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Abstract !
This study aimed to develop and evaluate ready-to-eat mixed rice and fish
curry products suitable for elderly individuals with chewing and swallowing
difficulties. Jasmine rice and Riceberry were combined in varying ratios Article History

(4:0, 3:1, 2:2, and 1:3) and subjected to thermal sterilization at 116°C for Received: 12 February
35 min (F_ = 6). Steamed fish curry curd was formulated with varying fish- 2025

to-egg ratios (42:8, 40:10, 38:12, and 36:14%) and sterilized at 116°C for Accepted: 26 April 2025
40 min (F_ = 6). The International Dysphagia Diet Standardization Initiative

(IDDSI) Fork Pressure Test confirmed the suitability of the products for Keywor_d§
individuals with dysphagia. pH analysis, protein content via the Kjeldahl Eésearyaﬂzél;
method, and syneresis analysis were performed to ensure product stability. IDDSI Guideline;
Color measurement and texture profile analysis (hardness, adhesiveness, Ready to Eat;

. . . Retort Pouch.
cohesiveness, gumminess, chewiness) were conducted. Sensory

evaluation with 32 elderly participants assessed acceptability based on a
7-point hedonic scale. Statistical analysis showed significant differences (P
< 0.05) among the various formulations, with optimal texture and sensory
properties in the 1:3 rice mixture and 38:12 fish-to-egg ratio. Microbiological
analysis confirmed compliance with food safety regulations. The findings
support the potential of retorted mixed rice and fish curry as a nutritious,
accessible meal option for dysphagia elderly individuals.
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Introduction

The elderly population in Thailand is steadily
increasing, rising from 17.6% in 2018 to 20%
in 2024." Projections suggest that by 2030 this
demographic will constitute 25% of the population.
This ageing trend has been accompanied by a rise
in chronic illnesses such as dementia, Parkinson’s
disease, and stroke.? Additionally, age-related
physiological changes often impair chewing and
swallowing abilities, contributing to conditions like
dysphagia, a disorder characterized by difficulty
swallowing. Dysphagia is prevalent among the
elderly, driven by tooth loss, reduced tongue strength,
diminished saliva production, and esophagi muscle
weakness.>* These impairments can result in severe
complications, including aspiration pneumonia
and malnutrition due to insufficient food intake.>®
Addressing these challenges requires modifying
texture and physical properties of food, such as
hardness, viscosity, and adhesion. Internationally,
various classification systems have been developed
to standardize texture-modified foods for individuals
with dysphagia, including the National Dysphagia
Diet (NDD) in the United States, the texture-modified
food standards in Australia, and Japan’s Universal
Design Foods (UDF). However, inconsistencies in
classification systems across countries can lead
to confusion. The International Dysphagia Diet
Standardization Initiative (IDDSI) was established
in 2013 to address this. The IDDSI framework
categorizes foods and beverages into standardized
levels based on texture and viscosity, ranging from
Level 0 (Thin liquids) to Level 7 (Bite-sized foods).
This system includes detailed guidelines for testing
the consistency of prepared foods using simple tools
like spoons and syringes.®

Thai jasmine rice, renowned for its aroma and
soft texture, is widely consumed domestically and
internationally.'®'® A notable variant is Riceberry, a
hybrid of jasmine rice and Hom Nil rice, characterized
by its dark purple color and rich nutritional profile.
Riceberry contains vitamins and minerals beneficial
to health, including vitamin E, vitamin B, iron,
calcium, and phosphorus, which support skin health,
cognitive function, blood circulation, and bone
strength."7

Hor Mok Pla, or steamed fish curry curd, is a
traditional Thai dish that integrates fish, curry
paste, coconut milk, and various herbs, steamed

within banana leaf pouches. Renowned for its
mild spicy flavor and aromatic herbal profile, Hor
Mok Pla serves as an appetite stimulant, making
it particularly suitable for elderly individuals who
may experience reduced appetite or disinterest in
repetitive flavors.'™ This dish is nutritionally rich,
with fish serving as a source of protein and the
incorporated herbs providing antioxidants'® and
other bioactive compounds that promote health.2°?!

