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Background & aims: To compare the effects of a 12-week nutritional intervention, in which an innovative
protein-and-energy-enriched brioche, an oral nutritional supplement or a usual breakfast were eaten, on
food intake and nutritional status in nursing home residents.
Design: Three-armed, multicentre, controlled trial.
Setting: Eight nursing homes in Burgundy, France.
Participants: Sixty-eight malnourished participants aged between 70 and 99 years old.
Intervention: Participants were randomly assigned to one of three groups according to the breakfast
provided: brioche group, one portion of 65 g brioche enriched in protein and energy (12.8 g and 180 kcal)
added to usual breakfast; supplement group, 200-ml of a ready-to-use, energy-dense liquid (14 g protein
and 200 kcal) added to usual breakfast or control group, a usual breakfast only.
Measurements: Total energy intakes were assessed for three days at different periods of the study (day 0,
day 30 and day 90); blood parameters, nutritional status (mini nutritional assessment, weight) and
functional capacities (grip strength and activity level) were measured at the beginning and at the end of
the nutritional intervention study (day 0 and day 90).
Results: The participants of the brioche group had higher total energy intakes at day 30 (p value 0.004)
and at day 90 (p value 0.018) compared with the supplement group and the control group. At the end of
the interventional study, 72% of the participants in the brioche group had reached the recommended
minimum level of protein of 0.8 g/kg/day, compared with 53% in the supplement group and 36% in the
control group (p value 0.036). In addition, between day 0 and day 90 in the brioche group, blood levels of
vitamins B9, B2, D (all p value <0.001), B6 (p value 0.026) and B12 (p value 0.036) had increased and
plasma homocysteine had decreased (p value 0.024).
Conclusion: The protein-and-energy-enriched brioche effectively increased energy and protein intakes
and improved the nutritional status of elderly people living in nursing homes. It could be a good
alternative to oral liquid nutritional supplements to counteract protein-energy-malnutrition.
© 2016 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction
An adequate food intake is necessary to maintain good health in
ageing, but this objective is sometimes difﬁcult to achieve because
of physiological alterations, functional disabilities and diseases [1].
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As they get older, people eat less, even though nutritional needs do
not decrease. This imbalance predisposes elderly people to weight
loss and increases their nutritional risk. These problems are
particularly present in dependent older people living in nursing
homes, in which the incidence of malnutrition is high, ranging from
17% to 65% [2].
Malnutrition can be deﬁned as: ‘A state of nutrition in which a
deﬁciency or excess (or imbalance) of energy, protein and other
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nutrients causes measurable adverse effects on tissue/body form,
function and clinical outcome’ [3]. In this article, we used the term
malnutrition synonymously with undernutrition.
Malnutrition is associated with a decline in functional status,
impaired muscle function, delayed recovery from surgery, an
increased incidence and severity of various diseases and complications, longer hospital stays, increased readmission rates,
increased social isolation, reduced quality of life and increased
mortality [4]. It places a considerable burden on community and
health services and resources [4].
One of the most important causes of malnutrition is insufﬁcient
intake of nutrients because physiological, psychological and social
changes associated with ageing [1]. Schroll et al. [5] estimated that
10% of elderly persons consume less than 1300 kcal/day (i.e. about
35% less than a normal adult). More recently, Bon et al. [6] noted
that food intake only just reached 1500 kcal in hospitals and
nursing homes, the threshold below which it is difﬁcult to cover the
majority of nutritional requirements [7] and one of the indicators of
risk for inadequate micronutrient intake [8]. The recommended
daily intake should be 1800 kcal for women and 2200 kcal for men
aged more than 60 years old [9]. Current recommendations for
protein intake are 0.8e1.0 g per kilogram of body weight a day (g/
kg/day) for healthy older adults [9] and as high as 1.2e1.5 g/kg/day
for older adults with an acute or chronic disease [10]. When elderly
people do not meet their protein requirements, enriched nutritional supplements can be provided to make up the difference. The
meta-analysis by Milne et al. [11] showed the positive clinical
outcomes of nutritional interventions. There is evidence that supplements can increase survival, reduce complications and increase
energy and protein intake in older people. Compliance in elderly
people taking supplements is low, because of taste, satiety effects
and the extra volume that needs to be consumed [12]. In addition,
these products are often regarded as medications and not food.
The aims of the current study were to evaluate the effects of
providing elderly nursing home residents (NHR) with enriched
brioche as compared with an oral nutritional supplement (ONS) or
the usual breakfast over a 12-week nutritional intervention, during
breakfast, 1) on the nutritional intake and nutritional status, plasma
albumin, and plasma prealbumin, in NHR at risk of malnutrition or
undernourished, as the primary outcomes, and then on different
secondary outcomes, such as 2) the evolution of other blood
criteria, i.e. an increase in vitaminsB1, B2, B6, B9, B12 and D and
selenium on the one hand, and a decrease in homocysteine and Creactive protein (CRP) on the other, 3) the functional status, and
ﬁnally 4) BMI. These results of two 12-week nutritional interventions, enriched brioche and an oral nutritional supplement
(ONS), were compared with a control group. Brioche was chosen
because it is a staple food and is commonly consumed in France.
2. Materials and methods
The nutritional intervention was a randomized controlled trial.
Each participant was enrolled in the study for 12 weeks, which is
sufﬁciently long to report clinical and nutritional outcomes. Each
participant consumed one of the three breakfasts every day:
enriched-brioche (brioche group), ONS (supplement group), or the
usual breakfast (control group).
2.1. Participants
The study was conducted in eight nursing homes in the Dijon
area. In accordance with the inclusion criteria, residents were ﬁrst
screened by the medical teams of each nursing home in order to
select those who were eligible for this study. Then, physicians
involved in the nutritional intervention interviewed each person

