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ABSTRACT

BACKGROUND/OBJECTIVES: While plate waste has been widely investigated in hospitals, 
there have been minimal studies specific to the texture-modified diet (TMD). This study 
aims to determine the percentage of plate waste among patients prescribed with TMD and its 
contributory factors.
SUBJECTS/METHODS: This was a single-centre study conducted in the university hospital 
on three types of TMD (blended diet, mixed porridge, minced diet) during lunch and dinner 
meals. Weighing method and visual estimation method assisted by digital photograph were 
adopted in this study. Face to face interview was carried out to investigate on 1) the food/
food service quality factors in terms of patients' satisfaction level towards sensorial quality 
of food and food services provided and 2) the clinical/external factors including appetite, the 
provision of oral nutrition support, time taking the diet, the need for feeding assistance and 
the length of hospital stay.
RESULTS: The mean percentage of overall plate waste of 95 patients receiving TMD was high 
(47.5%). Blended diet was identified as the most wasted diet (65%) followed by minced diet 
(56%) and mixed porridge (35%). Satisfaction level among patients was moderate. Patients 
on TMD in general had higher satisfaction level on the aspect of food service as compared to 
food quality. Substantial association between sensorial qualities of food and plate waste were 
varied according to individual TMD type. A multiple linear regression showed that only the 
satisfaction level toward the aspects of appearance and variety of foods were the predictors of 
TMD plate waste (R2 = 0.254, P < 0.05).
CONCLUSIONS: A significant relationship between the percentage of plate waste and the 
overall satisfaction level of patients receiving TMD suggests that vigorous strategies are 
needed to reduce the food waste of TMD which will lead to a better nutritional status and 
clinical outcomes among the patients.

Keywords: Food quality; food service; hospital; patient satisfaction; diet modification

INTRODUCTION

One of the world's food system challenges concerns food waste. Globally, it is estimated 
that approximately one-third of food produced is wasted or lost each year. This equals to 
almost 1.3 billion tons of food wasted yearly, from food production to food consumption [1]. 
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Food waste originate from different sources including household, food service facilities and 
commercial activities such as organising events, conferences, seminars and others. Of all the 
sources, food service is well recognised as a large generator of food waste and hospital food 
service provision is one of the contributors of this waste.

Among the total waste produced in hospitals, almost 50% from them are waste from food 
[2]. Food waste from hospital food service can be divided into kitchen waste and plate waste 
and mostly research on food waste in hospitals are primarily based on individual plate waste 
mainly because of its direct influence on patient nutritional outcomes. Plate waste as in the 
hospital setting refers to the remaining served food which are left and not eaten by patients 
[3-6]. A recent review of the global hospital food waste conducted in 2018 concluded that, 
hospital plate waste were measured from 6% to 65%, but more commonly between 15% and 
35% with a median individual plate waste of 31% [7]. In Southeast Asia, around 33% of food 
is wasted in the region [8]. It was also estimated that plate waste in hospital can add up to 
30% from food costs [9].

Every food service organisation aims to prepare, distribute and serve safe food. Safe food is 
determined by its nutritional quality, balance, palatability and temperature [10]. Therefore, 
all hospital food services must have a good management system in optimising patients' 
food and nutrient intake, increase patients' satisfaction towards food service and to achieve 
better quality outcomes, reduction in cost and revenue generation. Plate waste assessment 
is important to be conducted as an indicator of food service operation efficiency [11] as well 
as signifying nutritional adequacy among hospitalised patients [6,12]. It is widely accepted 
that the food/food service quality is the main contributing factor to hospital plate waste. 
Numerous published studies have established the relationship between patient satisfaction 
on the sensory quality of food in terms of appearance, taste, texture, temperature as the 
major factor affecting the rate of hospital plate waste [13-15]. Besides food quality, patients' 
satisfaction towards the quality of food service was also linked to hospital plate waste. Other 
clinical/external factors such as patients' appetite, the provision of oral nutrition support 
(ONS), time taking the diet, the need for a feeding assistance and the length of hospital stay 
have also been reported to influence the level of plate waste in hospitals [16-19].

Texture-modified diet (TMD) is referred to foods with soft texture, where foods have been 
modified to appropriate texture and consistency which can be more easily chewed and 
managed by patients who are being prescribed with this diet. Food texture can be altered 
through physical or chemical modification [20-22]. The modified texture food in general 
should be soft, moist, elastic, smooth, and easy to swallow [23]. Up to 80% of patients 
taking this type of diet are those with dysphagia especially among the elderly people 
[24]. Appropriate modification of food texture is important to minimise the incidence of 
aspiration pneumonia and to increase patients' food intake, subsequently leading to a better 
nutritional status [25]. Other indications requiring the prescription of TMD include dentition 
problem, pre/post-surgery requirement, the need for a feeding assistance, cognitive issues 
and refusal to eat [24,26-28].

