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Optimization of Desalting and Vacuum Frying of Salicornia bigelovii Torr

RUAN Hong-wei', ZHANG Min*', ZHOQOU Xiang’, CAI Jin-long?
(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China; Jiangsu Jinglong Marine
Industry Development Co. Ltd, Dafeng 224145, China)

Abstract: In this manuscript, the desalting and vacuum frying technological conditions, such as
blanching time, freezing time, water stuff ratio, vacuum infiltration time, frying temperature,
vacuum degree and frying time of Salicornia bigelovii Torr were optimized by orthogonal
experiment and remove oil experiment. The optimum conditions of enzymatic hydrolysis were
summarized and listed as follows: blanching 6 min at 90 'C, then freezing 24 h, water stuff ratio
15 ¢ 1 add water and vacuum infiltration, desalting time was 6h, after per-drying, the stuff was
send to vacuum frying at 100 C,0. 095 MPa condition, frying time was 10 min, rotate speed was
450 r/min, remove oil 8§ min with 450 r/min.

Key words: salicornia bigelovii Torr,desalting,vacuum frying, technological condition

W EBREE T, B THEH (Chenopodiace-  bigelovii Torr, ) & MM, P EBHE . BRI
ae) £ i ¥ J& (Salicornia) , H BX W 1§ % % (Sailcor- HTFEEIT . RAEERYE A,
nia Europaea L.) #l 3 ¥ [K ¥ 2 % (Salicornia BREBHERFXENEEE, GR2TERBKE

W 7 B 39 :2008-02-15
EETE LA B SR L% T 231 B (BA2006058) .
* WIRIEE: KKA1962), B ML EMA, TEHABR . B LA, EEAER"HZLEN IR . Email: Min@jiang-

nan. edu. cn



%3 M

REGF - HFFREPATRELL M 333

BE BRI ANMRE TURABKERER,
FERE AR R X B 25| D 3F KRR
B, BEEESRER A CHNERURT YR
TRWBK.BVHEE RAEMRRHRER.
B B RARAA R R AW, TR
B A 0 0 T L 5 R A A S A B T b AR
W EAH W B, BEBCR LR,

BEANEFRAZTH.MERAEAERY
R R, XA BN Z B R, B
fEA P RES & B X5 7 64T I 0 A48 G L P
9, F I . S AR i A T B R — XUR %
AMIEA, T EMATRERM LK EHER
A7l 8 7 SRR AT 25 T AR T LA R A Y A
MEKE, RETHEMHREARRKMEFRRS.
BEENESHERR MRS EEEANER B
EEZMENFERATRE. EERARENAS
BEEANHERLE . RE L HRBT BB E—
WK UBRBEREH S BB mE
ZEMAE B T B, AT A TR RS AR T
WAk B R AR AR SR AL BRI O,
sk A, B— L RIVIKIRREBRA.

1 ##H5F*%

L1 RBHE5EE

TRFERNESERALHFREM BTFHHFER
WS ERFHAES EREENLREN. B
REEEH B8, TR RER G S, R
Mo, EEE, FB, EREINER, T 15Kk fkE
%.
HEEMERE OB ERLREARAA®
S TR EB R E T B R SZC-B RSB
P AL - ¥ A R A 58 R B 72 s WSC-S
X SRR ERA AT,
1.2 REHE
1.2.1 1% REFER--BER-BRH—-TH
>RG-ESmE- RN Ak EE-R
&
1.2.2 ##4£5

1) PertiEvE EF XA R EREBAEAR
RS, FHA SRS,

2) ER BERENESBERARKR. RE
Fregioed, BRI R ARB KL H

3) Bk WERGHESHETF 20 CHIKIE
HAGEERMAERMNE.AERHEALSS
o, B S T 40 100 A KOR) b GO B 7 K B R IR

MHGRBEZHE)AMABK FRESEFHRE
T BLhBPK—-R EESERHAATHEEHTHESE
BEBRE.

4) Bt BHTRENES FETLRRMAER
EMEFHEFRE— T, RERLEBHEF,
BETFEREKS.

5 FH BB EMES FLRE TRATR
B TR, THRERE 90 C,iE 30 min,

6) EEME HAEESMENMESPEHA
WAEFAKE M 3 L, JF 8 B ML Ak E , ik
EFRERBE . REEYEMAMERES, BAX
BimAFRBGE S 150 ¢, XAMEZNET . AE
FRESFEFHAES YASHERBRENATESE
BB, BT MR, #THAE, A EARRIS
#zh, RA DB K /NS I8 B e, 53X B A A B

7) B ESMESGEE, R A i,
REFEBRMEI, AERHEE EEZ&ZHT
it 36 » 3 1R B 3 B, R ot 45 SRS R PR A i B AL A
SR ITFASRBUEEZR =M,

8) Yo HIE R . BUL MRS KBS B, I A KRB
B 2~4%, k¥ 0. 2~0. 4%, BB 5~6%.

