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Abstract : Since the existing mass production and consumption systems are no longer sustainable, countries
are pushing for policies to make fisheries by-products as resources in an eco-friendly manner, and international
standards are also being strengthened to increase the value of by-products. In Korea, economic and environ-
mental perceptions of the by-products are rapidly changing, such as realizing carbon neutrality and enhancing
circular resources by Korean Sustainable Development Goals. Raw materials derived from the by-products
have been steadily imported from 2018. In particular, the number of imports of fish collagen peptides was only
16 number of times in 2017, but was rapidly increased to 483 number of times in 2020. Simultaneously, the
demand for raw materials and nutrients for health functional food derived from fish by-products, which did not
exist statistically until 2017, started to arise from 2018, and in 2019, consumption of high-value-added raw
materials for fish by-products increased by 45% compared to the previous year. However, limitations are in
legal and biotechnical industry aspects while its value as a biomaterial is recognized in the by-products-related
industry. In this study, therefore, the status of by-products for upcycling biomaterials was reported and provided
a scientific basis for supporting governmental strategies. In order to fulfill with the principles of a sustainable
circular economy, the factors on hinder the marine bio-industrialization of the by-products were derived and
suggested directions and plans for development into a high-value added the by-products as the marine
bio-industry by substituting imported raw materials to support the development.
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Table 1. Literatures-based status of amounts and categories of by-products generated from fishery, aquaculture, and
processing industries in Republic of Korea

By-products Year of Amount of
Fisheries Y P by-products Treatment method fishery References
Type
were generated by-products
Flsbery . By-catch, 2017 * Used as raw feed for fish farms 406,896 Asian economy (2018)
business discarded catch
* Producing compost or feed at
Dead fishes caused public treatment facilities
. . Gyeongsangnam-do
by diseases, toxic 2017 * Produce compost at aqua- (2019)
algae, severe ; culture farm using the Orga- 18,847 . ’
2018 . ; ; Shin and Yoon (2018),
weather and other nic waste composting machine KIOST (2019)
reasons * Landfills, High-temperature
Incineration
Inedible part of * Supply as food for abalone
Aquaculture s 2019 i 1,688 Wando-gun (2020)
industry
* 80,000 tons reuse for
harvesting Gyeongsangnam-do
Shells 2017 100,000 tons for recycling g, 500 (2019),
(fertilizers, feeds, etc.) Shin and Yoon (2018)
* 100,000 tons for neglected
shore
Sea squirt skin 2018 * Produce compost 3,169 Gyeongsangnam-do
(2019)
I\f(é)l;llfll(i Fisheries .Processing » Compost, Feed, Use in Agri- 37.621
pg) cessing Residues 2019 cultural production activities K-eco (2020)
business Wasted bivalve shell ete. 30,250
Total 793,177*

*There is a possibility of duplicate calculations depending on the data, so caution is required in interpretation
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Fig. 1. Summarized current categories on each characterized treatment of fisheries by-products in accordance with the

Waste Management Act in the Republic of Korea
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Etc

Used to improve soil quality

Used in agricultural production activities
Use for Filling material

Repair reuse

Product manufacturing

Material manufacturing

Manufacturing of interim processing waste
Fragmentation

Feed

Etc

Compost

Disposal facilities

Recycling facilities

mm Discarded shell

=3 Fishery processing residuals

T T T

0 20 40

Number of Waste Treatment Facilities

Fig. 2. Current status of recycling or discarding of fishery by-products in accordance with the Waste Management Act
in Republic of Korea. According to the data of waste recycling and disposal companies of the homepage of
Recycling Resources Information Center (http://www.re.or.kr), a total of 279 waste companies that process and
dispose of fishery processing residuals (243) and waste shells (36) were identified. In the case of fishery processing
by-products, they were mainly recycled as compost or fertilizer, followed by many companies that turned them
into feed, and they were mostly disposed of through incineration. Most of the waste shells were recycled for
agricultural activities, and most companies disposed of shells in landfills. However, caution is required in data
interpretation as this data does not include disposal methods discharged into the ocean according to the Marine

Waste and Marine Contaminant Sediments Act
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Table 2. Raw material consumption and uses of domestic and imported fish by-products from in Republic of Korea
(modified from the Food industry raw material consumption survey by Korea Agro-Fisheries & Food Trade

Corporation)

Year Classification Food type

Amount of fish Percentage of raw  Percentage of
by-product usage material used by imported goods

(Ton) food type (%) used (%)
Dried fishery Dried fish meat 1,206 0.9 0
products Other dried fish meat 106 0.1 100
Processed fish meats 5,063 3.7 80
Seasoned fishery Salted seafood 8,860 6.4 97.7
products
Other processed fish meat 2,601 1.9 27.8
Instant foods Instant side dish 13 0.01 0
Instant cooking
2019 foods Instant soup/stew 113 0.1 0
Publicly notified functional
Health functional ingredient (functional ingredient) 2 0.02 100
food i i i
Pub.llcly rllotlﬁed fgnctlonal 16 0.01 100
ingredient (nutrients)
Non-food Non-food (feeq, cosmetic raw 120,683 37 198
material etc.)
Total 138,687 100 27
Dried fishery Dried fish meat 1,747 1.6 0
products
Processed fish meats 5,864 54 100
Seasoned fishery Salted seafood 8,377 7.7 64.7
products
Other processed fish meat 5,714 53 100
Instant foods Instant side dish 0.2 0 100
Instant cooking
2018 foods Instant soup/stew 17 0.02 100
. Pub.llcly notlﬁed fupctlongl 20 0.02 100
Health functional ingredient (functional ingredient)
food i i i
Pub}lCly 1}ot1ﬁed fgnctlonal 1 0.01 100
ingredient (nutrients)
Non-food Non-food (feeq, cosmetic raw 86.929 20 8.9
material etc.)
Total 108,679 100 38.8
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Table 3. Bioactive materials from fisheries by-products and their potential application

