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Abstract

Several studies demonstrated that oral health impairment, such as tooth loss or a decrease in
salivary flow might lead elderly people to reduce their meat intake. The present study
assessed the impact of culinary processes liable to improve meat texture and smooth down
meat oral processing, in order to fulfil the oral capacities of elderly people. Four culinary
processes were selected: cooking bag, blade tenderizer, marinade and low-temperature
cooking. A panel of 40 elderly participants with good and poor dental status were asked to
assess 5 chicken breast samples, 5 roast beef samples and 4 beefsteak samples prepared
according to different process conditions by using an “oral comfort” questionnaire. Results
highlighted the fact that oral impairment may alter food bolus formation as well as texture
perception while eating meat in elderly people. Furthermore, they revealed that easy-to-do
culinary processes may improve meat tenderness and juiciness as well as smooth down food

bolus formation, in particular for the roast beef.
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Introduction

With aging, oral health impairments can occur and lead to difficulties in masticating,
humidifying food with saliva or even swallowing foods. Oral health degradation such as tooth
loss (Auvray, Doussin, & Le Fur, 2003; Hoffmann et al., 2006), wearing of dentures
(Asakawa, Fueki, & Ohyama, 2005), decrease in muscle strength (Goodpaster et al., 2006;
Peyron, Blanc, Lund, & Woda, 2004), lack of saliva (Mathilde Vandenberghe-Descamps et
al., 2016) and impaired swallowing (Humbert & Robbins, 2008; Tracy et al., 1989) can alter
food consumption (Cousson et al, 2012; Geissler & Bates, 1984; Joshipura, Willett, &
Douglass, 1996; Lee et al., 2004; Marcenes, Steele, Sheiham, & Walls, 2003; Mufoz-
Gonzalez et al., 2017; Sura, Madhavan, Carnaby, & Crary, 2012). Regarding meat
consumption, Lee etal. (2004) highlighted that edentate participants had lower intake in hard-
to-chew foods, including fried chicken and beef, compared to dentate elderly participants.
Another study led by Marcenes et al. (2003) showed that edentulous elderly people had
significantly greater difficulty eating well-done steaks compared to dentate elderly
participants. However, consuming an appropriate amount of meat according to the body’s
needs, thereby having a sufficient intake of proteins, is essential for preventing muscle loss
and in the end malnutrition in elderly people (Beasley, Shikany, & Thomson, 2013; Paddon-
Jones, Short, Campbell, Volpi, & Wolfe, 2008). Therefore, it is of crucial importance to

develop meat products that have an adapted texture for the elderly’s masticatory ability.

Many studies have investigated the improvement of meat texture through the use of culinary
processes (Aktas, Aksu, & Kaya, 2003; Burke & Monahan, 2003; Davis, Smith, & Carpenter,
1977; Hayward, Hunt, Kastner, & Kropf, 1980; Jeremiah, Gibson, & Cunningham, 1999;
Oreskovich, Bechtel, McKeith, Novakofski, & Basgall, 1992; Sawvell, Smith, & Carpenter,

1977). Among the techniques are blade tenderization and marinating, which are largely



represented in the literature. Cooking temperature is also known to have an impact on meat

characteristics.

Blade tenderization consists of perforation of the meat with sharp edged blades that are
closely spaced to cut muscle fibers (Pietrasik & Shand, 2004) and is one of the most effective
interventions currently used to ensure tenderness (King et al., 2009). Many authors have
reported that one or two passages depending on the meat category and muscle type were
sufficient to increase meat tenderness and overall meat palatability (King et al., 2009; Obuz,
Akkaya, GOk, & Dikeman, 2014; Pietrasik, Aalhus, Gibson, & Shand, 2010). Obuz et al.
(2014) have for example studied the impact of a blade tenderizer on meat characteristics using
shear force evaluation and sensory analysis. The authors showed a decrease in the shear force
value and an increase in the tenderness assessment with the use of a blade tenderizer passed
two times on the meat. Regarding marinade, many authors have highlighted its impact on
meat palatability. Made of red wine, citrus juice or even soy sauce, the effects of marinade on
meat texture characteristics have been largely explored (Aktas et al, 2003; Burke &
Monahan, 2003; Kim et al., 2013; Oreskovich et al., 1992). Kim et al. (2013) have for
example investigated the impact of a soy sauce marinade on meat tenderness using
rheological measurements. The results showed a decrease in shear force with increasing soy
sauce concentration in the marinades. Finally, cooking temperature is known to have an
impact on mechanical properties, as soluble collagen in meat increases with greater cooking
temperature and soluble protein decreases when cooking temperature increases (Davey &
Gilbert, 1974; Murphy & Marks, 2000). Furthermore, several authors have shown an increase
in cooking loss, i.e. the amount of meat juice exudate during cooking, with increasing cooking

