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Table 1 Influence of Oenococcus oeni SD-2a age on survival

Growth time Cryosurvival rate/ %
Logarithmic phase 66.6 + 1.1"
Early stationary phase 73.34:0.9°
Late stationary phase 25.0 4: 0. 3°

“"statistically different significance (p <0.05)

2.1.2 AR ER B SD-2a 1% B A7 16 W
SRR 2 P LUR I TE PR Uy b, — 20
Vo VRV S FH S T R T R U A R PR A o 208
TRAFIE 600 3. 3% 5 W26 V3 VR 15 1) A0 B V8 VR A7 31 %
BAR, HoP S8 RIS 2 AT 55.9%
F2 HFEFEXBBRE SD-2a % K TEE KM M
Table 2 Influence of freezing on Oenococcus oeni

SD-2a survival

Freezing method Cryosurvival rate/%
One-step freezing 73.3 £0.9°
Two-step freezing 55.9+1.8"

" statistically different significance (p <0.05)
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Fig.1  Influence of thaw temperature on Oenococcus oeni

SD-2a survival.
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Fig.2 Influence of cell density on Oenococcus oeni SD-2a

survival.
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Table 3 Screening of cryoprotectant

Serial Protective Cryosurvival rate/ Average cryosurvival
number  agent % rate/ %

1 Glycerol 83.8 86.2 80.8 83.6+2.7"
2 Trehalose 62.3 60.0 58.5 60.3+1.9°
3 Lactose 63.1 66.2 57.7 62.3+4.3"
4 Sucrose 77.7 75.4 82.3 78.5+3.5°
5 Glucose 68.5 65.4 61.5 65.1+3.5"
6 Skim milk 83.1 81.5 85.4 83.3+2.0°
7 Yeast extract 72.3 67.7 66.2 68.7 +3.2"
8 Sodium glutamate 76.9 73.8 81.5 77.4 +3.9"
9 Ascorbic acid 29.2 30.0 24.6 27.9 £2.9¢
10 Dimethyl sulfoxide 46.2 49.2 52.3 49.2 +3.1"
11 water 34.6 29.2 33.1 32.3+2.8°

a,b,c,d,e,f

** statistically different significance (p <0.05)

R4 REGEBRERERWAESH

Table 4 Variance analysis of survival rate

Source of variation Square sum Degree of freedom Mean square F Value Significant level
different treatments 11069. 2421 10 1106. 924 112. 061 R

Inline processing 217.3133 22 9.8779

total variation 11286. 5554 32

(2) 10975 BR T8 A B AR TR R A 2 A IR P A 1k
Wit -mFETHESH TR, >R, >R, >R,, it

F6 RIPFAEZTRBEER

Table 6  Result of orthogonal experiment

E)EJ %2 ﬂ[’ﬁj 2@ ‘?@ ISR Tij ?@i /fk ﬁ’ff& iﬂ%{%ﬁ%y\ ‘{/ij? {E‘ % E/‘J ’f% fl:)i' ?ﬂj Test Glycerol Yeast Sucrose Sodium Cryosurvival rate/ %
number extract glutamate
o TR BRI R W B R, H IR L RE AR IR 2, A R BN A 1 1 1 11 94.12 91.76 90.59
AN AR A AR B A,C, D, S5 G ORI 0 R &R = 2 1 2 2 2 90.48  91.57 86.90
N Sy 3 1 3 3 3 78.82 82.83 82.35
- F 52 i 30 (9 77 22 537 T 32 8, A B .C X B
IR TE A2 156 1 J7 22 70 i L3R 8, AL Xof I P ER A ) 1 s 10000 102,03 100, 5
RN = i VA Y YT 27 / N =
T YR R0 AT R A V2 R T 2R T T R 31 T A i 3 T 5 2 2 31 90.29 93.04 92.03
KA, D Ik B] TR EKY, U s A S R 6 2 3 L2 88.64 82.95 94.32
N \ N 7 3 1 3 2 89.61 85.71 84.42
B,A,C,D,, B & \ ) 2. Rl % 2 : 20( g/
1 Vs, DE?ﬁEE’J{%TPJIJIE ﬁ%l&ﬁ/ﬁ%é\ (g 8 3 ’ i 3 92.68 90.24 86.59
S it ] A
L), . 40(V/V) , JERE: 20(g/L) , &= R : 30 9 3 3 2 1 87.38 87.38 85.44
(g/L) .
RT RPFEZTKERESHER
£S5 RPFNEZKBZIT Table 7 Analysis of range of orthogonal experiment
Table 5 Factor level of orthogonal experiment A B C D
A B C D K1 1052. 57 1120. 99 1082. 53 1082. 71
( Sodi K2 1127.74 1085. 1 1111.57 1059. 47
levels i ) . i - ¢( Sodium
evels ¢(Glycerol) /- c(Yeast extract)/ e(Sucrose) /ey K3 1052.6  1026.82  1038.81  1090.73
(v/v) (g/L) (g/L)
(g/L) k1 87.71 93.42 90. 21 90.23
1 20 20 10 10 k2 93.98 90. 42 92.63 88.29
k3 87.72 85.57 86.57 90. 89
2 40 40 20 20
optimization levels A, B, G, D,
3 60 60 30 30 R 6.26 7.85 6. 06 2.6
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Table 8 Analysis of variance of orthogonal experiment

