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Time

Main Room

(GH 202-203)

Small
Room
(MR 211-
213)

7.00-8.00

=
aINTLUL®

8.00-9.00
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Keynote Lecture

9.00-10.00

Keynote Lecture
%Tﬂmﬂu,a:qnﬁmam“fmimmﬂ%msmuqufiﬂiaiam@iaL'%”a%’a
Nutrition Policies and Strategies for NCDs Prevention
WILAUNT LWRIWAANNG (aBudnsnawle)

a® @ aAaaa [ 4

Y o a a a a s
Ed whunsandae: a. Lﬁ&li@]ﬂm %‘W.vl,ﬂiﬁ‘ﬂﬁ ANAFIUNT

10.00-10.45

Special Topic (1)
Update on FBDG: Situation Around SEA Region
A3, W.EUW LT@ILTes
Het. 3.9 13T Faduds
Hafiuwmsadilae: wmenans qim"’@

10.45-11.00

o o 1 3 a o
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11.00-11.30

* Nutrition Research Award 2025
* Presentation Nutrition Research Award 2024
Enwmganssansidanuslnaeiasanlugomwdne Samsanin
Fiauazgumndavasida-indnmszaulSynas
Study of Beverage Consumption Behavior in Educational Institutions,
Lifestyle, and Mental Health among Undergraduate Students

9. AL ANNDS FUL

11.30-12.10

Lunch Symposium 1: USHN LAUUBA a1UBLSAIE INA
Designing Nutrition for Diabetes: Science Behind Specialized Formulas
Agnes Tey Siew Ling (Singapore)

Moderator: Assoc. Prof.Rewadee Chongsuwat (Thailand)




Lunch Symposium 2: U3 LaUUaA a1UaLINaId INA

Exploring the Synergistic Benefits of YBG & HMB in ONS Intervention

12.10-12.50
for Better Patient Outcomes
WAL WIY.ANTA JTIAINE
12.50-13.50 NNV TN WDIKITNA19I% (Buffet)
Small
GH 202 GH 203 Room
MR 211-213
Special Topic (2)
From Knowledge to Action: Nutrition
13.50-14.30 Scientific Session (1)
Implementing Obesity Management Quiz
Plant Based Food as A Part of
in Clinical Settings
o N . Healthy Eating Pattern
ﬁnnﬂ’nuggmiﬂgum: NIIUINTT A
. . e am WAL AT.LWIT IUNIARTU
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Uszasailwalansinszdnl (GH 203) / WnSuYszn1na1913319 uaz B
14.30-15.00 ¢ aw
Tuanasowias
Educational Symposium 2
USEN ABNA NA
Educational Symposium 1
. e A i ¢ o o Microbiome: Beyond Digestive
UIYHN 9 VDA (1‘YIEILL§]%G]) I1NA
Health - Promoting Wellness and
Battling Hidden Epedemics:
Non-Communicable Diseases
15.00-15.30 Sarcopenic Obesity in Older and
(NCDs)
Young Adults - Prevalence, pitfalls, 4 ,
Talaslulas: unuaniiannnin
and Pathways to Prevent - o
- . JUNINNVLAKDINT NUNTT
WE. WE.ANUG ITIUAING VoA -
! mmsa\lzﬁwmwuaﬂiﬂlwmﬂma
39, Wey. g3 LLmﬂw”qua
Scientific Session (2)
Special Topic (3)
Unhealthy Eating: A Silent Path to
Future Food Trends for Healthy
Chronic Disease
, i Diet and Sustainability
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Time

Main Room

(GH 202-203)

Small Room

(MR 211-213)

Parallel
Activity
MR221

7.30-8.30

=
AINTLUN

8.30-9.00

Special Topic (4)
Tmimn'liﬁ'un'lil,a%&la%"mqmn'lwu,az

a <

WAWINIILAN INe

Nutrition to Enhance Child Health,
Development, and Learning
WA 79, AT UWNWI T7IaIT
HeliunsafUne: o iNusRam wiy.

AN RNNZEITIh

9.00-9.40

Special Symposium 1 (&&d.)
NIIAFNINULIAR DNATWAINT
Tnzwiniy
Lm:mnﬁ'ﬁﬁaLﬁadata%uqmnﬁw
1) N waBLUULIEN s IouAE
#ILE33 n12ElATWINITUALWAIWINT
wwnilgade
37, ATWTNE NIANA
2) SAFANUIAFDNAIRDIMNTID
dodsagumnlulsongunaiiias
37, 3. IUWNHT inSuIFULe
Haiwnsafidne:

ATLWAWNA MIQYLIIYIULN B0

9.40-10.20

Special Symposium 2 (d&4.)
TANFEAIINDIA (Lifestyle Medicine)
3. Q3. WN.DAN aT@ATwIL
MIATLEIAFINIE 4 WA (Lifestyle
NCDs Package)
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Oral Presentation

Free Oral
Presentation
&
Poster

Round




10.20-10.40

NSHLEWBNAIH Poster Presentation Lag WATUUIENHaI%13219

10.40-11.10

Awardee of Ajinomoto Young

Researcher Award 2025

11.10-11.50

Lunch Symposium 3
u3En wana (Ine) 3na
Fostering Balanced Diet Behaviors: A
Sustainable Approach to Reducing
the Risk of Non-Communicable
Diseases (NCDs)
NMIFILEINNOANIINN WD LD IFNAR
aananuldaslsalytnnalzase
(NCDs) 28198198
UN.NOBAN WRYUITAG

37, A3.4570 mqi‘wﬁ
o &a Ao ¢
NE. 97.9UN3A0 INTAA

Heniiunseidne: quniug foudn

11.50-12.30

Lunch Symposium 4
amﬂué’wﬁmmmsmsnua:lﬁnLﬁn
Current Issues in Young Child
Nutrition: How to Bridge Nutritional
Gap to Ensure Proper Growth &
Development?

W WEY.83M qﬁiiaﬁnga

o

ET Aduwmsandse:

Al LNEIAA A WOLAAAN LRUNZEITI

12.30-13.30

NNIUUENIHDI1UITNAN9IN (Buffet)

13.30-14.10

Educational Symposium 3
USHN LOAR NW5T DLADIIUBINA
AINA I1NA (NA1T)

The Future of Cooking Oil in Thailand:
Health Trends, Sustainability, and
Consumer Choices

WY Ta QounANanad

14.10-14.30

WNUUIENIWDI119979 waz sallainaseniay

14.30-15.10

Educational Symposium 4
u3un andlulaldz (Uszinalne)
NA
MNUWIAAFIHDIIS: N3ilszane
sxul NPS-M gnisaanuuudisuing
WO FTATN
From Concept to Cuisine: Applying
NPS-M to Craft Healthier Thai Meals

Special Topic (5)
Tnzwinmsanauzwaseuy
JUNW; NI FIADAUNDID®
Wwaanndapansy
wazANNLIEn
Community-Based Food
Systems for Healthcare:




3¢, 3. IUNAE INTIFUDE

ATMNENTTT FILAUNNIY

WA A3.ROAEWIE TurEN
Waiiunyandang:
amaiing ladasas

Promoting Nutrition, Safety,
and Patient Wellbeing
net. as.ofian Ulodns
Waiiunandneg:
AMARAT AUNINT

15.10-15.40

Scientific Session (3)

The Gut-Brain Axis: Connecting

Nutrition to Mental and
Cognitive Wellbein

matbanlasan lduazanas: lnawinns
WND HUNINIARAENIINI WY DIFN DY

A. 97, UW.SAITE LANanUTean
Waiiunsandneg:
o A (4
WAl @3.LanT 1njaNTd

Scientific Session (4)
Functional Foods and
Nutraceuticals: Enhancing
Holistic Wellbeing
2NN TWUALEITDINT
LE33: LEINET9FANIE
NanyIol
6. A7.3uaUN A3T6E
INBINT WaE WELAWNIT
anudae:

3. a3 Wafen Usefing

15.40-16.30

Special Topic (6)

Al in Nutrition and Exercise Science:

Transforming Holistic Health
Approaches

mM3U776 Al Tlulazwinisuaznisean
o Q v
masng: lanauaganummatiia

qUN12ENIEH
. WN.TUW AILTYRNLA
UWN.ANTNDH 2ALUDH
NenismIande:
36, A3.AUNRES WnIuIFusa

16.30-16.50
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Keynote Lecture :
ulsnouszgnsemaailnzwmnislunisaiuquliali@adaisass (Nutrition Policies and
Strategies for NCDs Prevention)

%

UNNEMAL]S BUWT LUYIWARTINI

Special Topic (S1) :
Update on FBDGs-Situation Around SEA Region

av.unngney sio [T@a5es

Special Topic (S1) :
mMInamLUDLHBTuSInaamsNauusshd@mIuau lna 93869 9lilauSuno
813811 INAT IV IUaN Thai DRI W.4. 2563 e llsunsa Optifood

g”zr’oyﬂm@mmm’m.g'lﬁ/vi FOGUTI

Scientific Session (SC3):
The Gut-Brain Axis: Connecting Nutrition to Mental and Cognitive Wellbeing

MRATI91TE AT.UN. AATTE LATaULT=8I7.

Special Topic (S4):
MIgLETIRAINILAzANNRAIan eI tiauandguiluiuanIiuas dolusunsy
Anvinszmadssguindgailng (The Thai Triple-P)

WlanWily sa9AanT913e av.uwnws J39@n

11

Scientific Session (SC4)
Functional Foods: Enhancing Holistic Well-being

JOIMRATINITE AT.9UAU A3IT1AY

13

Scientific Session (SC4)
Nutraceuticals: Uﬂmﬂluﬂ’liﬂa\‘lﬁ'mmz@LLaﬁi“Im’l‘w

6 o o a 6
JAVAIRATIDTE AT, WaThe 119N we

14

UNAALDHNAINWIVEY

Oral Presentation (OP)
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Uane g, fisavd uznna*

Effectiveness of Low-Carbohydrate Diets on Type 2 Diabetes: A Systematic Review and

Meta-analysis of Randomized Controlled Trials in Eastern vs. Western Populations
Pichanun Mongkolsucharitkul, Apinya Surawit, Apiradee Pimsen, Siriluk Winitchayothin,

Sureeporn Pumeiam, Bonggochpass Pinsawas, Suphawan Ophakas, Sophida Suta,

Phongthana Pasookhush, Korapat Mayurasakorn™

16

Oral Processing and Nutrition in Older Thai Adults: A Community Snapshot
Supatchayaporn Nitsuwat*, Anwesha Sarkar, Lisa Marshall, Kitti Sranacharoenpong,

Janet Cade

17

Improvement in the Performance of the Nutrition Risk Screening Tool for Hospitalized
Pediatric Patients in a Quaternary Care Hospital

Phanphen Phoonlapdacha®, Oraporn Dumrongwongsiri, Punthita Ngamboriruk

18

The Impact of Fortified Foods on Micronutrient Status Among Children in Southeast Asia:
A Systematic Review and Meta-Analysis of Randomized Controlled Trials

Pralin Chongrungsakulroj*, Krittaboon Pornchokchai, Oraporn Dumrongwongsiri

19

Effectiveness of a Digitally Supported Lifestyle Modification Program (FitSloth) on Weight
Management and Dietary Patterns in Obese, Low-Activity Thai Adults

Wipamas Polpakdee, Wanumaidah Saengmolee, Jiraphat Jamprasert, Siriluck
Poonkatkij, Mathudara Phaiyarom, Titiporn Tuangratananon, Nattadhanai Rajatanavin,

Theerawit Wilaiprasitporn*

20

Impact of Herbal Mixed Tisanes on Antioxidant Property and Sensory Emotion of
Relaxation and Calmness
Preechaya Phrommin*, Siraphat Taesuwan, Ponjan Walter, Kanjana Singh,

Fahsai Kantawong, Peeraporn Pakakaew, Niramon Utama-ang,*

21
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gika Tdaazpa*, gndle wugvieid, 73usad adura, 0138 Uszdugarin
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Free-oral Presentation (FP)

Functional Meal Replacement Bar Formulated with Namwa Green Banana Flour for 25
Weight Management

Peerapat Saengsuk, Panupong Puttarak, Chaitong Churuangsuk, Thammarat
Kaewmanee*
misfislueanuitolndieaianuaszninlumsianssszemisdisusgsladun 26
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Poster Presentation (PP)
navaInsguadulnrutiadouna Indyuusludngfainsndia - Inautiia 34
TS9N LNRRIINANTU T2 RIA guaTIIMik: MIANENETAURAR

\nANWN LaNTIATYY*
nanslilnsutidalugihoiulsanfasfiuramotesndiy 18.5 nn./a 35

A

83T LADUIAU*, NIV Zﬂyé), {ﬁm 193gYNa




Effect of Plant Protein Combinations on the Characteristics of Sterilized Protein Gel for the
Elderly
Veeradet Maneepong, Udomlak Matsathit, Phakawat Tongnuanchan, Thammarat

Kaewmanee*
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37

Encapsulation Process Development using Sodium Alginate and Inulin to Enhance
Survivability of Lactobacillus reuteri-TF-7 in Kombucha Jelly Product

Pornson Suwanklang, Porntipha Vitheejongjaroen, Phiromya Chanajon*

38

Nutritional Status and Factors Associated with Malnutrition Among the Elderly at Family
Medicine Clinic, Mueang District, Trang Province.

Tassaya Kanyook*

39
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42

Protective Effects of Crude Extract from Chromochloris Zofingiensis on Oxidative Stress-
Induced Retinal Pigment Epithelial Cells
Kantamanee Thuphairo, Chawanphat Muangnoi, Suthamat Niyompanich, Rianthong

Phumsuay, Pasitta Panritdum, Parunya Thiyajai, Pattamaporn Joompa*
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45

Assessing Agreement Between Reported and Actual Cooked Rice Consumption using
Ladle-Based Measurement among Thai Adults
Pimnapanut Sridonpai, Aree Prachansuwan, Karaked Tongdonpo, Pornpan Sukboon,
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Scientific Session (3)

The Gut-Brain Axis: Connecting Nutrition to Mental and Cognitive Wellbeing
Chatchai Muanprasat

Chakri Naruebodindra Medical Institite, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Thailand

The gut-brain axis, a bidirectional communication system linking the gastrointestinal tract with
the central nervous system, has emerged as a critical regulator of both mental health and cognitive
well-being. Gut microbiota influence brain function via microbial metabolites (short-chain fatty acids,
neurotransmitters, indole derivatives), immune signaling, endocrine responses, and vagal nerve
pathways. Dysbiosis is increasingly associated with depression, anxiety, post-traumatic stress,
neurodevelopmental disorders, and age-related cognitive decline, positioning the microbiome as a key
target for prevention and therapy. Recent Discoveries demonstrate that microbially derived indole
compounds directly regulate neuronal excitability in the amygdala, shaping anxiety behavior. Individuals
with greater stress resilience exhibit distinct microbial and metabolic signatures that buffer stress
responses and preserve cognitive flexibility. In addition, disrupted gut-derived serotonin signaling has
been implicated in long COVID-related cognitive impairment, with evidence that antidepressants may
restore functionality. Of note, large-scale initiatives, such as the UK’s gut-immunology—brain research
network, are investigating how lifestyle factors—including diet—shape resilience, mental health, and
cognition across the lifespan. Diet is a central modulator of the gut—brain axis, influencing both mood
and cognition. Diets rich in fermented foods and prebiotic fibers enhance microbial diversity and
metabolite production, reducing inflammation and supporting memory and executive function.
Conversely, Western dietary patterns rich in processed foods and saturated fats foster dysbiosis and
neuroinflammation, contributing to cognitive decline. Emerging psychobiotics—probiotics and prebiotics
with demonstrated mental health benefits—are shown to reduce stress reactivity, improve mood, and
enhance cognitive outcomes. Specific strains of Lactobacillus and Bifidobacterium have been linked to
improved learning, memory, and emotional regulation, offering a translational avenue for nutritional
psychiatry. Collectively, these insights highlight the gut—brain axis as a dynamic interface where diet,
microbiota, and host physiology converge to shape psychological resilience, emotional stability, and
cognitive well-being. Nutritional psychiatry, psychobiotics, and microbiome-informed lifestyle
interventions represent promising strategies for promoting mental resilience and protecting cognitive
health throughout life. Roles of diets as preventive or therapeutic modalities for mental and cognitive

disorders are still at early stage due to challenges in research methodologies including quality of dietary



4
@ Journal of Nutrition Association of Thailand (Online) ISSN 3056-9192 (Online)

input, dietary intervention design, and incomplete neurological and behavioral outcomes. Future
directions require precision medicine approaches that integrate diet, microbiome profiling, and

individualized interventions to optimize both mental and cognitive outcomes.
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Scientific Session (4)

Functional Foods: Enhancing Holistic Well-being
Assoc Prof. Jintana Sirivarasai, Ph.D
Nutrition Unit, Faculty of Medicine Ramathibodi Hospita,| Mahidol University

Holistic well-being is a comprehensive philosophy of health that extends beyond the mere
absence of disease. It represents a state of optimal vitality, recognizing the profound and intricate
interconnection between physical, mental, and emotional health. This approach emphasizes that the
body is an integrated system where each part influences the others. True well-being, therefore, is
achieved not by treating isolated symptoms, but by nurturing the entire system to achieve balance and
resilience. Within this concept, functional foods emerge as pivotal dietary tools for enhancing holistic
health. Unlike standard nutrition that focuses on calories and basic nutrients, functional foods deliver
bioactive compounds that actively modulate the body's interconnected physiological networks. They act
as strategic allies because their benefits are not confined to a single target; instead, they influence the
foundational pillars of our health—such as inflammation, gut microbiota, metabolic function, and
oxidative stress—that simultaneously govern both physical vitality and mental clarity. By addressing
health at this systemic level, functional foods provide a natural and effective means of supporting the

entire person.

Functional foods play a significant role as biological response modifiers, coordinating various
physiological pathways in the body. At the molecular level, their bioactive compounds—such as
polyphenols and omega-3 fatty acids—have multiple effects. They help reduce pro-inflammatory
signaling pathways (like NF-KB) and activate essential metabolic sensors, such as AMPK. This process
helps alleviate chronic low-grade inflammation, which is a factor in many non-communicable diseases.
In addition, prebiotics and probiotics help reshape the gut microbiome, creating a beneficial environment
that produces important metabolites like short-chain fatty acids (SCFAs). These SCFAs are not only
important for gut health; they also have systemic effects, strengthening the integrity of epithelial barriers,
modulating immune cell activity, and signaling along the gut-brain axis to influence neuroendocrine
functions. Moreover, many functional foods can stimulate powerful cellular defense mechanisms by
activating the Nrf2 transcription factor. This factor is a master regulator of the antioxidant response,
enhancing the production of protective enzymes that combat oxidative stress and support mitochondrial
health. By precisely modulating key enzymes and hormonal systems, these foods go beyond basic
nutrition. They promote a state of holistic well-being, harmonizing the complex interplay between

physiological processes and mental clarity, thus exemplifying the core principles of personalized health.
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Scientific Session (4)
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Effectiveness of Low-Carbohydrate Diets on Type 2 Diabetes: A Systematic Review and

Meta-analysis of Randomized Controlled Trials in Eastern vs. Western Populations

Pichanun Mongkolsucharitkul', Apinya Surawit', Apiradee Pimsen?, Siriluk Winitchayothin?,

Sureeporn Pumeiam', Bonggochpass Pinsawas', Suphawan Ophakas', Sophida Suta’,

Phongthana Pasookhush’, Korapat Mayurasakorn'*

! Siriraj Population Health and Nutrition Research Group (SPHERE), Research Group and Research Network
Division, Research Department, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok

2 Department of Fundamental Nursing, Faculty of Nursing, Mahidol University, Nakhon Pathom

ABSTRACT

Low-carbohydrate diets (LCDs) have emerged as a potential dietary intervention for managing
glycemic control, but their effectiveness across different cultural contexts remains unclear. To
systematically evaluate the efficacy of LCDs in managing type 2 diabetes, with a specific focus on
comparing outcomes between Eastern and Western populations. We conducted a comprehensive
search of PubMed, Embase, and Scopus from inception to August 1, 2024, following PRISMA
guidelines. We included randomized controlled trials (RCTs) of adults with type 2 diabetes, with
interventions lasting [ 112 weeks, reporting glycemic outcomes, and published in English between 2000-
2024. We used a standardized data collection form, extracting details including author, year, study
design, baseline characteristics, intervention, and outcomes. We analyzed 27 unique RCTs comprising
2,870 patients (7 from Eastern and 20 from Western countries). LCDs showed statistically significant
short-term improvements: HbA1c reduction of 0.29% (95% confidence interval -0.45, -0.14), with the
most pronounced effects at 3 months. Weight loss was significant at 3 months (-2.72 kg), but benefits
attenuated at later time points. LCDs offer modest, short-term metabolic benefits for type 2 diabetes
management, with variations across cultural contexts. The effectiveness diminishes over time,

emphasizing the need for individualized, culturally sensitive nutritional approaches.

