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B ERRR BB R AR

L&y ka4
(o B K2R F AR & R SR BT, & 8 266071)

W OE 1I5ASAAMEARKBE(-196C) THRAXBEREY, BT AFLE
Sheb e &R AT SN RA D RERGE - AN A AFLLA, #TEFR
BEREE, AESRARAGEREEHALKEEARA. @A ORGERHRME, A
4 E NS ENOFHAREER(K=0.253); HBAREAIRK, 15 X, £ KEHP(K=0.
077), Rt R eG4 IAE 5—10 K, A% 0.121 - 0.204, 3 Sk AR &4
AL RMRB L 4% A, RIKBH AR BB R P 0 —FPEAF T ik

X@E MR RR AR AL RAFER

R Ay b BEROFRENR YRS EREEEE TRBFRE. SIYWHRHE.
% Bz Bk BR A DL R R IR 45 4 LA A LA SRR IR AR TR AR, BT IR BT B2 B Ok A
KiER Y, AmmRREBREFRESEER, HENBRERERREREILR. RE
Hwang, S.W. SR8 T 7 JB 0 Fhifok BB 22 15 RE WA R 8IS 5—8 1,
Hansen, O.H. BVRIE T 7% f8 2 Bk 3 A1 8 (3 20/ ER B4 B #E — 25°C L — 30°C, - 70C # -
196C FHIKIFEIFRI%E R, Norman, M, SU B T —83b AME, MAHMRM_FRXE
W(DMSOMER HEPRER A DR | F£HER. BAMNES| XHEAERET DK
B ORRAERSHFENEEBAEFE, R THEHFNEE EHRBRMH BRI B
R SHERPA S EES RS EE S ST LR TAZWLEEES Q#T T/
BRI PUA 2RI A MMM — 20C # - 70C THRFARE, BHE - 70C TREFERE
1ERGR, ERERP. MLE T BEV LFaERMSTRERWERRRRRE . T
LK, SR ESMENBRBEA/FESITHOWE, ERMSRES, FRX T EHTIR
HINE,

1 #E#RTE

1.1 F 3b15 8 HP S 3 M—— /AR E (Merismopedia minina) FERRELL
B E (Synechococcus sp. ) ML EBHER (Spirulina subsalsa ) ; L WE 1 f—R A KR

WK AR 1996 -07-01.
‘Rl EESHPAE RS . WME5-51- 0601 - 03) WEBAF N EE.
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B (Porphyridium purpureum ) ; B | f—— P ¥ T WE (Rhodomonas baltica) ; I
K1 F—R P E (Proroentrum sp. ) EER 2 H—RELZWL ¥ 3011 § X
(Isochrysis galbana strain 3011) FIGEHE L R ¥ ( Paviova gyrans) s BERYE 3 —= 4]
16 8 (Phaeodactylum tricornutum) « 2 K AR ¥ (Chaetoceros muelleri) M B % %
(Skeletonema costatum) ; S B % 4 F——W B PR B (Chlorella nana) - £ Bt K%
(Dunaliella satina) R K% (Dunaliella viridis) TR &A% (Tetraselmis chui) o
R KRE S R R R MR, BRI TR R .

1.2 AFFRPFGEERE SHBEEEPN—HMN S8 E X FR(DM
~ SO)MAEB J R A — MM, WHH 10% . DUKICDY K #:54), AbFEFH
FER BRI #E4 0C (2h) 43,

L3 RERPASSNEIR BRI G MBS RY AN, ERHIEHE DL
B P BB 0 A B, BT L R H AT DMSO, (B0 TR & — e B B B R4, 11k
AT R, HEURKN R ENH, WIHEERF:0T (1h), - 20T (1h)—~— 196 (24h).

1.4 RFBEAERE LI DMSO MBS, YRIEN 10%, M RRE N RALE
FRIM, RURH: MR BRI (4C £ 4, 24h) 0T (1h)— — 196°C (24h) ; B 4 MM
(4C £4,24h)—~0TC (1h)— — 20T (0. 5h)— — 30°C (0. 5h)— — 70 — 80°C (0. 5h)—=—-196TC
(24h),

15 15 PR RAIREE 3% A DMSO fERI M, 3N 10% ., FBEBRE, 35C -
3TC KB UMW, BOMR 2 KEERER.

