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TG VA RFRMEY) BT (GSB 04-1713-2004, [E % 4 4,

& 08 B TR R AT I L), T 2 AR
FARAF

1.2 SCIG{YES

ICP-MSHL AN A 55 B TR 1% 42, Thermo
iCAP Q; Mars6 Easyprep Plusfifl i 1 fi# X , 154
CEMB I b 2= (h EDF AR .y 5 SB-400DTY 43
W EVENL, T AR R A A BR A
Hl; ARSI EALET K Y M4k .

1.3 S HE

TR BL4a st iy o R 09 %ok 1 FH e
BEAR51280.05% . 0.1%. 0.2%. 0.5%. 1%HE 4
PREE . BETR . MM . IR AL
JBRAS, I SR R

A AREL R RAE AR AT BLAB R ) B 7R
FEREWLRIG, RGBT E AR S 18 i,
EHE G RER VL) « m(BERES)=1 : 2]i2
AR . MERRFREURE 5520 g T250 mLgEAfH, TR
PR 2= S0 [ A B I 2R A BRI L (X)) 2 7 =
T (X5)3 hy B UER(X5) AR 2L Al | 4 BR o]
IO TR 52 95 1 T 7 58 GR )X 5 6 P 6 0 48 2% 1
AT . ARSI 45 R, A H Design-Expert
8.0.6E 1 7 M N T 43 BT, AL s R e A A B A R
e I 2% F S 5 R Bk DR 2R AT R SRS

x1 EEREGMEESEERERRSKFE
Tab.1 Factors and levels used in central composite
design experiments for the optimization of

compound fresh-keeping liquid

1.4 BB X B 58 R OS2I

B AR 8 EOR T X BLAR R 69 % 0R i}
AP BRI LG ¢ 7(g/mL). B DIFE300 W,
PR 28 kHz, 7 BIAEWENO0.5% . 0.6%.
0.7%. 0.8%. 0.9%MI4 T, A FER30 min;
B E G IR, WE 7 Rk

FE o BT PBLAR AR 6 7o GIPOBE T
BHE LT © 7(g/mL) . @754 %28 kHz, & & R fif
W E0.6%, 43 HI7E 5 D% 200, 250, 300,
350, 400 WHYZF T, A BEFR30 min; 5204
YRR L Ab 3,

A B IR st B4R AR 09 B b [P OBEE
BB LT @ 7(g/mL). @A TIF300 W, & A (R
W E0.6%, sl fE A Ao, 25, 28,
40, 59 kHzJ 5500 T, A BiBR30 min; 5 2L1%
YRR - Ab 3,

#2  B Ia) 3 45 OR 69 # ok GIELLET
B LT @ 7(g/mL), A TIHE300 W, 8 IR
28 kHz, B G REFRIKEE0.6%, 3l iR 10,
20, 30. 407150 min; JEZLHRAER LALRE

AL F R AR B AR e BB R EIROT L
WA RS AL [, BERER S A (A), 4
FIIRB) ., AR C). Z A PR (D)
o H AR, DAER AR B R W {H , AR Box-
Behnkeni& i1 5L HE, SR FH DU (R 28 = 7K S i) 1 11 43
Mri&aefr St , Db A BB i s T2,
K2 5K 3&2,

*2 BERBDBENEEIREERKT

Tab.2 Factors and levels used in central composite

design experiments for the optimization of

ultrasonic-assisted removal of aluminum

[KZ factor

D & REEE
WL/ %

compound fresh

K AMFER BAI)  CRF
level 1] /min FIW #/kHz
ultrasonic ultrasonic  ultrasonic

# factor

time power frequency  liquid concentration
-1 20 200 25 0.6
0 30 250 28 0.7
1 40 300 40 0.8

X P EmD X, S X, B
solid-liquid ratio time soak number
_1 1:5 2 3
0 1:7 3 4
1 1:9 4 5
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21 EARERNHAE

IR A Vi 3 7 W ) o JOR A A O R Y TT A
(1) T A A o B G A YR B o, A R R Y
B EARE ). TEMFERE T, ASIE MBS w2
Ak T LA B /IR IR Ry A P T > TR 7>
PRI > LR >R, WRIE N 1%, R K7 i
R 0 i R EER 6 850.9 gl E 4 683.6 .
4340.6g. 3995.7g. 2966.2¢g. 2021.5g, 44
AR 17 31.6%. 36.6%. 41.7%. 56.7%. 70.5%.

