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Introduction: although nutritional differences between different types of texture-modified diet (TMD) have been evaluated, the resources and
costs associated with their preparation have been less studied.
Objective: to describe the nutritional, microbiological properties and costs of: 1) in-home produced pureed food (hTMD); 2) concentrated nutrient-dense commercial food products, hand-blended (cTMD); 3) food prepared using the MixxPro® automatic food mixer (cTMD-Mix).
Methods: an observational, prospective study carried out in three geriatric nursing-homes. Patients ≥ 65 years, receiving TMD, with a stable
clinical condition, estimated survival/expected internment > 1 month, and sufficient cognitive capacity were included. The following data were
recorded: 1) patient socio-demographic and clinical variables; 2) TMD compliance and symptoms related to dysphagia during the meal; 3) patient
appetite; and 4) kitchen information and resources used to prepare a TMD.
Results: sixty-two residents were included (65.0 % women, 88.3 years (SD: 9.3); 43.5 % malnourished, 79.0 % with good appetite). The
proportion of food eaten/median kcal served/portion/mean kcal consumed were: hTMD: 95.5 % (SD: 10.7)/92.4 kcal (IQR: 75.6-128.1)/88.2
kcal (IQR: 72.2-122.3); cTMD: 89.2 % (SD: 15.9)/323.4 kcal (IQR: 284.2-454.1)/288.5 kcal (IQR: 253.5-325.1); and cTMD-Mix: 80.3 % (SD:
21.4)/358.0 kcal (IQR: 344.0-372.1)/287.5 kcal (IQR: 276.5-298.8). No microorganisms were detected. The average time spent in preparing
each portion and its costs were: hTMD: 11.2 min (SD: 3.89)/€2.33 (SD: 0.63); cTMD: 1.7 min (SD: 0.28)/€2.01 (SD: 0.39); and cTMD-Mix: 1.6
min (SD: 0.00)/€2.00 (SD: 0.33).
Conclusions: in patients with dysphagia and/or chewing difficulties, concentrated nutrient-dense food products, particularly those produced
using the MixxPro® automatic food mixer, ensure a high caloric intake and allow quick and safe food preparation.
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Resumen

Palabras clave:
Residencias. Disfagia.
Problemas de
deglución. Dietas de
textura modificada.
Purés.

Introducción: aunque existe evidencia acerca de las diferencias nutricionales entre los distintos tipos de dieta de textura modificada (DTM), los
recursos y los costos asociados a su preparación se han estudiado menos.
Objetivo: describir las propiedades nutricionales, las microbiológicas y los costes de: 1) una dieta triturada de manera artesanal (hDTM); 2) una
dieta preparada con alimentación básica adaptada (ABA) (cDTM); y 3) una ABA preparada con el mezclador automático de alimentos MixxPro®
(cDTM-Mix).
Métodos: estudio observacional prospectivo realizado en tres residencias. Se incluyeron pacientes ≥ de 65 años que recibían DTM, con estado
clínico estable, con supervivencia/internamiento estimado > 1 mes y capacidad cognitiva suficiente. Se registraron: 1) las variables sociodemográficas y clínicas del paciente; 2) el cumplimiento y los síntomas relacionados con la disfagia durante la comida; 3) el apetito del paciente, y 4)
la información de la cocina y los recursos utilizados para preparar la DTM.
Resultados: se incluyeron 62 residentes (65,0 % mujeres, 88,3 años (SD: 9,3), 43,5 % desnutridos, 79,0 % con buen apetito). La proporción
de alimentos consumidos/mediana de kcal servidas/porción/media de kcal media consumidas fueron: hDTM 95,5 % (SD: 10,7)/92,4 kcal (IQR:
75,6-128,1)/88,2 kcal (IQR: 72,2-122,3); cDTM: 89.2 % (SD: 15.9)/323,4 kcal (IQR: 284.2-454.1)/288,5 kcal (IQR: 253.5-325.1), y cDTM-Mix:
80,3 % (SD: 21.4)/358,0 kcal (IQR: 344.0-372.1)/287,5 kcal (IQR: 276.5-298.8). No se detectaron microorganismos. El tiempo medio empleado
en la preparación y el coste por porción fueron: hDTM: 11,2 min (SD: 3,89)/2,33 € (SD: 0,63); cDTM: 1,7 min (SD: 0,28)/2,01 € (SD: 0,39), y
cDTM-Mix: 1,6 min (SD: 0,00)/2,00 € (SD: 0,33).
Conclusiones: en los pacientes con disfagia y/o dificultades para masticar, los productos de ABA comerciales, en particular los que se producen
con el mezclador automático de alimentos MixxPro®, aseguran una elevada ingesta calórica y permiten una preparación rápida y segura.

