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ABSTRACT

This study analyzed 2,185 valid patents related to the upcycling of agricultural by-products filed and registered in Korea between
1966 and 2023 to identify the major technological and industrial trends. The number of patent applications increased rapidly after
2000, with an annual average of approximately 102 cases during 2010~2019 and 117 cases since 2020, indicating sustained
technological advancement. The compound annual growth rate (CAGR) for 2019~2023 was 3.9%, suggesting steady technological
stabilization. Individual inventors (41.8%) and corporations (37.0%) accounted for the largest proportions of applicants, followed
by universities (13.1%). This distribution suggests that technological development in agricultural by-product upcycling is driven
primarily by industry and academia, reflecting the research and innovation structure in which academic research and industrial
application are closely interconnected. In the International Patent Classification (IPC), Section A (Human Necessities) dominated
with 71.5%, particularly subclasses A61 (Medical or Hygienic) and A23 (Foodstuffs), showing that technological development is
concentrated in health-related and food utilization fields. The major raw materials were grains, fruits, and vegetables, with functional
parts such as husks, peels, and aerial parts used most frequently. Extraction (41.0%) remained the primary process, but biological
conversion processes, including fermentation and enzymatic hydrolysis, have expanded to over 20% in the past five years,
highlighting a shift toward functional enhancement. The functional claims primarily involved skin health (35.6%), antioxidant
(28.4%), and immune support (26.6%) effects, while the industrial applications were centered on cosmetics, pharmaceuticals,
industrial materials, and food sectors. These results highlight that upcycling technologies for agricultural by-products in Korea are
evolving from basic recycling to advanced functional material production, providing an essential foundation for sustainable food
systems and circular bioeconomy strategies that integrate environmental and economic value.
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Table 1. Korean patent search formula in the field of agricultural by-products
Patent database Sum of

(search period)

Patent search formula

search result

((apple or pear or sesame or perilla or tofu or Chinese cabbage or radish or onion or green onion or
tomato or paprika or grape or citrus or tangerine or Schisandra or Japanese apricot or bean stalk or

KIPRIS . .
(1966. 11. 21~ rice or corn or rice husk or bran or red bean or soybean or mushroom) ADJ (by-product or peel or 4.499
Co husk or stem or stalk or root or residue or press cake or juice residue or cake or oil cake or leaf or ’
2025. 04. 21) . . .
extract or inedible part or pomace or waste)) OR (press cake or oil cake or bean curd residue or soybean
meal or rice straw or corn stalk)
tloE= Table 20 A|A1E B} o] 58] 7|2 (=9 S THoR dAxd 29 Fo] B BA TRE X8 et
T, 29, ¥ HA, S 718, TAISSE R A St Ve A D0 A B S8 B4 =3
ke AE(EE, 79, 7H34, 7164, EREnE T 299 FI0I1Y, dE, 971, AR, BRTIES Blagt
ge] Tzshsigich oM 7% e Fa FAs Aot WY T2 vhoks)
Atk TlEe] 7t 53]o] Fod IPC Z=F o] &3] i
3. =AY 28T Y Ve Sobd EXE v¥usty, 7o 7s
2 ApdAE 2% AUE 218549 £5 598 U 2 9 A% A8 Bopg =3aith
o g A A3 F4A EAS Basiclen, 59 712 44 BAAAME frE& 5919 AR 71E eSS
Hush SRS ARE AAG V1eA SAT HE A 2 AR 29, BT, /154, 2e8wT Ay B4 us
FS FHow BEASIQTh AHA BAoAE Ssgr & AAsIT 7 Mg 59 VR E(EdAE, 29

Table 2. Definition of variables for patent data analysis on upcycling of agricultural by-products

Category Variable Description Analytical purpose
L . o . Patent identificati d duplicat
Application No. Unique identification number assigned to each patent atent 1dentiicahion and cupheate
removal
Type of patent document (application, registration, . .
Document type . Classification of patent status
publication, etc.)
Application date  Date when the patent was filed Analysis of annual filing trends
Patent Understanding of core technological
information Title of invention Title of the patented invention as registered in KIPRIS thgrrfer: ancing ot core fechnologica
. N f the individual, , university, . . .
Applicant ame o . e. m 1V1.ua company, untversity, or Identification of leading applicants
research institute filing the patent
. . . . Identification of key technology
International patent International coding system that categorizes patents by . .
. . . clusters and dominant technical
classification (IPC) technology domain
fields
. Agricultural by-product used as the main source Analysis of major raw materials
Raw material L e
material in the patent utilized
Part Specific part of the by-product used (e.g., peel, seed, Identification of frequently utilized
stem, leaf) parts
Agri-by- . . . . . . .
i:::luzt Food transformation Type of processing or transformation applied to the  Analysis of processing technologies
in?ormation process (FTP) by-product (e.g., extraction, fermentation, drying) and utilization trends

Functionality

Application purpose

Claimed physiological or technological function of the
processed material

Industrial utilization sector (e.g., food, feed, cosmetic,
pharmaceutical, energy)

Classification by functional property
and efficacy type

Trend analysis by industrial
application sector
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Fig. 1. Annual trend of patent applications related to
upcycling of agricultural by-products.
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Fig. 2. Distribution of patent document types related to
upcycling of agricultural by-products.

