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Highlights
® Development of a standardized recipe
® Physicochemical properties of steamed Milkfish in soya sauce

® The high-protein and low-energy nutritional value of steamed milkfish in soya sauce.

Abstract

Milkfish (Chanos chanos) are a highly nutritious food source, containing complete
proteins that are easier to digest than those found in other types of meat, and it is also easy
to farm. This study aimed to develop a standardized recipe for steamed milkfish in soya sauce
and to evaluate its nutritional value. Descriptive data were collected, and the standardized
recipe was developed using sensory evaluation methods, including the 9-point Hedonic scale
and the Just-About-Right (JAR) scale. Physicochemical properties such as moisture content,
color parameters, and texture profile analysis (TPA) were measured. Nutritional values were
assessed according to the Thai Nutrition Labeling standards. The results showed that the
cooked steamed milkfish had a moisture content of 70.86 percent, with color values of
L*, a*, and b* at 76.01, 5.66, and 7.66, respectively. Texture profile analysis indicated hardness
at 74.66 N, summiness at 17.73 N, and chewiness at 9.12 N, while cohesiveness, springiness,

and resilience were relatively low at 0.19, 0.46, and 0.07, respectively. The developed recipe
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received sensory scores for appearance, odor, taste, flavor, texture, and overall liking at 8.7,
8.8, 8.3, 8.1, 7.7, and 8.2, respectively. The nutritional content per serving (225 grams), based
on the Thai Recommended Daily Intake (Thai RDI), was 280 kilocalories, with a protein content
of 38 grams, 25% for vitamin B1, and 15% for calcium. These findings highlight that steamed
milkfish in soya sauce is a nutritious dish with high protein and low energy, making it a suitable

and healthy food option, particularly for older adults.

Keywords: Milkfish, steamed fish in soya sauce, standardized recipe, high protein food, healthy

food
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Milkfish (Chanos chanos)
!

Removing scales

!

First wash

!

Filleting steps:
1. Slicing along the backbone toward the tail.
2. Removing the guts, roe, and gills.
3. Removing the fin bones by either pulling them out or
using a knife to cut and ease them out.
4. Slicing around the ribs by slipping the knife blade

underneath and slicing upward, away from the backbone.

!

Second wash

!

Storing the fish on ice for approximately one night

!

Removing the small pin bones (four lines)

!

Boneless milkfish

Figure 1 Milkfish
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Table 1 Liking scores for steamed milkfish in soya sauce (basic formula)

Attribute

Liking score

Appearance
Odor

Taste
Flavor
Texture

Overall liking

7.8+0.75
7.4+0.49
6.5+0.49
6.4+0.80
7.6+0.80
7.2+£0.75

Note: Data are expressed as meanzsd (n=10)

Table 2 Just-about-right (JAR) scale results and development guidelines for steamed milkfish

in soya sauce

just about right scale Guidelines
Net
Attribute Much Too Just about Too Much too For
effect

too light | light right strong strong development

Appearance 100% -

Odor 20% 80% -

Taste 60% 40% 40 Reduce salt
Flavor 60% 0% 40% 20 Reduce ratio of
Herb
Texture 20% 80% -

mafanngnsluszegi 2 WofimuuTum
§899m 3 3esy e 30 n3u (FL: gasiiugiuan
swogdl 1) 25 0§ (F2) uway 20 nfu (F3) wui
Jamnaduninziads5va 3 gas Tezuun
aueulneTazidy 4 liunnd1seg1ad
WodAgmead @ (020.05) sniiusaiAulagln
ASLULANLYBUEAT F3 1177 8.3 Aziuy

1NNI1gRs F1 usliwandseg1adideddnmnia
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Table 3 Liking scores for three formulations of steamed milkfish in soya sauce

Liking score
Attribute
F1 F2 F3

Appearance 8.6+0.72° 8.6+0.72° 8.8+0.44°
Odor 8.4+0.88° 8.1+1.16° 8.3+0.70°
Salty 7.3£0.70° 8.0+0.86 8.3+0.86°
Flavor 7.8+1.09° 7.8+1.09° 8.1+0.78°
Texture 7.3+1.22° 7.7+1.20° 7.7+1.09°
Overall liking 7.5+1.13° 8.0+1.11° 8.2+¢0.97°

Note: F1 means 30 g of soya sauce; F2 means 25 g of soya sauce; F3 means 20 g of soya sauce. Within a row, the average

values with different letters are significantly different (p<0.05). The values are expressed as meanztsd (n=10)

Table 4 Just about right (JAR) scale results for three formulations of steamed milkfish in soya

Sauce
Much too Too Just about Too Much too net
Attribute Formulas
light light right strong strong effect
F1 100%
Appearance F2 100%
F3 100%
F1 100% 10%
Odor F2 100% 10%
F3 10% 90%
F1 10% 60% 30% 20
Salty F2 10% 70% 20%
F3 20% 70% 10%
F1 20% 50% 30%
Flavor F2 20% 80%
F3 10 20% 70%
F1 70% 10% 20%
Texture F2 80% 20%
F3 10% 80% 10%

Note: F1, F2, and F3 means 30 g. 25 g and 20 g of soya sauce in formulas, respectively
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3. NsNAdaUA aNURNIBAT N8N
(physicochemical properties) 31NANTULATFTY
d' v v 1 1 dy U 1
ANaule wunsznlnedluve avaniudiu

1 1 dy d! dg a0 dy
YBIUA? NUINFILVBI LU TIYD W AIAINUTUY
Souay 70.86 LANANUAINGUBE L* Windu 76.01
1 = 1 o 1 al & 1 o
ANEWAI a* WINAU 5.66 LALAEWABY b* WINAU
7.66 1 anwLA UL aF LN AUaNUIAIUNT LD
AN UIUBNANULTS (hardness) Winfu 74.66 N
AINISEMLANE (cohesiveness) kazAINISEARA

(adhesiveness, N.sed) it 1A U 0.19 wag 0.03

MINAIRU AIAINE AN Y (springiness) YNAY
0.46 A1A1MLM T 8T ue (gumminess) ke e
ATl (chewiness) MNAU 17.73 way 9.12

[

AUy Fauansly Table 5 dauvaavan (Un
soaUanla85 ) fiAmuainwesd L* Wiy
23.27 ANEWAY a* WNAU 1.36 LazAdwiaes b*
WAy 1.68 UAANnilaYinAU 13.58 cP A1 pH
Wi 4.89 APAN (salinity) (%) 11.0 wagen

AU (Brix) 12.8 fananalu Table 6

Table 5 Physicochemical properties of steamed milkfish in soya sauce

Parameters

Steamed milkfish

Moisture content (%)

Color

L *

a*

b*

Texture profiles

Hardness (N)

Adhesiveness (N.sec)

Cohesiveness
Springiness
Gumminess (N)
Chewiness (N)

Resilience

70.86 + 0.65

76.01 £ 1.16

5.66 £ 0.44

7.66 £ 0.20

74.66 £ 0.76

0.03 £ 0.00

0.19 £ 0.01

0.46 + 0.01

17.73 £ 0.49

9.12 £+ 0.81

0.07 £ 0.01

Note: Data are expressed as meanztstandard deviation

(n=5 for moisture content; n=5 for color; n=5 for texture profiles)
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Table 6 Physicochemical properties of soya sauce

Parameters Soy sauce
Color

L* 23.27 + 0.05

a* 1.36 = 0.06

b* 1.68 = 0.08

Viscosity, cP 1358 + 0.23

pH 4.89 + 0.05

Salinity, % 11.0 £ 0.36

°Brix 12.8 £ 0.43

Note: Data are expressed as mean + standard deviation (n=>5)

Han1snagaun1sEaniuludsuInsgIY FnwarUsnglagsin ndu sand nausa 8

emsvaraiuninzailedsn pzuuntulUTsogluseiurouunn enfudiu
Uauradunsneiadadsaldaruuy deduialdsunsuun 7.7 azuuu oglussdy

ANNtaUlAETIN 8.2 Azuuu tnglinzuuuaiy youlunans danandly Table 7

Table 7 Liking scores of steamed milkfish in soya sauce

Characteristics Liking score
Appearance 8.7+0.44
Odor 8.8 £ 0.29
Taste 8.3 £ 0.86
Flavor 8.1+0.78
Texture 7.7+ 1.09
Overall liking 8.2 +0.97

Note: Data are expressed as mean+standard deviation (n=50)
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Table 8 The nutrition facts of steamed milkfish in soya sauce

Nutrition Facts

100 g. of sample

Total energy (Kcal) 125.19
Energy from fat (Kcal) 33.03
Total fat (g) 3.67
Saturated fat (g) 1.50
Cholesterol (mg) 54.47
Protein (factor 6.25) (g) 16.67
Total carbohydrate (g) 6.37
Fiber (g) 1.92
Sugars (g) 3.07
Sodium (mg) 323.03
Vitamin A (ug) nd
Vitamin B1 (mg) 0.129
Vitamin B2 (mg) <0.020

Serving size: 225 ¢. (drain wt. 165 g)

Serving container : 2
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Nutrition Facts

100 g. of sample
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Iron (Mg) 0.45
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Highlights
® Network analysis of raw materials and active ingredients using a graph database
® Identify high-potential compounds through network centrality analysis
® Support the precise and systematic formulation of multi-benefit dietary

supplements

Abstract

This study aims to apply a graph database to analyze structural relationships between raw
materials (RM) and active ingredients (Al) associated with health claims (HC) of dietary
supplements. A relational database was developed based on nine core entities and converted
into a graph network. Cytoscape and its CytoNCA plugin were used to evaluate key centrality
measures—degree, betweenness, closeness, and overall score—to rank the importance of RM
and Al within each HC group. The results showed that certain active ingredients, such as flavonoids,
polyphenols, and dietary fiber, appeared across multiple HC groups, reflecting their diverse
biological functions and potential for multi-benefit formulation. Additional information, including
plant part used (PU) and extraction method (EX), helped support the selection of suitable raw
materials aligcned with specific health outcomes. Although some limitations exist, such as

incomplete sample coverage and the reliability of manufacturer claims, the findings demonstrate
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that graph databases are effective tools for systematic analysis. They can enhance the precision

of dietary supplement development by identifying key bioactive components and their

interrelations across health benefits.