Various terminologies and labels are applied on food textures around the world in 
the provision of TMD [22,29]. Recently in 2016, the International Dysphagia Diet 
Standardization Initiative (IDDSI) produced framework as a global initiative to implement 
the use of a standardised textures terminology worldwide [30]. According to IDDSI, 
modifications in food texture are classified into level 4 to level 7; level 4—pureed, requiring 
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no chewing at all; level 5—minced and moist, requiring minimal chewing; level 6—soft and 
bite-sized, requiring chewing; and level 7—regular foods, with various textures. However, 
many countries and even individual healthcare facilities or hospitals have already developed 
their own standard for diet texture modification and they are still used in the preparation of 
TMD [29].

While studies on hospital plate waste and patients' satisfaction have been conducted 
extensively at the global scale on regular diet, studies focusing particularly on TMD are 
still lacking. Several studies conducted on hospitalised patients and long-term care facility 
residents receiving TMD previously were focusing mainly on the nutritional value of TMD 
consumed by studied participants [31-34]. Literature review search on the percentage of 
TMD plate waste specifically is almost non-existence unlike plate waste studies on regular 
texture diet. In addition, studies on the contributing factors to TMD plate waste were scarce. 
Therefore, the aim of this study is to determine the rate of TMD plate waste and the factors 
affecting it in a Malaysian urban university hospital.

SUBJECTS AND METHODS

Study design
A cross-sectional study was conducted among 95 patients aged 18 years old and above who 
received TMD in the medical ward in the university hospital. Ethical approval was obtained 
from the Research Ethics Committee, Universiti Kebangsaan Malaysia (UKMPPI/111/8/JEP-
2019-051). Information sheets of the study were distributed, and the signed consent were 
obtained from all the subjects prior to this study. Data collection for this study was carried 
out from 14th March 2019 to 4th May 2019.

Sampling and subjects
There are three types of TMD offered by the hospital's kitchen; minced diet, mixed porridge 
and blended diet which were included in this study involving lunch and dinner meals. The 
following is a brief description of each diet type involved in this study based on the hospital 
diet manual developed by the Ministry of Health Malaysia [28].

-Blended/ blenderised diet: balanced diet consists of rice/rice porridge, cooked vegetables 
and protein sources are soft and not spicy, and blended. Vegetables without skin and seeds 
are used. Strained fruit juice is suitable for this diet.

-Minced diet: consists of rice porridge, protein dish and vegetables are cooked until soft 
and not spicy. Proteins and vegetables are chopped separately. Fish or chicken should be 
boneless and finely chopped or minced. Soft fruits are served. This diet is also served with 
soup/gravy.

-Mixed porridge diet: mixed porridge is a rice porridge cooked with protein source and 
vegetables, added with small amount of oil and not spicy. Boneless protein sources such as 
fish, chicken and vegetables need to be thinly sliced and cooked until soft and moist.

Subjects were selected using a convenience sampling from the Department of Dietetics 
and Food Services by using the hospital's in-house patient information system known as 
the Caring Hospital Enterprise System. The inclusion criteria were adult patients aged 18 
years old and above who receive TMD orally, either normal (non-nutrient restricted) or 
therapeutic (nutrient restricted) TMD such as diabetic diet, low sodium diet, low fat diet or 
the combination, and able to communicate in English or Bahasa Malaysia. Exclusion criteria 
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included those who were on tube or parenteral feeding, have mental problems or disorders 
and diagnosed with dementia.

Data collection
A structured questionnaire was distributed to the subjects to obtain required information for 
this study following obtaining a signed consent. The questionnaire consisted of five sections 
which are the sociodemographic information of the respondents, anthropometry, food 
intake, clinical information and quality of the food services.

Data collection about the sociodemographic information was conducted through 
interviews and by perusing subjects' medical record. Nutritional status was assessed using 
anthropometry measurement including height, weight, mid upper arm circumference, calf 
circumference, and knee height.

For bedridden subjects, the formula by Shahar et al. [35] was used to estimate the height and 
equations by Ross Laboratories [36] were used to calculate weight. Next, body mass index 
(BMI) was calculated using the formula weight (kg)/height (m2) and the subjects were classified 
according to BMI category based on the classification by the World Health Organization 2013. 
For the clinical part, information on signs and symptoms of the disease, appetite, consumption 
of ONS and whether subjects were taking outside food were collected from the subjects.

Two methods were employed to assess the amount of plate waste; weighing [8] and visual 
estimation. For weighing method, a digital food weighing scale (Tanita KD 160WH) with 
weight capacity of 2 kg and weight graduation of 1 g was used. A standard weight of TMD on 
tray was initially measured and recorded. The remaining weight of the TMD was measured 
again and compared with the standard weight to obtain the percentage of plate waste. 
Weighing method involved collecting all food waste from each patient and separating them 
into four food components for minced diet; starch, protein, vegetables and fruit/dessert; 
and three components for mixed porridge; starch, protein and fruit/dessert, before weighing 
them accordingly. Small pieces of vegetables become too soft and mushy in the mixed 
porridge hence food separation for this type of TMD was limited to only three components. 
The separation of food components was not carried out for blended diet due to infeasibility. 
The following formula was used to determine the rate of plate waste;

Rate of plate waste (%)  =  
Amount of waste (g)
Standard weight (g)

 ×  100% 

 The Visual Comstock Scale, a visual estimation of the waste expressed on a 6-point scale 
developed by Comstock et al. [3] was used to approximately measure the proportion of food left. 
Food waste is separated into different food components similar to the weighing method and 
were observed and recorded in different values ranging from 0%, 25%, 50%, 75%, 90%, 100% 
(all consumed to none consumed). Digital photography was also used to record the food waste, 
which can minimise errors and allow precise estimates of portion sizes at a later time.