temperature (Barbanti & Pasquini, 2005; Bouton & Harris, 1972).

Even though these processes seem promising to soften and/or moisten meat products, they

have never been tested for acceptability in an elderly population, members of which are



known to be less sensitive to texture perception than younger adults (Conroy, O' Sullivan,
Hamill, & Kerry, 2017). Consequently, the aim of the present experiment was to test culinary
processes and ask an elderly panel to assess oral comfort when eating the samples. In
addition, the elderly’s oral health was characterized to investigate the impact of oral health on
meat acceptability. To this end, we asked elderly people to rate the oral comfort of 3 meat
products prepared according to different process conditions using the “oral comfort”
questionnaire developed in a previous study (Mathilde Vandenberghe-Descamps, Labouré,

Septier, Feron, & Sulmont-Rossé, 2017).

Materials and Methods

Participants

Two groups of 20 older adults (> 65 years old) were recruited, one group with a good dental
status (10 women and 10 men; age mean: 72.8 yo; age range: 66-87) and one group with a
poor dental status (11 women and 9 men; age mean: 74.7 yo; age range: 67-89). According to
Leake, Hawkins, and Locker (1994), the number of functional units was used to characterize
elderly people’s dental status. A functional unit was defined as a pair of posterior antagonist
teeth that had at least one contact area during chewing. The number of functional units was
evaluated by asking the participants to chew 1-2 cycles on 200-mm thick articulating paper;
the number of teeth on the mandibular arch that had at least one color mark provided the
number of functional units. Elderly people with at least 7 functional units and not wearing a
removable denture were considered as having a good dental status; elderly people with 4 or
less functional units and possibly wearing a removable denture were considered as having a
poor dental status. The other recruitment criteria were the following: older than 65 years old,
living at home, no acute pathological episodes neither at the time of the experiment nor in the

recent past, a score of at least 24 on the mini mental state evaluation (MMSE) (Folstein,



Folstein, & McHugh, 1975). An interview was carried out with each volunteer to ensure that
they met the inclusion criteria. In parallel, the resting and stimulated salivary flows of every
volunteer were measured by instructing the participant to spit out the saliva into a pre-
weighed screw-cap cup every time they felt like swallowing. The measurement of resting
salivary flow was over a period of 10 min and the measurement of stimulated salivary flow
lasted 5 minutes during which the participants were asked to masticate a piece of pre-
weighted parafilm while spitting saliva. The salivary flow rate was expressed in ml/min,

assuming that 1 g of saliva corresponded to 1 ml.

Products

Three meat products were chosen for the present study: chicken breast, roast beef and
beefsteak. All the products were provided by a butcher and each meat was provided from the
same batch. Four culinary processes were selected: cooking bag (Albal®), blade tenderizer,
marinade and low-temperature cooking. These processes were chosen because they are easy
to implement in everyone’s kitchen (they do not need expensive or complex devices) and/or
because they proved to have a positive impact on meat tenderness and/or juiciness in the
scientific literature. As it was not possible to ask the elderly participants to taste all the
possible combinations made with these four culinary processes, preliminary tests were
conducted i. to select the most promising processes and/or combinations of processes, and ii.
to set up the protocol for each culinary processes. For these preliminary tests, several assays
were achieved and evaluated through two physical measurements: the shear force evaluation,
which was demonstrated to be correlated with meat tenderness (Obuz et al., 2014; Pietrasik et
al., 2010) and water content. Shear force, which corresponds to the force necessary to cut the
sample, was measured by using a Warner-Bratzler (V-shaped cutting blade) attachment

positioned on an electronic testing machine (ttc® TA.XT plus) at a crosshead speed of



2mm/sec. Water content was evaluated by weighing a sample before and after dehydration in

an oven at 130°C for 24 hours.

