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Preparation and optimization of lyophilized powder of
Aspergillus nidulans

CHANG Xiaotong, LI Suyan’, SUN Xiangyang, HAO Dan, LI Yalin
Key Laboratory for Silviculture and Conservation of Ministry of Education, College of Forestry, Beijing Forestry

University, Beijing 100083, China

Abstract: [Background] At present, the bacterial agents used to degrade lignin in landscaping waste are
mostly liquid or solid bacterial agents, and there is few research on powdered bacterial agents. [Objective]
To develop the lyophilized powder with high activity and high lyophilized survival rate and optimize the
process, thus solving the existing problems in transportation, storage, and application of the liquid or solid
bacterial agents. [Methods] Aspergillus nidulans, a lignin-degrading strain, was taken as the research
object, and the lyophilized powder was prepared by vacuum lyophilization. The lyophilized survival rate
of the strain was used as the evaluation index. The types and concentration gradients of protective agents
suitable for the lyophilizing process of the strain were screened out through the single factor test, and the
compound formula of protective agents of lyophilized bacterial powder was optimized through the
orthogonal test. The rehydration and storage conditions of lyophilized powder were further explored after
obtaining the formula. [Results] The influencing order of the four protective agents with a superior
protective effect on the lyophilized survival rate after compounding was sucrose>glucose>skimmed milk
powder>a-lactose. The optimum formula for protective agents was 15% sucrose, 1% glucose, 10%
a-lactose, and 1% skimmed milk powder. The optimum rehydration condition was 30 min rehydration with
normal saline as the solvent. The lyophilized survival rate of the strain of lyophilized powder prepared and
applied under the above conditions reached 83.33% with 1.2x10'° CFU/g effective live bacteria. There was
no significant decrease of the activity of lyophilized powder storing at the optimum temperature (—20 °C) for
28 days. [Conclusion] The preparation and storage conditions of the lyophilized powder of A. nidulans
obtained in this study have low strain loss rate and can be stored for a long term time, which plays a positive

role in promoting the application of lignin-degrading bacteria in practical production.

Keywords: lignin-degrading bacteria; Aspergillus nidulans; lyophilized powder; lyophilized survival rate
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1.1 #8
1.1.1 =E#h

o) 85 g B85 (Aspergillus nidulans), ALK

b KA A R A W) 2 S % 43 B DR
1.1.2 FFHFE

FERl A TR AR AL . AR A A B IR 5 R
FE(PDA BRI AR MR AT Y7 B R
(PDB 1572 ),

AR R BERE SR B (g/L): TEM 5.00, &
FII% 5.00, BEEERY 1.00, E8FF 20.00, Tk&
WRERSR 0.98, S4LEN 1.64, pH ARSI
HIASE g1 ).

DL EREFRIEI T 1x10° Pa & EZE K KR
K 30 min,

1.1.3  EZERFIANEE

TEWE . WS, o-FLBE, VUERRLFIR AT IR
Nals RAEFLKES, BD Difco AHl, Ea5B T
PR, DURRE BB ERH RR AL ) A R A F]

FACEH TR A BEER K, HAa YT
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IR TR AL IE IR (0.22 pm)ad IERR A,
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1.2 75k
1.2.1 HERHER

E NG AL PRV O T RN R A B SR
JE b A B il A A0 £ 2 Fh 2= PDA AR, T 28 °C
TERAE PR % 48 h, Mg FEE S 3 K.

il £ R . PREUDBOE AR5 i Sl pk i 2
100 mL PDB #ifAkR; 5 5rh, 7£ IS-RDD3 &,
HIRIRZ AL 28 °C., 200 r/min cFHi 33
48 h, HIRF . P FFIREEA 100 mL &
PCIBAR R e g e, 3t 4% (R340,
TR AR5 R R 5% 96 h, il 15 1R ¥R o

