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Abstract

Climate change due to global warming is affecting
the global environment. The fishery industry is highly
dependent on the natural environment, so the fishery
industry is increasingly volatile due to the rapidly changing
climate change. At the same time, consumers’ anxiety due
to marine pollution such as microplastics, radioactivity,
and heavy metals are increasing. Accordingly, cell-based
seafood are being proposed as an alternative for the
sustainable use of seafood resources. Cell-based seafood
manufactured through a process of differentiation and
proliferation using cells isolated from actual seafood
and cell, scaffold, media, and bioreactor technologies
are organically connected to each other. This review

summarizes the latest research status of cell-based seafood.

*Corresponding author: Jin-Kyoung Jung

Based on this, suggests a development direction for cell-
based seafood to properly settle in the future market.
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2 )& 7hs3t o] 8-S AT ol st ¢
gt oj¥srS BapR o SfA|skaL, 14Q) 0¥, IUUY
AEH v|E 1 854 o], Nllegal, Unreported and
Unregulatred Fishing) 59 13 A|gt 59 AR =%
= g vF Qlom o)e} ] oA A
2 Y-S R e ofollAf e 1) ofEE 0]
+ oA RAAE S FAFOICHHALDFAT4, 2015).

Aol vAEEAE, WANE, a5 79 dYed
o2 QI3 AHXEY] A tigh = Eobx]aL
Ak, wA|EetAEolgtk Smm o5k}l EdkAE 7R
A= 8o = sljof AEo] Hol&2 @ lste] AdFEHA
= FF AHAR] AFlA =EE = 7]l e
o] T83 99 T sh= We =23 lrThompson &,
2004). 2004 3l S7gollA dnl7g o= o] 7hsgt
ZpAE R7bo] b= Qith= A AR s
2014 | Aa ARl ket 9 2] (UNESCO I0C)|
A AR dHEA ol nMIEetAE o] et 44k
Apo]| gk AnjAE Bk ST Tkl et 5,
2018; Kim -5, 2019). ¥29] AHALL o] 3 WAks |
= ET DH|REAS AFA7 = 8.8 F sholt
Al 2011 Y2o] WARs SFAIaE I WAREARL
A3} 20139 J2FF7F AN L] s ¢l
A3t o= AA| AMAIES] AHITAR ojojRlrtal B
1% v} It Kang, 2015; Choi WS &, 2016),

olg% X|HeHg el Wgk= QI AR &
Sk oJofX|aL Qlrt, ofof AR o thH|slr
gF Ae] A&7sAdel w54 & At
o|FiL glom Z|YoME A&ThsAdel WS
Environmental, Social and Governance(ESG)7}
sko] & ko R o FEAL Stk A& 7k st
o] &Z fFF dAtEe AETRsT oY - AU
gf], sf2Fo] AntEEy 9 oAzl tigh A+t
7F 5 o]FaL St} tAlARES] A AEE 9=
£ o]gsto] ARES] Tst P& Fofgh AlEAdS
Az (plant—based seafood)2t AHE2] A2 E e &
HiQF7| ol A 2] vk &l AL A& A
= vl oFAkE(cell-based seafood)@ UE 4~ Utk
(Bonny =, 2015; Gerber %, 2015). 71 = cell-based
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U 229 AL T WAk FEE - vNE
UL HORHE AR 4= Ath= o]

7P 2o = oo Qo
v Frabzoll thigh Aol AR sAlel vitaAil=
o] gojof oo thgt =7 A, ALS|A =9 E3F o]
Folx| L Qiet, vjekse] Zd-foll=, vl sF3(USDA)O
Al “Emeat)?] FOE =53 AAOA 115 A|ATE A
2 AoJstar glorm g ARHirSS TAIS B § O
2 F7|5k= Aol thet ] =07t =5 o= it
(An, 2019). BiFAHE 3 -golo thgh 27} =2]F]
1 = AR “cell-based fish’' 22 ‘cell—cultured fish’
ol Adet YA o g =of=ar g}, Aol wE A4H]
A AT =S Tshr| Slaf 12007 2] )=t BRSSO
AYo 2 3t AH|R} Q1A E ZAJ| A= ‘cell-based fish™7}
‘cell—cultured fish' ®o} B G421 A4S AlojF= A
6 Z YeRt v it Hallmand}t Hallman, 2021), =+
ofM= e FatapelRl S ol A HeFol S olet= 8o
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=0 RS B R t7| Y-S 29t oheft &
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Bioprocess

Product formulation .