Z/f_zl:;: By-products  Valuable components Current uses References
Collagen. gelatin Kim and Mendis (2006),
calci gm ’ rgoteins’ Fish meal, fish oil, cosmetics materials, Kang et al. (2014),
Skin, scales . um, p > .. food or animal grade hydrolysates, pet Smith et al.(2010),
minerals, hydroxyapatite grace ydroty P
and bones antimic,robial entides ’ food, nutraceutical, medical, Blanco et al. (2019),
. sinp p ’ pharmaceutical industries Caruso et al. (2020),
Fishes pep Marinetechno (2019)
Eggs and Lectin. Hvaluronic acid Nutraceutical, cosmetical, Kim and Mendis (2006),
eyes > 1Y pharmaceutical compounds Nguyen et al. (2020)
Heads and Proteins, protein Bruno et al. (2019),
viscera hydrolysates, biopeptide, Fish meal, fish oil Wu et al. (2011),
enzymes, oil Ifiarra et al. (2019)

Shells, Ink Bioactive peptide,  Agricultural liming agent, livestock feed  Morris et al. (2019),
Mollusca bags, organs, taurine, enzyme, calcium supplement, Biofilter medium, cement, Naik and Hayes (2019),

skin carbonate desulfurization material Nam et al. (2018)
Seaweed  Alginic acid, mannitol, | . .\ . Park et al. (2007),
Seaweed  midrib and iodine, fucoidan, agar, Livestock feed additives, cosmetics, feed SNU (2016),

additive, sand complement

sporopyll cellulose, protein Musthofa et al. (2020)
KFRI (2015),
Shell proteins, Compost, fish feed, feed additive, Kim et al. (2001),
Crustacean Shells, tails caroteno-protein, chitin, livestock feed, fertilizers, food and Jung et al. (2007),
chitosan, calcium pharmaceutical industry, biomedicine Younes et al. (2014),
Kim and Mendis (2006)
Thatiseea % T compounds, Chondrottn | (superabsorben, sosmeties, | <Im et al- G005),
skin P ¥ P ’ ’ Lee et al. (2015)

Sulfate GAG pharmaceutical compounds
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Fig. 3. Schematic diagram and procedures for supplying biomaterials for fishery by-products. In order to utilize domestic
fishery by-products and use them as raw materials for biomaterials, the method of securing raw materials differs
depending on whether the waste treatment business is licensed. First, it is a marine by-product waste recycling
company that utilizes aquatic by-products that are discarded as waste with permission from the waste recycling
business (grey line). Second, it is a company that purchases and uses raw materials without registering as the
waste treatment company (green line). Finally, there is a way to import fishery by-products (red line). Most
companies import raw materials directly or use import wholesalers. The blue line indicates the route through which
biomaterials produced by waste recycling companies or biomaterial manufacturers and imported biomaterials are

supplied to bio-product manufacturer



Status and Industrial-related Evaluation of Fisheries By-products 157

2A} Aol elslel sAbbEel vloloAle] Savh BRSO vole a4 R AMEER S 7HEA
20189 2= AYsIRIAL, A7 s A% IAE FOoR R UE AL ok AR T Aol
AR 9 e S P18 ASEck 2018 9 ofgk ol ofu, ol va] Ho] EgEle] glov]
oF 31 &9 ofFHAREo] A AL 2019H=45 2019 0fl= o]T(802])2} ofzH133])o] F 933] ==
£o] SqiabEo] Y| AEe] Are AgEe] 24 ok 20200l ) A} FEal] AAUGSE, of
B OF 45%9] T S7HES H oItk AlefAo| A aLA] gH(2573]), ©]1](2323])), YEH olFH(1938]), 2Lo]
B AL 2 71 RS ATu, o] el (1908) 0% F 14308 SlEglck v, ThgAEe
FET AFYH, A8 7hETh ol [R5 Alxste] BAkE o & EREC] Hiol A YRR YR Qs ARRAE
o] s AlHELQI:H(Eicosapentaenoic Acid, EPA) % =3AL  Fofl= off, ofF FEH, ofF &, izt £, ojd),
sl Al AHDocosahexaenoic Acid, DHA) 33 @&, @3 old, sZF 5 So| 9tk 2018WHE Y& o}
of, Al, ojul 7] A=ZXAE Alxste] v RaHd 5 deiRlen 53] ofRIedl fEke|=9f A9 2017
o] Q= Ao SRIE|s] SolEl ofFRAME0] 49| )5 = 16700 BT 49l 4} 202010 of 4g38]=
AR5 ARE 9l AME A= FAE oivt A% 543] S7FsFSATHFig. 4).
715AE AERE 2Rt ol iiE YR R 94 ojnff, =g F2 FAofA 12} AlH & 2l HxH
5 3 glov), FE ARE HEL ofd HAe 003% U
off Bakal Hlole A A SIFF OJREAME BHEO  AE U oloRE AzAAeIA eIste] vole 2R A
A @2 & 4 Slt(Table 2). Zohl ok ot &2 a4 9 7kl A7t =
oo, Alobd S9lAEAR ulE FIOIXMFDS X GRS T} uhe gmolaki B 4= 9w, Ay 7]95e]
2021)9] F=1 9] S, HAGA, UES Axg 7k A ol tiRh eE skl Stk HSol7]
S0 H Aol g ARE B4 A3, AEe f & stk dlRR el Satold B SR AR ATE
BE DH|EE SARARES ARER, 7Y dR 2 A sk ARV AlRdAlE oAk S st