Table 3. Number of applications by applicant type

Applicant type Count
Individual applicant 1,142
Corporation 1,009

University 357

Research institute 134
Government department, local government 88

© & VERGTKTable 3). ©]23F &l %“ & FARAE
AlolE8 71 o] AdA ¢t SHAIE

Table 4. Distribution of patent applications related to
application field
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upcycling of agricultural by-products by applicant type and

Government department,

Application field Individual applicant Corporation University Research institute local government
Health functional food 17 15 5 2 3
Construction materials 79 32 3 1 1
Agrochemical products 24 14 7 0 2

Feed 7 0 0 0 0

Industrial materials 72 47 18 4 0
Food 268 210 93 35 24

Energy 57 38 19 6 1

Hygiene products 53 31 5 0 0
Pharmaceuticals 41 73 68 20 10
Cosmetics 90 176 30 6 12
Environmental remediation 3 6 3 0 0
Total 711 642 251 74 53
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Table 5. Distribution of patent applications related to upcycling of agricultural by-products by IPC main section

IPC main section Description Frequency Share (%)
A Human necessities 5,232 71.5
B Performing operations; Transporting 504 6.9
C Chemistry; Metallurgy 1,211 16.6
D Textiles; Paper 142 1.9
E Fixed constructions 144 2.0
F Mechanical engineering; Lighting; Heating; Weapons; Blasting 18 0.2
G Physics 21 0.3
H Electricity 41 0.6
Total 7,313 100

Table 6. Major IPC subclasses and frequency of patent applications related to upcycling of agricultural by-products

IPC subclass Description Frequency Share within total (%)
A61 Medical or hygienic purposes 2,767 37.8
A23 Foods or foodstuffs 2,086 28.5
Cl12 Biochemistry; Microorganisms; Enzymes; Fermentation 281 3.8
C08 Organic macromolecular compounds; Compositions 257 35
A01 Agriculture; Forestry; Animal husbandry 235 32
C04 Cements; Ceramics; Artificial stones 151 2.1
Cl1 Animal or vegetable oils, fats, or waxes 125 1.7
C10 Petroleum, gas, lubricants, fuels 117 1.6
E04 Building; Building materials; Building techniques; General building constructions 112 1.5
B27 Working or preserving wood; Manufacture of wood articles 102 1.4
D21 Paper-making; Production of cellulose 100 1.4
BO1 Physical or chemical processes in general 96 1.3

Others (below 1%) 884 12.1
Total 7,313 100

Table 7. Distribution of agricultural by-products by material and anatomical part

Material group

Representative examples (counts)

Frequency Share (%)

Major anatomical part utilized

Grains
Fruits
Vegetables

Medicinal
plants

Other plant
resources

Rice (641), Corn (157), Barley (72)
Grape (199), Citrus (146), Apple (84)
Onion (152), Radish (128), Pepper (75)

Ginseng (230), Green tea (82), Schisandra (44)

Wood (281), Coffee bean (33), Cacao (3)

930
626
618

456

330

273
18.4
18.1

134

9.7

Husk, aerial part (stem - leaf), root

Peel, press cake, seed

Peel, aerial part (stem - leaf), root

Peel, press cake, aerial part (stem - leaf)

Peel, press cake, root
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Table 7. Continued
Material group Representative examples (counts) Frequency Share (%) Major anatomical part utilized
Legumes Soybean (154), Red bean (14), Mung bean (22) 191 5.6 Press cake, aerial part (stem - leaf), seed
Mushrooms Mushroom (110) 110 32 Myecelium, cultured body
Oil crops Sesame (57), Perilla (15), Sunflower (7) 90 2.6 Press cake, aerial part (stem - leaf), seed
Nuts Ginkgo (23), Peanut (4), Walnut (3) 40 1.2 Shell
Herbs Bay leaf (2), Chamomile (2), Coriander (1) 16 0.5 Aerial part (stem - leaf), seed

Total 3,407 100

T 3, 49 Fol ERlEen, ol Il wHAAE & dide R Z8ET 35S on|dtHCho SH F 2006;
3’)r 7}1‘%}% o] e AETT XSk 29 Seo J T 2015; Jung TD % 2017). 7Fe8% B4 A, &

