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Production of Spirulina Extract by Enzymatic Hydrolysis
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An efficient production method of spirulina extract was developed by enzymatic treatment using
cell lytic and proteolytic enzymes. The suitable dosage of Tunicase, a cell lytic enzyme, was found
to be 2.0% (w/w). Proteolytic enzymes were screened to obtain high solid recovery and spirulina
extraction (SE) index, which indicates nucleic acid-related substances content. Among the seven
tested proteases, Esperase was selected and optimal dosage of this enzyme was 2.0% (w/w). The
solid recovery and SE index of simultaneous treatment and co-treatment using optimal dosages of
Tunicase and Esperase were greatly similar, respectively. However, co-treatment had the effect of
shortening total hydrolysis time. The SE index and solid recovery of co-treatment were significantly
enhanced by 75% (11.4 — 20.0) and 45% (45.2% — 65.3%), respectively, than those of the non-
treated extracts.
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Aoz AH] glom 2005 49 UNEIAY YBAEQ
29 F 2 H(spirulinays W3] Feloll Zo] 300-500 um, 2] Ao FYZEE FXE WEE 7)50] 98 AUttt
73 8ume] TAHZR(microalgae)E SEAete}l A L;FUA S ZulFEy FEES 30 g 9iiEl aa, nloe]ae) A
AFAAoR olgEo] ghon] NESH AL ke RS o] F2 A, 1Y 54 5o AYEAEE Hole RS
AL Qo] AT AFEeRE EeHA Aok 2uFeg I e AR dA Aok e FRdgun F
= 9E 55-70%, X 6-9%, BEFEIE 15-20%, TR §7) ZYNERY FINES w57 28 FEEO e 7
g, vlel g A4 RS SR8t gtk AuFEeus ol 7ilole Bl A% Hopli teoksidl 4z geEe
A o] & B ofg} 8% g op ik xFeaL A} sdepd 29FAUE fAS ATE BY ZoE wd
dor, A AR Folls 2 Akl 70-80%E |8 1=
linoleic acid®?} linolenic acid®} 7+ &3l xdhilo] F58 A7 AHEHAL e AgFeEy FEES 97 22 &
olF it} ©ElERE X9, thamnose, mannose, xylose 7V E AMESSRE B FEHOE ARFHI AT 255
5], A JEOZE carotinoid, chlorophyll, phycocyanin & ARESEE 2 Al e dsht &89 89] 20%
o] FHrEe] Utk 2uFENte] AR JsoEe it nRieE wrom® matx Au Ry FE e AR
3l, 9FA, F2& 54 o3}, WaER, FHsHE A3, &Alo] & o] Ut} Ht {7180 AMShe FEHE ¢
geix] Fol Hirxo] Jrt Y eaulEle] A% )EAE 0] 15% ©I3lE wom FE2EL AEF80= ANk AS-
A 29REy AEL e opest FF, WA FH, 9% f718me] FRE FAZE E g Aok wEpa] B Aol
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AR, AFol A48 2FehNe Spiruling platensis®] 7%
HUE Vedan Biotechnology Corp.(Taichung, Taiwan)e] |3
olth MEH F3 EA2E Daiwa Kasei*HOsaka, Japan)©l
Tunicase FNS ARRSFom, 44 Tz Ra) aih=
Alcalase, Esperase, Flavourzyme, Kojizyme, Neutrase, Protamex
+ NovozymesAH(Bagsvaerd, Denmark) Collupuline= DSM
Corp.(Heerlen, Netherlands)?] #|#-& AMg-s190th

roigee) B4 R, Aol wis
oA 1%(ww) F%2 HE3IZ 0.1N HCl &2 NaOHS /\l~9~
slo] FAERS pHE 230 Alxy Hﬁﬂ BAE] A5l
< pH 8.0°0=, A Rl gaie] Feole 7+ 391’\«1 ‘ﬂ%
#2 pHE ZH3Hth & Halle 29 g 17
A TunicaseZ 711 40°CoA 1217 Aglsle] AzHe B
Azl & v Ba G4 7ZF G490 H3F ks 24
HRA7IE 22712 AAEIITh BE Sae AvRey B
TG TIEOZ 0-4%(wiw) BolA Akt B4 A
27t B ¥Rl 20 mint BAA g4 WS AAAR ok
T 1000 x g2 1087 AHETE] Aeds AL T olg 7
Aol ARg-s13ATt.