INTRODUCTION
Swallowing difficulties are common in the elderly, especially
among institutionalized people. Half of institutionalized individuals
are estimated to suffer from oropharyngeal dysphagia (OD) (1,2).
Malnutrition is one of the main consequences associated with OD.
Although prevalence rates vary depending on the method used,
over half of the institutionalized elderly are malnourished or at risk
of suffering malnourishment (3,4). Besides, approximately 80 %
of pneumonia cases in elderly people with swallowing disorders
correspond to cases of aspiration pneumonia, one of the leading
causes of death in this cohort (5).
Between 26 % and 67 % of the meals served in geriatric nursing homes are texture-modified diets (TMD) (6,7). The in-home
production of TMD (hTMD) requires blending the food and then
diluting it with water or broth, thus reducing its nutritional intake
(8-11), and increasing variability between prepared meals (11).
Up to 83 % of patients receiving hTMD do not meet the necessary nutritional requirements, leading to nutritional deficiency
(12,13). Recently, the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommends providing enriched TMD to
support adequate dietary intake in elderly with malnutrition or
at risk of malnutrition and with signs of OD (14). Concentrated
nutrient-dense commercial food products (cTMD) for adults with
OD provide a suitable alternative to hTMD. Caloric and protein
intake is significantly increased by cTMD, which improves the
nutritional status of the patient (12,15,16).
It should be borne in mind that the high amount of handling
required to prepare hTMD meals increases the risk of food poisoning (17-19), and is also labor-intensive, requiring significant
investment in resources and time spent by the kitchen staff.
There are currently automatic food mixers that can automatically prepare cTMD (cTMD-Mix), with the potential to significantly
increase time and resource savings, and to minimize microbiological risks.
Although there are studies that describe the nutritional differences between hTMD and cTMD, as far as we know this is the
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first study to evaluate the resources and costs associated with
TMD preparation. This observational study aims to describe the
nutritional, microbiological properties, and the cost of three types
of TMD: hTMD, cTMD, and cTMD-Mix.
METHODOLOGY
STUDY DESIGN
A proof-of-concept study with a descriptive, observational
design was carried out in three geriatric nursing homes. The nursing homes were selected based on: 1) availability of own kitchen
(not an external catering service); 2) cook with experience in the
preparation of TMD ≥ 6 months; 3) experience of the specialist
prescribing the diet ≥ two years.
In each of the nursing homes TMD was prepared using a method according to its routine practice: 1) in-home TMD (hTMD);
2) concentrated nutrient-dense commercial food products (cTMD);
3) cTMD-Mix prepared using the MixxPro® automatic food mixer
to produce blended meals (cTMD-Mix).
The study was led by a committee of four experts (an endocrinologist, a catering manager, a bromatologist, and a food technologist) who participated in preparing the Case Report Form (CRF)
and in the correct interpretation of study results.
PATIENTS
The study included patients ≥ 65 years of age, who were receiving TMD at the start of the study, with a stable clinical condition
and an estimated survival > 1 month, with an expected internment ≥ 30 days, with sufficient cognitive capacity to complete
the questionnaires (as assessed by the specialist prescribing the
diet) either alone or with the help of a caregiver, and who were not
participating in any other clinical trial. The study excluded those
patients who required a change in diet (oral, enteral, or parenteral)
for more than two days.
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The participants were identified by the healthcare professional
who prescribed the TMD following a consecutive, non-random
recruitment. Patients were followed up for 15 days.
The following tests were conducted for each participant: nutritional screening using the Mini Nutritional Assessment Short Form
(MNA®-SF) (at baseline), risk of dysphagia assessment using
the Eating Assessment Tool (EAT-10) (at baseline), and appetite
determination using the Short Nutrition Assessment Questionnaire
(SNAQ) (before the main course). Data of symptoms associated
with swallowing during feeding (choking, fractional swallowing,
throat clearing, coughing during and after ingestion) were also
collected at each meal.
PREPARATION OF TEXTURE-MODIFIED
DIETS (TMD)
For all three TMD types, the preparation methods of the meal’s
main course were evaluated for five different varieties: chicken,