B2 B T mL H AR T,
1E 4 °C ZM4°F, 5000 r/min &.0> 8 min, F-$d
TV VS i AR B AR K b 7T O AR
A 3 WA LI, LK ERETET
AR, SRR 2 SRS . AR
6 Hh B R TR B Y KT 1.0x10° CFU/mL.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR AR K L T R B A AL

4677

TR R T RPN
Vo TENE . B . o-FLBE . WS LA
2. L-FHamR . LASEmR . -5, Hig
B, FRMINS . FPBEIREN . TVEYETER . IR FLA
13 B[R 28 5] 4 0 Jo FH i o - O 541
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Table 1  Factor level of orthogonal test for
lyophilized protective agents

JKF  [HZE Factors

Levels i} WA o-FLWE BRI
Sucrose Glucose a-lactose Skimmed milk
(%) (%) (%) powder (%)
10 1 5 1
15 5 10 5

3 20 10 15 10

FRTEHE KBTI REKTERHE
SRR PR . JC R K R AR R
K, SKEHE R 0, 30 F1 60 min. K% T H
SR FVIRE 2R THRIAR, KRk
SRS A, FTERFAHMEK 0. 30 F
60 min. >R I B TR AT AR I B T TR RO R
TAEIE R, 1 T AR KV 7 S K B Ia]
1.2.6 FTEMEEREM

P fe P 25 A T AR B TR R 40 B BT E IR
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D W WA TR VR TG 2, 0 28 d. BFSR
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1.2.7 9WEE

VR T 1005 R0 BT R RS B U A ST Al
%, Lh10 MR rGRIERERE, B 107, 1070,
10773 3 MRS, WRBR 100 pl AT T PDA [#]
PRBEFRIL ST A, 28 °C K53k 48 h, 115k,

‘ ot o, VR T B 5K 5 T B A
R = e R L

ALY ELE 3 W, BRGS0k
JH Excel 2007 #1 SPSS 22.0 #4743, % T4
P A SR IE S IR IR 7L, K KRR R
FHELR R 2534k, FIH Duncan 7 (P<0.05)
HEAT S AT

2 HERE500
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Table 2 Effects of different lyophilized protective agents on lyophilized survival rate

37kl IR RIS %L T IR 6 TR R
Protective agent Living bacteria count before Living bacteria count after Lyophilized survival
lyophilizing (x10” CFU/mL) lyophilizing (x10” CFU/mL) rate (%)

LAG 2R 71.61£5.30 5.20+0.28 7.29

L-arginine

L- B #& IR 69.78+6.20 5.23+0.22 7.56

L-glutamic acid

L-# 2 BN 72.88+1.84 5.93+0.75 8.12

L-glutamine sodium

L-H i i 75.28+4.82 5.00+0.38 6.68

L-methionine

ANk 61.44+2.22 6.20+0.48 10.12

Cyclodextrin

it Lk 78.39+2.62 44.12+1.67 56.36

Skimmed milk powder

R 69.33+0.88 19.02+1.72 27.43

Sucrose

A 68.83+4.44 20.00+0.84 29.15

Glucose

T AR 71.56+0.84 7.62+0.11 10.65

Trehalose

R PETER 75.33+2.33 5.76+0.53 7.66

Soluble starch

o-FLAH 69.17+1.30 36.85+1.75 53.28

a-lactose

HERmE 65.67+1.76 12.96+0.35 19.75

Mannitol

*HE CK 71.44+1.51 4.82+0.15 6.75
gﬁ' TNo BETEREMR BRI, OB R TS R A
g% TRIRBERE . MIRBEAE 1% 15%KF, T 175
e S M IR S A, {EL B o ik
E| WO, VRTAEE R IR T . L, AR
! P/// S22 R FH R AP A A R 1 3 R 2 (10%
§5- 15%. 20%)E47 )5 2185
= ol . . . — 222 BEHERENFFEEROHM

1 5 10 15 20

s : AT FE XT3 SR A ) 2 B
ass fraction of sucrose (%)

g b . o No MHEEMRIEAE 1% 10%8, PRIPRER
E 1 EREMENATEEENHM e
Figure 1 Effect of sucrose addition on the Behy, WTAAIE RIS 20%00 Fo Bz, Sk
Iyophilized survival rate. FEQRSERN , A F SRR . T A is
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Figure 2  Effect of glucose addition on the
lyophilized survival rate.