Key words: type 2 diabetes, low-carbohydrate diet, glycemic control, weight loss, randomized trial
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Oral Processing and Nutrition in Older Thai Adults: A Community Snapshot

Supatchayaporn Nitsuwat'*, Anwesha Sarkar’, Lisa Marshall’, Kitti Sranacharoenpong?,

Janet Cade'

" School of Food Science and Nutrition, University of Leeds, United Kingdom

? ASEAN Institute for Health Development, Mahidol University, Nakhon Pathom

ABSTRACT

Age-related declines in oral function can impair food intake and increase the risk of malnutrition in
older adults. In Thailand, one of Southeast Asia’s fastest-aging nations, the relationship between oral
processing ability and nutrient intake remains underexplored. This cross- sectional study examined
associations between oral processing ability, nutrient intake, and food consumption behaviours in 154
community-dwelling older Thai adults (median age: 71 years) from Bangkok Metropolitan Region and
Chonburi. Subjective (denture status, oral dryness, self-perceived masticatory ability) and objective (tongue
pressure, biting force) oral function data were collected, alongside 24- hour dietary recalls. Multiple linear
regression was used to examine associations between oral physiology and nutrient intake, with sensitivity
analyses for location (urban/rural), energy intake, and number of teeth. Despite compromised oral
processing, older Thai adults showed similar daily energy and macronutrient intake to those without such
issues, possibly due to selective food choices. However, several micronutrients, vitamins C, E, B2, and
calcium, were associated with oral processing, as was the proportion of cereals and grains in the diet.
Vitamin C intake was particularly low. A 14% higher self-perceived masticatory ability score was associated
with a 32 mg higher daily vitamin C intake. Among the oral factors explored, self- perceived masticatory
ability showed the most associations with nutrient intake, likely because it best reflected both oral processing
and compensatory behaviours. This is one of the first studies to quantify this relationship in a Thai context,
highlighting the nutritional vulnerability of individuals with poorer perceived masticatory ability. Measured
biting force also shows promise as an objective assessment, given its feasibility for off-site fieldwork and
potential for refinement. These findings suggest that oral processing ability, particularly how it is perceived,
may serve as a practical indicator for identifying older adults at risk of micronutrient inadequacy. Integrating

oral function assessments into community nutrition screening could help guide dietary support.

Key words: food oral processing, nutrient intake, older adults, oral function
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Improvement in the Performance of the Nutrition Risk Screening Tool for

Hospitalized Pediatric Patients in a Quaternary Care Hospital

Phanphen Phoonlapdacha*, Oraporn Dumrongwongsiri, Punthita Ngamboriruk

Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University

ABSTRACT

STRONGKkids is a nutrition risk screening tool implemented in the patient-care system of
Ramathibodi Hospital since 2019. A previous study showed a low sensitivity (SEN) and specificity (SPE)
of the tool in the detection of malnutrition in pediatric patients. The competency of the personnel who
are responsible for the screening process was the key factor, and a standardization of the ward nurses
was done. This study aimed to evaluate the performance of STRONGkids in the detection of
malnutrition in hospitalized pediatric patients after a standardization process, and to assess the
agreement of the screening results between ward nurses and a nutritionist. This is a cross- sectional
study using the data from electronic medical records (EMRs) of children aged 1 month to 19 years
admitted to Ramathibodi Hospital between April 2024 and April 2025. Weight and height/length at
admission were calculated to BMI-for-age Z-score (BMIZ) and weight-for-height Z-score (WHZ) and
classified as acute malnutrition (BMIZ<-2) and stunting (WHZ<-2). Nutrition risk screening by
STRONGKkids (classified as low, moderate, and high risk) was collected. A nutritionist repeated the
screening process in a subgroup of patients, and the screening results were compared to those
screened by ward nurses. The study collected data from 1,419 EMRs. The prevalence of acute
malnutrition and stunting was 12.97% and 17.05%, respectively. High nutrition risk was associated with
higher hospital stay and hospital- acquired infection. The SEN and SPE of STRONGkids were 82.4%
and 26.5% in the detection of malnutrition. Screening reliability showed a good inter-rater agreement
(The Kappa coefficient was 0.895; p value <0.001). The performance of the nutrition screening tool
improved after the standardization of ward nurses, who are key persons in performing the screening
process. STRONGKkids is a reliable nutrition risk screening tool for identifying nutritional risk among

hospitalized pediatric patients.
Key words: STRONGkids, Nutrition screening tool, Nutrition risk, Malnutrition, Hospitalized children
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The Impact of Fortified Foods on Micronutrient Status Among Children in Southeast

Asia: A Systematic Review and Meta-Analysis of Randomized Controlled Trials

Pralin Chongrungsakulroj1*, Krittaboon Pornchokchai’, Oraporn Dumrongwongsiri3
1Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok-10400, Thailand
2Faculty of Medicine Vajira Hospital, Navamindradhiraj University, Bangkok-10300, Thailand
3Division of Nutrition, Department of Pediatrics, Ramathibodi Hospital, Mahidol University, Bangkok

10400, Thailand

ABSTRACT

Micronutrient deficiency remains to pose threats in public health, especially affecting the growth
and development in children. According to reports from the WHO and the World bank, an estimated of
1 in every 2 children in South East Asia suffers from at least one micronutrient deficiency. This study
aimed to evaluate the impact of fortified foods on the micronutrient status of children aged 3-18 years
in the SEA region by assessing iron, vitamin A, and zinc status through a systematic review and meta
analysis of randomized controlled trials (RCTs). This review followed the PRISMA protocols. A
systematic search of PubMed, Scopus, and MedRxiv was employed to identify RCTs published between
2000 and July 2025, assessing the effects of fortified food on micronutrient biomarkers in children. A
random-effect meta-analysis was used, pooling the Standard Mean Difference (SMD) in changes from
baseline to endpoint between intervention and control groups. The primary outcomes include change in
hemoglobin, serum ferritin, transferrin, zinc, and retinol concentration. A total of 16 RCTs comprising
5322 children were included in this analysis. The fortified food was found to have a moderate effect on
Hb level (SMD=0.62 [95% CI (0.34, 0.90), P<0.001]), large effect on serum ferritin (SMD=1.41 [95% CI
(0.10, 2.71), P=0.03]) and moderate effect on serum zinc (SMD=0.55 [95% CI (0.08, 1.02), P<0.001]).
Regarding subgroup analysis, fortified carbohydrate-based foods were revealed to correlate with a
significant increase in hemoglobin, serum zinc, and serum retinol levels, suggesting their role as effective
mediums for micronutrient delivery. The fortified food intervention has improved the nutritional status of
children, especially Iron and Zinc in particular foods. It consistently improved Hb level and serum
ferritin.The findings indicate that the strategically used fortified food can effectively enhance the

micronutrient status of children in high-risk regions like Southeast Asia.

Keywords: micronutrient, fortified food, children
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Effectiveness of A Digitally Supported Lifestyle Modification Program (FitSloth)
on Weight Management and Dietary Patterns in Obese, Low-Activity Thai Adults

Wipamas Polpakdee', Wanumaidah Saengmolee', Jiraphat Jamprasert', Siriluck Poonkatkij?,

Mathudara Phaiyarom?, Titiporn Tuangratananon?, Nattadhanai Rajatanavin?,

Theerawit Wilaiprasitporn"

'Bio-inspired Robotics and Neural Engineering (BRAIN) Lab, School of Information Science and

Technology (IST), Vidyasirimedhi Institute of Science and Technology (VISTEC), Rayong, Thailand.
2FitSloth co., Itd, Bangkok, Thailand.

ABSTRACT

Lifestyle modification applications are increasingly adopted worldwide to help individuals
achieve personalized, health-oriented habits. FitSloth, a lifestyle modification application, was
implemented in Thailand and evaluated in 186 participants through structured 3-, 6-, and 9-month
programs. Participants recorded daily dietary intake, body weight, and waist circumference, and
attended weekly consultations with nutrition coaches. At baseline, 95% of participants had a body mass
index (BMI) above the normal range and reported low to very low physical activity levels. Program
engagement was substantial, with 55% of participants logging meal data for more than 80% of the
program duration. After 3 months, participants achieved an average weight reduction of 3.15 + 3.02%
from baseline. Continued participation yielded greater effects: 6-month completers lost 4.63 + 2.59%,
and 9-month completers achieved 7.00 + 3.30%, with statistically significant differences between
program durations. Gradual, progressive weight loss was particularly evident among individuals starting
with a high BMI, consistent with healthy weight loss recommendations. Dietary analysis revealed that,
in addition to calorie control, adequate protein intake, coupled with a lower proportion of daily energy
from carbohydrates and fats, was associated with greater weight loss. These findings suggest that
digitally supported lifestyle programs, combined with personalized professional guidance, can promote

significant and long-term weight reduction in obese, low-activity Thai adults.

Keywords: digital health, weight loss, nutrition coaching, obesity
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Impact of Herbal Mixed Tisanes on Antioxidant Property and Sensory Emotion of

Relaxation and Calmness
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! Rajanagarindra Institute of Child Development, Department of Mental, Ministry of Public Health,

% Division of Food Science & Technology, the subdivision of Nutrition, Faculty of Agro-Industry, Chiang Mai
University, ® Division of Product Development Technology, Faculty of Agro-Industry at Chiang Mai University,
* Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai University,
ABSTRACT

Traditional Tisanes, commonly consumed as herbal teas, contain diverse bioactive compounds that
contribute to their antioxidant potential and functional dietary value. This research has aimed to develop mixed
herbal Tisanes with high antioxidant activity and positive effects on consumer acceptance, relaxation and
calmness. The study explored the antioxidant properties of five herbal mixtures: Lavandula angustifolia Mill.,
Mimosa pudica L., Stevia rebaudiana Bertoni, Chamaemelum nobile (L.) All., and Rosa Damask. The analysis
of raw materials revealed that stevia exhibited the highest total phenolic content (768.92+30.19 umol GE/100g)
and the highest nitric oxide scavenging (54.63+1.37%), followed by chamomile and mimosa. Sensory emotions,
measured on a 5-point scale, indicated moderate to high levels of relaxation (3.94+0.69) and calmness
(3.6240.67). The mixture design employed varying proportions of three herbs: lavender (10-30%), mimosa (10-
35%), and stevia (5-20%), with chamomile (30%) and rose (20%) as fixed components. Regression models
demonstrated that various formulations of herbs significantly affected consumer acceptance, calmness emotion,
and total flavonoid contents (p<0.05). The optimized formulation of 23% lavender, 10% mimosa, and 17%
stevia exhibited high consumer acceptance, emotions, and antioxidant activities. The optimized herbal tea was
analyzed for amino acid profile, which contains phenylalanine (86.13 + 0.08 ug/ml), tyrosine (7.67+0.04 pg/ml),
serine (13.47+0.02 pg/ml), and glutamic acid (8.36 + 0.21 pg/ml), which contributed to mood regulation and
calmness. The phenolic compounds were identified in Tisanes as follows: chlorogenic acid, catechin, ferulic
acid, myricetin, and quercetin 2967.66+46.19; 2089.45+0.68, 1025.35+1.87, 987.06+19.16, 470.69+0.98 (ug/qg),
respectively, which may support relaxation and mental well-being. Tisanes showed low acute in animals, with
an LD50 greater than 5 g/kg, classifying it in Category 5. These findings highlight the promising role of herbal
Tisanes as a natural, functional beverage for oxidative stress reduction and emotional balance, with potential

applications in the health and wellness industries.
Key words: antioxidant, adaptogen, calmness, herbal infusion, relaxation, sensory emotion, Tisanes
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Functional Meal Replacement Bar Formulated with Namwa Green Banana Flour

for Weight Management

Peerapat Saengsuk', Panupong Puttarak’, Chaitong Churuangsuk’,

Thammarat Kaewmanee**

"'Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Hatyai Campus, Songkhla
2Nutrition and Obesity Unit, Department of Internal Medicine, Faculty of Medicine,
Prince of Songkla University, Hatyai Campus, Songkhla
*Department of Food Science and Nutrition, Faculty of Science and Technology,
Prince of Songkla University, Pattani Campus, Pattani

ABSTRACT

Obesity and being overweight are major public health concerns worldwide, largely driven by dietary
habits and sedentary lifestyles. Functional foods containing resistant starch and bioactive compounds may aid
in weight management by enhancing satiety and reducing the postprandial glycemic response. Green banana
flour (GBF) obtained from Musa ABB cv. ‘Kluai Namwa'’ rich in resistant starch and polyphenols, is a promising
ingredient for functional meal replacements. This study aimed to develop a functional meal replacement bar
(FMRB) for weight management and evaluate its physicochemical and functional properties, including moisture
content, water activity (a, ), texture profile analysis (TPA), predicted glycemic index (pGl), total phenolic content,
antioxidant activity, and nutrition facts. FMRBs without flavor coating were formulated by substituting wheat
flour with varying ratios of raw (R) and pregelatinized (PG) GBF (from R100:PGO0 to R0:PG100). The R40:PG60
formulation demonstrated the most favorable characteristics, with high springiness (2.37+0.08 mm) and
acceptable cohesiveness (0.24+0.01) and chewiness (25,699.60+1,808.02 g.mm). The pGl of the FMRB was
83.79+0. 88, which was significantly lower than that of the FMRB made with 100% wheat flour (88.83+0.60)
(p<0.05), indicating an improved postprandial glycemic control. Antioxidant analysis revealed strong phenolic
retention (1.30+0.10 mg gallic acid equivalent/g) and high ABTS activity (20.99+5.45 mg Trolox equivalent/g)
bioaccessibility after in- vitro gastrointestinal digestion. Each 50 g FMRB contained 170 kcal, 25 g
carbohydrates, 13 g protein, and 2 g fat (58.82, 30.59, and 10.59% of total energy, respectively), aligned with
the recommended macronutrient distributions for weight control. These findings support the potential of the
40: 60 raw- to- pregelatinized Namwa GBF formulation as a local FMRB option for addressing obesity- related

health challenges in Thailand.

Key words: meal replacement, green banana flour, predicted glycemic index, weight management
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Effect of Plant Protein Combinations on the Characteristics of Sterilized

Protein Gel for the Elderly

Veeradet Maneepong, Udomlak Matsathit, Phakawat Tongnuanchan,
Thammarat Kaewmanee*

Faculty of Science and Technology, Prince of Songkla University, Pattani Campus, Pattani

ABSTRACT

Thailand is experiencing a demographic shift towards an aging society, with a growing number
of individuals aged 60 and above. Many elderly people face health challenges, particularly in terms of
nutrition and mastication, owing to the loss of teeth or fewer natural teeth. These dental issues affect
food consumption, leading to malnutrition and an increased risk of muscle mass loss in the elderly. This
study investigated the effects of different proportions of pea protein isolate (PPI), soy protein isolate
(SPI), and coconut protein concentrate (CPC) on the properties of protein gels subjected to sterilization
(116 1°C with an FO value of 4 min). The experimental design employed a constrained simplex lattice
mixture to determine the appropriate mixing range for three protein sources: PPI (50-80%), SPI (10-
40%), and CPC (10-20%), resulting in five mixed protein gel formulations (F1 to F5). These results
indicate that the five protein gel formulations exhibited significantly different textural properties.
Formulation 1 (F1), containing 80% PPI, 10% SPI, and 10% CPC, exhibited the highest hardness (60.38
g), springiness (21.60 mm), cohesiveness (0.32), and gumminess (19.38 g). It also had the highest
water-holding capacity (84.04 %) and the lowest syneresis index (16.50 %). SEM analysis revealed a
continuous and compact gel network without air voids. Formulation 2 (F2) exhibited the highest protein
content, measuring 8.89 g per 100 g, within the observed range of 7.89 to 8.89 g per 100 g, compared
to all five mixed protein gel formulations. The International Dysphagia Diet Standardization Initiative
(IDDSI) test was used to confirm the protein gel flow and textural properties. All formulations met the
IDDSI Level 4 standards, maintaining their shape on a spoon and falling as a single mass when tilted.
The formulations were required to be non-sticky and homogeneous, without component separation.
Therefore, mixed plant-protein composites can be used to prepare soft and moist texture-modified food

gels that meet the needs of patients with dysphagia.
Key words: plant protein, protein gel, sterilization, dysphagia, elderly
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Encapsulation Process Development using Sodium Alginate and Inulin to

Enhance Survivability of Lactobacillus reuteri-TF-7 in Kombucha Jelly Product

Pornson Suwanklang, Porntipha Vitheejongjaroen, Phiromya Chanajon*

Food Research and Development Center, CPF (Thailand) Public Company Ltd., 359 Lamsai, Wangnoi,
Phra Nakhon Sri Ayutthaya, 13170

ABSTRACT

Probiotics are beneficial microorganisms that help regulate the balance of microbes in the
digestive system. Recently, various studies have revealed the biological properties of probiotics
including anti-inflammatory effect and boosting the immune system. To develop probiotic products, the
critical challenge is stability of probiotic during storage. However, probiotics are very sensitive to strong
environmental conditions. Therefore, study techniques to enhance the stability of probiotics in food
products are needed to provide a high quality of products and increase consumer trust. The aims of
this study are to develop the encapsulation process for probiotics and evaluate the stability of probiotics
in kombucha jelly. Lactobacillus reuteri-TF-7 (L2) were encapsulated by using sodium alginate and
inulin. Encapsulated L2 were applied into kombucha jelly and measured the stability of L2 during storage
at 4°C. The survivability of encapsulated L2 by mixed sodium alginate and inulin reduces from 10® CFU
to 10’ CFU, while using sodium alginate alone reduces survivability from 10® CFU to 10° CFU after
storage at 4°C for 35 days. In addition, increasing sodium alginate content could enhance survivability
of L2 against pH 2.0, while using inulin combination did not affect. Moreover, the encapsulation process
could enhance the survivability of L2 in kombucha jelly during storage for 28 days at 4°C. Therefore,
these results reveal that using mixed sodium alginate and inulin as an encapsulation substance could
increase stability of probiotics during storage at 4°C. This might be an important process to develop
products containing probiotics to maintain survivability of probiotics during storage until delivered to

provide health benefits for consumers.

Key words: Encapsulation, Probiotics, Survivability
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Nutritional Status and Factors Associated with Malnutrition Among the Elderly

at Family Medicine Clinic, Mueang District, Trang Province.

Tassaya Kanyook*

Department of Family Medicine, Trang Hospital, Trang

ABSTRACT

Malnutrition affects a significant portion of community- dwelling older adults, with prevalence
rates ranging from 20% to 50% . Screening and assessing nutritional status are crucial for providing
appropriate nutritional care. This study aims to determine nutritional status and identify factors
associated with malnutrition among older adults. This cross-sectional study will collect data from elderly
individuals attending a family medicine clinic in Mueang District, Trang Province, between August 2024
and May 2025. Participants will complete questionnaires covering general information, physical health,
nutritional status, Thai cognitive performance test, and Thai Geriatric Depression Scale. Nutritional
status will be analyzed using descriptive statistics. Factors associated with malnutrition will be analyzed
using Chi-square tests and multivariate logistic regression. A total of 1000 participants were included in
the study, with a mean age of 70.33 years. Females constituted 664 (66.4%) and males 336 (33.6%).
The prevalence of malnutrition and risk of malnutrition were 4.9% and 23.6%, respectively. Statistically
significant factors associated with malnutrition included body mass index, cancer, exercise, gastric
problems, and chronic pain. This study reveals that approximately one-quarter of older adults at the
family medicine clinic in Mueang District have abnormal nutritional status. Therefore, physicians and
healthcare teams should screen for these issues and implement preventive measures for malnutrition

in all elderly patients.

Key words: Malnutrition, Elderly, Trang Province
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Protective Effects of Crude Extract from Chromochloris Zofingiensis on

Oxidative Stress-Induced Retinal Pigment Epithelial Cells

Kantamanee Thuphairo', Chawanphat Muangnoi', Suthamat Niyompanich?,

Rianthong Phumsuay’, Pasitta Panritdum’', Parunya Thiyajai', Pattamaporn Joompa'*

" Institute of Nutrition, Mahidol University, Nakhon Pathom

? Department of Biology, Faculty of Science, Srinakharinwirot University, Bangkok

ABSTRACT

Age-related macular degeneration (AMD) is a leading cause of vision loss among the elderly.
Evidence suggests that regular consumption of vegetables, fruits, whole grains, and spices may help
reduce the risk of AMD due to their high content of phytochemicals, especially carotenoids. However,
the intake of fruits and vegetables remains low in the Thai population. Microalgae have emerged as a
promising and sustainable food source due to their high biodiversity, rapid growth, and ability to produce
valuable bioactive compounds under specific culture conditions. This study investigated the protective
effect of crude extract from Chromochloris zofingiensis, a microalga cultivated under mixotrophic
conditions with potassium acetate supplementation (0.05—-0.4 M), on oxidative stress-induced human
retinal pigment epithelial cells ( ARPE-19). HPLC analysis revealed that the extract contained
astaxanthin, along with lutein, zeaxanthin, and B-carotene. Among the tested conditions, the extract
from cultures supplemented with 0.2 M potassium acetate at a concentration of 20 yg/ mL showed the
highest protective effect, improving cell viability to over 85% and significantly reducing reactive oxygen
species (ROS) production in H,O,-treated ARPE-19 cells. These findings suggest that C. zofingiensis
extract possesses antioxidant properties that may protect retinal cells from oxidative damage,
highlighting its potential as a dietary source for AMD prevention. Further studies are needed to explore

the molecular mechanisms involved.

Key words: Chromochloris zofingiensis, microalgae, age-related macular degeneration, human retinal

pigment epithelial cell line, carotenoids
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Assessing Agreement Between Reported and Actual Cooked Rice Consumption

using Ladle-Based Measurement among Thai Adults

Pimnapanut Sridonpai, Aree Prachansuwan, Karaked Tongdonpo, Pornpan Sukboon,

Yaowalak Rooppat, Tippawan Pongcharoen, Wantanee kriengsinyos*

Institute of Nutrition, Mahidol University, Nakhon Pathom

ABSTRACT

The use of the “ladle” as a unit of measurement for cooked rice intake is commonly applied in
dietary assessment and patient counseling. However, the amount of cooked rice contained in one ladle
may vary depending on the serving manner, which can affect the accuracy of nutrient intake estimation.
This observational study investigated the agreement between the assumed portion size of one ladle of
cooked rice and the actual measured amount among 441 Thai adults. Data were obtained from the
study entitled ‘ Evaluating the Performance of the Global Diet Quality Score for Determining Overall
Dietary Quality among Thai Adults for Integrating into Non-communicable Disease Prevention System’.
Based on the 24-hour dietary recall, participants who reported consuming cooked rice in ladle units and
who also weighed the reported ladles of cooked rice were included in the agreement analysis. The
weight of cooked rice per ladle was compared with the standard reference of 60 g. Agreement was
assessed using the Bland—Altman method, and the relationship between the weight of cooked rice per
ladle and waist circumference, body mass index, fat mass, fat-free mass and degree of obesity was
examined using Spearman’s correlation. The median weight of cooked rice per ladle was 72.5 g (IQR:
60.9-87.5). Compared with the standard portion (60 g), the weight of cooked rice per ladle was
positively correlated with waist circumference (Spearman’s P = 0.152, p= 0.001). Bland—Altman analysis
showed a mean bias of 16 g, with limits of agreement ranging from —30 to 63 g. The amount of cooked
rice served per ladle differed significantly between participants with waist circumference below versus
at or above the reference cutoff (X*> = 4.128, p = 0.042). These findings suggest that variability in the
amount of cooked rice per ladle, particularly among individuals with larger waist circumference, should
be considered in dietary assessment and nutritional counseling to improve the accuracy of energy and

nutrient intake estimation.