Keywords: graph database, dietary supplements, active ingredients, raw materials, network

analysis
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RawMaterial _PartUsed—
uses_part.Example
Product_HealthClaim—

provides_health claim

Hudu W suamen s Nd I U veITTUY
WA A el laF g wawiil ormazanlunis
Twasen leasa anuduwusiadiou (virtual
relationship) $¥12 19 HC — RM tlag HC — Al
it 033y Anud exloedt I Usng laemssly
PRI

AtaNwUY (attribute) Y89 node wag
edge WU Foivenmans 33nvain uazdui

= v

14 gniuinlidiaindialun1simesd Jeya

Y
[ [ IS

vanuagnimiuidulng CSv w3e Excel uay

Usvananaideadusie Python Tneldlausid
pandas kag NetworkX i ead 3l node
way edge M1 graph schema 7l eanuuuls
Tn8LuIn19n151Y NetworkX 914899109149
Hagberg et al.'®
4. n1985191AF 0V 1BUAZNITINYITUNE
(network construction & data report)

Iyl node uag edge lsigmindnglusunsy
Cytoscape v3.10.3 it auaninauay’ i1z
1A%Es191A3 918 1AevinN15AIAUA Mapping U89
ID, source—target WAL YU AYDIAITUE WA US
(interaction) 91 LUS LA S 15UARIHA (style) @
eazid sl Supplementary S1) 19 node wiaz
Usgnnil A uans i unuaUvIeves ey a (9
Teazd ualu Supplementary S2) TWATBY node
Ty el eveg nivualsvinfuismn 34 fme
ROMTIATIEN dU edge Wavmmd Uy indirect
g dlaflesey Ainseduemidinius uagld layout
algorithm Wi Prefuse Force Directed %38 Organic
Layout il a8 szl auias eyl e 1wdteuazlyl
Fouriunuy®

nTIATEilassas eI evely Network
Analyzer uazUansu CytoNCAY iilafunasein
degree, betweenness Lag closeness centrality

UAINNATNAZUULTM (score = degree + (10
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x betweenness) + (10 x closeness)) Naﬁwﬁgﬂ
cross-validate fUuMIIAS1ZI kL NetworkX Lile

[

MTIAABUAILY NA BIVDUAUNNIEIATY (1 HC

o

— RM — A) LagAINUaNLNn dUNaUDI

TAssasgte

NAN1INARDY
W aANWIANUFURUSITIT8UUTENI
WA 9T UDINIT ATTNAUNIIAUNIN

v a

(health claim - HO) 7me @ U (raw material -
RM) LLazmsaaﬂqVIé (active ingredient - Al) ¢/
fin1seanuuug Yoy aLd s d Ui S (relational
database) Taela uwunaw ER (entity-
relationship diagram) 4t @M uAlATIAS 14
Toya Usenaume 9 ansevian lakn Hansiouel
1eS1e19T (EP) assnAnd (HC) Ingau (RM) a3

99naWd (A) d@ufl vy (PU) N53UIUNTT

affa (EX) ¥ 0du (ON) nguimg Ay (MG) uaz

UszLannsldeu (UO) (Figure 1AM aanidula
waagudoyadsduiusludugiudeyansm
(graph database) lneumagioufifvinningidu

a

un (node) uazanuduiussevinaeuniaidu
Eudon (edee) mulassasisnnuduwus iy
(Figure 1B) 1l ouann msIuAd i us vas
sTUURARSuILES 1S (Fisure 10) waziiie
AUAEAINIUNTIAT eI tadeanuduius
L@dl ou (virtual relationship) $¥%#719 HC —
RM uay HC —> Al il aszyannand ouleei L
uamansdlugudoyaiu (Figure 1D) lauana
Aaegensussgndldau laasrauasernedae
Y8aNau HC AunsUngeaueuazaud log
\Fen RM wag Al 7iflA1 degree gegn 5 Sufi
(Figure 1E) hazhanalAs v 18909 Al 26

=

(saponin) 71 44 auleafu RM, PU wag EX i

el (Figure 1F)
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(A)

Entities

Attributes

18

39

Figure 1 Transformation from relational schema to graph-based network.

HCld Node_ld Degree

Closeness _ scare Rank_in_MC

WC1 RM 262 16 GODDIGIZE 00221238 162223619 1

HC1  RM_G3 15 0000241344 0.01327434 151351568 2

M3 RM3S 12 COODISHAD 00265867 122663SL 3

HC1 RMM3 11 57020305 Q029N 1LISISTE a

HC 1 RM_103 o FF09E-05 0.013274M 101335143 5

[ u 0 0150848 55004248 1

HC1 ALS 7 0 011946303 281945503 2

Woa o omz i 0 oos1sey  145iMen 3

B e i O Costsaes 1481468 3

W ALaT u 0 008867757 114967257 2

W AL u 0 0usEeTIST 1L4wETIST a

W1 ALes 8 0 003 masaen s

HC 1 A0 a 0 003539823  B.3519E23 s

Edges Wl s 0 oosisszs  sasisens s

Active Ingredient (Al)  AIID  Raw Material (RM] RM_ID  PlantPart {PU)  PU_ID Extraction Method (EX) EX_ID
Sapanin Al26  Asparagus BM_34  Stem PU_13  Powdered EX_1
Saponin AI26  Asparagus RM_34  Shoot FU_22  Powdered EX_1
Saponin Al_26  Bacopa (Brahmi]  RM_41  Whole plant PU_23  Powdered EX_1
Sapanin Al_26  Hacopa (Brahmi]  RM_41  Whole plant PU_23  Agueous and ethanolic extraction EX_3
saponin AI_26  Fenugreek RM_313  Seed PU_21  Powdered £X_1
Sapanin AI26  Fenugreck RM_313  Seed PU21  Agueous extraction EX_2
saponin Al_26  Fenugreek RM_313  Seed PU_21  Agueousand ethanolic extraction EX_3

(A) Entity-Relationship (ER) diagram representing

the relational structure of dietary supplement data. (B) Graph schema illustrating node and edge types after data conversion.

(C) Complete graph network displaying all nodes and relationships. (D) Subnetwork incorporating inferred relationships

between health claims (HC), raw materials (RM), and active ingredients (Al). (E) Subgraph showing the top five RM and Al

nodes most strongly associated with HC 1 (supporting brain and memory). (F) Subnetwork centered on Al 26 (saponin),

showing linked RM, PU, and EX nodes relevant to memory-related formulations
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ANTTLASIZR LASIAS 19LAST 8Y 180 18
1Usunsu Cytoscape S2uAUU NS Y CytoNCA
MiansaUseuaudIAYLTlATIa5 19909
Tonun RM uaz Al Taeldad ¥a degree,
betweenness, closeness LLag score s‘zfmamiu

Table 1 857U RM way Al A5AN score

geanluisiazngy HC (53 9 nas) NWERATN

100 18M3 wuinTngAuuazanseangms u1g
srensUsInglunaneng HC egatame
avvioudsqns medanndi varnuane (mult-
functional bioactivity) lagfnanInlun1swmu

Yo

gasnansae msldayinlaseasisiuiugieg
IR UANNEIATYYBIINAULATANTRBNAND

Tunsesnuuundni e laegadiuseansnn

Table 1 Degree, betweenness, closeness, and score of the top 5 RM and Al nodes for each of

9 health claims based on 100 dietary supplement products

HE_Id HE_Label Node_Type  Mode_|d Node_Label Degree Closeness Score  Rank_in_HC
HC_1  Supportbrain function RawMaterial RM_262 Pomegranate 16 0000162  0.022124 16.222862 1
and enhance memery RM_63  Green tea White tea 15 0.000241  0.013274 15135157 2
RM_328 Ginger 12 0.000136  0.026549 12.266846 3

RM_143 Reishi mushroom 11 0.000057 0.013274 11133318 4

RM_103 Cordyceps 10 0.000077  0.013274 10133514 5

Activelngredi ALE F i 34 0.000000 0150442 35504425 1

AlLS Phenolic compounds 27 0.000000 0.119469 28.194650 2

Al_21 Anthocyanins 14 0.000000 0.061947 14619469 3

LS Polysaccharides 14 0.000000 0061947 14619469 3

47 Ascorbic acid 1 0.000000 0.048673 11486726 4

Al_l6 Fatty acids 11 0.000000  0.048673 11.486726 4

AI93  Anthocyaniding 8 0.000000 0.035398 8353982 5

Al_20 Polyphenols 8 0.000000 0.035398  B.353982 5

Al_26 Saponing ] 0.000000  0.035398  B.353982 5

HC_2 Supportwomen's health RawMaterial RM_262 Pomegranate 16 0000162 0.022124 16.222862 1
and beauty RM_142 Strawberry 13 0.000059  0.022124 13.221826 2
RM_318 cranberry 13 0000021 0.013274 13132953 3

RM_323 Grape 13 0000136 0.008850 13.089854 4

RM_328 Ginger 12 0.000136  0.026549  12.266846 5

Activelngred AlG Fl id: 34 0.000000 0.150442 35504425 1

AS Phenolic compounds 27 0000000 0119469 28.194690 2

AL Dietary fiber 17 0.000000 0075221 17.752212 3

Al_21 Anthocyanins 14 0.000000 0.061947 14519469 4

AlLB Polysaccharides 14 0.000000 0.061947 14519469 4

AlL111  Proanthocyaniding 12 0.000000  0.053087 12.530973 5

HC_3  Supportoveralfbasic  RawMaterial RM_262 Pomegranate 16 0.000162  0.022124 16.222862 1
health RM_142 Strawberry 13 0.00005% 0.022124 13221826 2
RM_318 cranberry 13 0.000021  0.013274 13132953 3

RM_317 Blueberry 1 0000019  0.013274 11.132933 4

RM_319 Bilberry 1 0.00001% 0.013274 11132933 4

RM_240 Indian gooseberry 1 0.000035  0.008850 11.088841 5

Acti di AlLE i 34 0.000000 0150442 35504425 1

AlLS Phenolic compounds 27 0.000000 0.119469 28.194650 2

Al Dietary fiber 17 0.000000 0.075221 17752212 3

AlL21 Anthocyaning 14 0.000000 0061947 14619469 4

Al_111  Proanthocyaniding 12 0.000000  0.053097 12530973 5

HC_4 Support digestive health RawMaterial RM_62  Green tea White tea 15 0.000241  0.013274 15135157 1
RM_314 Wheat 14 0000163  0.008850 14.090126 2

RM_142 Strawberry 13 0.00005% 0.022124 13221826 3

RM_115 Pumpkin 13 0000163  0.013274 13134371 4

RM_318 cranberry 13 0000021  0.013274 13.132953 5

gred AlG Fl id: 34 0.000000  0.150442 35504425 1

AlLS Phenolic compounds 27 0.000000 0.119459 28.194690 2

AL Dietary fiber 17 0.000000 0.075221 17.752212 3

AlL21 Anthocyanins 14 0.000000 0.061947 14619469 4

AlLE Polysaccharides 14 0.000000 0.061947 14519469 4

Al_111  Proanthocyanidins 12 0.000000  0.053097 12530973 5

HC_5  Support eye health RawMaterial RM_314 Wheat 14 0.000163  0.008850 14.090126 1
RM_142 Strawberry 13 0.00005% 0.022124 13221826 2

RM_115 Pumpkin 13 0000163  0.013274 13134371 3

RM_56  Broccoli 3 0.000021  0.008850 13.088709 4

RM_328 Ginger 12 0.000136  0.026549 12266846 &

Acti i ALE F i 34 0.000000 0.150442 35504425 1

AlLSs Phenolic compounds 27 0000000 01194609  28.194690 2

AL Dietary fiber 17 0.000000 0075221 17.752212 3

AlL21 Anthotyanins 14 0.000000 0.061947 14519469 4

AlLS Polysaccharides 14 0.000000  0.061947 14.619460 4

AlL111  Proanthocyaniding 12 0.000000  0.053097 12530973 &

B -
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Table 1 (continued)

HC_Id HC_Label Node_Type  Node_Id Node_Label Degree Bety Cl Score Rank_in_HC
HC_6 Supportbone and joint RawMaterial RM_200 Peppermint 10 0000157 0022124 10222806 1
health RM_342 Collagen 9 0.0003%93 0022124 9225172 2
RM_374 Fish oil 8 0.000079 0017699 B.A77778 3

RM_93  Orange sweet 8 0.000079 0.008850 B.0B9283 4

RM_311 White jelly mushroom 6 0.000048  0.008850  6.088977 5

Activelngredient Al_6 Fl id 34 0.000000  0.150442 35.504425 1

AlLLS Phenolic compounds 27 0000000 0.119469 28.194690 2

A8 Palysaccharides 14 0000000 0061347 14.619469 3

Al_16  Fatty acids 1 0.000000  0.048673 11.486726 4

AI_174  Eicosapentaenoic acid (EPA) 5 0.000000 0022124 5221239 5

Al175  docosah vie acid (DHA) 5 0000000 0022124 5221239 5

HC_7 Support heart health  RawMaterial RM_323 Grape 13 0.000136  0.008850 13.089854 1
RM_328 Ginger 12 0.000136  0.026549 12.266846 2