9 BE .- RARABANEZARARAGLEK, &
S4ifFH 99.99%,

1.2.3 BRRBEGAZ 01k 7E B ER AU HE S
BPEEBRERHRENRR FEHTERKE
AbEE, Fop A PODM) B 17 78 16 HEAF T K BB R 52
MR, HEE R KRR M POD FHHEK
¥R M HEHA 85,90.100 CHIKHHE, R
JEERO0.5 min IR 3~5 mm EMEH AR
PIABRB ARSI R 1.5 WANABERBS
BB 3%HM H.O. ERESRR. EBEFA
ABREHOTL UL EAYBE 2R 2K
w.

1.2.4 BEIZHHALT BEANSEIEEN
ANER HEMEGILBETE 200, FEER
M. BHSAHTIRELE. ATFEEFERTHRE
MY P ESER EEPFEFETHARMBER
R AR EEEKERRERRABE KRR
SHRETHEFERERB LN TR BERIE
AHEN KK, ARE BEEFERMGEREL™
H.

RSB RRLTREN. B FMREMRZE
et e % VR [E], B2 38 1B I Eh B ) 5 7KK EE
SR, N 4 3006 1k P B R A 1), ¥ R ], B



334 %&5&%&*%&#&

%28 %
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1 BRBL(V)EXXRERAER
Tab.1 The scheme of desalting L, (4°) orthogonal experi-

ment

B X
x¥ BR B U KH HEBE
&6t /min B[E/h 24 B /h
A B c D
1 5. 6 5 5
2 6 12 10 6
3 7 24 15 7
4 8 30 20 8

Ve sk 2% g g 7 4 i i ER R, R it R T BB AN
BOHEREMK, EHEX KRG RO T HRMH
FEFBHATIMFLY, B8 0 84F b 0 B 4
iR, HERE2.

%2 FHRBAHFRSBRHMEY
Tab.2 Weighted mean of salt content and chlorophyll con-

tent

"a BEhEa/% HGRRTE b/ (mg/g)
0—2 15=2a>13 b<1.6
2—4 13Za>11 L 6<h<1. 7
4—6 11zaz>9 1.7<p<1. 8
6—8 9=az>7 1 8<b<1. 9
8—10 7=a25 L 9<6<02,0

10 a5 6>2.0

1.2.5 AZHNIi¥isnt BAESHREES
BHESITEEAGENKE, BUASE, HAER
BE AR RN R R L GO EXERFHFTIE
REE, B ESHELE&E,

1.2.6 AEwMEBiEsig RABHHEMH
BoEKE MEMEHRERFENREIEE 4
AFEREEPHRETFERALY N, 6 8
PGB 4 ORI R TEMRERE 3.

£3 AZTHEXRESER
Tab.3 Marking criterion of vacuum frying text

B AWME/N EKE/MN HBRERFER/Y% BE
5—10 >30 >8 <80 FERNE B RIS A R0k, FREIR , K
10—15 25—30 5—7 80—85 BBRIE , 52 000 KE AR W OR , R B IR, B A
15—20 20—25 <3 85—90 BRI A MEER, TR, GFAZ, K
20—25 <20 3—5 >90 BRBE  MAEFORWK, KR OR B RZ, Rl
1.27T BariHR ZIWMTHRAENFE ERBHEEAHFERKEKR, FEK, 100 C

H8 8 £ 2L %5 i 4 4k 44 (0. 095 MPa, 100 'C i 4 12
min) HXEJG B B AT L R, BHE RN
30 em, A 150.300,450,600 r/min %5 3 45> B B
M 2.4.6.8.10 min, il E B LS MK,

1.2.8 SE#FHAZFE KOWE BEEMRS
FEl #EZCHlle XA 2,6- —ERBBE
HUOT B ER AN NaCl F B A
£ GB/T12457-90 &M B A SR E
% 8B GB9. 6-8517,

2 #RE5E45H

2.1 BERBENWE

gy & 18] %0, 7 80 ‘CF & 9. 5 minPOD A 52
4251 ,90CHER 2.5 minPOD % 1%,100 C i} &
% 2 minPOD %75, 80 C&M4THERFTE,

90 CTFAREREIHEAK,

B [8l/min

o
90 100
" E/C

1 BT WAL YR K TR B 1 A R
Fig. 1 Effect of different temperature on peroxidase in-

activation time
2BARTEARRRRESEBEFHHZ
EEBWEm KPP HEESBUTRITE, 7
UEHERRZAW B THEEARSAE A