veal, fish, egg, or lentils.
The hTMD was prepared using traditional processing methods
and further blending. The cTMD was based on Meritene® (Nestlé
Health Science) commercial products in the instant puree range
(chicken with rice and carrots, veal with vegetables, fish with rice,
puréed eggs Provenzal style, and lentils with vegetables). This
range of dehydrated products was reconstituted with water, either
manually (cTMD) or mechanically using a MixxPro® automatic food
mixer (cTMD-Mix).
STUDY VARIABLES
Four independent CRFs were designed to collect the study
variables: 1) to be filled in by the specialist prescribing the diet,
recording the patient’s main socio-demographic and clinical
variables; 2) to be filled in by nurses or healthcare assistants,
collecting data on compliance and symptoms related to dysphagia occurring during the meal; 3) to be filled in by the patient,
including data on appetite; and 4) to be filled in by the catering
manager, including information on the kitchen and the resources
used to prepare each diet variety (Table I).
The staff responsible for data collection received appropriate
training in person. Additionally, if the staff required it, online training was available during the study.
An external laboratory conducted the microbiological and nutritional (estimation of kcal per portion) analysis.
STATISTICAL ANALYSIS
Data were analyzed with the STATA statistical package, version
14. The absolute and relative frequencies of qualitative variables
were calculated. The mean, standard deviation (SD), and interquartile ranges were calculated for the quantitative variables.
The compliance of each patient was calculated based on: 1) the
amount of TMD served during the 15 days: mean amount served
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(according to the five cooking records) x 15 days; and 2) the
average compliance of the patient during the 15 days of follow-up
data recorded in the nursing questionnaire.
The average calorie count per portion was obtained based
on the average number of calories per portion, and the average
amount served per portion. The mean number of calories consumed per portion was calculated from the mean calories served
per portion, and the mean compliance.
The costs related to food preparation were calculated on
the following basis: 1) the cost of each of the ingredients used
(€/kg, €/volume, or €/unit) according to the reference prices on
the wholesale markets (20-23) or to the prices of origin; 2) the
cost of human resources required for each of the processes
— pre-processing, processing, blending (if applicable), homogenization (if applicable), and cleaning) — based on the time spent
on each process, number of employees and wages (according to
professional category (24,25) and updated to €/2019 in line with
the CPI (26)); and 3) the number of portions prepared.
The time spent cooking, baking, frying, grilling, and blending/
homogenizing was considered to calculate energy costs. For each
process, the cost/hour was applied based on electricity or gas
energy consumption, estimating the average cost of the corresponding energy supply at the time of the data analysis (27,28).
Given the variability extant in the energy used by different types of
blenders, a conservative 200 W value was applied. For instance,
for the MixxPro® automatic food mixer, a maximum consumption
of 2000 W was assumed, and a working time of 1 min per portion.
Gas consumption was calculated by means of a direct extrapolation of the minutes recorded and energy consumption. The
same energy tariffs were applied to all three centers, and similar
appliances were assumed to have the same energy consumption.
The amount served per portion in each center was different,
so the standardized cost per 100 g was calculated as follows:
cost/100 g = 100 g x cost per portion [€/portion / amount served
per portion (g). Based on this result, the average cost per 100 g
was obtained for each menu.
The average cost per 100 kcal portion was obtained from the
average calories served per portion, and the cost per portion.
ETHICAL CONCERNS
The study was approved by the Clinical Research Ethics
Committee at the Complejo Asistencial Universitario de León (E.
OBS1676), and was conducted according to the principles of the
Helsinki Declaration and good clinical practice (GCP). Patients
were informed about the study and signed an informed consent.
The data were duly anonymized.
RESULTS
PATIENT CHARACTERISTICS
Of the total number of patients starting the study (n = 64),
two were excluded: one did not adjust to the diet, and one died.
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Table I. Variables collected during the study; source and time of collection
Variable