RM_200 Peppermint 10 0000157 0022124 10.222806 3

RM_12  Garlic 10 0000050 0.008850 10.089351 4

RM_342 Collagen 9 0000393 0022124  9.225172 5

Activelngredi AlLB Fl id 34 0.000000 0150442 35.504425 1

AlLS Phenolic compounds 27 0000000 0.119469 28.194690 2

Al_111  Proanthocyaniding 12 0.000000 0053097 12.530873 3

Al_l6 Fatty acids 11 0.000000 0048673 11.486726 4

Al_172  Gingerols 7 0.000000  0.030873  7.309735 5

HC_8 Strengthen the immune RawMaterial RM_262 Pomegranate 16 0000162 0.022124 16222862 1
system RM_328 Ginger 12 0.000136  0.026549 12.266846 2
fM_143 Reishi mushroom 1 0.000057  0.013274 11.133318 3

RM_240 Indian gooseberry 1 0.000035  0.008850 11.088841 4

RM_200 Peppermint 10 0000157  0.022124 10.222806 5

Activel di AlB Fl id 34 0.000000  0.150442 35504425 1

AlLLS Phenolic compounds 27 0.000000 0.119469 28.194690 2

AL Dietary fiber 17 0.000000 0075221 17.752212 3

Al_21 Anthocyanins 14 0.000000 0061947 14619469 4

AlLB Polysaccharides 14 0.000000 0061947 14619469 4

AlL111 F hocyanidin: 12 0.000000 0053097 12530873 5

HC_9  Assistinweight gain or  RawMaterial RM_262 Pomegranate 16 0000162 0022124 16.222862 1
weight management RM_63  Greentea White tea 15 0000241 0013274 15135157 2
RM_142 Strawberry 13 0.000059 0022124 13.221826 3

RM_115 Pumpkin 13 0.000163 0013274 13134371 4

RM_30  Spirulina 10 0.000085 0.017699 10.177839 5

Activelngredient Al_B Flavonoids 34 0.000000 0.150442 35.504425 1

AlLS Phenolic compounds 27 0000000 0119469 28.194690 2

AlLL Dietary fiber 17 0000000 0075221 17.752212 3

Al_21  Anthocyanins 14 0.000000  0.061347 14.619469 4

AI_4T  Ascorbic acid 1 0.000000  0.048673 11.486726 5

Al_24 Protein 11 0.000000 0048673 11486726 5

Al_16 Fatty acids 11 0.000000  0.048673 11486726 5

dialasunsusediu lesiusiudeya PU
way EX MiAgdeeiu RM wag Al i score

[

AeY

o

gegaluusiagngy HC (Table 2) wudansa
L% W flavonoids, anthocyanins, phenolic
compounds Wag dietary fiber nlaanniie
wanevin wu wald in ayulng i waziiy
1 Tneldaausing o wu ma Tu 570 ddu waz

LAR HIUNSTUIUNTATANAI8TULUY Tawn

ANSUALIAG NSANANILUT NSANARIBUILEY
v @
eyuea n1sariady uazn1swlssu lneany

Tunguingduyan (1Wu DHA uag EPA) Yoyl

[
a1

AN BIAU PU khay EX LMATUY28LES LU

¥ b4

nansiieningAvkayisanalnaennasaiu

WA T ugvAIN bazdaSUNITHAIUN

NAMA U LASUDINTT U AU UGIANY

va S ¥ yaa g
AavaNURARNIENAeINTlARE W
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150l
N137AI1eMlATIaT1AT 0180
QAU (raw material - RM) u,azmiaaﬂqmé
(active ingredient - Al) idoxloafuasngal
YINARTUIMLESNOIMIS (health claim - HO)
(Table 1) wuiringAvdazasdAgyrateuiia
Usingluvangngu HC azvipudisunuinmia
FanmilvannvansuazaATouAqN AI9EITY
WUy (Punica granatum) %ﬂWUTuﬁaﬂaﬂdm
HC 1@ U13eaued la3uaud wasugiauiuy
warU139111a dA score gednalungyu RM
(16.22) uag¥L83/v1913 (Camellia sinensis)
T4 (Zingiber officinale) uag 1 ANA UT©
(Ganoderma-lucidum) ftdu RM 7 Usinglu
nangassnaaguiu dulungy Al wudn van
luse (flavonoids) 161 score g3gn (35.50)
P8 @15Usznaudl uedn (phenolic
compounds) Twd#usa (polyphenols) Lag

lea11115 (dietary fiber) Fasiquandadfey

WU gnIAIueyLadaTy AUNITINIEY waY

9

¥ a

PreUTvannaszuuniglusiinie Jayaids
Tassadresauiuna score nand Fadu
vdngudsuiinaivisatuayunisinaule
FoningAunazanseongrsvaniuniseoniuy

ansuan o1 almvaraLazIIuE

£%
SN A

NNANT IADAATES N (centrality measures)
PUINAUATI AN degree, betweenness L& score
v Aniulviueilin endesivassng aannninila

Uz T 9a0nAd 89U AIINITIUNTTUN

[

anvanunuanURvesasdA s na1lunis
Josiulsnis o3 wazdwaS uguanuuuaen sy
iy waluesdwazlndNueaInNNuNLwaL Y

WJeoa dunumlunisundeawadUszan an

AULA PUVDITEUVUSTAINAIUNang &)

TaavlinnauloflgnoAun1sontay Yoo

n1sbraieuladin waznsedunisasieansie

20,21

Uszan®?Y drulunquassnauiiiieidesiu

AUAINE VY AUAT ALY WUITRG AU

NAULUDTT LU anTeiluess WATULUBST way

LY

unuddnennaslunisiaiuasieneaaiiau

v

) dmsuaunin

q

LALYLABNITINAS 21598 P223

MUAUBIMTUALA VNN UFIY A1TEAYIN

HANNB9 UNEd warslien dunumlunisyae

Y
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9 qpuzfinsuslan giiuan

SYUUNAUDIYNT
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Table 2 Part used and extraction process of top 5 active ingredients and raw materials

Active Ingredients (Al) Raw Materials (RM)

Plant Parts Used (PU)

Extraction Methods (EX)

Anthocyanidins Blueberry, Bilberry, Elderberry

Fruit

Powdered, Water Extract, Water +
Ethanol Extract

Anthocyanins Pomegranate, Blueberry, Bilberry,
Magqui berry, Strawberry,

Elderberry, Cranberry

Fruit, Aril, Seed

Powdered, Water Extract, Water +
Ethanol Extract

Ascorbic acid Cabbage, Pomegranate, Broccoli,

Strawberry

Dietary fiber Okra, Wheat, Broccoli, Beetroot,
Pumpkin, Tamarind, Bael,
Fenugreek, Asparagus,

Psyllium, Shiitake

Docosahexaenoic acid (DHA) Fish oil

Flower, Fruit, Stem, Aril,

Seed, Leaf

Germ, Flower, Mushroom
cap, Fruit, Root, Stem, Shoot,
Flesh, Ripe flesh, Seed, Seed

Powdered, Water Extract, Water +
Ethanol Extract
Powdered, Pressed (Oil), Pressed

(Seed oil), Water Extract, Water +
Ethanol Extract

(no peel), Seed coat, Leaf,

Young leaf

Processed

Eicosapentaenoic acid (EPA) Fish ail

Processed

Fatty acids Wheat, Fish oil, Pumpkin, Grape Germ, Fruit, Flesh, Peel, Seed, Powdered, Pressed (Oil), Pressed
Seed (no peel), Young leaf (Seed oil), Processed, Water Extract,
Water + Ethanol Extract

Flavonoid Fingerroot, Black ginger, Cabbage,  Flower, Flower bud, Fruit, Powdered, Pressed (Oil), Water
Holy basil, Ginger, Celery, Kale, Shoot, Root, Stem, Flesh (no  Extract, Water + Ethanal Extract,
Green tea, White tea, Lemongrass, seed), Peel, Seed, Rhizome, Ethanol Extract, Ethyl acetate Extract
Blueberry, Broccoli, Bilberry, Indian  Leaf
gooseberry, Magui berry,

Gingerol Ginger Rhizome Powdered, Water Extract, Water +

Ethanol Extract

Cabbage, Holy basil, Celery, Kale,
Lemongrass, Pomegranate, Broccoli,
Pumpkin, Indian gooseberry, Bael,
Lychee, Fenugreek, Pine, Cinnamon,
Horsetail, Peppermint, Carrot, Basil

Phenolic compounds

Green tea, White tea, Lychee,
Cinnamon

Polyphenol

Flower, Fruit, Stem, Flesh,
Ripe flesh, Aril, Peel, Seed,

Leaf

Flower bud, Shoot, Aril, Peel,

Leaf

Powdered, Pressed (Seed oil), Water
Extract, Water + Ethanol Extract,
Ethanol Extract

Powdered, Water Extract, Water +
Ethanol Extract, Ethanol Extract

Polysaccharide Wheat, Cordyceps, Beetroot, Aloe
vera, Lingzhi, Shiitake, White
fungus, Maitake

Blueberry, Bilberry, Pine, Maritime

pine, Grape, Cranberry

Proanth ocyanidins

Germ, Mushroom cap, Root,
Leaf gel, Seed (no peel),
Young leaf,

Fruit, Peel, Seed

Powdered, Pressed (Oil), Water
Extract, Water + Ethanal Extract
Mycelium

Powdered, Pressed (Qil), Water
Extract, Water + Ethanaol Extract,
Ethanol Extract, Ethyl acetate Extract

Protein Wheat, Chlorella, Spirulina, Shiitake, Germ, Mushroom cap, Algae, Powdered, Pressed (Qil), Water
Maitake, Water mimosa Seed (no peel), Leaf, Young  Extract, Water + Ethanol Extract
leaf
Saponin Brahmi, Fenugreek, Asparagus Whole plant, Stem, Shoot, Powdered, Water Extract, Water +
Seed Ethanol Extract
lagasy N153LAs1eialAT9as1931n lassasiuavAdingaUSuasatuayunis
gruteyansinluasad luiweaneliiiu AndandngAundnidunuimlunatengy HC
AudNTusIYeuegluteayauuun1sng undady WU Ui waganliuesn WeunWaugns
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Highlights
® The unique identity of Buriram’s local foods to support tourism.
® Buriram's traditional local foods are nutritionally valuable, and Nam Prik Nai Hoi exhibits
the highest antioxidant activity.

® Standardizing the nutritional value of local foods to accommodate tourism.

Abstract

This research aimed to analyze the nutritional value and antioxidant potential of ethnic
traditional foods in Ban Khok Mueang, Chorakhe Mak Subdistrict, Prakhon Chai District, Buriram
Province, to support sports tourism and design age-appropriate meal sets for tourists. The area
comprises three major ethnic groups: Thai-Khmer, Thai-Lao, and Thai-Kui, with similar culinary
traditions. Five ethnic dishes were selected for nutritional and antioxidant analysis: Tom Kai Sai
Bai Ma-kham On (chicken soup with young tamarind leaves), Pad Goong Jom Song Kruang (stir-
fried fermented shrimp with aromatic herbs), Nam Prik Nai Hoi (Nai Hoi chili dip), Tam Ma-

muang Sai Kai (spicy green mango salad with chicken), and Khao Tan Na Goong Jom Kra Chiek

FRPD 41
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(crispy rice cakes topped with shredded fermented shrimp). The nutritional analysis showed
that the energy content of these dishes ranged from 43 to 461 kilocalories per 100 grams of
food, with the crispy rice cakes providing the highest energy. Antioxidant activity, measured
using the ORAC, FRAP, and DPPH methods, revealed that the Nam Prik Nai Hoi exhibited the
strongest antioxidant activity. Based on the study results, personalized meal sets were
developed for specific consumer groups. The athlete-oriented set included stir-fried fermented
shrimp with aromatic herbs and crispy rice cakes topped with shredded fermented shrimp. The
elderly-oriented set consisted of stir-fried fermented shrimp with aromatic herbs and spicy
green mango salad with chicken, while the child-oriented set comprised stir-fried fermented
shrimp with aromatic herbs, crispy rice cakes topped with shredded fermented shrimp, and
chicken soup with young tamarind leaves. In conclusion, the ethnic cuisine of Ban Khok Mueang
demonstrates potential for promoting sustainable health tourism while meeting the diverse

nutritional needs of tourists across age groups.

