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Abstract: In order to reduce alkali consumption in the process of agar extraction, two eco-friendly methods

for agar extraction, named enzyme-assisted extraction method and composite enzyme extraction method were

developed. The extraction conditions were optimized for improvenment of gel strength by single-factor experi-

ment. The optimized conditions for enzyme-assisted process were as follows: 3% alkali treatment for 2.5 h,

4 U/mL enzyme treatment for 2. 5 h at 45 °C and pH 7. 0. The optimized conditions for composite enzyme was

that 14 U/mL cellulase, 26. 6 U/mL agar sulfatase and mass/water ratio of 1: 18 were used for agar extraction
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at 50 °C for 2 h. The optimal parameters of enzyme-assisted and composite enzyme extraction processes were
carried out at the 200 L scale in order to validate the feasible of lab procedures. The results showed that the gel
strength of agar extracted by enzyme-assisted extraction and composite enzyme extraction was 831. 9 g/cm’ and
377.2 g/cm’, respectively. The yields were 18.9% and 18.3%, respectively. The results displayed that the
gel strengths were 1001. 3 g/cm” and 369. 6 g/cm’, respectively, which revealed that both processes have good
stability and reproducibility.

Keywords: agar; enzyme extraction; composite enzyme; scale up
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WE 1d frs. AT, 7ERCmmRIEA0E T, B A BER IR AT, FTREJE h T VL3 SR BU% /Y 40 i
BEPCRCIR B B4, PR v LI AL BRUS , Jo R VA ) T B i i IR, ELAE 31X — B B H Y
JEUL R K TR G o R, T Tl Ak B ISP 7 R B R A TR PR R T AT, X R RS Bl O T A5 M
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2. 1.3 WRAHBhERBORR /N T R0
e BRI, e BB 80 3%  BRALBRIFE] 2.5 hy g 4 U/mL, i 40 37 A]
2.5 h, FEALPRIEAE 45 C | EEALRE pH (7. 0 B9 MF R BEA /MRS IERS, DI/ MR T 2R e,
WERATRILE Lo R 1A, Bk R TR 0 B 7% BB T 252 B, ik Sl B RO Bl 20
it FA B E R T B 20 BN 3% B BRAE BT 253
x1 WEHBRENIZIREBIERNESR

Tab.1 The determined results of agar indexes based on enzyme-assisted technology

BRI i A A R BEREE MR EE

SO E | JEH Yield

Treatment /o Gel strength ~ Melting temperature Gelling temperature ~ Sulfate content Transparency
reatment group 0 /< o om 2 ) C % /% /%
%&ﬁﬂh 18.9+£0.493  831.9 £8.352 88.9 +0.198 36.1x0.279 1.13£0.102  48.4 £0.201
Enzyme-assisted process
M{ZE 17.1 £0.276  745.5 £10.325 87.1 +0.230 38.2 £0.204 1.17 £0. 198 48.2 +£0.231
Alkali process
itk i B o 1R

Control group of 16.5+£0.333  726.7+7.890 84.7+0.203 34.0+0.268 1.14+0.255 54.8+0.128

enzyme-assisted process

HZE 1A, SRS, BT 2 3%, T &M, Bk 7= R 5 Tk
17 ELBE R 3 2 e Tk o MBI KA RS, GBI SO i . OB A AR O
FRERK/N T IOSTORGE S o DI A5 A0 B R 5 B T, O T R B S P B R O LR T
BB, TR AR TS . AN, T EBEEIEE . MR R s A R ) DO B
i 7 3 R AT E (0 AR AL S B A A BRI SG , th 32 BAR 43 e it /N B A A s >, S
Rl Pk FE 3 A2 AR 43 i R/ IN AR, R 40 R 8 i
2.2 SREmAETESRNZFEMRL

