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Abstract

and important hygiene management factors.

In this study, an investigation was conducted into the cell separation process for the production of cell-cultured meat.
Establishing efficient management factors and addressing the fundamental aspects of obtaining cells from tissues are
crucial for sustaining protein production. The separation of cells within tissues is a critical element to ensure the quality
and stability of cells during cell culture. Identifying and managing potential physical, chemical, and biological hazards that
may arise during cell culture is essential for maintaining cell quality and stability. Through these efforts, developing a
safe and efficient cell-cultured meat production protocol becomes imperative, ultimately enhancing the potential uti—
lization of cell-cultured meat in the food industry. Therefore, in this study, we aim to provide guidelines for enhancing
the efficiency of experiments and the reliability of results through exploration of protocols related to cell-cultured meat
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A HiFEZ FEOIA A ISE7IMEE FAl5t]
WS gANECR AT st dvdld HHe
71& % shvE Ze] wjdskal 9Jch(Post et al., 2020). AoF)
= 7159 58 24 BES AFIste] A= vEETI0NA A%
7heRt lES Bakshe AR B AlE w9 ks
o]t (Chriki and Hocquette, 2020). AEZQl &AFE9] Q1
FoOo& Qs WY 4= Sle AlRRHE, A 9 &EE
Al 59 Tt ZAES Al WSS R o i
4 9l Ao 7|5la Yrh(Lee et al, 2023). 0|23t =
HolA] AZ HjoRR o] B Z7RF A0S At H1 glo
o, BE&A0|1 QPYARl Al Hioks g4t ZEES 9 58
S ] 94-9] Aol F83%F AR K2k Zoth AxE Hf
= AR e BRI Ao, HH] 2w agFQl
ZEEZo| d5Aolt). AUz d4H ZEEFTS A|E v

5 A P BAS AT, At 9 AR S8
2ol Mz Hidse] AlEdS BATH Zolti(Choi,
2019).

AlZE0] FAT} P2 A ARl 49 5 s,
o] A|ZE iSRSl A Y] AdEAR]1 Akl QloiA 712 84 F
Sho]thRamani et al., 2021). E3F, HiQF Hi#]9] A&z} 14
ANlzo] AAgt 4 9 715 A B H @4l
o ek TRkt Ao} viR|e] B4 diefsto] 249
=2 JA3l= Zlo] W20tk Choi et al., 2021). 2,
S, pH, 9 7]e 34 2719 HHsk= A HigS A4k
BT IS A5k Hl 5838 g Hk(Spiros et
al,, 2023). o|&j3t ¥ QA AlR2o] A3} o] JFE
u|xw, PAF T2A| A0 A ] BRFEAE HAdloh= | 7]
o 4= Stk

Ml vigE SolAe] P2 AlEo] Qb Adat AR

18 rlo
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o] E20] 2l TS v]A % UrkLee et al. 2023). )
2ok QPUAS SRt TREZ0) £ AR ek At
9] Aol= ©] "4Ao|ti(Chriki and Hocquette,
2020). o]23t B RASE FTYH R VIt TEEZT} &
73 Aotz Al wids At egdEt aaidS HASh,
AT 9 88 FopollA9] A1 Al v &8 7FsSt
A & Zolck

A2 HiR=-2] H]oFARl 7]& M= HEARI 7H50] o9&
S SAREY] F4E Hold7|Hte AMEoE AlS3 fAL
o Tl s ES5h] SRt ke skl Qi 1)
A AL EA A widES F7Iehe QIFolAl S
AlE Ao EA AlgQEE Apof|A] FEste]of s, olgt
oA HAEAQA FARIT] FAUA H k= A2 H AR
o A= RS AR AL s TREZ

ZF Y7ol 2tk - 08, AlE YRS 7Es AEoR
AHAZ17] SleiMe Aesta Besle ZREEFO] ¢y
AT 918 BE7F B4 o8 ZgE|ofof Jirt.

waba], B AofAs Al jdsol Ast t2eEg U 5
K3 98 T 940 Higt B B Ao ey 4
7] AFYE Eol7] gt AL AlFstat gk

e

o 18
st
o

o

o Rl ME 22| Z2EE
o5 SVHEE 45 offo] wet Z4skE obHE
(myoblast)@} H[ZAISHE 215 AA)E(muscle satellite cells)Z

