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Abstract

Growing consumer awareness of health and safety has accelerated demand for clean label foods characterized by mini-
mal use of synthetic additives. Despite the absence of a globally unified definition or certification system, the clean label
market is expanding rapidly and is projected to reach approximately USD 90.5 billion by 2032. This study highlights re—
cent advances in three major research areas of clean label food processing technologies: (i) development of natural
preservative materials, (ii) alternative technologies to synthetic nitrites, and (iii) natural seasonings and flavoring agents.
Patent analysis further revealed emerging trends such as the use of composite materials to enhance antimicrobial activ—
ity, glycation of myofibrillar proteins, plasma-based processing, enzyme-assisted pretreatment, and encapsulation/coat-
ing techniques. In addition, current domestic and international regulatory frameworks and intellectual property-R&D
strategies are discussed to identify pathways for commercialization and to strengthen global competitiveness. This study
is expected to provide a foundation for the Korean food industry to strategically respond to the rapidly evolving clean
label market.

Keywords: clean label, natural additives, processing technology, antimicrobial preservatives, nitrite replacement, IP-R&D
strategies
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Table 1. Global comparison of clean label definitions, regulations, and market characteristics

Category USA EU Japan Korea
Definition / No legal definition. No legal definition. No legal definition. No legal definition.
concept Generally understood as Based on the Food Market centered on “No The term “No additives”
No artificial, Information Regulation  additives” and “naturally is conditionally permitted
No preservatives, and (FIR), emphasizing derived” concepts under the Food Labeling
Simple ingredients intuitive labeling Standards
Regulation /  CFR Title 21 and A Food FIR revision strengthens Guidelines for “No Introduction of “Green
policy Labeling Guide revisions labeling of ingredient additive” labeling in Food Certification”
encourage clear indication origins and additive use;  operation; certification  (low-impact, eco-friendly
of artificial colors, initiative to reduce mainly for traditional standards) and “Smart
sweeteners, and E-numbers fermented foods Food QR system
preservatives
Market Led by major corporations Demand for additive—free Expansion of Early-stage market led by
characteristics  such as General Mills, and natural ingredient additive—free products  large companies such as
Kellogg's, and Nestlé;  products growing rapidly, based on fermented CJ CheilJedang,
large—scale clean label especially in France, foods (soy sauce, miso, Pulmuone, and Orion
product lines launched Germany, and the UK etc.)
Consumer Preference for “simple  Strong demand for clear “No additives” associated  Increasing interest in
perception ingredient labels”; ingredient information;  with health and premium ingredient transparency;
emphasis on safety and strong aversion to quality preference for
health image E-numbers additive—free ready meals

and snacks, expanding
among MZ generation

Limitations / Lack of legal definition — Inconsistent regulations  Insufficient international Ambiguity in the
challenges reliance on among member states;  standardization — trade regulation of “No
company-driven need for EU-wide barriers in export markets  additives” terminology;
marketing harmonization limited response to global
certification standards
Future tasks  Need to establish legal  Establishment of unified Regulatory alignment for Integration with
framework beyond international standards global market international standards,
voluntary standards (linked to CODEX) competitiveness IP-based technology

development, and
institutional framework
establishment
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Table 2. Results of the overall contract patent processing related to clean label technology

Main category  Subcategory

Detailed classification

Valid patents (non—-duplicate)
Korea USA Japan EU China PCT Sum

Enhancement of Antimicrobial Efficiency 90 11 13 7 - 10 131

Development Improvement of Processing Suitability 6 2 4 - - - 12

POf Natural Antimicrobial Spectrum 1 2 - - - - 13
reservative

Materials Others - - - - - - -

Subtotal 107 15 17 7 - 10 156

Natural Nitrite Reduction Using 43 18 1 10 47 1 140

Development

of Clean-Label Development

Microorganisms

Utilization of Glycosylated Myofibrillar

Processing  of Alternative ; - - - - 5 - 5
Technologies  Tgohnologies Proteins
Using Natural 10" g nthetic Application of Plasma Technology 6 2 - - 2 3 13
Additives Nitrite
Others 4 12 9 3 11 6 45
Subtotal 53 32 20 13 65 20 203
Enzyme Treatment Technology 13 5 15 3 19 8 63
Dg}/ell\lcgiumr:lnt Capsule / Coating Technology 16 44 21 30 31 28 170
Seasoning _ _ _ _ _ _ .
Materials Others
Subtotal 29 49 36 33 50 36 233

Total

189 9% 73 53 115 66 592

Based on data from KIPRIS (2025).
PCT, patent cooperation treaty.

