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(1. B2 AZERFLGEEYPTRER, B2 BIT1361021; 2. BRELLEMANEBIRELS LR %,
BHE BE1361021; 3. BlITWaGAN I EEARFRFL, BE EIT361021)

[FEE] NHERIE (Gracilaria japonica) BEEA: 7= 3 72 Hh A #1275 % 0 7 #E 2 2 Br BB o it () 5 T,
SR ARG AR TR IUAL B T 2S5, DIRRARTIE AL & WIFTEAS W) Bl Ak B T 25 44 il 8 1) V5 3
NEPERT, D eS| BB AE BRIV RSO B, 7 A PHE T2 X B O R 90 31 A 5 i 174 6 R A
R, 2 AR RIS 2 3 A AR B TS5, R0 0T f 4 0, el Ak 3L AT () AT Ak B3R B 43500 °R 6%
3.0 h F187 C, TEMLIRAE T 2N, A4 1.00 « BEARGRINFERL Ky 1. 83 v, VLB PARIRE A 1. 10 1, 5
BHNE T A= T A, ARTFFRR A T2 SRS I G A ARk, F BT A8 o AV 5 v g3 ikt 4 i) [ A1
12.02% H115.38%

[RER] 1H; R, BT, mudfes,; HAERE

[FESZES] TQ 281

Establishment and Application of the Mathematical Model for

Extracting Agar from Gracilaria japonica Using Alkali Treatment
XIE Shanyu', WAN Bokai', ZHU Yanbing" >, JIANG Zedong"*?, XIAO Anfeng"*?, NI Hui"*?,
LI Qingbiao" >, JIANG Qingxiang', YU Yangjun', MAO Zijian'

(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;

2. Key Laboratory of Food Microbiology and Enzyme Engineering Technology of Fujian Province, Xiamen 361021, China;
3. Research Center of Food Biotechnology of Xiamen City, Xiamen 361021, China)

Abstract: The present study was designed to explore the effect of alkali treatment on alkali consumption
and agar quality of Gracilaria japonica, and the mathematical model was established to optimize the alkali treat-
ment conditions for reducing alkali consumption. By measuring the properties, gel yield, alkali consumption and
alkali absorption from Gracilaria japonica under different alkali treatment conditions, the relationship between
alkali treatment conditions and agar quality and alkali consumption were analyzed. By using the newly estab-
lished model, the alkali treatment parameters including alkali concentration, treatment time and temperature
were optimized to be 6% ,3.0 h and 87 °C, respectively. Under the optimized conditions, the alkali consump-
tion and the residue alkali in the seaweed were 1.83 t and 1. 10 t per 1. 00 t agar production, respectively. The

optimized alkali treatment process showed the agar quality identical to the currently used industrial process for
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producing agar; however, the consumption of alkali and the amount of residue alkali in G. japonica reduced by
12.02% and 15.38%, respectively.

Key words: Gracilaria japonica; agar; alkali treatment process; alkali consumption; model fitting

0 37

iR (agar) MOPRBEME, JEMNZLWE1L08 40 b 0 KA i rh R B S K M RRe AR, R B2 SR 3
NEMERNBEG AL >, FLA ThRr i e B Rk | SR BE ST DL R TC 8 . RS S5, AT R s A
R S R 24 I R 0 R e b R I R AR Y A RS B R
(Gracilariajaponica):6]7«%53#}5':35%3%%*4, Ve SHIRZH, EREEEN RENEE0T 2
Pk, 7= A A R 63.38% 7Y

FUaT, NN =SR2 B IaL ™ | A E R R OE T | SRIR A SRIBGE | A
BOERIRGE | A B BRI | I SRR AR ORI P VA SR AR AR b R IO DR R
B AEAS D PR R IR MBS TR A, WOAEBR A A B SRk O B B T 3 oA A1 R A
WL IR A AR SS T, o, RIRAR RS T A BT R A RERRR AR, AR R
BRI AL, P, ARBFSCR M S iR A s S O L& Biis . TERE IO IR it b SR Y 2
T IR R A S 3 SR R S A7 AT, LA RS VT8 W T — a2 BB, i T VRS A RE AT
BANRERI, VHAERERIEVERIK, YRR R AT Tk BEARIE L IR . PRIk, 2RSS o
AR R ) AR A RS SETE 1k i K f 2 A B T 22 A 25 i i SR R