Retort pouches, a flexible and durable packaging
solution, allow for the sterilization of foods at high
temperatures, like canning. Foods processed in
retort pouches can be stored at room temperature
without compromising safety or quality, making them
ideal for ready-to-eat meals.?2-26

This study focuses on developing nutritionally
balanced, ready-to-eat meals packaged in retort
pouches with designed texture-modified diet plans
for elderly individuals with chewing and swallowing
difficulties under the IDDSI guidance. In addition to
prioritizing the nutritional content of recipes in the
diet plan, it is important to emphasize preparation
methods that balance nutrition with palatability,
including appearance, color, flavor, texture, and
overall appeal.

Materials and Methods

Materials

The primary raw materials used for producing the
ready-made mixed curry include Jasmine Rice
(Hong Thong Brand) and Riceberry (Hong Thong
Brand). The ingredients for the fish curry wraps,
packaged in retort pouches, include red curry paste
composed of 16.57% dried chilies, 5.52% dried small
chilli pepper, 1.38% galangal, 20.72% lemongrass,
2.30% kaffir lime peel, 29.93% shallots, 11.51%
garlic, 0.28% ground roasted coriander seeds,
0.28% ground roasted fennel seeds, 0.46% ground
white pepper, 1.84% salt, and 9.21% shrimp paste.
All raw materials and ingredients were procured from
Siam Makro Public Company Limited.

Preparation of Retorted Mixed Rice

The Riceberry was thoroughly washed and cooked
by blanching in hot water at 95°C for 15 min.
Following the blanching process, the rice was
removed from the water and thoroughly drained.
Jasmine rice underwent a similar blanching process
in hot water at 95°C for 12 min. After preparation,
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the Riceberry and Jasmine rice were combined
in varying ratios of 4:0, 3:1, 2:2, and 1:3. The rice
mixtures were manually homogenized to ensure
even distribution. Each mixture was then packaged
into 150 g retort pouches. The pouches were
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sterilized using a water-spray retort system at 116°C
for 35 min, achieving a sterilization value of F = 6.
The chemical and physical characteristics of the
rice mixtures were analyzed, along with consumer
acceptance.
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Fig. 1: Flow diagram for preparation of processed retort rice

Preparation of Steamed Fish Curry Curd

The effects of protein supplementation in steamed
fish curry curd were investigated by varying the ratios
of fish to eggs at four levels: 42:8, 40:10, 38:12,
and 36:14%, which collectively accounted for 50%
of the total formula volume. The formulation for the
steamed fish curry curd included sea bass fillets,
egg, UHT coconut milk (24.69%), red curry paste
(4.44%), basil (7.41%), shredded kaffir lime leaves
(0.30%), rice flour (1.23%), sugar (2.47%), fish sauce
(2.22%), salt (0.20%), and water (7.04%). The red
curry paste was prepared by grinding dried chilies,
galangal, lemongrass, kaffir lime peel, shallots,
roasted coriander seeds, roasted cumin seeds,
pepper, salt, and shrimp paste. The preparation of
the fish begins with the sea bass, which is thoroughly

descaled, gutted, washed, and drained. The cleaned
fish is then cut into uniform pieces, each measuring
no more than 15 x 15 mm. Subsequently, the fish
pieces are blanched in boiling water for 5 min, along
with galangal, lemongrass, and kaffir lime leaves, to
getrid of unpleasant odor. Basil leaves and kaffir lime
leaves were carefully washed, drained, and prepared
for use. Rice flour was dissolved in water and set
aside. Concentrated coconut milk was heated in a
pan, and curry paste was stir-fried until aromatic.
Subsequently, the remaining coconut milk, eggs,
fish sauce, sugar, and salt were added, along with
the rice flour solution, basil leaves, kaffir lime leaves,
and poached fish. The mixture was brought to a boil
to ensure uniform incorporation of all ingredients.
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The prepared curd was portioned into 150 g retort
pouches and sterilized at 116°C for 40 min. The
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characteristics of the product were evaluated, and
consumer acceptance was analyzed.
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Fig. 2: Flow diagram for preparation of retort processed of steamed fish curry curd