Source of Sum of Degree of Mean F value Significant
variation  squares freedom  square level

A 313.806772 156.9033831. 16495 *%

B 376.463372 188.2316837.38754 s

C 223.576292 111.7881522.20393 ek

D 43.92819 2 21.96409 4.36262 *

error 135. 9344727 5.03461

2.2 BEBEKREITHEREKE

K A A E AT A9 23 R T T BR R O S
*9

OWEE  DUBERER W) . 20(g/L) , Hili: 40(V/V),
FEME: 20(g/L) , 8RN : 30 (g/L) B & WAENIR
PR S B AOR A VR % O 10°CFU/mL, B 4%
B A BV E P PRAT o f VRIS, DO BOHY B R S
W TE 37°C KB VR, W& 9 A, fRAF 24h B,
23 BRIV BR R A A0 A TR R IR B T 99% LA I
Wi 5 A7 I [0 F 388 <, 23 A TG V9 Bk AT 1) 400 J A7 T R
AR K . 6 A S5, SX-1b [ 41 M 77 75 15,
KB 97.5%

BERERRBREREFHERBEETE

Table 9  Survival of the Oenococcus oeni cultures after liquid-nitrogen storage

Cryosurvival rate/ %

Strains

One day One month Two months Four months Six months
hb-la 100.3 £0.6" 99.9 £0.2° 99.4 £5.7" 99.3 +2.4° 99.3 £1.2°
sd-1c 99.6 +0.4° 99.9 +0. 4" 99.5+1.0° 99.2 +0.8" 99.4 +£0.7°
sd-2gh 99.6 +0.9° 98.9 +0.3" 99.0 +£2.0° 99.4 +1.1° 99.2 +1.2°
sa-la 99.7 +0.7° 100.0 +0.2° 98.9 +3.1° 99.5+0.9° 99.0+0.9°
sd-2kj 99.6 +0.5° 98.5+1.3" 99.5+3.0° 99.3+1.6" 99.1+1.4°
sx-la 99.9 £0.5" 99.8 £0.5" 100.0 +4.6° 99.9 +0. 4" 99.8 +1.3°
sd-1g 100.0 £0.9° 100.0 £0.9" 99.2 +£5.2° 99.5+1.4° 99.4 £1.2°
sd-2h 99.7 £0.2" 99.3£0.6" 99.7 £3.5° 99.4 +1.2° 99.2 £2.1°
hb-2b 99.7 £0.3" 100.4 £1.8" 99.6 +1.4° 99.8 +0. 3" 99.8 +0.4°
sd-2d 99.4 +£0.4° 98.7 £1.2" 98.5+3.5" 98.8 £0. 8" 98.9 £1.8"
sd-2a 101.5 £1.3° 99.9 +0.2° 99.7 +0.6" 99.7 +0.9° 99.6 +0.6"
sx-1b 101.1 £1.0" 97.8 £1.6" 97.6 £2.7" 97.5+2.1" 97.5+1.5"
sd-2gf 100.2 0. 8" 99.9 £0.4" 99.5 +2.1° 99.1+1.2° 99.2 +2.3"
hb-1b 100.7 £2.0° 99.9 £0.2° 99.3 £5.9" 99.0 £0.9" 99.4 £0.8"
sd-1b 99.7 £0.9" 100.2 £1.0" 98.7 £2.6" 98.2 +1.8" 99.0 £1.2°
hb-1¢ 100.0 £0.4° 99.7 +£0.5° 98.7 +1.3" 98.5+2.6° 98.7 £2.2°
sd-2ji 100.0 +0. 7" 99.8 £0.2" 100.0 +5.7° 99.6 £0.7" 99.7 £0.4"
sd-1f 100.3 £0.5" 100 +£0.9° 99.0 £1.9° 99.4 +1.4° 99.3 +£0.9°
31-dh 99.9 £0.4" 100.6 +1.8" 99.1+4.6" 98.9 +3.1° 99.2 +£2.8"
sd-2b 100.0 £0.7° 100.2 £1.4" 99.5 +2.4° 99.2 +0.8" 99.3 +1.7°
sd-le 99.9 +0. 3" 99.9 +1.0° 99.2 +1.4" 99.3+0.6" 99.3 +1.2°
sd-2e 100.4 £1.1° 99.9 £0.2" 99.4 +1.8" 99.2 +1.4° 99.1+3.0°
sd-1d 99.9 +0.9° 99.9 +1.3" 99.6 +2.6° 99.7 +0.9° 99.6 +1.7°