Based on the results of these preliminary tests (Vandenberghe-Descamps, Sulmont-Rossé,
Feron, & Labouré, submitted), five “process” conditions were selected for chicken breast and

roast beef and four conditions were selected for beefsteak (Table 1).

Cooking bag

The meat was put in a tightly closed cooking bag (Albal®). Such cooking bags can be easily

found in supermarket and more or less mimic stewing condition.

Blade tenderizer

Blade tenderization (BT) consists in the perforation of the meat with sharpened edged blades
being closely spaced in order to cut muscle fibers (Figure 1). Inthe present experiment, it was
performed by using a blade tenderizer Hendi Profi Line 51 blades. One pass was done on each
sample, on the top side for chicken breast and beefsteak samples and on both sides for the
roast beef samples which were too thick for the blade tenderizer to pass through. No visual

difference could be made between control and blade-tenderized samples by the participants.

Marinade

The marinade (M) was made of 6% of soy sauce and 94% of water. The chicken breast and
beefsteaks stayed in the marinade for 2 hours at +4°C and the roast beef stayed for 4 hours at
+4°C. For blade tenderizer and marinade samples (BT-M), blade tenderization was made

before plunging the meat in the marinade.

Low-temperature cooking



Low-temperature (LT) samples for chicken breast and roast beef were cooked in an oven at
110°C until reaching +65°C at the center of the product. The time needed to cook the meat at
low-temperature was approximatively 60 minutes for chicken breast and 77 minutes for roast

beef.

The samples were cooked right before serving. The beefsteak samples were cooked on a
frying pan heated at 160°C. The chicken breast and roast beef samples cooked under standard
condition (i.e. not a low-temperature cooking) were put in an oven at 220°C until reaching
+65°C at the center of the product. The time needed to cook the meat under standard
condition was approximatively 25 minutes for chicken breast, 31 minutes for roast beef and 6
minutes for beefsteak. The temperature was controlled by using a cooking thermometer which

measuring tube was sank to reach the center of the product.

Oral comfort assessment

In a recent study, we conducted focus groups asking elderly people to define the concept of
oral comfort during food consumption (Mathilde Vandenberghe-Descamps et al., 2017). The
results highlighted five important categories to consider when evaluating the easiness to eat:
food bolus formation, time needed to form the food bolus, pain sensations felt when eating,
texture perception and taste perception. Inside the texture category, 10 attributes were
considered relevant to characterizing food oral processing: sticky, stringy, greasy, dry,
doughy, melting, firm, hard, tender and juicy. A questionnaire aimed at evaluating oral
comfort when eating a food was developed using the results of the focus groups. This
questionnaire was used in the present study to assess oral comfort when eating meats (Figure

2).



Procedure

The participants were invited to take part in three tasting sessions, one for each type of meat.
The sessions either took place at 11 AM or at 6 PM (i.e., close to French lunch and dinner
hours). At the beginning of each session, the oral comfort questionnaire was presented to the
participants by the experimenter. Then the participants were served with the five (chicken
breast, roast beef) or the four (beefsteak) samples. After tasting a product, the participants
were asked to complete the oral comfort questionnaire. They were free to bite the products as
many times as they wanted in order to answer the questions. After each sample, they were

given a 3-minutes rest time; participants were free to drink as much water as they needed.

The sessions were conducted in a sensory room equipped with individual booths according to
the AFNOR standard (AFNOR, 1987) and under white light. The room temperature was
20.5 £ 0.5°C. The products were presented inan order determined by a William Latin square
design and they were coded with a three-digit number. Portion size were 70g for chicken
breast, 50¢g for roast beef and 40g for beefsteak (portion size were determined to be sufficient

for answering the entire questionnaire).