FHOCAIFSE LABR AR 25 1t FNSE ISR B Ry DA 46 bR A T BAR 3 T 200046 3045 B i 2l 35 5 13
XTIRAE I T 2 AT, 15 BISEAR e iR B 5 A 3 = R py a1 5 R, iz oy R T3 i AR
O [ S e B P e A B T A BRI SR SIS LA SR B R R TR B R VI B el
PREUT 23T Tk, IR BRI & SR I T 24 A 5 72, (B8 FE Ak #1125 5 5
FEiD, B BT TOCHNE T, SECC AR I S iR B, WS T BRI AR R A PR TS YRR
K EEHG TR, 538 5 N VL Bl o i S T AR A AL | DL 24 R il T i BRI b B T2
AR S BRI T2, RRARH e S T HAs, BRIL, AR SCHEST T VLB Bl Ak 3 T 2 X i
FE5 TR BT i S (OIS | AL B A - i R A s BE T2 DU DR AR G VL A 3 T
2w EE BN SO 1) 22 W BT AR A ST IR FE K B R IRIRE, SR Ak 7 1 e REAER IIE S %

1 MHRERE
L1 #E5iRF

TILE, WA amaRan; g, S, e, RERM. 1, 1 - CHERMZ i
PR AN (si#ral) , EZ5EBEARRIABRA A SRR . WERIR | (IR Wy . TK-A BRpR R Al
WiiR (hral), vEBEAk TR A BR A,
1.2 UB{H5EH

FE20K FREE T, MpbRih-FCAIZ /N F]; MS-H-Pro + MIEARE I HEFERS, K Ip 2480 L5040 38 b 504 BR
oHly 7200 - OGETE, LR EIEER A BR AT SX2-2.5-10GY i, PR AR R A R
ovHl; WGZ-2000 MR, K4S A EF AL A BR A H]
1.3 EWHE
1.3.1 VLEBIRMRICT 2

TS BRI T WAL N . VL8 Wb BB B —4 YOKVE—BRIE—3 Kk — K E—
BT IR BEE VR R K — T R e 4%

1) VLEHALIE, 7ESCIHTH A RK vpye Vs, KBRlerd M AhZedy, IS vl aeHERR 225t T4/,
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BT, TR 60 CHEZEET,

2) BRALER, BiH 1500 mL —E RN NaOH B (fEE T LN 1% ) THMHT,
A CARFRIEE VL 100 g, F—@EE (5 T ERE N 90 C) /K HE HE IR A FE— 2 ) 15 [
(GG T AWE 3.0 h) .,

3) Kk, KEmRAC S A TTE SR B S, MTE I 100 mL 35 K AT 2 B R A kS
JABERRH, JA 1 500 mL iE/KIZH 0.5 h, BTE 4 WK (5Hc 5 1 BEVE. 562 JUEE. B3 %
THUERSE 4 207500 .

4) MRk, KIHUE 4 R MTLEE & TR T, A 1 500 mL i&7K G H285IIA 0. 65 mL # i
ik . 0.96 g %R K 0.19 g EDTA-Na,, IRGHISIE, PHERR1L 0.5 h,

5) Kk, HRRALETLE E TR, A 1500 mL igKEM, H%EZE pH =7,

6) M, [A/KPEE P HERTTE BRI 1 500 mL ARG RETBON 0. 04% B ERRINAR, IRE
Ay, BEHFERH 0.5 h, BIEEAR,

7) K¥E, A1 500 mL iEKIBEA TR THVEE pH =7,

8) HM, HLit Ll AR TIE R E TR, A1 500 mL 37K, FKERHH 100 CH#EAT
HWE2.0~3.0 h, L IBEIEARIOR, ¥ 2 =P BB .