The contributing factors to plate waste such as patients' satisfaction towards the food quality 
and food service (food/food service quality factors), together with clinical/external factors 
such as appetite, the need for assistance during feeding, the duration of taking the diet, 
intake of ONS were investigated in this study based on the factors previously reported to be 
associated with plate waste by previous studies [13-19].
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The level of patient satisfaction was measured using the service quality (SERVQUAL) 
questionnaire that was adapted and validated by Joung et al. [37]. This study used the Bahasa 
Malaysia version that has been previously translated and validated [38]. It consists of two 
parts; part A is the satisfaction of patients on the quality of food provided and part B concerns 
patients' satisfaction on the quality of food services. The satisfaction level is divided into 
two main domains which are food quality and food services. There are nine items under the 
domain of food quality (appearance, taste, texture, vegetables, chicken/meat/fish, temperature, 
variety of foods, portion size, variety of choices of menu) whereas there are main items under 
the domain of food service (attire, smiling, manner, punctuality, helpfulness) whereby the 
two items of punctuality and helpfulness were used to determine responsiveness, one of the 
subdomain under the domain of food service. The scoring criteria used in this questionnaire 
was a 5-point scale (1-very dissatisfied, 2-dissatisfied, 3-moderate, 4-satisfied, 5-very satisfied).

Statistical analysis
Data were analysed using IBM SPSS Statistics version 23.0 at a significant level of 0.05. 
Descriptive analysis was used to determine the socio-demography, anthropometry profile 
of subjects, percentage of plate waste for three type of TMD on lunch and dinner by using 
weighing method and visual estimation method, as well as the satisfaction scores according 
to different criteria of satisfaction domains. Mean and standard deviations were computed for 
type of TMD and satisfaction scores. To assess the level of agreement between the two methods 
in estimating plate waste, the Bland-Altman plot analysis was conducted. Additionally, data 
collected were also subjected to the non-parametric Spearman's correlation. Spearman's 
correlation was also used to determine the relationship between percentage of total plate waste 
and factors affecting it since the data were not normally distributed. Furthermore, this test 
was also applied to determine the relationship between total percentage of plate waste and 
satisfaction levels of patients taking TMD. Multiple linear regression analysis was employed 
to measure the association between the total percentage of plate waste and continuous 
contributing factors that have significant correlation with plate waste.

RESULTS

Socio-demographic and anthropometry profile of subjects
Out of 106 patients consuming TMD screened, only 95 patients were recruited. 11 subjects 
were excluded because of their clinical conditions such as having infectious disease or 
cognitive problems, being unconscious and nil by mouth which did not fulfil the inclusion 
criteria. The socio-demography profile of patients is shown in Table 1. The mean age for 95 
patients was 64.2 years old with more males (60%) compared to females (40%) that were 
involved in this study. For the length of stay, more than half of the patients have stayed more 
than 7 days (53.7%). For anthropometry data, the mean BMI for patients was 20.7 kg/m2 
which fell under the category of normal. Assessment of patients' nutritional status based 
on BMI revealed that 42.6% of subjects were classified as having normal weight followed 
by being underweight (40.4%), overweight (12.8%) and obese (4.3%). From the total of 95 
patients involved in this study, 66 (69.5%) patients were on normal (non-nutrient restricted) 
TMD while the remaining 29 (30.5%) patients received therapeutic (nutrient restricted) TMD.

Percentage of plate waste contributed by TMD
According to Table 2, overall, the mean plate waste for TMD as assessed by using weighing 
method was 47.5%, with wastage occurring mostly during lunch time (49.2%) compared to 
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dinner time (45.9%). Minced diet, mixed porridge and blended diet during lunch time were 
wasted at 57.9%, 36.3%, and 68.8% respectively whilst the mean plate waste for dinner time 
were 55.5%, 33.9%, and 63.3% respectively. Similar trend was observed using Comstock 
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Table 1. Socio-demographic and anthropometry profile of subjects
Parameter Total (n = 95)
Socio-demography

Age 64.2 ± 16.7
Sex

Male 57 (60.0)
Female 38 (40.0)

Nationality
Malaysian 92 (96.8)
Non-Malaysian 3 (3.2)

Race
Malay 43 (45.3)
Chinese 43 (45.3)
Indian 8 (8.4)
Others 1 (1.1)

Educational level
No formal education/primary 42 (44.2)
Lower secondary 16 (16.8)
Upper secondary 20 (21.1)
Higher upper secondary 5 (5.3)
University/college 12 (12.6)

Occupational status
Working 13 (13.7)
Not working 82 (86.3)

Marital status
Single 80 (84.2)
Married 15 (15.8)

Length of stay (days)
1–3 21 (22.1)
4–7 23 (24.2)
> 7 51 (53.7)

Anthropometry
Height (cm) 54.5 ± 14.2
Weight (kg) 162.2 ± 8.6
Mid-upper arm circumference (cm) 21.8 ± 9.2
Knee height (cm) 42.8 ± 17.1
Body mass index (kg/m2) 20.7 ± 5.6

Nutritional status
Underweight 38 (40.4)
Normal 40 (42.6)
Overweight 12 (12.8)
Obese 4 (4.3)

Data are shown as mean ± SD or number (%).

