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1.1 ##E5RF

TS 6 S5 A K AT, AR T 5 [ SR W DR 0 FR R
51 ATCC No.13939; 2 111 i | B BEEE HUY) BB ¥y, Bt
WA EAEYHARA BRA W D-TooK A w2 5
AR A BRA A L8R TR (M4l |, B e
AL TARA A B-91% b RbrEd, B4
PR A BRA A,

TGY i fig B5 3% £ (tryptone glucose yeast agar
medium) ; ZE A 1.0 g, B 0. 2 ¢, FERHEH) 0. 6
g, ZEM7K 200 mL, EARREFRIENN 4. 0 ¢ BUIEHY, 121°C |
103 kPa f= il & KB 20 min, £,

IR £ 2% /P ( phosphate buffer saline, PBS) : 54
fhEN 8.0 g, SN 0.2 ¢, BEIR A — 8N 1. 44 ¢, BEIR—
SH0.24 g, ZE18/K 1 000 mL, pH {EIHE 7. 2,121°C |
103 kPa {7 il 5 K KB 20 min, &,

1.2 {XEH5E&

T6 Hr 2 8 4l WA 6 BE T, b 8- 38 AL
P PR TR A ) 5 ZGP-A2270 4> 11 2 0 e /K 1 IR 55
FEAE, TR W A T A BR A W s HZ-9211KB
fEIRIR G i , KO T AERIA LR & A R A A

PEF KR4, PEF % & UM B RH KT
£V ZAE ARG AE U 1~100 LV, % H ik
Fi v R 1~10 s, it KPR £ 2 1~ 100 Hz, P HLR
B d A 1~20 cm), 5 IE R 7 R AL B2 35
1 mL,

1.3 REAHE

1.3.1 B-#A¥ M EAr A& KR H W E S
MAH1.53.04.56.07.5pg-mL" 1 B-TAE b EKbr
HERW  TEAF AN R OB E A 2 10 mL,
£ 448 nm P A E HIR G , 2 HilbniEh 22
1.3.2 @R HFRERA KL E AR
ZRERTE PRI AT TCY BUlg 3R 3E T 30°C K 5%
72 h, AR .

1.3.3 itk A K& LeH KGR 5 A Bk
BRI VE EE A T TCY WK 35 56, 78 30°C 4%
TIRG IR, a5 AU R AL A R RE S5 1 F 4R % 15 9%,

BEP 2 h 7E 600 nm I K A I B 7R R WOGAE , 2
Rk,
1.3.4 BAIBRAEBHIRAKRNEAY FERE
Wk h) TR AT BRI R AIE RN T TGY WA
FREE 1E 30°C A F IR EESR , iR 10,1520 Al
25 h, B ,4 000 remin” B0 3 min, W FEIKTIE, F
FH PBS MRIETE 1 K, AH RIS B0 IS DTTE . T
EHINA 4 mL 4R OB, ENFHAE T IREE 9 h, 7 448
nm AN E IR P ROGAE , 22 il v B 4k
1.3.5 @#pFRiAmEae KHEEIRY 20 h
AOREFE L 4 000 remin™ B0 3 min, WA FH KT
UE, I PBS W UE 1 R AR R S5 B0 IR DTE . PR
PR TR T 60°C LT = 1 T, B M it 4 5 75 Bk o
P,
1.3.6 #REMNEAE FERRYw LA HAT
] 30 s % 100 Hz K55 10 ws , B[ (14 Hy 37 0
(10.15.20.25 30 kV-em™) #E473006 | DA 2 &
MR RBCRIFN PRIR RO , B E R 3 K, AR Y
SR XA N R AR

P R 3758 % 30 kV-em™ B3R 100 Hz k8 10
s , VEPEAN R A A I [] (10 ,15,20,25 .30 ) #EATL
5, LIRS N ZARBOR M R B OR Al E
523 R IS AL BT )X 8 N R AR

PR 8 B 30 kV - em™ AR FRE[E] 30 s AFR
100 Hz, P A6 Bk 96 (3.4.5.6.8 .10 ws) #E473k
5, DI 8 N ZARBORIEM SR B OR Al E
523 W WFFERK TEXT ISR B N BRI R

i IR 3758 30 kV - em™ AR BRI A] 30 s bk G
10 s, PEFEA[A] 4544 (30 45,60 ,80 ,100 Hz) #47iK
5, DI 8 N Z BGPTSR B ROR A E
523K ISR A B N AR
1.3.7 BRI ZLHAMARKRE Wi IECIRGES S,
RN R IREL 3 A K, i g R 3 K, BOEME, i
BT RN 1 Pron, EaESS I, 4 R
X EE UL W sE AR B R R I RS S8,