Thermal Processing

Thermal sterilization was performed using a water
spray retort sterilizer located at the Faculty of
Science and Technology, Phranakhon Rajabhat
University, Thailand. The pre-prepared mixed
rice was packaged in clear retort pouches with
dimensions of 120 x 200 x 35 mm and a weight
of 150 g. The pouches were sealed using a heat
sealer at 200°C and sterilized at 116°C for 35 min

(F, = 6). Similarly, the prepared fish curry was
packaged in aluminum retort pouches with
dimensions of 120 x 180 x 35 mm and a weight of
150 g. These pouches were also sealed at 200°C
and sterilized at 116°C for 40 min (F_ = 6). During
sterilization, the pressure was maintained at 1.7 bar,
and a hot water system was employed to ensure
consistent heating throughout the process.
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The IDDSI Fork Pressure Test

Afork pressure test following the Dietary Guidelines
for Individuals with Swallowing Disorders is utilized to
assess compliance with the IDDSI food classification
system. A fork with a 15 mm-wide front surface and 4
mm prong gap is pressed onto the food sample using
thumb pressure from the fork's base to the thumbnail
turns pale. This test evaluates the food's behavior
under pressure by observing whether it separates
easily without reconstituting, indicating suitability for
IDDSI Levels 5, 6, and 7 (easy-to-chew textures).
The applied pressure, equivalent to 17 kPa, mimics
the tongue's force during swallowing, as described
by Steele et al.?’

pH Measurement

10 g of cooked rice was mixed with 10 g of distilled
water and ground thoroughly. The homogenized
mixture was transferred to a 25 mL beaker. For
the fish curry wrap sample, 20 g of the sample
was ground into a homogeneous consistency and
transferred to a separate 25 mL beaker. The pH of
each sample was measured using a digital pH meter
(FE20, Five Easy Plus, Switzerland). The pH values
were recorded following AOAC (2000) 28 standards.

Protein Analysis

The protein substance was analyzed via the Kjeldahl
method, following the guidelines established by the
AOAC (2000).28

Syneresis Analysis

Syneresis analysis, adapted from Haghighi and
Reaei,?® involves the preparation of fish curry
samples. Begin by weighing 15 g of the sample and
placing itin a centrifuge tube. Centrifuge the sample
at a speed of 3000 rpm for 10 min at a temperature
of 25°C. Next, increase the speed to 4000 rpm and
continue centrifuging for an additional 10 min at the
same temperature. Final, the syneresis (%) was
calculated using the following formula (Lee and
Shin, 2023)*

Syneresis (%) = (weight of separated liquid (g) / initial
sample weight (g)) x 100.

Color Measurement

Each food sample, weighing 3 g, was put into a
petri dish, and enclosed with a clear plastic film.
The samples were then evaluated for color using
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a colorimeter (Minolta, model CR-10, Japan).
The color readings were taken at the surface of
the sample. The color evaluation was carried out
in triplicates based on the technique of Maisont
et al.*® The color parameters of the samples were
obtained in CIE chromaticity coordinates. The color
parameters measured were lightness (L*), redness
(a*), and yellowness (b*). Lightness (L*) was
determined on a scale of 0-100, where 0 represents
black and 100 represents white. Redness (a*) was
measured thus that positive values indicate a red
undertone, while negative values indicate a green
undertone. Similarly, for yellowness (b*), positive
values indicated an undertone of yellow, and
negative values indicated an undertone of blue. The
calorimeter was calibrated using a standard white
porcelain plate.

Texture Profile Analysis

Texture measurements of mixed cooked rice will be
conducted using a Texture Analyzer (CTX U.S.A.
model). This will involve compressing the rice
through holes or an extrusion press. The Texture
Profile Analysis (TPA) will utilize a sample volume
of 30 g. The load cell capacity is 50 kg, with a
target position set at 155 mm. The test speed will
be 1 mm/s, with a deformation percentage of 30%
and a trigger load of 10 g. All force values will be
recorded, including hardness and surface adhesion
(adhesiveness), and the ability to hold together
(cohesiveness), chewiness, and gumminess. An
Aluminum Cylinder probe (TA-AACC36) will be used
to measure the texture of fish wraps. The sample
size will be 3x3x3 cm3. The load cell will also be set
at 50 kg, with a target position of 200 mm. The test
speed remains at 1 mm/s, with a target distance of
10 mm and a trigger load of 10 g. All measurements
will be recorded ten times to ensure accuracy. TPA
curves were generated for each sample, and textural
parameters such as hardness, adhesiveness,
cohesiveness, gumminess, and chewiness were
analyzed and defined according to established
criteria.3'-33

