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In this study, we investigated eco-friendly physical and enzymatic methods for extracting proteins from Chlorella
pyrenoidosa via cell wall decomposition. The physical methods used were hot-water extraction (HW), sonication (S),
and ultrasonication (US), whereas the enzymatic methods included two cell wall-decomposing enzymes (cellulase
and viscozyme L) and three proteolytic enzymes (microbial protease, papain, and bromelain) at a 1% substrate con-
centration. The results showed that HW and S were unsuitable for extracting chlorella proteins because of their low
protein extraction yields. Conversely, among the physical treatment methods, US showed the highest protein extrac-
tion yield of 16.78+0.47%. However, physical methods can cause protein denaturation due to temperature increases
with extended treatment time. In enzymatic treatment, only microbial protease proved effective, achieving the high-
est protein extraction yield of 36.26+2.32% after 6 h of treatment. The use of mixed enzymes did not significantly
improve the yield compared to treatment with microbial protease alone. This study suggests that microbial protease
is an effective method for protein extraction from chlorella and highlights its potential for application in the food
industry as foundational data.
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£7hss ThaE 33 o ® BAFE 1 QltH(Mata et al., 2010,
Raheem et al., 2018). 0|A| 2F= EbealE, chalg] 2]d) 1L

718 54 A E A 5o RS AAbehe W2 8 @ 714, vl 5 gFdwto] ek 53], 2Rde: A=
o, 2A7EA i E, A A 2] 9 2hY $E o &7 Eok g3} 712 9F 60%2] 2 T gt P4 ofu]Ato] ok g
£ of7lsto] Al5Fe] tieFARS et A2 FRio] st fr=o] Aek(Bito et al., 2020). E3F, SR H k= w707, 3
THSporchia et al., 2024). 53], St A2 QA S +4J5l= T8 A3 iy S31 9 dF S AHE AL 7 s o8 AE
JEo R, u|Efe] ARk AHo A Fadt S T A0 E oA OJorEetA ol 7573 AlEdRE FAE QLom(MFDS,
A 3L QltH(Gasser, 2023). o] 2|3t o] &2 A 22 T2 3¢ 2024), o|&|at 71 540L S48t A)E HrHE 9 4 st of
of gt A7t Hash, 5o vhil Al Sk} o] Akstek A Hij & e A7 28 E 2L Qlth(Widyaningrum and Prianto, 2021;
o] AL sj|oFAEo] nlef Alek At 0 & T FE a1 9t Kumar Mocsai et al., 2024). S22 eh= Tt A28 74211 9l

et al,, 2022). PAIERE B Aol W gl Wt
239) W] Houf uFRHet SeolA A 4= 9lel A

of, | 228 UjFrof] B x|o] 9= tiiZ 9l 7)5A4 Aejed =
2L 383l g o]#-&o] 9Jch(Hildebrand et al., 2020). ©]of]
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NaOH, HCI, A4t o2 59 1718 E ARg-ote] 2=zt
O] F-8AES FE8L YA P EAI7F Q1o 784
Fo| HAE 27} QIth(Zwander et al., 2024). T3 A&7}
SR T SO 2 ARG Qle A= e A QL ] o]
Zasieh SRdeet T2 vA|l 27 59 Al W fo] 24
She & daS FE57] Hldll 224 A2 9 ax A 5
O] X2k A ol Wi o] ARG-E L QtH(Weber et al., 2022). =2
%] *]2]+= bead milling (Postma et al., 2015), ultrasonication
(Skorupskaite et al., 2019), microwave radiation (Huang et al.,
2016) ¥ homogenizer (Spinola et al., 2023)of| tgt A7} 21
eI Qlek. A TRl nAl RO Al e A
TEE ook 21eE A0 o R 840 &2 7]E AE
3, & ol e x| A= Qlsf Thekgt AR EokollA A7t &
vF3] o] o] XL Qltk(Da Silva et al., 2020; Patel et al., 2021;
Guo et al., 2024). wh2ba] E ALo|x= 223} A2, -+ A
2] 9 5 Xe] 50 WA WS AHgstel AF] A4
L R L
8y5}32} shiek
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Chlorella pyrenoidosa 22 G)74-%(Seoul, Korea)o]| 4|
Ffjsto] Aol ARgstATh Aol ARERE &4 microbial
protease (>16 U/g; Bacillus sp.), papain (>10 U/mg protein;
Carica papaya), bromelain (=3 U/mg protein; pineapple stem),
cellulase (>700 Ulg; Trichoderma resei) ¥ viscozyme L
(>100 U/g; Aspergillus sp.)=> Sigma-Aldrich (St. Louis, MO,
USA)of A -5k, 0.1 NNaOH ¥ 0.1 N HC1 g4kt
8}(Seoul, Korea)ol| Al -1 314t