Table 1. Types of enzymes used to isolate muscle cells

oAt 2R AEE Aol AAE ez, 2492
71 Ao Azbste] EAsHL, 89] AU 99 A=
ofs) @437 He Pt Al ZoER RIS Tt
(Cossu and Biressi, 2005). ©] ZoPA|Z7} B 9 B} 913
AR 2% 298 WHeke A0 LeiA glon, AR vjer
FO] AL o]gt ISINRE TAFERE U=
A0 ZHE] AZETHGuo et al., 2022). WERA], of=3t LA
Z2 Yo 3= &5 E7INRZE 3o g Feshe 5740
Y asich

T2 AsolA YA AYE B9 5 A Tt
7, Okt Bl 29 BAE olgdlo] 28 2ot
4= SVAZE Edokal th(Lee et al., 2021; Yun et al.,
2023), AHBFE B Bolahe BRI SE A2l A
e} 28 E7|A1E 2] aeo] 92bd & Qi Table 19] 1
@} Q150], trypsin, collagenase, pronase, dispase 5 TFAet o
7] Boflgaso] &5 7M1 B ARSEIL St

Trypsin Ol LU Ty BofasA 1
Efo|E oju]iAt AF F, oF27|d(arginine)d} 2Ho]4l(lysine)
9] T2 7leEdfohs 713 Ald o= dHA JrhMa
et al., 2005). Trypsin® lAJo] H7}= Aol oa) T
29} BHE AT 5 e 59 27 . 0l2fF ypsin
& &-85}0] rat, rabbit, cattle, chicken, pig, human 5 THFSH
zo 28 ZNES Hese A7 AgEd g

(Coleman and Coleman, 1968; Gospodarowicz et al., 1976;

from muscle tissue
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Enzymes Species
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Trypsin Rat, rabbit, cattle, chicken,
pig, human

Dispase Mouse

Pronase Rat, chicken, pig, cattle

Collagenase Mouse (Type 1, 1II),
pig (Type IV), cattle (Type 1)

Mixed

Trypsin + Collagenase Rat, Mouse

Dispase + Collagenase Mouse, rat, pig, human

Dispase + Collagenase + DNase Mouse
Trypsin + Collagenase + DNase Pig

Trypsin + Dispase + Collagenase Mouse
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Miersch et al., 2018). Pronase:= Streptomyces griseuste] T4~ A|
A 24 FA4 D L] protease, aminopeptidase, carboxypeptidase
o] THEE o] Ut H| Eo]FQl op]ieil B2 Eoif
Sh= Aow dHA qlom, 2L sfgfsl= d EE AREH
= 84 % sho]ti(Proctor et al., 2019). Pronase:= trypsink.
o w2 71l E gstal, 2 AlE goljg] glo] Ml &
HAS AT 5 o, S Alxet A vhHS 406k
ss2io] ehglele}. s, wypsind} Zo] Wl ojs) vl
23 Z/gdo] AAHA] 471 wWizoll HlZJA pronaseS A|# s}
+= 3}%o] "Qslt} 0|3t pronases E-85}9] rat, chicken,
pig, cattle 59 5% E7|MZE Eelotke A7t Hard |t
QltH(Allen et al., 1980; Choi et al., 2020; Dodson et al., 1987;
Ryu et al., 2023). Dispase~= Bacillus polymyxa2] ¥j%F ofo]
A BeE 24 Bl BEARA P2 ARSY B
ol X ZuE(fibronectin)@} 43 Z=HAl(type IV collagen)S
Bafjsta, 13 ZeHdl(type 1 collagenyS L5 Ead 4= 9=
AoE AHA Sk SHA|EE, Zdat 535 FH(type V
collagen)©] Hi3t Holls> QItH(Stenn et al., 1989). DispaseS
83t 35 714129 2] A= mouse AolA] Hare
H} QJthSuzuki et al., 2015). Collagenase= {4 A% YA §
B9l SEHle] HEtolE Z3g Adshs Wil REojass
A, 53| ‘ZEH(proline)-5/g ot]icAl-22|Al(glycine)-ZE71
2 Eolx o7 Eol= 7|2 Z2Eal QJth(Van Wart and Randall
Steinbrink, 1981). Collagenasex= Clostridium histolyticum O 25
E] 2&5]o] ARRED 91O, collagenase I, I, I IV, V 5
kst FE9] collagenase”} mouse, pig, cattleS] 8 E7]A|
I B dJo] AREE thFigeac and Zammit, 2015;
Motohashi et al., 2014; Redshaw and Loughna, 2012).
ojZgt Tl FElais AR 7|4 Folido] tE1l,
gH4o] ti] to), A= AsneiEel WAV 4 Aok
wrebd, B QTEOIA shtel Pl BlaAne AHgs)
L Jlo] ofje}, Tl HASS B0 R AgFORA T
% 2qozyE 28 Z/ue Baig vr o agHoR
A5Ys}tal )th. Matthias et al.(2018)9] Ao A= mouseZ
E] muscle derived stem cell & £2|517] $5to] mhld HrtE]
559 collagenase, dispase, trypsing &0 2 X &|5ka] A
ZE B3tk Zhang et al.(2022)9] AN E F F5 E
219 collagenaseS Z-&510] mouseZHE] 45 EV/|NZE &
25t MA type I collagenaseZ 1X}& 02 E2&E )1,
QAEIE 3t F, 222+ type [ collagenase® 2%} 35
AASEIh e 2 e 5, typsing Helsto] 2
el 28 F/IMEE Bellck oY $AHo g
EoaaE ARSI 45 E7IMZE Eelshke B, 4 o
2 BEsjganitte] Mo 242 AR & & 7] Wi