2 ERGiie

2.1 AERPHGBHEREG :
Enwe FRPARR RAR T EAEF, T —BRPFALE BT RN E
KA —Erm(E 1.

%1 FHSERFHATEASRERBOERE
Table 1 Effect of each kinds of eryoprotective agent on the growth of Tetraselmis chus

20 6 RMEXEBNEE HEREK) HEERKE
REH Initial Growth yields (6days) X+sD Growth Relative survi-

Cryoprotector

inocula { % 10%cells/ml} rate val rate( %)
DMS0 1.1 &8 § 7 6 8 9 6 5 7 8 6.91+1.370 0.442 72.63
W EW Glucose 1.1 g8 6 7 5 9 9 8§ 5 7 B8 T.241.476 0.452 75.79
H il Glycerol 1.1 7 6 & 8 & 10 9 8 6 8 T.811.229 0.471 S B2
MM Sucrose 1.1 5 8 7 8 9 B 7 a 9 6 7.3L£1.337 0.455 76.84
¥ Honey 1.1 9 8 9 5 6 7 6 8 & 8§ 7.2+1.398 0.452 75.79
:E}:%[;{;O 1.1 2 7 8 16 8 6 7 88 1 9 7.9£1.197 0.474 83.16
8% Sucrose

% #8 Control 1.1 11 10 7 12 8 13 10 7 8 ¢ 9.5+2. 068 0.518 100.00

WE 1 &, BFHRPANY A RN BERERE —EE£R, BFRAPB. % DMSO K
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AR, DUIP AR — S i, TEIEFRE 10 XS, G AR E S 3 A FEER
M, R RHARKERS, AREARHT LB, RHRARIT TR RRRE,
RURIE AR R B R OB ET .
2.2 RHERPFNHENRAR

B HER A RIS, MR FENEHEARMN(ER2) . WR2 B, HiHl.DMSO
FIRERE% 3 AR IAE R AR 10%, FARRME—R(S%)BOR L AR MR (15%) X
RSB MR M. ERPA ML E R ERE —EREn, HERARY .
¥ DMSO FIRERERE A, BURBUT L, AR PV A B A R R BAE, #4976 0.100 RIF, 53
WHBERRERERE, RERPABORER E, T EMERY. XE5EANER.C
Ve, MENBELSZIARE, SARANERRRSHER, TR ILEFHENERER,

®2 AARPHARFNREEFRFERHER
Table 2 Effect of the amount of cryoprotective agent on the growth of Tetraselmins chui

. X TS
Bep g EME LS WIS ANERKE ERA(K) Relac
_ Jarive
Additive Tnitial inocula Lag phase Growth yields (15days} X+58D Growth rate 8
Cryoptrotecior survival rate
amount (x10* cells/ml) {(days) { 210 cells/ ml) (%)
o 5% 18.2 6 35 33 28 31 32 31.8£2.588  0.054  337.50
10% 18.2 5 41 46 43 47 40 43.4 £3.050 (. D84 525.00
Glycernl
15% 18.2 T 29 30 31 26 28 28.811.924 0.044 275.00
5% 15.2 6 34 28 35 33 3% 33.2+3.114 0.058 362.50
DMSOD 10% 18.2 5 46 38 42 43 45 42.8+3.115 0.082 512.50
15% 18.2 8 an 25 24 26 29 26.8+2.588 0.038 23750
o 5% 18.2 5 38 34 40 39 33 35.813.114 0.068 425.00
S\ 10% 18.2 5 49 42 45 46 41 44.6+3.209 0.086 537.50
Herese 15% 18.2 6 36 39 34 35 33 35.422.302  0.064  400.00
DMSO 10%
18.2 3 49 41 45 46 47 45 .61 2.966 0. 088 550.00
+ 8%
Sucrose
b
0 18.2 12 18 20 22 23 24 21.41+2.408 0.016 100. 00
Control

2.3 AFEEARE _

RS2, ¥ TR B T X 08 B 0 A7 1 R IR oA, (B R R O B R R AR R AR R Y
(F3). BHBRE, S RHEOECRE LRFHERI.
2.4 15 WRGREORIPIALE

BRA TR EA AR 15 B R R0, #17 TR A MIRE, SREH,
B T BT BRI B R AR HAN LG R RS AN CRIRE R ED), Hifth 13 Fro
Mg — BN RN EAE S, ST ERERER(R 4. RHBRERRRHATLUES
BB RAR B IR R
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R3 RIEXNEIEES HEA RS R W
Table 3 Effect of the speed of temperature drop on the survival of the microalgae