2 7 5 W i 3G I s PR R R M,
MR S 45 R, B R ECN 1%, 5%, 10%
1) 2 R R A T R 2L SR 5
223 o-ABEREMNETHEEENE

o FLBH TS I L0 R T A TG R an i 3
Fiis . B a-FLBRHR B O3, R TAEIE R
TG T RS BRESIME R 1%5h, B
& 4 FPATRIR R a-ZLBEA R R B AL A O}
PRCR, URT AT RILE 39%LL b Rk, ik
FHREHE AR = VR TG 2200 3 A o- LMk B2
(5% 10%F1 15%) AT G L5215 .
224 BBEAMRENETHEEENZM

JI56 i L A 0 N R T A T 3R Y R e A
B 4 Fim. S0 INETE 1%—10%0F, Bk 5 3

701
60
50
40 1
30
20
10
0

Lyophilized survival rate (%)

1 5 10 15 20
Mass fraction of a-lactose (%)
El 3 o-FEERMEXNFTFERNFN
Figure 3  Effect of o-lactose addition on the
lyophilized survival rate.
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Figure 4 Effect of skim milk powder addition on
the lyophilized survival rate.

i, HTAEE R TR, 3 50%L 1,
TRAPSCR AR o Z 5 B RE FLR v FE Ak 238
AR R I I B BL B R R, Rk, AR
Begh R, BR8N 1%, 5%F1 10%H9 i
NRFLA AT IR 825550 .
23 EXRELER

30 o o D] 2R AR i o A O R 3 R v
JERRRE, AL IE SRR BT il — 25 X R T A4
R #HTE A i, BRLEHEGXE T
TR, TEACIR I 45 5 Je e 22 70 W2 3.

M 3 AT, 5P RRPSERBE T
B — LRI o N B YRR VR T AT 2R 5
WY N . A>B>D>C, Bl 4 Fidpiiivh, MK
J Ay O R T ARG R i ok, Hk o 5h
A . BRI o-2LKE . 2001k A8 Sl
B W AR TR R Z L4l & 4,B,CDy,
BORERE 15%. %05 1%, o-FLHE 10%. i
L 1% BR, ZEREEITRIFTLZAE,
DIk TGRSR 2 Fidd4d 4B.CiD; .
A2B\CoDsNVE NS, STt TR0 F 4 & HF
FTIE

R 4 P, EaBE R A Al 4,B,C.D,
WAV TAAIE R, N 81.85%, L —{fy
RA%BEREFL R, 1B 4)ak BRIN Y e i R T AF IS
Z(60.25%) 5 T 21.60%. ZAH SRR T H
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A T 42B1CoDy o
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AN T) B2 7K st T S5 o A 06 A K
A2 K st () 2o Bt S RS B R R B A
WE s Fiw, EEKERMENELT, 2K
IFIAIZE 30 min 2247 I, BRARTS J PR 52 A 38050 e
4, BT AAE R EE T 0 Al 60 min,

*3 EXAEHFRERE
Table 3 Results table of orthogonal test scheme

4k 3 4 B c D R ERTES

Treatment Lyophilized
survival
rate (%)