directly to verify the inclusion and non-inclusion criteria. Participants were included if they had the following criteria: a Mini
Nutritional Assessment (MNA) score 23.5 [13] or plasma prealbumin 0.2 g/L, and aged 70 and older. Participants were
excluded if they were allergic or intolerant to any of the foods
offered in the study, suffering from an acute episode of disease at
the time of the study or were incapable of feeding themselves. The
study was approved by the Burgundy Ethics Committee (2010A01337-32). After receiving information about the study, the participants signed a consent form. For elderly people with a low
cognitive status, the study was explained in simple terms, corresponding to their level of understanding. If an elderly person did
not manifest refusal to participate in the study, the study was
explained to his/her legal guardian or representative, who countersigned the consent form.
2.2. Nutritional intervention
All participants consumed their breakfast sitting in their usual
place in their nursing home and received the usual food regimen
except for the breakfast in the two experimental groups (brioche
and supplement groups) in which usual bread at breakfast was
replaced by the enriched brioche or an oral nutritional supplement,
respectively. The participants in the brioche group were given one
brioche roll per day for 12 weeks. The brioche roll weighed 65 g and
had one of three randomised ﬂavours, orange, vanilla or honey and
contained 12.8 g of protein and 180 kcal. The brioche was supplied
by Cerelab® (Dijon, France) and was specially designed to suit the
preferences, chewing and sensory abilities of the elderly [14]. It was
designed to bring similar levels of energy and macro and micronutrients to those in the ONS, and focused on elements such as
group B vitamins, vitamin D and selenium (for the composition of
the brioche see Table 1). The participants in the supplement group
received one 200-ml carton of a ready-to-use, energy-dense liquid
with three randomised ﬂavours, strawberry, coffee or vanilla (Fre S.A., Labe
ge, France). The supplement contained
senius Kabi, Nestle
14 g of protein and 200 kcal (for the composition of the supplement
see Table 1). In the brioche and the supplement groups, participants
completed their breakfast with a hot drink, juice, butter, jam and
ordinary bread or toast if they wanted to. Consumption of the
brioche and the supplement was recorded every day by trained
nursing-home staff who evaluated the quantity of brioche not
consumed as 0, 25, 50, 75 and 100% of the portion served. Participants in the control group received their usual breakfast provided
by the nursing homes.
2.3. Study parameters
On the day of inclusion, the variables studied included gender,
age, cognitive status (Mini Mental State Estimation (MMSE) score)
[15], nutritional status (MNA score), Body Mass Index (BMI), functional status (Activities of Daily Living (ADL) score) [16] and level of
efﬁciency in basic and instrumental activities (Instrumental Activity Daily Level (IADL) score) [17], grip strength using a hydraulic
dynamometer (JAMAR® plusþ) as a measurement of muscle function, plasma albumin and plasma prealbumin values, medication
use, prescription of ONS and dental status. Body-weight was
measured with participants in light clothing after overnight fasting
on a calibrated scale (to the nearest 0.1 kg, SECA, FRANCE). The BMI
was calculated by dividing body weight by the square of the height,
the latter using the Chumlea equation [18]. The BMI, MNA score,
grip strength and ADL and IADL scores were also assessed at the
end of the study (day 90).
Food intake was assessed at three time points, before the
beginning of the nutritional intervention (day 0), then at one
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month (day 30), and at three months (day 90). For each time point,
the mean intake over three days was calculated (day-3, -2 and -1;
day 30, 31 and 32; day 90, 91 and 92). To evaluate total energy
intake, each food provided during each meal (breakfast, lunch,
snack, dinner) was weighed separately (Soehnle balance, FRANCE,
precision required: ± 1 g), the weight before the meal and the waste
after the meal were recorded by an experienced dietician. Energy
intake was evaluated using nutritional information on the packaging of the products or for the different foods eaten using Bilnut
software (Bilnut, S.C.D.A. Nutrisoft, Cerelles, France). For each
group, the mean of 3-day records was calculated to evaluate total
energy intake and energy intake for each meal. The consumption of
water was not assessed because water was placed on the table and
available to all participants.
At two time points, day 0 and day 90, blood parameters were
evaluated. Blood samples were collected to measure plasma concentrations of B1, B2, B6, B9, B12 and D (25-hydroxyvitamin D) vitamins, homocysteine, selenium, plasma albumin, plasma
prealbumin and CRP. Plasma prealbumin was also evaluated at day
30. For each parameter, 2 mL of serum was collected at 7e8 am after
overnight fasting. Blood samples were taken at the nursing home
by an independent laboratory.
2.4. Safety
No adverse events related to consuming the brioche or the ONS
were expected. Food safety was ensured by following the Hazard
Analysis and Critical Control Points (HACCPe Management method
of food safety) and EC Regulation 852/2004 guidelines [19]. The
study had no inﬂuence on the medical prescriptions of the physician and/or personal staff of nursing home and/or dietician (for
example, prescription of other ONS). Any adverse effects or problems with the subject's health were reported to the management
team and personal staff.
2.5. Statistical data and analysis
A sample of 23 participants was required in each group to
demonstrate a difference of 10% in total intake, with a statistical
power of 80% and an alpha-level of 0.10. Subjects eligible for
participation were randomly allocated by a generated random
number sequence in an excel table with a ratio 5:3:3 into either the
brioche arm (n ¼ 50) or the supplement arm (n ¼ 30) or the control
arm (n ¼ 30) stratiﬁed by age, gender and BMI. Subjects were
randomised as they were included at the eight nursing homes.
Continuous variables were expressed as means and standard deviations (SD), and categorical variables as percentages. Descriptive
statistics were used to describe the baseline characteristics of the
study population: gender, age, cognitive and nutritional status,
BMI, ADL, IADL, plasma albumin and plasma prealbumin levels,
medication use, prescription of ONS and dental status. Baseline
characteristics were compared between groups using one-way
analysis of variance (ANOVA) or by Pearson's chi-square tests
(Fischer's exact test) for categorical variables, such as dental status
and the prescription of diary ONS.
Blood parameters and nutritional and functional data were
analysed using Student t-tests paired between day 0 and day 90
within groups. For quantitative parameters with normal distribution, ANOVA were used, after a pretest for homogeneity of variances, to test the effects of the period (day 0, day 30 and day 90)
between each group. For each signiﬁcant effect, a multiple comparison of means was done using the Tukey test. In cases of
abnormal distribution, a nonparametric test was used (KruskaleWallis rank test) followed by a multiple comparison according
to Dunn's method.
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Table 1
Composition of the brioche and the ONS used.