Y . 52 5780 F248 559 AxorMet 59
3A 3 E 3E(solid recovery)® VERNoH YE= A}
43 295y 2 54 AFE dS FE2EQ
2 ARSI g2del 52004 chlorella growth factor
(CGF)?] & BAskE A3 TUsHAY 2~v2ey 28
% 260 nmollX FEEE Role Ak AR AR d%S U
Bl WHOE spinulina extraction (SE) indexZE TS )—%‘_j
A¥eke] ARSI

SE index =A x D x W,/W,

100 m/ S/
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V7 AT 260 el el %%E, DE 45el
MEiS, W BANEY F229 T

o FFS Yehdo)

Ae ot

ollM /‘ﬂdﬁ_@' v‘i—‘ﬂ §i94 ARgo] RE 5]4‘—%4 SE mdex
o HlAe TS AT & A7l A
Q1 Tunicasex= Arthrobacter sp. ATCC 217127]%«] [3-1,3—
glucanaseZ pH 8.0914 &5 AMEE IysisilFl+= &4 e
We &hoth AlEH Hal 840 HE ARS 2ARP] ¢
3lo] Aue) dEA(1%)) TunicaseE 23Tt 5 O
Bl 0-4% F7I3IL 40°CellA] 2417 WA TR 2087 8
s, 28% 3927} SE index: Tunicase AH:-3o]
7He) wheh FEIoH 2% ol de] ZdodME A A
£ Uehideh (rﬂ ole] AA= Ak} TunicaseS 2% SEk

AL PR 5L 49%(EE DF 229 4Ll 56%
2 A 3EI9eT SE index® SAVE 7ZAdko|dth a8

2 Tunicase?] AFFHE 2%71 A5t} TunicaseE 2%E
A71e A 18E 3983 SE indexs HRS- A7l we} S
7tetem, vk A7 01*]'—4 2 AT & A
7o] Az} Teae 222 AzE] 200] TunicaseD 1%
Ao AR 3543} CGF index7} oF 20 S71sidche
BuWele & o7t Joy ol F2dge}l AuFEte
AEH oo 7I1ehs Zo= AlgHT B dde] &
AR o] R3] Rl ATFE Y] AZHDE HA 3
Hug AnFEuve] Az oM MEHe] g i
wlo] MEH F3a)| 4] a3t Ak A7 A0 st
o mmgk Aoz FeEr)

dd B3 4o g ATy FEEY Az A
o whld R EaE Ada] St AFFepd dge
4 #3) 35S Atk ARE aa
51-)?‘%4 SE indexZ X2] Esperases Al
88131 tH(Table 1) ol TAE AMESHA| 2 e ¥
B 3482 50%, SE indext= 1200190t} Esperase® 295
gt ZEFe] 04%F H7E T A7 vhgAITl A3 YR
3)5=&3} SE indexi= Esperase AHE-oll vlI3l] F71slle
w29 ol FANME Ea AREHo] TSR Ao o
A% 432 YeRHQItKFig. 1). EsperaseE 2%= {23 Az}
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Table 1. Effect of proteolytic enzyme treatment on the production of spirulina extract

Optimal conditions .
Commercial name SE index" Solid recovery® (%)
pH Temp. (°C)
DSM Corp. (Netherlands)
Collupulin 5.0~7.0 50~70 12.05 513
Novozymes (Denmark)

Alcalase 6.5~8.5 60 13.30 65.1
Esperase 7.5~10.0 50~70 18.87 64.1
Flavourzyme 5.0~7.0 50 12.75 49.0
Kojizyme 5.5~6.5 50 12.36 48.0
Neutrase 5.5~7.5 45~55 11.96 54.0
Protamex 6.0 50 15.76 63.0

"Calculation methods for the SE index and solid recovery were described in the Materials and Methods.
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Fig. 1. Effect of dosage of Esperase on solid recovery (@) and
spirulina extraction (SE) index (O). Reaction conditions: temperature;
50°C, pH 8.0, reaction time; 2 h.