1 1 1 1 1 79.98

2 1 2 2 2 69.79

3 1 3 3 3 72.73

4 2 1 2 3 80.12

5 2 2 3 1 73.22

6 2 3 1 2 69.44

7 3 1 3 2 63.64

8 3 2 1 3 59.94

9 3 3 2 1 66.33

K 74.17 74.58 69.79 73.18

K, 7426 67.65 72.08 67.62

K; 63.30 69.50 69.70 70.93

R 1096 693 238 5.55

H#HEFEXK  A>B>D>C

Secondary

factors

RIS 4B CDy

Optimal

scheme

*4 WIEKEER

Table 4 Verification test results

w®s 4 B C D HTHER

No. Lyophilized

survival rate (%)
1 10 1 5 1 77.69
2 15 1 10 10 80.03

15 1 10 1 81.85

m Original protective agent
O Sterile water

—~ 90 r O Normal saline Aa
°\° —-—
~ Ab
[}
g Ba  AC Ba
— — —
Bbcy
>
2
=
N
E
g,
=}
= .
30 60

¢ (min)

5 SKIRFREEX B E T FIERNF
AN KRG bR [a) — S 7KV SR AN ] ) 18] )
Qb BRAEAE 35 VR 22 5(P<0.05); A [Rl/NE FhE 3R
78 [7] — IR 5] 7 2R FH AN (] S22 7K 9 59 8 ek BRAF A X 5
£ 2% 5 (P<0.05)

Figure 5 Effects of rehydration solvent and time
on the lyophilized survival rate of bacterial powder.
Different capital letters indicate that there are
significant differences in the treatment of the same
rehydration solvent at different times (P<0.05);
Different lowercase letters indicate that there are
significant differences in the treatment with

different rehydration solvents at the same time
(P<0.05).

A KR o 28 B ke 8 Pk A Al LA
S, NE S B, fERl—EKEHETR, FAR
FAER KGN TSR AR E 2R, H
W, TR R RO K RO e 2%, A R DK
HBIEH K TCHEKIER K A, R
T RO WAL, KRB 2, bk
16 3 FHAOKEFRIT , HUR TAEE R 8 2 5 T
Hogxy 2 FhRKER . Bk, PUAEBER KM N
T B S KT R RO e

25 BRI, WS AR T R i K &5 1
SAEAFRER K K 30 min, ZEIASHE R AT 3SR
KAFIEHH 83.33%, IHHEECH 1.2x10"° CFU/g,
=T GB 20287—2006 { & AMADHER ) Fr
#E[>2.0x10° CFU/(g-mL)]"®,
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R 7520 °CRIR ST IR R T Ik
FotAR e YT, ORAF 4 A5 16 METCHA 45
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3 iEE#
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R EEORRS . AEREME A YED. K
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O3 K A AE TN X Al i 4 A EA 7 DA . AT
A DT EL e JE Y 1B N R MR LA IR IR

%5 REMHOSE R T &SRB

Tl FE AR A% BH L 8 1 T R A R s, X
22 JIRBE 1 e Jre RN SR A5 S 5 VR, DA X 400 i
HE G5 P TR A T A M AR 2021 (H v i Ak 2 444
hn, AHMIEE T, SO ASF T 40 AT
FERTHAE R TR WA AR T b3
AR AT R R TCE RLRES, BERS LAY B R 4N i
H ) S B 11 5T R A N B2 R ER A e ek b A )
A B 1 R A= B2 LA Bl G v
F0 40 R TR R A R P TR A il
R i 25 W0 25 P23 5 B 9 R 1 S 20 A0
ATP 7KK B, DA HEAE A OR3P TR A5 0 VR
T2 ATP K375 T 1.5 pmol/g-Hb, AEAL
U AR AR AT o ke SR P S i R v 7k
BT A S 28 2 WA K3 ZFFELAT B A e DA DA SR i
J7 RN =% 3.102 /100 mL . JEEHE 2.926 g/100 mL
A BE 7.096 g/100 mL, 7514040 T 3R45 A0
WA TAEIE R A3k 96.47% . T2 3 ER 2 5 )
SEIE R S A R TR T R AR e T, 1
TR o F 25K 77, DIV RS T i 4 i
RN ERP, 22k I & BN I s SR
IRV E SRR TEIRTHE] 7%, BEE
FRIMEILFR 70 (38%) . Hah, LIBIE
LK A AR A G R 2 B ag )
2 RIPRCR BT — 2K . FR R IBLAG
FLB RETEARIR A5 T Jy 20 R B AL LR 4P A1 A
T2 i A RS 1 5 R IRHA RE S A1) 1t ZFLIREE