#3M

RESF EFFREPATHELL AR 335

MY AT2RE ALUEN TENERSEL
BAK,7E 0~4 min WREE FE R o R M EK 855 F
WTFRENEESBAH AR, HE 9 CH 100
CHEUETHERMNHFESENERILF -, X
AR —B A EERTEENEMERERRE
MWELRETEMHEZENETENEZD, E4minZ
B TFESFASABENBHAERAGETRE
HFEAK TR .8 mn ZEBEENHEETHE
mAE. H9O CRHBETHHEEMZESENK
100 CRATHREASBER WAX—MEREE
EERAREMNMHEZENEIRET EEEH. HT

RIFEBHEBEANMNGE, B 0 CHAIERERE.
3.0

MRS B/(mg/g)

B R)/min

2 FEARRBEMEFEHERIBAIER
Fig. 2  Effect of different blanching temperature on

chlorophyli content
2.2 BMETZM®E
BEAHEALBHER BB LHEXR
BITEXER. RELREWERHTREEHERM

£ X
% S g &

Fth 4
B E 58/ B4
g A B C D 571 /% (me/g)

12 3 4 2 1 3 11,2 1.88 11.4
13 4 1 4 2 3 6.12 1. 64 11.68
14 4 2 3 1 4 8.5 1.74 1.3
15 4 3 2 4 1 3.43 1.81 16.2

16 4 4 1 3 2 7.6 1. 66 10. 6

ROFANBRBERELRER. ARPALL
Bl REAMERSRERN KD, B EHHE R
BEEREBRREMH ERXFZRKKHN D.AC,
B, B Ez B BN 6], B R A (], KRk LG, % VR JE]
B HAZTIIE ReE. TH4MHER REHK
FTRe i, RAUXEEXMBHEHNRENBRE R
LW,

F5 BRBETTRERSH
Tab.5 The results of the Vacuum Frying test

) B %
boxid A B c D E
K, 53,7 52.36 53.2  45.5  55.9

K 62.93 53.8 53.8 60.08 50.95
Ks 53.45 62.4 58.85 57.03 55.88
K, 49.78 51.3  48.48 57.26 57.13

b 13.43  13.09 13.30 11.38 13,98
TERARAR ARKREL WHATZRGE kr 15.73. 13.45 13.45 15,02 12.74
ALBHRARY., TRERIE 4, ’ ' ‘ ‘ '
$4 BHESRBER ks 13.36  15.60 14.71 14.26 13.97
Tab.4 The results of the desalting test ky 12,45 12.83 12.12 14.31 14.28
% B R sy HRE R 13.15 10.04 10.37 14.58 6.18
g A B C D (?;;'J) /% (igi}g/) Lgd BREFR A, B, C, D,
b1 sz 102 B 3 BRI W B R AR P #0447
2 1 2z 2 2z 2 105 204 M5 HE 3T EF W, p#E E R E L R R KO8
3 1 3 3 3 3 64 192 17 HEEZBBERBINER. A BEREERREARHE
4 1 4 4 4 4 5.6  1.63 12 THXRANEESENMEEKRFHRBR, KL

9 3 1 3 .4 2 4.75 1.65 13. 25

1 3 3 1 2 4 8.8 2,02 16. 6

BEEFREG, A KRN RAKRBEZ0HBTHE M,
BrLA S BORRE A EMmMEEAD. REBELRER,
BBt TZ R A,B:C:D,. BIEE 6 min, AT
24 h, RIGLAKEIHE 15 1 EEBHEME 6 he
BRI W R T2 s E#THE, R
FREEEFNERENHGRSR. RENERE
FESHEAHZESE, REABRUERBNEAT
HEEHLES 8%, HEE TR 2.04 mg/e.
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Fig.3 The direct analysis figure of factors and index

2.3 KEHEIZHWE

HRBEMMTREHESE R 1.2.2 8
FEHTESMEERLE . BERKFEEE 90,
100,110 °C, it o) /K ¥ 3% £ 8.10,12 min, E 23
BK 3 0. 08.,0.085.,0. 09 MPa, il 4k & HE X}
PR A IER LR R NE 6.