Source

(No.) time
of collection

Questionnaire completed by the prescriber
Patient age

Medical record

(1) Baseline

Sex

Medical record

(1) Baseline

Body mass index (BMI)

Medical record

(1) Baseline

Diagnosis for which TMD is prescribed

Medical record

(1) Baseline

Chronic comorbidities

Medical record

(1) Baseline

Nutritional supplementation requirements

Medical record

(1) Baseline

Swallowing/gastrointestinal complications

Medical record

(1) Baseline

EAT-10

(1) Baseline

MNA® -SF

(1) Baseline

Symptoms related to dysphagia during eating (main course)
[coughing during and after ingestion, throat-clearing, fractional swallowing and choking]

Reported by nursing staff

(15) Days 1 to 15

Compliance with the main course of the meal
[0 %, 25 %, 50 %, 75 % or 100 %].

Reported by nursing staff

(15) Days 1 to 15

Risk of dysphagia
[Risk of dysphagia ≥ 3]
Malnutrition
[Malnutrition, < 7; risk of malnutrition, 8-11; good nutritional status, ≥ 12]
Questionnaire completed by nurses

Questionnaire completed by the patient
Appetite
[good appetite, ≥ 14 points]

SNAQ

(3) Days 1, 7 and 15

Catering staff

(1) Baseline

Data for preparation of each meal variety
[number of meals prepared and ration weight, raw materials used (weight or volume or units
of all ingredients required), human resources required (number of employees involved in the
process*, professional category and time required). Energy consumption (time spent using
kettles/pots, ovens, grills, fryers, pans, mixers, etc.)]

Catering staff

(5) During the
preparation of each
variety (chicken, veal,
fish, egg, or lentils)

Temperature of the prepared meal [temperature after homogenisation and before serving]

Catering staff

(15) Three
independent records
per diet variety

Microbiological analysis [presence of coagulase-positive Staphylococcus, Salmonella
spp, Escherichia coli ß-glucuronidase+, and Listeria monocytogenes] and energy content
(kcal/100 g)]

Accredited external
laboratory (UNE-EN ISO/
IEC 17025:2005)

(15) Three
independent records
per diet variety

Questionnaire completed by the cook
Kitchen features
[number of employees, professional category, number of daily regular meals and number
of daily blended meals]

*The time required for cleaning was estimated based on the time required to clean each utensil (by hand or machine) and the number of utensils used during the
preparation of each diet variety.

Finally, 62 patients, 65 % women, with a mean age of 88.3 (SD:
9.3) years completed the follow-up and were included in the
analysis (hTMD, n = 20; cTMD, n = 20; and cTMD-Mix, n = 22).
Only 3.2 % of participants were well nourished (MNA®-SF ≥ 12).
Baseline patient characteristics are shown in table II.
A total of 79.0 % of patients had a good appetite
(SNAQ ≥ 14 points) during follow-up [hTMD: 100.0 %; cTMD:
75.0 %; cTMD-Mix: 63.6 %].
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Overall, compliance with the diet was good. On average, the
proportion of food eaten was above 80 %: hTMD: 95.5 % (SD:
10.7); cTMD: 89.2 % (SD: 15.9); cTMD-Mix: 80.3 % (SD: 21.4).
Regarding compliance and the mean amount served per portion,
patients receiving hTMD, cTMD, and cTMD-Mix ingested a daily
mean of 197.7 g (SD: 21.6), 284.6 g (SD: 49.6), and 281.9 g
(SD: 73.4), respectively. Similarly, considering the calories served,
the calories consumed per portion were 88.2 (IQR: 72.2-122.3)
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Table II. Baseline characteristics of study patients
Total
(n = 62)

hTMD
(n = 20)

cTMD
(n = 20)

cTMD-Mix
(n = 22)

Age, years [mean (SD)]

88.3 (9.3)

89.9 (6.5)

94.2 (6)

81.6 (9.9)

Women [% (n)]

65.0 (39)

80.0 (16)

47.4 (9)

66.7 (14)

BMI, kg/m [mean (SD)]

23.9 (4.3)

22.7 (2.9)

22.8 (3.4)

25.9 (5.5)