Keywords: Local Food, Nutritional Value, Antioxidants, Tourism, Food Tourism
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Table 1 Methods for nutritional composition and antioxidant activity analysis

Test list

Method

Energy (kcal)

By calculation

Moisture (g)

AOAC (2016) 952.08

Protein (g)

AOAC (2016) 992.23

Total fat (g)

AOAC (2016) 948.15, 945.16

Total carbohydrate (g)

By calculation

Ash (g)

AOAC (2016) 930.30, 945.46

Total sugars (g)

In-house method base on AOAC (2016)982.14

Total antioxidant activity (ORAC)

Ou et al. (2001)

Total antioxidant activity (FRAP)

Benzie and Strain. (1996)

Total antioxidant activity (DDPH)

Katsuke (2004)
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Table 2 Nutritional Analysis of Ethnic Traditional Foods (per 100 grams)

Energy Quantity (9)
Food menu

(kcal) Moisture Protein Ash Total Fat Carbohydrate Total Sugars  Sodium (mg)
Chicken soup with tamarind leaves 43.09+0.09° 88.61+0.01° 6.91+0.09° 1.83+0.00°  0.97+0.01° 1.68+0.09° 0.25+0.01° 473.81+11.30°
Stir-fried fermented shrimp with 308.10+1.18" 42.98+0.23% 20.12+0.14° 4.82+0.01" 19.86+0.05° 12.22+0.04° 3.95+0.06° 1133.45+27.70°
aromatic herbs
Nai Hoi chili dip 198.05+2.33°  44.46+0.58° 15.76+0.29° 8.39+0.03° 1.89+0.02° 29.50+0.34" 6.17+0.25" 2090.71+28.33°
Spicy green mango salad with 119.45+0.66° 70.82+0.19° 12.32+0.23° 2.78+0.07°  2.77+0.06" 11.31+0.04° 2.47+0.12°  738.30+13.19°
chicken
Crispy rice cakes with fermented 461.38+1.44°  7.05+0.18°  6.40£0.09° 2.33+0.01°  19.78+0.45° 64.44+0.57° 16.30£0.42°  580.27+11.23°

shrimp
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FRAP (ferric ion reducing antioxidant power) ke
DPPH (2,2-diphenyl-1-picrylhydrazyl) han1519e
wansaroluil
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LANTZUIUNITIUNITASIINIAT ORAC score
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Usganiamlunisdrumuiazangiinsal
voslsaireviansviin dedlanmmainouyadase
wu Azt uazlsavinle Wud ewnsdilen
ORAC score gegaarunsaundaiaad uay
29AUTENOUYB YA I UABANEIINN1TYN
yateldun1e91nnszuIUnNIseend Aty
(oxidative damage) Faifunauanufasen
AT TENY 199 L AYDI08NT LA U (oxygen
radicals) wazansiafiang 9 7 azaney niu

555uB1AN18TUT 19N ASTUIUNISIAANT

wiaseudndudsiintueadunn 9 auluyn

9 TUNATRTUTET1TU LYW N1TV9TU NS
fuUsemueIms emeEfliduians uasan
LazAd uudndnannias aeldludn uslud
nsrUIuNIstegemsTiint un1elusianie
Adudunalnfianunsaairseuyaveseandioy
Tuldios HAIINNIINAADUAINTTUAIUBULA
§a32A1835 ORAC m1uIFNAdouved Ou et
al,, 2002 yoaiuy a1 IR ud uste 5 Ly
nudindnuiedosdianssunisdiusuya
gaTrgean (12,398.33£309.08 umoles TE)
WANAN9A1NTYTINE e eiTud Ay
adif (P<0.05) sosasanAerndsdounILAT 0
(7,964.29+319.14 pmoles TE) autnladly
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Table 3 Antioxidant Characteristics of Ethnicity-Based Local Foods

ORAC FRAP DPPH
Food menu

(umoles TE) (umoles TE) (mgAA)
Chicken soup with tamarind leaves 6,190.00+275.06° 425.91+20.02° 68.29+ 2.79°
Stir-fried fermented shrimp with aromatic herbs 7,964.29+319.14° 564.64+23.34° 91.22+1.68°
Nai Hoi chili dip 12,398.33+309.08° 905.01+38.32° 120.53+5.35°
Spicy green mango salad with chicken 2,605.79+7.88° 721.18+31.32° 102.14+1.56°
Crispy rice cakes with fermented shrimp 3,401.57+8.19° 630.30+18.34 51.50+0.73°

Note:

a, b,candd

Means followed by the different letters in each source within the same column are significantly difference (p <0.05)
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2. MIVAFBUAINTTUAUBULADATEA Y
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a ad

$Ardesin vesansiueyyadase 35nnsdl
9IAINANNITVRIAITAIU BULATATEAINITE
aromdianaseulidvalsusenaudadou
[Fe(l) (TPT2), ] >* virlsfiAnn1siUasuguidy
[Fe(ll) (TPT2),1 %" USuneuaes [Fel)TPTZ) , ]
2 fiinduannsoussanunnuanunsaluns
Wuasiueuyadaseladlugy FRAP value
HAINNITNAADUNINTTUAUDULABATLAIYTD
FRAP @113 §n15¥8¢ Benzie and Strain.
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Nutritional Values per 100 g

Energy | Carbohydrate | Protein | Fa SugerlSodium Carbohydrate

Nutritional value of local foods

(Keal) (@ ® | (@ | (mg (4]

198.05 2090.71 1.68

Nutritional Values per 100 g

Nutritional Values per 100 g

Stir-fried fermented

shrimp with aromatic herbs

Nutritional Values per 100 g

Carbohydrate

Energy |Carbohydrate | Protein | Fat | Suger

Protein

Fat | Suger Carbohydrate | Protein Suger | Sodium

® ® | © @ @

(]

(@ @ (g @ (1] (mg)

6444 64 163

277 | 1247 395 113345

Figure 1 Ethnic traditional foods of Ban Khok Mueang Community; (a) Chicken soup with tamarind leaves, (b) Stir-fried

fermented shrimp with aromatic herbs, (c) Nai Hoi chili dip, (d) Spicy green mango salad with chicken, (e) Crispy rice cakes

topped with shredded fermented shrimp
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o = v v & oA a a
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Highlights
® This research aims to study the sodium content in ready-to-eat curry pouches sold in
markets.
® The research findings are consistent with public health policies on reducing sodium
consumption and can be used as supporting evidence for nutrition and health policy

development.

Abstract

High sodium intake from food is significantly associated with the risk of developing non-
communicable diseases, such as hypertension and chronic kidney disease. The objective of
this study was to assess and compare the sodium content in ready-to-eat curry pouches sold
at Mai Phetcharoen Market, Loei Province, Thailand. Samples were collected from five menu
items: Pa-lo, Thai green curry, Thai sour curry, Clear soup with tofu and minced pork, and
Panang pork curry. The salinity, expressed as sodium chloride, was measured using a food
salinity meter and converted to sodium content. Differences in sodium content were analyzed

using one-way ANOVA. The study revealed that ready-to-eat curry dishes had varying average
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sodium contents (mg/100 ml). Three menus were classified as high in sodium: Panang pork
curry (546.27 + 40.37 mg), Thai green curry (381.65 + 37.77 mg), and Clear soup with tofu and
minced pork (361.56 + 12.11 mg). Two menus were classified as medium in sodium: Pa-lo
(338.42 + 30.34 mg) and Thai sour curry (338.42 + 25.35 mg). Comparative analysis indicated
that Panang pork curry contained significantly higher sodium than the other dishes. These
findings demonstrate that most ready-to-eat curry dishes are high in sodium, with significant
variations across menus, which may have long-term health implications. Therefore, efforts
should be made to encourage food vendors to reduce sodium usage, alongside further studies
on dietary behaviors combined with sodium content assessments, to better reflect actual

consumption patterns and reduce the risk of non-communicable diseases.

Keywords: Sodium content, Ready-to-eat, Curry pouches
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Table 1: Sodium content in Ready-to-Eat curry pouches

Dishes Sodium content (mg/100 ml) Sodium level
Pa-lo (five spices soup) 338.42+30.34° Moderate
Thai green curry 381.65+37.77° High
Thai sour curry 338.42+25.35° Moderate
Clear soup with tofu and minced pork 361.56+12.11" High
Panang pork curry 546.27+40.37° High

Note: Mean values within the same column followed by different superscript letters are significantly different at p<0.05.
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Table 2: Comparison of sodium content in Ready-to-Eat curry pouches across vendors

Dishes

Sodium Content (mg/100 ml)

Vendor 1

Vendor 2

Vendor 3

Pa-lo (five spices soup)

341.91+32.17%°

364.18+15.88°

309.16+9.89°

Thai green curry 389.07+44.29 391.69+42.39 364.18+35.44
Thai sour curry 324.88+13.80° 320.95+12.01° 369.42+7.86°
Clear soup with tofu and minced pork 369.42+7.86 361.56+3.93 353.70+18.01
Panang pork curry 550.20+41.03 513.52+9.89 575.09+43.11

Note: Mean values within a row that are accompanied by different superscript letters indicate statistically significant

differences at p<0.05
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Development of ready-to-eat gel food product from Tom Jubb Chai

(Chinese vegetable stew) in retort pouch for elderly with mild dysphagia
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Highlights
® Development of a gel food product from the Tom Jubb Chai menu, designed for
convenient consumption by elderly people with mild dysphagia, while maintaining a
taste profile close to the original dish.
® Adding 1.0% K-carrageenan improved gel texture while preserving sensory quality,

improving the product suitable for elderly individuals with mild dysphagia.

Abstract

This study aimed to develop a ready-to-eat gel food product in retort pouch packaging
from Tom Jubb Chai (Chinese vegetable stew), personalized for elderly individuals with mild
dysphagia. The research was conducted in two phases. In phase one, three prototype
formulations were prepared by varying the proportions of pumpkin, carrot, soft tofu, and fish
to replace 30% (wet weight) of pork belly in the control recipe. Sensory evaluation with elderly
participants revealed that the formulation containing pumpkin (35%), carrot (15%), soft tofu
(20%), and fish (30%) achieved the highest overall acceptability, with taste most comparable

to the control. Proximate analysis showed that this formulation contained 3.82% protein,
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equivalent to approximately 5.7 ¢ per 150 ¢ serving, and provided 45.82 kcal per 100 g, less
than half the energy of the control formula that highlighting its suitability for elderly individuals
who limiting fat and energy intake. In phase two, this formulation was developed into a gel
food by incorporating K-carrageenan at 0-1.5% (w/w) of the liquid portion. The addition of
1.0% K-carrageenan significantly (p < 0.05) improved appearance, texture, chewability, and
ease of swallowing. The gel product (150 g serving) was packed in retort pouches and sterilized
at 121°C for 20 minutes, achieving an Fg value of >3 minutes, sufficient to inactivate
Clostridium botulinum spores. Microbiological tests confirmed compliance with the Ministry
of Public Health Notification No. 355 (2013). The developed gel product demonstrated
potential as a safe, nutritionally balanced, and palatable food for elderly individuals with mild

dysphagia, supporting adequate dietary intake and improved quality of life.