HE 6 AR WA AR RES
B, LU 2 W XE B6F (8] , 3 B8 X 77 5 o B A R e I
B RGBT A EZWAEREH 100 C,H
Z K H 0.09 MPa, i XE B 5] & 10 min, {HE K HE
RCHBoREBE FUMUSE—-SREESE
BE C, K 0.095 MPa, ## A, B,C; fl A B;C, ¥
IE, 45 154y 5 5 88 #0192, B M B 4 B 25 Wik
TZAEE 100 C,HZ EH 0.095 MPa, il £ 10
min,

%6 HTHETITEHEZRRE

Tab,6 The scheme of vacoum frying technologic conditions

orthogonal experiment

LK A . B ‘ N C B
5 HEE/C B8] /min K% E/MPa
1 1(90) 1(8) 1(0.08) 75
2 1 2 2 79
3 1 3 3 85
4 2(100) 1 2(0. 085) 82
5 2 2(10) 3 88
6 2 3 1 78
7 3(110) 1 3(0.09) 80
8 3 2 1 81
9 3 3(12) 2 76
K, 239 237 234

K, 246 248 237

K, 237 239 253
R 9 11 19

2.4 HHEBRATIEHHRE

EZHHNEFRFERRTRNMEE, 2B
WEEAKE, B LOFEHE . BRHMNELER
AR HENERETRRE. TRER
HHE 4,

—— 150 r/min
—8-300 r/min
—4—450 r/min
—B-600 r/min

W
= 30
4 25
20
15
2 4 6 8 10
B fl/min

B4 BEoREanmEayEhZagm
Fig.4 The effect of centrifugation speed and time on oil

content

HEAATLUEY EAANBELEET, HE
B it B ) R RS, PR R R T B B TR HEEE
Ji 7o 1] O RE G, = SR R L B TR, W
7R B S RN G R, R A R 8 min 5, AR
BLEETHEAERRREERE . MEAME
WEHELAKR, BOFEERR, ™= 5K 5 HED
A AHRE 150 r/min, 300 r/min &% 5% &K
WBCRA R R, 7= 5 R 88 ik BIEAK 8 & K
-, 7 600 r/min M ERRRMBARBE H=R
WREROER. B, SE5BRERHLEE
450 r/min, i /M & [A] 8 min,

3 £ &

D ESHiERAFNRERRNRETZN
90 CE# 6 min, HX % 24 h AR5 RKBIE 15+ 1
HEBEBE 6 h,

) E=mEw e ERRERS METZ AN
S FER BE 100 C, HZ B 0. 095 MPa, ih £ B 8]
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4 10 min, B 15l B, AR AR i 2% 44 8 450 1/ min, i 8 min,
DHESHMIERUERN 30 cm KR EHITHE

% & 3L ik (References) :

(1] B Edward. 28k EBNFEYI]. tR R, 2001,(2):14—17.
LV Zhongjin, Edward, Totally seawater irrigated crops[]]. Aworld Agriculture,2001,(2);14—17. (in Chinese)
[2]1p C,Chin S F,Scimeca ] A,et al. Mammary cancer prevention by conjugated derivates of linoliec acids[]]. Cancer Res,
1991,51(11).618—622.
(3] Ek4kB. WEFRARLESTROWEI] . A% KL TH. 2001,(3):23—25.
Ou Jichang. Sailcornia seawater agriculture ecoengineering’s establishing[J]. Tropic Agricultural Engineering,2001(3) ;23
—25. (in Chinese)
4] dHs, k&, % AHES® NER BEESENTRD]. RAEWSHEAR%EM,.2005,(11) :49—52Fan Liuping, Zhang
Ming. Study on the quality of vacuum-fried carrot chips[]]. Journal of Food Science and Biotechnology,2005,(11) :49—52,
(in Chinese)
[5] M, k& FRALATZMAZHEEEMRAERI] ALY SHEAR%EMR,2005,(3):30—33.
Fan Liuping, Zhang Ming. Study on the combined vacuum frying dehydration of green Soy Bean[J]. Journal of Food Sci-
ence and Biotechnelogy,2005,(3) :30—33. (in Chinese)
(6] AME BREE ARTZAMHNEZHIHEESEOE W] R&F2E,2003(6):9396.
Zhou Xiaoli, Yang Xiaobo. The affection of different processing and condition to the content in spinacia juice[]]. Food Sci-
ence,2003(6) :93—96. (in Chinese)
(7] E3. &R 8#M]. Jb5 .8 T $ R4, 1990.
[ 8 ] Breckle. How do halophytes overcome salinity In; KhanMA[]J]. Biology of Salt Tolerance Plants IAU ngar, 1995,23:199
—203.
[9] kEBNNK. LGS HSHERBREERRENERAR LB &AL, 2007(5) :104—106.
Zhang Meixia,Liu Xinkuan, Study on the planting condition and the nutritious component of Samphire after its introduc-
tion into yancheng[]]. Food Science and Technology,2007(5) :104—106. (in Chinese)
[10] #Hfs. ARHRE 54 (M]. JbR . FEBTITHKHE,1989.
(1] F%%. RmEHERSHIM] . ER . FEBRTHIEH,1999.
(FFEHE HH)



