n =
36) 

Female 
(n =
118) 

Total 
(n =
154) 

Common high- 
protein 
ingredients 
(eggs, nuts, 
milk, 
cheese, 
almond 
flour …) 
only 

48.1% 59.2% 60.8% 55.6% 55.9% 55.8% 

Common high- 
protein 
ingredients 
(eggs, nuts, 
milk, 
cheese, 
almond 
flour …) and 
Milk protein 
powder and 
soya 
proteins 

27.8% 20.4% 21.6% 16.7% 25.4% 23.4% 

Milk protein 
powder and 
soya 
proteins 
only 

9.3% 4.1% 1.9% 8.3% 4.2% 5.2% 

None, I do not 
want to use 
fortification 

14.8% 16.3% 15.7% 19.4% 14.5% 15.6%  
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protein powders and soy only, and those who were less food neophobic 
were open to using a wider variety of protein fortification ingredients (p 
= 0.040). 

Tables 5–6 show the most preferred and least preferred meals (first 
and second choices were combined) tried in the home-use trial in each 
country. Four participants only stated one preference whereas 148 
participants stated 2 preferences; however, all responses were combined 
for an overall percentage of preferences. 

The most preferred meals overall were the Granola (21.5%) and 
Bolognese (22.1%), however it was more nuanced than this, as statis-
tically significantly countrywide differences existed (p = 0.015). For 
example, Granola was preferred significantly less in France (14.4%) and 
Carrot soup was the most preferred meal in France (25.2%), whereas the 
soup was significantly less preferred in Norway and the UK. There was 
no statistically significant impact of gender (p = 0.993) or age (p =
0.985) on most preferred meals. There was a trend that food neophobia 
might influence the preferred meals; suggested that consumers with 
high food neophobia were less likely to prefer the Granola (p = 0.070), 
and consumers with low food neophobia were more likely to prefer it (p 
= 0.011). Moreover, consumers with high food neophobia were more 
likely to prefer the Mashed potato and those with low food neophobia (p 
= 0.031). 

Overall, a fifth of total participants stated that they did not have a 
least favourite meal (20.9%). The least preferred meals had distinct and 
significant country-wide differences (p < 0.001). For example, the least 
preferred meal in France was Granola (35.7%), which was significantly 
more likely to be the least preferred than in the other countries, and 
Scotch pancakes were the least likely to be the least preferred meal in 
France (0.0%). However, the opposite was true of Norway. The UK 
consumers were significantly more likely to choose the Mashed potato as 
least liked. Neither gender (p = 0.442) nor age (p = 0.110) had a sig-
nificant impact on least preferred meal, although the older consumers 
(over the median age of 75) preferred the Bolognese more than the 
younger consumers (those between 70 and 75 years old) (p = 0.040). 
There was neophobia trend that consumers with high food neophobia 
were less likely to have choose porridge as their least preferred meal (p 
= 0.053). 

5. Discussion 

The focus groups provided a deep dive into the matrix of factors that 
are important to consider when developing foods with older adults and 
provided excellent insight on how to work towards successful dietary 
changes. First, it was made clear that it is important to older adults that 
their food tastes and smells appealing, particularly as some mentioned a 
reduction in taste and smell which can be common with ageing 
(Whitelock & Ensaff, 2018). Increased protein may in fact improve taste 
for many older adults, as umami, the fifth basic taste found in 
protein-rich foods, has been shown to increase preference and con-
sumption of meals by older hospital patients (Dermiki et al., 2014). In 
addition, umami can promote the secretion of saliva (Stańska & Krzeski, 
2016), which promotes the ease of swallowing (Pedersen et al., 2002) 
and is important to gustatory function (Sasano et al., 2014) and can 

increase gut motility (Kendig et al., 2014), so this could potentially 
benefit the older adults who spoke of indigestion issues. However, if it is 
done with protein powders, such as whey protein, it can also increase 
‘off flavours’ (Norton et al., 2020) and cause astringency or mouth 
drying attributes (Bull et al., 2017), so solutions must be developed 
carefully. Interestingly, most older adults were concerned that fortifi-
cation could change the taste and preferred that the fortified meals 
would taste no different to their unfortified counterparts. 

In addition to flavour, the focus groups revealed that fortification 
solutions should use cooking methods that allowed older adults and 
caregivers to prepare meals quickly. Recommendations for fortified 
meals should involve ingredients and meal carriers that can be made 
relatively quickly or in a way that can be prepared and left to cook 
without the need to supervise it (for example, in a slow cooker). It is 
perhaps a misconception that individuals of retirement age have spare 
time to or want to spend their time preparing meals, when in fact many 
participants cited often being in a rush and needing meals that came 
together very quickly. As such, the majority of recipes in the home-use 
trial were developed to be relatively quick to make (less than 20 min), 
with the shortest one (porridge) taking no more than 5 min, and the 
meals that took up to an hour were designed to be made in batch 
(Bolognese sauce and granola). 