29 B80] £ 4 U Aol Yok, A STl
HEEAIZIo] Aok= @0l Q1S 4= Stk wEbA, oefsh a4
52 BA9 AHYske dFEE EAEI QIth. Zhu et

al.(2022)9] Aol A+= collagenase D2} dispaseS FA|of 2]
ste] 7 28 2AoNE 3% RS Helshe o7
£ Z3Y5}9tt. Contreras et al.(2018)Q} Chen et al.(2023)2] A
TOA % collagenase®} dispaseE &A1 HEsto] L& &7
AES] 22 AHS 45, 0R0T AHol0] A7E SIS
o} o4, 82 AL 74Ee] F3} Al 18] Helo] wet
A 5 S7IAZE df2che dl 283 MH9 84AE 2=
Q77 Waw Aow ek, o, vl a4 A7 U B
Sk Aelo] W Gu 7 kW39 HA 202 B
QA77} SubEchE Brh B8 2% Z7)4Re) et}

et 22 dd BEolasg Eobote] IS0 RRE 5
MAEE Esl= AFE°] te HuEI QtkLlee et al,
2021; Li et al., 2022; Sesillo et al., 2020; Yun et al., 2023; Zhu
et al,, 2022). 3 A5 QoFolH, &5 Rl A= 28 &
Ae A, 1) &5 R 0=RE AZE 8&%0E 55|
Hoted 2AE EA Béfsk= ©A, 2) &5 AlEE 5]
Joto] A 2o gaot vkSok= T, 3) nylon mesh ¥
cell strainerE -85l filtering GAIZ Us 5 Ut} & Ao
A ofd GAES 2o H AlEstole] s9AZ 253w
AARE A2 Fig. 13 2t

Tissue separation step

45 AR B ZEEIA oig dAE AlYsti=
SRHIA] oA == Adol7]o] A HAQ] tissue
separation TA|412] H]AYE Qo gt o2 miP- Fa3t
ZAloIt. WA, =5E 75082 RE I8 FE9E F ot
70% ot AXFo]E ol&df 15 Aol IS AX
o} o] oA, Al BifolA F= AREEE AR 1%
antibiotic-antimycotico] T-3-% PBSE 7 AREoEOEZHN
HBE LA AT & At oflehES ol&sto] A=t &
HUZ a8 7H9IE ol8sto] AAsSHL, &5 W A5t
AAZRA T} A A AAE. PR R 18 23]
S RHE 5 VAR g7t RrFo R dojd & U=
g 153 A s F= S ARt

(" 4o

(e]

Cell detached step

2 w28 23S 50 mL tubeo]] T B g4t
S Y1 E3}s &t} 37C water-bathol| 4] 60571 ¥R-S-5}0]
g zxoRNE 18 ZMES Hske FHS
o} oldf, 2087t tubeE WRHAAZCEXN Tl Eojas