Key words: one ladle of cooked rice, agreement, actual weight
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Evaluation of Wolffia globosa Addition on the Texture of Noodles

Athitaya Somboonbat*, Pornpawee Klampian, Yanisa Asamphinnawat

Wan Thai Foods Industry Co.,Ltd

ABSTRACT

This study aimed to evaluate the feasibility of incorporating Wolffia globosa, a natural ingredient
rich in protein, vitamins, and minerals, into dried instant noodles to enhance nutritional value and develop
value- added products. Noodle formulations were prepared with 6% Wolffia supplementation and
compared with a control formulation. A consumer survey of 85 participants indicated that 78.7% were
interested in noodles containing natural ingredients, with Wolffia and carrot being the most preferred
additions. Texture properties were assessed using Quantitative Descriptive Analysis (QDA) across five
attributes: hardness, smoothness, elasticity, cooked level, and stability after cooking. Results showed
that noodles supplemented with Wolffia were softer than the control, while maintaining similar
smoothness and elasticity, and demonstrated improved stability and cooking performance. Nutritional
analysis revealed an increase in protein content from 10.25% to 10.71%, with slight reductions in fat
and calories content compared to the control. These findings suggest that Wolffia globosa can enhance
both the textural quality and nutritional profile of instant noodles while meeting consumer demand for
healthier food options. The study highlights the potential of Wolffia as a functional ingredient for

developing value-added noodle products in response to current health-conscious trends.

Key words: Wolffia globosa, Instant noodles, Functional ingredients
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Edible Leaf Albizia lebbeck (L.) Benth. Extracts Protect Against Direct-Acting
Mutagenicity by Ames Test and Their Antioxidant Properties

Chadamas Promkum™, Wannagorn Khunnasarn™, Sarunya Kitdumrongthum',

Chaniphun Butryee', Chawanphat Muangnoi', Monruedee Sukprasansap”
'Institute of Nutrition, Mahidol University, Nakhon Pathom, 73170, Thailand

*Authors contributed equally

ABSTRACT

Mutagenicity leads to various non- communicable diseases, especially cancer. Albizia lebbeck
(L.) Benth. (Ta-kuk in Thai) is an indigenous edible plant found in Thailand, which possesses several
pharmacological properties and health benefits. Here, we focused on investigating the protective effect
of the edible leaf of Ta- kuk extracts on direct- acting mutagenicity using the Ames Salmonella
mutagenicity assay (strains TA98 and TA100 were used as models without metabolic activation).
Our results found that Ta-kuk leaf extracts had vigorous antioxidant capabilities and were rich in total
phenolic content. In mutagenicity testing, the results showed that each extract had no mutagenic effects
at various concentrations (375, 750, 1500, 3000, and 6000 ug/plate) in both strains. Nitroaminopyrene
(0.037 ug/plate) was used as a standard direct mutagen in our model. Ta-kuk extracts significantly
decrease the direct-acting mutagenesis, with percentage inhibition exceeding 60% in all sample extracts of
both strains. Thus, these results indicate that the edible leaf of Ta- kuk possesses antioxidant and
antimutagenic properties. Our data suggest that research on Thai native edible plants supports the Ta-kuk
leaf as a potential natural alternative therapy to prevent the risk of mutation and cancer. However, further
research is required to examine the cell-based and animal studies for validating their antimutagenic

properties.

Key words: Albizia lebbeck (L.) Benth., Ames test, Antimutagenicity, Antioxidant, Salmonella typhimurium
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Effect of Plant Protein Combinations on the Characteristics of Sterilized

Protein Gel for the Elderly

Veeradet Maneepong, Udomlak Matsathit, Phakawat Tongnuanchan,
Thammarat Kaewmanee*

Faculty of Science and Technology, Prince of Songkla University, Pattani Campus, Pattani

ABSTRACT

Thailand is experiencing a demographic shift towards an aging society, with a growing number
of individuals aged 60 and above. Many elderly people face health challenges, particularly in terms of
nutrition and mastication, owing to the loss of teeth or fewer natural teeth. These dental issues affect
food consumption, leading to malnutrition and an increased risk of muscle mass loss in the elderly. This
study investigated the effects of different proportions of pea protein isolate (PPI), soy protein isolate
(SPI), and coconut protein concentrate (CPC) on the properties of protein gels subjected to sterilization
(116[_]°C with an FO value of 4 min). The experimental design employed a constrained simplex lattice
mixture to determine the appropriate mixing range for three protein sources: PPI (50-80%), SPI (10-
40%), and CPC (10-20%), resulting in five mixed protein gel formulations (F1 to F5). These results
indicate that the five protein gel formulations exhibited significantly different textural properties.
Formulation 1 (F1), containing 80% PPI, 10% SPI, and 10% CPC, exhibited the highest hardness
(60.38 g), springiness (21.60 mm), cohesiveness (0.32), and gumminess (19.38 g). It also had the
highest water-holding capacity (84.04 %) and the lowest syneresis index (16.50 %). SEM analysis
revealed a continuous and compact gel network without air voids. Formulation 2 (F2) exhibited the
highest protein content, measuring 8.89 g per 100 g, within the observed range of 7.89 to 8.89 g per
100 g, compared to all five mixed protein gel formulations. The International Dysphagia Diet
Standardization Initiative (IDDSI) test was used to confirm the protein gel flow and textural properties.
All formulations met the IDDSI Level 4 standards, maintaining their shape on a spoon and falling as a
single mass when tilted. The formulations were required to be non-sticky and homogeneous, without
component separation. Therefore, mixed plant-protein composites can be used to prepare soft and moist

texture-modified food gels that meet the needs of patients with dysphagia.
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INTRODUCTION

In Thailand, the term "elderly" refers to individuals aged 60 and above, as defined in the Older
Persons Act of 2003, Section 3. According to the National Economic and Social Development Council
(2024), the elderly population in Thailand constituted 20% of the total population in 2023, amounting to
13. 2 million people, and is projected to rise to 26.6% by 2030. These demographic shifts impact the
quality of life of the elderly, who face health challenges such as chronic diseases, physical changes,
and oral health issues (Kulthida et al., 2020). Masticatory function plays a significant role in the quality
of life. As they age, older adults often experience a reduction in the number of permanent teeth, which
affects their chewing ability1. Consequently, they may avoid hard foods, which can influence appetite
and nutrition. These issues can lead to anorexia, underweight status, and malnutrition, all of which are
risk factors for dementia. Furthermore, muscle atrophyz, including sarcopenia, which is characterized
by loss of muscle mass, strength, and physical fitness, occurs with aging. This condition increases the
risk of falls and chronic ilinesses, affecting daily life and potentially leading to dependency3.

Proteins are essential for the body, playing a pivotal role in muscle development, preventing
muscle degeneration, and forming antibodies that boost immune function. It regulates organ function
and forms tissues, including the skin, muscles, bones, and organs. Proteins also help maintain blood
sugar balance and repair damaged body parts’. Adequate protein intake helps the elderly mitigate
muscle mass loss, which is known as sarcopenia. According to the Nutrition Bureau, Department of
Health, Ministry of Public Health (2020)5, the recommended protein intake for older adults is 1.0-1.2
grams per kilogram of body weight daily, which exceeds the 0.8 g/ kg recommended for adults. This
intake preserves muscle mass and stabilizes physiological systemse. Insufficient protein can lead to
sarcopenia, necessitating proteins rich in leucine. Branched-Chain Amino Acids (BCAAs), which include
Leucine, Isoleucine, and Valine, have a branched structure and offer benefits such as reducing muscle
injuries, stimulating muscle protein synthesis, and decreasing muscle mass breakdown in aging
populations .

Plant proteins offer notable benefits over animal proteins in terms of consumer health and
environmental impact, particularly in minimizing greenhouse gas emissions °. They are low in fat, easily
digestible, and free of cholesterol, making them ideal for individuals at risk of chronic conditions such
as heart disease, diabetes, and hypertension °, Soy protein, a complete protein source, offers all
essential amino acids, whereas pea protein is not only easily digestible but also promising for dietary
supplements. In contrast, coconut protein has a limited amino acid profile 8. Leucine, an essential amino
acid sourced from the diet, plays a crucial role in stimulating muscle protein synthesis and promoting
tissue repair. Legumes, such as pea and soy proteins, are rich in leucine, containing > 40 mg/g °
These plant proteins are incorporated into protein powders, instant foods, and medical foods for the
elderly to support protein intake and help prevent the muscle mass loss associated with aging.
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This study explored the impact of varying proportions of pea, soy, and coconut protein extracts
on the characteristics of protein gels intended for older adults. This suggests the need for a specific
blend and its optimization for a sterilized gel targeted at the elderly population. In terms of digestibility,
pea protein is easily digestible, and soy protein, a complete protein source, offers all essential amino
acids. Coconut protein is noted to have a limited amino acid profile. The protein digestibility-corrected
amino acid score (PDCAAS) for soy and pea proteins is 1.00, suggesting good digestibility for these
components. Moreover, legumes, such as pea and soy proteins, are rich in leucine, containing over 40
mg/g. This is relevant for mitigating muscle mass loss (sarcopenia) in the elderly population. In this
study, the researchers utilized a Constrained Simplex Lattice Mixture Design to determine the ideal
protein blend for creating gels that are soft, moist, and easy to chew. This protein gel product is
specifically designed to address the challenges associated with chewing difficulties, protein insufficiency,
and nutritional requirements in the elderly, a niche market that frequently necessitates foods with
modified textures and high nutrient densities. To fulfill the daily protein requirements of older adults, the
product must contain a minimum of 7 g of protein per 100-gram serving. This development presents a
novel protein supplement for the elderly. The process also incorporates stringent microbial safety
measures, utilizing sterilization at temperatures that eliminate pathogenic microbes, thereby ensuring

safety and extending the shelf life of commercial food products for this demographic.

MATERIALS AND METHODS
Investigate the impact of the optimal proportions of pea protein isolate, soy protein isolate, and
coconut protein on the properties of protein gel

This study outlines an experiment designed to determine the optimal ratio of mixed raw
materials in a protein gel. This will be achieved by identifying the relevant factors within a constrained
simplex lattice mixture design, as described by Squeo et al. (2021) " The experiment involved varying
the concentrations of three types of protein powders: PPl (80% protein concentration), SPI (90% protein
concentration), and CPC (60% protein concentration). The concentration levels of these protein powders
will be adjusted to fall within the specified range of the study factors. The numerical ranges were
determined based on the preliminary experiments.

1) PPI concentration (X1) 30-80%

2) SPI concentration (X2) 10-40%

3) CPC concentration (X3) 10-20%

The factors studied are shown in Figure. 1, and the formula for the ingredients is shown in Table 1.
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Figure. 1 The mixed design and the factors to be studied were determined using a constrained

simplex lattice mixture design

Table 1. Formulation of protein gels with varying concentrations of three types of protein powders,

encompassing five distinct formulations

% Ingredients in Variation of the concentrations of the three types of
Mixture design protein extract powders
Formulations Total protein powder concentration: 15% (w/v)
X, X, ) & PPI (g) SPI (g) CPC (9)
1 80 10 10 12.0 1.5 1.5
2 50 40 10 7.5 6.0 1.5
3 40 40 20 6.0 6.0 3.0
4 70 10 20 10.5 1.5 3.0
5 60 25 15 9.0 3.75 2.25

Formulation of protein gels

Preparation of protein powder solution
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The total concentration was 15% (w/v), as indicated in Table 3.1. The three protein powders
were combined in a 250 mL beaker. Subsequently, 100 mL of drinking water was added to each sample.
The mixture in the beaker was gently stirred using a glass rod until all the solids were completely
dissolved. Thereafter, the protein solution was homogenized using a high-speed homogenizer at 11,000
rpm for 5 min 2 Following homogenization, the protein solution was stirred with a solution mixer and a
magnetic stirrer. The protein solution was then heated while stirring at 70+5°C for 5 min to facilitate the
relaxation of the protein structure.

Preparation of two hydrocolloids

A2.5% (w/v) agar solution and a 0.1 % (w/v) glucomannan solution were prepared. The
required quantities of each hydrocolloid were calculated and incorporated into the protein mixture at a
concentration of 1.5% (w/v). Subsequently, 1% (w/v) oryzanol rice bran oil was added. The protein
mixture was homogenized using a high-speed homogenizer set at 11,000 rpm for 5 min. The resulting
protein gel mixture was then transferred into a 100 mL plastic cup with dimensions of 10.3 cm in
diameter and 3.7 cm in height. The container was sealed using an automatic glass-cap sealer. The
protein gel mixture was then subjected to further homogenization using a high-speed homogenizer. The
gel was then placed in a water spray retort at 116 °C, after which the mixed protein gel was evaluated
for various properties.

Physical characteristics test

Texture profile analysis (TPA)

Texture data were analyzed using texture profile analysis (TPA), as described by Chang et al.
(2009)13. Sample preparation involved cutting five protein gel samples, each comprising ten pieces
measuring 1 cm in height and 1 x 1 cm in width and length. The texture was assessed using a Texture
Analyzer equipped with a compression probe, specifically a P/50 probe with a diameter of 50 mm. The
compression distance was set to 50% , and the speed was maintained at 2 mm/s. Each sample was
replicated ten times. The experimental results were documented and reported with values for Hardness,
Springiness, Cohesiveness, and Gumminess. The values for Cohesiveness and Gumminess were

calculated as follows:
Cohesiveness = Area 2 / Area 1
Gumminess = Hardness x Cohesiveness
where Area 2 represents the area under the second peak of compression and Area 1 denotes the area

under the first peak of compression.

Syneresis
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Water separation or syneresis in five protein gel samples was measured using a modified
version of the method described by Banerjee and Bhattacharya (2011)14. The procedure involved
weighing 10 g of the protein gel sample (noting the exact weight) in a centrifuge tube (M1) at room
temperature. The sample was then stored at 4 °C for 12 h, followed by centrifugation at 4500 rpm at 4
°C for 10 min. Subsequently, the liquid was decanted from the gel, and the remaining gel was weighed
(M2). The water dissociation value can be calculated using the equation for water dissociation value

(%).

Syneresis (%) = ((M1) - (M2))/M1 x 100

Water holding capacity

The water-holding capacity was determined according to the methodology described by Tang
et al. (2021) A protein gel sample weighing 5 g was measured, followed by the addition of 50 ml of
distilled water. The mixture was allowed to stand at room temperature for 10 min. The samples were
then centrifuged at 6,000 rpm for 15 min. The liquid was then separated, and the samples were

reweighed. W1=Weight of protein gel (g) W2=Weight of water-bearing sediment after centrifugation (g)

Water holding capacity = W2-W1/W1

Crude protein content
The crude protein content was determined using the Kjeldahl method, as specified by the AOAC
(2005) '° at the Food Quality Analysis Laboratory of the Department of Food Science and Nutrition at

Prince of Songkla University, Pattani Campus.

Morphological analysis

The morphological characteristics of the five protein gel samples were examined using a
Scanning Electron Microscope (SEM) to investigate the internal structure and three-dimensional network
of the protein gel at the Scientific Instruments and Testing Center, Prince of Songkla University, Hat Yai
Campus.

IDDSI Testing

1) Spoon Tilt Test

This test was conducted to preliminarily assess the quality of protein gels. The sample should
exhibit a smooth, uniform texture devoid of any separation between the liquid and solid components.
The protein gel mixture is subsequently scooped with a spoon, ensuring that it retains its shape upon

the spoon. The spoon was then inclined to allow the protein gel mixture to detach. If the protein gel
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mixture does not meet the criteria for a finely ground food of Level 4, it will be evaluated according to
the Food Testing Standards of Levels 5, 6, and 7 (Easy-to-Chew Foods) to determine compliance with
the IDDSI food standards, which may vary across the five test sets.

2) Fork Pressure Test

This test was conducted to preliminarily assess the quality of protein gels. The sample should
exhibit a smooth, uniform texture devoid of any separation between the liquid and solid components.
Subsequently, a fork was applied to the surface of the protein gel mixture. The application of pressure
with the fork should result in a visible and distinct mark on the surface. If the protein gel mixture does
not satisfy the criteria for Level 4 finely ground foods, it will be evaluated according to the Food Testing
Standards Levels 5, 6, and 7 (Easy-to-Chew Foods) to determine compliance with the IDDSI standards,
which may vary among the five test samples.

Statistical Analysis

Data from all experiments, comprising five samples each replicated ten times, were subjected to

statistical analysis. The results are expressed as mean + standard deviation to facilitate comparisons
between sample groups. A one-way ANOVA was employed, and multiple comparison tests were
conducted using Duncan's Multiple Range Test at a 95% confidence level, or when differences were
statistically significant at the (p<0.05) level.
RESULTS AND DISCUSSION

This study examined the optimal proportions of pea, soy, and coconut protein powders for the
characteristics of protein gels subjected to sterilization at 116 °C with an F, value of 4 min. The findings

of this analysis are as follows:

Study the effect of the appropriate proportion of protein mixture on the characteristics of protein
gel
Texture Profile Analysis (TPA)

Five different protein gels were tested for texture using Texture Profile Analysis (TPA). This was
performed after heating at 116 °C for 4 min. The type and amount of plant protein used significantly
altered the texture (Figure 2). Formula 1 had the most pea protein extract at 80%, plus 10% soy
protein extract and coconut protein. It had the hardest gel, weighing 60.38 g, indicating a strong gel
structure (Figure 2). The elasticity of the gel was 21.60 mm, with an agglomeration value of 0.32 and
viscosity of 19.38 g. Formulas 4 and 5, which also had more pea protein, and formulas 2 and 3, also
had higher hardness values of 49.97 g and 47.69 g. This is because pea protein contains legumin and
vicilin, which are globulin proteins. When heated, these proteins relax and form new bonds, such as

disulfide and hydrogen bonds, creating a gel network. Pea proteins form a stable gel network because
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these bonds are strong and prevent gel breakage ' Formula 3 contained 40% pea protein extract
and 40% more soy protein than formulas 1, 4, and 5. It also contains 20% coconut protein. When the
protein gel mixture was sterilized, it was found to be the softest among all the formulas. Its average
hardness was 34.41 g, which was due to the high soy protein content compared to other formulas.
This low hardness indicates that it is soft and does not hold its shape well. The elasticity of this
formula was also the lowest, at 17.49 mm, meaning that it did not bounce back well after being
pressed. The viscosity was moderate compared to that of formula 2, at 9.47 g, and the agglomeration
value was 0.28. This occurs because soy protein has few disulfide bonds, and when heated, these

bonds break, causing a change in the protein structure 18

. Denatured proteins aggregate through
hydrogen bonding, leading to their rapid self-aggregation during heating, resulting in the formation of
precipitates % or separation into dense protein pellets that settle at the bottom of the container,
causing precipitation. These findings suggest that soy proteins are particularly susceptible to structural

alterations when exposed to high temperatures during sterilization.
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Figure. 2 Textural characterization of five protein gel formulations

Note: Different letters a-e indicate significant difference (p<0.05): The proportions of the protein gel mixture formulations (F1-F5)
consisted of pea protein isolate (PPI), soy protein isolate (SPI), and coconut protein concentrate (CPC) in the following proportions

(PPI:SPI:CPC): F1 = 80:10:10, F2 = 50:40:10, F3 = 40:40:20, F4 = 70:10:20, and F5 = 60:25:15.

Syneresis and Water holding capacity
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The analysis of the water-holding capacity and water separation percentages (syneresis) of the
five protein gel formulations revealed that Formula 1, which contained the highest concentration of PPI
(80 %), exhibited the highest water-holding capacity (84.04 %) and the lowest water separation
percentage (16.50 %) (Figure 3). This indicates a stable gel structure with superior water retention
capabilities, which was significantly different from the other four formulations (p<0.05). In contrast,
Formula 2, which had a lower proportion of pea protein and a higher proportion of soy protein,
demonstrated the lowest water holding capacity (74.94 %) and the highest percentage of syneresis
(25.68 %), indicating reduced water retention and increased gel shrinkage. Formula 3, containing
equal proportions of PPl and SPI extracts at 40%, resulted in a higher water holding capacity, with
percentage of syneresis at a moderate level of 76.53% and 23.29%, respectively. As the amount of
PPI extract increased in Formula 4, the water-holding capacity increased to 80.69%, and the
percentage of syneresis decreased to 19.17%, similar to Formula 5, which showed a water-holding
capacity of 77.84% and a syneresis percentage of 21.83% (Figure 3). These findings align with the
properties of pea protein, which is known to form a robust gel network and retain water more
effectively than soybean or coconut proteins. Tang et al. (2021)" reported that increasing the ratio of
pea protein in gel formulations enhances water holding capacity and reduces water separation.
Bourouis et al. (2023) % noted that incorporating soybean protein extract into mixed protein gel
products can enhance gel properties and nutritional value; however, excessive amounts may lead to
increased water separation. Coconut protein, owing to its high fat content, may alter the gel structure,

resulting in decreased water-holding capacity and increased syneresis.