Upstream units -
Downstream units

Pipelines .
Pumps .
Valves !
Heat exchangers .

Storage vessels

Instrumentation e.g. temperature &
pressure sensors, flowmeters
Control system

Capital cost — infrastructure, units
Raw material sourcing

Packaging, labelling

Cells

Cell source & type

Myablast, myosatellite, iPSCs, etc. .
Primary = isolation, purification, .
verification .

Immortalized = cell line development  +

Cell specific properties

Cell specific growth rate

Anchorage dependent or non-adherent
Method of inducing differentiation
Metabolic stoichiometry

Degree of differentiation required

Size, mass (dry & wet), phenotype,
protein content, water content

Medium

Concentration and composition of .
essential nutrients, growth factors, etc. *
Substrate consumption rates

By-product production rates -
Source and variability e.g. serum,
serum-free, chemically defined »

pH, osmolality, compound degradation

Cost

Purchasing form: pre-formulated,
powder, concentrates

Storage requirements e.g. refrigeration
impacts energy requirements

In-house formulation e.g. culture grade
water required and sterilization

X
Scaffold

Cytocompatible — non-toxic, supports  *
cell attachment, viability and .
proliferation/differentiation

Cell dissociation method for passaging
and/or end-of-batch processing

Material (natural or synthetic) *
Surface area to volume ratio

Edible, biodegradable or non-degradable

Final form e.g. microcarrier, hydrogel
Source of final scaffold form: commercial
supplier or in-house fabrication
Mechanical and surface properties e.g.
stiffness, striations

Raw material source: sustainable, animal
derived, etc.

v

Bioreactor
.

Type e.g. agitated or perfusion .
Mode of operation: batch, fed-batch,
continuous (perfusion)

Passaging method & requirements

Inaculum method & density -
Homogenous environment — mixing, .
shear stress, sparging, heat .
supply/removal .

Monitoring & instrumentation:
temperature, pH, dissolved oxygen,
carbon dioxide, nutrients and by-
products, osmolality

Cleaning & sterilization
Proliferation/differentiation phase
Oxygen supply

Scale-up

v
Final product
formulation

Cell dissociation (if non-edible) or cell-  *
scaffold complex extraction *
Cell/tissue harvesting .

Product formulation
Product unit size
Packaging and labelling

Y
Waste treatment
and recycling

Waste identification e.g. by-products -
such as ammonia and lactate

Waste separation e.g. electrodialysis, L]
filtration

By-product recovery

Re-usable media recovery, recycle,
additional substrate supplementation
Waste valorisation/fup-scaling e.g. use as
feedstock for alternative
processfindustry

Energy and cost

Figure 1. Summary of the key areas of consideration for cell-based fish bioprocess design(Allan, 2019).
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fetal bovine serum)thA| ¥z 2] 7§2, food grade]] £
3lola= scaffold, cell, bioreactorE ©]-8-st tzml ko]
F2 7|zo] Basieh AolA dojuf= A=) A
= A oA st | sz A=Al Al
S Eeoks 7)) gEE ook | EejEH A7}
A A A = = AAA QTS 8= scaffold7f
2 Q38}r}, Scaffoldol] F-2H Als27} AdA4sH7] AsliAl=
A7RIARF Fofdo] e HigHe] Ao R T
wlojof b o]t Wi FA-2 vl o3 HE &
7ol ZrH ] bioreactorQtollAl o]Foj#of ghck(Fig 1)
(Choi 2} Shin, 2015).

|1 FBS A HiX| 7|& IHE

4 Elol& A (fetal bovine serum)S AIEZEE A9
oAl wiFslr] Sl de] 2ol= Ed= whAy}
polypeptideE Zgs}o] A|329] thAto] Z Q3 H]Ef,
| 59 vEFgeda 2 AdAIxiel Al a1}
5ol ZZE o] U, ofof] HiFA] Al 2S4S 9
3 325 QIAE Al Feh Al 231511, pHe 74