9) RURBIK, WHRREER YIS, TUKAEHR TR 12.0 h, FiRHEHRE, BEKD,

10) FHERRE, KK BIR 4 B THEET, T 60 CHUAE LT 10.0 h JFBUE , FRFRHLE#E
BURAAMR, Be48dm 'S, 1B
1.3.2  BdUS RSB0 B8 FE -5 BB o 1 (4 R i)

FREL100 g VI FEM, A 1 500 mL i &85 h 1%, 2%, 3%, 4%, 5%, 6%, 1%,
8% I NaOH iAW, T 90 C FHIRANHE 3.0 h, BRAbFRSE H AL BRI H 1.3, 1 647, S E&HR I
JIEHE S, RGN ol i R B AR
1.3.3 Bdidh 3L B X B #E 5 BB T o 1) s i)

FREC100 g VLEEFE S, A 1 500 mL JiT 5 53 808 7% ) NaOH ¥, 43517 50, 60, 70, 80,
90, 100 CIEEANIE 3.0 h, BHALIES H AL B4 1.3, 1 647, 13RS HR SRR, FER I
J i S B T,

1304 Bigidch B A (] 6F B #E A B o £ (14) 5 il

FREL 100 g VEE RS, AIA 1 500 mL JT i 53 50H 7% () NaOH W, 7E 90 °C 214 T 43 i ab 3
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 h, WG AL F 1.3, 1 3517, 584K B HE
i, ARSI R o o S BRI
1.3.5 Al ik
1.3.5.1  GAbFEFEH NaOH JHAE I 19

YR T P 8 1 S PR MAC %) Bk B 2 7 i R P R

1) Belhh B i A b T R A Bl 8 i FE A

m, = c,V; my, (1)
Horr, m AVEEWRSRBEFE R ()5 o MIRLE BRI Y R E (mol/L) 5 Vi VL E IR IR i
BRIIATL (L) ; my i NaOH [RBE/RFif: (g/mol) .
2) WA B v R N B R T AR B
my, = [V, =, (Vy +V;) Img, (2)
Hodr, m, ROV IETEAER (2);5 o W AT AP B) W (mol/L) 5 V, o V, 50 3 R SR
RV B AT (L)
3) BRIRIH AR A
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ms; = m; +m,, (3)
1.3.5.2 Byt th BRI

KT BRI T EEE, MR (4) IR BKRE.

R /% = (BgTH / ILETH) x 100, (4)
1.3.5.3 &R R

Z M GB 1975—2010 (B ZEEZE  SERMEMFENE (BU) ) Mk, BeHl 808
1. 5% M3 RE R, SE LA 2 > 100 mL BEAR AT, FREERIY MG 35 2 ML, % i (3 & i B
15.0 b, 7 8E MR B W0 AN 0 5 s o B8 B M R B D T R A3 R 1. 5% B (k) BERAE
15 ~20 s INHUBEIEAS I B B 5248 AT N om i R AULE R R, B0 ¢/em’,
1.3.5.4  EWEE R E

B il B o4k 1. 5% MR, B (T 85 C) HIAtEmp, FENr Ot 1E
400 ~800 nm [HFIH, #0E HORME K R 750 nm, 78 750 nm AbIN R A fh 138 G
1.3.5.5  BRFRAR & a0l e

I BR R L 120 BREL 105 CHEZIE T Y K,SO, 87, 1.0 mol/L 2hMRE A/ H 0. 12 o/L
HIRR R MLV, 2> B FRAR VA 0, 0.2, 0.4, 0.6, 0.8, 1.0 mL T4, H 1.0 mol/L Eh b
% 1.0 mL, A 3.0 mL FEE2ECH 1% i iE-BaClL 8, 1RAJEHHE 10 min, T 360 nm FJ5E W
JCEEME, HERRRAR bR M2

FREUFE T B 0. 05 g, A 25 mL 1 mol/L AYELAER, 105 C FIHAL 5.0 h, S €A 5 i85 1508 1 1
R, BU1.0 mL AR, ¥ bR =R B e Is , N IO, AR A v il 2 90 B4 i B TR
W&,
1.3.5.6 3, 6 - P& mAalE

R @Y o 15 o/L BRI AT 100 mL, TFUKAH 4 CAATE, BUl R4k
0.04% M 1, 1 - AR RMBE 100 mL, & TAEERFRUES, TR, o AFTHURIE
WOmL, 1, 1 - 4B 1 mL 5 12 mol/L BYEERR 100 mL 1B S514 .