*  Hardness (g) = Maximum peak force of the first
compression

* Adhesiveness = Negative area for the first
compression

»  Cohesiveness = Ratio of the integrated energy
required for the first and second compression



MAISONT et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(2) 826-841 (2025) 831

*  Gumminess = Hardness x Cohesiveness
« Chewiness = Hardness x Cohesiveness x
Springiness

Sensory Evaluation

A sample of 32 participants was purposively
selected based on predefined criteria from elderly
individuals with chewing and swallowing difficulties
residing in Muang Khom Subdistrict, Chai Badan
District, Lopburi Province, Thailand. The participants
consumed mixed cooked rice paired with fish curry,
and the organoleptic qualities of the meal were
evaluated based on appearance, color, softness,
taste, and overall liking. The study utilized a
randomized complete block design (RCBD) along
with a 7-point hedonic scale to evaluate sensory
attributes. The scale ranged from 1 (dislike
extremely) to 7 (like extremely), with intermediate
values representing varying degrees of preference:
2 (dislike very much), 3 (dislike moderately), 4
(neither like nor dislike), 5 (like moderately), and 6
(like very much). Data analysis was performed using
analysis of variance (ANOVA), and mean differences
were assessed through Duncan’s New Multiple
Range Test (DNMRT). All statistical analyses were
conducted using SPSS version 20.0 for Windows.

Research Ethics Certification

This study is a component of a larger research
project titled "Development of Ready-to-Eat Food
Products to Enhance Nutrition for Elderly Individuals
with Chewing and Swallowing Difficulties: A Case
Study of the Elderly in Chai Badan District, Lopburi
Province." The project was reviewed and approved
by the Ethics Evaluation Committee under project
number 02.004/67 on June 4, 2024.

Microbiological Analysis

Sealed food samples were submitted for analysis
of disease-causing microorganisms, including
Clostridium botulinum, Staphylococcus aureus, and
Salmonella spp., in compliance with the Ministry of
Public Health Notification (No. 416) 2020 (2020)3*
concerning food quality and standards. The analysis
of Clostridium botulinum was conducted following
the FDA-BAM online protocol (2001, Chapter 17),%®
Staphylococcus aureus was analyzed according to
ISO 6888-1:2020,% and Salmonella spp. was tested
using I1SO 6579-1:2017/Amd 1:2020.%

Statistical Analysis

The experiment was planned using a Completely
Randomized Design (CRD) for chemical and
physical quality analysis. All experiments were
executed in at least three copies. A Randomized
Complete Block Design (RCBD) was employed
for sensory evaluation. The means and standard
deviations were calculated for each result. A one-
way analysis of variance (ANOVA) was conducted
using SPSS Statistics 20.0. The differences in mean
values (P < 0.05) were analyzed using Duncan’s
multiple-range test.

Results

The selected representative foods were commonly
consumed in daily life, comprising cooked rice as the
staple food and steamed fish curry curd as the meat
dish. In the sterilization process, the pouches were
sealed with a heat sealer at 200°C and sterilized at
116°C for 35 minutes (F_ = 6) for mixed rice, while
the steamed fish curry curd was sterilized at 116°C
for 40 minutes (F, = 6). Microbiological analysis
revealed that Clostridium botulinum (per 1g sample),
Staphylococcus aureus (per 1g sample), and
Salmonella spp. (per 25g sample) were undetectable
for the retorted mixed rice and retorted steamed
fish curry curd sealed containers without using a
refrigerator (data not shown). The result of thermal
processing passed the standard in compliance with
the Ministry of Public Health Notification (No. 416)
2020* concerning food quality and standards.