Malnourished

43.5 (27)

60.0 (12)

50.0 (10)

22.7 (5)

At risk of malnutrition

53.2 (33)

40.0 (8)

50.0 (10)

68.2 (15)

2

MNA , [% (n)]
®

3.2 (2)

0.0 (0)

0.0 (0)

9.1 (2)

Risk of dysphagia (EAT-10 ≥ 3), [% (n)]

Normal nutritional status

91.9 (57)

100.0 (20)

75.0 (15)

100.0 (22)

With nutritional supplements, [% (n)]

30.6 (19)

20.0 (4)

40.0 (8)

31.8 (7)

Number of comorbidities, [% (n)]
0

1.6 (1)

0.0 (0)

0.0 (0)

4.5 (1)

1

32.3 (20)

85.0 (17)

10.0 (2)

4.5 (1)

≥2

66.1 (41)

15.0 (3)

90.0 (18)

90.9 (20)

Aspiration pneumonia

33.9 (21)

80.0 (16)

25.0 (5)

0.0 (0)

Constipation

19.4 (12)

0.0 (0)

0.0 (0)

54.5 (12)

Nausea or vomiting

9.7 (6)

0.0 (0)

30.0 (6)

0.0 (0)

Diarrhea

3.2 (2)

0.0 (0)

10.0 (2)

0.0 (0)

Abdominal pain

1.6 (1)

0.0 (0)

0.0 (0)

4.5 (1)

Previous swallowing and intestinal complications, [% (n)]

hTMD: in-home TMD; cTMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically blended; SD: standard deviation; BMI: body mass index;
MNA: mini nutritional assessment; EAT-10: eating assessment tool.

for hTMD; 288.5 (IQR: 253.5-325.1) for cTMD; and 287.5 (IQR:
276.2-298.8) for cTMD-Mix.
The mean number of symptoms associated with swallowing
during feeding (choking, fractional swallowing, throat clearing,
coughing during and after ingestion) was 68 (hTMD), 46 (cTMD),
and 10 (cTMD-Mix) for every 100 meals served, respectively.
CHARACTERISTICS OF PROCESSED MEALS
The average number of TMD served per portion, as well as the
energy intake, differed in the three nursing homes: 207.0 g (SD:
9.0) and 92.4 kcal (IQR: 75.6-128.1) for hTMD; 319.2 g (SD:
35.4) and 323.4 kcal (IQR: 284.2-375.3) for cTMD; and 351.0
g (SD: 0.0) and 358.0 kcal (IQR: 344.0-372.1) for cTMD-Mix
(Fig. 1). Greater variability was observed for those meals requiring
higher levels of food handling for their processing: 56.1 % (hTMD),
26.1 % (cTMD), and 7.8 % (cTMD-Mix).
The mean temperature of meals after blending was 80.6 °C
(SD: 1.6) for hTMD, 88.2 °C (SD: 1.02) for cTMD, and 85.0 °C
(SD: 0.0) for cTMD-Mix; while at the time of serving to patients, it
was 54.3 °C (SD: 1.22) for hTMD, 58.7 °C (SD: 0.31) for hTMD,
and 75.0 °C (SD: 0.0) for cTMD-Mix.

Figure 1.
Kilocalories served per ration: interquartile ranges (hTMD: in-home TMD; cTMD:
commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically
blended).

No microorganisms were detected in any of the analyzed
samples.
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USE OF RESOURCES AND COSTS
ASSOCIATED WITH FOOD PREPARATION
The number and type of kitchen employees involved in food
preparation varied between nursing homes (Table III).
In each kitchen, 69 % (hTMD), 81.8 % (cTMD), and 53.8 %
(cTMD-Mix) of the total number of prepared meals (including
non-blended types) were TMD. The mean number of portions prepared during the study period was 28.8 (SD: 2.9) for hTMD, 26.0
(SD: 1.4) for cTMD, and 70.0 (SD: 0.0) for cTMD-Mix. The average
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time spent in preparing each portion was 11.2 min (SD: 3.89) for
hTMD, 1.7 min (SD: 0.28) for cTMD, and 1.6 min (SD: 0.00)
for cTMD-Mix (Table III).
The total cost per portion (human resources, ingredients, and
energy consumption) amounted to €2.33 (SD: 0.63), €2.01 (SD:
0.39), and €2.00 (SD: 0.33) for hTMD, cTMD, and cTMD-Mix,
respectively. In the nursing home employing hTMD the main
cost component was associated with human resources, whereas
in the centers using cTMD and cTMD-Mix the main cost was
related to raw materials (Fig. 2).