Energy
Proteins
Carbohydrates
Sugar
Lipids
Vitamins B1
Vitamins B2
Vitamins B6
Vitamins B9
Vitamins B12
Vitamins D
Selenium

kcal
kJ
(g)
(g)
(g)
(g)
(mg)
(mg)
(mg)
(mg)
(mg)
(mg)
(mg)

Brioche

Supplement

Per portion ¼ 65 g

Per portion ¼ 200 mL

180.0
761.0
12.8
15.5
4.0
7.3
0.4
0.6
1.2
183.0
1.9
5.0
23.0

200.0
846.0
14.0
23.6
5.6
5.6
0.3
0.3
0.4
40.0
0.2
1.0
12.0

List of ingredients for brioche: Water, wheat ﬂour, wheat gluten, canola oil, eggs,
wheat ﬁbre, rice proteins, milk proteins, yeast, sugar, emulsiﬁers: E471, E472e and
E481, hydrolysed wheat gluten, butter, powdered skimmed milk, maltodextrins,
vitamins and minerals (magnesium, phosphorus, calcium, iron, zinc, selenium, vitamins D3, B1, B2, B6, B12, folic acid), salt, glucose syrup, lysine hydrochloride,
thickener: E412, ﬂavouring, wheat starch, sweetener: E955, ﬂour treatment
agent:E300, colorants:E101, E160a.

All variables for food intakes (total energy intake, at breakfast, at
lunch, at the snack and at dinner) and for plasma prealbumin levels
were analysed using a mixed model with a random effect for subjects, a ﬁxed effect for the factors groups (3 levels: brioche, supplement, control) and periods (3 levels: day 0, day 30, day 90), and a
ﬁxed interaction of group*period.
Food intake parameters were analysed using analysis of
covariance (ANCOVA) to assess the effect of the intervention during
the study, adjusting for baseline measurements as a covariate.
Pearson's correlation test was used for the variables MNA, BMI,
and plasma albumin.
The subjects' compliance with the brioche and the oral supplement was evaluated as consumption of more than 75% of each
brioche and oral supplement for each participant during the whole
study using the independent samples Student t test.
Statistical analyses were conducted using SAS/STAT (SAS/STAT,
1989) or using SigmaStat software (version 3.1, Systat Software Inc.,
Richmond, CA, USA). The threshold for statistical signiﬁcance was
set at a p value <0.05.
3. Results
3.1. Participants
A total of 111 participants living in nursing homes were screened
for the study (Fig. 1). A group of 24 residents were not eligible for
the nutritional intervention, because the MNA score was above 23.5
and/or the plasma prealbumin value was higher than 0.2 g/L or
because participant did not want to change his breakfast. In addition, after randomisation into groups, 7 participants did not
commence the study because they refuse ONS. Because it was
difﬁcult to recruit subjects in the supplement group, the distribution of subjects was adjusted in order to balance groups, and as a
result, the last nursing home had a larger number of participants in
the supplement group. The participants included in this nursing
home were older than those in the other groups.
During the follow up, 12 participants were excluded from the
data analysis because of hospitalisations, death or withdrawal from
the study. Baseline characteristics of the participants are presented
in Table 2. There were no signiﬁcant differences between the participants in the three groups, except that those in the brioche group
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were signiﬁcantly younger than those in the supplement group (p
value 0.038) and that IADL scores in the control group were better
than those in the other groups (p value 0.028).
3.2. Subjects' compliance with the brioche and the oral supplement
Compliance concerning the consumption of the enriched
brioche during breakfast was very good with a mean of 83% of the
29 participants of the brioche group who ate all of the brioche
provided. It was a little lower for the supplement group with 74% of
the 17 participants of the group consuming the whole ONS (p value
0.001).
3.3. Energy intake (EI)
The evolution in energy intake at each meal in each group is
reported in Table 3. During the study, changes in total EI were
different in the three groups (p value 0.0045) with a greater total EI
for the brioche group at day 30 (p value 0.004) and at day 90 (p
value 0.018) compared with the supplement group and the control
group. EI at breakfast changed differently during the study (period
effect, p value 0.0015 and interaction effect, p value < 0.001) with a
positive evolution for the brioche group and the supplement group
but not for the control group at day 30 (p value <0.001) and at day
90 (p value <0.001). EI at lunch was different in the three groups (p
value 0.0092) with a higher EI in the brioche group than the other
two groups only at day 90 (p value ¼ 0.001). At the snack, there was
no difference between groups (p value 0.286). Finally, EI at dinner
evolved in the same way in all groups with a group effect (p value
0.0349) and a period effect (p value 0.0104) but with no interaction
effect (p value 0.2013).
Concerning total protein intake, at the end of the study (day 90),
the ONS and the brioche provided signiﬁcantly more protein than
did the usual breakfast (p value 0.021). At the end of the interventional study, 72% of the participants in the brioche group had
reached the recommended minimum level of 0.8 g/kg/day,
compared with 53% in the supplement group and 36% in the control
group (p value 0.036). At day 90, the calories ingested per kg of
body weight (p value 0.038) were signiﬁcantly greater in the
brioche group than in the other groups.