& 87E AFET ol= tiA| 71& e oS 7RI
713 A}, ol#gt HiFolA M HERE tAT 5 U= A
A & 7|H BE7|& 72 AEQPd SHet SAlof AR}
NBE 3247 5 e BdH AT A2 2] 47 Ak

Hel PRAARA WY HEV|E AL A2 29, R
591 @ Beted) Bgos TR 4 ok et A8 22
2o| P % HE BRE el A0 wuEl Uk A
BTEA FEE2 EELO|ESY HEHo|EE 8 RO
2 Sjo] g U BUEEATEO O BT BHS el
THCvetnic and Vladimir-Knezevic, 2004). X} £ZE9] 71|
AR Fold PASH % JF DS AU 22, ATS 5
o 3-& 7F53ltKFriedman, 2007). T3+ 220le] 2222 7}
2 -2%(camosol), E A0} A rosemarinic acid) 59 HEHE
ggoto] gHlsh W B WAL wRelel, B9 87 ALY
iAol a3HAQ1 ZoZ K IEQJtKde Oliveira et al., 2017).
1 U AR} FE2E E3F J4A}0] Al(capsaicin), OFo]A0] Q A}
o]QFAF(isothiocyanate)S Sof F21-8-2 LEFHTH Cotter et
al, 2013). o]&3t A& FEE2 T5 AME A| It AHEH

l
el

i yg, 20

Ol

o] ARFAY &= Lo, T ARG Al AR BTE 7|HE
Sk, A7 22 B8 ZUIHE Beeel ga 20E
Bx02 o A7t Z71e itk

njAEo] AAot= AMME ESH WA HEAZ FER
1 Qith gixA o2 vy ] @ Al(bacteriocin) Lactobacillus,
Pediococcus “5-°] A3Atot= TlAg PoEdREA gAHE
ot EIRF iRt 255+ Aol Bi}A o]t (Adams and
Nicolaides, 1997). 24t 4 opA| EARL -2 §7]4R pH |5}
£ &9l < AE Ve BRI AAFos A
Hth(Adams and Nicolaides, 1997). &]AZ(lysozyme)} -2
Bae AlEY BiE Bl Al APl 7]ofsh, =, #a
59 A& AAHAS FAAIZITHProctor et al., 1988). o] Tt
VE g7 AR HE HaAEe) Aol ot 4u]
Sgur} e ol Uk A BELA] WAL B
Aqpo) G AMES A ABE A8 A F 250 9]
o ol SEa] Sio) Bean B Aze Tl §
S A7 A= St B 2EET R4k B Ad),
Zojzol 34T} A FE20) W8, rolud 9 as
71eE B3 Y 9 BE 2 5] tiEA Aol



Analysis of clean label materials and processing technology 87

Table 3. Food additive classification system

No Use Definition

1 Sweetener Provides sweetness to food.

2 Anticaking agent Prevents or reduces particles in food from adhering or forming lumps.

3 Antifoaming agent Prevents or reduces the formation of foam in food.

4 Gum base A non-nutritive chewing substance with appropriate viscosity and elasticity.
5 Flour treatment agent Added to flour or dough to improve baking quality or color.

6  Color fixative (color developer) Stabilizes, maintains, or enhances the color of food.

7 Preservative Prevents quality deterioration caused by microorganisms and extends shelf life.
8 Propellant Gas used to expel food from its container.

9 Acidity regulator Controls the acidity or alkalinity of food.

10 Antioxidant Prevents quality deterioration of food due to oxidation.

11 Sterilizing agent Rapidly kills microorganisms on the surface of food.

12 Humectant Prevents food from drying out.

13 Stabilizer Maintains a uniform dispersion of two or more components.

14 Filtration aid Removes impurities or fine particles by adsorption.

15 Nutrient fortifier Maintains nutritional quality, restores lost nutrients, or enhances nutrition.
16 Emulsifier Mixes two or more immiscible phases uniformly.

17 Release agent (antisticking agent) Prevents raw materials from adhering to containers to maintain food shape.

18 Coagulant Binds or coagulates food components, maintains the texture of fruits and vegetables.
19 Processing aid Used in food processing as catalysts, precipitants, clarifiers, or decomposers.
20 Gelling agent Forms gels to impart texture or structure to food.