1 Z&REEK compound
fresh liquid concentration

[ B4R acetic acid
7000 B 15 PR citric acid
‘I‘ W L7 lactic acid
6000 t Fr R oxalic acid
5000 H i
. b
L0 2 4000 H
5
& 53000 |
2000 H
1000 H
0 L L L |
1 2 3 4 5
R
concentration

B 1 FERA R IR S R E A0
Fig. 1 Effect of different dealumination liquids on
the hardness of jellyfish
1.0.05%, 2.0.1%, 3.0.2%, 4.0.5%, 5.1.0%

22 EERBEREMFHOHE

02 Ay PR 8 Y0 5 1 ) 1 T ) Ak S 56 26 RN &4
KA A R M 2 18] 05 7 AR 45 TR O 22 40 B
A3 W3RN 4,

XoF S 56 5 Hl (6 3) AR AT ki 7 T [ O 8
A3Hr, AR R R 2R T

Y=320.57+5.90X,-43.62X,-25.03X;-3.17X,X,—
2.67X, X5+6.64X,X;+0.67X 2+2.71X 2+0.43X 2

HR4RTH, AR P<0.01 (22 7 i 2
), RKYTP>0.05(2F A NE), BHEHIE R
BR=0.980 7, UiIIBIARIIIASRE R R AF; A IE B
JEFRHUR4;=0.955 9, RPITI E 5 5L Br{E 2 [H]
B & A, USRI &, v LA
SR T 4% X AR AR B R R . MR R4 A%
KR PIEAR/NAT L, RHA LG . 952 J6L R[] TR Y T

R3 EARHBAZHMEERUIBSIRRER
Tab.3 Experimental design and results of response
surface methodology for the optimization of

compound fresh-keeping liquid

SEIG S X, X, X, @Hﬂ%gi/(mg/kg)
test no. aluminum residual

1 -1 0 1 131.03

2 -1 -1 0 164.77

3 1 1 0 99.68

4 0 0 0 135.92

5 0 0 0 129.82

6 1 -1 0 154.27

7 0 -1 -1 189.91

8 0 1 -1 126.41

9 -1 1 0 135.55

10 0 0 0 126.19

11 0 0 0 136.27

12 0 0 0 137.76

13 0 -1 1 132.99

14 1 0 1 103.94

15 -1 0 -1 157.98

16 1 0 -1 152.22

17 0 1 1 96.03

O ER AR BA 5 35 3K 1 P<0.05 1 B E K, B
B3R /N R IR B ) >R M R B R,
35 0 B ] 5 1) e K o

i Design-Expert 8.0.64% {4 X [n] 4 2 7Y i 17
Bt N, R E G REER AR & =
FARFIET 20 BHRLIET = 7(g/mL). RHLAFE4 b,
B, Rl AR 5T 4 5k B A H 845.6 mg/
kgl 2 127.0 mg/kg, B4 %ik85.0%, T.ZH}
/812 h,

23 BEKHEENARE KN
REEBHPABLZERNESH A5k
BE R TR E NS T2 P i EE AR, BE
A IRERROR EE RSN, AR5R B R s T
AR (K 2-a) . M E A IR EERR EE R 0.5%~
0.7% I, 4958 58 5 ) 159.9 mg/kgl% % 124.1 mg/kg,
AR A 81. 1% N 5185.3%,  fit— & T2 B PR AR 4R
T HA B E A (P<0.05); WIEKT0.7%
I, AH R A A TP R (P>0.05); W N
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Tab. 4 Analysis of variance of all terms in regression equation for the optimization of compound fresh-keeping liquid