* statistically different significance (p <0.05)
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VL JRE T R L R B AR S B T S Y R A R IS
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SRR, R UK T . T R R AR
P, D) 20 A o VA B I TR T R R I R) A A2
5 3G, Ry i 0 I PN A VR T, K 43 R R
AT A 20 ML B 4, ) RS A i PN D AR T 4 L



1268

Liye Du et al. /Acta Microbiologica Sinica(2011)51(9)

#5149 78 A6 FIRRE IS AH A% 5 G SR 78 20 Bl 5 B, s i
T T A U o, Y 8 il T 25 (L PR 4O P )92 15
AP M NI K 4 7R AR S e 3E G v
2 1B Y S O B R T -
PR R LR GAERT AR — B A A3 %
TR ARAE B B A AE 16 R, e AT UL, — 25 ¥ VR ik
(Ve 0 R T 2L F AR R AR . 5% TR R A
LU, i R 7 1k LR T S, R 22 B0 o DA VR R v L
(9 ¥ bR ST BB TR 37°C 22 47 (9 1R K W rh
fif s, L3N PN 45 K 4 S Rl A A b o R YA R B A
U PR T o8 30 8 IR A, 12 e R R L PN K R A B
25 0 o I A B D 2 X 240 B B T R N R A
B 0 PR R ) T DL A A A R A
A5 R L O T X W A I R
SR 1) BF 5T B A, AR BE 9T S B I BR B
10°CFU/mL W 7735 R & o, 26 3 3k v o ot A0 40 A )
FRGRAT o % B i, o B8 i F 40 i AS BE 52
PR YR AR R AR BR T AR A KA
(] V2 VR 7 i A B TR B LA AR AR DR AP R
BRI M R TE R LB R,
20g/L R HEY) ,40V/V H M ,20g/L B4 ,30g/L
B RN E A PRI 500 X T T ER R R R AR R
SR H R A R R G T HE A 40 M R A K A AR
JET 835 T 0 R A 3890, BT 355 4k T K 9 45 o i
RERY R B 0 RERE R TR, BN REHE A 40 L,
OV W v TR A B AT 7 AR T R R I
Vi JBE T A A 4 P 5 T Y S S,
PRI S B BICZ5 ¥4 Vs e A0 VA R 5 ) L AR AP RO 25 L AR
Sy LR B V8 R A AR

R AL B0 T B A T R AT 7 1 X VPG VG K ] a2
T TARAE. 6 DA JE, Forf 21 BE 0  BR &7 19 17 35 %
BT 99% , Y% A1 W B 1 R B 41 LA I AL AE 95% L)
b TP 2 Ve R T M i A A T BR B SD-2a 6
A A TR R A 50% . 1 48 BF 5 IE
B, YRR AV Ui P A7 AT FH T T G R TR A R R R
H 38 75 X O A7 15 A6 5 1% 08 109 BK B S 2 R 2L IR il
ATPase P L) | J TG 45 1 25 A 190 AE AL 45 1 3 % 1
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Storage of Oenococcus oeni in liquid nitrogen
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Abstract ; [ Objective ] To develop cryopreservation for Oenococcus oeni. [ Methods] We investigated the influence of the

age and concentration of the strain in the protective medium, rate of freezing, temperature of thawing and the protective

medium on the number of viable cells after cryopreservation by colony counting. [ Results] We got the highest number of

viable cells after cryopreservation by collecting cells in the early stationary growth phase, keeping their concentration in the

protective medium at 10° CFU/mL, transferring cells into liquid nitrogen directly and thawing in a water bath at 37°C. The

ratio of viable cells was above 99% for 21 of the Oenococcus oeni after storing in liquid nitrogen for 6 months.

[ Conclusion ] We The storage of Oenococcus oeni in liquid nitrogen is convenient for strains preserved in culture

collections.

Keywords: Oenococcus oeni, liquid nitrogen cryopreservation, viable cells after cryopreservation
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