g X2

G FE(hot water, HW)2 In (2020)8] WS s}
o =8sgict 22} 10 g} 274 200 mLE &35}
5% (viv) s=9] S22} AEAS A| 2513 th(Stack et al.,
2018). A3t 2} AL 95°C F2px0] YL 10,
20, 30 ming2t =51t o] & Y41 22| 7] (Hanil Scientific,
Inc., Gimpo, Korea)E ©]-831% 10,000 g, 20 min7} 4] &
R PREERYLT Y
=204 X2

Z53} A gl 22 B e 9] ultra sonicator (US; frequency
20 kHz; Sonics & Materials, Inc., Newtown, CT, USA)%} <=
2 9] sonicator (frequency 40 kHz; Hwashin Technology,
Seoul, Korea)2 A1g5to] Z2alel chijde 2259cHO
Connor etal., 2020). HWS} 53t F o] 9} s o] S22} &
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EAE Al F 253 A 2E skoinh USe AAF vl Qe
w2} 8231} probeol] 94 amplitude 60 (US60), 80 (US80),
100% (US100)¢] 7%= & 10, 20, 30 min7}+ 4 2]3}].2.1, soni-
cator (S)= 71 7|0l A Algdh= 249 & ©AIQ IHHA|(100 W5
S1), 224|250 W; S2) 9 354|400 W; S3)2] A7 = 10, 20,
30 min #]2J3F3ict. o] 24:-2](10,000 g, 20 min)s}o] 4
THE Al mE ARSI

a2 X2
Smaleh gl 259 99 A8 T ks Tl B R
(microbial protease, papain ¥ bromelain)e} Al|:Z¥ FEaf g4

(cellulase ¥ viscozyme L)S AME-sF T G4 2 2]+= Wang
etal. (2024)2] WS ZFarsto] 24 40 T A2 9 B A
2|2 Lol 5 71 w0 = asieie.

chel A X2

o)A Aejet sdT o ® Al 23t 5% SR} A5
of 718 din] 2t AE 1% (viw) J7Fsten, ang A7t
SHA] o AEH S 2t 02 ARG5St S22t A
o] pH= 0.1 N2| HCI = NaOHE o] -85}0] 4 uhg-0] %
2 Z 7 (microbial protease pH 10.0, papain pH 6.0, bromelain
pH 6.0, cellulase pH 5.0, viscozyme L pH 5.0) 2.2 Z43}%
th o] % 18 h &3t 50°CollA] 150 rpm o2 gHstglon, 3 h
Aoz N=E AHF st HFHE Alzme EA(95C, 10
min)&2 a4 ¥h§-5 FEAIZ] F A4E2(10,000 g, 20 min)
Sto] A5 dle Al &= ARE-SH3ITh