AR 274 fA] F A S FAAIATH Al
o] AgAka} Fzto]| 2}l A5hS sl o Az W 237
HIFA] gl Alof] oF 10% AF= H71E| AL Qlct, 3}A]
Tk o]& A jold A2 FdEH 0] ofd AA oA
AX FEE= 220700 "ol vroly A, el &
O & QI3 L HS oIS Sl FEEA] g AdE
== QIek FAEeE Alaz A, A2z vferAle] Al 9
oIS FEs|E it HEe] YAIRE A B
ollA =FA] dojA|= A& Ejolo|A MRS =50
dojx]7] o] vlgE|&Ql A7 AEH 0= A7
=k AlA| 800,000L2] FBSE AJAksH] YaliA+= 241
gk ute] o)4e] Aefjolr} ARgE|ojof shH FARSE
o] ofm| 47} B E|ofof it} olef F=2] 34E sht
SHA] 9k= Zlo] A} vlekSe] Al xRA] FEOA =
2t FBSO] ARG-2 5= EA14 Q1 SHoA ABfAke] A
FaQlo= 283t 7hgAdo] =T}, SHA|TE FBSS] ARE-
o vjFAbE o] A-gStoll 71 2 o] H= v
Olf= =2 TWIIE QIsto] oS ApA|2] 718 H A Y
= SHEHR]| Fok= o) Stk 53] 22 2 |7k 7H4 0|
38l o]AF @21 2020 7|EOo R A HofdAe 1 L
T 7HEL2 1,0008H(eF 1208 of] E5}ar ik, o]+=
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HjeFibEo| 7HA A E S SHEHA] Sohs = Hllo]
H AR 07 g AEofof T dAo]cHJayme, 1988;
Gstraunthaler, 2003, D.A. Brindley = 2012).

v oFs-0] A483E QA= 4 Hold A diAlE4
gl 7o) o] x|tk Zfdko) AdY E|ojof sh= &
A2 7hshR] gy, AAARIARE ZFEfoF sk, Al
o A 4 gt R A% Hojof gk, ol
of teFARS flall AHet 7S Srsfof ghel Al
29 HjAikE Tl 7hsshrlel B At
oAl F=o] obd A=t nM| 2R HEAREE AR
5to] animal—free WAAIE THE= AoflA] 1 slg-E
2kl Qlot, AR AYATE Sl Aol AN (HI-
CF, Earthworm heat inactivated coelomic fluid)of+=
Aol ARl ofm)iel, HEfolE, A TEE F
o] FHst] A} fARE 718E yEphdthal delA
FBSO| A=K ¢] 7hs/do] HEE S o™ (Morgan,
1950; Subramanian % 2017) ©|& #8310 FBSR
o] fibroblast cells?}t Hela cell®] vJoFA] FBSS} =
dstAY S7HE Al AEEE HYlo] Harg uf gl
THVasantha 5 2019). =lolxle= sl
EoAE=  FAleH(cyanobacteria)&9l  AulEEU
(Spirulina)& ©]&3F 4 Ejoldd thAME N5k
o AARE A jodA e H|gte] 1/100 o} =&
2 7HEAE A= S 7HASEAIRE oF2] ebdgh
A= E7Fs7 2= S A tk(Jeong &, 2021).

|.2 B4t £[Eot Scaffold 71&

UubA Q] A3z o] 79 F-5-8 Al2E(suspension cells)
9} B3] AM|EZ(adherent cells) 2 FEETH H935 A
= ZZ 1 (lymphocytes), ©3HT(monocytes) S|
o Hzky M= QulA|E(epithelial cells), U
1] H|3E(endothelial cells), T-3-=7]A|*E(muscle stem
cell) o= ujgfpiba Aol ARgShe Alze it
= T2 Ao azkE) o] et KAl A= FH
of Fzpste] Jot= 5L 7HAAL 7o AAIEE
(scaffold)}+= o]&fgt M7} Falste] S4l Bols o
T QA WhEolFs 249 oS it} dapros A
AZE= 27 Ui QA F2bste] 47 o= Sl 7]
& 7HAoF 317 wjtoll AAZES] EH2 A3 2] 7]
Z(ECM, extracellular matrix)o] H-3E%|ojof Skc} A



(A) (B)

Figure 2. Two types of fish as skeletal muscle(Greg Potter S 2020)
A) White flesh fish B) Red flesh fish

