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TZEEA 3 FHAFRAY 50 mg/mL KC1 %R, #r it
RHE, T 60 CHEF it 2 18 5 45 B W] B ik
T 55 R ERE i

1.32 BB S Ye Y A E
RPLEHAE S A BE RS IR B 43 BIFRER 1.5 ¢ ANt
PR 255 45 1 R JBRE i BT 250 mL SRR
T 100 mL F R7K 1848 I B ORI W o
LR FE S BB, AR DI EE R 7K 43 5 4
RIS AR 90 mm FYEFRILY, JETHRIRTY
A4 b f ] ST-16A JFTAE AN 2 -7 2 1) 68 FEG e
B

133 WRES =S R 1% -E
(BaCly) B30 R 5 A (i O A7 R 22 5 17,
3N FREL 0.05 g AN [F B AL 251 T 20 45 14 il 45 1 =
FIREFE S, 1 mol/L (YRR T 100 CH14F ik
5h, B EFERIFERE 25 mL, LIGER B
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Table 1 Key process parameters of alkali treatment and quantifiable molecular structural features and gel strength
of carrageenan prepared by alkali extraction method
BRI I A AR o
.o — N - Lok A 3,6— M Bt F FUAE N, .
5 BT };%2 A Fl/h THHF RE/ku FRBR A% /% 53/% BN 5%/ (g/em?)
5% /%
1 55 8 3 1 744.00 + 30.56° 15.47 £ 0.34* 10.28 + 0.42* 329.12 + 17.44%
2 55 10 3 1517.00 + 26.40" 15.40 = 0.86° 10.91 = 0.66* 361.86 + 3.23*
3 55 12 3 397.20 £ 6.91° 14.77 £ 1.11* 10.02 + 0.20* 357.69 + 19.85*
4 60 8 3 350.30 + 6.10¢ 15.43 +1.22° 9.87 £ 0.38* 350.84 + 33.26*
5 60 10 3 415.10 £ 7.22¢ 14.70 + 1.68* 10.01 + 0.63® 418.68 + 32.20"
6 60 12 3 117.20 +2.041 14.43 £ 1.78" 9.61 +1.05* 398.80 + 7.68"
7 65 8 3 121.20 £ 2.11* 14.50 + 1.56° 9.90 = 0.36" 397.65 + 11.127
8 65 10 3 226.80 + 3.95¢ 14.23 + 0.90° 9.99 + 0.66" 503.32 + 25.25%
9 65 12 3 172.90 £ 3.01° 14.03 + 1.36* 9.47 + 1.01* 474.72 + 14.27%
10 55 8 4 124.60 £ 217" 16.74 + 1.24* 10.02 + 0.99* 428.23 + 9.42"
11 55 10 4 311.00 £ 5.41° 16.44 + 1.14* 10.31 £ 0.72* 472.42 + 14.40"%
12 55 12 4 263.10 + 4.58¢ 15.80 + 0.35¢ 9.59 + 0.42* 443.84 +7.43%
13 60 8 4 235.60 + 4.10% 15.37 + 1.54¢ 9.13 £ 0.14% 442.78 £ 6.03%
14 60 10 4 177.90 = 3.10° 15.06 + 1.03* 9.54 + 0.34® 479.70 £ 2.94%
15 60 12 4 141.50 + 2.46 14.96 + 0.69* 9.04 + 0.19% 466.46 + 13.01°%
16 65 8 4 291.30 + 5.06" 15.28 + 1.02* 8.30 + 0.84% 459.13 + 8.18%
17 65 10 4 198.20 + 3.45¢ 15.01 + 0.29¢ 9.53 £ 0.65® 513.48 + 17.83
18 65 12 4 124.60 £ 2.17" 14.86 + 0.68* 8.12 +0.72% 498.06 + 19.62%
19 55 8 5 285.80 + 5.54¢ 15.69 + 0.72* 7.55 +0.23% 478.32 £ 7.19¢
20 55 10 5 202.20 +3.92¢ 15.02 + 0.33¢ 8.16 + 0.74" 544.65 + 10.59"
21 55 12 5 184.90 + 3.59¢ 14.80 + 0.56* 7.64 + 0.05% 541.44 + 19.00*
22 60 8 5 259.80 + 5.04¢ 15.59 = 0.03° 6.86 = 1.00™ 561.12 +23.53*
23 60 10 5 226.70 + 4.40¢ 14.79 + 0.55° 8.11 £ 0.08" 584.12 + 14.14*
24 60 12 5 221.90 + 4.30¢ 14.48 +0.19° 6.98 +0.72' 581.19 + 11.82*
25 65 8 5 209.50 + 4.06° 14.81 + 0.48" 5.52 £ 0.56° 577.44 + 41.18*
26 65 10 5 200.30 + 3.89¢ 14.47 £ 0.26" 7.23 +0.58% 594.17 + 47.06°
27 65 12 5 186.00 + 3.61° 14.35 £ 0.70° 6.71 +0.63% 581.88 + 11.59*
T SR LA bR 227 2R (n=3) ; I FNEAE TR R R AR/ NE FREFOR 22 5 35 (P<0.05)
. 17 =
1500 p=
% 1000 |- % or o°
E . =3 s
ﬁ_g s00 | :‘. FQ_% sk .:.. .
& - & S e
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Fig.2 Fitting of predicted values of MLR model and experimental values
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Fig.3 ANN model for the correlation between alkali treatment parameters and the molecular structure
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as well as gel properties of carrageenan
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Fig.4 Fitting diagram of ANN model
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AN RIBE AR R 7 S %) T Ak o0 T 25 R R AE
WFEEY 7R BRI & i 3, 6- k2L
O AR R iR B Y TIOIE 5 e (B, TR 2 PR
T ANN S A ARAT (18 S 7 g ok Fig e J32 1% 93 I 1
i b MR ABE76 ) T 4 5 2 0 U, R R
o7 s B AT 5 Ak 70 25 AR R R R R e 5 i Ak 3
KT A H (AN FRE o 404k i) ) 22 []
EIARLAEARDG AR R, 3R 3 & RALEem
BB B T2 L B A TR 2 FAS [ DG B
P T ASFE SRORG B 1) A, TR 4 Jr ik
A= B Al 2k Pk A AL (ANN) ) MAPE s e e =
1.71% ,MAPE , ; 5z 4w =18.84% , MAPE 4 5 5 =
1.90% 1 MAPE; ¢_wmesm=3.68%, KT
MLR 4 % (1Y) MAPE sgpesne = 4.14% ,MAPE 45 55 =
83.38% ,MAPE g 55 = 2.11% 1 MAPE; ¢_pysepsom=
5.42%; [AIRT, ANN B8 1) A 5¢ 2 4 R?=0.99 11