23} a4 A2+ cellulase A2] & microbial proteaseE Ak
£-5l= Z1(CP)3} Q| = microbial protease *12] <= cellulase
£ AHSHe 2(PC) .2 A sith CP= 22 et HEr
of cellulaseS 712 tjH] 1% H7I8t & T cellulase A 2]
9} HU3 272 F 3 h A2] &, microbial proteaseS 7] o
H] 1% A 7}5}¢] &= microbial protease # 2|2} 5 Aot 2742
Z 3h F7FHESA AT PCE= CPL)F -5 L3 A © 2 microbial
proteaseE WA A2}tk o] & EA]E]|(95°C, 10 min)E &
2 Bh-S TEAIZ o1, Y4lEE](10,000 g 20 min)sto] -5
WS Az = ARSI

== 2

=Yoo 25 &2 Krieg et al. (2005)9] & 3t
313} bicinchoninic acid assay (BCA; Pierce™ BCA Protein
Assay Kit, Thermo Fisher Scientific, Rockford, IL, USA)E A}
4519tk 96-well plateo]] 200 pL2o] G4 8-l v} CHAH 2 3]
AFHAE 25 pLE E33t F, 37°Coll A 30427 ujestoiTt. o]
F 562 nmoj| A SF =S S7sto] Tl e AT
chal 2 A7ES- 915 321412 bovine serum albuming ¥



686 277 - g -

2AE BASIch B 2 20 theT e WAL
2 Aksteet.

Protein extraction yield (%) =P /P, < 100

P2 =94 9 A A7 29 F2dd FEE0 TE
e (mg/mL)o| 3L, Pr= A 2fshA] b2 F=det W of o
2 o (mg/mL)o

SUIRSE

is)

BE S 3 sl o, Ay Aiks i (mean) +
#ZH2(standard deviation) & LFEFY QIt}. A% 2] = SPSS
29 (IBM SPSS Advanced Statistics; Chicago, IL, USA)E o] &
ato] HAREA(ANOVA)S =8t & o1 $141 % (Duncan's
multiple range test) & A A5} 72432 A58 THP<0.05).

(A)

& 20

c

°

S 15|

=

c 10

e 10l

= a

@

5 c be ab

o 5|

L

o

-

s 9

> 0 10 20 30
Time (min)

(C)

F

= == US60 &= USsomm US100

(=]

S 15 a a

% bl]b

£ 10 b cll 2

@ [+

°

& s

e

(=]

o

s 0

> 0 10 20 30
Time (min)

AT Tk - AAA - P95

o Yehgith. HWE 10 min (5.42+0.78%)°l4 30 min
(7.58£0.71%) 2= A|7to] S7td5 Sade} ol 25
S&o] S7FsFth(Fig. 1A). 12Uk, S A2 9] %9-S1, 82, S3
B ARbo] Z7tdps SR vl 25 5ol ZHas)
SCHFig. 1B). E3L 229k0] AI7|7F el as 35 78
o] TAdh= AR Yehyith S W HW+ ©hilld 25 =80
10% ot 2 el SR et Tl g &0 & JFS A &
= AoR AgHY US A9 745, US60, US80 & US100
T A Al7te] Skt whet eE e S7FsHl o, US80
30 min A2 A] S22} thiA 2% £890] 16.78+0.47%
2 7 =7 deERtHFig. 10). 12U Fig. 1DoJA yERH
Hiel Zho], US A ] Al7to] AojAps %7t A5dhe 22
2 sRigglon], ol ZRdel Bl WAL ol 4 9
T US809I| 4 US1005 T} 52 T A 25 &0] Leht=
dl, ol= 3Hgo] 73t US1000]4 2 dete] thi o] Al w
o] A A0 ALRE|], B el R0 A A4Sl AR 3}
91710] T2 3 48] et 202 AR T Zhou and
Labuza, 2011). Wang and Jang (2012)2 =21+ 2] A] C
pyrenoidosa®] TH A S22 4=80] OF 7%= Bilslg o, &
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Fig. 1. Protein extraction yield from Chlorella pyrenoidosa by physical treatment. A, Hot water treatment; B, Sonication treatment; C, Ultra-
sonication treatment; D, Temperature of ultrasonication treatment; S1, Sonication power low; S2, Sonication medium; S3, Sonication power
high; US60, Ultrasonication amplitude 60%; US80, Ultrasonication amplitude 80%; US100, Ultrasonication amplitude 100%. Values with

different letters differ significantly (P<0.05).