Data analysis

Separate analyses were conducted for the chicken breast, roast beef and beefsteak to study the
impact of culinary processes on oral comfort. For each item of the oral comfort questionnaire,
scores were submitted to Analysis of Variance (ANOVA) with one factor (sample) after
checking for normality. A global analysis was conducted to investigate the impact of oral
health on oral comfort. For each item of the oral comfort questionnaire, scores were submitted
to an Analysis of Covariance (ANCOVA) with three factors: product (chicken breast, roast
beefand beefsteak), dental status (poor; good) and salivary flow. As the interaction product x

dental status was not significant, the results of the interaction were not described below. Post



hoc comparisons were performed using the Student Newman Keuls test. Means (M) were
associated with their standard errors (SEM). The threshold for significance was set at 5 %.
Statistical analyses were conducted using R-studio software version 3.3.1 with the “nlme”

package for linear mixed models and the “agricolae” package for post hoc analyses (de

Mendiburu, 2017).

Results

Impact of culinary processes onoral comfort assessment

Results on chicken breast

There was no significant difference between the samples regarding the general question of
oral comfort (Table 2). However, the samples were rated as significantly different on the
texture attributes dry and melting (p<0.05 and p<0.01 respectively) (Figure 3). According to
post hoc analysis, the sample that was blade-tenderized and cooked at low-temperature was
rated as less dry and less melting than the control sample. Blade-tenderization alone (BT) or
low-temperature cooking alone did not significantly improve product texture compared to the

control sample.

Results on roast beef

A significant sample effect was observed for the general question on oral comfort as well as
on several attributes related to food bolus formation and product texture (Table 2). Regarding
the general question, low-temperature cooking alone was not enough to increase oral comfort
compared to the control sample cooked at high-temperature. However, the combination of
low-temperature cooking with at least one other culinary process (blade tenderizer and/or

marinade) led to a significant increase in oral comfort while eating roast beef (Figure 4a).



Regarding food bolus formation, the combination of low-temperature cooking and marinade
(M-LT and BT-M-LT) led to meat samples significantly easier to masticate and easier to
humidify than the control sample (Figure 4b). Finally, regarding texture attributes, all the
processed samples (LT, BT-LT, M-LT and BT-M-LT) were rated as less dry, more juicy and
tenderer than the control sample (Figure 4c). In addition, the BT-M-LT sample was rated as

more meking as well as less firm and hard than the control sample.

Results on beefsteak

There was no significant difference between the samples regarding the general question of
oral comfort (Table 2). Only the attribute easiness to cut with the molars was associated with
a significant sample effect, but none of the processed samples (i.e., BT, M, BT-M) were

significantly different from the control sample (Figure 5).

Impact of oral health on the oral comfort assessment

No impact of oral health parameters (dental status, resting and stimulated salivary flow) was
observed on the general question of oral comfort (Table 3). However, several significant
effects were observed on the attributes related to food bolus formation and pain sensations as
well as on texture and flavor perception. The interaction product x dental status was never
significant, meaning that the two groups rated the products in the same order whatever the
attribute. The stimulated salivary flow of elderly people with a good dental status group
(M=1.9 ml/sec; SEM=0.8) was significantly higher than the one of elderly people with a poor
dental status group (M=1.3 ml/sec; SEM=0.6; t(38)=-2.70; p=0.01). Not such difference was

observed for the resting salivary flow (t(38) =-0.14; p=0.9).

Regarding dental status, elderly people with a good dental status found the food bolus easier
to humidify with saliva and to swallow and they needed less time to form the food bolus than

elderly people with a poor dental status. They also rated the samples as tenderer and juicier as



well as saltier and more intense in flavor than the latter. Finally, elderly people with a good
dental status felt slightly less muscle and articular pain but slightly more gum pain than

elderly with a poor dental status.

Regarding resting salivary flow, elderly people with a greater resting salivary flow found the
food bolus easier to form than elderly people with a lower resting salivary flow. They also felt
slightly less muscular pain but slightly more articular and dental pain than the latter. Finally,
elderly people with a greater resting salivary flow rated the product as less sticky, less greasy,

less hard, and less intense in flavor than elderly people with a lower resting salivary flow.