Water holding capacity (9%)

Fl F2 F3 Fa F5

Figure. 3 Syneresis and Water holding capacity of five protein gel formulations

Note: Different letters a-e indicate significant difference (p<0.05): The proportions of the protein gel mixture formulations (F1—
F5) consisted of pea protein isolate (PPI), soy protein isolate (SPI), and coconut protein concentrate (CPC) in the following

proportions (PPI:SPI:CPC): F1 = 80:10:10, F2 = 50:40:10, F3 = 40:40:20, F4 = 70:10:20, and F5 = 60:25:15.
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Morphological characteristics of the protein gel mixture

Morphological analysis of the five protein gel samples was conducted using a Scanning Electron
Microscope (SEM) at magnifications of 10,000 x and 20,000 x, revealing distinct structural
characteristics. Formula 1, comprising 80% PPI, 10% SPI, and 10% CPC, exhibited a well-defined
network structure. This structure was characterized by an even distribution and strong interlinking of
proteins, indicating robust gel formation. In contrast, Formula 4, with a reduced PPI content of 70%
combined with 10% SPI and 20% CPC, demonstrated a diminished protein fiber distribution. The
network structure of this gel displayed tightly linked proteins, but with larger pore sizes in certain
areas. This variation may be attributed to the increased proportion of coconut protein, which potentially
influences gel formation differently than pea and soy protein extracts. Additionally, Formula 5, which
further reduced the PPI content to 60% and increased the SPI content to 25%, exhibited a gel
structure with wider channels (Figure 4).

In certain regions of the network fibers, denser packing was observed, whereas other areas
exhibited wider channels. The second formulation of the mixed protein gel product, comprising 50%
PPI, 40% SPI, and 10% CPC, exhibited a protein network resembling a net with broader air spaces,
similar to a loosely aggregated network. This was distinct from the first and second formulations of the
mixed-protein gel product. In the third formulation, which incorporated the lowest concentration of PPI
(40 %), along with 40% SPI and 20% coconut protein, the gel structure was notably more fragile,
characterized by significantly larger gaps between the protein fibers. Certain regions may experience
collapse or damage, potentially leading to interactions that disrupt the protein gel structure and impair
water retention within the network. This phenomenon may indicate a reduced capacity to form a gel
structure as the proportion of pea protein extract decreases (Figure 4). Morphological analysis of the
mixed protein gel products revealed that Formula 1, with the highest PPI ratio of 80 %, resulted in a
uniformly distributed protein gel structure with tight protein cross-linkages. This suggests the formation
of a robust gel, enhancing the water-holding capacity and reducing water separation in the protein gel.
This effect is attributed to the nature of pea proteins, which are globulin proteins (legumin and vicilin)
capable of relaxing their structure upon heating and forming various bonds, such as hydrogen disulfide
and covalent bonds, thereby creating a three-dimensional protein network with an excellent water
retention capacity. Conversely, when soy and coconut proteins were added in substantial amounts,

the gels lost their structural integrity after sterilization 2'.

66



@ Journal of Nutrition Association of Thailand (Online) ISSN 3056-9192 (Online)

SEM
X 10,000

SEM
X 20,000

Figure. 4 Morphological characteristics of the protein gel sample were analyzed using scanning

electron microscopy (SEM).
Note: SEM X 10,000 refers to a scanning electron microscopy (SEM) image at 10,000 x magnification, while SEM X 20,000
denotes an SEM image at 20,000 x magnification. The protein gel formulations (F1-F5) comprised pea protein isolate (PPI), soy
protein isolate (SPI), and coconut protein concentrate (CPC) in the following proportions (PPI:SPI:CPC): F1 = 80:10:10, F2 =
50:40:10, F3 = 40:40:20, F4 = 70:10:20, and F5 = 60:25:15.

F2

Top view

Figure. 5 Appearance from top, side and inside angles of the five-protein gel sample
Note: F1 (A) — F5 (A): are top view of the protein gel mixture, F1 (B) — F5 (B): are side view of the protein gel mixture, F1 (C) —
F5 (C): are interior view of the protein gel mixture from vertical cut, the protein gel mixture formula proportions (F1-F5) consist
of pea protein isolate (PPI), soy protein isolate (SPI) and coconut protein concentrate (CPC) in the following proportions

(PPI:SPI:CPC): F1 = 80:10:10, F2 = 50:40:10, F3 = 40:40:20, F4 = 70:10:20 and F5 = 60:25:15.

Crude protein content
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The analysis of protein content across the five formulations of protein gel mixtures revealed
that the protein content per 100 g ranged from 7.89% to 8.89% (Table 2). Notably, Formula 2,
comprising 50% PPI, 40% SPI, and 10% CPC, exhibited the highest protein content at 8.89%, which
was significantly higher (p<0.05) than that of the other formulations. Conversely, Formula 1, which
contained 80% PPI, 10% SPI, and 10% CPC, demonstrated a protein content of 7.89%, surpassing
that of commercial gel products available in the market. It is pertinent to note that soy protein extract
generally possesses a higher protein content, averaging 88—90 g per 100 g, compared to pea protein
extract, which provides approximately 80-85 g per 100 g. This indicates a higher protein concentration
in products containing the soy protein extract. Stone et al. (2015) 2 reported that soybeans inherently
contain a higher protein content in dry seeds than peas, with soybeans comprising 36—40% protein and
peas containing 23-25% protein content. This intrinsic difference in protein content, when subjected to
the isolate extraction process, which separates proteins from carbohydrates and fats, results in varying
protein concentrations based on the initial material proportions. Furthermore, regarding protein quality,
the Protein Digestibility Corrected Amino Acid Score ( PDCAAS), which assesses amino acid
completeness and digestibility, indicated that soy protein achieved a score of 1.00, the highest possible,
whereas pea protein also scored 1.00. In contrast, the average scores of coconut protein are 0.89 and
0.40 %. Consequently, formulations with a higher proportion of soy protein extract yielded a greater total

protein content than those primarily composed of pea or coconut protein extracts.

Table 2. Protein content across five formulations of protein gel mixtures

Component Proportion (%)
Crude Protein (%)

e PPI SPI cPC
1 80 10 10 7.89 + 0.05°
2 50 40 10 8.89 + 0.09°
3 40 40 20 8.37 £0.11™
4 70 10 20 8.24 +0.10™
5 60 25 15 8.50 + 0.03°

Note: Values are expressed as mean tstandard deviation (SD). Different letters a-d in the same vertical line indicate significant

differences (p<0.05). PPI, pea protein isolate; SPI: Soy protein isolate; CPC: Coconut protein concentrate.

IDDSI Testing
1) Spoon Tilt Test
In accordance with the International Dysphagia Diet Standardization Initiative (IDDSI) standards,

a flow rate assessment was conducted on five protein gel blends using the spoon tilt test to determine
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their suitability for the level 4 pureed viscosity level. The results indicated that the flow characteristics
of the formula 1 protein gel blend consistently passed the spoon tilt test across all three repetitions
(Repetition 1-3). The gel maintained its shape on the spoon and dislodged continuously without
breaking, demonstrating a high degree of structural stability at the level 4 pureed viscosity. This outcome
was similar to that observed for formulas 2, 3, 4, and 5, which were tested consecutively three times
(Figure 6), confirming that the gels possessed the requisite firmness, stability, and suitability for use in
accordance with the IDDSI standards. In summary, all five protein gel blends successfully passed all

three tests, exhibiting the characteristic of slowly dislodging from the spoon as a single cohesive mass.

Figure. 6 Protein gel flow rate test by tilting spoon method

Note: (A) Scooping of the protein gel mixture from the container to begin the flow rate test, (B) holding the
spoon at an angle to test the ability of the gel to flow from the spoon, and (C) appearance of the gel when it

breaks from the spoon to check the flow properties and gel disintegration according to IDDSI Level 4 standards.

2) Fork Pressure Test

In accordance with the International Dysphagia Diet Standardization Initiative (IDDSI) standards,
a Fork Pressure Test was conducted on five protein gel blends to assess their suitability at Level 4
(pureed). The results indicated that all five protein gel blends exhibited soft yet stable structures,
successfully passing all three evaluations (repetitions 1-3). Upon application of a fork to the surface of
the protein gel products, they collapsed with minimal force and demonstrated no resistance to pressure
(Figure 7). The fork imprints were distinctly visible, with no rebound or restoration to the original gel
form. Furthermore, there was no separation or water release from the protein gel products, and no
fragmentation occurred that could pose a risk to elderly individuals with dysphagia. These findings
suggest that the product consistency and gel stability meet the essential criteria for a Level 4 pureed

product according to the IDDSI standards.
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Figure. 7 The elasticity of the selected protein gel mixture was tested by fork pressure

Note: (A) Fork grip characteristics placed on the protein gel mixture for preparation of pressing, (B): Using a fork to press the
protein gel mixture to check the elasticity, (C): Gel appearance after being pressed with a fork and the fork ribs from pressing the

protein gel, according to IDDSI Level 4 standards.

CONCLUSIONS

The investigation into the optimal proportions of pea protein isolate (PPI), soy protein isolate
(SPI), and coconut protein concentrate (CPC) on the quality of protein gel, sterilized at 116 °C with an
FO value of 4 min, revealed that varying protein proportions significantly influenced the characteristics
of the protein gels. Formula 1, containing 80% PPI, 10% SPI, and 10% CPC, which incorporated the
highest proportion of pea protein extract at 80%, produced protein gels exhibiting superior textural
quality, high hardness, commendable elasticity, and excellent shape retention. Additionally, it
demonstrated the highest water-holding capacity at 84.04% and the lowest water separation percentage
at 16.50%, indicative of a stable protein gel structure and effective water retention. The morphological
characteristics of the protein gel blends were examined using scanning electron microscopy (SEM),
which revealed that the protein gel blends of Formula 1 possessed a continuous reticular network devoid
of air pockets. When assessed for flow rate using the spoon-tilting method and fork pressure, the protein
gel conformed to the International Dysphagia Diet Standardization Initiative (IDDSI) Level 4 ( minced
food) standards.

Based on this study, further research is recommended in several key areas to fully assess the
potential of these protein gels, such as conducting sensory evaluations with elderly participants to
optimize palatability and acceptance. Additionally, long-term safety assessments and comprehensive
clinical trials are needed to confirm the sustained benefits and efficacy of improving the nutritional status
and quality of life of the target elderly population.
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ABSTRACT

Obesity and being overweight are major public health concerns worldwide, largely driven by
dietary habits and sedentary lifestyles. Functional foods containing resistant starch and bioactive
compounds may aid in weight management by enhancing satiety and reducing the postprandial
glycemic response. Green banana flour (GBF) obtained from Musa ABB cv. ‘Kluai Namwa’ rich in
resistant starch and polyphenols, is a promising ingredient for functional meal replacements. This
study aimed to develop a functional meal replacement bar (FMRB) for weight management and
evaluate its physicochemical and functional properties, including moisture content, water activity (a,),
texture profile analysis (TPA), predicted glycemic index (pGl), total phenolic content, antioxidant
activity, and nutrition facts. FMRBs without flavor coating were formulated by substituting wheat flour
with varying ratios of raw (R) and pregelatinized (PG) GBF (from R100: PGO to R0: PG100). The
R40: PG60 formulation demonstrated the most favorable characteristics, with high springiness
(2.37+0.08 mm) and acceptable cohesiveness (0.24+0.01) and chewiness (25,699.60+1,808.02
g.mm). The pGl of the FMRB was 83.7910.88, which was significantly lower than that of the FMRB
made with 100% wheat flour (88.83x0.60) (p<0.05), indicating an improved postprandial glycemic
control. Antioxidant analysis revealed strong phenolic retention (1.30+0.10 mg gallic acid equivalent/g)
and high ABTS activity ( 20. 99+5. 45 mg Trolox equivalent/ g) bioaccessibility after in- vitro
gastrointestinal digestion. Each 50 g FMRB contained 170 kcal, 25 g carbohydrates, 13 g protein,
and 2 g fat (58.82, 30.59, and 10.59% of total energy, respectively), aligned with the recommended
macronutrient distributions for weight control. These findings support the potential of the 40: 60 raw-
to- pregelatinized Namwa GBF formulation as a local FMRB option for addressing obesity-related

health challenges in Thailand.
Key words: meal replacement, green banana flour, predicted glycemic index, weight management
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INTRODUCTION

Obesity has been a significant global health problem over the past decade. Hence,
several health organizations are developing effective strategies and tools to combat
overnutrition . Currently, there is a popular food product for weight control or weight loss
called “meal replacement,” which is classified as a specific controlled food type for those who
want to control their weight by replacing usual meals with one or two meals or whole-day meals.
In a ready- to- consume condition, this type of product must have a total energy range of 200-
400 kcal per serving and require complete nutrition as prescribed by the regulation of notification
of the Ministry of Public Health, Thailand No. 121 (B.E. 2532), which contains protein 20-50%
and fat not more than 30% of the total energy of the product. For carbohydrate content, there
is no specific regulation for the quantity. However, there are certain concerns about the quality
of carbohydrates, such as the limitation of using sugar alcohols and simple carbohydrates,

especially refined sugars °.

Previous studies have found that replacing regular meals with a meal replacement
product is the most effective approach to weight loss compared to other diet therapies *. Meal
replacement is a key success tool because it is more convenient to prepare and easier to
control appropriate daily energy intake than eating a self-regulating diet, since the calories and
nutrients per serving are identified clearly on the nutrition facts, which allows the consumer to
control the hypocaloric intake, inducing negative energy balance and allowing them to lose
weight °. However, meal replacement products in Thailand that qualify for regulation are
imported or formulated with imported ingredients in the powder-shake for  and normally use
maltodextrin as the main carbohydrate source, which is high in glycemic index®. Hence,
developing an optional meal replacement product by using local functional ingredients that have
synergic effects on weight loss should be considered as a gap of opportunity to offer a healthier

choice and elevate local economic income in the recent global health trend.

Green banana flour (GBF) from Musa sapientum (L.), ABB group, or Kluai Namwa is
an interesting source of complex carbohydrates that can be found easily throughout Thailand
. It is considered a functional ingredient that can help reduce the glycemic index of food
products when combined with other food components due to its high resistant starch (RS)
content . RS is not hydrolyzed in the digestive tract and can enter the colon and will be
fermented by gut microbiota, producing short-chain fatty acids (SCFA) that lower colonic pH
and promote the growth of probiotics. Therefore, its benefits have been primarily linked to
gastrointestinal health, glycemic, lipid metabolism, and body weight ° RS may reduce blood

glucose levels by enhancing insulin secretion, which is linked to the prevention and treatment

of type 2 diabetes % The consumption of RS improves lipid profiles and mineral absorption, in
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addition to reducing fat accumulation and providing feelings of satiety " Moreover, Studies
have reported that Namwa GBF contains considerable total phenolic content (TPC), ranging
from approximately 2.59 to 3.48 mg GAE/g, depending on factors such as banana cultivar,

maturity stage, and processing methods '

. These bioactive compounds not only enhance the
antioxidant activity of GBF but also support its functional properties when incorporated into food

products, although thermal processing may reduce their levels s,

Therefore, incorporating Namwa GBF, which is rich in RS and bioactive compounds,
into the development of functional meal replacement products presents a promising opportunity
to support weight management and metabolic health. Aligning with consumer trends and
regulatory frameworks, this locally sourced ingredient addresses the demand for convenient,
nutritious, and affordable meal options and contributes to sustainable agricultural use and
economic development in Thailand. This study aimed to develop a functional meal replacement
product using GBF as the core ingredient to meet nutritional requirements, promote weight loss,

and provide an innovative alternative aligned with current public health priorities.

MATERIALS AND METHODS
Sources of raw materials; Musa sapientum L. (ABB group)

Namwa bananas of the Pakchong 50 variety, cultivated in Thailand's southern region,
particularly in Songkhla province, were sourced from local farmers to ensure the quality of the
samples used in the experiments. The full maturity stage of bananas was used in this study
and stored in a cool room at 4-5 °C. The bananas are trimmed and prepared into banana flour
immediately after harvesting. If storage is necessary, the entire banana bunch should be stored
in a cool room throughout the storage period, and the process of making banana flour should

be completed within a timeframe not exceeding 3 days after harvesting.

Preparation of the green banana flour (GBF)

Raw GBFs

To prepare raw GBF, the research team peeled and immediately washed the green
bananas. The samples were then sliced or shredded into thin pieces (approximately 2 mm).
They were dried in a hot air oven at 60 °C for 5-6 hours. Afterward, grind the dried banana
slices into a 180 LLm particular size powder with an 80-mesh dry grinder. The moisture and

water activity (a,,) of raw GBF were 8.47 + 0.31 and 0.37 + 0.03, respectively.
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Pre-gelatinized GBF production

The production of pre-gelatinized green banana flour (GBF) was carried out by adapting
the method of Wiriyawattana et al., 2018. The raw GBF was mixed with water to achieve a
flour concentration of 40% by dry weight, followed by feeding the mixture into a twin-drum dryer.
The operating conditions were set at a constant temperature of 120 °C. The resulting product
was finely ground and sifted through an 80 mesh sieve (<180 um). The moisture and water
activity (aw) of pre-gelatinized GBF were 8.47 + 0.31 and 0.37 % 0.03, respectively. Finally, the
pre- gelatinized GBF was packaged in an aluminum foil bag for subsequent testing. The two

types of GBF are shown in Figure 1.

o

Figure 1. Types of green banana flour (GBF); (A) Raw GBF, (B) Pregelatinized GBF

Formulation of a functional meal replacement bar (FMRB)
Regulation for FMRB development

In this study, the macronutrient content was determined to achieve the nutritional values
of international nutrient value regulations for meal replacement products for those who wish to
control their weight, especially the Food and Drug Administration of Thailand, as shown in
Table 1. The FMRB was produced by varying the ratio of specific types of GBF, including raw
GBFs to pre-gelatinized GBF (100:0, 80:20, 60:40, 50:50, 40:60, 20:80, and 0:100), and mixing
with other ingredients to determine the most suitable physicochemical characteristics for making

FMRB.
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Table 1. International macronutrient value regulations for meal replacement products

CODEX European Union Australia FDA
standard " (EU) ™ New Zealand Thailand ®
Energy 200-400 200-400 not less than 200-400
(Kcal) 203 Total energy not less
than 800 kcal/day
Protein 25-50% 25-50% not less than 20-50%
of total energy of the of total energy of the 12g of total energy of the
product but not more product product
than 125 giday
Fat < 30% < 30% Not specified < 30%
and contain linoleic of the total energy and contain linoleic
acid not less than 3% of  and contain linoleic acid not less than 3%
the total energy acid not less than of the total energy
19
Carbohydrate Not specified Not specified Not specified Not specified

The production process of FMRB

The FMRBs were prepared by sequential mixing using a dough mixer ( KV- 05,

KITTIWATTANA, Thailand) at high speed to ensure uniformity and the desired texture. In each

batch of 5 pieces, rice bran oil shortening was first whipped for 2 min to incorporate air, followed

by the addition of glycerol and whey protein isolate, each mixed for 2 min. Liquid jaggery and

water were then incorporated, and raw GBF and pre-gelatinized GBF were pre- mixed at the

specified ratios before being added to the batter. All ingredients were subsequently mixed for

3 min to form a homogeneous dough. Finally, whey protein balls were incorporated to enhance

texture, providing a crunchy mouthfeel, and to increase the overall protein content without

elevating the carbohydrate level, thereby complying with Thai FDA regulations. The dough was

portioned into 50 g units, molded into rectangular shapes without baking, and demolded for

further analyses. The raw materials used in each proportion are listed in Table 2.
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Table 2. Raw materials used for the FMRB development

Contro  R100:PG R80:PG2 R60:PG4 R50:PG5 R40:PG6 R20:PG R0:PG10
| 0 0 0 0 0 8 0

List of

ingredient

Volume (%w/w)

Whey
protein 21.91 21.91 21.91 21.91 21.91 21.91 21.91 21.91
isolate
Wheat

29.25 - - - - - - -
flour
Raw
banana - 29.25 23.40 17.55 14.63 11.70 5.85 -
flour (R)
Pre-
gelatinize

- - 5.85 11.70 14.63 17.55 23.40 29.25

d banana
flour (PG)
Liquid
jaggery
(73.33%

16.07 16.07 16.07 16.07 16.07 16.07 16.07 16.07

Sugar)
Rice bran
oil 10.24 10.24 10.24 10.24 10.24 10.24 10.24 10.24
shortening
Whey
protein
7.31 7.31 7.31 7.31 7.31 7.31 7.31 7.31
isolate

ball

Glycerin 9.75 9.75 9.75 9.75 9.75 9.75 9.75 9.75

Water 5.48 5.48 5.48 5.48 5.48 5.48 5.48 5.48

Total 100% 100% 100% 100% 100% 100% 100% 100%

Physicochemical Quality of the FMRB
Moisture content and water activity (a,)

The moisture content of the samples was determined following the standard gravimetric
method of the AOAC procedure "’ Approximately 5 g of each sample was weighed accurately
and dried in a hot air oven (UNB 500, Memmert, Germany) at 120°C for 12 hr until a constant
weight was obtained. The moisture content (%) was calculated based on the weight loss before
and after drying.