Bciil 25 me/L B9 FHER BRI AF &, 43-980.2, 0.4, 0.6, 0.8, 1.0 mL B BT
10.0 mL (I EZERES, HEBSTAKAEE L OmL, B 1.0 mL EETF/KASH, 3 EETEIKK
WS ming A3IECS mL HTECH A BRI TR T, EOKB TR GRS, B 80 CIHIEK
15 min, WHETIOKBET 1.5 min, TE 554 nm E"J()}P’LJ&‘F(M%I&%E{E, THIE SR E 2k

PRI 0. 03 g BERE S, SERVEME E4E 1000 mL, B 1.0 mL IEW, % Fidr=0b s, il
WOCREME, FARME bR M AR 3, 6 — INEkS i,

1.3.6  BaAbFE T 205 By otk R A6 52 MBS 78 1) 2 N7

R 0 5385 A PR 5 AR A FHRL T[] %o B O i B AR B X SIS, A B B T
BRI . B, 3, 6 - WS R, BRI, HEOR . BIEFER . VLB ROV T AR
VLB AR AR, W s T R, 4R AR 95 D58 R0 R AN 5 MR % 22 RMSE f Jl B
RIS A HE
1.3.7 Bissit ik

1 Microsoft Office Excel 2013 B4 1155 S 08 K04 O Y AAR 22, FR2 W< d, i SPSS
19. 0 BRAEXF LI B T 25 5 W3 40T (P < 0.05) . 3# 4t Microsoft Office Excel 2013 3R {14 5256
BARLRNETT R, IR AR R R, MRS IR B e PR 2R Bl ) AR It peE R RPNy
HRiR2E RMSE AW B4 5 52
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2 ZWHER5ITIE
2.1 WRESBXEEERRERENZ N
WG E 5 RO VT R 2R 7 ) B2 S S FE i Total alkali consumption
SN R B RS M EIE X A=, H W AT TR 7 #€ Bt Absorbed alkali consumption
B Tl A = i SR 7% L1 9 NaOH i SV B 315 #E F Reaction alkali consumption
T, SFEORRE BB RIS, S
B O R PTG % AN (] B85 i 500 VD 3
R 5T i AR AR B I 2 A5 SR NI 1 s, W]
D, Bt BB ek R b T IR AR A T
Fei SRR S B A R 2 BT,
BTt M BHE 5% ~ 8% W, RN i I #E it TC
FAA, H VLS W T AR AT 2 B T
PoOMRETT 1.3.5.5 A 1.3.5.6 kAR Tl 52 1t 734 Alkali conentration/%
WARFETE I ZE S ¥ = 0. 460 4X — 0. 002 4(R2 _ . & 1 Wﬁ%ﬁ*ﬂiﬂﬁﬁﬂ?iﬁﬁ%ﬁ"]%ﬁﬂﬁ '
0.998 9) | B AR N Y = 0.807 TX + Fig.1 Effects of alkali concentration on alkali consumption
0.035 5(R* =0.9939) , a5, 15 80605 70 RO IR AL IR bR S 5 SR sk 1 s, ik 1
UL, BEAE BTG N, BRAR R BERGRIE . B S 3, 6 - NEES Bk BT E BT
SERES BUIRHERRAR 1% 1 B BT B TR TR TP 22, A R 50Uk [22] XL
A LSS IR RO AT ST 45 2R — 2, X — 25 R i SRR 2, 4k B e b VI Bl v A i R AR T
NaOH S0 F#EBR2, M T HERCIRIE ™, oAb, RERBMRS FE03, 6 - NEFAY A, 1miBihg
(R BERC SR T 3, 6 — PIEAY Sr i) | T  (ff TT T Sht i A 1y UM R 4 4 2 B SR 8, O e
SR BT, BUIRAY BRI 2 B EOVE T BRI, TR R RO 6% I, AR B i
13.16% , HFTR BT 6% I, TLE I BEAA PrT B, X n] AEJ2 oT808 i 0 B g ok, il
o3 B ER A RS AT th K, SBOLE BUR AR R,
F1 WRESHEIIREENIERNE I
Tab. 1 Impact of alkali concentration on physicochemical indexes of agar