Overall, the focus group findings indicated that older adults and 
caregivers alike are interested in fortifying meals with protein and were 
open to learning more about their protein needs. Both the focus groups 
and home-use trial provided insights on what might encourage older 
adults to adopt fortification in terms of ingredients and meal carriers. 
When we discussed ingredients with older adults in the focus groups, 
they appeared to be more comfortable with using everyday ingredients 
that they were familiar with, and the caregivers agreed. As such this 
research indicates that promoting fortification with routinely used in-
gredients such as cheese, egg, and yoghurt is likely to be the most 

Table 5 
Most preferred fortified meals (as %).   

France (n = 56) Norway (n = 49) UK (n = 47) Male (n = 32) Female (n = 120) Total (n = 152) 

Porridge n/a 9.3% 7.6% 6.1% 5.1% 5.3% 
French toast 8.1% 5.2% 5.4% 6.1% 6.3% 6.3% 
Scotch pancakes 9.0%b 3.1%a 10.9%b 6.1% 8.4% 7.9% 
Cake 14.4% 9.3% 9.8% 12.1% 11.0% 11.2% 
Granola 14.4%a 27.8%b 21.7%b 22.7% 21.1% 21.5% 
Carrot soup 25.2%a 12.4%b 14.1%b 15.2% 18.1% 17.5% 
Mashed potato 10.8% 7.2% 6.5% 7.6% 8.4% 8.3% 
Bolognese 18.0% 25.8% 23.9% 24.2% 21.5% 22.1% 

a,b Values with different superscript letters were significantly different between Countries (Fishers exact, p ≤ 0.05). 

Table 6 
Least preferred fortified meals (as %).   

France 
(n =
56) 

Norway 
(n = 49) 

UK (n 
= 47) 

Male 
(n =
32) 

Female 
(n =
120) 

Total 
(n =
152) 

Porridge n/a 14.6% 7.2% 5.9% 7.6% 7.2% 
French 

toast 
7.1% 8.3% 9.2% 5.9% 10.1% 9.2% 

Scotch 
pancakes 

0.0%a 8.3%b 4.6%c 2.9% 5.0% 4.6% 

Cake 8.9% 4.2% 9.8% 8.8% 10.1% 9.8% 
Granola 35.7%a 0.0%b 13.7%c 11.8% 14.3% 13.7% 
Carrot soup 8.9% 14.6% 11.8% 17.6% 10.1% 11.8% 
Mashed 

potato 
7.1%a 4.2%b 14.4%c 11.8% 15.1% 14.4% 

Bolognese 8.9% 10.4% 8.5% 5.9% 9.2% 8.5% 
Did not 

have a 
least 
favourite 

23.2%b 35.4%a 20.9%b 29.4% 18.5% 20.9% 

a,b Values with different superscript letters were significantly different between 
Countries (Fishers exact, p ≤ 0.05). 
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successful approach. 
Our home-use trial aimed to achieve 6–10 g of additional protein per 

portion compared to the unfortified counterparts and so ingredients 
with a particularly high concentration of protein (milk protein powder, 
quark, ground almonds and extruded soya mince) were used. As the 
focus groups revealed that unfamiliarity of protein powders could be a 
barrier, where possible we tried to substitute them into meals which 
already typically included dry powders (such as replacing some flour in 
recipes with protein powder). This provided participants the opportu-
nity to experiment using them and report back how they found it 
impacted the meals in relation to their main concerns. The results 
showed that the participants thought the fortification did not have a 
significant impact on ease of use, taste, texture and appearance, factors 
which they expressed concern over in the focus groups. They also 
thought that fortification increased the nutritional value of the meals 
overall, so this was promising. 

Despite the attitudes towards the overall impact of fortification, the 
majority of older adults who took part in the home-use trial did not think 
they would continue with fortification in the future. Findings from the 
focus groups explained that older adults and familial caregivers of older 
adults may be more likely to support the addition of higher protein in-
gredients if their knowledge was developed on protein requirements in 
ageing. When fortification was discussed in the focus groups, protein did 
not appear to be in the forefront of their minds before the study 
compared to all the other dietary factors that they considered in living a 
healthy life. Therefore, increased awareness of the need for protein and 
protein sources might influence the openness and motivation to include 
these ingredients in their meals. 

The most popular dishes in each country were Carrot soup (France), 
Granola (Norway) and Bolognese (UK). There were distinct differences 
for preferences across countries, when sometimes these preferences 
were opposites (such as Granola in Norway versus France). This high-
lighted the importance of trialling meals with older adults in three 
different countries to show that preferences can be very culturally 
dependent and that a ‘one size fits all’ approach would not work. As 
such, fortification solutions must be adapted to cultural preferences 
(Fatemi et al., 2023), which is why the at-home approach, using 
commonly eaten ingredients and meals most relevant to the individual, 
appears to be a preferable method for achieving enjoyment out of for-
tified meals. 