21 Thickener Increases the viscosity of food.

22 Coloring agent Imparts or restores color to food.

23 Extraction solvent Used to extract or dissolve useful substances.

24 Filling gas Gas injected into packaging containers to protect food.

25 Leavening agent Releases gas to increase the volume of dough.

26 Bleaching agent Removes or lightens color in food.

27 Surface finishing agent Smooths or refines the surface of food.

28  Coating agent (glazing agent) Adds gloss or forms a protective film on the surface of food.

29 Flavoring agent Provides characteristic aroma or restores original flavor lost during processing.
30 Flavor enhancer Enhances or intensifies the taste or flavor of food.

31 Enzyme preparation Induces or catalyzes specific biochemical reactions.

Based on the data from MFDS (2017).

(McClements, 2011; Misra et al., 2014). |23t F+2 T4 B A B2 39 E9] fo|gHo]A B4 A¥k= Fig. 19
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Table 4. Food preservative classification

Category (47 types in total)

. . Not listed in Korean Other natural
Listed in Korean food code (28 types) food code (11 types) ingredients (8 types)
e—Polylysine Calcium sorbate Calcium acetate Citrus extract Licorice extract
Natamycin Sodium nitrite Methyl Mustard extract Lysozyme
p—Hydroxybenzoate
Nisin Sodium sulfite Ethyl Agueous chili pepper Modified hop extract
p—Hydroxybenzoate extract
Sodium dehydroacetate Benzoic acid Propionic acid Green tea extract Vitamin C
Sodium metabisulfite Sodium benzoate Sodium propionate Rosemary extract Yucca extract
Anhydrous sodium Potassium benzoate Calcium propionate Phyllostachys Irridin protein
sulfite pubescens (moso
bamboo) extract
Anhydrous sulfurous Calcium benzoate Radish extract Chitosan
acid
Glacial acetic acid  Grapefruit seed extract Complex Scutellaria Grape seed extract

baicalensis (baikal
skullcap) extract

Acidic sodium sulfite Sodium nitrate Cabbage extract
Sorbic acid Potassium nitrate Olive leaf extract
Potassium sorbate Sodium thiosulfate Hinokitiol

Based on the data from Korea Food Industry Cluster Promotion Agency (2025).

12 Unpublished patent section

10
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Fig. 1. Patent application status by year and country related to natural preservative material technology.
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Table b. List of representative patents for the natural preservative material development

No Country  Status Category Subcategory  Application No Title of invention Applicant
1 US  Registered Processability - 10/493436 Mixture of Propionibacterium Eidgenossische
jenseniiand Lactobacillus sp. with Technische Hochschule
antimicrobial activities for the use Ziirich
as natural preservation system
2 KR Registered  Enhanced Composite 10-2005- Natural sterilizer and method for Changhae Ethanol
Antimicrobial Material 0053874 preparing the same
Efficiency
3 KR  Registered  Enhanced Novel Material 10-2006- Complex natural preservative Biospectrum
Antimicrobial 0030619
Efficiency
4 KR  Registered  Enhanced  Biotransforma  10-2008- Natural antimicrobial agent Liisna / Korea Research
Antimicrobial tion 0045080 containing fermented garlic extract Institute of Bioscience and
Efficiency Technology prepared using lactic acid bacteria Biotechnology
5 KR  Registered Processability - 10-2010- Method for preparing natural Dyne soze

0032677 antifungal material for food from
Dioscoreaceae plants

6 US  Registered  Enhanced  Novel Material 12/768529 Antimicrobial Compositions and Jeneil Biosurfactant
Antimicrobial Related Methods of Use
Efficiency
7 KR  Registered  Enhanced Composite 10-2011-  Natural food preservative containing Dongguk University
Antimicrobial Material 0058425 extracts of Paeonia lactiflora,
Efficiency Cinnamomum cassia, and Galla
Rhois as active ingredients
8 KR  Registered Processability - 10-2013-  Natural food preservative containing MR Innovation
0164149 Galla Rhois extract and its
preparation method and
composition
9 KR  Registered  Enhanced Composite 10-2014- Method for preparing fermented Nambu University
Antimicrobial Material 0018967 food preservative using green tea
Efficiency leaf extract and its composition
10 KR Registered Processability - 10-2014- Method for preparing natural Dyne soze
0051742 preservative containing Smilax china
extract
11 KR  Registered  Enhanced Composite 10-2014- Natural composite preservative Morechem
Antimicrobial Material 0072133 composition containing Geranium
Efficiency, thunbergii, Coptis chinensis, and
Antimicrobial Camellia sinensis extracts
Spectrum
12 KR  Registered  Enhanced Composite 10-2014- Natural composite preservative Morechem
Antimicrobial Material 0072134 composition containing Eun—-Jeem
Efficiency, extract, Magnolia officinalis extract,
Antimicrobial and Terminalia chebula extract
Spectrum
13 KR  Registered Processability - 10-2015- Method for preparing natural Dyne soze
0077546 preservative containing rosemary
composition
14 KR  Registered  Enhanced Composite 10-2015- Natural preservative composition ~ The Catholic University of
Antimicrobial Material 0172558 containing plant extracts Korea
Efficiency,
Antimicrobial
Spectrum
15 KR Registered  Enhanced Composite 10-2015- Antimicrobial composition Seoul Food R&D
Antimicrobial Material 0187576 containing citrus or grapefruit seed
Efficiency extract and pet hygiene formulation