™ 0
o
ot
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Spray 70 % ethanol and PBS Cut outer and remove

contained 1% A. A, to connective tissue and fat

prevent contamination and ground separated
muscle tissue

1. l Tissue separation step

Separate muscle
tissue from cattle

2. | Cell detached step

Add ground tissue and Proteases
T
/ = =
\ I'; l""-""ll W’
¢ 4 L

Homogenizing Incubation (37 °C, 60 min)

3. | Washingstep

Add washing media
Remove the supernatant -~

- ¢ = =

— ‘mm e
) ]; = - = - T
W ¥ ‘¥’ w
a - . fai Centf]fug'ng
Centrifuging (4 °C, 4 min, 1500 g) HOMOGENENG 4 oc, 10 min, 400 ¢

4. | Conditioning step

Remaove Add conditioning media Filter supernatant
7 F i
/ / - = [
| = = . m; Ry \:g-r?-as’ =
° e v w °
Homogenizing Centrifuging

(4 *C, 10 min, 400 g)

5 . | Stock step Remove supernatant and count cell
/ - / = l Freeze at -18 °Cfor 1 day and

Tl
“* Filtered = oy .- transfer to liquefied nitrogen
supernatant I"E? 5 .
Centrifuging 1ml/cryovial for stock

(4°¢, 10 min, 1500 g}

Fig. 1. Crude cell isolation protocol for cell culture food manufacturing.

o #go] AIHOR APY & Y&

Washing step

e

T}, antimycotic in DMEM or PBS)E o]-&3f $=Ask= THHAIE A
otct, WA, LA E2(1,500xg for 4 min, at 4C)E A5}
AFZHES A AR, TR0 & washing mediaS *{2]|5to] 1

28 zqosyy 28 /MR dEE oh F, Ager AL F, YA 2eld00g for 10 min, at 40)5H A

aas AAW

9J5}o]  washing media(1% antibiotic- AAsNFE GAE 23] vHESA AAJRC
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Conditioning step
thee sfels AEE Y557 9ol 20% FBS7} Z3E
conditioning media(20% FBS and 1% antibiotic-antimycotic in
DMEM)E o]-83ttt A GAA AJFHo] AlAE FAEol
conditioning mediaZS- Z7}5}0] & WHIA|A &L} o|%, YA E
2](400xg for 10 min, at 40)E &3 <= T FoiZ|et A
x5 2AA Eo

Stock step
25 A2 FAseh, 443 S socks: 1A
5t A2 o)A dAIoA AL AEWS 100 |.|m cell strainer
£ o]&sto] FRESZ AAG —v—‘:’r ojgA A L& A7t
ESE AFZS QAIEE](1,500xg for 10 min, at 40)S E3
cell pelletS 53t 3T cell pelleto]] 522 v S A7k
o] cryovial®]| A85F &, isopropanol O 2 LA vial container
of ol Jxe] Ao 5% 5t WEsto] utet Wao] o]0
A% T, o], O] A 0] Hlo] FF ] A
83 % xe B
k"E HHOFO AHAI\Q I%I‘ %OEI-E_IPI_IA_ AE'lgl
AE wiAlE B4k 913t Al BedA § SeuEas
£ Fig. 20] YeRQItE AESH O R Al AgAQ] 7}
e Tejolal, BE §71A10) PAALRA, o] Aobhe

Cell cultured food processing and hazards

) BRT ALEH FET: A2 HTHE) WUE
= primary cell& @55t olE sk Ao 7Y £873%H
249 Zolth. 7o RE AEES ST 1), 7159 A
A, 79 5% FasHAIRE 2RI P38 A 5 ’\ﬂ
Iz AA] EAE Fa% 8424 FE 718 5 K Reiss
et al.,, 2021). Al viFAIES B4lslr] flste] Aut =7, &
Soli 248 BT AR PIEE BT RS of
PSP T Urk E 2L EFolet sl EEolt
M| F5o vt F4 EE BaRso] A ehjus
MNEE B8y 55 Hpbdo] 24 HtkJara et al,
2023). el olefet AES 53] o] LS WjoF 4
I A Zo] 0 Xﬂ°1 E9% 40 o3k Alx9 ot 52 Al

ofshA| Qo ol AL 1Y F A AL Aol 2 2
AZ gog 4 gk, wehd AEE ISoke 7} BAE 94

848 Aofshe Zo] Fasitt. et 220 gEE 45
o Nx 2] ZREZS /Hloa 22S Bkl ARs
fﬂ sto] AP |17HA] BAMER R3] fd8as 9}91”4,
=, S22 0% Leo] Alojslal Asfof 5= 8.4
ZJE%}&‘;E}.