Concerning the vitamin and mineral status, no signiﬁcant difference was observed between groups at the beginning of the
intervention (B9, p value 0.123, B12, p value 0.170, B1, p value 0.561,
B2, p value 0.135, B6, p value 0.090, D, p value 0.910, and selenium, p
value 0.125). At the end of the interventional study, as indicated in
Table 4, signiﬁcant differences were observed between groups for
vitamins B2, B9 and B6, and selenium (all p value <0.001 except for
B2, p value 0.007) with no change for vitamin B12 (p value 0.314), for
vitamin B1 (p value 0.065) and for vitamin D (p value 0.074). In the
brioche group, the values for vitamins B9, B2, D (all p value <0.001),
B6 (p value 0.026) and B12 (p value 0.036) increased during the
nutritional intervention. With the supplement, only vitamin B6
levels increased between day 0 and day 90 (p value 0.033), no
change occurred for vitamins B9 (p value 0.067), B12, (p value 0.158),
B1 (p value 0.345), B2 (p value 0.135) and D (p value 0.893) or selenium (p value 0.426). In contrast, in the control group, levels of
vitamin B12 and selenium fell (p value 0.009 and 0.002, respectively). No change was observed for vitamins B9 (p value 0.666), B1,
(p value 0.237), B6 (p value 0.081) or D (p value 0.309), but an increase was found for B2 (p value <0.001).
3.5. MNA and BMI at the end of study
There was no signiﬁcant difference between groups for BMI at
the end of the nutritional intervention (p value 0.161; Table 4). The
one-way ANOVA per group indicated no change in any group
(brioche group p value 0.826, supplement group p value 0.443, and
control group p value 0.487). In addition, there was no signiﬁcant
difference between groups for the MNA score at the end of the
nutritional intervention (p value 0.153; Table 4) and no change was
observed in any group (brioche group p value 0.552, supplement
group p value 0.644, and control group p value 0.614).
For all participants, there was a fair correlation between participants' nutritional status determined by MNA and participants'
BMI. Participants at a high nutritional risk had a lower BMI while
participants at a low nutritional risk had a normal BMI (r ¼ 0.405, p
value 0.001). In contrast, there was no correlation between participants' BMI and plasma albumin values (r ¼ 0.152, p value 0.217),
or between participants' MNA and plasma albumin values
(r ¼ 0.157, p value 0.219).
3.6. Evolution of functional status

3.4. Blood parameters
Table 4 illustrates the evolution of blood parameters.
Plasma albumin was similar in all three groups at the beginning
of the study (p value 0.605) and did not change during the nutritional intervention (p value 0.424). Between day 0 and day 90, no
change was observed whatever the group (brioche p value 0.815,
supplement p value 0.396, control p value 0.266).
For plasma prealbumin values, there was no group effect (p
value 0.340) but a period effect (p value <0.001) with no interaction
effect (p value 0.854). For all groups, the plasma prealbumin values
were higher at day 30 than at day 90 (p value 0.001).
No difference was found in CRP values between the three groups
at the beginning (p value 0.442) or at the end of the study (p value
0.518). No change was found in any group (brioche p value 0.786,
supplement p value 0.305, control p value 0.309).
No difference was observed in homocysteine values between
the three groups at the beginning (p value 0.220) or at the end of
the study (p value 0.103). However, homocysteine levels in residents receiving brioche or supplement fell between day 0 and day
90 (p value 0.024 for the brioche group, p value 0.046 for the
supplement group) while there was no difference for the control
group (p value 0.163).

There was no difference between groups for grip strength values
at the beginning (p value 0.903) or at the end of the nutritional
intervention (p value 0.695; Table 4). The strength measured in the
residents of control group had signiﬁcantly declined at day 90 (p
value 0.007), with no change in the other two groups (brioche
group, p value 0.051 and supplement group, p value 0.200).
No difference was observed between groups for ADL scores at
the beginning (p value 0.161) or at the end (p value 0.107) of the
study (Table 4). In addition, no change was detected in any group
between day 0 and day 90 (brioche group p value 0.526; supplement group p value 0.262; and control group p value 0.378).
The IADL scores, which were signiﬁcantly higher in the control
group at the beginning of the intervention, stayed higher at the end
of the study compared with the two other groups (p value 0.028
and 0.004, respectively). There was no signiﬁcant change in the
IADL scores within groups (brioche group p value 0.136; supplement group p value 0.164; and control group p value 0.328).
4. Discussion
Because malnutrition is still undetected and undertreated with
immense damage and high costs for the individual and for the
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Fig. 1. Study design and numbers of patients enrolled and included in the analysis.

Table 2
Characteristics of participants in each group (n).

Female [% (n)]
Age, year [mean, (SD)]
Mini Mental Score [mean, (SD)]
Body mass index, kg/m2 [mean, (SD)]
Mini Nutritional Assessment® (MNA®) [mean, (SD)]
ADL [mean, (SD)]
IADL [mean, (SD)]
Plasma Albumin, g/L [mean, (SD)]
Plasma Prealbumin, mg/L [mean, (SD)]
Numbers of pills prescribed/day [mean, (SD)]
Prescription of diary ONS [% (n)]
Total removable denture [% (n)]
Total natural teeth [% (n)]
No natural teeth or removable denture [% (n)]

Brioche group (n ¼ 29)

Supplement group (n ¼ 17)

Control group (n ¼ 22)

p-value

Test

79.3 (23)
84.2 (7.9) a
17.6 (7.2)
29.1 (7.3)
21.1 (2.8)
3.1 (1.9)
1.1 (1.3) a
38.1 (4.1)
246.2 (75.8)
7.6 (3.6)
10.3 (3)
41.4 (12)
10.3 (3)
6.9 (2)

82.3 (14)
90.3 (6.5) b
19.7 (4.8)
24.9 (6.4)
19.9 (3.5)
2.4 (1.6)
1.1 (0.8) a
37.6 (2.4)
231.2 (32.2)
6.7 (2.5)
29.4 (5)
35.3 (6)
0 (0)
11.8 (2)

77.3 (17)
87.3 (8.0) ab
18.6 (6.5)
28.1 (5.8)
21.8 (2.7)
3.6 (1.9)
1.9 (1.1) b
38.7 (2.9)
237.7 (48.3)
6.9 (3.4)
9.1 (2)
45.4 (10)
13.6 (3)
4.5 (1)

0.930
0.038
0.626
0.104
0.211
0.161
0.028
0.605
0.695
0.612
0.141
0.900
0.378
0.931

ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
ANOVA
Chi-square
Chi-square
Chi-square
Chi-square