comprising the same
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No Country  Status Category Subcategory  Application No Title of invention Applicant
16 KR  Registered  Enhanced  Novel Material  10-2016- Natural food preservative Jeonnam Bioindustry
Antimicrobial 0034864 composition containing Solanum Foundation
Efficiency nigrum extract
17 KR  Registered  Enhanced Composite 10-2016- Complex natural preservative Luvama Biolab
Antimicrobial Material 0035301 containing Scutellaria baicalensis
Efficiency, extract and preparation method
Antimicrobial thereof
Spectrum
18 KR  Registered  Enhanced Composite 10-2016- Natural preservative composition SD Biotech
Antimicrobial Material 0102613 containing plant complex extracts
Efficiency,
Antimicrobial
Spectrum
19 KR Registered  Enhanced Composite 10-2017- Method for preparing natural Aribio
Antimicrobial Material 0102639 preservative using natural rock
Efficiency water and mandarin concentrate
20 JP  Registered Processability - 2017-219886  Natural plant—based sterilizer and Huang Baiyuan
method for preparing the same
21 KR  Registered  Enhanced Composite 10-2018- Natural antimicrobial composition Dyne soze
Antimicrobial Material 0000211 containing polylysine and method
Efficiency for applying the same to food
22 KR  Registered  Enhanced  Biotransforma  10-2018- Method for preparing natural Kookmin University
Antimicrobial tion 0055222 antimicrobial composition containing
Efficiency Technology fermented plum extract
23 KR  Registered  Enhanced Composite 10-2018- Natural antifungal essential oil Korea University
Antimicrobial Material 0090618 composition for controlling
Efficiency xerophilic mold
24 KR  Registered  Enhanced Novel Material 10-2018- Natural preservative composition Chungcheongnam—do
Antimicrobial 0152860 containing Melilotus officinalis Province
Efficiency extract
25 KR  Registered  Enhanced Composite 10-2018-  Complex natural antimicrobial agent JEYS F.I
Antimicrobial Material 0158276 containing rosemary, cinnamon, and
Efficiency fatty acids and method for
preparing the same
26 KR  Registered  Enhanced Composite 10-2018- Antimicrobial composition Dyne soze
Antimicrobial Material 0172182 containing rosemary extract and
Efficiency ascorbic acid derivatives as active
ingredients
27 KR Registered Antimicrobial - 10-2019- Natural antifungal protein National Institute of Ecology
Spectrum 0089606 composition containing rice
thioredoxin-like protein as a main
component
28 JP Registered Processability - 2020-506286  Germicidal or virus—inactivating Dainihon Jochugiku
composition and method for
enhancing germicidal or
virus—inactivation efficacy
29 JP  Registered Processability - 2020-046775 Germicidal composition and method Dainihon Jochugiku
for enhancing sterilization efficacy
30 KR  Registered  Enhanced Composite 10-2020- Natural antimicrobial composition POSCO
Antimicrobial Material 0109405
Efficiency
31 KR  Registered  Enhanced Composite 10-2022- Synergistic antimicrobial effect Kalamazoo Holdings
Antimicrobial Material 7012973 among rosemary extract, cultured
Efficiency dextrose, and buffered vinegar
32 KR  Registered  Enhanced Composite 10-2020-  Natural food preservative containing Korea Food Research
Antimicrobial Material 0144244 immature apple extract and highly Institute
Efficiency active calcium
33 KR  Registered  Enhanced Composite 10-2021- Natural composite preservative Keimyung University
Antimicrobial Material 0012062 containing Chamaecyparis obtusa,
Efficiency grapefruit seed, and germinated