Diet for a Standard Portion of Stale Food

The pH of retorted mixed rice ranged from 6.38 to
6.60 (Figure 3), indicating that all samples of retorted
mixed rice were non-acidic foods (pH > 4.6). For
sterilizing low-acid foods in sealed containers, high
temperatures are essential to reduce the number of
Clostridium botulinum spores.3%3%

The L*, a*, and b* values of retorted mixed rice
were significantly influenced by the varying ratios
of Riceberry to Jasmine rice (Figure 3). As the
amount of Jasmine rice increased, the L* value also
increased, while the a* and b* values decreased.
This change is attributed to the deep purple color of
Riceberry; when more Jasmine rice, which is white, is
added, the overall color intensity decreases.'16.17:40
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The textural properties of retorted mixed rice  adhesiveness ranged from 12,250-16,809 g and
are presented in Figure 4. The hardness and 610-1753 g, respectively. It is observed that the
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hardness has decreased, whereas the adhesiveness
increased with increasing the amount of Jasmin rice.
The cohesiveness, gumminess, and chewiness of
food samples were reduced by the effects of Jasmin
rice. That resulted in a decrease in cohesiveness
from 3.27 to 1.50, gumminess from 3,358 to 1,459
g and chewiness from 899 to 526 mJ, respectively,
for the whole mixed rice system (Figure 4).

Diet for a Standard Portion of Meat Dish

The effect of fish to egg ratios on color of retorted
steamed fish curry curd is shown in Table 1. An
increasing amount of egg exhibited a significant
increase in lightness (L*) from 53.13 to 54.47 and
a substantial decrease in the a* from 21.67 to
17.60 and b* parameters from 35.67 to 32.17. The
hardness of retorted steamed fish curry curd was
observed using a texture analyzer (Table 1). The
texture of retorted steamed fish curry curd varies
based on the amount of egg used. Curd made with
a lower amount of egg exhibits more hardness

Sci Jour., Vol. 13(2) 826-841 (2025) 833

compared to curd prepared with a higher amount
of egg. The hardness value of retorted steamed
fish curry curd typically ranges from approximately
542.33 to 846.33 g. Due to the high protein content
in eggs, water retention within the structure of the
retorted steamed fish curry curd is enhanced. This
improved water retention can influence viscosity
or contribute to gel formation in the food formula.*!

The syneresis of retorted steamed fish curry curd
is presented in Table 1. The syneresis ranged from
1.28-5.41%. As the amount of egg added increases,
the syneresis of the curd decreases significantly.

Table 2 shows the pH and protein content of retorted
steamed fish curry curd. The pH of retorted steamed
fish curry curd ranged from 6.34 to 6.37, depending
on the ratios of fish to egg. While the pH of the
steamed fish curry curd did not show significant
changes, the protein content decreased from
13.98% to 12.98%.

Table 1: Textural properties of retorted steamed fish curry curd

Fish:Egg (%) color Hardness (g') Syneresis (%)
L* a* b*

42:8 53.13°+0.23 21.672£0.06 35.672+£0.25 846.333+22.74 5.412+0.72

40:10 53.90°+0.10 20.50°+0.26 33.40°+0.53 714.33°+27.57 3.56°+0.17

38:12 54.33°+0.31 19.43°+0.06 32.50°£0.17 655.67°+26.65 3.54°+0.03

36:14 54.47°+0.23 17.609+0.17 32.17°+0.51 542.33°+48.34 1.289+0.11

Meanzstandard deviation values in the same column with different superscripts are significantly different

(p =0.05).

Table 2: pH and protein content of
retorted steamed fish curry curd

Fish:Egg (%) pH"s Protein (%)
42:8 6.36+0.02 13.982+0.50
40:10 6.36+0.04 13.68%°+0.47
38:12 6.37+0.14 13.34%+0.63
36:14 6.34+0.09 12.98°+0.15

Meanztstandard deviation values in the same column with

different superscripts are
significantly different (p < 0.05).

ns Mean * standard deviation in the same row with different

superscripts are non-significantly

different (p> 0.05).
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The IDDSI Fork Pressure Analysis

The food levels and piece sizes were tested
according to IDDSI food standards, resulting in the
following findings. Based on the IDDSI fork pressure
test, the retorted cooked mixed rice with a ratio
of Riceberry to Jasmine rice of 1:3 and retorted
steamed fish curry with a ratio of fish to egg of 38:12
was classified as Level 6 (soft food & small pieces)
(Data not shown). Thus, the mixed rice with a ratio
of Riceberry to Jasmine rice of 1:3 and steamed fish
curry curd with a ratio of fish to egg of 38:12 were
chosen for further study.