Table 2. Percentage of plate waste for three type of texture-modified diet at lunch and dinner by using weighing 
method and visual estimation method
Methods Weighing method Visual estimation method

Lunch (n = 95) Dinner (n = 95) Lunch (n = 95) Dinner (n = 95)
Type of diet

Minced diet 57.9 ± 27.6 55.5 ± 33.5 58.1 ± 28.1 55.9 ± 33.4
Mixed porridge 36.3 ± 36.6 33.9 ± 34.4 36.3 ± 36.3 34.2 ± 35.0
Blended diet 68.8 ± 33.3 63.3 ± 35.3 69.6 ± 33.4 61.9 ± 36.6
Total 49.2 ± 37.0 45.9 ± 36.7 49.4 ± 37.1 45.7 ± 37.1

Overall 47.5 ± 31.3 47.6 ± 31.6
Data are shown as mean ± SD.



visual estimation method. Using this method, the plate waste for lunch was 49.4% which was 
also higher than the 45.7% plate waste for dinner. Based on the Bland-Altman plot analysis, 
there was no proportional bias between the total percentage of plate waste measured using 
weighing method and visual estimation method (P = 0.418, P > 0.05). The mean difference 
was 0.04% with the limits of agreement range from −6.54% to 6.46% (Fig. 1). In addition, 
strong, positive correlation between the plate waste data from both methods was obtained 
from the Spearman's correlation test (r = 0.992, P < 0.001).

The mean amount of TMD plate waste by food components were also investigated for minced 
diet and mixed porridge. For minced diet (Fig. 2), plate waste was highest for protein (61.1% 
combined for lunch and dinner, 64.4% and 57.8% for lunch and dinner respectively) and 
lowest for fruit/dessert (23.5% combined for lunch and dinner, 26.4% and 20.6% for lunch 
and dinner respectively). Carbohydrate and vegetable had quite similar amount of average 
waste at 54.6% and 54.5% respectively, combined for lunch and dinner meals. In contrast, 
for mixed porridge (Fig. 3), carbohydrate was the highest food component wasted (42.6% 
combined for lunch and dinner, 45.1% and 40.0% for lunch and dinner respectively) followed 
by fruit/dessert at 35.2% of average waste combined for lunch and dinner meals. It was noted 
that fruit was wasted 1.8 times higher at lunch (44.9%) compared to dinner (25.4%). Protein 
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was wasted lowest for mixed porridge (27.0% combined for lunch and dinner, 27.4% and 
26.5% for lunch and dinner respectively).

Levels of patients' satisfaction with food quality and food service
With respect to satisfaction level (Table 3), the mean overall satisfaction score from two 
main domains (food quality and food service) was 3.6 ± 0.6 (moderate satisfaction). Patients 
on TMD on the whole had higher satisfaction level (3.9 ± 0.7) in the aspect of food service 
as compared to food quality (3.3 ± 0.7). The highest mean satisfaction score of food quality 
was towards the aspect of temperature (4.0 ± 0.9), rated by patients as satisfied followed by 
portion size (3.6 ± 1.0). The highest satisfaction score for food services was attire (4.1 ± 0.8) 
followed by manner of caterers (3.9 ± 1.0) and punctuality (3.9 ± 0.9).

Satisfaction scores were also analysed according to diet types. All three TMD diets studied; 
minced diet, mixed porridge and blended diet had a higher mean score on the aspect of food 
service (4.1 ± 0.7, 3.8 ± 0.7, and 4.0 ± 0.7) compared to food quality. Patients receiving minced 
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Table 3. Satisfaction scores according to different criteria of satisfaction domains
Criteria Minced diet (n = 16) Mixed porridge (n = 52) Blended diet (n = 27) Overall (n = 95)
Food quality

Appearance 3.5 ± 1.3 3.6 ± 0.8 3.2 ± 1.1 3.5 ± 1.0
Taste 3.5 ± 1.3 3.2 ± 1.0 3.0 ± 1.2 3.2 ± 1.1
Texture 3.4 ± 1.5 3.6 ± 0.9 3.4 ± 1.1 3.5 ± 1.1
Vegetables 3.1 ± 1.5 2.4 ± 1.7 NA 2.0 ± 1.8
Chicken/meat/fish 3.3 ± 1.4 2.8 ± 1.6 NA 2.3 ± 1.8
Temperature 4.0 ± 1.3 4.1 ± 0.7 3.8 ± 1.0 4.0 ± 0.9
Variety of food 3.6 ± 1.5 3.2 ± 1.2 3.1 ± 0.9 3.2 ± 1.2
Portion size 3.8 ± 1.0 3.6 ± 0.9 3.4 ± 1.1 3.6 ± 1.0
Variety of menu choices 2.9 ± 1.1 3.1 ± 0.9 3.2 ± 0.9 3.1 ± 1.0