Means with different letters show signiﬁcant differences; no letters show there were no signiﬁcant differences.
The bold p values indicate signiﬁcant differences; the italic p values result of Chi-square analysis.

healthcare system [20], it is necessary to develop supplements
adapted to and accepted by elderly people especially. The results of
our study concerning the consumption of enriched brioche are
particularly relevant: a) given the high consumption of the
enriched brioche throughout the study period, it was obviously
much appreciated and compliance was higher than that with ONS,
b) the total energy intake had improved at day 30 and at day 90
with enriched brioche and 72% of the participants in the brioche
group reached the recommended level of 0.8 g/kg/day of protein,
and c) the participants in the brioche group had improved their
vitamin B9, B2, B6, B12 and D status. To our knowledge, this is one of

the rare intervention studies concerning a food included in the
usual diet.
The improvements in average daily energy intake in the brioche
group are consistent with Donahue's study [21], but greater than
those in other studies which used protein-enriched ‘regular products’. For example, Pouyssegur et al. [22] found no change in the
quantity of food and beverage consumed by elderly people given
enriched cookies, and Stelten et al. [23] found no signiﬁcant difference between a control group and an intervention group given
protein-enriched brioche and protein-enriched drinking yoghurt.
In addition, in our study, the proportion of participants reaching a
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Table 3
Evolution of energy intake at each time point of the nutritional intervention in each group (n).

Energy intake (kcal)
Total
Totale
Totalb,e
At breakfast
At breakfaste
At breakfastc,e
At lunch
At lunch
At lunchb,e
At the snack
At the snack
At the snack
At dinner
At dinner
At dinnerd
Protein g/kg
Protein g/kg
Protein g/kge
Protein requirements
Energy cal/kg
Energy cal/kg
Energy cal/kge

day
day
day
day
day
day
day
day
day
day
day
day
day
day
day
day
day
day

0
30
90
0
30
90
0
30
90
0
30
90
0
30
90
0
30
90

day 0
day 30
day 90

[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
[mean,
(n ¼ )a
[mean,
[mean,
[mean,

(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]
(SD)]

Brioche group (n ¼ 29)

Supplement group (n ¼ 17)

Control group (n ¼ 22)

1343.76 (294.4)
1414.03 (291.8)a
1394.08 (312.1)a
292.89 (83.3)
357.6 (77.2)a
356.82 (82.7)a
580.12 (181.5)
554.05 (141.3)
588.31 (177.5)a
6.04 (21.2)
32.9 (53.0)
24.76 (38.9)
464.69 (149.2)
469.47 (148.4)
424.18 (123.9)a
0.795 (0.240)
0.953 (0.233)
0.893 (0.210)a
20
20.99 (5.24)
22.02 (5.01)
21.65 (4.93)a

1112.85 (417.0)
1182.92 (318.0)b
1102.17 (301.5)b
267.88 (144.7)
305.66 (142.4)a
313.84 (140.5)a
485.97 (229.9)
471.60 (163.4)
415.47 (144.6)b
5.14 (21.2)
5.42 (22.4)
4.9 (16.0)
353.85 (171.6)
400.23 (132.2)
367.96 (119.3)b
0.799 (0.363)
0.937 (0.348)
0.875 (0.292)a
8
20.21 (9.10)
21.39 (7.09)
19.71 (5.41)b

1240.13 (292.0)
1205.99 (192.2)b
1135.38 (264.2)b
316.71 (104.3)
292.99 (92.8)b
288.66 (95.6)b
484.16 (145.0)
497.50 (129.7)
469.46 (149.2)b
15.94 (55.6)
16.27 (44.1)
19.43 (54.2)
423.31 (106.5)
399.23 (82.4)
357.81 (96.4)b
0.735 (0.214)
0.779 (0.188)
0.711 (0.195)b
8
20.49 (6.07)
19.96 (4.51)
18.72 (4.93)b

Data are mean ± SD.
a
Number of participants reaching the minimum protein requirement of 0.8 g/kg/day.
b
Differences by linear mixed model including group effect.
c
Differences by linear mixed model including period effect and interaction effect (groupxperiod).
d
Differences by linear mixed model including group effect and period effect.
e
ANCOVA with baseline value as covariate used to compare difference between groups; different letters show signiﬁcant differences; no letters show there were no
signiﬁcant differences.

sufﬁcient intake of protein was signiﬁcantly higher in the brioche
group than in the supplement and control groups. This result was
also found in other studies that used enriched food [23] or particular supplements [24]. In the current study, even though the intake
of energy and proteins was higher in the brioche group than in the
supplement and control groups, intake in the majority of residents
in the brioche group was below the recommendations [9,10] with
mean intakes of 1394 kcal of energy and 0.89 g/kg/day of protein.
Our results are extremely encouraging and suggest that this
enriched brioche could be considered a staple food. The latter is
deﬁned by the FAO as foods that are eaten regularly and supply a
major proportion of the energy and nutrient needs. Staple foods are
generally cereal products that constitute a major part of a diet and
are culture-speciﬁc, e.g., bread in France. Bouis [25] suggested
enriching staple foods with macronutrients in order to combat
nutritional deﬁciencies caused by undernutrition. The present
study conﬁrmed that daily consumption of brioche did not induce
lassitude for brioche, as compliance was very good. These results
substantiate the advantages of brioche as a way to improve the
nutritional quality of a diet especially in dependent populations at
risk of malnutrition. Its nutritional content, particularly with regard
to protein, provides nutritional support to forestall complications in
malnourished elderly people as indicated by Drommer et al. [26].
Concerning the positive effect of brioche consumption on
plasma vitamins (vitamins B2, B6, B9, B12, and D status) and homocysteine status, these results are consistent with the study by
Manders et al. [27], who found a statistically signiﬁcant beneﬁcial
effect of a nutrient-enriched drink on plasma vitamin status (vitamins B6, B9, B12, and D1, homocysteine status) and the study by
Abizanda et al. [28] or Bauer et al. [24], who observed increased
levels of vitamin D after the ingestion of ONS.
Thanks to participatory research, the development of brioche
suited to the preferences of the elderly fostered very good
compliance. Effectively, the signiﬁcant improvement in intake and