= AFHE] - <, 33.7%), BEQ25.6%), ASK(12%) =2 (41.0%)°] 7Pg dnbAQl FHoldlen, 1 HE Ux
2 52 HIEE HtKFig 3). ol& ZTdlE, AT, OFE (19.3%), E4(12.8%), %ﬁ(9.8%)€°121ﬂaable 8). 9=
Alobd & 7157 ARl w5E FVF A aAjgkel = FRielM e Ve e el @ AlelE Dﬂ Ehs

Woody / Fibrous tissue
Flower

Filtration / Fermentation residue
Sprout

Mycelium / Cultured body
Processing residue

Fruit

Press cake (solid residue)
Root

Seed

Peel / Husk

Aerial part (stem-leaf)

0 100 200 300 400 500 600 700 800 900
Frequency

Fig. 3. Major anatomical parts utilized from agricultural by-products.

Table 8. Distribution of patents by food transformation process (FTP)

Category FTP Frequency Share (%)
Extraction 1,043 41.0
Drying/Concentration 491 19.3
Grinding/Pulverization 325 12.8
Physical processing
Filtration/Refining 150 5.9
Pressing/Juicing 69 2.7
Distillation 54 2.1
Fermentation/Cultivation 250 9.8
Biological processing Enzymatic treatment/Hydrolysis 23 0.9

Aging/Germination 135 53
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Table 8. Continued

Category FTP Frequency Share (%)
Thermal/Heat treatment 1 0.0
Acid/Chemical treatment 1 0.0
Thermal/Chemical processing

Coating/Surface treatment 1 0.0

Carbonization/Smoking 2 0.1

Total 2,545 100

s F o] vlFL 201049 oA 11.4%°14 2023 18.7% Table 9. Functional categories associated with upcycled

2 AXA o7 =75 AgES JERIL) o]g e W= o agricultural by-products

Eia 2 h=) 3l A =218 o
Al 2 7ol i 2 AReA AREd S S Functionality Frequency  Share (%)
#7154 1= FH0R V1% T2} dsleln 218 ¥
© oA Skin health 289 35.6
Q15}A t(Fig. 4).
Antioxidant 231 28.4
5. 7|g A gl Atole st A Immune function 216 26.6
7154 i 2 NeE B A3 915 717535.6%), Fat reduction 17 2.1
RS 11'3:](28 4%), M 971°5(26.6%) T 7)ol HA9] 2F 90% Blood circulation improvement 12 1.5
ALS L = ALEALE © =
] o= X]';( O]'S,);\D]'(Table 9) o] — o UTUE TI‘EH 7] [<IRe] Liver health 8 1.0
AZF AR AREA A5 S BHew & A 2 BHE
ASlolA] 2 Bawa 9o /\]A]- S}, Aw T7koA] Blood sugar control 6 0.7
o] 7154 BXE 993l 2jo]2 ngon, vRA7ty} He Memory enhancement 7 0.9
7% B 71Ee] 29 vl fel3bll 2k AP B Prostate health 2 02
SATHFig. 5). ol& sAHMAHES Aejgy S &85t Menopausal health 1 0.1
_sc}}x\l'il' @gﬂl}—@ 7]%"% 7c}§]'§l' 21701'7]%};1%‘ ‘;‘l ‘I}E‘Tﬂ * Z%] Gut health 1 0.1
7o) AFS] St HoiEn g v oas&u}
_ Others 22 2.7
g FoPHRE AF(34.8%), IFFE(19.4%), ooFF
Total 812 100

(12.4%) HoFe] 58] u]go] E}THTable 10). ol s

2019 ~2023

2010 ~2018

<2010

0% 20% 40% 60% 80% 100%

m Physical processing m Thermal / Chemical processing i Biological processing

Fig. 4. Changes in the proportion of food transformation processes (FTP) over the past 5 years. Statistical significance
was evaluated using Fisher’s exact test, with two-sided p<0.05 considered significant.
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Fig. 5. Trends in major functional categories of agricultural by-product patents over the past 5 years. Statistical significance
was evaluated using Fisher’s exact test, with two-sided p<0.05 considered significant.

Table 10. Industrial utilization of agricultural by-products by category and representative application fields

Industrial group (OECD-based) Representative application fields Frequency Share (%)
Cosmetics (261), Pharmaceuticals (167), Industrial materials (105),
Materials & products Construction materials (97), Hygiene products (73), Health functional 728 54.1
food (25)

Food & feed Food (469), Feed (6) 475 353

Energy & fuels Energy (95), Environmental remediation (11) 106 7.9

Bio-based agrochemical products Agrochemical products (37) 37 2.7

Total 1,346 100
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