Figure 5 Effects of different storage temperature on the lyophilized survival rate

i ] —20 °C JE W B 20 °C fE1E &

4°C TETHEL

4°CIEIEHR 25°C IR 25 °C f£1% %

Time

Living bacteria

Survival rate

Living bacteria

Survival rate  Living bacteria

Survival rate

(days) count at at —20 °C (%) count at 4 °C at 4 °C (%) count at 25 °C at 25 °C (%)
—20 °C (x10® CFU/mL) (x10® CFU/mL) (x10® CFU/mL)

0 6.33+0.35 100.00 6.33+£0.12 100.00 6.33£0.15 100.00

7 6.33+0.15 99.99 6.11+0.20 96.45 6.19+0.30 97.74

14 6.01+0.27 94.95 5.40+0.28 85.33 5.14+0.05 81.21

21 5.70+0.10 90.00 5.15+0.58 80.00 4.61+0.29 72.89

28 5.50+0.67 86.89 4.97+0.29 77.97 4.3+0.28 67.89
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RE R H BER, [ G50l A A A
PMEVEF, S R T A0 A R0
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2 T A 9T ik JEE 2 X 290 b 235 g R R 08 3 3
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FEIZSAE T AR IR I K6 J1 . BOKEFal
o A M TG 5 A WK R BT 0, B IRLE K AT R
23 R AR 2 R 7E 25 RO IS B AR K SR
T, L B ) 3R A I e = DA AR BT 4
A EET-UY, MRS G B A KT R R A
FRER K, X455 Lee ZP2 R MBI AT
R R B A B2 K 300 0 S AR AP A o A 25 AR [
X AT BB & B T A AW 5T B2 A OR3P R0 v B g
W, ANFIF YRR MRS 3 R sk, (HAEEER
KR JE RN A VI8 33 R A A R], 7F B 1R 41 i
SOKEF, WTLMEA MK S Z IR KN, HILAE

A G Hh A AR R JK AR S R 1 8 52 K i 560 1Y)
RO A A, R BT R 1 R A A
LGOI, X TRR it RS kA T RIS R B
H ST R T R RSO |25, —20 °C
RAFROR T . OEW TR IR T RAENE
WA S H R Z K, By KT N T 3O
AAFRET NI, MAERGR R, R R
FIRT . ARRREE | 40 i R R il s ) 45 2 R A AR
kAR VES B, SEOEMENR . MEMKR
ST, WS SIS, BRI A4 KR
Ay, REFANMLE 71338 AR sT A R R A
=20 °C {_fF 4 FlJ5, BMREIR IR mGEYE, 16
B REIA 3] GB 20287—2006 { A& FH A= W &
) FrifEtel,

LSV R TR TR AT DU KRR EE R B )
BHEA MG . IR oS, fikT)s
) 7= AT BE R B IR A R TR T N
. BEIT . EREGUEDY, 1% ks T VR
TE PR 22 1 A A PO ELARAS G 7 R T K2
A aRis i, I B2 R VR Tk ik
AR E R, BA R T B H T
AR T S — 0 TR S SO W e A Ak
B, OBARR R, LA —E B bR T A
MOl A0 1) & 8, T H ERE S R AR
A, AR BRSBTS Y R T s
i 0 R PR SR B AN, BRI A
A= Y R F SR E A PTRE . TR AR B 5T A
FH 25 98 R T M 2 K A S5 il 2 o A S B IR TR
F, DAASRAN X 5 T A28 11, [R] A A ke ] o A
B FIFERIE | A A7 Sz i B . 258 uE
By, AR R A B E N, R R T AN
o 83.33%, PRIPECRINT R (6.75%) 42 =
1 4, WE@EBAT Ik 1.2x10" CFU/g, i%—
RIS HEHE A 5T 2R B A 1T T Bl AR SR AL 2 24
HERE AT R AR, I Fo At e FH AR P il