B A B AR O R T 22 ifl, B i 20 B il JSOR ) 7% 180 31 3% o (B4R UL i rh id S 23
TS A R B M B R K, SR R 2 i i —RE B TR T o T BRI IGE R h, BRI —
TN MIRE , AR TR, o — T R B BRBRE 1 L A BRER AL AT, LR R B e v
R, ERIBUL G RER T, AL AR TRV 4RI RE , I I AARSLEG 3 8 A 21 B BUIR iR
PR MGG PR BIR 20 BB AR EE I, SR Blis 0 7 AU BE ISR I, MR 258 B AU A iy A T2
PG R E 2, MNERERZ, MEHFEEE . WE ., pH {E. HIESEAR S B AR, MY
Wi 3 P B R ) B ) i TR R 3 AL, AR SR BRI i 75 vk, XA 5 A S U A
T AT Tk,
2.2.1  EREERIBGRE R R i

i B R R A S R, A A TR O T 2 e Al A PR A4 28 AR 0 an ] 3a i
&, AT, ARG IRETE 50 CHE, BRI MBERGR R BB 373 g - om . WL UE R
T fi i BN IR B e AW T, Fe MRV e N B (B B PR T 7l 7C 0 R A SRR A I R A
HFERT, MTTBERRARIR L, fmBEM SR . 78 60 CH, h TR S, HERW T2 & MG,
DR BERR ot FE ARG . T BIRSSIR, BRI 50 °C o5 {5 Wi PRV v iR 2

TE—5E W JEUREIERN T, T8 A9 27 4R 3 M AN SUBRAIE T 2R 4R R A 70 Al TRtk 1 Bt
TR, g 3b AR, YRR A YER AL JIAE 8 ~ 14 U/mL i, Bl 21 4 3 % 1 A 4
I, 5N (4 B SR S8R B TN, AR J1 R 14 U/mL i, GABRKAH 375 ¢ + em ™ ORPIATE
PG AERBEE T, TLE BB AL AE Xt K i, B, TEmMREERERIMET, Bk
S BBR, ISR T REGRIE . BEF LT AE R B T iy, BRI, fE)R SER AL AN IR
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FERTE, BUIRZ T iR, SRR i N RE, ST LIRSER, PR ardE R 0L i5 1o
14 U/mlL,

A OS2 i T R T B 0% v AR, DT 2 WD S I ) B AR R O A O M A R A YT
50.0 g, (ELFHAERMEAIIRUIR B AR IR M09 AR R OL T, PSR Z0RK FOG Bl i B2 IR (LT
3¢)o ATUL, SPRUKEE (m/V) i 1:14 ~ 1018 Z[RIIN, BUIRAYBEIR SR 5 St U b T+, A 1: 18
AR AAE . A SR FR K R SIS, AT DI RET e R 5 VL B n He i AR, bR s iz, )
TR B, SHURGRRERRG AT E o 2ORK FRARSEIEmET, o TAA R KEI K, LF4ER G HAL
WRRE, R T RO, PRI, CHRK R T 1018 B, B A E DR B M I AR . JE T ARG
A, VERE 1018 MRS G AL BT B AR R BDK L

Ak BT [B) B4 R W R B AR AR, BRI 52 0 2 BeU0R Al o R 18D 3d R R, BE A A B[R] A SE
TEAG WBEIC O B SIS TR TR RS, FEALIE 2 b, AP ORWEMGR I o PR A 3 R A Wl e )
T LATE S USSR A MU RE A 2T 4R R, (TR, SRRARER R ST ], BEBRAR AR . AR
B, VI BEAMEERIR R, A REURBAE L, Gk, HAR RS TPt 35+
RS2 B E IR BRI, ETIR N 1 BRI BERRE . LA, WEHE2 h R A R PRI E
]

400 4001
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Fig.3 Effect of temperature,dosage, material-water ratio and treatment time on agar extraction

2.2.2 HAHET 2N T 258 0E

WG LR, RO Kb BRIERE 50 °C | (KRR YERMEAALNG 1 14 U/mL, RRELE 1018 i
AEFRINFE] 2 h B 250 T AT /MRS, SR ILE 2, R 2 b, R R 080T 43 4 7 % r Ak PR
TEARIC, s MO B 285 W WA PR e R A T I A PR PR IR 3