Water activity (a,) was measured at 25°C using a calibrated water activity meter

(Aqualab 4TE, Meter Group Inc., USA). Approximately 2 g of each sample was placed in the
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sample cup, and readings were recorded after equilibrium was reached. Measurements were

carried out in triplicate.
Texture profile analysis

The FMRB samples were prepared for texture analysis by cutting to 2.5 x 2.5 x 1.0 to
ensure uniformity. Texture measurements were conducted using a texture profile analyzer (TA.
XT plus, Vienna Court, United Kingdom) equipped with a cylindrical aluminum probe (P/50),
50 mm diameter. All measurements were carried out under controlled conditions at 30 °C and
75 % relative humidity. The test parameters were set as follows: pre-test speed of 1.0 mm/s,
test speed of 0.5 mm/s, post-test speed of 1.0 mm/s, trigger force of 5.0 g, and a compression
distance of 50 % of the original sample height. Each measurement was performed in triplicate

to ensure reproducibility.

Functional properties of the FMRB
Resistant starch (RS)

The amount of resistant starch (RS) in the main source of carbohydrate for formulating
the bar included wheat flour as 1) control product, 2) raw GBF, 3) pre-gelatinized GBF, and 4)
the sample of mixed flour with a ratio of raw to pre-gelatinized green banana (R: PG) with the
most suitable texture from texture profile analysis. The RS content was analyzed to compare

the effects of RS and pGl on the developed bars from different carbohydrate sources.

All samples were sent to analyze the amount of resistant starch (RS) at the Cassava
and Starch Technology Research Unit (CSTRU), Kasetsart Agricultural and Agro- Industrial

Product Improvement Institute, Kasetsart University, Bangkok, to analyze the amount of RS.
Predicted glycemic index (pGl)

The predicted glycemic index (pGl) was analyzed from the in vitro starch digestibility
using a D-Glucose Assay Kit (GOPOD Format) (Megazyme test kit, Ireland). The models
incorporated a simulation of the human upper gastrointestinal tract, including the oral, gastric,
and small intestinal phases, which adhered to the harmonized INFOGEST 2.0 regulations 18
Weighing A finely ground sample of 0.5 g into a 250 mL conical flask with artificial saliva 1 mL
and 5 mL of pepsin enzymes in 0.02 M HCI (pH = 2) within 15 - 20 s, then incubated in a
temperature-controlled water bath 37 °C with 85 rpm shaking for 30 min, and the pH with 0.02
M NaOH 5 mL Then, 25 mL of acetate buffer, and pancreatin enzyme in acetate buffer of 5
mL, then incubated in a temperature- controlled water bath 37°C with 85 rpm shaking for 30

min. Subsequently, all samples were stored in a freezer to halt the enzymatic reactions. Glucose

was measured by sampling 0.1 mL at 0, 30, 60, 90, 120, 180, and 240 min. All samples were
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added with 0.1 mL of ethanol and 3 mL of GOPOD, incubated at 50 °C for 20 min, and
subsequently measured for absorbance at a wavelength of 510 nm. The data were used to
calculate the starch digestion rate according to Equation 1 and to estimate the glycemic index

using Equation 2, according to the methods of Gofii, Garcia-Alonso *°.
AUC = Cq (t — tp) = (Ca / kX) [1 — exp [-k (t; — to)]] (1)

where t;is the last time used to digest the value and t, is the starting time used
to digest the value. Hydrolysis Index (HI) of food samples was calculated using the

equation based on Gl values equal to 100 of white bread.
pGl = 39.21 + 0.803 (Hgy,) (2)
Hg, is the percentage of starch digested in 90 min.

Phenolic content and antioxidant capacity
Total phenolic content (TPC)

FMRB before and after in vitro gastrointestinal digestion were used to determine the
total phenolic content with some modifications *°. The 0.05 g of FMRB samples (0.05 g) were
mixed with 10 mL of methanol (95%) and vortexed (Vortex Mixer GENIE 2, Scientific Industries,
USA) for 2 min. The vortexed samples were incubated overnight at 25 °C. The sample mixtures
were centrifuged ( HARRIER 15/80 bench top refrigerated centrifuge, Sanyo, Japan) at
6000 rpm for 15 min. The clear supernatant was stored for further analyses. The Folin-Ciocalteu
reagent (FCR) technique was used to calculate the total phenolic content (TPC). The
absorbance of the samples was measured at 750 nm using a UV-Vis spectrophotometer
(GENESYS 10S UV Vis, Thermo Fisher Scientific, USA). The TPC was calculated using the
regression equation obtained from the gallic acid calibration curve. The TPC of based-bars was
reported as mean mg gallic acid equivalents (GAE)/gram depending on dry weight (mg GAE/qg)
* standard deviation (SD).

Free radical-scavenging assay (ABTS)

The antioxidant capacity after in vitro gastrointestinal digestion was assessed using the
radical-scavenging assay (ABTS) according to the method described by Ovando et al. 2 with
minor modifications. Specifically, the ABTS radical cation (ABTS"") was generated by reacting
a 7 mM ABTS stock solution with 2.45 mM potassium persulfate and allowing the mixture to
stand in the dark at room temperature for 12—16 h. The resulting ABTS++ solution was then
diluted with methanol to achieve an absorbance of 0.70 + 0.02 at 730 nm wavelength.
Subsequently, 0.1 mL of the sample was added to 3.9 mL of the diluted ABTS solution, and

absorbance measurements were recorded every 20 s using a UV-Vis spectrophotometer
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(GENESYS 10S UV-Vis, Thermo Fisher Scientific, USA) for 6 min. The inhibition of absorbance

as a function of time was plotted, and the area under the curve (0-6 min) was calculated. The

results are expressed as [lmol Trolox equivalents per gram of dry matter.

Proximate composition of the FMRB

The amounts of total carbohydrates, dietary fiber, total fats, fatty acids, protein
components, and total energy will be analyzed by sending the FMRB samples to the Agro-
Industry Development Center for Export (ADCET), Faculty of Agro-industry, PSU, Hatyai
Campus. The proximate compositions were determined using the AOAC procedure s
Statistical analysis

The data in this study were presented as mean + standard deviation (S.D.). One-way
analysis of variance (ANOVA) was performed to assess differences among groups, with
p < 0.05 was considered statistically significant. All statistical analyses were carried out using

IBM SPSS Statistics version 28.0 (IBM Corp., Armonk, NY, USA)

RESULTS

Moisture content, water activity (a,), and texture analysis of FMRB

The variations in the proportions of the two types of GBF in the FMRB formulations are
shown in Figure 3. The R40:PG60 formulation with moisture content 14.00+0.55% and a,
0.64+0.01 demonstrated the most favorable textural characteristics, exhibiting high springiness
(2.37 £ 0.08 mm), acceptable cohesiveness (0.24 £ 0.01), and chewiness (25,699.60 + 1,808.02
g-mm) without adhesiveness. A higher absolute adhesiveness value indicates greater stickiness,
whereas values approaching close to zero or not detected (nd) indicate negligible or no
stickiness to the teeth while eating. Incorporating more than 60% raw GBF increased the
moisture content (15.20+0.08%) and stickiness of the bar (85.72+28.43 g.sec), accompanied
by reduced springiness (1.75+0.10 mm), making the bar more likely to adhere to the teeth.
Conversely, when adding 80% of pre-gelatinized GBF, the bar became drier with a moisture
content of 13.61+0.08%, leading to increased hardness (46,148.50 + 823.67 g) and higher
energy required for chewing (34,337.96 + 3,029.45 g.mm). At 100% pre-gelatinized GBF added,
the moisture content bar became excessively dry (13.44+0.06% ), resulting in decreased
hardness (41,793.75 + 2,757.29 g) and poor structural integrity, as the components failed to
bind cohesively and easily disintegrated when handled. The complete results of the texture

profile analysis, moisture content, and water activity measurements are summarized in Table 3.
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Figure 3. The FMRB by varying the ratio of two types of GBF (R:PG)
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Table 3. Moisture content, water activity, and texture analysis of FMRB by varying the ratio of two types of GBF (R:PG)

Moisture Water Texture Analysis
Treatment Content activity Hardness Adhesiveness Springiness Cohesiveness Chewiness
(%) (9) (9-sec) (mm) (g9.mm)
Wheat
17.95+0.15a  0.69+0.01a  13421.97+160.03f nd 1.311£0.15e 0.16+0.00f 2854.57+284.53e
(control)
R100:PGO 13.64+0.11ef  0.66+£0.00b  18602.76+164.50e  -98.91+59.26b 1.2610.14e 0.18+0.02ef 4133.32+874.59¢
R80:PG20 14.07+0.06d 0.65+0.01bc  27447.96+379.55d ) 1.54+0.08d 0.19+0.00e 8174.39£511.71d
481.531+52.41a

R60:PG40 15.20+0.08b  0.64+0.01cd  35428.65+893.04c  -85.72+28.43a 1.750.10d 0.22+0.01d 13799.50+1413.44c
R50:PG50 14.47+0.06c  0.64+0.01d  46039.23+142.79a nd 2.25+0.18¢c 0.2710.01b 27526.22+2614.49b
R40:PG60 14.00+£0.55de  0.64+0.01d  44669.87+362.60a nd 2.37+0.08bc 0.24+0.01c 25699.60+1808.02b
R20:PG80 13.61+0.08ef  0.64+0.01d  46148.50+823.67a nd 2.51+0.15b 0.30+0.01a 34337.96+3029.45a
RO:PG100 13.44+0.06f 0.64+0.01d 41793.75+2757.29b nd 3.23+0.06a 0.26+0.01b 35355.83+4042.97a

The letters a—d in the column indicate statistically significant differences (p < 0.05), and nd means no measurable detected
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Functional properties of the FMRB
Resistant starch (RS) and predicted glycemic index (pGl)

Based on the analysis of resistant starch (RS) content, raw GBF exhibited the highest
RS content (47.90 = 1.10% ). In contrast, pregelatinization of GBF markedly reduced its RS
content to 1.52 £+ 0.17%, which was lower than that of wheat flour (6.76 + 0.03%). The optimal
proportion of the two types of GBF, as determined from the texture profile analysis, was
R40:PG60 ratio. The proportion of the two types of green banana mixed flour was subsequently

analyzed for its RS content and was found to contain 26.24 + 0.25%.

The predicted glycemic index (pGl) analysis revealed that FMRB formulated with higher
RS content flour exhibited lower Gl values than those with lower RS content flour. Specifically,
the FMRB developed using the R40: PG60 formulation had a pGl of 83.79 + 0. 88, which was
significantly lower than that of the wheat flour-based bar (88.83 + 0.60), as shown in Table 4.
According to the standard Gl classification (low: <55, medium: 56-69, high: 270)21, both
formulations fell within the high GI category. However, this finding demonstrated that a higher

RS content was associated with slower starch degradation into glucose, as shown in Figure 4.

Table 4. Resistant starch content and predicted glycemic index (pGl) of the products

formulated from raw GBF, pregelatinized GBF, FMRB (R40:PG60), and wheat flour

Samples Resistant starch (%) pGl of products
Raw GBF 47.90 + 1.10a 71.62+0.96d
Pregelatinized GBF 1.52 + 0.17d 91.96+0.83a
R40:PG60 26.24 + 0.25b 83.79+0.88¢c
Wheat flour (control) 6.76 + 0.03c 88.83+0.60b

The letters a—d in the column indicate statistically significant differences (p < 0.05)
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Figure 4. Starch hydrolysis rate (%) of FMRB produced by various types of GBF

compared with white bread and wheat flour
Total phenolic content (TPC) and ABTS radical-scavenging activity

The phenolic content of the developed R40: PG60 bar was analyzed and compared
with that of bars formulated using 100% raw GBF, 100% pregelatinized GBF, and 100% wheat
flour. The study revealed that the phenolic content extracted before in vitro digestion, following
the INFOGEST 2.0 protocol, was lower in all samples than the values obtained after digestion.
Among the predigested samples, the bar made from 100% pre- gelatinized banana flour
exhibited the highest phenolic content (0.54 + 0.07 mg GAE/g), followed by the R40:PG60 bar
(0.31 £ 0.03 mg GAE/g) and the 100% raw GFB bar (0.26 £ 0.04 mg GAE/g), and the
differences between these two samples were not statistically significant (p < 0.05). In contrast,
the bar prepared with 100% wheat flour had the lowest phenolic content (0.18 + 0.02 mg
GAE/g), which was significantly different (p < 0.05). After digestion, during the small intestinal
phase, the phenolic content of all samples increased compared to that of the undigested

samples, with no statistically significant differences observed among the samples.

The radical- scavenging assay (ABTS) was used to evaluate the antioxidant capacity
following in vitro gastrointestinal digestion. The results indicated that the ABTS values of all
samples showed no statistically significant differences. The phenolic content and ABTS results

for all the samples are summarized in Table 5.
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Table 5. Total phenolic content (TPC) and ABTS of the FMRB

Total phenolic content

(mg GAE/g dry sample)

ABTS
(mg Trolox/g dry sample)

Samples
Predigested Digested Digested
Raw GBF 0.26+0.04b 1.35+0.22a 19.6415.37a
Pregelatinized GBF 0.54+0.07a 1.50+0.31a 20.3615.47a
R40:PG60 0.31+0.03b 1.30£0.10a 20.9945.45a
Wheat flour 0.18+0.02¢c 1.44+0.30a 20.72+5.91a

The letters a—d in the column indicate statistically significant differences (p < 0.05)

Determination of the proximate macronutrient composition of the FMRB

Proximate composition analysis of the FMRB demonstrated that the macronutrient profile met

the Thai FDA requirements, except for total energy content, as shown in Table 6. This exception was

intentional, as the formulation allowed for subsequent flavor coating to achieve a final product energy

range of 200—250 kcal per serving, which is considered appropriate for a meal replacement product.

The preliminary analysis indicated that each uncoated 50 g bar provided 170 kcal, consisting of 25 g

carbohydrate (58.82%), 13 g protein (30.59%), and 2 g fat (10.59%). Notably, each bar contained 3 g

of naturally derived insoluble fiber and only 3 g of sugar per serving, reflecting a low- sugar, high-fiber

formulation.

Table 6. The proximate macronutrient composition of the 50 g FMRB

FDA Thailand
o,
regulation Amount Energy sl
Micronutrients of developed
o,
(%of total energy (g) (kcal) product
of the product)
Total Carbohydrate 25
Insoluble fiber 3
Not specified 100 58.82
Soluble fiber Less than 1
Total sugar 3
Total Protein 20-50 13 52 30.59
Total Fat <30 2 18 10.59
Total 170 100
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DISCUSSION

The textural differences observed across the formulations highlight the impact of starch
gelatinization on the mechanical properties of the bars. High proportions of pre-gelatinized GBF
resulted in overly dry and brittle textures, in contrast to the adhesive stickiness of raw GBF.
This behavior reflects the role of gelatinized starch in altering the water- holding capacity and
mechanical integrity. Studies have shown that interactions between starch and water
significantly affect physical properties, such as gelatinization and retrogradation, and affect the
texture and moisture retention in flour-based systems 2, Similarly, in gluten-free oat dough,
higher levels of gelatinized flour increased bound water and improved rheological properties,

illustrating how gelatinized starch modifies the dough structure 22

. Together, these findings
support the notion that blending raw and pre- gelatinized GBF, particularly at R40: PG60,

optimizes the textural quality.

Raw GBF significantly elevated the RS content of the bars. However, the R40:PG60
flour mixture achieved a moderate RS level (26.24 + 0.25%) while maintaining an acceptable
texture. This supports the established role of GBF as a rich source of RS, which promotes
slower glucose release and lower glycemic responses. GBF has been reported to contain up
to 66.5% RS and is considered an effective low-Gl ingredient 2 RS from banana flour has
also been documented to contribute to reduced starch digestibility in baked goods and
significantly lower pGl. For example, banana-flour bread with RS had a pGl of approximately
65 compared to 82 for control bread # These studies corroborate our findings that a higher
RS content yields bars with a reduced pGl relative to wheat flour controls. However, the pGl of

the R40:PG60 formulation is in the high Gl range.

The phenolic compounds in the unbaked bars increased in content following in-vitro
digestion, consistent with enhanced bioaccessibility due to digestion- mediated matrix
breakdown. In several studies, simulated gastrointestinal digestion has been shown to alter
phenolic release and, in some cases, increase bioaccessibility. For example, fermented Aloe
vera juices exhibit significantly increased total phenolic content and antioxidant activity post-
digestion s, Similarly, chestnut shell phenolics showed notable increases in TPC during
intestinal digestion owing to enzymatic and pH effects®®. These findings align with our
observation that the digestion process increases phenolic availability across all formulations,

even when pre-digestive differences in TPC exist.

The R40:PG60 formulation displayed a post-digestion ABTS radical scavenging activity

of 20.99 + 5.45 mg Trolox/g, suggesting that post-simulated gastrointestinal digestion also found
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its antioxidant potential25. These findings support that the digestive process can positively
influence the bioactivity of phenolic-rich food formulations, reinforcing the functional potential of

GBF-based bars.

The nutrient profile of the 50 g FMRB meets the Thai FDA standards for meal
replacement products, and the intentionally lower caloric content of the uncoated bar (170 kcal)
allows flexibility for flavor coating while keeping the final product within the 200-250 kcal target.
High fiber and protein content with minimal sugar position the bar as a health-conscious option,

particularly for glycemic control and digestive wellness.

CONCLUSION

The R40:PG60 formulation exhibited the best overall qualities. 50 g of each FMRB
contains 170 kcal, 25 g of carbohydrates, 13 g of protein, and 2 g of fat, providing 58.82%,
30.59%, and 10.59% of the total energy, respectively. Moreover, it still contains RS and phenolic
content. Overall, the R40: PG60 formulation appears to be a promising option for developing
local functional meal replacement bars to address obesity-related health issues in Thailand.
Future research should include sensory evaluation, human glycemic response studies, and

consumer acceptance testing to validate the real-world applicability of the findings.
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ABSTRACT

Food waste is a source of methane (CH,) gas, which is one of the greenhouse gases that
cause global warming problems that every country around the world needs to pay attention to. In
addition, food waste is also a cause of the spread of some zoonotic diseases. The objective is to study
the process of creating a new research model (ZSGW-PM) to raise awareness of food waste
management with positive motivation. Research methods consist of the effective selection of variables
or factors from basic personal information, knowledge, attitudes and behaviors in separating waste into
types, especially separating food waste from other types of waste. The statistics used are Chi-square
and Pearson's correlation. Another method is creating research models using multiple regression

analysis. Research results consisted of 8 multiple regression models were created. The main model
had a coefficient of determination (R2) of 0.645, and another 7 secondary models had R? between 0.643

—0.737 (p < 0.01). The finding models named “Models of raising awareness about zoonoses and global
warming with positive motivation (ZSGW-PM) models.” The models from this research project were
combined with other approaches in Thailand to predict and create more motivation for people to separate

waste into categories, especially food waste, as an integrated approach for waste reduction.