Keywords: Gel food, Dysphagia, Elderly, Retort pouch, K-carrageenan, Tom Jubb Chai

(Chinese vegetable stew)
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Table 1 The ingredients used to replace pork belly in the control formula of Tom Jubb Chai

Ingredients (%)

Ingredients
Control Formula 1 Formula 2 Formula 3

Pork belly 100 0 0 0

Pumpkin 0 40 35 30
Carrot 0 20 15 20
Soft tofu 0 15 20 20
Minced fish 0 25 30 30
Total 100 100 100 100

FRPD 86



NIANTIBUBERAUWAAT U UN 56 atudl 1 u.A. - 0.8, 2569

2222 Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

2. MsUsiunIUsEaMmMaNE
Usziuanuvaunslssamaudane
3% 9-point hedonic scale lugnunau dnway
U51n4) & AMUWIIUL AILAN ALNANNED
10953915 AN BUY NTRIEN il aduid
Taesaw arudrglunisiden anudielunis
Nay wazAINYRUlAETIN (AZLUY 9 = ¥BY
1nitge uazazuuy 1 = livousnndige) In1s
WieudIag19n 80158 Ul Taum 18LA7
lulasian Adela 800 w 1w 90 s WU 96
ogsasiensuilosdvn Wivsinasiiuly
uiazAI9e1e (50 ) Wnliauilgaumgil 60+5°C
newdsnietaliiulgaong i dquaind
an30fuTsannd ndu uasid oduiald
Ind 1A satunnsgruialu 7 viaueylu
W Ineaeasny wagilengluyie 60 - 70 U
F1UIU 20 AU NEIINTATIENRANITNARDS
vndnfueii ldazuuuauveulagsinain
AUTEugEnlUAnyin1sndnemsiaa uas
UsTqluINe SIS
3. n3AnwReAUTENAUNINAL
Umansaeisuduaiegnsemsauiuuly

AT UTUIUNG WA (proximate analysis)

WaEAN N TUAIEITINATHINEMTUNTIATIEN

91119999 Association of Official Analytical
Chemists™”
4. MINANDMNIRAUTIYLUINDTMID

WanngesewnsRafivngdmIulaeny

A o

TN1ENAUaIUINE NY 98 1A8ANUINAVDY

=

US1nauas K-carrageenan #oRnn1WUauaa 3l

[ ¥
v o a [ 3 [ 1

TUABUNINT BN U mEnTuaauduaegns
91 ULUUTTIR Azl AL UTAE SN
HUTBUANNYUNNUTEAME I ANINTOEN
druvoavamsenanauveuds Suinumiin
YosEIRIIAD LardILveIds SnuLlsdqy
voudsndusuany W 2 dw dwdt 1 tin
15 daudl 2 thludusaeed sstlusunysyasd
S Philips series 500 auld1ieazidon 1July
AaLnauel IDDSI sEAuTl 1 nduduinidny ey
(mild) IDDSI level 6 L& UH9 K-carrageenan
USnas 0 05 1.0 uag 1.5% (w/w) vesumiin
druveanad lnerey 9 lsensadly nieuduniu
st wan o meldmnudou 80-85°C wiu 10
min ol K-carrageenan ava1eg 19auY 50l
Yrduvetd sanduduse dud 1 (37.5 9
uag duil 2 (375 ¢) UIIAN WRNvesviaiatil
(75 9 w3 oauld W minsan 150 ¢ U539 luge

a s 1 a = ¥ ¥ o 1 ﬂy
Syesvng warlendnaieauseu thlusinge

FRPD 87



NIANTIBUBERAUWAAT U UN 56 atudl 1 u.A. - 0.8, 2569

224 Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

=

71 121°C uaan 20 min 1heenania3ed iy
AIRENTRAMNIVDY UATIATIBVIAMATI Figil

Y

1. Usziliuanualen19useaaulavuns
nanAsANTUay 1aeleis 9-point hedonic
scale 1l oUszIT uA g UluR U nYME
Using & ndu sani ileduda audrelunis
Aen Anudiglunsnay wasauveulne sy
(Ingfi Azuu 9 nunefs vouunign uaz
Azuul 1 e ldveunniga) nqug
Usziludsznausedgeengiifiauainudauss
wAdn1IEARUEIUINE N DY T1UIU 20 AU
wusdudenysening 60-70 U d1uu 10 Au
wazhilenys¥ning 71-80 U 1wy 10 Au Loy
NNAUAIINTANMTTUUTEMUlAMEAULEY
ANSLATEUAIDE19AI8NITANYDIINBSTILNY
LA wNAeg 199U uLUY tagludnnsgu
faog19lisou @S NARg19NT NT12de
QAU 505 DI LAY

2. 18909198 aauLAs 89T A
(colorimeter) n15LA3 UA208 1972811510
Frethanldnsuzfianansatiduaililasim
Lot gulisousmeridaln 800 w w1y 90 s uen
druvanaINasdIed Ut aaA i unu

AUGNANE 36 mm ULAAIINGS 20 mm G139

13 gaumgd 25°C uw 15 min Y0unalae

Wasuanuziduaa diluined Tnefvun
WARINILIALAININTEIY Dgs WAZIIEINUNG
Wumdanaimuaing (L% aduas @) uay
AdLMaes (b*)

3. dnwaiiledudavoaaa naaouRIsia
texture profile analysis (TPA) W8 EI183T1UKNE
vJurn hardness cohesiveness wag chewiness
AMLUAIINI589 Hayakawa wazanz'® 1ag

a ¥

o o v a ¢ o
UINIANINALAININUYD 2) 1U3Lﬂiﬂz1ﬁa NWY

Y

WA UNAAIULAS DIILATIEN AN YL LT DA U

o\l

Y v (4

(texture analyzer) 145527 (probe) P/36R
ons I lunmaaeu (test speed) 1.0 mm/s
J¥88n15nA (compression distance N30
strain) 50% Vo4AINAIFIDEN BRI UIIUNIS
AATIZINSIN1TNAADU (post-test speed) 1.0
mm/s LIaTWATENI1INITNAGDU (time
between compressions) 5 s @115UN1NA
afeit 1 way 2 Srunufegefivhnmsvageu
1 10 Fusiofogne Paelvderunanismadeu
(power) Useua 0.8

finsanuiuanslid K-carrageenan 7
dmalvindnsausiinnalusyiuiivanza Tng
AoLdana1ngn i leTunZLLLAIINYBUING
Uszifiugeiian Togamglusuanuinglunis

[

WPEgd waznnsnauy Wielilanandoueiniinanin

FRPD 88



£

A iouasiaumandurionns 97 56 atufl 1 wa. - fie. 2569
224 Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

Tngsaumnzausenisuilnavosaseny il
AMENAUSIUINANTBY
5. N1SWINSZUIUNI58 1Y afi ansauT s
nanATesnsIRa Ll IS
Fudunsfnwigamnll Lagiiani
wzaslunisedendndasiomsiaandou
Sudsnilugsvesnuuaussy 150 g el
IonanSnsifivaensds wazanunsaiiusnuld
ﬁ'qquﬁﬁ’aq nnuali A Fo (sterilizing
value) lisnin 3 min Jafiwanslunisviiane
dueasvaad e Clostridium botulinum g
Anwdmsinsunsnanuandeudl 121°C fe
asldmesluneulasiln Type T Wousofu
g unsal wazlusunsy Ellab E-Val Flex
ValSuite 4.2 Manual 37u7u 5 A19819 1ae
sypzaniililunsfiugumgiaingumad
Buduluauisgamgfisnide (come-up time -
cut) 15 min wazad1uaud 19T usen 19
n5UILNTE T 0.2 MPa FATIETAUNIN
ANUTENIANTENTNAIT1TUAY aTUT 355
W.f. 2556 1399 owmsluntvued Unailv
1o 3 (1) o1msiiiainudunsariagsndi
4.6 lapdansaiiasgifquduinisusziu
AMAINDINTT 01U UAUATILAEW AU

s

NARNANNDIVNT UM INYIFULNYATANEAST A9

1. Incubation test 71 35°C way 55¢C Loy
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7. 939555u1UIwTuAu
NUIYLAVAITTUTDI5 85554 IRB/IEC

N0.2024/010 Fufiousid 3 Ausnou 2567

SUTRIlAYANENTINNNTISBTITUNSAT YU

Wywd uInedeaeny

HauazIasal
nan1sUssiiun1eussammd e dvasgns
MNIAULUY
Han1sUsEIdun1aUsTamdulave iy
Fuanegnsund (control) LAY EATBINIS
funuy 3 gas Ineua flnmes uasen uaziile
Uan Willdndiuvasusazgnsas Table 1 61
35 9-point hedonic scale i aUszifiunase
Anuanela (Azuuy 9 = vouuniign uas

AvuY 1 = livaunniign) uandlag Table 2

Table 2 Sensory scores of developed and control Tom Jubb Chai

Attributes Control Formula 1 Formula 2 Formula 3
AppearanceNS 7.15+£0.99 7.15+0.75 7.15+£0.59 7.40+0.68
Aroma 7.15°+1.09 6.50°+0.76 6.45°+0.69 6.00°+0.68
Color™ 7.05+1.00 7.10+£0.79 7.05+0.89 7.30+0.66
Sweetness' 6.95+0.89 6.95+0.60 6.85+0.59 6.65+0.49
Saltiness 6.50°+1.00 6.05°+0.60 6.55°+0.51 6.55°+0.51
Overall flavor balance 6.65"°+£0.93 6.30°+0.47 6.75°+0.44 6.40°°+0.50
Tenderness of vegetables™ 6.60+0.75 6.60+0.68 6.55+0.69 6.30+0.47
Overall texture'® 6.50+0.83 6.55+0.76 6.50+0.69 6.20+0.41
Ease of chevvingjNS 6.45+0.89 6.50+0.83 6.45+0.69 6.30+0.47
Ease of swallowing'® 6.45+0.89 6.50+0.83 6.45+0.69 6.30+0.47
Overall acceptability™ 6.75+0.91 6.50+0.69 6.70+0.57 6.50+0.51

Note: Data are presented as mean =+ SD.

The different superscript letters in the same row indicate a significantly different (p<0.05)

NS Not Significant
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(Y €Y o 1

HaRAuTeNTUAELEndlaY Table 3

Table 3 Nutritional composition and energy of Tom Jubb Chai formulas

Properties Control Formula 1 Formula 2 Formula 3
Moisture (%) 83.37°+0.19 89.03°+0.33 88.59°+0.09  88.63°+0.55
Protein (%) 5.70°+0.00 3.53°0.07 3.82°+0.01 3.81°+0.01
Fat (%) 5.32°+0.05 1.75°+0.07 1.05°+0.01 1.05°+0.02
Fiber (%) 0.64°+0.07 1.90°+0.04 0.76°+0.08 0.59°°40.03
Ash (%) 0.88°+0.03 0.84°+0.01 1.15°+0.03 1.14°+0.01
Carbohydrate (%) 4.04°+0.16 3.00°+0.27 4.65°+0.08 5.00°+0.33
Energy (kcal / 100 g) 85.14°+0.24 44.23°0.31 45.82°+0.44  44.99+0.64

Note: Data are presented as mean =+ SD.