brown rice extracts
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No Country  Status Category Subcategory  Application No Title of invention Applicant
34 KR  Registered Processability - 10-2021- Method for preparing natural Hannam University
0097386 antimicrobial agent improving shelf
life
35 KR  Registered Antimicrobial - 10-2021- Antimicrobial composition Dankook University
Spectrum 0131725 containing grapefruit seed extract
as active ingredient
36 KR  Registered  Enhanced  Biotransforma  10-2022- Method for producing green tea Korea Food Research
Antimicrobial tion 0008876 extract with enhanced antimicrobial Institute
Efficiency Technology and antioxidant activity, and its
applications
37 KR  Registered  Enhanced Composite 10-2011- Antifungal composition containing Sangju City
Antimicrobial Material 0011826 plant extracts
Efficiency
38 us Pending Enhanced Novel 17/432332 AN ORGANIC, NATURAL VenkataSatya Sarveswara
Antimicrobial Material, ANTIMICROBIAL PRESERVATIVE Sairam Kuchimanchi
Efficiency  Biotransforma FOR MEAT PRODUCTS
tion
Technology
39 KR  Registered  Enhanced Composite 10-2020- Natural antimicrobial composition Lee Kyung-soo
Antimicrobial Material 0104078 containing herb extracts effective
Efficiency against Gram-—positive,
Gram—negative bacteria, and fungi
40 KR Pending Enhanced Composite 10-2024- Antimicrobial natural composition Bio—Actives Synergeo
Antimicrobial Material 7024726
Efficiency
41 KR Pending Enhanced Composite 10-2022- Antimicrobial composition Soul Nature Food
Antimicrobial Material 0037291 containing citrus fruit extracts as
Efficiency active ingredients
42 KR Pending  Antimicrobial - 10-2022- Method for preparing hybrid Samsang ENG
Spectrum 0184040 antimicrobial coating combining
inorganic and organic antimicrobial
agents and coating method using
the same
43 KR Pending Enhanced Novel Plant 10-2023- Natural food preservative using Leeun
Antimicrobial Material 0105843 Brassica juncea (mustard leaf) and
Efficiency method for preparing the same
44 KR Pending Enhanced  Biotransforma ~ 10-2023- Natural complex preservative for BST
Antimicrobial tion 0131837 cereals or cereal products
Efficiency Technology
45 us Pending Enhanced  Novel Material 18/624398 HIGH-EFFICACY NATURAL Bioveritas
Antimicrobial PRESERVATIVES
Efficiency,
Processability
46 KR Pending Enhanced Composite 10-2024- Antimicrobial functional marinade Changwon National
Antimicrobial Material 0151362 sauce and its preparation method University
Efficiency
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SHA oPEAES 5 A Q] v| QZEH(myoglobin)T}
vkgsto] QFAR1 ARl UERZAR QFER(nitroso-
myoglobin}& BAT0 2 SAE] A HOMS Folgh
Ch(Honikel, 2008). Tt A2 A opdAtg e F2AEDLS:
BEIE(Clostridium botulinum)¥} -2 8714 A9 4443}

54 AE Al AE PdAdE FEITHKIm et al,
2025a). E3E RAISE kS S5 AMRAEEE QA|gto 244 A
A3 BulE NS 7]%5S ZH=THSorour et al., 2023). 71

2t obdAtl 112 (53] 130C-180T o) & AV &
oA ofRIFe} §EEsto] YER Ao (nitrosamine)e %/
a4 9lomH, o= AAIE YE=EAolo] g gEo] =
5] Ao Bt AH[AREC] AASHL Qe HHEdE
oFejA QItK(Kim et al., 2025b). o] 913] WHO, FAO & 7}
% ABFIRE oA AR U3l FASL 2o
], AH[RE Afojof| A oAt S EIEE SAIE A F el o
Sk EQto] ShitE] 1 Qieh webA P obdAtE S diAIE 5
U AA E= HIRM 7IRE 7] A AlEARIolA] AlERE

A= st ok
JodAAS BEAS 7eS E8oto] A opEA S
M= 71&0] 7= thHwang et al., 2018). Al ], A&
;2] H]E = gu XH_/;\_J: X]Q'O‘Q(mtrate)— c]-a]: S+O.5] 03511 9 olo
™, o|& Staphylococcus carnosus, Lactobacillus spp.0] 2+s}
o] opAtH o7 HBS 4~ QIti(Choi et al., 2017; Jo et al.,
2020; Kim et al., 2017b). o]2]3t ¥z& 2‘&%} HA ¥5 7]
W obRAY A Z16e WY AEe) AL8E FolT, el
Ua {384 A oWRE AlE H:Jr e
7z 1 ‘IJrE} R *”*3%91 HA7F 231, Regh AAt
E