nutritional status could be explained by several points. First, the
brioche was designed for and by elderly people over 65 years
whether they lived at home, in a nursing home or in hospital [14].
Special attention was paid to creating a product that was suitable
for old people given the alterations in their senses of smell and taste
and their eyesight. We also wished to create a true food rather than
a supplement: it has a special long baguette shape, a golden brown
colour, with three different ﬂavours and is easy to chew. Several
studies, including studies in nursing homes, have reported the interest of adopting ﬂavour-enhancement strategies to compensate
for the decline in food intake in elderly people [29,30]. Another
point could be linked to the soft texture of brioche. In our study, half
of the elderly residents presented a poor dental status and easy
mastication possibly contributed to good aroma release; texture
and ﬂavour being both signiﬁcant drivers of food intake [31].
Finally, the amount of fat in the brioche could be a further explanation. Indeed, it has been shown that pleasant-ﬂavoured oral fat,
as represented in the brain via neural mechanisms, plays a potentially important role in appetite and eating behaviour [32].
Limitations of the study include the fact that participants
consumed the experimental products only at breakfast. In France,
breakfast usually has the same composition throughout an adult's
life, and even though compliance was good, it was sometimes
difﬁcult to change the food habits of our elderly people. It might
have been better to give the residents the opportunity to choose
when to eat the products. Another limitation was the lack of information about comorbidities among participants. This information could have given indications about factors that inﬂuenced food
behaviour.
The lack of any improvement in functional capacities in the
brioche group was another limitation. The additional protein intake
was not compensated for but remained insufﬁcient to increase
muscle strength as indicated in major studies with proteinenriched foods [10,11].
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Table 4
Evolution of nutritional status at two different time points of the nutritional intervention in each group (n).
Brioche group (n ¼ 29)

Supplement group
(n ¼ 17)

T test
P value

Control group (n ¼ 22)

T test
P value

T test
P value

Plasma Albumin (g/L) day 0
Plasma Albumin (g/L) day 90

[mean, (SD)]
[mean, (SD)]

38.1 (4.1)
38.2 (3.3)

Plasma Prealbumin (mg/L) day 0
Plasma Prealbumin (mg/L) day 30
Plasma Prealbumin (mg/L) day 90m

[mean, (SD)]
[mean, (SD)]
[mean, (SD)]

246.2 (75.8)
258.8 (65.9)
244.1 (81.5)

CRP (mg/L) day 0
CRP (mg/L) day 90

[mean, (SD)]
[mean, (SD)]

9.1 (12.2)
8.2 (15.1)

0.786

7.6 (6.8)
12,2 (18.8)

0.305

5.7 (5.7)
7.0 (7.4)

0.309

0.442
0.518

Homocysteine (nmol/mL) day 0
Homocysteine (nmol/mL) day 90

[mean, (SD)]
[mean, (SD)]

24.6 (17.2)
19.2 (8.5)

0.024

18.6 (5.9)
16.7 (5.7)

0.046

20.4 (5.1)
21.7 (6.1)

0.163

0.220
0.103

Vitamin B9 (ng/mL) day 0
Vitamin B9 (ng/mL) day 90

[mean, (SD)]
[mean, (SD)]

5.4 (2.3)
9.9 (3.4) a

<0.001

5.9 (3.7)
6.7 (4.7) b

0.067

4.3 (1.7)
4.4 (2.1) b

0.666

0.123
<0.001

Vitamin B12 (ng/L) day 0
Vitamin B12 (ng/L) day 90

[mean, (SD)]
[mean, (SD)]

288.5 (112.7)
329.5 (102.6)

0.036

284.1 (123.4)
275.1 (126.8)

0.158

346.7 (107.2)
302.6 (97.7)

0.009

0.170
0.314

Vitamin B1 (nmol/L) day 0
Vitamin B1 (nmol/L) day 90

[mean, (SD)]
[mean, (SD)]

149.2 (36.9)
139.1 (30.9)

0.181

147.5 (42.8)
157.4 (37.7)

0.345

138.0 (35.2)
129.7 (40.6)

0.237

0.561
0.065

Vitamin B2 (nmol/L) day 0
Vitamin B2 (nmol/L) day 90

[mean, (SD)]
[mean, (SD)]

321.7 (49.9)
472.1 (100.2) a

<0.001

339.6 (56.7)
380.4 (95.5) b

0.135

303.8 (59.2)
400.2 (107.5) ab

<0.001

0.135
0.007

Vitamin B6 (nmol/L) day 0
Vitamin B6 (nmol/L) day 90

[mean, (SD)]
[mean, (SD)]

84.5 (33.9)
105.7 (46.7) a

0.026

75.6 (21.0)
86.5 (19.5) a

0.033

67.1 (20.3)
60.7 (18.6) b

0.081

0.090
<0.001

Selenium (mg/L) day 0
Selenium (mg/L) day 90

[mean, (SD)]
[mean, (SD)]

77.5 (30.3)
79.6 (20.8) a

0.487

63.2 (15.8)
61.7 (13.1) b

0.426

68.7 (17.4)
63.5 (16.8) b

0.002

0.125
<0.001

Vitamin D1 (ng/mL) day 0
Vitamin D1 (ng/mL) day 90

[mean, (SD)]
[mean, (SD)]

12.4 (9.2)
18.2 (10.0)

<0.001

12.2 (8.6)
12.0 (6.4)

0.893

13.7 (14.9)
12.7 (12.5)

0.309

0.910
0.074

BMI (kg/m2) day 0
BMI (kg/m2) day 90

[mean, (SD)]
[mean, (SD)]

29.11 (7.1)
29.06 (7.3)

0.826

24.82 (6.4)
25.04 (6.8)

0.443

28.06 (5.8)
27.94 (6.2)

0.487

0.104
0.161

MNA day 0
MNA day 90

[mean, (SD)]
[mean, (SD)]