Table III. Use of resources and time spent in meal preparation
Type
of diet

hTMD

No. of portions
prepared

28.8

cTMD

26.0

cTMD-Mix

70.0

Process
Pre-processing
Processing
Blending/homogenization
Serving up
Cleaning
Total
Pre-processing
Processing
Blending/homogenization
Serving up
Cleaning
Total
Pre-processing
Processing
Blending/homogenizing
Serving up
Cleaning
Total

Resource
1 cook
1 cook
1 cook
1-2 cooks
1 cook
1 assistant
1 assistant
1 assistant
2 healthcare assistants
1 catering assistant
1 cook
2 cooks 1 assistant
1 catering assistant
-

Total time (SD)
min
77.0 (45.3)
112.0 (24.0)
12.8 (1.9)
8.8 (2.8)
110.8 (24.3)
321.4 (96.1)
4.4 (5.4)
15.0 (0.7)
5.2 (0.4)
10.4 (0.9)
7.00 (0.0)
42.0 (6.2)
15.0 (0.0)
90.0 (0.0)
10.0 (0.0)
115 (0.0)

Time/portion
(SD) min
2.7 (1.7)
3.9 (0.9)
0.4 (0.1)
0.3 (0.1)
4.0 (1.0)
11.2 (3.9)
0.2 (0.2)
0.6 (0.0)
0.2 (0.0)
0.4 (0.0)
0.3 (0.0)
1.7 (0.3)
0.2 (0.0)
1.3 (0.0)
0.1 (0.0)
1.6 (0.0)

hTMD: in-home TMD; cTMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically blended; SD: standard deviation; Min: minutes.