T5 IR SEITAN H ey Fid PlE REN
source sum of squares dr mean squares F value P value significance
A model 8 848.37 9 983.15 39.58 <0.000 1 ok
X, 784.54 1 784.54 31.58 0.000 8 ok
X, 4244.57 1 4244.57 170.87 <0.000 1 **
X5 3302.00 1 3302.00 132.92 <0.000 1 **
XX, 160.95 1 160.95 6.48 0.038 4 *
X X3 113.74 1 113.74 4.58 0.069 7
X, X5 176.09 1 176.09 7.09 0.032 4 *
X% 29.93 1 29.93 1.20 0.308 7
X3 30.89 1 30.89 1.24 0.301 6
X3 0.79 1 0.79 0.032 0.863 1
#:7  residual error 173.89 7 24.84
RAUT lack of fit 75.71 3 25.24 1.03 0.469 4 N
4R pure error 98.18 4 24.55 not significant
SR total 9022.26 16

e o ERMEEWP<0.01); * 2R EEP<0.05), FH
Notes: **. the difference is very significant (P<0.01); *. significant difference (P<0.05), the same below

—— HATREE compound fresh
liquid concentration

200 400 —— 7EMIK distilled water
25160 P — 3§ b 2E3S0
&2 b 22 300 |
E 8120} E8
g E 1@ g 250
= é 80 ¢ i é 200
ma 0 &= 2150 ¢
0 : : : ! 100
0.5 0.6 0.7 0.8 0.9 200 250 300 350 400
A IREEBIAE % T R/W
compound fresh liquid concentration ultrasonic power
(a) (b)
700 —— F A REE compound fresh 600 —— SAREEH compound fresh
—— a liquid concentration —— liquid concentration
g) _% 600 —— ZEIRIK distilled water %D _§ 500 —a— ZEIRK distilled water
E:_f Eu; 500 g g 400 b
15 § 400 i § 300
E £ 300 B . 200
®E = £ < c
Fiag=t 200 Fisg= 100
100 0
0 25 28 40 59 10 20 30 40 50
AT [k Hz 78 75 1 5] /min
ultrasonic frequency ultrasonic time
() (d
2 BREEXEER

el o R (7] 5 B 5 2 5 88 2 (P<0.05)

Fig.2 Results of single factor experiments

There are significant differences in different letters in the graph (P<0.05)
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0.7%FHF, sk AL, H124.1 mg/keg, MR
1 4 85.3%.

B R 7 TR B 0, R 5 B b i R Ak R
T /DG TR GE (K2-b), B AR B AL I
250 Wy iid Ui, HAR% M 4 161.8 mg/kg,
JB AR 3 1580.9%, M P 200~250 W, PR
S 2 AR AR B R I R ) 1 2 (P<0.05), A
B S0 AL I AP S R 73,7 %4 1R Z280.9% 5 Z& /K 4
WA A1 57.4%32 B E61.6%; #HH R E250~
400 Wi v, FRAREA B AHY, BARER A
G E AR AL (P>0.05), AR R IR E T82%,
FENB K 2 e T B AR R IK 71.6% 0 Fh B3 P i 45
B R AR R R ER R, B TNREE LT
S (E 2-c) o HHFIARER AT, R 4 Bh
f, A2 A1 TR A S 2% 0 K 4 Y 40 ik v ) )
$9509.7 mg/kg. 599.7 mg/kg, i AL BEE 43 BIE
T-240 mg/kg. 410 mg/kg, #B7 1E A7 2% H B A%
TEHBHE T WRRE R, AR, Y
P AR /N 28 KHzZRF 7 S 0 21 4 8% B R A
WK, MEBAME AR T28 kHz, A5k =R
THia#, mZGE TR, Jo R EEEP>0.05),
D] I 2 60 75 0% N 28 KHzZINE , AR 5R B R Ak, H
B PR A I P T 2R K 4

B 5 8 7 B[R] 0 K, R e B P A A gk
B SR A0 S R M (K1 2-d) . S B[] /)N
T30 minfif, Pl B R ASIG N, B A IR EER
A5 ZE MK AR S TR W2, 43 5 R
279.7 mg/kg. 449.8 mg/kglE K F187.7 mg/kg.
313.6 mg/kg, 2257 (P<0.05); MMM
Bf B8] 88 42 30 min, 45 %5% B 43 1 H1 138.3 mg/kg .
245.6 mg/kgl#% % 127.5 mg/kg. 212.6 mg/kg, &
BT, R FELA(P>0.05); 18 b
30 minf e o Al WS I A 4R AR B A A ol
156.2 mg/kg. 296.2 mg/kg, i &5 5k 5|
81.5%. 65.0%.