mm Fish bone calcium powder mm Fish protein hydrolysate mm Seaweed powder mm Green lipped mussel extract oil
mm Fish oil mm Fish skin mm  Salmon milt extract = Green lipped mussel powder
mm Fish collagen mm Fish scale mm Shark cartilage powder Oyster and scallop shell powder
500+
E 400
e 200
3
3
o
L
&=
=
2
100
§ 30
] T
Oelsnn , - m
2016 2017 2018 2019 2020 2018 2019 2020 2017 2018 2019 2020
Fish Seaweed Shellfish
Ficsa'l‘c‘i’:n’:e Fish | Fish f;f;n Fish Fish Salmon c::i?;ke Seaweed | ©reen lipped | Green lipped | Oyster :l’::" Total
collagen| oil P! scale skin milt extract g powder . "
powder hydrolysate powder extract oil powder powder
2016 - 1 8 - 1 - - 1 - - - - 1
2017 - 16 5 - 2 - - - - - 3 26
2018 - 77 4 - 5 3 3 1 1 - 16 25 135
2019 3 182 7 3 11 - 8 13 2 9 33 16 287
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Fig. 4. Statistics for imported raw materials derived from fishery by-products during the period from 2016 to 2020 adopted
from the Imported Food Information Maru homepage (https://impfood.mfds.go.kr/). Raw materials derived from
fishery by-products such as fish scale, fish bone calcium powder, fish oil, shell powder have been steadily imported,
and the number of imported products has also diversified after 2018. In particular, in the case of fish collagen
peptides, the number of imports, which was only 16 cases in 2017, increased sharply to about 483 cases in 2020
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Fig. 5. Major countries and number of imports for fishery by-products by food grade adopted from the Imported Food
Information Maru homepage (https://impfood.mfds.go.ki/). Most imported foods were manufactured from a single
fish species and a single part, and some foods were imported from specific countries. Salmon milt extract was
only imported from Japan, and green lipped mussel powder and oil were specifically imported from New Zealand.
In the case of fish collagen, which was imported the most, it was imported from a number of countries such
as Vietnam, Thailand, Italy, China, France, India and Canada
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Table 4. Annual volume, weight, and cost of imported by-products from 2018 to 2019 classified by food and nonfood
grades (modified from the Agro-Fisheries export information by Korea Agro-Fisheries & Food Trade Corporation)

2018 2019 Yearly differences
Cclztsiilf i Category name Il::g?gl:letd Price I':lvl::;)grlt;d Price Weight  Price
(Ton) (1,000 $) (Ton) (1,000 $) (%) (%)
Others
(fish head, tail, swim bladder/dried/ 420.0 1,484.5 477.0 1,433.0 13.6 A3.5
salted-brine/smoked/ powder-meal/pellets)
Other fish’s head, tail and stomach 131.2 367.2 453.3 1,988.6 245.5 441.6
Food . Frozen ﬁsh .
(other/liver, fish roe, milt, fin, head, tail, 3,260.0 11,900.7 4,7583 17,118.9 46.0 43.8
swim bladder and other edible fish offal)
Roe or milt of fish (fresh or chilled) 0.2 15.1 0.1 9.5 A382 A372
(Othersrid, sated salied, smokedy O 3601144 10731579
Fish Waste 674.6 1,427.9 1,690.4 3,608.5 150.6 152.7
Non- Pearl shells 55.3 211.5 25.9 365.9 A53.1 73.0
food Abalone shells 4.5 41.5 23.8 86.3 432.7 108.0
Opyster shells 3,065.6 1,749.5 3,258.4 1,811.9 6.3 3.6
Snail shells 476.6 971.8 346.5 747.1 A273  A23.1
Shells 10,067.4 1,657.6 12,412.6 1,966.2 23.3 18.6
Total 15,336.8  8,669.5 19,138.8  12,929.6 - -
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Table S. Evaluation on the by-products originated from different collecting grounds for securing raw materials and
bioindustry application (1: Most feasible, 2: feasible, 3: Not feasible)
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(Food hygiene
condition)

Collecting
grounds

Availability of
statistics

Cold-storage
facilities

Constant raw  Separate discharge
material supply system

Average
score

Processed

by-products ! !