HIER 2 AT, SR G MHE T 2RISR, 7 30w Tk 120, (HEER R U] R,
BRI AL & f ] DU Y, BHE T2 BUIR AR AL & i W35 i T0E T2, MR AL & & 20 1 g
NRABERCORIE . MeAh, BHE T ZBURM R B T2, RIREE MR T 2 52 A SR B AR X 73
TIURAFEZ TR, BV, 505 T2 BIREGE , (B FEBE Ry 22 2 AU
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Tab.2 The determined results of agar index based on composite enzyme extraction technology

vemcyed | URRIE WMGEIE  OERE  RROSRESE BV

4
™ {L'\}E;E /0 Gel strength ~ Melting temperature Gelling temperature ~ Sulfate content Transparency
reatment group (4 /(g < em _2) /OC /O(: /% /%
RN SN
Composite enzyme 18.3 £0.521 377.2+£9.651 84.1+0.341 36.8 £0.221 4.45 +£0.094 54.4 +£0.121
process
Alk?ﬁiﬁ - 15.8 £0.235 856.2 +5.907 92.2 +0.199 39.2 £0.421 0.84 +£0.271 69.2 +0.177
all process
S Tl X B

Control group of 13.5+0.387 231.8+£11.039 89.5+0.422 36.2+0.284 4.77+0.301 49.8 +0.511

composite enzyme process

2.3 ERBEMS5ESEEREIIEETE 200 L fikKiRE

FERHERT BN E & BRE P2 /M T 28k Lt b, #5477 200 L Ao Rlss, Llik—4
AN T 2R et L T 1) AT e, SCIRss R 3,

W FAEY R NS RO, KR 5o, iR e kae 2R, ER/NAFTR
AT R IR, A ] A e PR g BN RER B M S A I e s T . N 3 I, 3
P T3S B0 5E, BRREB T2 MEERGR R, Wik TERZ, EEEE TR, %%
IR P IAS A B R JE AT i LR SN . AT UL, rP B O S AR S /N B R 3R, T LR
LN RN A e NGT I S b =R o

3 MEBHNESEMREN T ERERERIEER

Tab.3 The determined results of agar index based on enzyme-assisted and
composite enzyme extraction technologies

e BT & [ IR B FEIREE BRI BT A B
T = Gel strength Gelling temperature Melting temperature Sulfate content Transparency
reatment group /( g em 72) /C /°C /% /%

o BRI L E 1001.3£11.215  36.90.201  92.0£0.549  1.22+0.102  55.2 +0.188
nzyme-assisted process

C %%Ig . 369.6 +8.908 35.8£0.412 82.8 £0.138 4.13 +0.098 52.9 +0.551
omposite enzyme process

L3S 967.4 +9.002 38.4 +0.304 94.5 +£0.403 1.52 £0.320 58.9 £0.302

Alkali process

3 Hr

T BRI B BT, ARSI T2, R SRR T LA
AN T L ARIRIRHET T 0, Bk TRAE T2 4k, Joh, NREMIMSREGRIE T2 W
SYEC3% . BRAETRTA 2.5 h, AR 4 U/mL, BESRIRPE 45 °C. pH (7.0, SATREIIGIIE T2
s ALBEELE SO C, ARSI 2 h, §FR LT R WAL A1 14 U/mL, SRISTRRRER AL 11
26.6 U/mL, KOKH(m/V) % 118, & /N T 23 T000ER e, sy T 2 rHesi 1
BEHRIE N 8319 /em?, PN 18.9% , IHEFRIIETALLE T2 & 4 bk T Z SRS BN BN e e
SIEK 377, 2 /em?, K 18.3% [, KPRUR T AR BIAT T 200 LHORBRS, BRI i
(BT IE 5 K 1001, 3 g/em? F1369. 6 g/en” , HIX T2 A b A BLAF RO R PE IR AL
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