Regarding stimulated salivary flow, elderly people with a greater stimulated salivary flow
found the food easier to cut with molar but more difficult to humidify, to swallow and needed
more time to form the food bolus than elderly people with a lower stimulated salivary flow.
Nevertheless, they felt slightly less articular and gum pain than the latter. Finally, elderly
people with a greater resting salivary flow rated the product as less doughty, less firm and less

bitter than elderly people with a lower resting salivary flow.

Discussion

The present study demonstrates that using easy-to-do culinary processes could improve oral
comfort, easiness to form food bolus and food texture while eating meat in the elderly
population. Regarding chicken breast, blade tenderization and low-temperature cooking
decreased dryness compared to a control sample cooked at high-temperature without
preliminary culinary processes. Regarding roast beef, the cumulative effect of blade
tenderization, marinade and low-temperature cooking were the optimal conditions to obtain
meat sample easy to chew, to humidly with saliva and to swallow, as well as to a tender and

juicy product. Finally, regarding beefsteak, blade tenderization and marinade tended to



improve easiness to form food bolus by increasing easiness to break down the meat in mouth.
It should be noted that stronger effects of culinary processes were observed for chicken breast
and roast beef than for beefsteak. This could be explained by the fact that beefsteak samples
were made from high-quality beef meat (Charolais local production). This meat may not have
needed any improvement to be easy to chew and swallow, and in fact, the control beefsteak
sample scored higher on the general comfort item (M=3,1; SEM=0.1) than the control chicken
breast (M=2.8; SEM=0.1) and the control roast beef (M=1.9; SEM=0.1). Conversely, the
present results support the fact that easy-to-do culinary processes may have a significant
impact on medium-quality meat, namely products that are affordable by the majority of the
population. This is all the more important as elderly people with a lower socioeconomic status
— and who are the less likely to afford high-quality meat — also present poorer dental status
and are less likely to get dental care (Bernabé & Marcenes, 2011; Gilbert, Duncan, & Shelton,

2003; Marcus, Kaste, & Brown, 1994).

The present study also highlights that oral health impairments may have a significant impact
on food bolus formation and on texture perception, in line with previous authors (Mese &
Matsuo, 2007; Solemdal, Sandvik, Willumsen, Mowe, & Hummel, 2012; Veyrune & Mioche,
2000). Regarding food bolus perception, when considering both dental and salivary status, it
IS interesting to note that a poor dental status mainly alters elderly people’s ability to humidify
and swallow food bolus, while low resting salivary flow impairs elderly people’s ability to
break down food products as well as to humidify and swallow food bolus. In addition, elderly
people with poorer dental status and lower resting saliva flow needed more time to form food
bolus, and elderly people with poorer dental status and lower stimulated salivary flow
experienced more pain sensations. Regarding texture perception, elderly people with poor
dental status rated the products as dryer and less juicy than elderly people with good dental

status, which is in line with the previous results on the impact of dental status on easiness to



humidify the food. Aside, elderly people with a good dental status and a higher resting
salivary flow rated the products as tenderer than elderly people with poor dental status and
lower resting salivary flow. These results emphasize the fact that both dentition and saliva
may impact food oral processing and thus should be considered when looking at the impact of
oral health on eating behavior in an elderly population (actually, previous studies often
considered dental status while they seldom considered salivary status; for a review, see
Kiesswetter et al., in press; Tada & Miura, 2014). However, the present experiment also
highlights some odd results. In particular, participants with lower stimulated salivary flow
reported less difficulty to humidify and swallow food bolus than participants with higher
stimulated salivary flow. In fact, elderly people may have adapted their drinking behavior to
cope with the lack of saliva when eating a food. In the present study, the participants were
free to drink as much water as they wanted during the sessions. It could be hypothesized that
elderly people with a low stimulated salivary flow drunk more water during meat
consumption, which could have smoothen and even reverse the impact of low stimulated

salivary flow rate on food bolus formation.