BT #E & Alkali consumption/t

BT 1L 53 4K BEIE R B RE 3,6 - Wt TR ARAR i e
Alkali Gel strength Transparency E3 ,6-ether S35 Sulfate radical Adhesive rate

concentration/ % /(g+em™) /% concentration/ % concentration/ % /%
1 354.93 +12.85" 79.1%2.1° 31.9+0.6° 9.79 +0.27° 7.98 +0.13"
2 747.11 £27.52° 82.9 0.5 34.4£0.7° 8.93 +0. 18" 9.75 +0.10°
3 924.29 +33. 63" 91.00.1° 34.5 +0.4° 8.35 +0.20 10.70 0. 12¢
4 941.09 £34.65*  91.2 +0.8° 34.6 £0.7" 8.17 £0.07° 10.76 0. 04"
5 932.33 +12.12* 92.3 £0.2" 36.6 £0.1° 5.05 £0.30" 12.19 £0.05¢
6 984.93 +11.18™  92.6+0.3"™ 37.3 +£0.2" 3.32+0.18" 13.16 £0.11°
7 1047.16 =12. 68" 94.3 +0.2° 38.2£0.2" 3.13 £0.25" 12.49 +0.12"
8 994,18 +22.27" 93.4 +£0.3" 38.5£0.5" 2.98 +0.32" 12.34 £0.09™

I RENFEE (a, b, ¢, d, e, £) {RAALERAELER BERET (P < 0.05)
In each column, different letters (a, b, ¢, d, e, f) represented significant differences between values (P < 0.05)
2.2 WAEEREXNWEHEERFEERENZMN
B Ak BRI 3 %) B B R FBIHAE B 25, HAT, R T A, W AE 90 °C 4 1F T BEATHR
AOFE — 5 T AT RE SN K A R R TR 1Y L, 53— 7 T2 RSO A VLB R DA T el ik 2
JE VL A Rk B
http : /xuebaobangong, jmu. edu. cn/zkb



=50 - FFRREM (HRBERRD 527 %

A T A PR o B i Jo R i 7 P ) M 4 30— m— 1 FE it Total alkali consumption
WANE 2 fis, AT, BEEBACEEREER LT, A S —q-—%ﬂ&lﬁ!ﬁ‘{ﬁ%%% Absorbed alkali consumption
. . ) S 24 [ —2— RV THFE A Readtion alkali consumption
TR BB R R RMIEER L 0.50 | e 3 — f
F0.81 1, HMREFAF 0 CR, EFABEEFLE, T 5 15y = — T
W FE e A A A S B RRAR S BT FEAL, B | I £ N
VS DU DTS DT S S s G A A
FRTFRA S, N 126 BAE Lar B £ 0 7 it T
WA bR s R 2 R, W, = ¢ L]

Bifi 5 Rl A PR B A -, VT BB EE I R EE N 754. 15 WL s = - = L
g/em’ ETFZE 1045, 16 g/em®, BG83, 4% T o/°C.

$£92.9%, T 90 CHiLF Fem, &4 RS Wang B2 WANEERENEAEERNEN
LDV G B EL M TR BE A AL BER TG AR 1R Fig.2 Effects of alkali treating temperature on
Has—s, RN, 3, 6 - kBRI AR S S BIE % alkali consumption

B Ak PRI P T o S B b TR T A RS TSRO A S R 25 DU et A R B2 4 v T 22 B
S ETHE TRERES, IFT 90 CHARIRm, HBEREN 12.49% . Yousefi 551 R HIWHHE ™ VL E
PR, AR A SEIBGR FE X BRI 7 f A R, 7E 80 °C RS IR T A5 3 85 s (1 B
i, HIEARRSRBGREE T, BERCR E MR & B 2 RATHICCR, SASCHISTE RARML,
=2 WAAEEENFIEEAIERNEIE
Tab.2 Impact of alkali treating temperature on physicochemical indexes of agar

