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1.2.2 mEeymE  BUE SR 10 em, B A4S
em TP, BIAL 5 em x5 em RN B, SR FH A )
T 53 BTk (TPA 8550 AT, PO. 5S #83k , B M i
W3, g P iy B ffy B |) 3 5 A4S 00 iy B
5 mmes™ IJEEE S mmes™ MEAHEE 1 mm-s™',
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C K3 ARG A5 ) S AIOK Gt Y
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MY, STl e B B AR LA )47, 1S 4 i B B ) —
] 22 55 7K S T 1 & £ AS WS R, 5% 90% 111 oy
TS, I 3% 355 AR 5 KT 18T 14 I F BRI A Vil R
il
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1.2.4.5 FpkJpmizE"  HRFEL0. 50 g(m,) i
BT 100 mL BEdRH il 30 mL ZE4E K, FERE ST FE A%
FHEHE 30 min,%ﬂ%@%‘ﬂ‘%@,Z 000 1+ min "B 30
min, B2 RS, MR YR m,

WK ) = 2" % 100%

m,
1.3 HELIE
iR FH Excel 2010 1 SAS 8. 1 #FpE47 AL B
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Fig.1 Effect of mass fraction of NaOH on the hardness, springiness and the average particle size
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Fig.2 Effect of steeping time on the hardness, springiness and the average particle size
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Table 1 Experiment design of three factors and three levels of RSM

LI 8] X,

Soaking time/min

UG R X,

Volume to mass ratio/ (mL-g~")

G B NaOH Jii 5344 X,
Coded value Mass fraction of NaOH/ %
-1 0.15
0 0.20
+1 0.25

10 10
15 15
20 20

Ul BA A6 A5 0 0] 05 7 i R AR ey X i) A 061 7
T, RIS R® K 96. 79% , Vi B 3% )7 4D 2L
S =R =K R AT, AR RECh 2.08% ,
UERR IR B R e

Xof (1A 75 R AR TR PR A 5 R A7 7 22 43 A1 R B, A 7Y
—RIN X, ZRWEF(P<0.01) X, ZHEE(P<

0.05) X, ZHAREH(P=0.0579), ZZHI X X, 2
SWE X X, P =0.1927, £ PHH KA 22 5 A &
FH XX, P <0.01, RUIWH R A 22 57k B3, —
WX, X" 25 B3 (P <0.01) X" ZRARE
(P=0.1037), FHW NaOH ¥ & 12 0 i [|) %o 765 17 43
SERPRAR ) SR RN I, FLYE NaOH i 4340 12 e A
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Table 2 Experiment design and results of response surface methodology
A oass NaOH Jii & 7348 X, B X, RFT R X, F-HPRLE Dy,
Number Mass fraction of NaOH/ % Soaking time/min Volume to mass ratio/(mL-g~") The average particle size/nm
1 0 0 0 345.2
2 0 0 0 342. 1
3 0 1 1 394.0
4 -1 0 -1 392.1
5 -1 0 1 369. 1
6 0 0 0 340. 4
7 1 -1 0 401. 4
8 1 0 -1 404.2
9 0 0 0 352.6
10 -1 -1 0 397. 4
11 0 1 -1 365. 8
12 -1 1 0 379.7
13 0 0 0 341.0
14 0 -1 -1 380. 1
15 1 1 0 422.4
16 0 -1 1 325.7
17 1 0 1 403. 6
F3 EEAREFTESN
Table 3 Analysis of variance for response surface quadratic model
FRHORW -5 F H ¥y FAH P .
Source of coeffcient Sum of square Degree of freedom Mean square F value P value Significance
Al 12 750. 63 9 1416.74 23.46 0. 0002 et 2
X, 1088. 11 1 1088. 11 18. 02 0. 0038 aTES
X, 410. 41 1 410.41 6. 80 0. 0351 ¥
X 310. 00 1 310. 00 5.13 0.0579
X, X, 374.42 1 374.42 6.20 0.0416 ¥
X, X5 125. 44 1 125. 44 2.08 0. 1927
X, X5 1 705. 69 1 1 705. 69 28.24 0.0011 ETES
X2 7 045. 99 1 7 045. 99 116. 66 0. 0001 aTES
X,? 954. 65 1 954. 65 15.81 0. 0054 ATES
X32 211.21 1 211.21 3.50 0. 1037
5% %% Residual 422.79 7 60. 40
JAUIR Lack of fit 322.16 3 107. 39 4.27 0. 0974
2% Error 100. 63 4 25.16
S Total 13 173.42 16
R 0.9679
AR5 R A 2.08

Coefficient of variation/%
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Fig.3 Effect of material mass to liquid volume ratio on the hardness, springiness and the average particle size
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M 17 0T T AT O T T S W % R X i
F53-A N