21.07 (2.9)
20.86 (2.5)

0.552

19.87 (3.5)
20.20 (3.2)

0.644

21.78 (2.8)
22.07 (2.9)

0.614

0.211
0.153

Grip strength (kg) day 0
Grip strength (kg) day 90

[mean, (SD)]
[mean, (SD)]

14.69 (7.5)
13.80 (7.9)

0.051

15.66 (11.5)
14.50 (12.1)

0.200

14.31 (6.6)
12.88 (5.4)

0.007

0.903
0.695

ADL score (/6) day 0
ADL score (/6) day 90

[mean, (SD)]
[mean, (SD)]

3.10 (1.9)
2.96 (1.8)

0.526

2.40 (1.6)
2.13 (1.7)

0.262

3.59 (1.8)
3.45 (1.9)

0.378

0.161
0.107

IADL score (/8) day 0
IADL score (/8) day 90

[mean, (SD)]
[mean, (SD)]

1.06 (1.2) b
0.86 (1.0) b

0.136

1.06 (0.7) b
0.93 (0.7) b

0.164

1.86 (1.1) a
1.77 (1.1) a

0.328

0.028
0.004

0.815

37.5 (2.4)
37.0 (1.9)

One-way ANOVA
P value

0.396

231.2 (32.2)
234.7 (40.1)
212.9 (53.2)

38.7 (2.9)
38.0 (3.2)

0.266

237.7 (48.3)
243.2 (39.9)
226.8 (48.3)

0.605
0.424
0.695
0.297
0.289

Data are mean ± SD.
The bold p values indicate signiﬁcant differences; the italic p values result of One-way ANOVA.
Different letters show signiﬁcant differences by One-way ANOVA.
m
Differences by linear mixed model including period effect.

Finally, our participants did not gain weight. Recently, Pouyssegur et al. [22] presented the results of study showing an increase
in weight in the interventional group. In their study, participants
consumed enriched cookies for 6 weeks (þ244 kcal) and a
persistent weight gain at 1 and 3 months after the end of the
cookie consumption compared with the control group. The
cookies in the Pouyssegur's study [22] provided more calories than
our brioche, but the period of consumption was shorter. For us, a
12-week follow-up was necessary to observe differences between
the groups in both dietary intake and nutritional status. It is
important to note that the participants' intra-individual

differences in food intake were high, which could explain the
ﬁndings concerning the increased energy intake and the stability
in body weight.
The effect of the brioche was superior to that of the ONS for food
intake and for different blood parameters (B9, B2 and Selenium).
Supplementation with brioche produced consistent increase in
protein intake in elderly people. There may also be a beneﬁcial
effect on complications and mortality, which needs to be studied.
Further research is now necessary to determine whether a longerterm use of these products will also result in better clinical outcomes and better quality of life.
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5. Conclusion
In conclusion, the enriched brioche is a particular innovation
from two points of view: ﬁrst, it has an energy density of 2.8 kcal/g
compared with the majority of oral/creamy supplements, which
usually provide only 1 kcal/g or 1 kcal/mL, and rarely more than
2 kcal/g. ONS thus require consumption of a large volume. Secondly,
unlike most oral supplements, which are milky, our brioche is one
of the rare supplements in the form of a fortiﬁed food to be
included in the usual diet. These results suggest that the enriched
brioche could be considered a staple food and is perfectly able to
forestall the onset of malnutrition in institutionalised elderly people. It could be a good alternative to oral liquid nutritional supplements or a good additional supplement in association with oral
dietary supplements.
Financial support
This study was ﬁnancially supported by grants of the French
riel) program
government under the FUI (Fond Unique Interministe
through the project Farineþ.
Author contributions
Virginie Van Wymelbeke: Study concept, study design, study
conduction, acquisition of subjects and data, Statistical analysis,
interpretation of data, writing the manuscript.
Laurent Brondel: data analysis, revising critically for important
intellectual content.
Francis Bon: acquisition of data, data collection.
Isabelle Martin-Pﬁtzenmeyer: revising critically for important
intellectual content.
Patrick Manckoundia: Study design, revising critically for
important intellectual content.
All authors read and approved the ﬁnal manuscript.
Conﬂict of interest
Authors have no conﬂict of interest and all have been actively
involved in the research project.
Acknowledgements
The authors thank Gustalis® for the production of the enriched
chenaud, and Anaïs Marguerite for techbrioche and Caroline Le
nical assistance, Philip Bastable for providing language help. Finally,
the authors warmly thank all of the participants in the study as well
as the personnel of the establishments that took part for their kind
welcome.
References
[1] Morley JE. Decreased food intake with aging. J Gerontol A Biol Sci Med Sci
2001;56:81e8.
[2] Stanga Z, Allison SP, Vanderwoude M. Nutrition in the elderly. In: Sobotka L,
editor. Basics in clinical nutrition. 3rd ed. 2004. Galen.
[3] Stratton RJ, Green CJ, Elia M. Scientiﬁc criteria for deﬁning malnutrition. In:
Stratton RJ, Green CJ, Elia M, editors. Disease-related malnutrition. Cambridge,
UK: Cabi Publishing; 2003. 1e34.
[4] Cowan DT, Roberts JD, Fitzpatrick JM, While AE, Baldwin J. Nutritional status
of older people in long term care settings: current status and future directions.
Int J Nurs Stud 2004;41(3):225e37.
[5] Schroll K, Moreiras-Varela O, Schlettwein-Gsell D, Decarli B, de Groot L, van
Staveren W. Cross-cultural variations and changes in food-group intake
among elderly women in Europe:results from the Survey in Europe on
Nutrition and the Elderly a Concerted Action (SENECA). Am J Clin Nutr
1997;65:1282Se9S.