T Ak 3L T i B 3,6 — Pk i TRRRAR T it R

Alkali treating Gel strength Transparency SHU03 6-ether  F3EL Sulfate radical ~ Adhesive rate

temperature/ C /(g+em™?) /% concentration/ % concentration/ % /%
50 754.15 +17.15° 83.4 +0.2° 33.8+0.7" 10.47 0. 14° 11.13 0. 14°
60 861.13 £15.10° 87.7 +0.1° 34.1+1.5" 9.22 +0.25" 11.63 0. 12°
70 950. 65 +13.00" 92.3 £0.2° 35.1+1.8" 7.30 £0.19° 12.07 +0.09™
80 1 030.22 +15.98* 92.9+0.1" 37.4+0.2° 6.25 £0.26" 12.37 £0.07"
90 1 044.89 £22.47" 93.4+0.1° 38.6 0.4 3.61 +0.08" 12.49 £0.13°
100 1 045.16 +20.98" 92.9+0.2" 38.7 +0.2° 3.51 £0.12" 11.91 0. 11

B3P ARFRBTFRE (a, b, ¢, d, o) NEREEGFFEE BEEES (P <0.05)

In each column, different letters (a, b, ¢, d, e) represented significant differences between values (P < 0.05)

2.3 WEACER B B XS AEE AR R ER AR FRE R 2 M LN AL Total alkali consumption
WAL 7 T ST S BB KRR, 55 s0 | ok o re Absobed
— I AR B kA, BT F | [AUE R eacfon
FRfEL, E 3 PR, A BAL BRI ARG, BRI A
Wik, BRERAR RN I FER R e e TR (3.5 h k%
K, THAER N 0.93 t), VLB WIS &t 22 LA N fs - 22
A S (3.5 h kB, WIE R 1.38 t) , BlAbFRT
X B AR FEALFE AR AR R 25 S A 56 3 TR, WL, Bl Bk
BRI ARG, VT SR 0 B R 5k 3 g B 2 5 B TS B
T % 1 ks B, o %GR B 804,19 g/em’ LT &
1035.16 g/cm’, EWIEH 83.2% LIHE 92.7% . MBHIE g5 050 p iy e o 2 o o
3.0 h kER N 12.79 % , ZJEBEE AL PR R AR, i Fig.3 Effects of alkali treating time on
JEE RS PR, XS T AAL BRI, S B A T alkali consumption

http : /xuebaobangong. jmu. edu. cn/zkb
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RO, ERENs R A B BAL FR R ARG, NaOH 5T 85505 b B BR KL A S0y S 5 4,
TR & i M 8.64% [ % 2.45% , 3, 6 -~ WEER & &M 30.5% F+ & 38.4% , ARWFIE4ERYE Arvizu-
Higuera LI BN S AR AR AL R AR ) o

R3 AR E X RS E LIS IRAI T

Tab.3 Impact of alkali treating time on physicochemical indexes of agar
R B VISR B 3,6- NEFR  BRARHLT e
Alkali treating Gel strength Transparency SrH03 6-ether  43EX Sulfate radical Adhesive rate
time/h /(g+em™?) /% concentration/ % concentration/ % /%
0.5 804.19 £10.52° 83.2+0.9° 30.5+0.8° 8.64 £0. 14# 10.04 =0. 12¢
1.0 884.62 +22.58" 84.4+£1.1° 32.1+0.9° 8.49 +0. 16 10.89 +0. 15°
1.5 947.73 +19.90° 88.7 +0.2" 34.7+1.0" 7.84 £0.13° 11.12 +0.08°
2.0 989.71 +19.85" 89.4+0.7" 36.4 £1.2"" 6.54 +0.22" 11.84 +0.09"
2.5 1002. 13 +17.52" 92.4 +0.1° 36.8 £0.5" 4.74 £0.28° 12.70 +£0. 14*
3.0 1038.53 £11.97° 92.6 £0.5" 38.2 £1.2° 2.61+0.29" 12.79 £0.08"
3.5 1035.16 +18.34° 92.7 £0.2° 38.4+1.0° 2.45 £0.25* 12.12 0. 11"

B—IMAFNFEE (a, b, ¢, d, e, ) NEHEEFEEREEZS (P <0.05)

In each column, different letters (a, b, ¢, d, e, f, g) represent significant differences between values (P < 0.05)
2.4 WRESE. FWAAIEREFGASEFEXIGEEENIREREZ AR EE

L SRR A BT i A A, Ak B R RN A RS AL B B L BT R R Y S M AR
B (5) M= (6) .