30 PCT,

A A (myofibrillar  protein)?] T3} ¥-S{(maillard
reaction) & 83101 ol2AIeIo] WAl FIHE ek Wl
ARLEIc). W3 S T} B 71] Ao 80 R A
2.0 b SRS AAS, QAIEO] A} oFgAS 1=9]
4= QItK(Kim et al., 2022, Zhang et al., 2024). T3t G35}
22 H4(water-holding capacity) @} BF2 A (texture)S A}
AlA 227 /Ao 7]od3tcH(Arihara et al., 2021). O]+ o}
A4 JiA axel sl F4 = 7FssH shk= 71eA
Zo] o}, H|¥ E2t2UKnon-thermal plasma) 7|&2 X<
A1 RopolH A, WA, 75 B0l SIt A B
Hog FERY QItk(Jung et al, 2015). Sek=ut AT 34

oA A== vk AA L ARAF(reactive nitrogen and
oxygen species)> A5 W A - oA e SXeHA
U ghAS 748 4= QJth(Misra and Jo, 2017). k2] H71=
glo] =914 Atter avE 7 & ke HollA g4l
Zo| Ak, 4tis}t dAOIA = A Bl A2 Lol TA|
= "ol Atk

IR R&D SHOJA = oM obdAte A & ¥4 S35l=
20100} o]F F43] F7I5I% oM, 53] 20219 & A5
7t AL 7155t Fig. 2). 7P 5% AWEY, S5
Qo] A E3519] At oliFZ ApA|sto] ofAlopdoflA A
7} &ds] AP USRI 4= At 71eE 57 5%
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Fig. 2. Patent application status by year and country related to to synthetic nitrite replacement technology.
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Table 6. List of representative patents related to the development of synthetic nitrite replacement technology

No Country Status Subcategory Application No. Title of invention Applicant
1 KR Registered Plasma 10-2014- Method for Producing Plasma-Treated Water ~ Korea Advanced Institute of
treatment 0067665 with Maintained Nitrite lon Concentration Science and Technology
(KAIST) | Seoul National
University
2 KR Registered Plasma 10-2015- Method for Producing Nitrite—Free Processed  Korea Advanced Institute of
treatment 0027737 Meat Using Plasma-Treated Water and Meat Science and Technology
Product Produced by the Method (KAIST) | Seoul National
University
3 KR Expired Plasma 10-2015- Method for Treating Processed Meat Products Plasmapp
treatment 0029641 Using Plasma and Plasma Device
4 KR Registered Plasma 10-2017- Method for Generating Nitrite lons in Plant ~ Chungnam National University
treatment 0120438 Extracts or Pulverized Plant Materials Using
Plasma
5 KR Registered Plasma 10-2019- Nitrite Substitute Containing a Mixture of Seoul National University |
treatment 0130823 Plasma—-Treated Vegetables and Egg White ~ Chungnam National University
6 us Under Plasma 17/760550 System and Method for Preserving Red Meat South China University of
Examination  treatment by Plasma Active Water (PAW) Vacuum Technology
Packaging
7 CN Rejected Plasma  2021-10276227 Method for Reducing Nitrite Content in Roast Chinese Academy of
treatment Meat and Cooperatively Improving the Quality Agricultural Sciences
of Roast Meat
8 CN Withdrawn Glycosylated 2021-10747362 Preparation of Glycosylated Nitrosohemoglobin Northeast Agricultural

nitroso—
hemoglobin

and Its Application in Emulsified Sausages

University
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SHAIA B3 AT FAKCRE AAE 5 A A A
AL B8 Bed FEE BT ARG 7 750 S
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g o5 ot Aol 224 349 gl AU Holtt.

MHA x0O|3 AKX JHL

SFHAIEFMSG)Z 204171 2 LEojA 7EE ol%
A AARCE 718 gl AR @4 R, dide +
gt ofrliAl 27 Rk glutamic acid)®] WEFHOCHWang
and Adhikari, 2018). MSGx= 738$t 79 umami)S Hofs}
of TRt 7HSAIFOIA F1] SAAR E-EE o] gtk ey
1969 B 1% “Z=L8Al 25 (Chinese restaurant syndrome)”
=%t o]F, MSG7} &, I=, 4AFA 59 4= T
% SITRE 790] 414 Aolo] SHElEA 257 Q1] g
AE|9IcH Lavine, 2007). 05 thre] @04 MsGe] 4%
SJohae SeRe Teky AL Aol YaHgolE
E701aL, of315] W2 ABIARE2 MSG-ree AlES Aw5al

UL o= MSG A9 FA Hth= A H7He Adtof| gt
AHALY] FAlo] SdEhE AF a2 o]0l AR siAH
THMarques et al., 2018). o]0 we} AZAMof A= MSGY] 7]
= WA 5 Sl A 2rlg 24 o] $8% A+
A2 F2=a Qo