Nutritional Value of The Standard Portion of Stale
Food and A Meat Dish

The mixed rice with a ratio of Riceberry to Jasmine
rice of 1:3 and steamed fish curry curd with a ratio of
fish to egg of 38:12 were chosen to represent typical
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meal components, ensuring consistency with portion
sizes and nutrition patterns for elderly individuals.
The nutritional value of the whole food recipe was
assessed using the INMUCAL V.4.0 program. The
Nutritional value of retorted mixed rice and retorted
steamed fish curry curd is presented in Table 3. The
diet consisting of standard portions of stale food and
meat dishes exceeds the recommended daily intake
for Thai people (Thai RDI),* for individuals aged 6
years and older, based on an energy requirement of
2,000 calories per day. The recommended criteria
include entire carbohydrates at 300 g, protein at 50 g,
total fat at under 65 g, saturated fatty acids at under
20 g, cholesterol at under 300 mg, dietary fiber at 25
g, and sodium at under 2,400 mg. Following these
guidelines helps ensure a balanced diet that meets
nutritional needs.

Table 3: Nutritional value of retorted mixed rice and retorted steamed fish curry curd.

Nutrients Retorted mixed rice Retorted steamed fish curry curd
Energy (kcal) 108.11 118.34
Moisture (g) 73.20 63.13
Protein (g) 2.07 9.67
Fat (9) 0.27 5.98
Carbohydrate (g) 24.35 6.45
Dietary fiber (g) 0.32 0.50
Ash (g) 0.11 1.57
Calcium (mg) 1.67 42.14
Phosphorus (mg) 13.82 91.42
Magnesium (mg) 3.80 5.48
Sodium (mg) 5.45 293.25
Potassium (mg) 24.05 138.83
Iron (mg) 0.22 1.05
Copper (mg) 0.03 0.69
Zinc (mg) 0.34 0.44
Beta-Carotene (ug) 6.30 178.10
Retinol (ug) 0.00 30.68
Vitamin A (RAE) 0.53 45.63
Thiamin (mg) 0.04 0.04
Riboflavin (mg) 0.00 0.09
Niacin (mg) 0.33 0.69
Vitamin C (mg) 0.00 1.41
Vitamin E (mg) 67.80 0.11
Vitamin B6 (mg) 0.00 0.03
Vitamin B12 (ug) 0.00 0.09
Sugars (g) 0.01 3.14
Cholesterol (mg) 0.00 71.72

The prescribed dosage was determined using the INMUCAL V.4.0 program.
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Figure 5 presents sensory preference scores for
foods designed for elderly individuals with dysphagia
after sterilization, specifically Riceberry mixed with
jasmine rice and steamed fish curry curd (Hor Mok
Pla). Panelists' preference levels for the parameters
of color, flavor, taste, softness, viscosity, chewability,
ease of swallowing and overall liking of retort mixed
rice and steamed fish curry curd was analyzed using

Overall
Lik
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the Hedonic scale 7-point method. The chosen
Riceberry mixed with jasmine rice with a ratio of
Riceberry to Jasmine rice of 1:3 received an average
preference score of 6.66, attributed to its vibrant
color, pleasant aroma, soft texture, and ease of
chewing. Similarly, the chosen steamed fish curry
curd with a ratio of fish to egg of 38:12 achieved an
average preference score of 6.50.

—e—Rice berry nuxed with
jasmine rice

ing =0=Steamed fish curry curd

Swallowing

Chewability #--..