The different superscript letters in the same row indicate a significantly different (p<0.05)
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Figure 1 Appearance of formula 2 with varying K-carrageenan concentrations (A: Control; B: K-carrageenan 0.5%; C: K-

carrageenan 1.0%; D: K-carrageenan 015%)
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Table 4 Sensory preferences for sterilized gel product (formula 2) based on K-carrageenan

levels
% of K-carrageenan
Attributes
0 0.5 1.0 1.5
Appearance 6.40°+0.88 6.30°+0.80 7.00°+0.65 6.95°+0.39
Aroma'™® 6.35+0.67 6.35+0.67 6.60+0.60 6.50+0.51
Color™ 6.60+0.75 6.60+0.75 6.75+0.55 6.65+0.59
Taste™ 6.85+0.75 6.85+0.75 7.05+0.51 6.95+0.60
Texture 6.55°+0.89 6.70°+0.80 7.30°+0.73 7.00°+0.73
Ease of chewing 6.35°+0.81 6.65"°+0.59 6.85°+0.59 6.607°+0.50
Ease of swallowing 5.85°+0.99 6.35°+0.81 7.25°+0.64 7.10°+0.64
Overall liking 6.35°+0.59 6.60°+0.60 7.25°+0.55 7.00°+0.56
Note: Data are presented as mean =+ SD.

The different superscript letters in the same row indicate a significantly different (p<0.05)

NS Not Significant

Table 5 Effect of K-carrageenan on gel color and texture after sterilization

% of K-carrageenan

Physical properties

0.5 1.0 1.5

L* 40.04+1.51 40.28+1.26 40.16+0.32

Color™ a* 4.27+0.15 4.67+0.23 4.18+0.19
b* 33.65+0.49 33.93+3.23 33.18+0.45
Hardness (N) 22.96°+1.67 39.92°+2.43 60.23°+4.80

Texture profile analysis Cohesiveness™” 0.88+0.07 0.87+0.02 0.83+0.01
Chewiness (N-mm) 0.21°+0.06 0.20°+0.04 0.61°+0.05
Note: Data are presented as mean =+ SD.

The different superscript letters in the same row indicate a significantly different (p<0.05)

NS Not Significant
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Tu Table 6

Table 6 Sterilization of the developed prototype gel food product for the elderly was

conducted at 121°C.

Sterilization condition Time (min)
Come up time 15
Process time 20
Cooling time 20
Sterilizing value (F) 5.0
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a a 4 1 = a a U
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Table 8

Table 7 Microbial analysis results complied with the Ministry of Public Health Notification No.

335 B.E. 2556 (2013), Section 3 (1).

Analysis Item Unit Result
Incubation test at 35 °C and 55 °C Normal
Aerobic Plate Count at 35 °C and 55 °C CFU/g None
Clostridium botulinum /g Negative
Staphylococcus aureus /0.1¢g Not detected
Salmonella spp. /25¢ Not detected

Table 8 Nutritional composition per serving size

Component

Per serving (150 g)

Moisture (g)
Protein (g)

Fat (g)

Fiber (g)

Ash (g)
Carbohydrate (g)

Energy (kcal)

132.89

5.73

1.58

1.14

1.73

6.98

68.73
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Highlights
® Key mechanistic insights of next-generation probiotics (NGPs)
® Highlights health-promoting strains with targeted and personalized metabolic or
immunomodulatory effects

® Perspective on the potential of NGPs in the functional food industry

Abstract

Advancements in genomics and human microbiome analytics have led to the discovery of
novel gut microorganisms that were historically difficult or impossible to culture using
conventional methods. With the development of specialized cultivation techniques, many of
these microorganisms can now be isolated and propagated, enabling detailed investigation of
their health-related functions and potential applications. These microbes are classified as Next-
Generation Probiotics (NGPs) and exhibit strain-specific capabilities in  modulating host
metabolism, regulating inflamsmation, and enhancing immune function. This review synthesizes

mechanistic evidence supporting the beneficial roles of NGPs based on in vitro studies, animal
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models, and human investigations, with emphasis on key candidate strains such as
Faecalibacterium prausnitzii, Akkermansia muciniphila, Bacteroides spp., and Clostridium
butyricum. The review also highlights emerging technical strategies and safety considerations for
incorporating NGPs into functional food products, including microencapsulation technologies and
the use of microbial metabolites or cell-derived components (postbiotics) to improve stability,
safety, and functional efficacy. Overall, this article provides a scientific foundation for the
development of next-generation functional foods and nutraceuticals with targeted health

benefits.

Keywords: next-generation probiotics, gut microbiota, mechanisms of action, functional foods
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Table 1. Representative genera in the human gut microbiome categorized into beneficial and

potentially harmful groups. #¥

Genera (Examples)

Key Functions / Characteristics

Beneficial or commensal genera

Bifidobacterium

Lactobacillus, Lacticaseibacillus,
Lactiplantibacillus
Faecalibacterium

Akkermansia

Roseburia

Bacteroides (selected species)

Ruminococcus, Eubacterium, Blautia

Prevotella

Production of short-chain fatty acids (SCFAs); enhancement of gut
barrier and immune modulation

Lactic acid production; inhibition of pathogenic bacteria

Major butyrate producer; strong anti-inflammatory effects

Mucin degradation; supports metabolic health and epithelial
integrity

SCFA/butyrate production; contributes to gut homeostasis
Fermentation of complex carbohydrates; essential commensal
functions

Fiber degradation and SCFA production; maintenance of microbial
balance

Associated with high-fiber diets and carbohydrate metabolism

Potentially pathogenic or opportunistic genera

Escherichia/Shigella
Klebsiella

Clostridium sensu stricto
(e.g., C. difficile)
Enterococcus
Fusobacterium
Campylobacter, Proteus

Streptococcus (selected species)

Opportunistic pathogens; contribute to gastrointestinal infections
Associated with gut and systemic infections, especially in dysbiosis

Toxin production; causes intestinal inflammation

Opportunistic pathogen; linked to antibiotic resistance
Associated with inflammatory disorders and colorectal cancer
Gastrointestinal infections and inflammatory responses

Associated with systemic infections in dysbiosis

FRPD 108



.ﬂ

m MIANFIVULATHAIUNANN 9D 1MNS TR 56 aTu 1 1.A. — T.8. 2569
I

wj ,/ Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

Tulaslulesluanldiunuinlanensese
avamuywe 10 esa1natunsadauasie
#1390 (bicactive compounds) #a1nwaly
yiafidimanoseuusng 9 199519018 SIUE

seuuRiAUAY SYUUUTEam LagTEuUY ey

q

[% (% T
v v A ayg o [y [

013 Snviadadiufduiusuidodounded
Wi oadeauanld (gut-associated lymphoid
tissue: GALT) Baflunumardglunisnszdunis
Wawazn1svhuveugadgiduiy n1sudn
lelalat uaznistiostunisinideaingdunsd
nolsn uenandlalaslulesludlddadonles
AuszuulszamaIunasIunua bd-auog
(gut-brain axis) FeiidviEnasequnnin o15ual
wazn1sinauvesaNes®

) [y

dMsuyARaNTgUN MUY SEUUTLeA

]

aunsdlualdavegluaniizauna (symbiosis)

de’dd

sEnauvsEniusElevinazadunidnalsnds

)}

annsamuasdiiusariuld widleinnnzids

[

aunaveslulaslulenluanld (dysbiosis) apy

Lummmﬂmsa@awawauw ﬂiﬂ,wu

mamsmemawaw?éﬁﬂsw ALAINALLNN
1A viSaLfuALLEBesan1SIAAlsAMAT BTN

WU 15ADIU LUIINUTEAA 2 Tseanldaniau

15An19ssuuUsEay 1sAssuun1aaunigla
waruelsaueeia A9y n1sinuIdunaves

a6 A

qauvsdnselulaslulesdadutadeddgsionis
miamaﬁumw“ ©7
ununasarnisnetulaslulaulussuu
NLAUDINT
NEANTIUNITUIINARIMTVDINYYE dana
1AgRTIADAIURAINNAI8 WAL DIAUTENDUVDY
Tulaslulenluanld laedsneauinnisuslan
mmiﬁiﬂau@;ammiatfd?{auuﬂaﬂmqa%ﬁwaq
guyudunidluniau®? luneesadudu n1s
u3laRa130M5T LM zay Taslanizngy
nsluledn nSluledn Toe1uns waskana e
omsniin Tdmtsduaduguaindld uaziiia
USunaduni & dussleviluszuuniafu
91115® 91 suUURETuANG siUS I Aa
waylviuduiigs duunlihidmaldesroaugaves
Tlaslulonludld Tuvazfiomsuuuiines-
sy Fatunsulaadn wald Sufiwiuudn
Tysiufianinsiunznen saudslusiuanUaiuas
&1 wazanmsuslnaeuns dima waze s
wussy WU 1Y IELR UAIUNAIN ARV

aunsdluanld uazdwmaddeaunmlaasin’® ¥

FRPD 109



T
gy

MNsaTIvBuarNRUINARS g1 U 56 atudl 1 w.a. - .8, 2569

=% Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

amsnauA1slulainse lagianisly

suLuulues i azansild (soluble fiber)

1Y a

Jaduuvamdanuiidfyresadunsdluanld

q

'
1 =2

ey Falugnisndsansiuunueladdiminnsa

—2

lasfusnedy (short-chain fatty acids: SCFAs) @4
funumdiAgyseguainlunaleniu 1y 113
AANNSNAIYNglaawazluiy naanaunIs
USUANAANITNOUALBIYDITEUUYAANAUVDY
$19118™? fisreeuiinisvinarsnilulefinds
dnilvgdneglunguadluleawnsaiiazansils
wazliauisodeslalnesesnieuyee danalv
9 auns Efﬂq'm Bacteroides thetaiotaomicron
Feiunumdrdglunisdeslnawauresindud
Uinasanas thlugnmeidoydldsouus™?
wonanenslulamsnuds asuseneuduly
9111589 swan olulaslulenluald oy 198
HudAy nuddslunasanaasy (in vitro) WUl
nsnnlusAuanfivanusadisySunauuadise
nau Lactobacillus wae Bifidobacterium W3 83l
fansedunisdaaseinsaluiuaedu was
anusaanUsuamuaiis e usunse 1w
Bacteroides fragilis Wway Clostridium perfringens

Inegnadidudmg ¥

nsuilaaleduludSinaes Tnganiznsa
losfud usa (saturated fatty acids: SFAs) 14
llgnneidvaunaveslulaslulonludld (ut
dysbiosis) Ingevnsiifiusinansaluiududngs
aansansedunIsaT e IUATS ungufindn
Fawlndsdnadesetuiionludld wanlulads
& o9 1A st unnseaLauLs odeluanld
(colitis)*? ¥ Tumenseiudnu nsaludulowwnn-
3 g1adnalgsuinaessausenovaeslulasiuley
ludnld lngarunsanseiunisudnaisiiunis
gnau waznsaluuaredurdnesdian
(acetate) Wail dndruilmunzauszninansa
lusiuleiuin-3 solewin-6 Asegiisn 1:11%

fs1eeuirnsuilnaemsiidiiaags
annsaildsundasesdusznavvedlilasiuloy
Tuanldluanwaradteiunansenuvaansabusiu

Y ]

Al Feenadidruduasunisiinnividsauns
Y0958 VULNANUBATULazlsATOTIANg o 1219
d” 4 ) 1 s
wennil anshianurnuiien 1w wealisuay
(aspartame) LaAATIY (saccharin) WazasdaammiLA
(acesulfame K) xalunisanuSinauuaiiisensgy

Clostridliales, Lactobacillales wa ¥ Bifidobacterium

YRUELA &I UNE UL dwusuan s slungy

FRPD 110



T
gy

MNsaTIvBuarNRUINARS g1 U 56 atudl 1 w.a. - .8, 2569

=% Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

o § @

Enterobacteriaceae & & uWus fun1Iz 35 iU
ﬁwmwaima‘"ammzammmiﬁ'qqéfu WarnIg
novALewioduyAuTianas"”