Discards or
by-products
from capture
fisheries

Aquaculture
by-products

oS AsiMe dme] YEt Fol SR E ok
et 7 abtAbEe] 7 Aol glel

glo] d& Feo] 7Fsslal =l o AR e Al
A = Sl TS AR diEe] A5 H=
0] 7hssith nAe 2 R o] AN &olstA 8t
< &BHlEo] st =zt 5o qlth KIOST
(2020)9] 17t W= AFEEAA| = H oA A
AtEls pabtAbES 7S] B Aol ek A
2 vl wel, A=gu), W o] AF =] viEE
AL Qlek vk ZejuEe] E7ksE AMelM = AsF
AWEAA7IE 2 AFeEd 7HATE AaEE 5
St 2dRbe] &5 AAAA AL v, vig, old], W 5
Fake A E217F 7s Sl Table 5).

BAIA WA AR, AbE 7S A A
she ibthEe] sjdutol A2 B8 7 de
2= E e olf= BAIA #EI7) 7hssitke el 9l
o 7k AR ) AR B =l i) A 7t
SAIONA, i) A5 22, iv) diF TEE S-S 2
. GHHE o R pibtibEe eakE 13} 7k 3O
A HEE s, ke VRS B e
i 2Ee = 3l 717 Soh AR e o183l 7t
SAIEES AR pabkEe ofnl e A A 5
tho] A7 AR o] AR 712 el 7t
SAEE Sl AR oRIRIh wEbA Thg Ak
AhES ST S 712004 Yok, 2R A
oA wlwA FARE 28-S oS Ao shEd
Atke HolM BAIA S S 7L Rk

vole &4 U B9 Folad

aA} E el FRE U el 3 )%
% AR FFE slol e ARISHE Sfa) Aasjofop
sh 713 AAlolek. 1 R&D Q17 o] Aigisio] Als}

T AHEIE AR, Y5 220 giate] o]RIx|A] o
UAL AR fm7t ARASte] RAR] flel A
7} WthHan and Jwa 2018). o|f oA FARRANE 9]
TS ¥R AR FEEE W AU SARANE
o] gkg-9 Aafalar glrk. KIOST (2020)2] Ao w2
TARE THAIEONA HiE s AR S T 3
of wheh TA, Fop RefuiEso] Aysht Aighs
of ashx] 7| wiZol #H7|EFol 4 HAE] &%
H AR wE= Qe o2 <laf o, ojF], 1t F
E4 ke BO1E YRR AR flsiAs A, Al
A, Az 5 F7F Aol sk Hal, o= AREAY
u-g Heo g ojojx] AF R o] AM-S 7] 9EHA H=
Q% aag ZAGHEh AF A2YAY] 9 ol FHAL
=9 Fuff o] & AR ¢ YRe S Y& iy
7t A, o B 7k 1A 7h A AR
£ %) ¥97 T ARgo] Helsirhar SHBIITHaT 2020).
whebA] U ARl A Al flsiAe 29
Y HEejuEs Sol 9 ¥m gt golsteE skl
12} A Al 5 et A g Sef FelFd &
w @7t B89 4 lolof gtk

A sk Akd ] 712 AIZ(MOF 2019)0] wh
2920179 7] S sifateole W 719e] § s
253699 Yoz AA upo] LA HiZ(8% 87752 ¢)
9] 6% <ol Easitt. T3t Ay fjefuto] e Hoke] A
BE2AL gFEE 5091 m|Hke] 62.3%0]m 591 w|gke] 7]
A2 A0 24.2% 2 FAIFE AA7F o]k 20174
713 sfjgrto] & Aejzatel] SJshH 712 ALRE $¢l
A7 S R&D 3RS Fol AlES WAk 7192
A9 23.1%2 S sjdHtel e 719 Tt Hiole
24 g E GH7)E gEe oEeE AL e AL
E HQItiHan 2019). &3, o]9F 22 @42 5l 719

=0l =Y Aol &3kl ARTIZFA] A 2okl A%



Status and Industrial-related Evaluation of Fisheries By-products 1

N
—

Sz AFORE o]ojX|AL Ql= A& wekErh djdulo]
ARk % TREFE]R] kO SAlxFRl o] ThopAl W 2R
Jollie E-rstar 9ld 9 a1 Ak B4 AN
o] K¢ o] =2 Argjolck uhebA I dfjdute] @4k
e Aoz Q3 =AYA Axu SHAS A1 9=
Ao 2 FohElthMABIK 2018). A3l viol 7ho] 2018
kﬂ% 7R A RE R R Y FAE EE
ARl thgt Hlo] @AME O] =2 AR o] P4
wlo] Qltal ek Teu o Y- A Y A T
YollAl HAYgE SARRARE S| AH7ER I8l A2 2=t
Hr7lEs2 QA= 91, A9 Aeghs Waflshs 82l
o] HaL gtk g4hAkREe] S8 AEES AR FY
gt YRo|BR H|§-Z AEsto] Atz #H7E9] 14
oAl A5 HFE9] A} AFL RO Q14 HEho] w7
o] Ao gt} whabaA] Uyt I ofu e} ARRANE
A et Hho] AR =8 A %74]2}5 o sh= 4
=41 J& FR7t ZQsich