A BRI 4R T ¥ A N @A S Eh
M B AR T 2 RS E5 RILEES.

XoF S 55 B (3 5) i AT — ke g T [l S 0L
O3B, AR EIH T

Y=142.79-29.434-25.31B+4.52C-17.054B—
0.184C+3.784D-22.81BC+16.45BD+0.68CD+31.95
A*+23.17B*+15.80C—4.68 D

7 Ul B AR [T U AR R P<0.01, R L33
P>0.05, BEAIR)HE RER=0.921 7, ULEHAR AR

F*5 BEBHEEBox-BehnkeniZ it FRE5ER
Tab.5 Box-Behnken design with experimental values of

ultrasonic-assisted removal of aluminum

BRI
A
st BooC D

residual
1 0 0 1 -1 172.41
2 0 1 1 0 127.53
3 1 0 1 0 167.38
4 1 0 0 -1 139.24
5 0 1 0 -1 136.50
6 1 -1 0 0 211.91
7 1 0 -1 0 155.34
8 0 0 0 0 133.38
9 -1 0 0 -1 216.12
10 0 0 0 0 168.94
11 0 0 0 0 150.37
12 0 0 0 0 139.99
13 0 -1 0 -1 183.35
14 0 0 0 0 136.16
15 0 0 1 1 158.94
16 -1 1 0 0 230.85
17 0 1 -1 0 170.51
18 0 0 -1 1 133.03
19 -1 0 1 0 227.38
20 0 -1 0 1 161.55
21 0 -1 1 0 225.97
22 1 1 0 0 150.79
23 0 0 -1 -1 165.07
24 -1 0 -1 0 217.01
25 0 -1 -1 0 184.34
26 -1 -1 0 0 223.79
27 0 1 0 1 180.52
28 -1 0 0 1 189.93
29 1 0 0 1 128.15

AR . KRIERE RER;=0.843 3, £
W TN (145 55 B B 2 i) B AT g AT G . 25 b
DL SE IR BT E A&, AT AT R S0 45 B X 4
5% B SR o AR R 6 4 R P R/ AT
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1982 Ko Lk e
*6 BEREUREEAFESTNAEESH
Tab. 6 Analysis of variance of all terms in regression equation for the optimization of
ultrasonic-assisted removal of aluminum
T3 ZE KR R I H ¥175 FiH P BEME
source sum of squares dr mean squares F value P value significance
BRI model 29 007.96 14 2072.00 11.77 <0.000 1 Ho
A 7490.97 1 7 490.97 42.54 <0.000 1 *E
B 5540.45 1 5540.45 31.46 <0.000 1 *E
C 245.61 1 245.61 1.39 0.2573
D 197.14 1 197.14 1.12 0.308 0
AB 1162.64 1 1162.64 6.60 0.022 3 *
AC 0.16 1 0.16 8.82x107 0.976 7
AD 57.00 1 57.00 0.32 0.578 4
BC 2 580.48 1 2 580.48 14.65 0.001 8 *E
BD 1082.81 1 1082.81 6.15 0.026 5 *
CD 232 1 2.32 0.013 0.9103
A’ 6621.36 1 6621.36 37.60 <0.000 1 *ok
B’ 3480.89 1 3480.89 19.77 0.000 6 *ok
C’ 555.46 1 555.46 3.15 0.097 5
D’ 142.35 1 142.35 0.81 0.383 8
¥ 7%  residual error 2465.53 14 176.11
RPI lack of fit 1628.22 10 162.82 0.78 0.661 1 NE
Y% pure error 83731 4 200.33 not significant
HA total 31473.49 28

L, BRI R TR R AR B R 34 5A
| P<0.051 2 E /K, H &8 EF KN HASB>C>
D; —IRIMA., B, IRIMA>, B*F3Z HITBCKT
FRER R MM W, s HIAB, BDXTERGE R
i dp 2, LA PR R RN 2

L E R EAER AT NS
K28 22 HAE FH Ko o sl si, 1l H Design-Expert
8.0. 645 1 225 il mey [0 1F11 0 46 1 2 A AT Il o i iz i T
P AT L0 b fiz e 45 PR 2R X 4R Ak B 1 R
MR BE Y, VLR R K FmEkn
TE AR T LA sl i 45 PR 22 () 22 BAE R R 5 g5,
R EE BRI SR, W RoR 82 HAE
MR, MRESHLREIE, WERR KL
PERIAS .35 1% 22 HATE I8 7 B[] e 7 2
ORI R AR ME SR
M Y Ve 1) A5 e 2 TR X R W B (%13), i BH 340
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28 H AR I 28 AR 3 W, (FORE 7S D # A
3 1) 28 B AR S Al 2.4 R e T
X 5 675 2540 Mt [R] IE AR 70 2R 450 I 3 M 4G 00 &4
R—2.