Key words: zoonoses, waste separation, food waste, global warming, ZSGW - Positive Motivation Models
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3.1 rm@mfﬂaauqmmwm%aaﬁa%’s
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J3znaudsnuuRaUINY 1 q@m”aﬁwmu U 48 28 4 2 gﬂu,uuﬁa sRasaulall (Google
=) “q: =3 v o = Qq: lé 1
form) WaLTAANTEONY lAUNIRAITHA TOMDNNALATUNUNIRNG TIHIUMTATITFOLANNATIAY
& L o A A A o & v Aa A A Ao
14811 (Content validity) I@ﬂmmmaﬂummmﬂm"uaaLﬂuamaqugwwaﬁmLmaawaminsl
FIUIN 3 YN

A a

ladaailanuaaansad (Index of item objective congruence : 10C) Afdnasy = 1 uaily
avIaEaUAMNLTEY (Reliability) dramailunasasldnungudszmoueny 18 d4wly (Try out) ﬁagﬂu
NN AL Gfavlajslﬁﬂswwuﬁag}"l,uﬂﬁqim”aaam $wam 12 an JadaulszintuoavvasasauLna
(Cronbach’s alpha coefficient) le52%319 0.637 - 0.894 TIWTH ALY 0.873 waiam”'mqaw afaziin 14
59le

3.2 sudsznaviniasiaise

Uznaudisuuusaunin 1 gadafnin $1waw 48 do § 2 juuuude sliaseulay (Google
form) ussafianszans aslumanuwin laenisassiia Tafouezniiantunivue S’iﬁdpﬁﬁ]‘"ﬂw‘"@ummﬂ
mIfaauinmtoystywimianves Tymanasen uazymlsndadensan usiaulnod

NIB&N s'a&Jﬁ‘umiﬂummﬁmmsuﬁa%mmm:’?mm:ﬁqﬁﬁmstﬁmaaIsa@@@ia el mwﬁuwgﬂﬂu
matfasnn (Protection Motivation Theory) lag Rogers6 LLﬂtﬂﬂHﬁﬂ’lifujﬂ’mﬁ'&ﬂu (Social cognition

theory) lasBandura’ WUL&OUAINUIZNOUGIY 4 &% LLa:mﬁﬁﬂ”ﬂﬁﬁﬂﬁ%z\jwﬁmmd (Protection of
human the rights)

4.mM3iusIuTINTays

umurndayalaslslusunsudniagd Google form, Microsoft Excel uaziBM SPSS

5.M33LAzHIBYA

ﬁ'}ﬁayjaﬁ"l,@i”uﬁl,mﬁ:ﬂﬂUl”ﬁ’[ﬂsumm«‘hﬁagﬂ IBM SPSS lagafid Aanzdaianssasm lag
MUINUAIANNATELRT (%) fadey (Mean: X) damﬁmmummgm (Standard Deviation: SD)
WEIINIS "imsﬁ:ﬁaﬁ@agmﬂ@mw (Chi-square) Wonasauanududgszmsdameiie
\WsuIiy  (Comparison  Analysis) Lﬂ%'m_u,ﬁﬂumLa.?iﬂmaamuuummfﬂmuummﬂﬁ LRZAZLIN

WOANTIN 3291 NANYIzINT 4 nduAe 1. gausnvezamaidudezd 2. fAusnvszenmsdeuai
3. {ALENTBTaMITLNATI UAz 4. {71 lABuENTEza I

NAFALAMAILANGIIVEIFLARY (Mean: X) Mafiansdensdanuudstsiumadior (One-
Way ANOVA) LazlRanidnaseay WUy Duncan lasniduifisuldlunuisudednammesauiive
MINaFaLITAUANNENNUTVIa YT lagldalifnasaunnuaunus araunusiNesaw (Pearson
correlations) NAROUTIREIMS (2-tailed)® MINAROUIREWIENMT WeNITINGANTINMILNVEz W
Uszanasudluniaidan susfdmsinnsiminanay Multiple regression analysis

waaantin ahadn SUMNININANDUNAADE %38 FUNININADBLLTILFUNNAD (multiple
linear regression) liaMINENNIaWMI oMY WoAnssumIsanszezamluaTisan Gadu

o

Uszlomidansmuuaduulaunslassians lussaudmianasseauilssinalay fvuasaunodan

3
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NIRNANTZAL 0.05 %38 ¢1nd1 AIA LULRALANY :Questionnaire link (Google form):

https://forms.gle/nsKmbVL9gXrK2KV29

RUTLLAG Tyaﬁ’m’]MUWG@Q%ﬁLﬁUTﬁ‘ﬂGfﬁJQGWa’]ﬁaﬂ AANIAN L’]lesﬁﬁﬁ’]ﬁﬂd’]%aﬂLL’)@]&B&JLLazﬂ’JUQN

NAN19228

1. uamsdnsdedudnyaaa

INNNIINATIERAIRDALTINTIUU (Descriptive Analysis) Lﬁaﬁwmﬁﬁﬂmﬂaﬁya’auqﬂﬂa
(muﬁ 1130 8% A VaILLLFOUDIN) WUN ﬂﬁjwéﬁamﬁm 432 78 (Sasaz 100) uuuaanla 98
T8 URZWLUNTZAN 334 Mudnwlngilwnandy 258 318 (Fauaz 59.7) sasavaLiwwasiy 159
T8 (Fopaz 36.8) uaziwanaian 9 Mo (Fauaz 2.1) lanfenyszning 18 T uaz 76 1

muslmijvﬂmﬁ‘ﬂagslu NINWIRIUAT 108 37 (3988 25.1) sadaamagrl,umﬂﬂma 90 1Y
(Fowaz 20.9) affluninaziuean 85 1o (Fauaz 19.7) aglunianile 73 e (Fauaz 17) aglumald
45 7y (Fauaz 10.4) aglumaazineanidoanile 23 11 (Fausr 5.3) uaz aglunmaaziuen 7 1u
(70882 1.6)

mﬂmiﬁﬁaﬁ]mwmﬁumuqﬂﬂaLLa:mmLﬁuLﬁmn‘”ué’aﬂu voIgAauLLLFaLNN U UITE
Tasam3# $199% 425 Te RgatumMIuenuszemsaananaezria l luashideu wudi fusnyse
madudszd 188 T (Sauaz 43.52) ﬁ;gl,mﬂw:mmsﬂam% 104 18 (Fauaz 24.07) druonues
21MNTLNIAST 107 1o (Fauaz 24.77) uas fif ldipuonapzanm 26 o (Fauaz 6.02)

miﬁe‘hnamm@;ﬁ'uaﬂmyzmmiaaﬂmﬂmﬂzﬂ”ﬂﬂ namsgalulasimsispiing Kooy
WULROUDNEIWIK 297 18 (30882 68.8) LHAKIN Lﬁammazm@, I 273 T8 (3088 63.2) LRI
AANARMLANIINVEZEIMNT, $1WI% 160 318 (308az 37.0) IRWIEIEIININNUALTEZANaANUEZAIN
TIATIVOINUNIWLALVLE, 1UI% 160 318 (30882 37.0) LAWI ag%'ﬂﬁ?aumﬁau, TIUIU 148 T8
(30082 34.3) Wini ieamuazandmsuusnuazaullany, s1wim 130 o (3ooaz 30.1) 1wi e
grawNplu natesiunisunisznaveslsalada-19, S1uan 111 1o (Fowaz 25.7) wwi ilthiu
2N TEa T, $1Wn 98 T (Fapar 22.7) Wi i lUvnsiwanganw wazilumain anudew

ﬁﬂ%%’umqwaﬁuq Ietun dosruuwasaanae: Wunminees wedesruanudseanole
duan iaidudratefiduazianuatnamnzay 1eaaue: aalaniou saniszzaslan azaanlums
UA1R flasann usnpzemIsdeiasniunzaalula

éﬂiwmwmﬁumad;&’mauu,mJaaumulmm%"ﬂimomif: §uan 432 Ty Amnumn

' o
o 1 a

ewanadnuinauanles wod Gfvindudsedn duan 247 1o (Fesa 57.18), dnvihesaisduwam

(%
a [

94 11 (Fauaz 21.76), NYINUWATI 58 My (Fauaz 13.43) , uaxdly Wiapingawana@nyianauanlgsn
WU 27 8 (308 6.25) AURIAU
frasungf lduensszanmiseananvozi lulueiiiten dsmguanansldszniy 1Inkams

frannufaiululazemaidoi lduniidwiasdennfinzusnuo: dwim 92 o (Sewaz 21.3) lidl

96


https://forms.gle/nsKmbVL9gXrK2KV29

A
ﬁi;\ Journal of Nutrition Association of Thailand (Online) ISSN 3056-9192 (Online)

LA W 117 T8 (38882 27.1), AAILALINIINBNIWIAL mﬂ:ﬁﬁﬂﬂmi’mﬁ’uagjﬁ UIU 122 18
(

(Fawaz 28.2), Aainmausnvezidwsaadntesliltisesndasudla s 30 T (Sawaz 6.9) T
A a Aa v ] ;{ a < A R s [ v a 1 A v

wNaau s vaLdlaun 4ifis veeTsiudansamnmuni entsdununutnsnanIodinuaeiv des

Itmawly  ldfidsszuandeinnae: lidaweclduen lidussgele  wonhildusndhe wes

DENFNAIENTIIAGY (DRN.) lﬁq@mqwﬂwmmmsm

2 uansasslataanisaansuInIsIansiawas: ade anANINANDINEAD
pﬁﬁ?ﬂvl,@‘fﬁ'lmﬁl,mw:ﬁiaqﬂamnLuuuaaiumu LRZABWUNNTUSHITIOMIVLL IUATIS O

Sip% FUNININANDUNNAH (Multiple regression equations) %30 auﬂ’liminﬂnam%\uﬁuWQQm

; ; ; . 9,10,11,12 4 ¢ oA - o
(Multiple linear regression equations) LNBNTIIWEINIHAIBNIUNIY NOANITIUNITIANITVLLDINRT

7 . . . = kg a {o a (o
luataTeu lugdazuuuunasgiu nia Standardized Coefficients Taraaadainunnufid198s Jaauly
A o o e o A
wiatfd ldTamugmantfasih

Aaa

> % A > a A o o A > 6 Qs a

a3 (MIaaaulsdase nIaaudsrinmwe nie audswennsal) 7 aaudsnidantwaluaums
nananatIlneEANIRAR (p-value < 0.0001) TugumsnanidunLaTILIN LA

1. Knowledge about Leptospirosis (Zoonosis) \udadiniufl 16 fa aujuazanudila
weanulindnunialiaadloaldlsfania lsndny uliadadeniing i wy 71 ane Wuwinzih
e wuafi -138 (Leptospira spp.) Lm”ﬂgji'nmﬂﬂuimmaﬁmﬁfa MIAVWAL MIIVUTEMH IR ITHAZIN
Aa X X o A v A o a o o & '
mmakﬂﬂzﬂuaﬂmmummi Taaaunan U0ATHETHITI WIEU AUAd 1IaNaNULe LTI

a a A A & A A )
I@ﬂLﬂW’]:ﬂuadLLaziﬂum’] mﬂﬁguLLN’%:WUﬂﬂ:@"mu LU@LNaﬂLﬂuaL%aa\j mﬂ’]i‘ﬂ’]dﬂa(ﬂaﬂm‘u VL?J
@943,14,15

& A @ A da o o a ' o a
Wwiaaa @]‘]JLLL"]ZVL@]’J’]U LLaza"l"flLﬁU’ﬂ’J@]VL a’]%iuaﬂ’]uﬂqifﬁisﬂﬂﬁ‘ﬂa WUIN ﬂﬁLﬂuIiﬂ(ﬂ@(ﬂﬂﬁnﬂ

é’m’fﬁﬂu NAIENTLII T9 AILG TUN 1 WNTAY - 13 RIMAN 2568 Hihoazaw 2,298 1 ﬁE\ITLE‘dTEI%’AJ@]
' A @ A A ' & ' A v A Aa A A '
29 Mo niuagAwurhsnfiga fAa nguany 60 Pauld NNy NWLHLFuTInNNge Aa nduaiy
50 - 59 9'°
2. Knowledge about Global Warming tiugadauten 12 fa annujuazanudilainoany
azlansaunizlan3au (Global Warming) fan1ieh AnaiSaunszan (Greenhouse Gas) AANAUIIF
=) U 1 v o v =3 l&’ tﬂl
INAINAL 1 LLa:ﬂa@ﬂaamaaﬂwﬂugﬂLLuwaamwmau m‘l%qm%qmaﬂaﬂgwu 1i937n

Usinahadeunszanfannifinluanfimseadufamanil ldun ensuanlasanlad (CO,) Tnm (CH,) Tn
asxean ke (N,0) waznguiawgaaiiua (HFC, PFC, SF, NF3)"’

3. Family members ({ugadonutaf 6 fis s1winaundnlunsauas?

4. Attitude scores 18 ATUWWLANAATINLABIRLMIULNTE

5. Knowledge scores Ao ﬂZLLuummiﬁuLﬁmﬂ”umil,wﬂ“u g

6. The frequency or level of food waste separation Hudadointad 39 Ao anuinieszau
msugnuazanms (linagzemsnunuaszdsannaule)

7. The frequency or level of reusing plastic bags with handles Lﬂuﬁ’aﬁmm“ﬁaﬁ 46 fa mwuﬁ‘

o

wiaszaumahgenanadnuinauanles (lldasadeads, dnauanlds)
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Wadiaszdng@nssunisuanuaza1nisiude 39 lasldafiinaaay Pearson Chi-

Square(N=432) WUINHANNFNN BTN wn@nsmnwnﬁuqmﬁwﬂﬁw luta 46 agadnadamng

1wl

6@ 7 0.01 (p-value = 0.000)laswuin vfmqwdmmﬂmUza’mwnﬂuﬂi:ﬁiw LLafzmjugﬁLmnw:mmi
fu'aﬂﬂ%ﬁﬁwqﬁmiumﬂﬁuqmﬁamwsg’uﬂuﬂs:ﬁ‘h lusauaz 72.0 uazfauaz 47.6 audaugasy
LULROUINNLNMY Ty Talawin Iggiernanldugzanms

FnsumulInn (M3 @ausinual) fa Z (Waste separation behavior scores) Gaiunzumnn
woanssulunisusnagzaimisaananueslssnnaugluasisouuaasie mavenvezdudszinnle
AT ﬁwﬁuﬂizﬁwﬁ%wﬁuﬁuﬁwmm (R) 283902u1/5a% (Dependent Variable) waz@aulswannyat
(Predictors) ¥ 0.803 snan1ls=ananiiviniuie niaeanszantvesnmsaasnla (Coefficient of

Determination: R?) 1¥inu 0.645 Aaudlusasas 64.50 agnslinad@ A 9ai@ (p-value <0.0001) aalu

= =
N139N 1 LA A1979N 2

Qv

A13199 1 UFAIFAT 89ABRTZVAINITNANDEY ANBIANBRIZVRILABIARD AaDialan uazszaunaEAt

o

VAIRUNITINADNBY (Regression equation) LRZLAMLARS (Residual) ﬂw\‘lzﬂﬂmmuau Ll,azgﬂﬂ:tmu

43
ZSGW Positive motivation Sum of Squares degree of freedom Mean
Model (SS) (df) Square (MS) F Sig.
Regression equation 6533.867 7 933.41 104.749 0.000°
Residual 3591.094 403 8.911
Total 10124.961 410

® Predictors: A1@971, S1UIUFNITN IUATOLATA, AZUUUAIING, AZUULLINAG, mwjﬁm:mmLiﬂmﬁmﬁ'u Iﬁﬂﬁml, %38 lsaal
loslulsda, anujuazanudhlafisiunnzlaniau, anudimausnuozanms wszanadmabhgwaadnydinauanlde

Dependent Variable: AZLWWNDANITUNILENT L

NAIFIR 1 wamiﬁwmmﬂ'waﬁﬁmaﬂﬂmmuﬁn%agﬁ IBM SPSS A1a7z# uazlananis
nagay G
1. Ane9edaIz (df) VaIN1INANBEY (regression) WINNU 7 LaZANBIAIBRIZVDILAMLIARD
(Residual) L¥inNU 403
2. DA LEWNVBININAROUNINANDY Th DIABETE 7 WAZ403 UALYINNL 104.749 uazdl
1 p-value (Sig.) #88n91 0.0001 L&A 1 7 sy Afsnswademsasuulasues aaudsany
(dependent variable: Z,) fa ﬂZLLuquﬁﬂiiwmiLmﬂmU:Lfluﬂizmﬂ (Behavior scores) aﬂﬂdﬁﬁﬂﬁﬁﬂ”mu
NIFNG (p-value < 0.0001) S'f'i'aLLaquL@amaamﬁmm:ﬁﬁamaauauwagm (ZSGW Positive

motivation model) 7901135199 2
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013197 2 UWEAINITIATTALNONATOLFNNAFIUG Y shAnInanoulTILFUNA D (Multiple Regression

Analysis) a@ﬂim@mﬁﬂ (1St Model Summary) : Hypothesis test - ZSGW Positive motivation model®

aaudsviune (Predictors) B Std. Error Beta t Sig.t
X, mmﬁlummmnw:mmic (The frequency of food waste -2.77 0.162 -0.54 -17.141 0.000
separation)

X,; ﬂ'nuﬁlumiﬁwqawmaﬁﬂgﬁané"uml%%ﬂ“ (The frequency of -1.684 0.169 -0.31 -9.992  0.000
reusing plastic bags with handles)

X, auuazanudilafisaiy Tsndvy wie lsawulaslulsds 1126 0307 011 3669  0.000
(Knowledge about leptospirosis-Zoonosis/ZS)

X,; mmjua:mmn]”ﬂaLﬁﬂaﬂ”unwaziaﬂ%“au (Knowledge about 0.811 0.371 0.078 2.187  0.029
global warming/GW)

X, Fuuandnluasauain (Number of family members) 0.448 0.208 0.066 2.155 0.032
X AZULUKLANAG (Attitude scores) 0.232 0.049 0.153 4.74 0.000
X;; ﬂ:LLuumwf(Knowledge scores) 0.184 0.034 0.189 5.445 0.000
C; fnaafi (Constant) 21.85 1.395 - 15.662 0.000

Y ag Zy; ﬂ:LLuquﬁﬂﬁu (Behavior scores)
R =0.803" , R?=0.645, Adjusted R Square = 0.639 , Std. Error = 2.985
Multiple Regression equation ; p-value < 0.0001, Durbin-Watson = 1.865

P ' o a £
Beta fAa AaNUsEansaanay
*eaudidu wia daudsdasr wia mudivhwe (Predictors): Aaafl, Swanaandnluaseuail, azuuuaNg, AzuUwAaAG,
o o A o A A A o o A o o o
anuzuazanuiilafisany lsadny wia lsanUlaaldlsds, anuiuazanudhlafisinonnzlaniou, szaunuonuozaims
LLazsz@T‘umsﬁnqawmaﬁﬂuﬁaﬂﬁum‘l’ﬁﬂﬁﬂ
® gaudsinoust w38 @audsanu (Dependent Variable): asuuuneAnssu (Behavior scores)
°anud %380 STALUMSLENYIZENANT (The frequency of food waste separation) 1=usnvezidndszdn 2=uanvezissnss 3=uan
PHLUNATI 4= BLALLENVHZDINT
? anud wia szaunmahgewanadnpfanauanlddn (The frequency of reusing plastic bags with handles) 1= (utlizdn 2 =

Up8ATd 3 = UN9ATI 4 = vl&iLﬂUﬁ’]q&WﬂﬂﬁaﬂﬁﬁlﬂﬂuﬂJNﬂ%‘ﬁ’l

IMNA1T19H 2 mﬁi’wﬂs:aﬂﬁ%mﬁlﬁuﬁwmm (R) 1890711/3@"4 (Dependent Variable)
waz@ulswennsoh (Predictors) LYy 0.803 AnawszAninsvinune niadaulssansvains
Aafwla (Coefficient of Determination: R?) LY 0.645 Aaillusasas 64.50 agvilndmanmasia (p-
value <0.0001) ilaifoud x thaunuenluaumalvignla’leie

1 X, wuods awdlunsuenuezernts dudu Gasu (1) Tanulusunis sadu
SN RNTINMINTINT TN I LD AN W

fin X, nuneil mwmﬁlumiﬁﬂqawma@ﬂ‘g‘ﬁ”ﬁﬂﬁuml i1 ddu Geau () Tennulu
quns 30w “Wt‘]aﬂiiuﬂ’lﬂ“ﬁq\‘lwa’lﬁaﬂm‘lﬁ”lLﬁﬂdﬂ%@ﬂ’aﬁd”

v s

ldaumInanasfdunuaianin lugdazuuuinaiziu nia Standardized Coefficients Ak
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Z (AzuunanaIgu wodnssunsusnaezdulszian = 0.110 anwziveslindny wie laaway
laalulsda (lsndadaandaigan) + 0.078 anwujizasnizlaniau + 0.066 Srwusandnluasauain
+0.153 AZULUWLAAAG + 0.189 ATUUUANS - 0.540 WOANTIUMTNTINTBZBIMINUBZUTEANDY -

0.310 wadnssumslininaadnyiuisIniadonfi

Z (waste separation behavior scores) = 0.110 knowledge about leptospirosis (zoonosis) + 0.078 knowledge
about global warming + 0.066 number of family members + 0.153 attitude scores + 0.189 knowledge scores -

0.540 disposing of food waste together with other types of waste - 0.310 using plastic bags only once

R=0.803 R?=0.645 Adjusted R Square = 0639  Std. Error = 2.985
(ZSGW Positive motivation model; p < 0.01, Durbin-Watson = 1.865)

MWFUMT URAIFUNNTNANDINWAD RIDFUNNINNINANDLLTIFEUNAA M (Multiple linear
regression) tRamInenIniniavhwiswginmsunsusnezidudszianlugdezuuuinagu
(Standardized Coefficients)

v ' a = n:i ,&/ 1 [ qq:

sydanaunisnanaslddn dezuuuwgdnssumsuenusziinafowudasdvegnu Jaduns 7
duisdaszaiilnpdany (p-value < 0.0001)

A« v 9 A A o o v Ao % A A

anlueawin Adudedunulunsitvdadulueanandisdu Sdaudsluaunisionfign e 7
duds dI9pldaieluiaates 8n 7 luiea udu 8 luwaa theazainlunsldnu Gnnsldrinme
- on o e A S o . o 2
’JLﬂi’lzﬁqmaNU@]@nLLﬂi w4 AFudseEnivasmiaaaula (Coefficient of Determination: R2) 3 8
luiaa ot 3219 0.643 119 0.737 Aaudusanaz 64.30 i Jawaz 73.7 atwfiibdAyn9aia (p-value

[ { A I ' o o oA % . H
<0.0001) 4913197 3 Tadunguluiaadmignands 1 au (Single Models Group) Uaz A1519% 4

fmsugendedunseunsiunnndi 1 Ay (Family Models Group)

@13191 3 aydquansuzlueanennIalwgAnIINN1IULNTLE (ZSGW Positive Motivation Models)
lungueends 1 au (Single)

Multiple Regression equation; ZSGW Positive Motivation Models-Single Models Group

Single Single Single
autlsrinue (Predictors) Model1* Model2* Model3*

(Beta) (Beta) (Beta)
X,; AZUUUANNT 0.153 0.106 0.235
X,; ATUUULAANA 0.152 0.088 0.155
X,; auFuazenudilafiniy Tsadny

0.094 0.088 0.079

TsaadloslulsGs
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X, mmftm:mmvﬁﬂaLﬁm'm”um';ﬂﬁn%ﬂu 0.101 0.064 0.094
X, anudlumsugnuazamns -0.48 -0.501 -0.46
X, mmfﬂumsﬁwqawmaﬁn‘gﬁ’mé’um‘lﬁsﬁwb -0.304 -0.286 -0.236
X,. WOANIIWULENEZANAITRBANUTZ AR 0.196
a A a & a &

X,; WninTaungnussiFedolse uazvuzdaite 0.335
X,; mmfﬂumsﬂﬁmﬁqawmaﬁﬂLﬁa%aﬁuﬁ”ﬂd -0.347
R 0.802 0.844 0.859

2
R 0.643 0.713 0.737
Adjusted R Square 0.637 0.708 0.733
Std. Error 2.847 2.584 2.535
Durbin-Watson 1.841 1.879 1.984
F 101.315 137.84 159.257

Z; AZLUWUWDANTIN (Behavior scores)