9]

.22 9 A9 A

ZoAREALE O] WRAY- o] 8 AElE HU)s)
o o —;:f 7]—7]—1] Fokutol e 2w A Asks}
2H-g-517] 91t A= ke Aljkskeict 74 2
AA sfgtol e axjE Ay &8 7T 4R )
da FEES 95 $A4 94 HE7L AlFEAL i) HACCP
s A Sal AR eHdAd SR} 7S i) A
& B Aldo] F5Eo] jlor iv) PP ARl 9= I
o] 7Fsstal v) 378 EefuliEe] 7HsRt 7k e AkRA
2 Al gy AR TR dAlEe] TAEIARL
of uhel Al & Ax T A2 B FAMES A
7VFEAZ o 2 QAT nRTE7bR] vlol 9 Aol ¢
g2 ANE F Sk ol ARARES F7]E0] ofd
AR} EQI5) AE o g mithsls Zlog MH7|Ea)
) o] A|okS ukz] okl 7)5A] Al o|oRE B £ n}
ol @Ak o] gjof YEE T3 4= 9)S Aot} Hio]Q
AR YT A SAEAMELS 7 o] - Hod. 9w E
A AETRS QR Frh oS Sof Felle A ofF
9] oju] Tz BN FEEM, AR si=RFollA
=o| 7Festa, 719 AARe AHoA FEHEY
(Table 3). 7]——‘— o o E_Xé duE /\]__g_—é}oq 7‘1]}_3}7]
ufzoll AFAollA WAk ZHlE 5 vhel e A= &
2 7153 AR Az o7 yasle] Shfdt 4~ Qith
A AlEe R 7\“40}7] olst HajulZ, Az,
Htﬁ, He 9% = 13} IFEAES WAL %s} =P
Aol whet Rt R o]Toizg 2= Qltk 1%

ks 111713-‘ A7t AFREBRS B3 ARAE-0] 71x] A

29 5 Ane) 8 SUE S G AR
S Qe BUSS ASH, Rt ek A, FAE
919] %4 3 ARl Bl WE Az AU 71
o] BHRlEl SAFAE] A 9 el 4K10] 4ol T
3 718AF] Sglo] e ol WAIEe] Qe Teln

B Aozo] uel SAEAY B 7|4 ALe] £
& 919 7154 9 84 3 AT ALE TSk S
AI5zo0] wheh PAHEE R Bl FA Rl 713
21 Al Sl 5 54, ke o B S
S5] $1e A, A 2 A ] djelo] i
A AR 5 ek debd 4] 0 el 4
RoA AR ZHRAES] SAAE BF
ol st AHEBAA U AL w5 Bl 2l
et 58 ANY S olck S, 47 P] 45
2 A 418 SAAES S5 918 AR
o] 7] 9 Aol thet T B ABSE] T AL
FEAA 75 AT B} ek vole o] Az
= AR SRRl TR shgRlel Jleg ol

I, AL f5S SIE &% 7S RIS ZH] ARRAL
% 0% sie Ae) AE1S Ane Dot ok ol

ATE A2z} A3 2] wheh 2R AR
BAMEFAE|(Fisheries Products Distribution Center, FDC)
9} A4 A -5AllE|(Fisheries Products Processing &
Marketing Center, FPC)S ARANE Q] vlo] 2 ARIS1E
25t A|HL2- A|d=E gty AMsle] A oA S
WS 4= 9lck 5 A4l iRk A4 7150 godell Bash
RFhE: SRR 0] Aajol TR 4 Q7] ahol
e WA A e s Aoe perEr.

3 A European Union, EU)oll&= $ARRARE 9] A 9]
= 83§14 209 K2 5] Rsol S13L Mo
raityte et al. (2020)-> EUS| "A]Z AW, of ufe} Z2 o]
HAEE A bt AE S ﬁ%ﬁi Aaket o Qo
Hashlek. dig el mEH ARRARES gl u)
E} 371] Al 7FA| & SLEEITPenven et al. 2013). A7), 4]

29 Al TN WAlsln] B 4= Qi Alee]
o] A= (Residual Raw Material, RRM)©|c}. &3] A&
5T Sl g 2 ol kg 4 o T
2uc} ke 74 eju]g Hofsht RAETR: )
2lg o} EolEke ZFzalar 011:} wba] Zho] Y RE 4
E 7|50 W2 YRE AE FE(food chain)of AE
2 4 ol AR ek ook v BEA A

Ao AFBEE 4 QAN AHS Alolet SR ALgE
T U2 WAISHL QU BIE QIZE AxH]of /\F&Elxl &
Ot 93 go] Wot = AlRR ARGl 7hsst ¥
woll w2 Al 7-x19] 9148 =33t 7o) mpE o] O‘E}
pRjEre 2 QIztolu FEo] aHjd 4= glo] i 5= F