3 9] 7182 A3z vro g Fuljd ofy BdE0] 2
shejo] AE Hej Amzt BelHel dael oja
HHE ofu el A|az o] At E3tol| Hagh RS ¥
Follgo] Alze] H2hs golskA vhEolEthKim I}
Park, 2019). Bl &o] A|22o] S83F 4% 371-& &Hs
1 HjF o] S golsHA sl {1k sEHA o] YWl
o] 24 A4S 2ok gt} dRiF o 2= 7]
59 A7]= 80~500 i Zlo] vFEAgE Ao dufA
U=H 80 un Hr} 2O A7} YRR 2 ESHL of |
500 um Woh 2w AFET O] 7w} oksjAlckT of
A ok 5, 2016). o|AFH O2= AlsEet A A
B &= FH2ol7] el food grade®] £4E 085+
Az =] ofof 51 A u]-g- thg A 4to] 7Rk a4 £
S TEEA|A Ok StH(Aldonza, 2021; Jones &5, 2021).
AR T, e, 3, HE 58 AR AR
2t HjRS: scaffold 17} o] F0]A|aL §lom Z|tofl=
marine origin collagen 5 3%YAA7} scaffold®] 4~
A& gt Qi o|AY Euf4, AE, eHEF <l
scaffold®] /< B o2 wigf4hae 243 %
2 Aas 4 ol 24 @ A B4Rl A
2 o|o|Ajof etk o] BATESNE YT 43
< Zo|th(Silva 5, 2014).

AAIZE O] F2 AR YA TS 917t 224
sjo] gt ofs A7} ARl 127]0] ofale)
A3} o] so] 2460 S St scaffolde] Aol
o A A|&A 0= ubHske Sick. ShAlR wekAL
2 9 ujokg o] A9 AT} AYAIES} St 2
ABERoA FAlo] 22 Aorshs 54 7ix
710 B vjFabEell 2 AsHE AAIEE gk A
7t dasit abE A 9] A ARRge] ¥ gl
AR 2ol & A o2 RS

.

e of

=

ATt oiat, WE o] A 7 e2A HA
SFFe] oF 1~2%2] Ak skl Ut 5x4
= AHEEre] W) wiie) S22 v RE
Bl AR TS AR 4= QUThaL Hojln) ¢lof,
2| Y F2AA Y A 22 AATEY oF
10~20%2] A% ea-stal 1710l SSA 22 e] vt
O 2= A3 IS A ofelE Ao ® uitEw
o) aldst7] lalixl= TS} XAl 20 A -
Hfj¢Fo] o|Folx{of gt} SRAINE 53tk APUA| EZ= A
A7143 E4o] o2 58] AW 22]9] A2 9If
Sk T8 MlES] B3 AeS TAAT = AL E YER
a1 QJtH(Pellegrinelli 5 2015). o]0 11321 9] vjjokAL
= 7S flaliA = S e AA 227 S| A7t
T Ue AAFE A AF Fdo] Holt, o]gl gt
Aol =52 21814l 3D Printing®] 4-8-0] 71 tfeto =
mHe=211 glom nl=o] widpribE AFTI19Y 55
Z(BlueNalu)2] 7% 3D Printing system= 2]-8-3} 1}
FrAiES i Solot

| .3 Higa=tig E7 M2 oL HY

HjFrAbE2 AR 9] AlYjollA] dojub= REE ¢
gt 7o) AlLlo|M e st o]Fod 4= =5 <l
AR S 5o F= 7lwolt) olF HsiA=
ALl e Fdgt S 7R £E9T = U= Al
27F dasta 2 XA Z(primary cel)2} A|EZE
(continuous cell line)7} AT}, 1XFAE (primary cell)
2t F7IAlo A A Eg MlEZE YA W Alxze] &
d= Hop 2 vepdths o] AN XS4 ow &
A& T 4 Qirk= ©o] EAsh £Ee A= ¢
grE o2 50AtHE YA th(Hayflick limit), AW
o] A3z} o] & el 1A} A3 w43 IS HO
™ 2 E|5to] APEE| AR N = EEE} H o] A|EE o
2 FEE= ARHE 7T oak A A 22 q19)F e
2 FAHo] WAL ThsAdo] AT}, vt AkEe
AxE feiie S71ME(stem cel) 9] 1A E F-2
NEZFE o] gsto] A=A El=t| ojnf == ARE0]

= 7412 = 27 sjolE7 )41 (embryonic stem
cel)e} AAIE7M3E (adult stem cell), AFAZ 83}
A|3EZF(naturally immortalized cell), 3= THs &7]A|
3ZF(induced pluripotent stem cell) & F-E=tHPost,
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(A) (B)