o A} -G-AFSITE TS, Schwenzfeier et al. (2011)2] &1
o 4] bead millingy} HAIE2] A 2] A] Tetraselmis sp.2] THY
A 35 780 7.56%= Haskeloh S = eko] A 282 cel-
lulose, chitin?} 22 G572} o} =101 glucosamine O 2 ©]F
o1 glom Al Aol layerS T dlo] A|x|sti gl 7
Z 2 QFo] AEY Ao tisf Ak APE VA= AR B
=0 Qloj(Weber et al., 2022), &2 A gl= S22} oy
4 230l Hgho}d) Qe AO2 AR,
HES 2o 545 0183 S2Uet thyd 25 A}
AAE e FEN M Ao v Ao A Ae|d
= 4] Wo] Hrk 4
Qo] AFIA o &2 ol &85 QIth(Potkule et al., 2024
ghA] 2 Aol A= Al Sl aaet T E Bafaas
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det il A 22 o] 7P ko, o] F fhadt= 7
Bk Viscozyme LS 3 hollA] 7.08 +0.41%= tHai 2
ago] 714 =94t Cellulase 9 viscozyme L 25 18 h7HA]
Z2de} chil g 22 f2go] 10% o} & A|xH B aubr}
aju|gk A o 2 Yetyitt S2 et gl a2 A28 0] F Afo]
of| ZAsto] 7} F-& AAst= AAA Y] HeE sh(Yeetal.,
2023), cellulases= T2 AFS -2 4= §I7] witol| 22
o} Y5 chilzlo] 85 5[] o> A 02 AlmETh

N ook
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TN BEiEAS 0|83 22U} TN 55 Ht
S B AsE ol g3t SRt Ul 25 S8 Fig

39 YR AT & 2] Al7tol| A microbial protease, papa-
in @ bromelain <=0 2 Tl & 4=8-0] =3k} Microbial
protease= 6 h A& A] 36.26+2.32%=Z Z=2d e} gzl &=
= #80] 7MY =30, o]F 18 h7kr] & =8| 7ast
£ A0 2 YERTh Papain 12 h A 2] A] o 25 =&
0] 10.00+0.63%=, bromelain< 9 hof| 7.57 +0.89%= T
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Fig. 2. Protein extraction yield from Chlorella pyrenoidosa by treatment with cell wall lysis enzymes. A, Cellulase; B, Viscozyme L. Values

with different letters differ significantly (P<0.05).
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Fig. 3. Protein extraction yield from Chlorella pyrenoidosa by treatment with proteolytic enzymes. A, Microbial protease; B, Papain; C,

Bromelain. Values with different letters differ significantly (P<0.05).
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A 2% o] Z7l8lglon o] nE Zhasgir) o] a4
Ae|o] Alzte] AU A T o] s Bt 7] I F 4o}
o] A5 2R8-S el g 4= 9lo], thu Wo| maol AFshA| a3t
A1, 2 el Wy Eo] 23 480 74T 4tk w3,
Akharume (2021)= 4 A 2] 2 gk vhil 2 g2 g g0