> rlo




162 Ahn S. et al.

off ez H7]Eelch oA 7 f-EuetolAe HA A
o|aL AlEskeE ARANE IEAIAIE Este] AR &
opf §ieof whE kARl thigk Aojet oY 2 I
o|-§ dxtol| et WA-71eA IAE Ao gtk
U AL -8 AT alAE TAEHA
Hyof| wet A Fs-AE O 2 AAlsto] QIZE ABlE 917t
AR Z ARESfjofF ghrh 2019 7| =W HACCP Q1%
FANE 7HEAIAES 1,4097] 400t} wheba] A AR
A 7HsAAI9 32.4% 5 AFA|Sh= HACCP QISAIES
ol A =2 A8 FHY AR S Saot ¢l
7 2H[E QR Ao g ggsfiof gith 11 9 JISEA]
o 2,9367]1420] A T Aol WA E = ke
o FEE AR VIR, EHIE 28 shsel sixjko s
MEAE A A7l HAE Aslel Ae)
S PRSP P SR BE
T AYA aTE AET 5 S Aow wkEn) o
2} TS}, Stevens et al. (2018)2 A1ZF O 2 A LAMEQ]

a3

OJObE W NS HAEY 2 2} /HEE U8 BES

9 AR AP BE A B A 255

L oWe BAS BHRA0E AXSHL ik o 319
o 1

HAR S4kFAE AR B SlRE S AR AR B
vzl BoF /iAlE Eule), viRHe R vgEE o2

SAFRARE 2182 AR v} Qe oY T A% 7
Foll T2 AE i) KRBTk ArH o o
e BIPHA BZo] 7hstt sjoplol . AdE 285
= Aol AAA dolAe] A Aol o Hakshs
Aos gy

S RS R Hlol o A AP HES SlalA
£ me] Pyl B skE 9t nlole. 7|4
22 Shasjof Gk Jang et al. (2017)9] Ate] wpw
slputol QAR AES BYHE ol o 7 AEL 7
At At -8 44 SRS 9 THAA AU 8
Wt Qlek. Wbl AR AR /kEAE 0 AR
o] Wolg Bal 13} A= AAARIE vlo|o. 2A5HE
1% BEY U WA L FF AAE TE4IL 719]
AR TR 9% 7HE SARAE A A U §5
Aw AL E3) Ak njole. 7]9lo) sl o Koo
o] S EAA Ak Btk Lo} Ag8 A ESE F
A9) R&D A2 E3l e Al %, AR EE7
o} 712 W 9 7|40l B3 Hhska Apvlae] B
F3HL G 719 4914 Be-E sl Sk Hlole.
AARA] AR TGS $AHE] Y| U AE LA
Haspsh Ao SIS Anatomy Sl of
3 5 G HA 4 olrk 0§80l WE 4k

FARES Hlol e 2A|otgto = Ak o] 89 X<
7hsdat o] 8 aEAdE Eolal sigHte] eAtlolA Tt
ettt 97 gE ZAE sdE 5= Uk o]F F9
olEA YO 55 W A9 o+ I A =&l
= o olow, g A 9 a9wd A XE 7
o

=

g},

ot
17
st
4
x2
fto
pay)
o
il
N
=

o] AT slepgAbiel FRPBBAIUTE] HHoF
SAPRARE ] Hlol . A5} et T §2l(PG2020) T}
KIOST 7|23 4|(PE99922)0] AA7u] 2 S |91, o]o]
gt X|9o] ZPAFS FFRUT Eak KIOST A5l 7o}
Tl Hof ATAE] welw Ego] Zo] A=Y,

]

d

Asian Economy (2018) Young fish in the coastal waters
disappearing as raw feed from farms. https://www.asiae.
co.kr/article/2018101114531236174 Accessed 10 Mar 2021

aT (2019) Agricultural and marine products wholesale market
survey. Korea Agro-Fisheries & Food Trade Corporation,
11-1543000-001762-10, 250 p

aT (2020) Food industry raw material consumption survey.
Korea Agro-Fisheries & Food Trade Corporation. https://
www.atfis.or.kr/ Accessed 10 Mar 2021

aT (2021) Agri-food export information Monthly seafood
import and export data. Korea Agro-Fisheries & Food
Trade Corporation. https://www. kati.net/index.do Accessed
10 Mar 2021

Blanco M, Sotelo CG, Perez-Martin RIP (2019) New stragy
to cope with common fishery policy landing obiligation:
collagen Extraction from skins and bones of Undersized
Hake (Merluccius merluccius). Polymers 11:1485-1501

Bruno SF, Kudre TG, Bhaskar N (2019) Impact of pretreatment-
assisted enzymatic extraction on recovery, physicochemical
and rheological properties of oil from Labeo rohita head.
J Food Process Eng 2:1-11

Caruso G, Floris R, Serangeli C, Paola LD (2020) Fishery
wastes as a yet undiscovered treasure from the Sea: bio-
molecules sources, extraction methods and valorization.
Mar Drugs 18:622. doi:10.3390/md18120622

Circular Resources Information Center (2021) https://www.re.
or.kr/main.do Accessed 12 Apr 2021

FAO (1995) Code of conduct for responsible fisheries.
http://www.fao.org/fishery/code/en Accessed 11 May 2021

FAO (2011) International guidelines on bycatch management
and reduction of discards. FAO, Rome, 73 p