Food services
Attire 4.4 ± 0.5 4.0 ± 0.7 4.0 ± 0.9 4.1 ± 0.8
Smiling 4.4 ± 0.6 3.5 ± 1.1 3.8 ± 1.0 3.7 ± 1.0
Manner 4.1 ± 1.0 3.7 ± 1.0 4.0 ± 0.9 3.9 ± 1.0
Punctuality 4.1 ± 1.0 3.9 ± 1.0 4.0 ± 0.8 3.9 ± 0.9
Helpfulness 3.7 ± 1.3 3.8 ± 0.9 3.9 ± 0.9 3.8 ± 1.0

Satisfaction summary
Satisfaction towards food quality 3.5 ± 1.0 3.3 ± 0.6 3.3 ± 0.7 3.3 ± 0.7
Satisfaction towards food service  
(food services & responsiveness)

4.1 ± 0.7 3.8 ± 0.7 4.0 ± 0.7 3.9 ± 0.7

Overall satisfaction level 3.8 ± 0.8 3.5 ± 0.5 3.6 ± 0.6 3.6 ± 0.6
Data are shown as mean ± SD.
NA, not applicable.



diet, mixed porridge and blended diet all rated the quality of food as moderate. Among the 
three diets, minced diet had the highest mean score of 3.5 ± 1.0 while mixed porridge and 
blended diet each had a similar mean score of 3.3 ± 0.6. For all three diet types, the aspect 
of food temperature had the highest score (4.0 ± 1.3, 4.1 ± 0.7, and 3.8 ± 1.0). However, the 
aspect of food quality that received the lowest score varied among the three TMD studied. 
Minced diet had the lowest score for the variety of menu choices (2.9 ± 1.1), vegetables for 
mixed porridge (2.4 ± 1.7) and the variety of food for blended diet (3.1 ± 0.9).

Correlation between the overall plate waste of TMD and the contributing 
factors
Table 4 shows the correlation between the contributing factors and the total plate waste 
for patients receiving TMD. Spearman's rho indicated the presence of a moderate negative 
correlation between food appearance (r = −0.551, P < 0.05), food taste (r= −0.685, P < 0.01), 
vegetables (r = −0.505, P < 0.05) and chicken/meat/fish (r= −0.595, P < 0.05) with plate waste 
for minced diet. For mixed porridge, there was a weak negative correlation between food 
texture (r = −0.326, P < 0.05) and temperature (r = −0.319, P < 0.05) with plate waste. However, 
for blended diet, a moderate positive correlation was found between the length of time taking 
the diet (r = 0.450, P < 0.05) and plate waste while there was a moderate negative correlation 
between appetite (r = −0.427, P < 0.05) and food variety (r = −0.417, P < 0.05) with plate 
waste. Combining all the three diets together, the percentage of TMD plate waste had a weak 
correlation with factors such as the length of time taking TMD in a positive manner (r = 0.209, 
P < 0.05) and appetite (r = −0.261, P < 0.05), in a negative manner. TMD plate waste altogether 
also had a negative correlation only with domain of food quality including appearance of 
food provided (r = −0.315, P < 0.01), taste (r = −0.222, P < 0.05), texture (r = −0.304, P < 0.01), 
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Table 4. Correlation analysis of total texture-modified diet plate waste and the contributing factors
Factors Total plate waste (%)

Minced diet Mixed porridge Blended diet Overall
R P-value1) R P-value1) R P-value1) R P-value1)

Food/food service quality factors
Satisfaction towards food quality

Appearance −0.551* 0.027 −0.252 0.071 −0.238 0.232 −0.315** 0.002
Taste −0.685** 0.003 −0.195 0.166 −0.132 0.511 −0.222* 0.030
Texture −0.292 0.273 −0.326* 0.018 −0.320 0.103 −0.304** 0.003
Vegetables −0.505* 0.046 NA NA NA NA −0.268** 0.009
Chicken/meat/fish −0.595* 0.015 −0.094 0.510 NA NA −0.225* 0.028
Temperature −0.324 0.221 −0.319* 0.021 −0.273 0.168 −0.300** 0.003
Variety of food −0.487 0.056 0.017 0.903 −0.417* 0.030 0.009 0.930
Portion size −0.475 0.063 −0.225 0.108 −0.067 0.741 −0.189 0.067
Variety of menu choices −0.476 0.062 0.072 0.611 0.189 0.345 0.040 0.700

Satisfaction towards food service
Attire −0.014 0.960 −0.138 0.330 −0.082 0.684 −0.027 0.793
Smiling 0.099 0.715 −0.063 0.657 −0.149 0.459 0.068 0.514
Manner −0.198 0.462 −0.016 0.912 −0.072 0.721 0.052 0.617
Punctuality −0.317 0.231 −0.083 0.558 0.208 0.298 0.036 0.727
Helpfulness −0.151 0.577 0.005 0.974 −0.126 0.532 −0.039 0.704