The present study stands out from previous ones as processed meat samples were evaluated
by a non-trained elderly panel, using an “oral comfort” questionnaire. In fact, previous studies
on the impact of culinary processes on meat texture used rheological measurements (Barbanti
& Pasquini, 2005; King et al.,, 2009) or rely on a trained sensory panel (Obuz et al., 2014;
Pietrasik et al., 2010). However, the complex dynamics of food deformation in the mouth,
responsible of texture sensation cannot be easily included in any single mechanical test
(Dransfield, 1996 cited by Mathoniere et al., 2000). Actually, instrumental techniques do not
mimic the dynamics of oral motion, rate of force application and salivation and can give low
correlations with subjectives assessments (Peyron et al., 1994). Furthermore, trained panels

generally include young or middle-aged adults who cannot account for the oral impairments



frequently observed in an elderly population such as tooth loss, decrease in saliva flow or
even swallowing disorders. The aim of the present study was to develop culinary processes
liable to improve meat texture and smooth down meat oral processing, in order to fulfil the
oral capacities of elderly people. Consequently, the choice was made to recruit the target
population — namely elderly people — for sample assessment. However, recruiting elderly
people, and in particular elderly people suffering from oral impairment, is quite challenging.
In fact, elderly people with poor oral heath are often frail and dependent, and thus less willing
to take part in experimental studies (Maitre, Symoneaux, & Sulmont-Rossé, 2015). In order to
avoid an over-representation of elderly people with a good oral health (the easiest to recruit),
efforts were made during the recruitment to have half participants with a good dental status
and half participants with a poor dental status. However, with such criterion, it was not
possible to recruit more than 40 participants, because of time constraints (the study had to be

made within one month to ensure homogeneity of meat batches and avoid seasonality effect).

Conclusion

In agreement with scientific literature, the present study highlighted the fact that oral
impairment such as a poor dental status or low salivary flow may impair food bolus formation
as well as texture perception while eating meat in elderly people. Furthermore, the present
study also revealed that easy-to-do culinary processes such as blade tenderization, marinade
or low-temperature cooking may improve elderly people’s ability to break down the food, to
humidify the particles and to swallow food bolus. These techniques may also increase meat
tenderness and juiciness. However, the impact of these techniques varied depending on the
meat. The most conclusive effects was observed on roast beef and the least conclusive effects
on beefsteak. Further research should explore a broader set of culinary processes for a broader

set of meat products (various types of meat, and for a given meat, various types of muscle) in



order to identify the optimum combinations in term of “oral comfort” for elderly people.
Anyways, the present study proved that there are easy-to-do culinary solutions to sustain meat
intake in elderly people suffering from oral impairment, a key-factor to prevent sarcopenia

and malnutrition in these population.
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FIGURE CAPTIONS

Figure 1. Blade tenderizer.

Figure 2. Food comfortability questionnaire developed based on the results of focus groups

organized with elderly people.

Figure 3. Chicken breast: impact of culinary processes on dryness and meltingness. BT: blade
tenderizer; M: marinade; LT: low-temperature cooking. According to post-hoc analyses,
samples associated with the same uppercase letters (A, B) are not significantly different for
dryness; samples associated with the same lowercase letters (a, b) are not significantly

different for meltingness (p>0.05).

Figure 4. Roast beef: impact of culinary processes on oral comfort (4a), easiness to masticate
(4b) and the texture attributes dryness and tenderness (4c). BT: blade tenderizer; M:
marinade; LT: low-temperature cooking. For the histograms, the vertical bars stand for the
standard error of the mean. According to post-hoc analyses, samples associated with the same
letters (a,b) are not significantly different (p>0.05; Figure 4c: uppercase letters (A,B) stand for

dryness; lowercase letters (a,b) stand for tenderness).

Figure 5. Beefsteak: impact of culinary processes on easiness to cut with molars. BT: blade
tenderizer; M: marinade. The vertical bars stand for the standard error of the mean. According
to post-hoc analyses, samples associated with the same letters (a,b) are not significantly

different (p>0.05).



Table 1: For each product, characterization of the samples.