Viscosity

Fig. 5: Sensory evaluation means scores for the retorted mixed rice with a ratio of Riceberry to
Jasmine rice of 1:3 and the retorted steamed fish curry curd with a ratio of fish to egg of 38:12

Discussion

Based on the traditional Thai dietary framework:
staple food and meat dishes, two standard dishes
were selected to represent typical meal components,
ensuring consistency with the portion sizes and
dietary patterns of individuals. These foods were
particularly chosen to align with the dietary habits of
Thai elderly folks. They were modified in volume and
nutrient density to meet the specific needs of older
adults with dysphagia. Following the classification
guidelines of the IDDSI, the development of texture-
adapted foods adhered to the principle of equivalent
food exchange.??43

Chromaticity coordinates L*, a*, and b* describe color
properties. The L* coordinate indicates lightness on
a scale from 0 to 100, where 0 represents black
and 100 represents white. The a* coordinate
measures the intensity along the red-green axis;
positive a* values indicate a red undertone, while

negative a* values indicate a green undertone.
The b* coordinate measures intensity along the
yellow-blue axis; positive b* values signify a yellow
undertone, whereas negative b* values signify a blue
undertone.*® The increased amount of Jasmine rice
results in greater lightness, a stronger red undertone,
and enhanced blue intensity compared to samples
with less Jasmine rice. The higher the addition of
egg, the more the brightness of the retorted steamed
fish curry curd increases significantly. Additionally,
the a* and b* values of the retorted steamed fish
curry curd decreased as the amount of egg added
increased. The high carotenoid pigments present
in the egg yolk contribute to the brightness of the
retorted steamed fish curry curd* while reducing
the red color of the curry paste used in the recipe.

Texture Profile Analysis (TPA) is used to assess
various textural attributes through compression.
This technique mimics the biting action of the
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mouth through a two-cycle compression process
and assesses hardness, chewiness, adhesiveness,
cohesiveness, and springiness in a single test. The
texture-modified foods were designed to mimic the
volume of regular food portions typically consumed by
the elderly while satisfying nutritional requirements,
texture specifications, and sensory appeal. Special
emphasis was placed on preserving the taste,
appearance, and flavor of the original ingredients
to stimulate appetite and promote a pleasurable
dining experience. TPA parameters are divided into
two categories: primary and secondary. The primary
parameters—hardness, springiness, adhesiveness,
and cohesiveness—are directly measured from
the force/time graph produced during testing. In
contrast, secondary parameters—gumminess,
chewiness, and resilience—are calculated based on
the primary parameters.*® The reduction in hardness
of the mixed rice and the steamed fish curry curd
was observed when the amount of Jasmin Rice
and egg increased. The cohesiveness, gumminess,
and chewiness of mixed rice samples were also
diminished by the increase of Jasmin rice. There
has been a report that sticky food textures can be
insecure for dysphagia patients as they increase
the risk of choking and require significant effort to
pass through the pharynx.2 Gumminess, reflecting
the force required to break down semi-solid food
ready to swallow.** have also reported that foods
with high gumminess are dangerous because they
put dysphagia patients at risk of suffocation. Highly
adhesive foods are considered unsafe for dysphagia
patients because they require more effort to move
from the mouth to the pharynx, thereby increasing
the risk of choking.*s According to a study by Lee and
Shin (2023).2® Patients with dysphagia prefer moist
and soft textures, for example, chicken curry mosse.
The texture of a meal is its most important attribute,
as it relates to the product's rheological properties,
which ultimately influence its sensory characteristics
and appeal to consumers. Consequently, it is
feasible to modify the texture of a product to make
it more suitable for the elderly by adjusting the
ingredient ratios.

The recipe for the staple food was developed based
on traditional Thai cuisine, specifically cooked rice.
This study prepared the standard portion of staple
food using mixed rice rather than plain jasmine
rice. Additionally, Riceberry was incorporated
into the rice preparation process to enhance the