AA 2u|g 9 3| A= 2 8 7N 2] A4, 34
A g TleislE, AEd T AR RS 5
(Table 2). YR+= AFZ 0T F1| FHof| EEE|o] gom, I
<+ SREhE AFoNE HHA Adds FFPska Utk diF
A HarA AAGE HEe|=9 ofn|ieAke ATk
Frofsh, AEo] ZH-fefi(soy sauce), T=9] 71, SHOM
oF2] mjAJ4A(fish sauce) 50| HFEZ]Q Aot TS A, K
g, tiAaL | 5 I 9 SiRFe] Ta ol SFEA
¥ i I o] Adwo] SRt Fole H%0], AR,
Fite 2R Al Ta &) 7ol ZdsHA o] FofA| 1L
Uom, Tt Fr] ZEIIZ SHSK= © 7]ofstal Qlrk
(Amaliah et al., 2024). AL §Ag 7lEafold thokst
Heto]=o} ofm|icito] BAE 0] o] F7 S LERATH
o S Tl dlEl 24N ofATE ELlo] FHS)
A A=l RS AgtelH, 2 AFolM= ofF H 2
F 9Hd TeEdEo] A&7kset Tl Appog FERk
of A% 31| 2= &89 Il ARSI Stk 53] T
1 BHoA mAEe] ARt a4AE ARt TS 7le
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295t HIHo g HIETHGasparre et al., 2025). AH &
E(Yeast extract)}> IMP, GMP 5-9] #Ed| QElo| =9} ofn|i
Fe kool AHETEE Adsletd, 9, vhs, EffE 59 A
9 9 FEEE HA 0] S AlFste] 2uE A
=2 &8 7hsott Bt I Ua FEENA Ahs=
ZEZ(maltol) ¥ FTFE V45 @Y U= S Fojs}
o] AE AE9] 7154 FAAZItKLeonard et al., 2023).
A 2ulEE A 9 7R oA oy ] dHAE
722, 73<&SHencapsulation) 2 ©]5 3 E(double coating)
71%0] A=A Ith(Garavand et al., 2021). J&Esk= F0]
iSO, AE 59 MEZ A0 xysto] oA
= P71, B 2704 HEEEE AR o]5EY
71e2 784 A8 Tl olF FERE FAsto] dAA F
1] &2 7FsSHA Stk olEgt 7l HFE, JIAHE 4
& Y UEEE A% 5olA 1] 54 R A7 eHgAd gE
o] Z-&=w, &9t 9 Fr] AT 715% Al (Nedovic et
al., 2011).

AA zv|w 9 g 24 B E5] £4 Z3= Fig 39
YERHAE A 2|2 9 gr] A 3 55152 20009
o] S%F o]% 3] Fell o, 20199 o] % ghils] 5
29 HI vk 8 S92 v, 79, & g4, =0l
M, 71& 5= 84 A9, et IY, datas AYle
3l & 5 7ieR FEET v=g fEY 22 Ve B
2 A2t e} 7le SHY 5518 ERSkL o, 4
< MSG thA| 9 &a Fu] 24 I 5515 v SHsiltt
(Table 7). SF=olA= g AlEATat L7 7|0l a4 A
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30
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36,16%

Number of applied patents
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w

=
15}

T2 I AR FEE 9 AE TR A4 B9 &Y0l S5
519 tH(Mattos and Speziali, 2017).

A 2r|E 9 | A 7S Tt 4 MSG HiAIE
dol, aHRt 71347 SRk A Sdieks 7K BRE
FAlo] F0lo} Ak, A7 B Aviwe, A5 U 2
ot ople} 5 I, nARRF, Al EHa vE 5 A%
7Fs3t AHdo] &-go] SISkl Uk ARiA SHolA= s
sholEas 71eg B8slo] Bl QPR APEE st
UoH, FF AFE= A WY B, g A gE, &
vle] claprt kYA Bzt ERHEloloF B A0 AR,
E3E o] =gt I siAE flof Waash a4ssh AP} Ve
o] §5H9 @A77} BWaHolo], ol g Fehl AE A1)
AA8Y gHo| Fa% IS & A= 7|7t Hrh