Status and Industrial-related Evaluation of Fisheries By-products 163

FAO (2020) The state of world fisheries and aquaculture
2020. Sustainability in action. FAO, Rome, 206 p
GIA (2013) Marine biotechnology a global strategic business
report. Global Industry Analysts, New York, 22 p
Gyeongsangnam-do (2019) Reinforcement of eco-friendliness
by turning aquaculture by-products into resources in
Gyeongsangnam-do. https://www.gyeongnam.go.kr/seed/
index.gyeong Accessed 3 May 2021

Han KW (2019) Current status of Korea’s marine bio industry
and plan. Chungcheongnam-do Marine Bio Industry
Fostering Forum, Asan, 24 Jun 2019

Han KW, Jwa MR (2018) Policy directions of national research
& development program for the promotion of marine
biotechnology industry. Korea Maritime Institute, 2018-13,
115 p

Inarra B, Larsen E, Vidarsson JR (2019) D6.5 DiscardLess:
validation of final solution(s) for best use of unavoidable
unwanted catches. EU, http://discardless.eu Accessed 11
May 2021

Jang D, Doh S (2018) Trends in the Korean government
support for marine biotechnology R&D investment and
its implication. Ocean Polar Res 39(3):177-190

Jang D, Kang Y, Oh C, Doh S (2017) Analysis of bio-
technology companies’ needs related to supporting their
entry into the marine biotechnology industry. Ocean Polar
Res 39(3):233-244

Jung WJ, Jo GH, Kuk JH, Kim YJ, Oh KT, Park RD (2007)
Production of chitin from red crab shell waste by successive
fermentation with Lactobacillus paracasei KCTC-3074
and serratia marcescens FS-3. Carbohydr Polym 68(4):
746-750

Kang JH, Kim WS (2019) Study on industrialization strategy
for efficient reuse of seaweed by-products. J fish Bus
Adm 50(4):1-9

Kang NL, Lee WW, Ko JY, Kim HS, Kim JS, Ahn YS, Ko
CI, Jeong JB, Jeon YJ (2014) Development of bioactive
substances from fishery processing by-products in Jeju.
J Mar Biosci Biotechnol 6(2):62-67

K-eco (2020) Information on companies that produce general
industrial waste at the Allbaro System. Korea Environ-
ment Corporation. http://www.data.go.kr Accessed 16
Apr 2021

Keledjian A, Brogan G, Lowell B, Warrenchuk J, Enticknap
B, Shester G, Hirshfield M, Cano-Stocco D (2014) Wasted
catch: unsolved problems in U.S. fisheries. Oceana,
Washington DC, 44p

KFRI (2015) Report on value-added processed commerciali-
zation of red snow crab (aka: red crab). Korea Food
Research Institute, Wanju, 264 p

Kim BS, Park KS, Joo OS, Suh MG, Hur JW (2001) Pre-
paration and physicochemical properties of Chitosan from
red crab waste-shell. Kor J Env Hith Soc 27(1):36-43

Kim DR (2020) A comparative study on the legislative policy
of fishery by-products in Korea and Japan. Korea Pub
Land Law Rev 90(1):251-271

Kim DY, Lee JS (2015) Directions for eco-friendly utilization
and industriali zation of fishery by-products. J Fish Mar
Sci Edu 27(2):566-575

Kim KS, Lee YJ, Kim YS (2018) A study on resources
circulation for marine debris of aquaculture farm. Korea
Maritime Institute, 2018-04, 224 p

Kim SK, Mendis E (2006) Bioactive compounds from marine
processing byproducts - A review. Food Res Int 39:383-
393

Kim SM, Lee JH, Jo JA, Lee SC, Lee SK (2005) Develop-
ment of a bioactive cellulose membrane from sea squirt
skin for bone regeneration - a preliminary research. J Kor
Oral Maxillofac Surg 31:440-453

KIOST (2019) Planning for cyclic utilization of aquacultural
dead flounder. Korea Institute of Ocean Science & Tech-
nology, BSPE99787-12142-7, 131 p

KIOST (2020) Strategies for converting marine by-products
into biomaterials. Korea Institute of Ocean Science &
Technology, BSPG52020-12418-3, 424 p

Lee SM, Lee YR, Cho KS, Cho YM, Lee HA, Hwang DY,
Jung YJ, Son HJ (2015) Stalked sea squirt (Styela clava)
tunic waste as a valuable bioresources: cosmetic and anti-
oxidant activities. Process Biochem 50(11):1977-1984

MABIK (2018) Analysis on the domestic & foreign marine
biology trend and provision of the information. National
Marine Biodiversity Institute of Korea, 2018M01400, 17 p

Marinetechno (2019) Report on commercialization of bio
food using marine collagen. Korea Institute of Marine
Science Technology Promotion, R&D 2017-0113, 77 p

ME (2008) Industrial waste inquiry and answer casebook.
Ministry of Environment. http://www.me.go.kr/ Accessed
21 Apr 2021

MFDS (2021) Imported food information maru. Ministry of
Food and Drug Safety. https://impfood.mfds.go.kr/CFCC
CO1FO1 Accessed 10 Mar 2021