Clinical/external factors
Length of time taking TMD 0.022 0.935 0.141 0.319 0.450* 0.019 0.209* 0.042
Need assistance when feeding −0.027 0.921 0.074 0.600 −0.087 0.667 0.059 0.568
Appetite −0.016 0.954 −0.214 0.128 −0.427* 0.026 −0.261* 0.011
Consumption of outside foods −0.024 0.404 −0.094 0.505 −0.115 0.567 −0.021 0.840
Consumption of ONS −0.123 0.650 −0.049 0.732 −0.154 0.444 −0.061 0.554

TMD, texture-modified diet; ONS, oral nutrition support; NA, not applicable.
1)Analysed using Spearman Correlation test.
*Significant at P < 0.05, **Significant at P < 0.01.



vegetables (r = −0.268, P < 0.01), chicken/meat/fish (r = −0.225, P < 0.05), and temperature 
(r = −0.300, P < 0.01). In addition, there was no significant correlation between individual 
plate waste with length of stay (P = 0.096) and nutritional status based on BMI (P = 0.089). 
Multiple Linear Regression analysis found that only food appearance and food variety were 
independently associated with the percentage of total plate waste (R2 = 0.254, P < 0.05) as 
shown in Table 5.

DISCUSSION

Little is known about the rate of TMD plate waste in hospital setting. Thus, this study aimed 
to determine the percentage of TMD plate waste and its associating factors on three types 
of TMD offered by the studied hospital's kitchen; minced diet, mixed porridge and blended 
diet involving mostly elderly patients. Plate waste was measured by weighing method and 
visual estimation assisted by digital photographs. In this study, a strong correlation and 
high agreement were found between the two methods suggesting that both methods are 
comparable in determining plate waste. While some studies had a similar observation [39], 
few other studies found that visual estimation tends to overestimate or underestimate plate 
waste compared to using the weighing method [40,41]. A systematic review by Anasako 
and Akamatsu [42] concluded that the visual estimation method is appropriate to be used 
provided that the portion sizes of meal served are uniform within individual facilities.

Overall, the average total plate waste of TMD involving lunch and dinner meals in this study 
was 47.5%. This rate of plate waste is considered high since according to Edwards and Nash 
[43], plate waste of more than 30% in the hospital setting is categorised as high. The rate 
of TMD plate waste found from this study (47.5%) is much higher when compared to the 
median plate waste rate (31%) in hospitals globally [7]. Comparing with other plate waste 
studies on regular diet, the total plate waste for TMD in the present study was higher than the 
overall plate waste yield across wards for regular diet (35%) in Portugese [44] and also among 
surgery and rehabilitation patients receiving regular diet in the United Kingdom (6%–42%) 
[16]. This was also much higher than the reported average plate waste in the Southeast Asia 
region (33%). Despite that, comparison made between several local studies in Malaysian was 
varied. A hospital plate waste study carried out by Zakiah et al. [9] among patients on regular 
diet obtained a comparable rate with overall mean plate waste of 42.6% while a more recent 
study involving several public hospitals in East Malaysia by Aminuddin et al. [45] reported 
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Table 5. Multiple linear regression analysis of texture-modified diet plate waste and the continuous variables that 
were significantly correlated with the total plate waste
Variables Percentage of plate waste (%)

Regression coefficients t-value P-value
Constant 100.180 6.112 < 0.001
Appearance −9.028 −2.072* 0.041
Taste 0.886 0.214 0.831
Texture −4.761 −1.455 0.149
Vegetables −2.684 −1.111 0.270
Chicken/meat/fish −1.327 −0.554 0.581
Temperature −4.117 −0.991 0.324
Variety of foods 7.735 2.235* 0.028
Portion size −2.482 −0.652 0.516
Variety of choices of menu 0.285 0.079 0.937
Statistical model R2 = 0.254.
*Significant at P < 0.05.



a slightly lower average plate waste of 36%. However, percentage comparison between the 
results obtained from this study and other TMD studies could not be made since published 
works on the rate of TMD plate waste are rare if not none. Studies on TMD plate waste were 
more commonly reported as nutritional values determining the average calorie (in kcal) and 
protein intake (in gram) by the subjects [31-34]. To the best of the author's knowledge, this 
study is the first published work on the percentage of TMD plate waste among hospitalised 
adult patients.