[6] Bon F, Manckoundia P, Pﬁtzenmeyer P, VanWymelbeke V. Nutritional intervention during hospitalization in malnourished patients. J Aging Res Clin Pract
2012;3:213e8.
s. In:
[7] Dupin H, Hercberg S. Etablissement des apports nutritionnels conseille
 Publique. Paris: Tech
Hercberg Dupin, Galan Papoz, editors. Nutrition et Sante
Doc, publisher; 1985. p. 437e48.
[8] de-Groot CP, van Staveren WA, Dirren H, Hautvast JG. Summary and conclusions of the report on the second data collection period and longitudinal
analyses of the SENECA study. Eur J Clin Nutr 1996;50(Suppl. 2):S123e4.
s (ANC)” for the French popu[9] Martin A. The “apports nutritionnels conseille
lation. Reprod Nutr Dev 2001;41:119e28.
[10] Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et al. Evidence-based recommendations for optimal dietary protein intake in older
people: a position paper from the PROT-AGE Study Group. J Am Med Dir Assoc
2013;14(8):542e59.
[11] Milne AC, Potter J, Vivanti A, Avenell A. Protein and energy supplementation
in elderly people at risk from malnutrition. Cochrane Database Syst Rev
2009;2:CD003288.
[12] Nieuwenhuizen WF, Weenen H, Rigby P, Hetherington MM. Older adults and
patients in need of nutritional support: review of current treatment options
and factors inﬂuencing nutritional intake. Clin Nutr 2010;29(2):160e9.
[13] Guigoz Y, Lauque S, Vellas BJ. Identifying the elderly at risk for malnutrition.
The mini nutritional assessment. Clin Geriatric Med 2002;18:737e57.
es 
^ge pour concevoir un
[14] Van Wymelbeke V. Connaître les modiﬁcations lie
a l’a
 : un pain brioche
. Inf Die
 te
tique n 3 2013:35e44.
aliment adapte
[15] Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental state’’. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189e98.
[16] Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the
aged. the index of ADL: a standardized measure of biological and psychosocial
function. JAMA 1963;185:914e9.
[17] Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179e86.
[18] Chumlea WC, Roche AF, Steinbaught ML. Estimating stature from knee for
persons 60 to 90 years of age. J Am Geriatr Soc 1985;33:116e20.
[19] Ofﬁcial Journal of the European Union. Regulation (EC) no 852/2004 of the
european parliament and of the council on the hygiene of foodstuffs. 29 april
2004.
[20] Elia M, Stratton RJ. Calculating the cost of disease-related malnutrition in the
UK in 2007 (public expenditure only). In: Russell Elia, editor. Combating
malnutrition: recommendations for action. A report from the Advisory Group
on malnutrition, led by BAPEN. Redditch, UK: BAPEN; 2009. p. 39e46.
[21] Donahue E, Crowe K, Lawrence J. Protein-enhanced soups: a consumeraccepted food for increasing dietary protein provision among older adults.
Int J Food Sci Nutr 2015;66(1):104e7.
[22] Pouyssegur V, Brocker P, Schneider SM, Philip JL, Barat P, Reichert E, et al. An
innovative solid oral nutritional supplement to ﬁght weight loss and anorexia:
opened, randomised controlled trial of efﬁcacy in institutionalised,
malnourished older adults. Age Ageing 2014;0:1e7.
[23] Stelten S, Dekker IM, Ronday EM, Thijs A, Boelsma E, Peppelenbos HW, et al.
Protein-enriched ‘regular products’ and their effect on protein intake in acute
hospitalized older adults; a randomized controlled trial. Clin Nutr 2015;34(3):
409e14.
[24] Bauer JM, Verlaan S, Bautmans I, Brandt K, Donini L, Maggio M, et al. Effects of
a vitamin D and leucine-enriched whey protein nutritional supplement on
measures of sarcopenia in older adults, the PROVIDE study: a randomized,
double-blind, placebo-controlled trial. J Am Med Dir Assoc 2015;16(9):740e7.
[25] Bouis HE. Enrichment of food staples through plant breeding. A new strategy
for ﬁghting micronutrient malnutrition. Nutrition 2000;16:701e4.
[26] Drommer J, Schneider H, Alteheld B, Stehle P, Meier R. Protein is an important
component of nutritional support predicting complications in malnourished
hospitalised patients e details of our previous randomised controlled trial
(RCT). Clin Nutr ESPEN 2015;10(3):e124e8.
[27] Manders M, de Groot CPGM, Blauw YH, Dhonukshe-Rutten RAM, van
Hoeckel-Prüst L, Bindels JG, et al. Effect of a nutrient-enriched drink on dietary
intake and nutritional status in institutionalised elderly. Eur J Clin Nut
2009;63:1241e50.
pez M, Pe
rez García V, de Dios Estrella J, da Silva
[28] Abizanda P, Díez Lo
Gonz
alez A, Barcons Vilardell N, et al. Effects of an oral nutritional supplementation plus physical exercise intervention on the physical function,
nutritional status, and quality of life in frail institutionalized older adults: The
ACTIVNES Study. J Am Med Dir Assoc 2015;16:439.e9e439.e16.
[29] Bautista EN, Tanchoco CC, Tajan MG, Magtibay EV. Effect of ﬂavor enhancers
on the nutritional status of older persons. J Nutr Health Aging 2013;17(4):
390e2.
[30] Castellanos VH, Marra MV, Johnson P. Enhancement of select foods at
breakfast and lunch increases energy intakes of nursing home residents with
low meal intakes. J Am Diet Assoc 2009;109(3):445e51.
[31] Ruijschop RM, Zijlstra N, Boelrijk AE, Dijkstra A, Burgering MJ, Graaf Cd, et al.
Effects of bite size and duration of oral processing on retro-nasal aroma
release - features contributing to meal termination. Br J Nutr 2011;105(2):
307e15.
[32] Rolls ET. Taste, olfactory, and food reward value processing in the brain. Prog
Neurobiol 2015;127e128:64e90.

Please cite this article in press as: Van Wymelbeke V, et al., An innovative brioche enriched in protein and energy improves the nutritional status
of malnourished nursing home residents compared to oral nutritional supplement and usual breakfast: FARINEþ project, Clinical Nutrition
ESPEN (2016), http://dx.doi.org/10.1016/j.clnesp.2016.06.012