F 23 AT T A5 P I B B4R ) Bt T2
7 B ] 35.06 min, A TF272.61 W A
28 kHz, KA PREFIEHKE0.68%, 7] fii k5t it
5k B B h 845.6 mg/kgl% £ 124.46 mg/kg, i
FRAIRF85.3%, T ZNFHI1.75 hy A Bk (] I 45
RUR A 800 L I T8 S 800N S0 PR o # o
PIRTATIE, A T2 50008 % 8 75 B 1] 35 min
MR R272 W, %28 kHz . & G IR K
WRE0.7%, XFREAUHEAT IR UESC 50, B4R
82.1%, WA T #EMS B4 (12 h) I & & Fr fif W1
(iR 85.0%), 5 HUMIEAH223.2%, d B RE7Y
FIEAR 17 My ASFELRI 000 3 5 1 3 ) B R R
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(=3

S
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ultrasonic frequency

100
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aluminum residual
I
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33
8
HEOREHIRIE %

fresh-keeping liquid concentration

100
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aluminum residual
&
(=)

0.80

0.75 I;;B‘\\\\

0.65 ~~—" 225 B

D 0.60 200

©

300

275

250

225

200

25

A 75 I [A] /min

ultrasonic time

(b)

200 225 250 275 300
I ERW

ultrasonic power

(d

200 225 250 275 300
[ ESA

ultrasonic power

®

B3 #ERZEER NG R E R F L% E

S5 v £ B Oy i I B TR G TS TR 1

Fig.3 Response surface and contour plots showing the effects of different extraction parameters on

the yield of pectic polysaccharide

Contour plots for the bottom of the response surface zoom
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30 AREFRBRITEERRNENM

VK0 T 7 T T A R T AT
M EEAE bR, SR BR, BRIREBK, B
ik ZE, Wl TRE . WSS R P& AR
HEZE 1 R 43 1 3 2K 5 K 43 38 hn iR 186 A 4E T 23 51
SRR S AR AR, DT S EBORE B SRR L TR
AR AU . SR RN R A
T, IRRESHE = A U B TN R N AS B F, A
AT 7 R V5 i HE AR G R v R e B A
B ik 2H 20 ik, DR MG B . A B R
R, TR ES YR ;e B T IR AT I, R E B
2 BT T i PR FE U
32 EEREBRRENREEILZAEM

2 DR 5 Y 2 52 el Y50 v B 0 4 1) 2
R, 4iRER, MAEWREMR N, MREEt
WA SRR e, B EREY, FEEPEX
B R REM RS B RS . A5
W, BELEK G 88 8 TR AI(OH),;, T
s IS T Rk NI P T, RS IRIR
T, HHEAWERN, (HA(OH), 5B 4% 28 4R
BT, HIBEAERTRY, YEE AR
iy, BERR MR M, kB E AR E, &
WHERRBSHEEDEEE, SR TIEER
PR, MOk A 30 10 5 A O i Tk RN S T R
TN R 07 B8 S A
33 BEANEMNBREILZHEN

P Ty 4 g R U5t T AR Aok R Y OC g [
RZ—, EBEAIRNGK, HRBERER
FAERERBEE, X5 S EN SR )
SR I5 8 3E (Prophyra haitanensis)™ 7 43 J& B9 i bR
AL A — 3, AT REE — 7 T BE & S )R
PN, RS AR R, 5B s i Hoz 3)
S ZN el B 2 2 40 RS Y 3 3 M 5 A% o R
RN, TR A AR T Y Dy — O T Y
LN RSy N (O U I | il
7 A Y 23 ol e B s b e i ARk, il
FAVEHBES , AR TR B PR R e