In X,
(296.607 125.118 447.208)(In X, |= (3Y, —406.275), (5)
In X,
1.942  3.483  0.187 3, —239.365
0.902  2.714  0.115 3Y; -89.224
- 1.130 -2.386 -0.151 |(4X, 3Y, -39.990
0.631  0.830  0.019 || X, |= | 3Y; —28.789 |, (6)
0.224  0.312  0.010 |\Xx, 3Y, —2.822
0. 066 0.192 0. 007 3Y, -0.674
0.158  0.121  0.003 3Y, -2.147

Hofr, X ONBAL R (%) 5 X, MBRALBERFE] (h); X, NBRACBRIEE (C); Y, NBERSRE
(g/em®) s Y, HiBWE (%); Y, 83, 6 - NEEEREDE (%) ; YV, MR ESE (%); Y, i
R (%) 5 YONBRIEAER (t); Y, RV N IREIEFER (1) 5 Yo mTLERIE (1),

SCIOAE SRR IS B R P R AL RPN AR 1R 25 RMSE SRHE . b T 50k ik dE 57 il
R, R b 21 U058 SRR AT 3 ) I, S5 RANEE 4 PR, MISCHLRTE I, ROMK,
RMSE /)N, SEH6E - SR8 (300G BBl ), sl % LA REAT 0. 300 ~ 1. 000 #IA A E X, G
XSS ARBFSEH) RPAE 0. 52 ~0.99, BREERHE AN ILALIE bR RMSE fH7E 0. 14 ~4. 82, if—4
SN, EERGRIE . B 3, 6 — K. BRI E. R BRI RE RS R R B
B, Ak B A [A] RN A A B IR RE A 56 R B RP AN SR, RMSE M ERAIG, Hidr, SiEAER A 1 R
{E4E, RMSE {HEA%, SO AEE SHb i T 25 il A By, R RPEEVN, B L R 5
AR T2 A IA SR T AR & s 3, 6 — WEFAIBR R AR i A S A | i RO, H - F e s
PR RMSE E55, ATLRA3, 6 - Bk, i BR AR 5 i 0 550 A B T 20 (4004 B ok T ) e %6 5
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F4 WABIZMEEFENFEEREZM IFEMUEGHER
Tab.4 Kinetic model fitting results of alkali treatment on alkali consumption and agar quality

R’ RMSE

Dl b A b RS A ERE A RAbBRIE R RS GG ERE A RAb BRIE

Index of agar quality Alkali Alkali Alkali treatment Alkali Alkali Alkali treatment
concentration treatment time temperature concentration treatment time temperature

HEICIR S Gel strength 0. 865 0.989 0.934 201. 682 85.690 106.299
5B Transparency 0.744 0.905 0.749 4.820 4.432 3.816
3,6 — Pk 3, 6-cther 0.940 0.934 0.937 2.260 2.865 1.992
TR Sulfate radical 0.920 0.940 0.971 2.574 2.332 3.087
HBER Adhesive rate 0.809 0.789 0.525 1.518 0.962 0.642
B #E Alkali consumption 0.917 0.973 0.948 0.613 0.316 0.145

WHR T Z MG ; BUIRER RMSE (H AR, (HJ2 RMEWAR, i LS W 5 At 31 T 20 A 100 & BEAIR
THIE SR BT IRPR LA BE ;. BERCIR L R BAREAE, (B RMSE H & THAW ST 45 bR, R WA
G I ER RSB R 2250k, BT LABERE 8 S TRAL BT 2 M8 BELE 6 BTt e tn T 2 iKY
2.5 WRESH. BAAERE R R R iE X REE R 2R RS B = R M AR B A A F

ARAEADLE Ak 3T 2500k AR T AT AR S R X B AT Tl A e T AR
(BT &8O 7% , REFRAESN 90 C, ALFRNFE] 3.0 h) (3G B S G TR, 45 RIS
Fims, ks alhl, Jig IR S BGEA TR, Bris B A9 B0 7 i BERCSR I L B, 3, 6 — NIk,
T PR AR 5 P HE SR AT 5 H AR 7 T2 N ARG BUIR i AR Y, Horp ) LB W] B MR bRl ik
I, AR DT AT BT R 0 BN 6% | BRALBHEINEI Y 3.0 b BRALBEIEE Y 87 C, FEMCAME T A
771,00 v BRIRBUHAE R A/ (1,99 1) o TR T BT I IESS I L B, A2 1,00 t BRARHRIH A6 1
(1.83 1) SPIMEMZE/NT 8% , Hrph R BiE (0.73 t) SHMAEMZE/NT 3% , WomiH & i
(L.10 ) SHIMEMZE/NT 1% , SEWIECEL G0 5 S bRl (2R — 2, A L AT ol A 4R 7™
1.00 t BUIRAYFER I (2.08 1), A4 12.02% Ze A OB, ILAh, X T2V R kMo 1. 10 «, A
Fe EA Tl A2 1..00 ¢ SRR (1,30 ), W T 15.38% ARG, A AT f5 2L visk
BRAYHIK R, BRI, SRATZA B AL S B T 20, AT DL #e o i, ik ] LAIS /D 5 2238 Bk
IKEE