Chemical critical control point
27] Ao AES YS9l AE B, Ax 2R 2 3
A, AR 59 SAE AAA et ol e A =2

Chemical hazard Biological hazard Physical hazard

Collecting tissues

; + Alcohols
+ from animals

« Phosphate buffer saline
» Antibiotics

+ Ambient air pollution
* Human contamination
» Donor characteristics

+ Tissue damage during tissue
separation
+ Temperature

l Chemical hazard Biological hazard Physical hazard

+ Basal media
« Proteolytic enzyme
+ Antibiotics

« Human contamination
+ (Cabinet contamination
* Incubator contamination + Gas

Biological hazard

+ Centrifuging
+ Temperature

Physical hazard

o058,
'o’@ Cell separation
+ FBS or replacement
l | Chemical hazard
+ FBS or replacement
« Antibiotics
+ Cell sorting buffer
l - Antibodies
+ Basal media
Cell proliferation + Proteolytic enzyme

+ Basal media

Cell sorting
* Proteolytic enzyme
= FBS or replacement

* Human contamination
+ Cabinet contamination
+ Column contamination
* Flask contamination

* Human contamination
= (Cabinet contamination
* Flask contamination + Gas

+ Centrifuging

+ Column pressure
+ Shear stress
Temperature
Gas

. .

+ Centrifuging
« Temperature

Genetic drift

Antibiotics
Chemical hazard Biological hazard Physical hazard

* Freezing media

Cryopreservation

*+ Vial contamination
+ Cabinet contamination

+ Centrifuging
+ Temperature
+ Storage period

Fig. 2. Major hazards during cell isolation for cell culture food manufacturing.
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LHFZ Alojsr| Yall, ¢FEol W i S
& basal media, FHE Eojas, YA, AjolEY E= 7
B Al A 22 ol 2%t Sk A 94T ARt &
St Q2SS B5517] Y5to] sorting bufferl} E&5= Af|3Loj|
o7l #1% FA 5= AREste] ERSHAl HaL AR Al
freezing mediaE ©]-8-5to] AlZE APoHA ==t 2t B4C
ZAol wet Ale d%S A "ok

Uge| A AEo HINA AES] BEES oA

Z 4= QJTtHWu and Cederbaum, 2003). TS AEQ); 2}o]of 9]
gt MlZY wE JAAZ17] flote] B AFE ARG

S NS o] AGEE de] Sret 4 Fije] o
SA AL JRRE A ok FubE o= Al A% Fofl Al
3 =4Jo] W2 Dulbecco’s phosphate buffered saline(DPBS)&
ARE-SH=T, DPBS Qlofl HBAIE Eelsto] 24] s Fof &
Aok Q91E WA, Dot Ak AR dERse
ofe] 71 Aol HESIL AES] Al AEHIAE Sl
71 AREAl A AA 715 AT o okl A