█ Human resources
█ Energy consumption
█ Ingredients

Figure 2.
Breakdown of cost per ration (hTMD: in-home TMD; cTMD: commercial TMD, hand blended; cTMD-Mix: commercial TMD, automatically
blended).
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The average cost per 100 g was €1.12 (SD: 0.29) for hTMD,
€0.65 (SD: 0.18) for cTMD, and €0.57 (SD: 0.09) for cTMDMix. Finally, the average cost per 100 kcal was €2.80 (SD: 1.32)
for hTMD, €0.62 (SD: 0.18) for cTMD, and €0.58 (SD: 0.13) for
cTMD-Mix.
DISCUSSION
TMD is recommended for patients who have difficulty swallowing. To facilitate its intake, the texture of the original food is modified by blending, and very often water or broth is added, which
can lead to nutritional deficiency in the prepared meal and greater
variability between portions (15). In line with previous studies (11),
our work has demonstrated a lower energy intake and a higher
variability associated with hTMD meals.
The need to blend food to adapt it to a patient’s swallowing
requirements can also modify its organoleptic qualities and
be associated with suboptimal intake (8,29). In our study, the
percentage of food eaten, as compared to food served, was
high (> 80 %), and it was higher in patients receiving hTMD
than in those receiving cTMD or cTMD-Mix. However, this difference may be accounted for because the portions served in
the nursing homes serving hTMD (approximately 200 g) were
smaller than those served in the centers offering commercial
diets (approximately 350 g). In fact, the total amount of ingested
foor per portion was about 30 % higher in the homes serving
commercial meals. This fact, together with the lower caloric
intake of hTMD, could diminish the feeling of fullness, and
explain the greater appetite observed in patients with hTMD.
Similarly to our study, Rubio et al. compared the intake of an
hTMD with a hyperproteic and hypercaloric powdered preparation (cTMD), observing that the total amount ingested by the
patient was lower in the cTMD group, with a higher energy and
protein intake (30). Other studies have described that in both
institutionalized elderly patients and elderly outpatients with
swallowing difficulties, a higher energy and protein intake was
achieved with cTMD as compared with hTMD (31,32). Similarly,
our results show that, although compliance was higher in the
nursing home with hTMD, the final kilocalories ingested were
much higher in the patients receiving cTMD or cTMD-Mix than
in the patients receiving hTMD.
Another reason for prescribing TMD is to reduce the risk of
choking and prevent aspiration pneumonia. Up to 70 % of institutionalized people may suffer from choking during meals (33).
Evidence of symptoms related to swallowing (such as choking)
associated with hTMD vs. cTMD is minimal; moreover, results
on the effectiveness of TMD to prevent aspiration pneumonia
are inconclusive (34,35). In the present study, the number of
swallowing-related symptoms observed was higher in patients
receiving hTMD, decreasing with the diets requiring lower levels
of manipulation during preparation, as was the case of cTMDMix. These results would be consistent with the fact that patients
with hTMD reported more aspiration pneumonia (before study
initiation) than patients receiving cTMD and cTMD-Mix. How-
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ever, due to the study’s nature, these results are neither representative nor conclusive enough to establish a cause-effect
relationship.
During diet elaboration, food needs to reach a temperature
above 65 °C, and should not be exposed to temperatures between
15 °C and 45 °C to guarantee microbiological safety (12). The
three types of diet studied showed a good safety profile. In all cases, microbiological safety temperatures (> 65 °C) were reached
during preparation, and the presence of microorganisms was not
detected in the analysis. It should be noted that only cTMD-Mix
remained above 65 °C until the time of serving.
As far as we know, this is the first study conducted in geriatric
nursing homes to evaluate the use of resources and costs of TMD
production for patients with dysphagia or mastication difficulties
using natural and commercial foods, and three different processing methods ( (hTMD, cTMD, cTMD-Mix).
Raw material costs were lower for hTMD when compared to
cTMD and cTMD-Mix. However, the time required to prepare each
portion was much lower in the latter. Approximately, 1.5 minutes
for commercial diets and 11 minutes for hTMD were required.
Considering the resources needed to prepare the diets, the cost
per portion and the cost per 100 g served were lower for the
commercial diets than for the home-made ones.
Previous studies suggest that patients who switch from hTMD
to fortified TMD (13,31) or cTMD (32) experience significant
weight gain improvements. Additionally, two observational studies showed that cTMD-Mix was a simple and effective way to
improve nutritional status in elderly institutionalized residents with
swallowing disorders (36,37). The scope of our study was not to
assess the nutritional status of patients. Considering that most
of our participants were already receiving TMD before the study
started, our results appear to be in line with the above studies.
In this respect, the percentage of patients with malnutrition was
higher in the nursing home serving hTMD and lower in the nursing
home serving hTMD-Mix.
Our study presents some limitations. The first one relates to the
study population, as patient recruitment was made according to
convenience, and the number of participants was relatively low,
preventing a robust statistical analysis. Despite the small sample
size, since study participants include elderly residents with a high
level of dependence, we can assume that the study population
is representative of nursing home residents. Similarly, the study
involved a reduced number of kitchens, each one with specific
characteristics and peculiarities, so their practices may not be
representative. However, it is important to keep in mind that the
study objective was descriptive rather than comparative. Some
participants might have required help to eat; however, since such
data were not collected, it cannot be established whether having
support influenced the amount of food consumed. Finally, since
the nursing home staff collected the data, there may be interstaff variability in measurements. In order to reduce this possible
bias, the staff responsible for data collection received appropriate training, both in person and online; a graduated scale widely
used in observational studies was used to assess the amount
ingested; only objective symptoms related to dysphagia disorders
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such as choking, fractional swallowing, throat clearing, coughing
during and after ingestion were reported. Despite these limitations,
the study provides useful information for future analyses of the
potential benefits and costs of TMD as prepared using different
processes.
In conclusion, in patients with dysphagia and/or chewing difficulties, concentrated, nutrient-dense food products (Meritene®,
Nestlé Health Science), particularly those produced using the
MixxPro® automatic food mixer, ensure a high caloric intake, even
in subjects with lower compliance rates. Moreover, they allow
quick and safe food preparation, reducing both kitchen workload
and production costs. Further studies with a larger sample of
patients and centers are needed to obtain representative results
and establish whether there is any cause-effect of such diets on
patient nutritional status.
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