x5 WRESH . ELERBFFELERENIESRERENHEEEENZ I

Tab.5 Effects of alkali treating concentration,time and temperature on Gracilaria agar quality and alkali consumption

BT i BEE -
. . 3,6 - " . B I
EC gy R o YO0 e e SO R OO
a2 Alkali ) Temper- Gel Transp- R Sulfate Adhesive - v E 5=
Fitting category concent- Time ature  strength  arency 5 radical ) rate con%um- Rea(:ll?n Absorb'e d
ration /h C /(g - /% ether) % /% ption alkali alkali
o /% /1 /t /t
/% cm™7)
HECSRE Gel strength 6.7 3.2 87 1033.26 93.3 38.0 3.88 12.44  2.06 0.78 1.29
5 Transparency 6.0 3.0 87 1019.66 92.6 37.6 4.31 12.24 1.9 0.75 1.24
3,6 — i 3 ,6-ether 7.2 3.1 92  1047.33 93.8 38.2 3,52 12,55 2.11 0.80 1.31
BREAR Sulfate radical 7.7 3.4 102 1073.09 95.1 39.0 2.59 12.80 2.21 0.85 1.36
HER Adhesive rate 7.1 3.4 119 1087.90 95.7 39.5 1.96 12.78 2.22 0.88 1.35
BRIHAE Alkali consumption 7.4 3.0 88 1042.08 93.5 38.1 3.73 12.54 2.10 0.79 1.32
fEHE T, Traditional handicraft 7.0 3.0 90 1039.92 93.4 38.0 3.78 12.47  2.08 0.78 1.30
IO UESEI Verification test 6.0 3.0 87 994.98 87.1 37.7 4.67 12.81 1.83 0.73 1.10
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KB A AR B VT B B R BORAL B T2, NG i 5 B R asl A= f i 2, B =
AL TENR T S T H AR R . BB R IBCRERI I (RN, B> IR 2L Ve K i, AR T s
gL e Pk

BEAL, BARLA AT LR sl AN [ B s AR 0 A 7= T2, A PR e B R 935,53 ¢+ em 7,
B 90. 1% | R BT H 380N 5. 51% B i, ARASLGEAY RIATA#AS 3 FloAS W] ) i Ak
T, WRESE N 4.8%, 4.7% , 5.1% , BEACHEE 59K 1.4, 2.3, 2.2 h, BAbFEE
FE5 M 69, 73, 83 °C . ARIEBIAITHF A 7= B0y BB 7= dn B H AE = 0 o 167, 1,77, 1.83 ¢, H
H TR o8 1,10, 1,13, 116 t, MIELZ R, 28 1 FRisAbBE T 2 mis ke ik, Wik, AHf
GURESTIARRL , ALEERSIS /DTSSR B FE R, 16 T LI Bl A = i R A BN o s A A v

3 it

ARSI 2 AN [l A P A R VL IR R BE R S B, 3, 6 - B R, BMRR SR
HH RS AR IH AE R A, ST T AR A B T 2 X B O A AR AR S e AR 58 PR R AR S T
TR, T BT ] AR A BRI 42 0 6% . 3.0 h R 87 °C. 5 HRATIEAE Tk A A, BN FE R
FNTE sk md e 43 A 12, 02% F115.38% , BRI, 2RV AT DA PRI AL 3 T2, Wi/ IT
BEOR A B T B AR R AR K, [RIRHA ] R TR R B IR L FE T 258, N
T SR R R BB AR T AR S5 |
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