It was also found that percentage of TMD plate waste was higher during lunch compared 
to dinner. This could be due to patients still feeling full following a breakfast meal. Several 
studies had reported less plate waste during breakfast compared to other main meals [6,12] 
but this assumption could not be generalised in this study since breakfast meal was not 
studied. Additionally, percentage of plate waste based on different types of TMD was also 
explored. Among the three TMD studied, blended diet was found to have the highest plate 
waste (65%) followed by minced diet (56%) while mixed porridge had the lowest plate waste 
(35%). It is very worrying to observe that blended diet had a very high plate waste, more 
than twice as high as the median hospital plate waste reported worldwide [7]. This implies 
that blended diet or also called as pureed diet elsewhere warrant the most attention with 
special strategies among other types of TMD served in hospital followed by minced diet. 
While earlier studies comparing the plate waste or intake between inpatients receiving 
blended diet and minced diet is rarely available, a study by Nowson et al. [46] in residential 
care establishments in Australia also reported a lower intake of calorie and protein among 
residents on blended diet compared to those on minced diet. Among the three TMD studied, 
mixed porridge had the least plate waste which suggest that it is mainly attributable to mixed 
porridge being a familiar food with original texture. A one dish-meal of a thick rice porridge 
cooked with fish/meat and vegetables is a common dish consumed in many Asian countries 
[47] including Malaysia. Although it fits under the modified texture diet category because of 
its soft texture in nature, many patients would generally consume this type of diet more as the 
texture is original for them as opposed to minced diet and blended diet in which alteration in 
food consistency is more obvious.

Plate waste measurement by food components was also conducted for minced diet and mixed 
porridge. Protein was wasted the highest for minced diet and this was in agreement with 
the observation in an earlier local study by Shahar et al. [48] among elderly inpatients at the 
same hospital which found that protein dish was wasted the most compared to other food 
components. Protein was better consumed for mixed porridge which could be attributed to 
the softer texture of protein cooked together with vegetables and rice in the form of porridge 
compared to separate chopped protein dish for minced diet. Although the protein dish for 
minced diet is always served with soup or gravy, it is important for the kitchen staff to ensure 
that the protein dish is cooked until soft and tender before being minced. Preparation of 
minced diet should not only focus on the right size of the protein/vegetable/fruit to minimise 
the effort of chewing but also to make sure that each food component served is moist enough to 
be consumed by patients. In this study, fruit/dessert component was wasted the least for both 
minced diet and mixed porridge. Similar trend was observed in other studies both locally and 
worldwide of which conclusion can be made that regardless of diet texture, regular or modified, 
fruits and desserts are the food items most enjoyed by hospitalised patients [9,49].

Contributing factors to TMD plate waste with regards to food and food service quality were 
investigated in this study by conducting a patient satisfaction survey. Patient satisfaction is 
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a useful indicator to measure the quality of meal provision in hospital setting and is often 
associated with plate waste. Patients' satisfaction towards food served to them is claimed to 
lead to zero plate waste [49]. In this study, overall, patients' satisfaction level was found to 
be moderate. Comparing the two major domains surveyed, patients receiving TMD were less 
satisfied with the food quality rather than the food service. As for the food quality domain, 
several sensory qualities of food were found to be significantly associated with TMD plate 
waste. In our opinion, it is more useful to discuss any significant association by individual 
diet type rather than in general. Minced diet plate waste was shown to have a moderate 
correlation with the satisfaction towards food appearance and taste, vegetables and chicken/
meat/fish served. Minced diet is normally directly served onto a compartmentalised plate 
by food items making them look less attractive. The presentation of minced diet could 
be further enhanced by using moulds to reshape the minced food items as what has been 
reported previously to be successful in increasing the intake of institutionalised elders 
receiving minced diet [33]. The use of colourful garnish could also motivate patients to 
consume the diet. As mentioned above, in the preparation of minced diet, the protein source 
and also vegetables need to be well cooked until soft and moist texture is achieved rather 
than boiling the protein source and blanching the vegetables before mincing them to later 
be served with soup or gravy. Proteins and vegetables are better cooked in the gravy or soup 
before being strained and chopped to the appropriate size. This would also enhance the taste 
of minced diet.

Plate waste was the lowest for mixed porridge diet in this study and it was found to be 
weakly correlated with patients' satisfaction towards food texture and temperature. While 
the correlation is weak, it is still important to reflect on what could be done to improve the 
rate of plate waste for mixed porridge since 35% of average plate waste is still considered 
high [43]. In general, it is crucial for the kitchen staff to prepare TMD with a consistent 
texture or consistency. While it is somehow more easily achieved for minced diet, kitchen 
staff preparing mixed porridge should be sure that the consistency is not too thick as that 
would lead to difficulty to be swallowed or too runny as that will not only less favoured by 
patients but will also decrease the calorie density of the mixed porridge. This can be done by 
following a standard recipe. As for the food temperature, it is worth to highlight that among 
other aspects of food sensory, highest score was given to the temperature of food served 
for all three TMD studied. This is due to the use of Ready to Serve (RTS) trolley for meal 
transportation in the studied hospital. RTS trolley could ensure that hot foods (carbohydrate, 
protein and vegetable items) are served hot while fruits and desserts are served cold to the 
patients. However, the weak correlation between food temperature and plate waste could 
be due to the time the patients consume the served meal. While RTS trolley ensures that 
diets are served at a desirable temperature, it is also important to encourage TMD patients 
to consume their meal as soon as it is being served to prevent the food from getting cold 
especially in the air conditioned environment of the ward. Mixed porridge will thicken as it 
gets cold and this could also explain the correlation between both temperature and texture 
with the plate waste.