NuIdulunaoanaaes (in vitro) Landln
Winan @1997adleons wu adiu lulunasy
Iandelsnuninsaludy waza1svendiuiia
waglaa aunsndaasumsiedeudievesuuadiSe
rudounisald dualiifnnssniauiingzane
s1ane (systemic inflammation) %ﬂﬁﬁ%ﬁam
91NN15WUA BuLUasuesuml tuazesd Usznay
vadlilaslulenluald™?

w1 Tednlngfies veauduius
semesnlsznauennsiululasluleslualdas
11917157 nwlus 19U sEne agslsiany 3
nsf nwmatsatululszuinsined advayu
unumvegliuunmsusiaremsielasiaianay
nsvheuvetlilasiulenluald Tnenuinlulas-
TWlewvasdlngylneausoduundu enterotypes
i1l Prevotella 3@ Bacteroides 1o & siaau
Weulgatuguuuuormsiiunndnaiu lagewns
Inedafufifadlulanmidsfounarloanags
NIz nduTusiuANaInaevedlilas-

TulouasAnunINNITYNUA 1w NUaa T

a o @ Y] v & 1 a
NAvslusnneFaanslimiiuin Msusineens

o

wuus A g uwaglutustidaunius fuau
vannvateveauvsludlduasnsrannsaludu
apduluseui ganudlefisuiumsuslanens
wuuidtesiflusuguasdusinasnd @ uonand

nsfnelu g e ulaad sinudngvuuy

Y (Y s

9IMFNNYFUNUT AU R JuuuanTelunay

=

Prevotella 91 & 9% UbazUSUIULUAT LS 8N BlsA

Y

2lonai anas® lagsauuda nangiuain
Jszanslnedltifiuinguuuunisuiinaeims
lnsanzdndiuvedleamsuagluiu dunum
1AM 0eIAUIENU AUNAINTRANY LAY

fnen1nnisyinauveslulasluleuludld

[y

Uaduddryntiunumiunisusuaunavesly

o

lastulenluald Tawn wsluledin tusluledn

(18, 19

aq a L ¢ o/ ) = a
NOANUDA LASNANN UNDIUNTVNN WﬂUI’e)G]ﬂ

vanefie a150m157 Wanunsag aula lunieiu
9IMNTVRAYWE UdansodsaSunsas A ule

WomsnuvesuafiBeniiusyloviluaildlne

v

1A 28 19TUNILLA1ZS A208 N A1A L bA A

duydu wazvlgnialodlnudnailss eensedu

N13L93EYTDUATISENGY Bifidobacterium uaz

Lactobacillus taog1eiluszansain?

FRPD 111



i 2 a v o a o '3 { o { a
,@;@%& MIATITeuaziauINEAfueias U 56 aduil 1 u.a. - .o, 2569

W=’ Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

Inslulafin (probiotics) Munadia YaUNTE

'
=

1330wl ousTnaluusunaf wunzauay v
Usgleninoavnmuadiead Tnsgdunidnanil
Igsunseeusulaeiluihdaulaendudmsu
n15U1 Y19 (Generally recognized as safe:
GRAS) TagdinauAnMeNITUAITOIMITUAZY
ansgoLusna (US. FDA) 3 olasun193uses
nelavaninmuel Qualified Presumption of
Safety (QPS) Ingaiineruarulasnign1u
g msuisglsy (EFSA® 2V mstasulnsluledin
8199 LA AN190UE BulUaed 1AT197 84
asnvsznovlulasluleuluald Tnslaniznns
indunuvesgdunigniisslov deenataelu
nsvivalsanisfuenisnielsadu o Ie
oeslafiny madndvnaguainlusrezemiueg
funsustnalnslulefinegadeiios wagnsd
ogyasan eIz auRenslaTAulaveq
QaunIsimaniu® Inslulefinannsausuauna

voslulasluleulualdrrunalnmng o wu n1s

'
[ % a a A

LUITUNUIAUNS S RADUIUNTHEITIA T89S

9

WaTATUMUAN1TEALNTIE NITHEAAITATUIATN

WU WUALNBS LT U (bacteriocins) 52189015

[y

NILAULATATUANNITVINNIUYDITEUUNTANAY

NG

Twslulefnaaduginslulafngalusi

a1 “Inslulefn” (probiotics) HsnANILN
NAINEA N “WeTIn” (for life) a3dns
DIMITUBLLNYATUN I@NRUTZV1A (FAO) hay

panmsauelan (WHO) lalmannamnuuaslng

a &l

Tuledindn “auvisdiidinilinelsn dadeuilan
Tudsinamnzauuaagneliiianads agunmn
vodlaan "> wnAaneriulnsliuledndlunneui
uywdazidlanalnniseengni vesydunidluy
o 1 <) a a a
pmnsniineg1luszuu lngluadninisuilae
PINIUINAINAIT A UANAIMINBINTUAE

asanmaud s wilasdelidnsssyaiaves

11960 ¢ (18

qauvsgegretaan’® Inslulefnuuunuiudiu

Inaydmeglungu LAB 19U Lactobacillus spp. Wae

Bifidobacterium spp. 4 nuenlAanuEnsinsiuy

a

minu3 831Ny uns gludlduywd laevialulng

q

=]

lulafinlunguildunumlunisgaeainis snw

¥
4 N

aunavedunidluald dedutenalsauay

daeSumyinuvesssuun AN

FRPD 112



T
gy

MNsaTIvBuarNRUINART g1 U 56 atudl 1 w.a. - .8, 2569

=% Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

1 <@ E4 v a
pg19lsAmU AR TINLIManalulad

1Y

ATV INeT lnglaniesiassiainuilangle
Inavasdu 165 rRNA faewalla next-generation
sequencing (NGS) $aufunsldiad aefledinses
U9y an197 3@15aune (bioinformatics) ¥l
ansnsaRTIaNUALYESusnnTiofeegludld
sywddslianmnmsdsddseisvily aeamy
naueAuvEdlldoondiaud sandugiiilsiananse
seyrllalauudn Aem s ImelaNTmaRU

TULLALNTINIZHE SAWUURNIZNNE YNl a1use

'
a a ! )

wenuasAnyausduiaval 9 Nuansdnennis
gunmilawiugungswy Yaunsdwantiaslasu
n13vneg Tunay “Insluledng aluy” (next-

generation probiotics; NGPs) & sansnsalsidenslé

a

91 “9AUNTINTI0T I TUN1IITY AL UT 9N
n1sfnwlulaslulen wazdl euslnaluu3unam
wzay agneWiieUselevisogunimyedlaead @

manslulefndsldveneveuwneanlunseungy

A UNS &9 nanraneungd 9 u lu I aaniy

3

wuATIiSenga LAB v3a Bjfidobacterium winiu
ANNLANA1ITENINS NS Luledne Alud v
Tnsluladnuuunuduiansly Table 2 loun

AFnssvyaeRus i dmalulagaiduiuaning

e

wiughaesuiunsiaTeiveyarunalng i
ANg UL (big data) A1udlun nsUsziiiy
auvaoads dalnslulefinuuudaduingn
FusessuNMsidnulunyydunegiaeiuiu

Tuvaue NGPs apsagseninnsfinuideuay

uanqv A

geldfideuasragenimineamelunisduduaiiy

Y

Uaeadgegrataiau uenainid Inslulesinga

v s

Tysifadinauaudfanivaneiiug (strain-specific)

]

11N In1TINIzlusrausd e (species-

specific) WiuLfgaulnslulofnuuun iy @

[
(XY

VNAININAADHUNINTDY NGPs 9lupgiu

'
=2

aeugAnwlagiany

FRPD 113



MNsaTIvBuarNRUINARS g1 U 56 atudl 1 w.a. - .8, 2569

sk @B |
W=’ Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

Table 2. Comparison between next-generation probiotics and traditional probiotics®

Issues Next-generation probiotics Traditional probiotics
Origin Derived from next-generation microorganisms that  Long history of use and are derived
have been recently isolated using advanced tools  from a limited number of species, such
and techniques as Lactobacillus and Bifidobacterium
Development Developed based on comparative analysis of Developed through a top-down
microbiota compositions between healthy and screening strategy, which involves
diseased individuals screening microbes enriched in healthy
individuals compared to those in
diseased individuals
Safety Their safety is not yet proven as they are relatively Along history of safe use in humans
new and have not been used for as long as
traditional probiotics
Applications Primarily used to treat or cure disease conditions Mainly used as food ingredients or
supplements for promoting overall
health and well-being.
Resulation Considered to be live biotherapeutic products Generally regulated as foods or dietary

(LBPs) or microbiome-based therapeutics, and
therefore subject to more stringent regulatory
frameworks similar to pharmaceutical products,

including clinical evaluation of safety and efficacy.

supplements, with regulatory
requirements focused on safety,
quality, and labeling rather than

pharmaceutical clinical trials.

Strain specificity

Health-promoting effects are strongly strain-
specific, with efficacy and mechanisms often
linked to unique genetic and functional traits of

individual strains.

Health benefits are often associated
with well-characterized strains,
although many products have
historically been marketed at the

species level.
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Insiletun lawn Anaerobutyricum hallii 611

a13¢na1s 1,2-propanediol®? waz Prevotella

copri H1Y succinate pathway F9dAZLuATHES
Tnazidusmnanslunsuaninsilown“”
Taisn (D udalngadunsegngu
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NART LR

Table 3 Primary producers, physiological functions, and metabolic pathways of short chain fatty

acids (SCFA)

SCFA Primary Producers

Physiological functions

Metabolic pathways

32,41
Acetate® Y

Akkermansia muciniphila,

Bacteroides xylanisolvens

Stimulates GLP-1 and PYY
hormone secretion,
activates AMPK, enhances
energy metabolism, inhibits

colorectal cell proliferation

Produced via
saccharolytic
fermentation; involved in
cross-feeding for butyrate

production

Butyrate

(34-36)

Faecalibacterium prausnitzii,
Anaerobutyricum hallii,

Butyricicoccus pullicaecorum

Primary energy source for
colonocytes, induces

regulatory T cells, inhibits

Derived from acetate or
lactate; depends on

other bacteria for
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SCFA Primary Producers Physiological functions Metabolic pathways
inflammation, promotes complex carbohydrate
intestinal sluconeogenesis  breakdown

Propionate  Anaerobutyricum hallii, Precursor for hepatic Formed via succinate

69,400 Prevotella copri

gluconeogenesis, activates
GPCRs and fatty acid
receptors, contributes to
glucose homeostasis and

satiety
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propanediol
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YgN Bacteroides dorei @18 Wus D8 i
a I

AuaIusatunisiud sumnetadmeseatdu
coprostanol Turasanaany Fee1aidnanwlu
nmsansyauluduludon®®

Clostridium  butyricum MIYAIRI 588

=3

(CBM588) 399 JUNan e 510 T Iaie

n153nw1 (live biotherapeutic product; LBP)
Isumsfnuluginraedeuazinislduiuiu
41 50 ¥ laslamigludssinadg Ju 1 ean
Hansenuamnazidvaunavedlulasiuleuly
dldMAnannsldefdaug sawdddlunng
$nwlse 1w Tsadade Clostridium difficile
way Helicobacter pylori n1gluduluiionas

wazuztsauiia@’ ot

" nsneaesluny wuin
nsls CBM588 anunsaiiunnnazdsaunaves
aunsdluald amnsai uauynves
wuANIenNa Y Bifidobacterium, Lactobacillus

way Lactococcus Tuanld>?