Figure 3. Cell-based fish of BlueNalu and Wild—type
(A) cell-based yellowtail medallion(BlueNalu) (B) cell-based
salmon(Wild—type)

2012; Kadim %, 2015)

HjolE7 Al e wiole] WAl (nner cell
mass)ollA e 5= S7MER YT JES 7=
E7M22E Bl 4= Q710 EUeE FA 9 vijkAt
=2 AT = k= i34 9l S Adt sER|RE
7% vjolE ARgSfiof 51| wiiZof Hl-g-o] Hix &
2|4 A S 7HsAdo] A gttt ESE HljolET A
3L AREA] Z9F3 A (teratoma formation)2] 7Fs4d0]
Uth= A3 tol whet 18- &2 ARgsl7] o= A gtst
A Gh= o= EA gt

AAAE7 M 2= WA Q] 22|t 7)ol B Q)=
S5 AN ZE Be|EH E7|AM|ze|t B E7IAE
of ulato] ujFHxAJo] Thsle] A Lo E3E %
71 1 A91H Q1 22 o] Hof vH]go] Wt}
Aol A3t F3y Edol 7hs3 B A=
Aol o] Q] 1AA| 22 ARE-3Fofof 31 o] = QI3
Hol Aol gla=rt glo] AEC g o] g5t 4
Folth= B717F Qlck, ol AfjzzEej Ao gAAI7F 2
K8t ©o] EAgit

A Eds) Azt JAE7 I ETe] Skl
oA Wo|7} dojuf Sl AZ2FE 53t AAlE
7IM122L] BA8S 7HA7]00 vl whaegh vkl 27
OS2 Nz AbE gl= Y 9 F4lo] 7hssitk= A
o] Qit}, kATt g ¥ FH ™ o)7L Ao Alzo] 7] vl
FaHgoll A T ok Hol7F dofd 7ksAdo] EA sk el
HjFrAibs Al RA| 4] SHA Y] BlA=17E 24
S}, JAA Q] 2242 71eE 212 of x| gt HHol 2 Qlgh
Az e] Hghol7|of AH|R} Q14)e] ZH ESE aredsfjHl
of gt Ao = W AAZZRE 7= o)A A

O

2

i

& mt AN i o
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© & 3715 -2 Eat JustAr] B S0l A4 EE3)
NZFE ARG A o= defA St

FETHs &7] MlEZsat A Eof A ] gh Al 32E vt
olHAE o]gsto] HEIIAA ARk A|zzseoltt £
AAA ZFHGMO, Genetically Modified Organism)7]
=& ARl HjokE T | Al L)L FARRE A2 E Ql91d o R
THEo] Wl Zo]7]of vijotE7 | M et fARE 54 71HA]
A9tk A3z 8] ShE 7L Kok golsh A|zo] Ao oY
sith= E4S 7RI sHAINE A 29 7S A
£3517] w20l GMO =&tof| A A7-2& 4= gltk= 2+
7t EAR), 53] vijokibge] A s ' B4 oy
oot e LYo =RE RSt Ao| 7 2 &
Hol7]of o]t HE& L HIITHH vijfprAES st
= 2H|IRE GMO 7]&2 AR F e ihs E71A41329)

| 4 YIRS P Bioreactor 5%

Bioreactors= B EA| 2% &2 e AU
ofA18] Hhg-o] ALlofME dold 4= e -
zlolt}, T—flask, roller bottle, multitray unit, cell
culture bag 50| B AlszufeFo] A LjoA] dojd 4=
Q== 103 bioreactoro] AWk ©] 23t bioreactor2)
719} Ao 25 747 scale—upZ A E G-80]
HoJX| 2] b= wiF27e] o] viAikE th e
o] sil7]zo|7] = sk, AA| il 2oA= 4
9 7SS =0t B8, pHO| Alof, FUHiR| o] H
St T} the] =gto] YealA| o]Fo|#of o it
Aot Eoad B 02 A|ASH= A|AFo] 2 ds)
A A =]oloF gthAllan, 2019). thegaierel] ARSS
4= Q)= Bioreactor= | E4 2 2 stirred—tank®} air—
lift7} A5, o] 2]of rocking/wave, fluidized bed
& 5= ARFE AL 9t} Stirred—tank &2 7 WA AL
LE= w79 TRE NEZE AHH 2 BFA7|H
FENAIE LA swali=7] fI7F impeller”t EAY
Sich, QubA o7 1A wol ARR-SH= bioreactor”| o]
o] glvk= gAlo] ZA ATt Al szof| 7l Al = At
52 (shear stress)o] Ath= ©go] EAgch Air-lift
& A19] bioreactor?] 74--oll= impeller® 21 3|4 cj
A FZE F7E AEH 02 Fsto] YA E Y