For blended diet, the high plate waste was found to be moderately associated with patients' 
satisfaction towards the variety of food. Since blended diet had the most alteration in texture, 
it is crucial to offer food variation to increase food intake. High plate waste is often associated 
with blended or purees diet because the mechanical alteration makes it look less attractive 
as it resembles baby food [50]. It has been a practice in the studied hospital to offer blended 
diet by blenderising mixed porridge leading to decreased consumption by patients over time 
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due to limited food variation. Blended or pureed diet could be served as individual items like 
a regular diet, only that the texture is altered to achieve a puree form. Patients could also 
appreciate the taste of each food item more when a menu such like a regular diet is followed. 
Further, food moulds should be used to reform the pureed food items which could increase 
the intake of pureed diet as previously conducted successfully by Germain et al. [33] among 
institutionalised care residents.

Although several studies pointed out that quality of food service was a factor contributing 
to plate waste [16,17], in this study, patients were satisfied with the quality of food service 
provided and no significant association was found between TMD plate waste and patients' 
satisfaction towards food service. Even though patients are more concerned on food quality 
rather than food service, a poor service might worsen the motivation for patients to consume 
hospital diets. A flexible, good quality and responsive food service process in hospital food 
delivery was found associated with the reduction of hospital plate waste [51].

Among the clinical/external contributing factors surveyed, only for blended diet where 
appetite and time taking the diet was found to be moderately correlated with plate waste. 
This is expected and has been observed in many other plate waste studies although not 
specific on TMD. A study among hospitalised patients in Switzerland found that 50% of 
the patients reported to experience less appetite during their hospitalisation affecting their 
consumption of hospital meals. Besides, change of smell and taste is common in older 
inpatients as part of aging process which also have a direct influence on the appetite and 
enjoyment of foods [52]. It was highlighted from this study that patients receiving TMD 
especially those on blended diet might need longer time to minimise plate waste. Many 
hospital caterers encouraged patients to eat at food service time but many patients were 
unable to finish the meals provided on time and at the same time the workload of the food 
service staff did not allow them to wait until patients finish their meals [16]. It is timely for 
hospital food service providers to really consider expanding the meal serving time or at the 
very least to allow late plate collection for patients on TMD especially those receiving blended 
diet. This strategy would probably help reducing the amount of money being wasted due to 
hospital food waste that could have an impact on economy. Several nations have identified 
the economic loss related to hospital food waste and this should be followed by many other 
countries. According to Cereda and Pedrolli [53], in the year 2000, food waste from British 
hospitals contributed to the total amount of 28 million Pounds whilst hospitals in Portugal in 
general throw away 0.5% of the Portuguese health budget as food waste with an estimation of 
3.9 Euros for food waste has been rising from each hospitalised patient per day [44].

Clinical/external factors such as the need of assistance during feeding, consumption of ONS 
and consumption of outside foods were not found to be associated with TMD plate waste 
in this study unlike what has been reported by other studies [6,54]. Additionally, the length 
of hospital stay and nutritional status according to BMI were also not associated with TMD 
plate waste. This was in contrast with the study by Kandiah et al. [18] and Simzari et al. [12] 
whereby the length of hospital stay and hospital malnutrition were associated with plate 
waste respectively.

Overall, appearance of diet and variety of foods were found as predictors of TMD plate waste 
in this study. This suggests that in the provision of TMD to hospitalised patients, it is very 
crucial to offer TMD that are visually appealing as well as to offer various types of food to 
cater for different eating habit and individual preference as an important approach to reduce 
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plate waste among patients prescribed with meals that need modification in texture. In 
return, this will not only benefit the hospital to maintain the operation within cost but could 
also improve nutritional adequacy leading to better clinical outcomes among inpatients as 
supported by Leandro-Merhi et al. [55].

There were some limitations in this study such as data collection on plate waste was just 
involving foods served but not beverages, and also limited to just lunch and dinner meals. 
However, this study has successfully provided plate waste data on TMD together with its 
associating factors that is known to be least studied in the hospital food service setting. 
Future research should involve all meal times and to include more institutions in order to 
add on to the initial data that this research has. It is also suggested that future research on 
TMD to also be expanded to include study on the implementation and patient acceptance of 
thickened fluids and beverages.

In conclusion, blended diet was identified as the most wasted diet followed by minced diet 
among the three types of TMD studied. Reciprocal relationship occurred between percentage 
of TMD plate waste and the overall satisfaction level of patients receiving TMD suggests that 
actions are needed to improve the satisfaction level of patients. While in general, effort from the 
hospital food service providers should be focused more on improving the appearance and food 
variety of TMD, it is also important to conduct in house TMD plate waste assessment regularly 
to identify the factors that could hinder patients from optimally consuming their meals. Each 
hospital has its own unique types of TMD which warrants also a unique approach to combat 
plate waste. Furthermore, patient education on the importance of consuming the right textured 
diet should be implemented to increase awareness and acceptance among patients at the ward 
level. Additionally, the hospital management must play their role by encouraging and giving full 
support to their respective food service provider especially on the use of food mould and other 
technologies whenever possible in the provision of texture modified meals.
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