Table 4 Well-characterized and potential next-generation probiotic microorganisms

Outcome or Clinical

Organism Type Disease target Study type
Effects and Functionality
Bacteroides fragilis Natural Antibiotic-associated  B. fragilis ameliorated AAD- Rat
zv-312*? (human) diarrhea AAD related diarrhea
Bacteroides Natural Cancer Safety in humans has been Human
xylanisolvens DSM (human) established while levels of
239647 TFQl-specific IgM have

been shown to be

elevated in humans
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Outcome or Clinical

Organism Type Disease target Study type
Effects and Functionality
Bacteroides dorei Natural Heart disease Depletion of cholesterol in Preclinical in
D8“? (human) vitro vitro
Clostridium Natural Multiple targets Preventing antibiotic- Human
butyricum MIYAIRI (human) including cancer, associated diarrhoea /
5882 7 inflammation and  improved the imbalance of
infectious agents microbial conditions
caused by antibiotics
Faecalibacterium Natural Mainly IBD but also Mainly focused animal Preclinical in
prausnitzi/m) (human) asthma, eczema and models of colitis and in mice and in
type 2 diabetes associative studies vitro
Akkermansia Natural Obesity Enhanced insulin Mice
muciniph/(a(w) (human) sensitivity, elevated levels

of anti-inflammatory

cytokines

a

Faecalibacterium prausnitzii Jugdunsd

q
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q

v v

Faeylunguadunigifanudusiusuuud o
adglusruumadue s dsreaudgvae
Tsaanldeniauis o5 (inflaimmatory bowel
disease; IBD) N156 mﬁ'ﬁya Clostridioides difficile
warmsiadolda iy COVID-19 Fniusuna F.

prausnitzii Tuald anasey 198 e ey

n1sdnerludndnaass wuv 1 n1sLasy
F. prausnitzii mmsaﬂﬁzé]q’umia%’wisziimiﬁﬁﬁﬁ
g3 dun1ssniau® §euanadsdneninues
Raun3guiailunstestunnsunsndaums
szuvmaiueims lasanizludvaed dnde
CoviD-19 1g ®?

Akkermansia muciniphila \duq&un3é

d1Agdnuidaniandauaudalunisdaaiy
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Application of NGBs in food

/

« Effective modulation of the gut
microbiota

* Improvement in health and fitness
* Novel solutions for the functional
food and supplement market

Advantages

4

\

y

* Influence on sensory
characteristics

* Manipulation of the intestinal
microbiota without control

N

Disadvantages

4

\

Possibilities

 Utilizationof
microencapsulation process
« Utilizationof the postbiotic form

A

N
>

Limitations

* | ack of effective technology
* Low yield of bacterial culture
* Registration and safety issues

Figure 1 Next-generation biotics (NGBs) applications in food technology.?
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Highlights

® The developed coconut milk ice cream product was successfully fortified with 10% nipa
palm fruit pulp, resulting in a lower total energy content and higher dietary fiber compared
to the original formulation

® Increasing the proportion of nipa palm pulp in coconut milk ice cream represents an
alternative approach to enhancing product diversity

® The coconut milk ice cream product fortified with nipa palm fruit pulp can meet the needs
of communities involved in palm cultivation and consumers seeking plant-based food

options

Abstract

Nipa fruticans, classified under the palm family, is commonly found in Thailand, particularly
in mangrove forests as well as in freshwater and brackish water areas. This study aimed to
investigate the effects of incorporating varying amounts of nipa palm fruit pulp into coconut milk
ice cream on its physical properties, sensory qualities, chemical composition and nutrition value.

The study examined four formulations: 0% (control), 10% (NP10), 15% (NP15), and 20% (NP20)

FRPD 129



NIRRT R AU WAAT U1 UN 56 atudl 1 w.A. - 0.8, 2569

224 Journal of Food Research and Product Development Vol. 56 No. 1 Jan - Jun 2026

based on the total weight of the basic formula. Results indicated that increasing the amount of
nipa palm fruit pulp led to reductions in lightness (L*) and yellowness (b*), as well as a decrease
in overrun percentage (p<0.05) and melting rate. Sensory evaluation revealed no significant
differences (p>0.05) in appearance, color, aroma, texture, taste, aftertaste, and overall
acceptability among the formulations, with all samples receiving moderate levels of liking.
However, the formulations containing nipa palm fruit pulp received significantly higher scores
(p<0.05) for fruit present compared to the control. Based on these findings, the NP10 formulation
was selected as the most appropriate. Chemical analysis revealed that ice cream supplemented
with nipa palm fruit pulp had significantly lower levels of ash, protein, fat, total energy, and sugar,
while containing higher dietary fiber compared to the control (p<0.05). An 80-gram serving
provided 7%, 13%, and 13% of the recommended daily intake for energy, sugar, and fat,
respectively. This product development enhances the variety of coconut milk ice cream products
and meets the needs of both producers and consumers, particularly those seeking plant-based

food alternatives.

Keywords: ice cream, coconut milk, nipa palm fruit pulp, product development
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Table 1 Quantitative composition of coconut milk ice cream with nipa palm fruit pulp across

different production scales

Treatments
Ingredient NPO (Control) NP10 NP15 NP20
g % g % g % g %

Coconut milk 850.00 74.47 850.00 67.69 850.00  64.75 850.00 62.05
Sugar 175.00 15.33 175.00 13.94 175.00 13.33 175.00 12.77
Salt 1.50 0.13 1.50 0.12 1.50 0.11 1.50 0.11
Modified starch 15.00 1.31 15.00 1.20 15.00 1.14 15.00 1.10
Water 100.00 8.76 100.00 7.96 100.00 7.62 100.00 7.30
Nipa palm fruit pulp 0.00 0.00 114.15 9.09 171.23  13.05 228.30 16.67

Total 1,141.50 100.00 1,255.65 100.00  1312.73 100.00  1,369.8  100.00
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Figure 1 The appearance of coconut milk-based ice cream containing different levels of nipa palm fruit pulp.
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Table 2 Overrun (%) and color values of coconut milk ice cream incorporated with different levels

of nipa palm fruit pulp

Treatments
Quality NPO (Control) NP10 NP15 NP20
Overrun (%) 22.15+0.54° 21.93+0.64° 20.13+1.05%° 19.05+0.89"
Color values
L* 73.53+0.76° 72.35+0.65° 70.66+0.56" 70.70+0.99"
a* "™ (-2.17)+0.16 (-2.26)+0.08 (-2.28)+0.11 (-2.17)0.14
b* 1.61+0.11° 1.58+0.33" 1.5740.22° 1.50+0.20°

Remark: a, b means followed by the same letter in the same row which are significantly different (p<0.05).

ns means within in the same row which are not significantly different (p>0.05).
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melting of coconut milk ice cream incorporated with varying

levels of nipa palm fruit pulp at 15, 30, 45, and 60 minutes
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Table 3 Average liking score of untrained panelists for coconut milk ice cream with varying levels

of nipa palm fruit pulp (n=50)

n=50
Treatments
Quiality NPO (Control) NP10 NP15 NP20
Appearance ™ 7.19+1.40 7.11+1.00 7.02+1.14 7.19+0.84
Color ™ 6.89+1.12 6.93+1.3 6.63+1.02 6.61+1.23
Odor ™ 7.48+1.11 7.35+1.01 7.39+0.94 7.37+1.05
Texture ™ 7.24+1.09 7.13+1.11 6.78+1.04 7.13+1.15
Amount of nipa palm fruit pulp  6.19+1.06° 7.02+1.10° 6.83+1.08° 7.15+1.08°
Taste ™ 6.87+1.06 7.19+1.01 6.81+1.06 7.06+1.05
Aftertaste ™ 6.94+1.09 6.74+1.07 6.65+1.06 6.76+1.04
Overall ™ 7.17+1.50 7.15+1.03 6.85+1.06 7.02+1.07

Remark: a, b means followed by the same letter in the same row which are significantly different (p<0.05).

ns means within in the same row which are not significantly different (p>0.05).
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Table 4 Chemical composition of selected coconut ice cream enhanced 10% nipa palm fruit pulp

(NP10) compared to the control (per 100 grams)

Treatments
Chemical composition
NPo (Control) NP10
Moisture ™ (g) 65.85+0.04 67.28+0.94
Ash (9) 0.63+0.01° 0.53+0.01°
Protein (g) 1.4120.00° 1.31+0.00°
Fat (9) 13.53+0.00° 10.72+0.00°
Carbohydrate ™ (g) 18.58+0.49 20.16+0.10
Total calories (Kcal) 201.73+0.20° 182.36+0.06"
Dietary fiber () 1.23+0.00° 1.32+0.00°
Sugar (g) 17.20+0.00° 14.77+0.00°
Sodium (mg) 0.0620.00° 0.05+0.00°

Remark: a, b means followed by the same letter in the same row which are significantly different (p<0.05).

ns means within in the same row which are not significantly different (p>0.05).
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Nutrition value per serving size (80 g)

Energy Sugar Fat Sodium
146 12 9 0
kilocalories gram gram milligram

*as a percentage of the maximum amount that can be consumed per day

Figure 3 Nutrition facts and GDA nutrition label summary for selected coconut ice cream enhanced 10% nipa palm fruit pulp
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Highlight

® OQutstanding properties of tagatose

¢ Alkaline isomerization

® Development of environmentally friendly tagatose production technology
Abstract

D-Tagatose is a rare monosaccharide classified as a rare sugar due to its limited natural

occurrence. It exhibits several beneficial chemical and health-related properties, including
sweetness comparable to sucrose, low caloric value, non-cariogenicity, and minimal impacts
on blood glucose and insulin levels. Tagatose can be produced from galactose through an
isomerization reaction. Over the past decade, environmentally friendly approaches for
tagatose production have been explored, with an emphasis on green and sustainable
techniques and catalysts. These approaches include the use of subcritical fluids (e.g., water,
buffer solutions, or aqueous ethanol), amino acids such as arginine, and naturally derived
materials, including scallop shells and eggshells. These methods demonstrate varying catalytic
efficiencies and tagatose production yields. Therefore, a systematic compilation and analysis

of existing studies are essential for identifying promising pathways toward efficient, scalable,
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and eco-friendly tagatose production, thereby contributing to the advancement of sustainable

health-oriented sugar substitutes.

Keywords: Tagatose, Rare Sugar, Isomerization, Production, Environmentally Friendly

Catalysts
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Table 1. Tagatose sugar production process using environmentally friendly catalysts

Techniques Catalysts Reaction conditions, | Maximal References
(Galactose tagatose
concentration, yield (%)
temperature,
reaction time)

Subcritical Ethanol solution 80% 0.5%, 180 °C, 500 s 24 (17)
fluid (V/V)
Phosphate buffer 10 5%, 160 °C, 300 s 14 (18)
mM pH 7.0
Phosphate buffer 10 5%, 140 °C, 300 s 13.1 (19)
mM pH 7.0
Phosphate buffer 10 5%, 140 °C, 300 s 16 (20)
mM pH 7.0 + ethanol
60% (w/w)
Subcritical Phosphate buffer 0.5M | 10%, 110 °C, 45 min 16 (14)
buffers pH 7.5
Carbonate buffer 0.5M | 5%, 60 °C, 60 min 15.2 (21)
pH 11.0
Amino acid Arginine 0.15 mol/mol- | 5%, 120 °C, 4 min 17.3 (23)
gal
Arginine 0.01 mol/L 0.2 M, 110 °C, 30 min 16 (24)
Egg shell 10% Egg shell 5%, 120 °C, 120 min 15.7 (25)

Scallop shell | 1% Scallop shell 0.2 M, 700 W*, 105 s 18 (26)

powder

Note: *Power (watts)
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