Culinary processes Physi(_:al .
characterization
Sample E:;Jgking ?elr?c?eerizer Marinade 'It_eorxvp;erature (Shear force| Water .
cooking g.sec) content (%)

Chicken breast

Control \/ 10949 71.7

BT v v 18013 72.6

BT-M V x/ \ 14113 73.4

LT v \ 14717 74.8

BT -LT V \ V 14130 73.9
Roast beef

Control V 35662 66.9

LT v \ 29126 71.0

BT-LT |+ v v 20933 68.4

M-LT |V \ 21754 70.0

BT-M-LT V N \ 16940 72.0
Beefsteak

Control NA NA 42147 66.6

BT NA x/ NA 43142 70.0

M NA v NA 48799 66.5

BT +M NA V V NA 28277 69.2




Table 2: Impact of culinary processes: results of the one-way ANOVAs performed for
each product and for each attribute of the oral comfort questionnaire (F-value of the

sample effectand significance level: * p<0.05; **p<0.01; ***p<0.001).

Attributes Chicken breast Roast beef Beefsteak
General question Comfort 0.578 <0.001*** 0,629
Incisor 0.584 0,038* 0,460
Molar 0.338 0,035* 0,037*
Bolus formation Masticate 0.506 0,006** 0,052
Humidify 0.132 0,021* 0,548
Swallow 0.152 0,070 0,481
ggrues toform food ¢ 0.436 0,064 0,696
Burning 0.261 0,475 0,400
Muscular 0.765 0,176 0,829
Mouth pain Articular 0.960 0,149 0,725
Dental 0.700 0,259 0,572
Gum 1.000 0,124 0,891
Sticky 0.565 0,096 0,350
Stringy 0.341 0,055 0,718
Greasy 0.962 0,995 0,144
Dry 0.024* <0.001*** 0,282
Doughy 0.281 0,418 0,356
Texture
Melting 0.010** 0,045* 0,248
Firm 0.208 0,041~ 0,310
Hard 0.287 0,021* 0,271
Tender 0.086 0,001*** 0,142
Juicy 0.888 0,012* 0,624
Taste intense 0.642 0,234 0,506
Salty 0.730 0,817 0,291
Flavor Sweet 0.901 0,904 0,731
Sour 0.442 0,950 0,357
Bitter 0.888 0,412 0,569




Table 3: Impact of oral health: result of the three-way ANCOVA performed for each

attribute of the oral comfort questionnaire (normalized coefficients and significance

levels: * p<0.05; **p<0.01; ***p<0.001).

Attributes Sample Dentition Resting saliva Stimulated
effect effect effect saliva effect
General question Comfort rkk 0.015 0.045 0.027
Incisor rorx 0.113 0.208*** -0.098
Molar rrk 0.021 0.002 0.110*
Eafcj:‘nfsfi od bolus | Masticate | 0.059 0.115* -0.066
Humidify Fkk 0.117** 0.201*** -0.233***
Swallow ok 0.139** 0.194*** -0.242%*
Time to form food bolus el 0.172%** 0.176*** -0.197***
Burning NS -0.022 -0.059 -0.014
Muscular NS -0.191%** -0.116* -0.051
Pain Articular * -0.180*** 0.109* -0.155**
Dental NS -0.019 0.129* -0.105
Gum NS 0.133** 0.087 -0.171*
Sticky rorx 0.40 -0.142** 0.004
Stringy ¥+ 0.075 -0.074 -0.065
Greasy NS -0.060 -0.162** 0.017
Dry g -0.156*** -0.033 -0.006
Doughy ok 0.105* -0.054 -0.184**
Texture
Melting rrk 0.139** -0.045 0.076
Firm ok -0.017 0.001 -0.156**
Hard Fkk -0.016 -0.178*** -0.005
Tender ok 0.139** 0.132** -0.109
Juicy rrk 0.115* 0.052 -0.076
Taste intense | *** 0.116** -0.171%** 0.073
Salty NS 0.133** 0.024 -0.167
Flavor Sweet NS -0.059 -0.043 -0.046
Sour NS -0.066 0.002 -0.106
Bitter NS -0.041 -0.002 -0.191**

Regarding dental status, a positive coefficient means that good dental status group rated the
item higher compared to the poor dental status group. Regarding resting and stimulated




salivary flow, a positive coefficient reflects a positive correlation between the item score and
the salivary flow.



Highlights
e Easy-to do culinary techniques improved significantly oral comfort when eating meat
e Oral health impairments do not seem to have an impact on oral comfort assessment

e Advices on meat preparation should be given to elderly people willing to eat meat
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