3.4 BEMEINGRELZH%ME

R P A AR R 3 B AR AR P L — 56
R, #ARERS SR A K, S EE
iR TS TR N A T O 7 g
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6, K=o, MRSk U] R
PR K, 4 T8 B 6 i K I [ 1 s 24 i ]
Yaidd , fdRE ™ AR OM 09 S A A B R, B
UG A Bk B, RORHEI S T 25163
VAP A 3 i DI O L C o (B S RN NI WA 2
E PRI, X5 R R e ST R0
X N B BB K B BCR AL

3.5 E@BEREXRE I ZHE0

R I [ 2 50 96 O R Ao A P R o i
BRRE, BERASR DS ERAWAL
B BN YRHE W TR, KK AR T
R HUCH YR B B BSR4  BOR B
BIER AL FUE RS, Wik, FE#AERAT, b
R e, AR AR 8 B T 4 Hh
BARGIEE, fOFEEERRKNNAGET
JK B TEHLAS AIOH)STE N I ARV ), IR FE — &
4 3 T PR 6 % P Bt s i) i K TG U 2L 5 AR iR
R, AR R TRE, WTRERER R
X 43 5% B R 5 P 20 B 2 BRE R
EMNERERY, Aot
3.6 MNERUERSH

A 3 7 AT R R B AR TS Tk,
BE TR R TS A&, AR 35 min,
A IIR272 W, AR 28 kHz . & & PR R
WRE0.7%, FEMLAME TR AR e 5 781K A
MRS, 49 82.1%, 73.5%. SR E AL
5 R E A2 S Y0 AH L, R A e R T 9 A A A T
2, LTS HE R R M EERN S, F
FH Wk B0 0E D7 B LA 24 R 2R 55 ) o A ] 1) R
KR, A8 e ing 8, e i o i Ho
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Techniques of salted jellyfish dealumination by optimized
ultrasonic-assisted methodology

WANG Dihua ',  WANG Zhihe "*, SHI Wenzheng ', QI Ziyuan', ZHANG Hua '?, CHEN Jingwen '
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China;

2. Shanghai Engineering Research Center of Aquatic Product Processing & Preservation,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to study the technological conditions of salted jellyfish dealumination by ultrasonic-assisted
method, residual aluminum content is detected by ICP-MS through experiment with salted jellyfish as raw materi-
al. First, a study is made of the impact of multiple preservative solution concentration, ultrasonic power, ultrasonic
frequency and ultrasonic time on the dealumination effect of salted jellyfish by single factor experiment. And then,
based on analyzing Box-Behnken central composite design and Response Surface, an optimization is made of mul-
tiple preservative solution dealuminating process as well as ultrasonic-assisted dealuminating technology respect-
ively. The experimental results show that the optimizing conditions without ultrasonic assisted treatment go as fol-
lows: raw material-to-water ratio is 1 : 7 (g/mL); soaking time, 4 h ; water changing number, 3 times and the jelly-
fish lowest residual aluminum content (wet base)is 126.4 mg/kg. Thus it can be seen that the soaking time has the
most significant effect upon salted jellyfish dealumination; the factors affecting salted jellyfish dealumination by
ultrasonic assisted treatment are: ultrasonic time > ultrasonic power > ultrasonic frequency > multiple preservative
solution concentration. Among them, the optimum ultrasonic conditions are: ultrasonic frequency is 28 kHz, ultra-
sonic power 272.61 W, concentration(V [acetic acid] : m [calcium propionate]=1 : 2), 0.68% and ultrasonic time
35.06 min. Thus, the jellyfish aluminum residue(wet base) can be reduced to 124.46 mg/kg, and the maximum re-
moval rate of aluminum can be up to 85.3%. Actual dealumination obtained from the validation test is 82.1%.
Compared with the theoretical prediction values, the relative error rate from the experimental results is 3.2%. This
study also indicates that the removal rate of aluminum is stable with hours reduced from 12 to 1.75 and process ef-
ficiency improved by 6.9 times. Therefore, application of ultrasonic technology to jellyfish industry will provide
theoretical references for highly-efficient development of low aluminum salted jellyfish products.

Key words: jellyfish; salted; ultrasonic method; dealumination; response surface method
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