15 AR A3 RS
¥ BHR . ) )
G RirF o Growth yields (15days) K HE(K) Relative
Speed of Initial inocula Xx85
Microslgae Cryoprotector (x10%cells/ml} ) Crowth rate  survival
temp. drop { % 10* cells/ml}
_ rate( %)
DMSO # Fast 18.2 36 35 39 30 34 34.8+3.271 0.062  27.19
g 3 DMSO ¥ Slow 16.8 T4 62 M 67 70 68.6+4.450 ©.135 59.21
T.chui  ZEBE Sucrose £ Fast 17.6 40 34 36 38 39 37.4+2.408 0.072 31,58
W Sucrose B Flow 17.2 49 41 45 47 46 45.6+£2.966 0.094 41.23
o] 4
R 8.4 98 84 92 91 87 90.4+5.320 0.229 100.00
Comtrol No adding No {reezing
DMSO $ Fast 20.2 32 25 27 29 29 28.4%2.608 D.033 12.83
picf ik 3 DMSO 1% Slow 22.6 250 226 235 240 232236.6%£9.044 0.256 96. 60
C. mueller; TEME Sucrose 4 Fast 19.4 25 20 23 22 24 22.8%£1.924 0.016 6.04
B Sucrose & Slow 19.8 180 175 170 174 184 176.6+5.459 0.210 79.25
pag] o AR

: 15.6 258 232 247 245 250 246.4+9.450 0.265 100.00
Control No adding No freezing

F4 15 HBFERNNEBERTRENRBER
Table 4 The recovery and growth rates of 15 microalgae kept in ultralow temperature

B FERS M1 KHEKR

wk Initial inocula Lag phase Growth yields{15days) X+ 8D EHMK)
Microalgae - Growth rate
(x10%cells/ral)  {days) { x10%cells/ ml)

B¥EIT Guaophya

NEXE  Merivnapedia minina 20.2 4 305 255 286 268 289 280.6+19.424 0.253

kM Synechooocous sp. 18.4 10 126 98 104 88 116 106.4114.926 0.169

W Spiruling swvsals 16.2 10 58 39 48 46 30 48.2:66.870 0.105
LXKl Rhodophita

HKERE  Porphyridium purpurewm 1.96 5 168 145 121 15% 142 145.4+16.950 0.193
BX Cropophyea

LIME  Rhodomonas baitica 8.4 B - - -
BT  Dinophya -

¥, Porocentrum sp. 18.6 8 148 125 108 128 122 126.2+ 14,394 0.184
X7 Chsophwa _

WK  Lodinsis galvana 20.4 12 112 8% B89 94 109 98.4+11.327 0.151

EX¥ Pavlova gywans 16.8 8 132 124 128 102 127 122.6* 11,866 0.151
W81 Bacillariophyta

WIGXE  Phaeodactytum tricornunom 18.2 7 148 135 138 120 131 134.4£10.213 0.192

RAMFE  Choeroceros mueller 20.6 8 132 113 118 109 136 121.6%11.845 0.17L

BH%W  Skeletonema costatum 14.8 b - - - = = - -
BT Chlorophyte

AR Chiorelia nana 24.6 5 230 201 192 195 205 204.6+15.076 0.204

HBEERE Dunaliella salina 12.8 15 32 30 24 26 31 28.6+3.345 0.677

FRrE® D wridis 18.8 10 126 116 98 94 97 106.2+14.043 0.167

MR Tetraselmis chui 12.2 6 49 38 42 45 40 42.8%4.324 0.121

PO AR EE AR A7 DRS00 57 B0, FEFEBHERRZ . BEFERRHRA, EHH
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STUDIES ON ULTRALOW TEMPERATURE
MAINTENANCE SPECIES TECHNIQUE
OF MICROALGAE FOR MARICULTURE

Ma Zhizhen Zhang Jihong
{Yellow Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences, Qingdae 266071)

ABSTRACT 15 species of microalgae were stored at ultralow temperature ( — 196%C ). The
results showed that except for Rhodomonas baltica and Skeletonemea costatum, the other 13
species could recover and grow as usuall. But every species of the algae had different lag phase
and growth rate. The lag phase of Merismopedia minica was shortest (4 days) and its average
growth rate of 15 days was largest (k = 0.253). The lag phase of Dunaliena sanina was
longest (15 days) and its average growth rate of 15 days was least (k=0.077). The lag phases
of the others were among 5 — 10 days and theirs growth rates were among 0.121 — 0. 204.
Most of microalgae could live for a long time keeping in the condition of ultralow temperature,
therefor, ultralow temperature technique was a better method of maintenance microalgae
species.

KEY WORDS  Microalgae, Liquid nitrogen, Cryoprotective agent, Maintenance species

technique
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