BT MLR BB R 4 pmw 2=0.26,R s =061,
R o pesum =0.83 Fll R sapesmys *=0.9, 03/l
GO E, MR A B T2 (REE B[R] 5T A AR O B
SRR 65 °C,6 h, 10%T, 75 /) HL e Ay 5E
JREBER R 614.32 g/em?, 11 38 1 #4) 4 = oz e o
AR A P T2 LR i U S A 0 A 7 5 0
R BERE SR R 617.13 g/em?, I AT 17
A5 T ) 2 M A 51 198 90000 15 S o 0 5 14 2%
AR, DA 25 S0 AAF 5% T o7 A E LR A AR
ANN AR IR S R 7 J5g B8 JE il JE P9 0000 25 SR T 2k
P& MLR AR, ANN A5 750 BE 0 o ff 503000 sk Ak 28 G
T 2SR R EE I E) BT i 03 850 5 R AL BEAL
s v TS N PS) i A S S TR U e rw | R 2
AP A TSR | FE SC R A = v, nT S T AR
TRUARRE R o e i FH 7= b P B IS R T R, B R
PR B AT B T 228, - RHLI = BT
R B ARG M S A e SR SRR S H
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Table 3 Comparative analysis of predictive performance between the MLR model and the ANN model
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AR
R? MAPE/% R? MAPE/%
EHHSTRE 0.26 83.38 0.99 18.84
B SE 0.61 2.11 1.90
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Abstract

studied. Method: Carrageenan was extracted from Eucheuma muricatum by alkali extraction method, and a reliable and

Objective; Correlation between alkali treatment process and carrageenan gel quality and prediction model were

measurable model was established to predict the gel properties and molecular characteristic structure of carrageenan under
different alkali treatment process conditions using artificial neural network (ANN) model. Results: Artificial neural net-
work model fit the total set with R?=0.991 better than the multivariate linear model (MLR), with mean absolute per-
(MAPE, qonn = 1.71%, MAPE et = 18.84%, and MAPE e gop = 1.91%, MAPE; 6 aoethergicne = 3-68%) are

lower than the MLR model. In addition, in actual production, when the key process parameters of alkali treatment (tem-

centage errors

perature, time, and concentration) were 65 °C, 6 h, and 10%, the gel sirength of carrageenan was measured to be
614.32 g/em?, and the gel strength of carrageenan was predicted to be 617.13 g/em® by the constructed prediction model
of the correlation between carrageenan processing alkali treatment and its gel quality. The results show that the predicted
value of the model is close to that of the actual production. Conclusion: The prediction performance of ANN model is
better than that of multivariate linear model, and ANN model is more accurate than MLR model in predicting car-
rageenan gel properties and molecular characteristic structure. This study provides a technical reference for the intelligent
and precise manufacturing of carrageenan high —quality products, so as to expand the application of carrageenan in
biomedicine and other fields.

carrageenan; gel strength; characteristic molecular structure; multiple linear model; artificial neural network
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