o, 11 ARl lojA] Al ZA|Q] 532 dde] EAES
O7)A] FEE A&HQl Fao] "adh otk Egt AEE
Heoks % thild Bajgiof osf) Azut of Ask= o
wiZo] Hofjlo] FSotaf= Aol JFS 718 = UHChoi
et al., 2021). w2hA] ARGl Qlo] A3t st ATk
Sto] Alazof] BAAQ] FF 7IAA F=F o7 Rsich
AlZE Bk Al o] &=l Aol -2 200-4007H o]/4e] T
A& mololal o] 2R AEAES EFolo] Aol A%
o W4l QA= ZF83ITHPost et al., 2020). LUt AEfo}
A9 =2 7H0) IsiiA] Ml viFAlEe] 7HEE W57 of
9] serum-free medium 83t A|2ZHF Ei= 7]E} AFfjo}
9] diA A77F gk =3 Qlek(Lee et al., 2022). Z2o]|
= AHoFEH Qo= A vikAlE Woll AME 5= Qe T
Z Ax FEE A E3F A= o, AlEeict 1
E/do] @A 5] Gt oA diAT 4= Qe 71e2 Aot
(Lee et al., 2022). T3t M|EZE E5517] Y59 sorting buffer
U A 52 AR8ste] ERoSH El=d, olAeE <l A=
9] Z4] 9 Eolrl RS HhS 4= QIti(Allen and Boxhorn,
1989; Fillinger et al., 1993). ufxjato g A|ZE 7|7+ A&t
7] QoA GEHH O & freezing mediaS ARE-5lo] AASHA H
o} YukA o0& dimethyl sulfoxide(DMSO) 52 4]o] ARRS
L, G5 AZEs @2 DMSO 5204 % AFEE &= Qlth(Kang

(T

rt

et al, 2017). TebA AZO| APBE LE 5 Qi A

oA Ag3tel Ao & Zolck

=

Biological critical control point

SR Qo= 224 £ A] £30] 7] Fol =EH
w Ff v8E e AReIY 7ISolA ZAHEE B
= AT 5 o mebA ol2dt 28 I Foll WAske &
S BASfoF gt} AlE E0] &5 Foll 225 5T 4L,
=549 9 A 24E &7 Sl TSk WAk 2
A 5= WASHoF gtk E3F HolYle FEOIAA 222 Ul
ofd wj ARgEE= Ao, Hojvs =5 HE FH=TH
Q== A2 YAISfoF St} 3t AlEZE RSt Wefsk=
T3 Alet, =°80], 8%, vho|giA, n|EERkAn} Fof 2t A
=M 29 52 5 wAF 299 Aol Jleng 2719
qosfiof et difE IgolA Aol 2t 2ol #AIE
o, AR s Batiy ety Ee AZE 7]
= E2AA, w7, cryovial 59 2ol o5 =AI7F 2
= Sl ol=Rt R 2 Qo Al29] F14 Ho] 7hsAd
S Fogfof & Zo]tk(Spiros et al., 2023). HJEF PARS 9
o I F AT S Y FAE Hol MEMIES E

O 088 uf /g Fofalof & Hiolu F4 14 F ¥

PN

WA ol o] QS Am) et A4l Bl
T Qg Zo]tk(Spiros et al., 2023).

Physical critical control point

242 SISl B2t S B2H 84 EY AE 2
eJag WAk 307 gRasolt 37] F 219 ol
ofgh A1} B2 A7IKI0] A|o] W 2] AEE FR%
Q2018 2L Befol 15 WAk S0, 74 £
ol o3t 279 wh] S& AE 2] A] 8% VIlaLo]
o e 22491 320) ool ATt JRE e 4 ok
AZS ZAA st Aok I Foll YiEd, 2=
5ol oJshiAl Alauto] W= o} whajE 4= Qv E3F QA
ofe] Ujof £4== 7k QJsiME Al2o] FA o] JF
= W HEE A Hjefol| F&ol= Hiof wet lH|olE
243 7FA TS 2A@5|oF & Ao|th(Zhong et al., 2011). A3
£ £95ks &5 PAcke oF A ot Alx o 5 &=
22l 3o s = A2t YIRS W 5 Sk wEA =
Aok NS wFol7] flsto] Al29] wi}E Heeh X159
Sfof & Zojok. 2] & AEZE A4S oz A 2= Ee=
A 717000 i 5 Al Z7F JIRE W = U EE A
229 #27} "Qagk Zo|thMcGann et al., 1988; Merivaara
et al., 2021).
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Q o

2 =2ollA Al vk Aike St Al 22 Il o
g EHAE ASIA. A& 7hstt @i Ak Rt 7=
Rl Froz a&xel #eas AASIL 22 M Ax
£ #oshks A2 583 840tk Al F43 Y &
AE P Azt 5 T 4= s =214, ek, AEst
A A 2452 AEskL BEske o] $835H o8 &
3 QPdstal a&AQl AlE vk A4t ZREES TSk,
olF &30 AF AtdoIM 9 Al BiFs B8 7HsdS Eolof
< ot
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