Sol4o] G ulA & Qo) ol 2% tull 23 28

sl 4 9lo] = 4= lthal B 15Tt Microbial pro-
tease, papain, bromelain 454 279 A ZH-S sl
g &40 Ao A A JATHXu et al., 2020), microbial
proteaseWt 32 80| =2 & 2 Ao A ARE-ZF A 4 unit
9] zolof 7|18t AL 2 Al HT} ESE, papain Y bromelain
9] A pH7} 544 1 ¥HH, microbial protease®] 2] pH7} 10
O 2 thE Ao v|al} ot Al ZHo] oFslzl Ao] Ul o g A
FETH(Weber et al., 2022). E3H A G338 AAH S22
2} Al o] F- Atoof] XA 9] HehZ Sh= Tl A o] EAs}
7] wzol Tl Faf) faso] ofsf AlEHo] EefE= How
AL ¥l T) Safi et al. (2014)= pH 1204 2 h 52t &7 A
£ 39S o, C vulgaris®] A & =80] 33.20%=
B skt T3}, Zhang et al. (2018)2 60% L2 X2 A|
C. pyrenoidosa®] A & $80] 27.79%2 K135t}
Microbial protease 2|5t W2} 47| A5} AR 2
37} et ow], faHo 2 SR gl g 253 4 9)
AL Feelgict. Do, SRdeh T 25 9% &
4 A Al SR A L Hlel a4 FF W A =
2ol et ket 24 712to] ) wE A7 ofF] glojA
27H9) A7t Bag Jlow Aus,
=5 54 H2lS 0|23 S2Ust td 55 A}
2 Al Z8 221 cellulose$} proteing #3f5t0] W
3 EEe 2ael) gl BAS HyHom Aelsia,
2 Aol A SRt T E o lo] 7MY Bt £S5k
microbial protease@} A2z o] =9 AR £ 5lLtQl cellulose
oAl cellulases A 2|3t S=de i 25 &2
Fig. 40l Yelyitt. CP= 355+ 1.16%% YERon, okl
2 microbial proteaseS *| 2|5} uf] = d} bl =&
228(36.26+2.32%)7} -2l 2o]7} UTHP>0.05). PC
o] B¢ 2=t T 5 80 20.5+10.3% % UERS
™, microbial protease @ A 2|t H T & ¢&0] Wkttt o
= microbial protease”} S22z} thilz] F=Z0f 9lo] ZQ3}
AE-S of= Ao 2 AR HEL} CellulaseE 57} A 216192 1,
il 25 a0l S7FHA] @2 A2 cellulase?} Al 24 &
oka}A| 7| 7} Wlskel eIk T le] kg ol A o
F& HFE 4% St PC7F @< microbial protease Y.t} T
2] 2% mgo] e Ao g XE] ol A pHe JakS
o} whula 727} wislE AL o) loju thild 2%
Wl e AEIAE 5 olek. HEAel o] Mk Al

- —
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Fig. 4. Protein extraction yield from Chlorella pyrenoidosa by

treatment with multiple enzymes (cellulase and microbial prote-
ase). CP, Microbial protease treatment after cellulase treatment;
PC, Cellulase treatment after microbial protease treatment; P, Mi-
crobial protease treatment; C, Cellulase treatment; NC, Non-treat-
ment. Values with different letters differ significantly (P<0.05).

A 2|7} B ot 2 thild &) o A3kt
70 2 A ¥t Kumar and Verma, 2020).

2 A= SR U] otdt Az Balskar Al
Fol et S 2=ab7] et =2 aL
2o AlzdS wafstr] Sl =
Aot aaA g AHSHITh &2l
2 35 50| ¥, USY A =2 2
e 27k Slo] AR e ERlsklnh aa Ao A
% microbial proteaseZ 712 thH] 1% H&E % 3 h A 2|519S
o S22 g} gl A 25 4280] 36.26+1232%C & U} &
Ao g Tl RS 25T o Qe A0 e B &
AALE A W FAEAY =2 Tild 22 =&
= YERL o] st A= S 2 dete] thal S A AR o
Agal7] et 7|2 AR 2 AN 7He S A O 2 AR E T, 25
Aol A= B A2 240 2A 3k} =k gAtel A-8517] 9
gt A7} X e ofof & Alo| T,

o

d

Al AL

o] 15 20241 AH(RAHA)O] A0 Habe| e}
29] 22 Wol S35 AT(024 Sk HEAE B4
A A4k R&D 7| S7AR).
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