40%, SE indext= 51% AEIUTH Z2|ZZ Esperased] AR
FL 2%t HI3Y Tt EsperaseE 2% 2 Atek AL
Tunicase®] 73-9-¢} AL ¥ 3483} SE indexs Whe
Azl S7tel wet sl om, whe 1A7E oo A9
Me FARKAT @lolE AN AEsh ool dabe oy
2 Bl 2ol oJ3te] vy thildo] sigEaso] &
=] F7tol 71908k Ao vhilyg Bal §4AE A}gslY
ARG IEIFENS BEd 712 Ruhel dxjahs
Aoty B A9} fASH Esperases ZRdel 2&E9
AT A whlE He g4 BuWro] gom,
1%E AR o] Z2de) v Zajo] aazel Ao
E H3Ho gl

B Y €49 9% Azd 2e) aio) e B &
a0l A7 SA9 WHE HAgs) sl Avgeuy dg
Ao WEF BAE Hesdvh €4 XHYE Tunicased}
Esperase®] 22 &1 Whe- 52 19 FA] Wkgo® Al
th 2H4 ¥H8-2 TunicaseE WA T3+ F EsperaseE A=)
slgom, FA] WSO = F G428 FAo] AFREute] ¥t
SAHT. HE2TE A AMESIH 2 277 Tunicases}
EsperaseZ 742t ARS8 2718 sl gaxg] x40 ut
€ I¥E 3587 SE indexE Table 29| A3t 48
AHSEE Ao B G4 FE2HUR= 8340)91.9M, Tunicase

=

Reaction time (h)

Fig. 2. Typical time course of solid recovery (@) and spirulina

extraction (SE) index (QO) during Tunicase and Esperase co-
treatment. Reaction conditions: enzyme dosage; 2% Tunicase and 2%

Esperase; temperature; 50°C, pH 8.0.
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Table 2. Effect of enzyme treatment methods on production of spirulina extract

Enzyme treatments Reaction conditions SE index" Solid recovery” (%)
No treatment Extraction (boiling, 20 min) 1143+ 1.60 4520+4.95
Single-step hydrolysis Hydrolysis (pH 8.0, 40°C, 1 h) —
0, , +
(T2 2%) Extraction (boiling, 20 min) 1752+ 141 33254212
Single-step hydrolysis Hydrolysis (pH 8.0, 50°C, 1 h) —
E 2%) Extraction (boiling, 20 min) 18.66+2.61 60.50=071
Two-step hydrolysise Hydrolysis [pH 8.0, (40°C, 1 hr— 50°C, 1 h)] — n
(T 2%— E 2%) Extraction (boiling, 20 min) 20.19+0.99 66.33+0
Single-step hydrolysis Hydrolysis [pH 8.0, 50°C, 1 h] —
(T 2%+ E 2%) Extraction (boiling, 20 min) 1999 4:4.15 65.33+4.95
“Calculation methods for the SE index and solid recovery were described in the Materials and Methods. Data are shown as means =+ standard deviation
(n=3).
AT: Tunicase.

JE: Esperase.



ASEn} 2EE Az 307

z B

Al Fa Zaeh olE BE) g4AF olgsle] AvRe
FEES T840 AN 4 gle WS AT Al
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extraction(SE) indexZS 7|50 8 g whla B FAE A
el dF F575 845 AR A3, Esperase’t 7Y
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