nutritional profile. This modification aimed to ensure
that each portion of the staple food provided an
adequate amount of dietary fiber while maintaining
compatibility with texture-modified food processing
methods."® Moreover, the ingredients for each
portion of the selected food meat dish were prepared
to align with the nutritional requirements and typical
meal volumes based on the eating habits of the
elderly volunteers. The meat dish chosen for this
study was steamed fish curry curd. Adjustments
were made to the proportion of eggs in the recipe
to ensure the standard portion of the meat dish met
the required protein content (Table 2). As a result
of the diet for a standard portion of meat dish, this
variation provides an appropriate protein level per
unit of steamed fish curry curd, supporting the dietary
needs of the target population. The fish fillets and
eggs were made to 50% of the total steamed fish
curry curd recipe. Steamed fish curry curd is usually
consumed with rice; however, the consistency at
level 5 was too watery to pair well with rice. On the
other hand, level 7 was unsuitable because it was
too thick for the elderly who have dysphagia and
difficulty chewing. Therefore, the experiment was
the desired texture of food meal with the level based
on IDDSI at 6.

Syneresis is the process in which liquids separate
from food, as observed in products like jams
and dairy items.?® The reduction in syneresis of
retorted steamed fish curry curd can be attributed
to the high content of eggs, which improves water
retention within the structure of the curry curd.*-%
This significant water retention leads to a decrease
in syneresis, resulting in less liquid separation from
the gel. Thus, the excessive moisture accumulation
in the samples, indicates that retorted steamed fish
curry curd with high egg content enhances stability
during storage.

Itis well known that pH directly affects the growth of C.
botulinum. The rice pouches were sterilized at 116°C
for 30 min (F° = 6). However retort pouch packaging,
characterized by its thin and flexible structure,
offers a significantly higher surface area-to-volume
ratio compared to traditional metal containers. This
design enhances the rate of heat penetration into
food, allowing for reduced heat exposure during
processing while still achieving commercial sterility.
Consequently, it minimizes heating time and energy
costs, promoting sustainability. Furthermore, this
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method preserves the highest quality factors of food
products, including flavor, texture, and nutritional
value, making it a superior choice for modern food
preservation techniques.>"

The preparation of the food has been improved by
modifying the method and reducing the size of the
ingredients. Various types of vegetables and pure
fish meat have been cut into smaller pieces. For
the steamed fish curry curd, the ratio of fish and
eggs was optimized to increase the protein content.
Additionally, the right balance between Riceberry
and jasmine rice was determined for the steamed
rice based on the IDDSI standard. The IDDSI
method is commonly used to evaluate whether a
dysphagia diet is suitable for patients consuming
certain foods. The retorted cooked mixed rice, made
with a Riceberry to Jasmine rice ratio of 1:3, along
with the retorted steamed fish curry, which has a
fish to egg ratio of 38:12, was classified as Level
6 (soft food and small pieces) The classification of
food level based on the IDDSI test indicates that the
food can be pressed into smaller pieces with a fork.
Specifically, the food can be broken into pieces about
the size of a thumbnail (15%x15 mm) using the base
of the fork. Once broken, the food cannot return to
its original shape.

A comprehensive sensory evaluation revealed high
overall preference scores for both foods, mixed
rice with a ratio of Riceberry to Jasmine rice of 1:3
and steamed fish curry curd with a ratio of 38:12.
Panelists noted that the texture of the food was soft
and easy to chew, with a balanced, mellow flavor
profile that was neither salty nor spicy, making it
suitable for consumption in larger quantities. In terms
of texture preference results, participants sensed
the retorted fish curry curd as having softness,
chewability and easy-to-swallow properties. These
results may suggest that elderly individuals prioritize
texture over taste or visual appeal. A similar result
was observed in the study of Lee and Shin (2023)23.

Conclusion

The development of retorted mixed rice and steamed
fish curry curd based on the IDDSI framework
successfully produced texture-modified meals
suitable for elderly individuals with dysphagia.
The study demonstrated that adjusting the ratio of
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Riceberry to Jasmine rice and fish to egg significantly
influenced color, texture, and sensory properties.
The selected formulations (1:3 Riceberry to Jasmine
rice and 38:12 fish to egg) met IDDSI Level 6
standards, ensuring ease of chewing and swallowing
while maintaining nutritional adequacy. Sensory
evaluation confirmed high acceptability, highlighting
the importance of balancing texture modification
with palatability. Overall, the study underscores the
potential of retort processing in developing safe,
nutritious, and appealing ready-to-eat meals tailored
for the aging population.
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