MIFAFF (2012) A study on the establishment of the domestic
implementation system for international fisheries standards.
Ministry for Food, Agriculture, Forestry and Fisheries,
11-1541000-001461-01, 171 p

MOF (2019) First plan for the management of marine, fisheries,
life and resources (2019-2023). Ministry of Oceans and
Fisheries. https://www.mof.go.kr Accessed 03 May 2021

MOF (2021) First plan for the promotion of the fisheries food



164 Ahn S. et al.

industry (2021-2025). Ministry of Oceans and Fisheries.
https://www.mof.go.kr Accessed 3 May 2021

Morris JP, Backeljau T, Chapelle G (2019) Shells from
aquaculture: a valuable biomaterial, not a nuisance waste
product. Rev Aquac 11:42-57

Mozuraityte R, Perote A, Kumari A, Kaushik N, Thakur M
(2020) Regulations on the use of rest raw materials from
seafood processing in EU and India: revalue project
deliverable 4.2. SINTEF ocean. https://www.sintef.no/en/
publications/publication/1811594/ Accessed 3 May 2021

Musthofa AA, Bahtiar MZA, Saputra E, Sahidu AM, Abdillah
AA (2020) Addition of by product from industrial seaweed
waste as sand mixed material on manufacture of cellular
lightweight concrete. Poll Res 39(2):283-286

Naik A, Hayes M (2019) Bioprocessing of mussel by-products
for value added ingredients. Trends Food Sci Tech 92:
111-121

Nam G, Lee N, Ahn JW (2018) Sustainable management of
oyster shell by-products and recent research techniques.
J Energ Eng-ASCE 27(1):1-11

Nguyen TT, Neri TA, Choi BD (2020) Characterization of
hyaluronic acid extracted from Liparis tessellatus eggs
grafted with phenolic acids and nisin. Int J Biol Mar-
cromol 157:45-50

Park YG, Kang SG, Jeong ST, Kim DH, Kim SJ, Park JI,
Kim CH, Im JH, Kim JM (2007) Development of value-
added products using seaweeds. J Mar Biosci Biotechnol
2(3):133-141

Penven A, Galvez RP, Bergé JP (2013) By-products from fish
processing: focus on french industry. Utilization of fish
waste. CRC Press, Boca Ration, 26 p

Roda MAP, Gilman E, Huntington T, Kennelly SJ, Suuronen
P, Chaloupka M, Medley P (2019) A third assessment of
global marine fisheries discards. FAO, Fisheries and
Aquaculture Technical Paper No. 633, 78 p

Shin WS, Yoon YK (2018) Research on the promotion of
recycling of seafood by-products in Chungcheongnam-do.
ChungNam Institute, 29 p

Smith VI, Desbois AP, Dyrynda EA (2010) Conventional and
unconventional antimicrobials from fish, marine inverte-
brates and micro-algae. Mar Drugs 8:1213-1262

SNU (2016) Production and industrialization of well-being
source meat through development of environment-friendly
functional feed additive. Seoul National University, Ministry
for Food, Agriculture, Forestry and Fisheries, 11-1543000-
001234-01, 171 p

Statistic Korea (2019) Mining & manufacturing survey. http://
kostat.go.kt/ Accessed 21 Apr 2021

Stevens JR, Newton RW, Tlusty M, Little DC (2018) The
rise of aquaculture by-products: increasing food production,

value, and sustainability through strategic utilisation. Mar
Policy 90:115-124

UN (2015) Sustainable development goals: 17 goals to trans-
form our world. https://www.un.org/sustainabledevelopment/
sustainable-development-goals/ Accessed 17 Feb 2021

Wando-gun (2020) Military government major business plan
report. http://www.wando.go.kr/administration Accessed
16 Mar 2021

Wu TH, Nigg JD, Stine JJ, Bechtel PJ (2011) Nutritional and
chemical composition of by-product fractions produced
from wet reduction of individual red salmon (Oncorhynchus
nerka) heads and viscera. J Aquat Food Prod Technol 20:
183-195

Yoo G, Pan CH, Ahn SJ (2019) A strategy for establishment
of marine biotechnology digital innovation ecosystem.
Korea Institute of S&T Evaluation and Planning, Seoul,
29 p

Yoo JB, Kim KM (2020) Problems related to the generation
and treatment of fishery by-products and directions for
improvement. National Assembly Research Service, No.
118, 20 p

Younes I, Hajji S, Frachet V, Rinaudo M, Jellouli K, Nasri
M (2014) Chitin extraction from shrimp shell using enzy-
matic treatment. antitumor, antioxidant and antimicrobial
activities of chitosan. Int J Biol Macromol 69:489-498

Zeller D, Cashion T, Palomares M, Pauly D (2017) Global
marine fisheries discards: a synthesis of reconstructed
data. Fish Fish 19:30-39

Author’s Information

Soeon Ahn
Research Specialist, Korea Institute of Ocean Science &
Technology

Won-Kyu Lee
Ph.D. Student, University of Science and Technology

Duckhee Jang
Principal Research Scientist, Korea Institute of Ocean
Science & Technology

Do-Hyung Kang
Professor, University of Science and Technology

Received Jun. 9, 2021
Revised Jul. 16, 2021
Accepted Jul. 26, 2021