E£5| 7|4t intellectual property-R&D ZFi=F
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A 71e} Az wokeo] 7|kste] Asigton, M 2t
W Edlt b S2H 33 AR Qs AR ARA((IP)S]
F87do] A A= QUtk(Park, 2022). @5 AN
(R&D) 5 FHsH= AR RE= A FAES FH6P|
ogeH, 535 AL 7Htoz A3 UFS HAdste=
IP-R&D o] Aot} 55 &Y FAIE A% 23}, 2
depdl V1&g Hoke 8 YoM T3t S UEIH:
A HEF AXE 20009 o]F X|&H o2 Frketgl o,
53] =3} G0 EdaA 2 APt I E517F &S]

| Unpublished patent section |

s I P}
w i
i "
I .I I I I |
. nwniulill i ! ANNBERRRERRN

'91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '08 '09 '10 ‘11 '12 '13 '14 '15 '16 '17 '18 '19 '20 '21 '22 '23 '24 '25
Year of application

EKR mus Jp

ECN PCT

Fig. 3. Patent application status by year and country related to related to the development of natural seasoning

materials technology.
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Table 7. List of representative patents related to the development of natural seasoning materials

No Country  Status Category Subcategory Application No. Title of Invention Applicant
1 JP Withdrawn Enzyme Pretreatment 1998-528429 Flavor Enhancer DSM
Treatment Technology
Technology
2 JP Withdrawn Enzyme Pretreatment 2002-230637 Health Food Produced by Reprocessing Nakamura
Treatment Technology Microwave—Processed Soybeans and Teruo
Technology Okara
3 KR Registered Enzyme Pretreatment ~ 10-2009-0133092 Method for Producing Sempio
Treatment Technology Low—Molecular-Weight Soybean Peptides
Technology with Enhanced Kokumi
4 KR Expired Enzyme Pretreatment ~ 10-2013-0027229 Salty Taste—Enhancing Peptide Nongshim
Treatment Technology
Technology
5 CN  Rejected Enzyme Pretreatment 2017-10242303  Method for Removing Bitterness from Ronghai Biotech
Treatment Technology Soybean Peptides Using Composite
Technology Protease
6 CN  Withdrawn Enzyme Pretreatment 2019-10280238 Preparation Method for Xia Jianwei
Treatment Technology Peptide—Containing Whole Coarse Cereal
Technology Powder and Its Derived Pulp, Thick Pulp,
and Whole Powder
7 CN  Registered Enzyme Pretreatment 2020-10931192 Preparation Method and Application of Jiangnan
Treatment Technology Stable Calcium lon Chelation Peptide University
Technology
8 us Expired  Encapsulation / - 09/269763 Embedding and Encapsulation of VL
Coating Controlled Release Particles Technologies |
Technology General Mills
9 us Expired  Encapsulation / - 09/423044 Encapsulated Material with Controlled  Institute voor
Coating Release Agrotechnologis
Technology ch Onderzoek
10 JP Withdrawn Encapsulation / - 2001-063328 Encapsulated Substance with Controlled Haarmann &
Coating Release Property Reimer GmbH
Technology
1 KR Rejected  Encapsulation / - 10-2002-0010340 Lipid—Soluble Antioxidant Kooksoondang |
Coating Microencapsulated with Polysaccharides  Jang Pansik
Technology and Protein Substances and Its
Preparation Method
12 KR Expired  Encapsulation / - 10-2006-0083269 Method for Producing a Carrier Containing  Seoul Flavor
Coating a Polymer Electrolyte Complex
Technology
13 US  Registered Encapsulation / - 15/625340 Polysaccharide Delivery Particle Trucapsol
Coating
Technology
14 JP  Registered Encapsulation / - 2019-539178 Dried Hydrogel Cogel Nestlé S.A.
Coating
Technology
15 CN Registered Encapsulation / - 2018-11303241  Slow-Release Microsphere and Protein Jiangxi
Coating Glycosylation Inhibitor Slow-Release Academy of
Technology System, Preparation, and Application Agricultural
Sciences
16 US  Registered Encapsulation / - 18/021552 Three-Layer Fruit or Vegetable Jiangsu
Coating Preservative Film with University
Technology Temperature—Controlled Release Under
Mechanical Driving Power and Preparation
Method Thereof
17 KR  Registered Encapsulation / - 10-2022-0153038 Method for Producing Chitosan—-Based Yonsei
Coating Microcapsules for Sustained Release and  University |
Technology Enhanced Absorption of Low-Molecular Nutrex
Collagen Technology
18 KR  Registered Encapsulation / - 10-2023-0034028 Temperature—-Sensitive Gelatin-Alginate Yonsei
Coating Hybrid Composition and Microcapsules University
Technology Containing the Same
19 CN  Registered Encapsulation / - 2024-10477676 Hydroxypropylmethylcellulose Shandong
Coating Film-Forming Composition and Its Healsee
Technology Application Capsule
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