] A A B & (11.50mL - g~ " ), NaOH J5i £ 43
ORI I I [R] Se 19 3 B9 52 A X A9 S 34 5
TSRS YN VAL AT TN I P =1 7 N A 1
SRR B NaOH [t 438K 38 Tin Se 2 i IR J5
T s NaOH it 43BN AE | Wt 193 - 35 b7 B R A S 35
FEAC)E BT X 5 R ZRE g Ry &,
FEU TR AT A 068 2 35 1) — g R FE T, BN NaOH JiT it 43
BORMAEA Ff (1] | FRORAE B AR - 2400E B B i 1 7

[ NaOH JFit /3% (0. 20% ) , 35 i [ia] A1 FR
Jo ek Eb S R 428 AR FHORH I H ST- $50R 38 5 i ) 45

[ e 0 ) AL ) AT 3 O 3 1 O NG A 3 v T A
FEBEAARFR BT 2 LU 3G Iz KA 5 AR FR Tt LU AR AR | i
A -S4 FE R () P S S RS 2218 BT, XS
BN A A BT I A5 R
2.2.4 JAIERALRE @RS TR E
A TSR fe/ NTUIE Y 331, 8 nm, BUET 45 BRI Z H
{43 5 2% NaOH Jii & 43 %% 0. 19% , 12 i B [8] 10. 55
min, AR 20. 00 mL-g ™', fE T SZPRARAE B
R EE E A 11 min, HAb KA AR, 2547 5 0E
9, A 3 K, MR Dy P BME N 328.7 £5.07 nm,
PIE X RZENT 1%, B 7 £, 7E BRFGT
TR B R RICR AL W T KR BE 43 A7 Y R, R R TR
300 ~600 nm, Dy, & 825.5 nm, B 95% L) |- 5 45 i ki
RBEANEE AL 825. 5 nm,
2.3 BRUSTEHYIESE

4 AT, C k5 A B B AH L, K0 £8 i £
A o B R T KT R A R R
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Table 4 The physical properties of kelp powders

et NI ) e Vi st 1] Ak f k1 FiK
21 , i
o Angle of . Wetting Water Expansion Water-holding
Classification Slip angle/° . .
repose/° time/'s solubility/ % force/ % power/ %
AR 30.4 +1. 86¢ 35.0 +2.53¢ 13.5+0.57¢ 11.4 £0. 45¢ 2208 £6la 5460 £111a
Powder A
B # 41.6 £1.01b 42.7 +1.80b 25.4 +1.00b 13.4 +0.55b 1 782 +65b 4378 £107b
Powder B
CH 62.5+1.11a 70.6 £1.70a 35.3 1. 15a 20.1 +0.49a 1 266 +45¢ 3 197 +96¢
Powder C

T AR/NG FREFRIRTE 0. 05 K285 02,

Note: Different lowercase letters mean significant difference at 0. 05 level.

1.10

1.00 +

TR
Hardness/g
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Springness
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Fig.4 Effect of temperature on the hardness, springiness and the average particle size
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Fig.5 Contour plot and response surface plot of the effect of NaOH mass fraction and soaking

time on the average particle size
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Fig.6 Contour plot and response surface plot of the effect of soaking time and liquid volume to material

mass ratio on the average particle size
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Study on the Preparation and Physical Properties Analysis
of Submicron Kelp Powder

FAN Lin LOU Yongjiang CHEN Xiaofang SUN Peixuan
(School of Marine Science, Ningbo University, Ningbo, Zhejiang 315211)

Abstract; To obtain submicron kelp powder with better physical properties and more concentrated particle size
distribution, pretreatment was carried out with NaOH to shorten the time and wet grinding was used to reduce the particle
size. The single-factor experiments and response surface method ( RSM) were employed to optimize the technological
conditions including the soaking liquid concentration, ratio of material to solvent and steeping time. The optimal
conditions were set as NaOH mass fraction of 0. 19% , soaking time of 11. 00 min, and liquid-solid ratio of 20. 00 mL-
g~'. Under these conditions, the average particle size of kelp powder was 328.7 nm, D95 was 825.5 nm and the
maximum particle size was 1106. 2 nm, angle of repose was 62.5°, slip angle was 70. 6°, water solubility was 20. 1% ,
welting time was 35. 3 s, expansion force was 1 266% , and water-holding power was 3 197% . Compared with ultrafine
kelp powder from market, the properties of nanoscale kelp powder were improved greatly with the angle of repose
increased by 20. 9°, slip angle increased by 27.9°, and water solubility increased by 50.0% . At the same time, the
kelp powder physical properties were enhanced and improved which provides the basis for deep processing of kelp.

Keywords : submicron kelp powder, angle of repose, slip angle, water solubility