*p-value < 0.0001
Beta fia AdulszAndnanay
@ mwﬁ%%aimvun’mmﬂmUzm‘mi (The frequency or level of food waste separation) fia 1 = upnvezamisidudszdn, 2 = uen
YPzaMNTULAI, 3 = WUNVLZEMNTLIIRSY, 4 = lilABLENVEZ AT
b mwﬁ'ﬁasm‘”urmmqawmaﬁﬂﬁgﬁf’aﬂﬁ'umsli% (The frequency or level of reusing plastic bags with handles) fia 1 = 1ilu
tlyzdn, 2 = ﬁaﬂﬂ%ﬂ, 3= maﬂiﬁi, 4 = lajiny mqumaﬁnmﬁmé’umi‘ﬁ%ﬂ
d m’]Nﬁlw%im”m‘nwﬂﬁLaﬁq\iwmaﬁﬂLﬁ‘a%ﬂﬁuﬁ’] (The frequency or level of refusing plastic bags when shopping) Aa 1 = il

iz, 2 = dapady, 3 = v9aiy, 4 = lilee Ujesnenaadniliofaduen

MANN 3 AuansuzlueaneNnIninnAnIIuMIuenYLz (ZSGW Positive Motivation
Models) 1uﬂ§jup§ﬁaﬂﬁ'ﬂ 1 0w (Single) 311w 3 Tuiaa Seaudsau wia Tasuildaiunsnadasuulas
B090ulI0NY fa AzuuunnAnsIunsusnaeziulszinn (Behavior scores) ldun 1.azuuuaNg 2.
ATULWLINAG 3.mm§uazmmL’ﬂ”ﬂﬁ]Lﬁmﬂ”ﬂimaﬂ@a"lﬂie?ja (Zoonosis) 4.aMuuazANUITIla
\fignnunazlansaw (Global warming) 5.aufilumsuenagzaImis 6.mmﬁ'1umiﬁwqawmaaﬂ*@jﬁya
nauInlddn 7. Wn@nTsumsugnuszeTmnsienuEza1n  8.NgANIINLENTLELENIRALTouRT YUz fa
o uaz 9.mmﬁ'1umiﬂ§|,aﬁqdwmaﬁmﬁa%aﬁuﬁw Taufienauilszansvasmidagula (Coefficient of
Determination: R?) u@azlatas iy 0643 , 0.713 uaz 0.737 agvdlnwdmenmesia (p-value
<0.0001) eNS1AU
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@13197 4 apguansuzluaawaInnIatnAnTINMILLNTLE (ZSGW Positive Motivation Models) Tu

mﬂ;llQﬁaﬂﬁULﬂuﬂiaUﬂ{ﬁwﬁﬂﬂiﬁ 10n

Multiple Regression equation; ZSGW Positive Motivation Models-Family Models Group

Family Family Family Family Family
Model Model Model Model Model
aaulsyiune (Predictors) 1% o 3+ 4 5

(Beta) (Beta) (Beta) (Beta) (Beta)

X,; wusindnluasauaia 0.066 0.064 0063 0073 0.057
X,; AZUBHAIING 0189 0147 0124  0.094  0.191
Xy ATUUUIAANG 0153 0158 0142 0115 0.144

X,; anuiuazanutlafioany Tsadnu
a B 0.078 0.076 0.073 0.081 0.081

cavlaslulsga)

Xs; mmfua:mmn]”ﬂaLﬁﬂnn”umﬂn:Iaﬂ%”au 0410 0102 0111 0076 0.1

X, anwhlumsugnagzems’ 0540 -0.461 -0.481 -0514 -0.457

4 . A X . a.LTh

X;; anwilunsihgewanadnpfianauanlesn -0.310  -0.302 -0.319 -0.301  -0.21

Xy wqﬁﬂsmmelm:mmsvﬁaﬂﬁag{ﬂﬁ?}oLn@ﬁau 0.196

X,; WOANTINLENVLZaNMIIRBANEZAIN TaIWiNIWALTLE Wi IR 0.224

WHNIULA LV

Xy, NOANTINNTUENVLEUATIE 0.27

X, audlunisiigedn wiagawanadnlginle ludefum® -0.322

R 0.803 0.803 0.809 0.825 0.854

R* 0.645 0.645 0.655 0.680 0.729

Adjusted R Square 0.639 0.638 0.648 0.674 0.724

Std. Error 2985 2843 2804 2729 2614

Durbin-Watson 1865 1906 1718 1817 1815

F 104.7 89.17 92.98 103.2 134.9
49 9 5 81 00

Sig. 0000 0000 0.000 0.000  0.000

Z; AZUUUNDANIIN (Behavior scores)

*p-value < 0.0001 WaNBLAA: Family Model 1 1w lataausnfidunulunuide
= 1 - a Af
Beta fia fnauilsz@nioanan
@ ﬂ’nuﬁ%%ai:@ﬁmmﬂﬂ‘uU:m‘VHi(The frequency or level of food waste separation) fa1= wanvozanmaiduiezdn, 2 = uen
2D WNTUBHATY, 3 = UUNTUZATMITUNATY, 4 = lLABULEATEZEWT
b mﬂuﬁ%%ai:@ﬁmiﬁﬂq\ﬂwmaﬁﬂﬁﬁanﬁ’uml‘ﬁ"ﬁﬁ (The frequency or level of reusing plastic bags with handles) Aa 1 = 1w
Uszdn, 2 = dapady, 3 = u9a3, 4 = lilae shgewanadnpianauanlddn
° eI TzaUM TN M%agawmaﬁﬂlﬁéﬁﬂﬁ l4Ja&ue (The frequency or level of reusing cloth bags or plastic bags for

shopping) fia 1 = 1lutlszdn, 2 = dauady, 3 = 1Ay, 4 = Litas shgedh wiagawaadnlddnle ludadued
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NANTIN 4 auansuzlueanennIninnAnIsunIuenuez (ZSGW Positive Motivation
Models) luﬂz\jwjﬁ'mﬁmLﬂuﬂsauc«'r%“'amﬂﬂ'h 1 aw (Family) $1w2w 5 lutaa oo Tuaad 1 idulueansn
ARy lumjuiumaﬁ deudsdn wie Tesuilltefunamafouudasasiulsany fa azuun
wqaﬂﬁuﬂ’mwﬂﬂlUszluiJizm“n (Behavior scores) laun 1.3 wnanndnluaseunsd 2.ﬂzLLuum’m§”
3.ATUUWLANAR 4.ﬂ’sﬁw§|,m:ﬂ’nwl,°ﬁﬂaLﬁﬂan”uisﬂLaﬂImavlﬂiisﬁa (Zoonosis) 5.A1w3kazAITNY
\Apanun1zlaniowu (Global warming) 6.aualumsugnuezaImIs 7. mwﬁlum‘sﬁwqawmaaﬂﬁﬁa
navanlgen 8.wq§miumnmn°ﬂﬂ:mmnﬁamsmﬁhﬁ?amm’au 9. WO ANTTUNIULNTYZETMNILRD
AMUFZAINVAINBNNWALVLZAIDRIRITABN  WALVEE  11L.WGANTINLENLZAUATIE ez 12.
mmﬁ"l,umiﬁ’lqaﬁn%?aqawmaansl:’ﬁégﬁvlﬂwlﬂ%aﬁuﬁﬁ Tasudazlutaaiidnsulszantvasmsaaaula
(Coefficient of Determination: R?) 1¥innL  0.645, 0.645, 0.655, 0.680 Laz 0.729 @us1aU a&19d

WHRIAYNIIRDA (p-value <0.0001) ANNEIAL

AYUHANIITEUAZTD LA DU KE
a o R v X Ao A A A A
lutaanuddolningidoasiedu Saudsdas: Asunneuienadfvuudaivasazuun
a = . (% @ o % { & '
wodnTsunsusnaeziiudszinn (Behavior scores) ldnneasiannz 64.3 fis auaz 73.7 Ninda Yuay
Qs = nﬂl Qq: g tﬂl o Qs = a a o v ¥ v 1 a wen
Aueudiaw el Wadiudsnan Mnnseuuwidanaias sythiludannuldidhlalasie uazjuid
v o A di ) o n:?
IdlasriniiiNaanusza1ns uaz wonvendulszinn asb
“UENBBZaIMNIRAINMUNUAGIBanAlEE iidudezd aalsednyiayle uszaalaniaw
“Separate food waste immediately after eating with reusable plastic bags. Do this regularly to
reduce leptospirosis (zoonosis) and global warming.”
ludszinalng §3189un13338 narsuiiiaiidnisnanaswigms (Multiple regression
. & A A o A x> Ada a '
analysis) a1l lwnInensaing@nssunisusnues n3e aavezluasisan laaudsnidniwade
WOANTINAINENILANGINW Y ada U
Feg ussndlwg, e3iad dewwed uazywysin AwTenuIgnt™ Monwlul 2560 woh
drmnauluiswiasynsdnns  fdsninaiunuhwonginmsanssazszaiaiFon 9InmIng
AemzAnanaunnmuULTUAY (Stepwise multiple regression) ldurswiusuBnluaiuaums
suusyuIEIaN MIsuilamafssuazansusfiagandolasaaniniunuriwe ldiauas 41.3
o a 6 A a el :,‘19 = a = [ a o
Anniieg aSaunTnus * monulull 2562 dnwlSouifisuszdunnAnsiunisdausnuozyes
A% 4 Generations uazdumaduflinasdeszaungdnysumidauunupzlasngudiadng da dszznaf
a1dtluanganng MIATZANANALWAA (Multiple Linear Regression) Wui1 Jadefiiinasiaszey
woAnITuMIAauEnTezIaNNLANGIAkluLaRzT918  las  aaudsnlaviwang@nssuiaanuns
fIAVYLUNZNINALL NV maaﬂﬁjmuﬁuummm‘ (Baby Boomer;ﬂ@;wﬂuﬁLﬁ@ﬂwﬁ’N W.71. 2489 — 2507 )
ldunt.dudsunsasugernsiloda 2.ussgslanmelusasnsdauanus: 35wlddaidion uaz 4.5z00
MIANB FINTDNUIENYANTIN IFT8RT 49.1

v

a e a a v Q/Cl‘
wnan owbay, WuSAiwg Auwfuidsy uazUnlund 2edadsd * moowlud 2563 ld

Msinen  anusanIneadaas lunﬁswmmtﬁwqammmsﬁ'@Lmnmmgawam%ﬁﬁau VoI

U
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a1duludiniafsnlan ﬁmiﬂxﬁmnaﬂwmmmuLﬂumgmlau (Stepwise multiple  regression)
NANNIIALWLIN ﬁﬁLLﬂiﬁﬁﬂizﬁﬂ%ﬂ’]WIuﬂ’liWEl’miﬂin]aﬂﬁNﬂ’]‘iﬂv@LLﬂﬂ“llElzﬁqllm»]ailﬂ‘ﬁL%E]u laun
ﬂ'rsvl,@i”%“uﬁmu:ﬁwLr"ﬁ'mn”umiﬂ”mmﬂmmﬁawamnnqmaha%ﬁau wasiantu (beta = 0.377)
w”ﬂuﬂaLﬁmrTumiﬂ”@LmﬂmﬂzgaNam%‘;ﬁau (beta = 0.369) $1wIBMIITUSMTUTUSavasLi (beta
= 0.232) ms"lei”ﬁ"ujm”aga“ﬂnmnr"ﬁérm”un’rm”mmnmmgaﬂam%ﬁau (beta = 0.148) &WIINIINNH
YnewnanssumIAauLen sozyadasaniTousasas 41.60 atnsfistbdndynaaiiafiszey 0.05
AN gﬁﬂﬁ’l uazwanned lanane? nenulud 2566 dnsnuin Ussinfuanmsianms
yg23 lmfavasdszmswlnamauiaisiniadiae agluszauilan M 3 @ dsznoudisdumsaa
BN GUMIALTILTIN uazdmumImida nmslienzilasauminvaunanasidudy (Multiple
Linear Regression) Wui1 a1g swldadsansaison ,ﬁﬁ]fﬁ'ﬂﬁﬁmmgﬂﬁ] LaA AU TR RINIIY
INInNTWIWIE MIsansuesslmasfidlssininavasdszmnauluaanauiaidasmnasans e
Jauaz 43.5 (R?= 0.435)
m;ﬂ“n”aﬁuwﬂulmamﬁﬁ‘ﬁt_ﬂuiumam‘aaﬁ”ﬂdmwumwﬁfﬂiuﬂtymﬁammgﬂm‘%amn ot
ZSGW Positive Motivation Models : Raising awareness on diseases from animal carriers (Zoonoses)
and Global warming with Positive Motivation Models %38 ZSGW-PM Models
UaNIINFUMINANUED 398 ldaaaunyras frnunsnageuTaanasnslEnsiaszins
aanasnnNauNs an 7 aums i 8 sunninanas wie 8 luiaa (ZSGW-PM Models) land
FudszAninissadule (Coefficient of Determination) n3aanaisunladn drgudszaninsviue (R-
squared ; R?) 9E3TI19 0.643 9 0.737 Badudafanldiain sums wae wuUdIaes (duLaa) aN1T
atunsauulsdsanluarndsarnldundesinela mf‘lagmm 0 9 1 Tanafilndidns 1
wingaNyiusuiaasrinansantladuazdanuusingng Genaulszaninsaaguls vas Tuies
mysiwenuaszninludymdiousisladan (ZSGW-PM Models) v 8 Tuiaa audsnaZ wu
agj’Lm:@”mﬁmm’a (Strong positive relationship) ©14 WI9Ln3INTN (Very strong positive relationship)
duldeutaanasunasgiumsldauninanas fanaindaia edszlomflunsinldldudly
Ty Winanziv nquuans Taluszdudszima uazszdumne Sovnsinluies ZSGW-PM Models T
TN UsunnAnssunsuenues aEsanIniumg wie wensoh sraungansumsugnuedudsznm
6199 209032 m1NIN9MNA @M IUsziinenet azuuungdnssumsugnuesdudszian (Behavior
scores) AdLTH ANNTHNMIE (Predicted Value) wadnssumsusnvosidulszinn winld luiea Family
Model 1 Vlﬂﬂ%'ulfLﬂuﬁaﬂswﬂ%'uLﬂﬁﬂquaﬂiwﬂgmu azﬁﬂuﬁﬁ’mumﬂ@mayﬁq@ 10.76 AT
ANAZUUUFIFA 31.95 Azuun uazazle fLady (Mean) vasnzuuunganssumsugnuesdulszinnlu
ﬂ%";ﬁau‘luﬂﬁjwﬂszmmﬂ%m@ fl9 23.82 AzUUL (3.99 SD, N = 411) TerzauaLafiy 23.82 ATUUL 32
fngdansrumsuenassiiudszianluasrSenszautunanaduatnaias
mnthdedunufldanlassmsdseil  lnuiuuamosewsnnssugludsanedlng e
wenIoh wazaiansedla mswsnuendulszinnaslanawldnnisiulesianzagzanms e

Auliasugianateu guou uar Hroundymsunedenluleing  fITdaaiisuwimaieniaa

104



A
ﬁi;\ Journal of Nutrition Association of Thailand (Online) ISSN 3056-9192 (Online)

4 Y a Qs QF Q
VUSUVUYIUINT (Guidelines for integrated waste reduction)5 Lﬁ'ﬁ]‘l%Lﬂ(ﬂwaawqmmaaaﬂmmz

wawgia lapihuwimedug smalidoni dsznaudie insesngudlnd weenodd Tuwaaesoma

79 (afn aunieed)”

o o A [ a 6 A o o 694 ]
wuudaasmIaavezluaiiGen lag ANINRBY AIIUNITNNRY ,ﬂ’]ﬁLLfIJGi:T‘l«L
] a A a o o N Aaa oA & o 25 v A o a
IRIRIBLNG I@EJ NaAATHIINN W%]ﬂWﬁ, FIAWT TIATUALRSANLIDU LANUDEY -, AVILNEINY Ii'ﬂ(ﬂ@]@]ﬂ
@ 6. I 13 o ¥ ”I 12 I a 6 a 26 o
PMNFAIFAL N NINATUANLIN RS TBARNTISLANTDY  +AE NININYIFIRAIULINTT bR

a a 4 o o wn € a ' 5
Anmnfiwui:nsianisvszansnugdaniisieslsadedaludzinalng

RUNINADAY N9 8 LULAR FZAIN LAY i’J@]L%’Jluﬂ’liﬁ’]VLﬂﬂizﬂqﬂ@ﬂ“ﬁ W3a aNINIINLATYN
VYT WY amﬁﬂﬁ?ml,nm’au 79849 ﬂaan"'uaqu”@msrﬁmil,ﬁﬂkﬂamia 13489970 wuluieaneInNI
aantdn 2 Uszannslsann s ﬂﬁg:aﬂumaﬁlﬁwmniniml,mquﬁﬂimmiu,mmm:mao;ﬁﬁw”nmﬁ'ﬂﬂu
A . 1 Af o 6 Aa v 1 o 1
@87 (Single) LLa:ﬂqaf[uma‘nslmwmﬂimﬂumuwnmmsumﬂmﬂmﬂ:maaaﬂaglumaumamﬂmw 1
AW (Family)

ﬂﬁa%"ml,l,iagaslﬁﬂuwmmﬂ LLazaﬁ’wawmmﬁfﬂluﬂ’]sﬂadﬁ'uﬂ'mﬁ@qﬁ'ﬁmmimaﬂsﬂamia
AdsaTNnaspssdunIne way anuaTERinNgINuAzlansan 30N MEding N1NVLLAINIT
ey lRUszmowAudszlomiaasmsuanuaza1nis uazsuzdssinnaus laTaian

mﬂmamiﬁﬂsmmwﬁ@Lﬁuluﬂcjuﬁaaﬂﬁdiﬂsaﬂwsﬁﬁiﬁuau 432 578 LNUINUANNLAKLID

tqu/ [ 1 Y o (3 A al' a d%'
u,‘uuaa‘umuq@mﬂuﬂiﬂmﬂumsmsfl,ﬁmu FDINTHENVLLAINT WAL/WID VHULLFUIGALTD LA
A & & LA ' ' . @ . . . & v A A =

Ygriarraiindulenia bl wuqn ﬂi:%ﬁ%uiuﬂqu@aayﬁaaaulﬁcy Windn 11 (Sewaz 95.1) Ninde 1w
41 'l (Favar 4.2) laslWanuiuit usnvozeduds warliiszymena (Souaz 0.7) lapananinisa
doaues uazluaidawduinulanud 8nns maldisasroussgaladsuan (Positive Motivation) dae
NWidE azaivenuaszninIuiTyniesiniaden uazguniva Snnsdalgniadiinluiiasive
f9an lunsusnidszianvezagnadnls wazidnlaazganaduanuiautn tWan InawINg It uda b

AUMNININANDLNAG D Iumamia%ammmwﬁfﬂ’l,m?aﬂsrﬂﬁmiamné’mfﬁﬂu (ZS) uas
\Faannazlaniau (GW) d1ous934laiienan (ZSGW Positive Motivation ; ZSGW-PM Models) laitaa

%] L2 Qs =) AF @
nan ANl szAndnsaaiula (R?) 0.645 uaz lutaasaddn 7 luiaa (R?; 0.643 — 0.737) (p < 0.01)
P ' ) o o A Lo ° o

Tuiu 8 Tuwea weazluiaaiauils 7-8 aauils wiatlae Gerzarnuazuwaingrlunisinldle waasds
ANNENNNTD IuMTENaNTaYnNwENganIIN le3asas 64.3 ©19 TauAs 73.7 a9%l 39AiAnaanuEILSe
A o A A o ) = ) = A
maumaggﬂummamnwaaﬁam’mmwuﬂluﬁrym WU WINIMIIaNIIenV sz dulsznn wa
sagd@nIiveslsadadeaunanguivia Sudideyndls au Jymidug ilewawgunndia
LRZRILIR DN
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Nutritional Status and Factors Associated with Malnutrition Among the Elderly

at Family Medicine Clinic, Mueang District, Trang Province

Tassaya Kanyook*

Department of Family Medicine, Trang Hospital, Trang

ABSTRACT

Malnutrition affects a significant portion of community-dwelling older adults, with prevalence
rates ranging from 20% to 50% . Screening and assessing nutritional status are crucial for providing
appropriate nutritional care. This study aims to determine nutritional status and identify factors
associated with malnutrition among older adults. This cross-sectional study will collect data from elderly
individuals attending a family medicine clinic in Mueang District, Trang Province, between August 2024
and May 2025. Participants will complete questionnaires covering general information, physical health,
nutritional status, Thai cognitive performance test, and Thai Geriatric Depression Scale. Nutritional
status will be analyzed using descriptive statistics. Factors associated with malnutrition will be analyzed
using Chi-square tests and multivariate logistic regression. A total of 1000 participants were included in
the study, with a mean age of 70.33 * 5.22 years. Females constituted 664 (66.4%) and males 336
(33.6%). The prevalence of malnutrition and risk of malnutrition were 4.9% and 23.6%, respectively.
Statistically significant factors associated with malnutrition included body mass index, cancer, exercise,
gastric problems, and chronic pain. This study reveals that approximately one-quarter of older adults
at the family medicine clinic in Mueang District have abnormal nutritional status. Therefore, physicians
and healthcare teams should screen for these issues and implement preventive measures for

malnutrition in all elderly patients.

Key words: Malnutrition, Elderly, Trang Province
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Development of a Forecasting Model for the Number of Patients Receiving

Lunch Services at Rajanukul Institute Using Time Series Analysis

Athipong Prawan'*, Waratjima Poobubpha’
1Rajanukul Institute, Department of Mental Health, Ministry of Public Health, Thailand

ABSTRACT

Lunch services at the Rajanukul Institute experience substantial daily fluctuations in the number
of patients receiving meals (60-150 persons/day) and lack an effective forecasting system. On some
days, meals are insufficient and require urgent additional preparation, increasing the risk of workplace
accidents, while on other days excess food leads to unnecessary waste. This study aimed to develop
a forecasting model for the number of inpatients receiving lunch meals. Patient meal requisition data
were obtained from the hospital information system (HOSxP) between October 1, 2023, and March 31,
2025 (weekdays only). Analysis was performed using the Seasonal Autoregressive Integrated Moving
Average (SARIMA) model and compared with the previous-day method. A seasonal period of five
working days was specified to reflect the weekly service cycle. The results showed that the optimal
model for “total meals” was SARIMA(1,1,1)(0,1,1)[5], with a Mean Absolute Percentage Error (MAPE)
of 6.86%, compared with 12.58% from the previous-day method, representing a statistically significant
reduction in error ( p < 0.05). For other food categories, SARIMA also demonstrated superior accuracy.
In conclusion, the developed SARIMA model can accurately forecast the number of patients receiving
meals and is applicable for hospital foodservice operations. Its implementation can support meal
production planning, reduce resource waste, and improve workplace safety in hospital foodservice

systems.

