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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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(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
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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
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