F1 EXHKERITATR
Table 1 Orthogonal experimental design
AL A . i .
e IREREE B B C KIED
IR Electric field .
. . Processing Frequency Pulse
Level intensity X .
2 time/'s /Hz width/ s
/(kVeem™)
1 10 10 30 3
2 20 20 60 6
3 30 30 100 10
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1.3.8 EAF FERBRALR A K PEF 4B
JEHITE L5 000 remin™ B0 5 min, WHERARTTTE, 7
F PBS R 1 WK, M RS54 B0 AR TR AR DL VE 1)
FRTINA 4 mL R OB, A T R, T FE
3 h 7E 448 nm PR AR E 2 PR BOGAE, BRI
B IIA 4 mL LR B8, Ak skttt , LA
3, K3 KIS A T AR A A B S 3R A
I, BIOR AR BRI N R R,

FIH B-—THEE b R hr e il £33 IR BUA P 28
FAE N R, P AR PR O AR AR A Ui it or
T BT LSRR B, TSI N R U

sem =Y (1

m
AP n RGBT o RIBWP RIS MR
FIMERE , g - mL™" 5 VR B BEARFL, mL; m; A 0GR 58 B
R N
1.4 BiESH
KA Origin 9. 0 #HATGE 53 -l 1A

2 HER55H
2.1 B-#AE MNEIREML

HE T AT, B—HH 3 N 3R A o il 42 0 ek B A
W BIE RN . y=0.226 9x-0. 012 1(R*=0.998 4) ,
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R*=0.998 4
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Fig.1 P-carotene standard curve
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Fig.2 Deinococcus radiodurans growth curve

2.3 EFUEMBENFREEARNERE FRIKEH®
53

L 3 AT, it R ) Ay BR R P 3G B R AR v, B R
WIS MR T 22 5, 971 2 20 h B, RN
FAH S DR R, RS AR ST I R G A
BRI AR D 2R A P SOz s R AR U fR S AL
T (18 A JHLAANE B A BB o T S 3o A R [ g S
K EARHCRBIR B0 b &R, Bt e 2R b
R R AR, R HUR S RE )t ik, i 4 T
AIERTA LR UE W LI AR N 2SI 8 b R A i
o PR EaA B 55 9% 20 h (TR 5 21 3R
AT PEF AbFH

015

RHE PRKE
Carotenoid concentration/(g-mL™")
=]
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ot \/
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Fig.3 Concentration curve of carotenoid in culturing

Deinococcus radiodurans
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Fpgay, Hod e 3758 R 10~25 kVe-em ™ f E T
FHLE |25 kV - om™ B BCR AR XK, £ 30 kVeem™
AFWE A T R, B 3 B LA 25 ~30 kV-em™ HH,
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Fig.4 Effect of electric field strength on the

extraction yield of carotenoid

2.4.2 gt RNRBREGY R HES ATHLTE
10~30 s Z[8] 28880 N R 200 2 FIHEH 30 s
i Bt A Ak BERLSF T ) S K LR T /N | PR Ak
(B R EREAE 30 s 24
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Fig.5 Effect of processing time on the
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$REUE Extraction amount/(lg-g™)

extraction yield of carotenoid

2.4.3 RRFMFEMRBRZ G w HIE 6 AT, MEE
R K AR R N, 28 8 N R IR BB T
R R B, DR G ok b33 T 5l 7 30 Hz 240

2.4.4 FRAFFEHEMSRBEG YR HET A, ME
JikvE BN, SRS N R ARG B0 TR R R
T RaE, Ak TE R 3~6 ws BFEEAE N ZAREUE N
LT AR, 6~8 s BHREEE BT %, 8~ 10 ps A HEHL
TR ETREHE H 6 us F110 s A3 B JEAH ]
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Fig.6 Effect of pulse frequency on the
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Fig.7 Effect of pulse width on the extraction

yield of carotenoid

10 ps HHRBUERSE T 6 s, MUK TEEHR 10 ps HE,
2.5 PEFRENIZMMK

HARGTAS WL 2 O Tt 8 S5 2 BR A 1 B DA P 1
A MR R, R IE SR 1 Ik, o
X R i A B[R] AR K Bk e A 4 PR R AL 3
K BB IESCIAI R Ly (3Y) #4705

H 8 I 2 6 A4 T 2R D AR U i
BN 68.50 pgeg ', WNFE 2 BN, R IEASIR IS N 4
SHRORET, AT SRR PR T 41. 9%, 9 i 1T
PIRECE N 61.28 pg-g'. A AL REUE N 48.27
neeg  JTEHIZTREE R 10~30 kV-cm™  AbFEESE] K 10
~30 s, 53R K 30~ 100 Hz, k580 3~ 10 ws AUTEFEPY,
2 Rk P L 3 A RS 2 B S RS R R R s
HARM T 26.9%.,

BRI BT 45 R o (R 2) e & bR
PRI R IA S BRI R - B 35 5 > B [ > ik 5 > A
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x2 EXHBERRERESHT
Table 2 The orthogonal results and the analysis of variance
o H % Variable %mﬁ
Test number MR A AL PERTE] B B C Jik & D Extraction amount
Electric field intensity/(kV-cm™)  Processing time/s  Frequency/Hz Pulse width/ps /(pgrg™)