Key words: time series forecasting, SARIMA model, hospital foodservice planning, patient meal demand

forecasting
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1. 3luuun1373e

myaseidumyisudelSunmansanennsal (predictive study) laglguuudaaseynaniam
Seasonal Autoregressive Integrated Moving Average (SARIMA) lunsassuuudassmamsaiiwan
Wil LLa:Lﬂ%'mJLﬁsmm’mLL;J'uﬂwﬁ'ﬁ%‘ﬁugmm“ﬁaﬁmugﬂaUi'ufiau%ﬁ’]Lflumwsrmmi msienly
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3. 93YHITINNIIVY
nultpitlaumatusesnamenstumytesrsansisnlunyed andumuna (COE No.

01/2568) UazUJURMUNANNIUNATUITLTIINALIATIATA

4. udsidnmn
fayanadnanmsihognduunaanidu 2 ngulng leun
1) NRUANHIULDINTT (Texture types): 8INITTITUAN 9IMIITULEN BIMITFURLNY
MIFUSELA WazaNWTTUHE
2) n§uTad1NAEIUBINT (Dietary restrictions): orw1anald amaslusiud a1mns
Samnn anwatRallsiu 01T amsuREaLngT uazamsuRuNa udu
agnglsnanu L‘ﬁiaﬂ’J’mm&l’]zﬁuluﬂ’ﬁ%mi’]zﬁlf?jdE]‘quﬂi&lL’JEI’]LLNZﬂ’]SﬂitEIqﬂ@ﬂ“ﬁ”ﬂ%\‘i Nwiswil
Wandiesed 7 daudswan leun awnIsaunniszian (Total), 811913533007 (Regular), 91 TB LN
(Soft bite-sized; Soft), mmivl,"lmvuélh (Low Fat; LF), 81%138&a1a (Halal; HL), DIRITUNNZLA (Seafood
allergy; ASF) uazanw1suinlls@wu (High Protein; HP) I@]EIﬂ’]%’]ii"l&lﬂﬂﬂizLﬂYlI‘ﬂuﬂ’]i’J’NLLN%E%’IG%B
Ll,a:wf%'wf@lqﬁﬂumwmu mms:ﬁﬁumLLazmmar%utﬁni“ﬁﬁm%’uﬁ"w,@%'wi“@q@ua'wmfw 1%
gauamladiuen enmIBEa aTmIuRNzLE LLa:mWﬁLﬁNIﬂiauLﬂuﬂ@;Nﬁi‘ﬁﬁ’]%%“].lﬁ’]dLLNuﬂWS‘LI?;G
Usznauamsiwinliusms

5. mim‘%ﬂuLtazﬁ'lmwaza'mifaaa

°1Tayjaﬁl“ﬁ’lumﬁ,ﬂﬁ:ﬁﬂuﬁgmrﬂsﬁumﬂ,ﬁnmmiﬂmﬁumaa;jﬂa ol 3NITUUEIRULNG
T5awenuna (HOSxP) mauaqumﬁuﬁ 1 9a1AN 2566 — 31 Ju1aN 2568 573 548 T4 LUILTWIN
% 6 4 % % 6 a & [ % > £ € A % a o 1 6
IUNS-gn3 391 Iu TwLa1s-a1iagd 157 T uaziungannianndniaiungaiiae 27 i (laisawans-

a G [ o @ [ 6 a 6 A [ o :§ v v a 6

01fiad) nasanaadayaiuai-anfindaan tale 364 Juring sﬁa‘lmﬁumayafl,ummme:‘v\aumm
a1 SnTuiungatndannEnasnuiuiing Jayagniwuaidudiznanis (missing) wazunuea
Aaduiniauniuuuguina1d (Centered Moving Average; CMA) liainmnlasiaiiuwiliuuazggma
VOITATDY A w%”am“’aa@m']mamﬁmﬁawLﬁ@mﬂﬂfmmum@hmquﬁ 991N InaIna l lainng
1%¥U3n19959 @1 0 39 luaeriann1IzNTTUUSMINLASY mumu@h@ﬁﬂf‘;%@”aﬂdwaﬁaﬁﬂﬁﬁa;&aﬁmm
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1) 7alAnHu (Training set): S AN 2566 — 29 NUNTWUT 2568 39w 343 Turinis 17
fmiumadsznudmnniinefuazSauilasiaiaumwi liuuazngmansdlod

2) 7anasoy (Testing set): Sudt 1 - 31 funan 2568 590 21 Turiims Mg wmsunsdsadn
m’mLL&iuz‘hmaaLLum‘haaaﬁuﬁaﬂaslmiﬁleimUgﬂlﬁmﬁau

madeniaaniimen 2568 iuranasay LﬁaaﬁnmﬂuﬁaHamq@ﬁ@imﬁmﬁumﬂﬂﬂu il
myUsziussriousniwmIniasasmsnensaiatsnin 1 5 Snnaszezim 1 1deusiRsaneias
matuﬂqwmﬂuw"’uw’mﬂg\aﬁmm:ﬂmﬂé’f'ﬂmﬁ G‘ﬁaLflui'gﬁ'ﬂmgmaﬁﬁﬁrymaamyayja MIULITBYAAINET7

8l RN IRz Uz A BLUU RN ANNYNTa0 e LAZREAARAINLNITMEINWTI I UINTUUSNNS

7. MINAIWIUDUINA DI

u3siiltuuusiass SARIMA(p,d,q)(P,D,Q)[s] Tmﬂﬁwu@qgma (s) = 5 W3 Live
gzvaulasigenualondt mmﬁwaﬁaga@mﬁmauﬁw Augmented Dickey—Fuller (ADF) test &7
ﬂﬂiﬁﬂ‘ﬁuﬂ‘WﬂiﬂﬁL(ﬂai{l,fl?adﬁumﬁ‘ﬂﬂﬂi’imi’wﬁ Autocorrelation Function (ACF) waz Partial
Autocorrelation Function (PACF) ’i]’lmfu@ﬁ%ﬁumiﬁuﬂnmuwbg‘1.] (grid search) laol# (p,d,q,P,D,Q)
atlug190-3 wamsﬂ”@Lﬁaﬂﬁ’]l%wl,ﬁl,mm‘i’laaaﬁﬁ@hmmﬂammﬁam‘ﬁﬁq@ 5 stuuuludayaze
Andu Lﬁaﬁﬂﬂmaauﬁuﬁagaqmmaau wwanassnangsllduuusaasfiszioulassaions
fladvestaynatianunzay uazaunIndszgndlfatslunmaneninine iy AMUSUNINWInwY

UINIRONUHINT ‘H:Qﬁ

8. N3UszlnuUVINGDS

miﬂi:Lﬁuﬁi:ﬁwﬁmwmadLLuuﬁwaaaW@ﬁ%i'@mmgm l@un Mean Absolute Error (MAE),
Root Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE) LLa e Median Absolute
Percentage Error (Median APE) S9szriauainuaaiainaonriilwdasiassnaznnsnizans naswian
Lmuf{imaagﬂLﬂ%’ﬂuLﬁﬂﬂﬂ”ﬂ%ﬁﬁugmﬁwﬁwaﬁuﬁau%ﬁ%ﬂumwmmtﬁ waninil s3ldaTaay
ﬂ’n&lLL@]ﬂ@hd‘Dﬂd@i’]ﬂ’J’]&lﬂa’l@Lﬂﬁia‘m’]EJ’S"LL (Absolute Percentage Error; APE) @28 Wilcoxon signed-

rank test INafingwNan TS ABUlWSI0a

9. NNINIVFIUA28IS Walk-forward Validation

LN RZT DA N BT M ITNINUSIT0INULATULSNT AidpanenIoia1sntinies 1 5% 1uise
ilnsaTramaunInuLaBEMLY walk-forward validation 37 pinluradayanasay TagiSuanld
LLum‘i’maﬂ"ﬁ”ﬂ]”aga@%LL@i’S'uLLsmmﬁﬁu t tRowsnnsoliudaly (t+1) mﬂifmﬁawﬁwhm”a;,Jlavlﬂﬁazi'u
ammmunm”u AFmIssnansaassnwmMItinaas Lﬁmﬁuﬁa;&afudﬁ@Lm”ﬂgjuuuﬁ'maa ANIIUIN
;&”ﬂam%oashwimﬁaa MIATRFDUULL walk-forward 7182039 Twnsdnaesmsnensalalsnin 1 1%

lué'ﬂﬁsym: W@y ﬂ’]ii??ﬂ’] U39 URSTIH I UIURUTIOUSVBILLLIA aﬂu‘u?u Ny addﬁ%Iﬂ“ﬁW]J%ﬂ’ﬁ
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AIIATIEANINUAGILAUAITAILAIET Python UuLWaaWasu Google Colaboratory Taels
pandas §1%3TUNIIANITYALEIANT1Y, statsmodels §1TUNTUTZANBALULIINEY SARIMA LAz
nMINagay ADF ij&lﬁd scikit-learn ﬁqﬂg‘UﬂqiﬁizLﬁuLLﬂZLﬂ%UULﬁUUﬂ'ﬂ'];JLL&iuﬁ']TﬂQLLUUﬁ']ﬂﬂG
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° = A A va A @ v fda @ aa

LUUINND vlﬂﬁ]uﬂﬂﬂ’]i@]s’)‘ﬂﬁaﬂ“ﬁﬂﬂgﬂ@ LWE]SL%MIL@]NaaWﬁ‘ﬂ@JﬂquQﬂ(ﬂaﬁﬂqﬁﬁﬂ@]LLﬂZﬁ']ﬂJ’]iﬂ

Uszy neallaasaluuSuny 2IRDNUTUNTIUNA

Han1sansuazanile
% k3 dq, v
1. ansbzUayallaIn
ToyaIWIUNENNTUUINTMIINAITUATALARY 364 THTIINNT 3TWINITUA 1 ganaw
2566 — 31 flunaw 2568 Surugtodeiuaglugi 16-142 au SA1ads 103 audaiu Tayauaad
sUuwumnszaendumliumaedlond laswuissiuduniuaziugnidanuduniunganiniungn o
wananh TaysaynsuiadiaziauliiAiununaliu (trend) uaznaniasudlah (weekly

. A o = (Y @ v A o a A
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@13197 1 TaYATIIBEIVUINIBIMIINAWIU FIUUNaNUTELANEINTST (n = 364 TU¥in9)

Uszinnannis Auady  ddlssunanasgin  adge AGIFA
(Mean) (SD) (Min) (Max)
21MITINNNUIELAY (Total) 103.75 16.77 16 142
81%175330a7 (Regular) 75.17 12.72 10 106
9IMNITULEN (Soft) 21.91 5.47 3 34
o3 ladud (LF) 21.55 5.42 2 35
21138881 (HL) 6.55 2.60 1 14
MITURNZLS (ASF) 6.11 2.01 1 13
ovnaAnlUsEn (HP) 7.37 3.16 1 17

Boxplot of Service Users
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Time Series Trend of Patient Meal Service Counts
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’L enwuin (Daily)
1

120 (‘;/V‘V- ‘ﬂ ‘/‘ﬂ.\ 1 — mnnf\:\fn.(ﬁ day MA)
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o
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Date

sdn 3 LLmMumgﬂwnmmaw"wmu;ﬁ‘uu?mimmiﬂmai‘u FILBNANNYUILANDIRT TR

HAM T 2960 (gﬂﬁ 3) AINANAZBUIIANNHBHIUYDITIMIUGTDLINTUa UL
ngmansdlasiidaien Saduiugmidgdmsumadenlfuuuinaes SARIMA lumswensol
Tayadalyl

2. msmmaaumwﬁwaaﬁaga

ANTRIIIUU VI8 SARIMA '51Lﬂuﬁaalﬁﬁiagaﬁagluama:ﬁo (stationary) nanfaien
ANATINY ALLTUTIN LazANNFURBEARIAM UL IS piiaTameuaufieiaey Augmented
Dickey—Fuller (ADF) test luﬁaLLﬂsﬁwuaugﬂwﬁg\i 7 dszunn lagwinen p-value < 0.05 fa31fis uad
p-value 2 0.05 z¥mIudastayacin first-order differencing (d=1) wdmasautn lagluiiiiiaue
We9@0819n W HANTNAFEL ADF 28981WITNNNUSELAT (Total) (gﬂ'ﬁ' 4) ganeaudsan 9 lesu

a 6 v ad a o a
NTIAINCHAILITNIIG El’JﬂuLLﬂzLLﬁ(ﬂGNﬂﬁ?ﬂvl,’ﬂ,%(ﬂ'ﬁ'l\‘lﬂ 2

Time Series Plot: Total
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A19191 2 a‘gﬂwamsmwaaummﬁwmﬁaﬂa‘[@U’lfii” ADF Test AauLaznaInIIyin bk

sziananng ADF p- @mwe  ADF %ad p-  &@mwe
Statistic value Differencing value
snITINYNYszAN (Total) 37464  0.004 @9 - - s
91135333 (Regular) 36690  0.005 @9 - - s
9IMNITULEN (Soft) -3.9959 0.001 fia - - s
o3 ladud (LF) 26738 0079 lifie 77093 0001 i
9vN3BFA N (HL) 25997 0093 s -9.2755 0.001 g
9PNTURNLE (ASF) 42583 0001 94 - - s
ovnaAnlUsEn (HP) 27358 0068 laifis -7.5365 0.001 g

e EIVI9F NUNUFNIENATYN 4 FILAUILNOLFAIANNLANAIIVAIAN INRLALIN

NAMINATBLWLTY 81M1I9INNUIZAN 1A1ITTINGT 2IMNITULAN UazawIswinzie Tous
a§1uanwa:ﬁa RIWDIWIT WA WA 81 1IDRAIN WazaIWITLNN UTAw iaga"l,&iﬁa waldatials

first-order differencing (d=1) a2 nnﬁauﬂn"ﬁ%ﬁaﬂn:ﬁd (p < 0.05) AILEAI AN 2

3. MNATALATIFTIIANNTNNWS (ACF waz PACF)

mﬁLﬂﬁ:‘ﬂmaa%”nmmé’uw”ufmaﬁayja@ﬁﬂ Autocorrelation Function (ACF) tag Partial
Autocorrelation Function (PACF) Jaa1u311d ulunwmmaaaugﬂuuu time dependence 3019
seasonality W8z long-term correlation 183988 6?}\1LTJum”aHaﬁugmﬁwﬁtylumiﬁmu@mﬂﬁma?
\fosdunosuLLdans SARIMA uazERUAR UM IAWMAIITILAa 87T grid search anBMALAINET)
sansninldannsm ACF uaz PACF 2as@auisns 7 Ussian dmsumsiianalusioandl REL
\Ranunaeg1anT W ACF uas PACF mawﬁLuhmminmmh:mﬂ (Total) (gﬂ'ﬁ 5) LNOLAAIA NI

AMVFUNUTNITALIN VzNNAaITIudIY 9 D3luuusaaadasnuuazgnTINuaadluan T 3

ACF and PACF for Total

ACF: Total PACF: Total
1.00 100
0.75 4 0.75
0.50 4 0.50
0.25 [ [ I 0.25 7 T
e P [ o8 ) N vy o1l vt terl _ee
T I l I
-=0.25 4 -0.25 4
—0.50 1 —0.50
-0.75 1 -0.75
-1.00 T T T T T -1.00 T T T T T
(4] 5 10 15 20 0 5 10 15 20

gﬂﬁ 5 N3N ACF uag PACF 124 %13munniizinn (Total)
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13199 3 agﬂiﬂs&a%ﬁdﬂawuﬁuw”uﬁL%aLfammaaﬁaﬂamﬂmﬁmsw:ﬁ ACF uwaz PACF #nsuaands

2191309 7 Usznn

szAnainng Lag @11 ACF Lag t@w 11 PACF
9IM1ITIANNY3zIAN (Total) 1-5 1-2
2I%I35IINGN (Regular) 1-5 1,5
0SB WAN (Soft) 1-5 1-3
o3 ladud (LF) 1-5 1-2
21117888 (HL) 1-5 1-2
DIMTUNNZLE (ASF) 1-5 1-3
o inlysin (HP) 1-5 1-2

NANTALATIEH (A1T197 3) wudmﬂé’mﬂsﬁ@h ACF Laulug4 lag 1-5 a:ﬁauﬁm@mmm
@ & A o A
fUa % lag 81113 5IINeN La£aIM1IINNNYIzIAN UEAIFHULLY seasonal AR ATaLI% VTN
TULAN LRTAIRITUANZLA FAMNFUNBTIZ UL AUNANSIDH1ITIALSY FIUDIMIT N UAT L IHT
daany Nanunae tailing-out (FNANNFNNUTaARIaEIdaLiad biaaN lag tde7) luga4 lag 817 waadde

% @ 6 a A L % o [ ca' = 1 o 1 =3 Ced

ANUFNNBBLTInQMANTUTam §193U019 NN 11361 WUAT PACF Bangdiunihd LaaInanIaes
mugma:ﬁadﬁﬂs:ﬂawm noise LAUTA ANHIALAINANNLITINAITINIAUAAINITINLGDT P ey Q > 1

o o § v o o A { v A N a X
Iuﬂ’]TW@NuﬂLLHUﬁ]"IﬂE}\‘] Lwdaazmummauwuﬁ‘vmnmﬁLmma"lmamommmmwu

(%
[ A

mf':;pﬁmvl,;ivlmvl,ﬁwaﬂwﬂmau ADF uazn31 ACF/PACF 1Tute3asfananlunisiinua
wisfiteesvesuuuinaes ualdiienasaulaseaiod o luﬂﬂﬁzﬂ_qrjw”aﬂaﬁé'ﬂﬁmz seasonal
wiafimysunuazozennield nanshesinuinuneaauysiien ACF/PACF wiulu lag fisnnnin 3
SemauanuaNR RN sz TUTon agslsfianw LﬁiamuqmmmaﬁﬁLauaﬂuaamim%muLﬁﬂmmz
AAAMULELIN overfitting AAdnfmuamMIduAI NI filaaTaan grid search Melugag 0-3 dmilen
p. d, g, P, D uaz Q lassauivdhuslanaivenaldldgnivadnany ol wduwmsitsaslwaunsa
UszifinuazilSouifivuuuuitaasidadranduzuy uasdesnuliliuvudnasdudanaugmids

AMYUFINITD BTN mmzﬁm”aga‘l,mi

4. msdszilindssansnnvasuuudaas

LUUIN889 SARIMA ﬁﬁmﬁaﬂué}”’agﬂﬂiuﬁu@hﬂ MAE, RMSE 18z MAPE Gl,uﬁsa“g@ﬁagaﬂﬂdu
WAz TATENANA DL wamﬁmmzﬁwmﬂLmuﬁmaaﬁimmzauﬁiq@Lmﬂ@mﬁ'uvlﬂmuﬂs:mwmms
Vf‘if:mﬂ@?'aaahaNamiﬂizLﬁumaammsimnﬂﬂs:mw (Total) (mﬁaﬁ 4) frwnanmstszilivuasaauils

A Y - = o a A ° . Y
ak 9 VL@?(?]JTJ&JVL'ﬂu@HTN‘ﬂ 5 ‘ﬁdﬁ:‘ﬂauﬂitﬁ‘ﬂﬁﬂ’]W“ﬂENLL‘]_I‘U"ﬂ'madiunﬂﬂiﬂﬂ‘ﬂﬂ’]ﬁﬁiaEl’]\‘iﬂi‘]Jﬂ'J‘H:
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M1519N 4 AU UM VLI UE1VILUUII809 SARIMA RIRITUNITNUINTHINWIBETRT

NNz (Total)

WUUI1aa9 SARIMA BATDYA MAE (A1) RMSE (A1) MAPE (%)
(1,1,2) (1,0,1)[5] TAHNHU 8.0961 12.2368 9.2382
TANAROU 7.3711 10.5852 7.0004
(1,1,1) (1,0,1)[5 TAHNHU 8.1036 12.2561 9.3024
TANAROU 7.2727 10.3623 6.8763
2,1,1) (1,0,1)[5] TAHNE 8.1318 12.2748 9.2560
TANAROU 7.3825 10.6403 7.0163
(1,1,1) (0,1,1)[5] TAHNHU 8.1415 12.2888 9.3270
TANAROU 7.2682 10.3698 6.8568
(1,1,1) (1,1,1)[5] S ERLTN 8.1418 12.2886 9.3275
TANAROU 7.2794 10.3734 6.8690

NAELAG: TIBNBHAGIENATREN 4 AR LN ALRANULANAIITERINIAIATIAN A AN INALA LN

ai ° = = o o ' o
MN19197 5 LUUINRBI SARIMA ‘nmm:au‘nq@mmummiu,@la:ﬂs:mwmnmaga"q@ﬂmau

szianonng UWUUIIaD9 SARIMA  MAE (A) RMSE (A#) MAPE (%)
21 ITINYNUINN (Total) (1,1,1)(0,1,1)[5] 7.2682 10.3698 6.8568
817N353INAN (Regular) (1,1,1)(1,0,1)[5] 5.3230 9.7326 6.4317
9IMNITULEN (Soft) (1,1,1)(1,0,1)[5] 2.6288 3.2097 13.8962
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WHEY NIRLARD 78.27 +0.27 76.87 +0.23
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