In addition, there were some interesting findings for the influence of 
food neophobia. Firstly, there was an indication of a preference for softer 
foods (Porridge, Mashed potato; whereas the harder textured Granola 
was less likely to be liked) in those who were more neophobic, as is 
consistent with the literature (Cappellotto & Olsen, 2021). Somewhat 
surprisingly, the results indicated that consumers with high food neo-
phobia might be more likely to prefer the use of milk protein powders 
and soy protein to fortify their foods, despite food neophobia being 
inversely related to willingness to try functional foods (Stratton et al., 
2015). Perhaps this might be related to lower confidence in those with 
high food neophobia with their cooking skills and using everyday culi-
nary ingredients, however we did not test for this. 

With regards to study limitations, it is likely that we recruited older 
adults who were more interested in health than the rest of the popula-
tion, were in a stable financial position and were likely to be educated. 
Moreover, as a volunteer seeking out participation in research studies, 
they may have been more independent and therefore more capable to 
utilise food-based fortification than others. As such, we need to be wary 
about generalising the results to the wider populations in the UK, France 
and Norway because psycho-social and social-economic factors are 
known to impact food choice and behaviours in older adults (Atkins 
et al., 2015; Walker-Clarke et al., 2022). We did ask about self-reported 
health status and the majority of people in each country felt that their 
health was the same as others their age, but we did not record education 
or financial status. Another limitation to consider, as is potential bias in 
the study; firstly, there is the possibility of a social desirability bias from 

the participants wishing to conform to the objectives of the tasks and 
please the researchers. However, there was little evidence of this from 
the discussions which were very open about what participants did not 
like, and likewise with the opinions in the home-use trial with the 
overall outcome that they did not want to fortify their foods at the 
current time. Secondly, within qualitative work there is the possibility of 
personal bias by the researchers (Morse et al., 2002). With this in mind, 
the multisite analysis (Jenkins et al., 2018) was a very collaborative 
process between the researchers and provided opportunities to sense 
check and challenge potential biases if they arose. Finally, our home-use 
trial did not compare the fortified recipes with its unfortified counter-
part as this was deemed too big a burden on the participant to make that 
many meals, and it was more important to trial a variety of fortified 
meals. However, research that explores the liking of fortified versus 
unfortified meals designed for older adults would be recommended, as it 
is very likely that if it does not taste as good, despite being nutritionally 
improved, there may be lower uptake by older adults who do not want a 
compromise on taste. 

Overall, we suggest that a focus on taste, cooking time, familiar in-
gredients and increased protein knowledge would facilitate a successful 
adoption of protein fortification for older adults. 
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Kautola, H., Järvenpää, E., Mäenpää, T., & Tahvonen, R. (2016). Perception of 
difficulties encountered in eating process from European elderlies’ perspective. 
Journal of Texture Studies, 47(4), 342–352. 

Li, P., Yin, Y.-L., Li, D., Woo Kim, S., & Wu, G. (2007). Amino acids and immune function. 
British Journal of Nutrition, 98(2), 237–252. 10.1017/S000711450769936X. 

Lonnie, M., Hooker, E., Brunstrom, J. M., Corfe, B. M., Green, M. A., Watson, A. W., 
Williams, E. A., Stevenson, E. J., Penson, S., & Johnstone, A. M. (2018). Protein for 
life: Review of optimal protein intake, sustainable dietary sources and the effect on 
appetite in ageing adults. Nutrients, 10(3), 360. 

Mathers, C. D., Stevens, G. A., Boerma, T., White, R. A., & Tobias, M. I. (2015). Causes of 
international increases in older age life expectancy. The Lancet, 385(9967), 540–548. 
https://doi.org/10.1016/S0140-6736(14)60569-9 

Mendonça, N., Granic, A., Mathers, J. C., Hill, T. R., Siervo, M., Adamson, A. J., & 
Jagger, C. (2018). Prevalence and determinants of low protein intake in very old 
adults: Insights from the Newcastle 85+ study. European Journal of Nutrition, 57(8), 
2713–2722. https://doi.org/10.1007/s00394-017-1537-5 

Mendonça, N., Kingston, A., Granic, A., & Jagger, C. (2020). Protein intake and 
transitions between frailty states and to death in very old adults: The Newcastle 85+
study. Age and Ageing, 49(1), 32–38. 

Methven, L., Allen, V. J., Withers, C. A., & Gosney, M. A. (2012). Ageing and taste. 
Proceedings of the Nutrition Society, 71(4), 556–565. https://doi.org/10.1017/ 
S0029665112000742 

Mingioni, M., Mehinagic, E., Laguna, L., Sarkar, A., Pirttijärvi, T., Van Wymelbeke, V., 
Artigas, G., Chen, J., Kautola, H., Järvenpää, E., Mäenpää, T., Tahvonen, R., 
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