1 1 1 1 1 53.28

2 1 2 2 2 50. 22

3 1 3 3 3 60. 96

4 2 1 2 3 62. 65

5 2 2 3 1 61. 81

6 2 3 1 2 68. 50

7 3 1 3 2 60. 12

8 3 2 1 3 67.53

9 3 3 2 1 66. 41
K, 164. 46 176. 05 189. 31 181.5
K, 192. 96 179. 56 179. 28 178. 84
K; 194. 06 195. 87 182. 89 191. 14

k, 54.82 58. 68 63. 10 60. 50 x=61.28

R,>Rz>Rp>R,

k, 64.32 59. 85 59.76 59. 61

ks 64. 69 65.29 60. 96 63.71

R 9. 87 6. 61 3.34 4.10

$REUE: Extraction amount/(ug-g")

WRHE Test number

B8 AEAATENAE MHENE

Fig.8 Extraction rate of carotenoid under

different combinations

R ERMNAKTFAG S B 30 kV-cm™ A FRAT ]
30 s, B 30 Ha, BK9E 10 ps, BEAPF T2 b 2242
WU 75.06 ng g™, 555 FIALM LE, SR 0 0 T
55.5%,

3 g

AT LG R, R PEF $ A 2 B 56 5 23 2R

WK AZEEA S bR w4 SR G | H 0 2 5 )
HARBUSCR 0 e 2R R | X 5 7 185570 Rl PER
PP DA Z B AT 45 AR S

AWtoE S PEF F0R, Bl & T E MR
PR (H PR ECLH AR WA, AT G s R ke 3706
PR TN T RIMLRIA ZFEDE ™ a2 L RS |
AR IS R RO I T A R SR LR,
[ A Ao 3R, 2 8 N RAEMUAR N 5 8 1 a4
H xR E A AR TS N R ekE  HH AT
KT N ESEA RIS E A, PEF
AP R N R AYEREGE A AT AR kL i A B
SR TR 4 LR R 200 AR R 2 AR A L PN S i, B
ZIA S DRI TR WA TR R LT Y
WP B A A R A, S ECKIN S PR 58 E
FArES RS N R i THBGR b e A AT e 2
FL 37 b P S SR IR A R 2 1L, IR i (e R4 B B 1 245
¥, B R T2 N R ARG, BT, MO
A ARSI T FIRA MR,

AHIFFT 2 BR 24 H 37 A0 BEAS [E] S 10 ~ 30 s A, 3R
gt A 3L [ RE K 2 BB S A b R e E AR R ]
KT 30 s B, $EICE Kl R B, 3% mT BBt T RA L
PEF 4B ] 3 117 70 fift BT 8, 4k PEF Ab B H
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ity 48.27 pg- g EE T 55.5%., Hur, HE
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W, 1 RS EN AL TINS5 38 R iE— D4R
58, SRMTZIRBUCR AR AT KB B JE | REAEAE X SR
VBT SR/INEAT i B ) R R FH T 5

ARWFFEUESE R PEF 2 AR 58 B 4 4 i 25 8 2
NRYIH 1T (HA G R TR 200 45, g
I VR LY | P Hs i) S5 R F R BCR 152 e, IR
— R R, R A IR I Tl Ak R 255
HEA

4 it

AWFFE R PEF BoAR | DTt 4 5 25 2K 0 1A P $ R
HtE PR, RHPHZMIESRE, FRL5HmS
B PR e R B . S5 LR W] PEF v H TR
BUE RN S S N2, B 4 Fd g S 800 280
BN RS2 AR KB IMKK R g Ab
BRAF ]k b oE BE ALK o, SRS AL A
LR 30 kVeem™ ARBREFE] 30 s, Bk pi AR 30
Hz, Bk 98 10 s, ARBFIEEE R NIRIT PEF £ 1R
B N R T —2 WIS %, 60 THEsh
PEF £ AR B Tl A H
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Study on the Extraction of Carotenoid From Deinococcus
radiodurans Using High Voltage Pulsed Electric Field

HE Yuchao CHENG Qigi WU Li ZHANG Lili FAN Chengkai YING Nanjiao WANG Ting YANG Yong "
(College of Life Information Science and Instrument Engineering, Hangzhou Dianzi University, Hangzhow, Zhejiang 310018)

Abstract: To investigate the effect of high voltage pulsed electric field (PEF) on the extraction of carotenoid from
deinococcus radiodurans, orthogonal test was applied to obtain the optimal process parameters. Four electric field
parameters ( electric field intensity, treatment time, frequency and pulse width) were optimized in this study, which were
as follows: electric field intensity 30 kV+cm™ , processing time 30 s, frequency 30 Hz, pulse width 10 ps. Under this
operation condition, the extraction yield was to 75. 06 wg-g™", which was 55. 5% higher than the yield of control 48. 27
pg+ g~ (without electric field treatment). This study provide a theoretical guidance for the application of high voltage
pulsed electric field technology on the extraction of carotenoid, which is capable for the large-scale industrial extraction.

Keywords : pulsed electric field, Deinococcus radiodurans, carotenoid, orthogonal test