A sl M7 Fre = Al sk wil A



ojct, thE impeller7} glolte =7]of thulefoll 2%
et AulatxE Tl om d @ FYtt E9to] dojut
] 2 Ae-3ES 7RItk Aol EA gttt sER|E
ke o] &=gto] Tmetsla] ol A9 9 (dead zone)©]
ZAfsto] ol 2% AEES AAZIE 2elo] 2
Z= Q) tHmerchuk 1990).

208 AEY ool oIS B A A
2 A wjokslA Ect 228 wjorrch e gz
= ApAte] viF7] WellA =2 Wig ujefo] o]F
o o= = Aol EA sk ot vjFHAlE &
fillet] A2, 4=2]v](surimi) FEj o] ASAIFO= A
Z7} 7Fs stk shARE v FaAkE Alxof| AME-Sh= T
Bo) MEL BAYA T, ofefst RAH A
bioreactortfol| A vieFal7] HaliA+= AA], F-21ad A|E
o] 4 B-pulofol lalEs Ak Fiz Wilol
o} A TE M|ZE7} 7HA) AL Qe A ZE o]|Z] o] vt o
2 509 AE2 ABRS A9 23 AlZo] Hsle]
A Bo] 7hasls theo] ZAIs} = w2 Bk

A|E ZHA| B o850l Eashr]ol vieF =&
O} 5 HAHH] HHO]’ il B g
Ho| EAfgtt, A9 7§ scaffoldol] 12} H2ks
Y3t & scaffoldE bioreactorof| Al F-F-A1A vl s}
= HAloltt, ScaffoldE o83t vigA=2] 89 A
AlH](sashimi), 2E|o]A(stake) FEfC] Zeju| A&
AAko] 7R SIAIRE s IW O] hEolAE AY o
+ scaffold®] 7igo] HaAolnt, Ftofl= 45
o2 gk uljFe 4= 9l bioreactor, scaffoldS HlOF
710l EQlslo] air—lift &4]9] bioreactor 5 HJ%S-
AR SIeE thest 7] o] o] fofz]aL Qi

P

rl = orlo o9L

Jz ;:2

19

2, 22 WYLNE ATUY

A weFs ARl o] STt HlEol vl itE Al
2| 3~4d Apolof| FHE F7} A Eof The Good
Food Instituteol] W= 21 A4 & 14712 3|x 7}
HjFAbaS 7 Soleh si9)9] thiEAQl uldAt

P M27 FAE 4 Qs AAAE o8k HHoltt,. & YAl EFEF(BlueNalu), 2| AFE(Finless
AAAE ol &8l vifshs B-tolle B AXAE  Foods), FA= EFRI(Wild Type), *liﬂUlE(Shiok
Mg o2 Yo uljeksl= BPHI}F X2 A|E bioreactor  Meats), 01 IE u ] (Avant Meats) 502 tjFE
of ol ujfele Aol AT ARl A% 72 A olFe 2R o A7E Y Folt. i”ﬂoﬂ*iE
Table 1. HiAHE i 7|5ig
Company Headquarters Product(s) Focus
= Pulmuone Korea Tuna, flounder
BlueNalu San Diego, USA Tuna, mahi mahi, red snapper
Bluefin Foods Los Angeles, USA Bluefin tuna
Cultured Decadence Wisconsin, USA Lobster
Finless Foods California, USA Bluefin tuna
Sound Eats Seattle, USA Whitefish, zebrafish
Wildtype San Francisco, USA Salmon
=) Another Fish Montreal, Canada Whitefish
Cell Ag Tech Ontario, Canada Whitefish
Shiok Meats Singapore Crab, lobster, shrimp
Umami Meats Singapore Japanese eel, red snapper, grouper, yellowfin tuna

Bluu Biosciences

Berlin, Germany

Salmon, trout, carp

Magic Caviar

Amsterdam, Netherland

Caviar

Avant Meats

Hong Kong

Fish maw, sea cucumber, whitefish
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2.2 34 WS HEHS
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