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR AR K L T R B A AL

4683

T 7 7 i R BIE 5T 5 A AR T B AR e A S
Hehit
REFERENCES

1

—
—_—

(2]

(3]

(7]

JR/NIR, R, A, PhmIBH. SRS I MR
R | S HE A DA 5 7 e R ST D). VLR ROR 7
412, 2016, 33(2): 280-287

Gong XQ, Li SY, Li Y, Sun XY. Compost and
vermicompost from green wastes as substrates for
vegetable seedlings cultivation[J]. Journal of Zhejiang A
& F University, 2016, 33(2): 280-287 (in Chinese)
HHEE, AR, ARSRRS, AvEAE, N UKE, #EH. [
TE PR T 2 7 1 o Pl AR 12 S D E N A 2T [0, 79T
R 2E2EHR, 2021, 38(1): 38-46

Meng TY, Li SY, Zou RS, Yu KF, Fu BY, Jie Y. Effect
of immobilized lignin-degrading bacteria on green waste
composting[J]. Journal of Zhejiang A & F University,
2021, 38(1): 38-46 (in Chinese)

TR, PRI BRSO U9 S B S R AR S LY
TEACF BT 2E R (7). T A 3@ 3, 2020, 47(10):
3380-3392

Liang CY, Lin L. Environmental microorganisms driven
their
utilization[J]. Microbiology China,
3380-3392 (in Chinese)

RESR, AR, IMEEH, Y, FOHH, WL 1M
5T 2R AR AT O 0 8 R S R TR 2R A AR ).
VTR 3], 2021, 38(6): 1297-1304

Li YL, Li SY, Sun XY, Hao D, Cai LL, Chang XT.
Screening and identification of a lignin degrading strain

roles in
2020,

lignin biodegradation and lignin

47(10):

and its optimized liquid fermentation conditions[J].
Journal of Zhejiang A & F University, 2021, 38(6):
1297-1304 (in Chinese)

Yu KF, Li SY, Sun XY, Cai LL, Zhang PF, Kang Y, Yu
ZH, Tong J,
freeze-thaw to pretreat raw material for accelerating

Wang L. Application of seasonal

green waste composting[J]. Journal of Environmental
Management, 2019, 239: 96-102

o, WIS, RS, BER, SRR, TR A
R AR TS e LIPS IR (1], LT3R R, 2022,
42(1): 10-15

Wang X, Liu WR, Hou JW, Ge L, Zhang YN. Research
progresses on preparation of microbial agent and
soil[J].
Environmental Protection of Chemical Industry, 2022,
42(1): 10-15 (in Chinese)

PUKWE, PhmIBH, AvedlE, 4RoRKS, W ERE, . %

remediation  of  pesticides-contaminated

[10

TR IR BOT [l 285 2 1 S HOXT Bel b 5 HE A 14 52 I ]
WEERFABESE, 2021, 34(2): 450-457

Fu BY, Sun XY, Yu KF, Zou RS, Meng TY, Jie Y. Solid
state fermentation of Bacillus sp. BO1 and its effect on
green waste composting[J]. Research of Environmental
Sciences, 2021, 34(2): 450-457 (in Chinese)

AEIR, R, PP, RFE, SR, R, Ik
TN P28 B0 2 R A o 2R % A 1 T B 790 )
] WITLARMOR A4, 2022, 39(2): 364-371

Li YL, Li SY, Sun XY, Hao D, Cai LL, Chang XT.
Preparation of two strains of lignin-degrading bacteria
solid inoculum[J]. Journal of Zhejiang A & F University,
2022, 39(2): 364-371 (in Chinese)

M2, WA, g, e AR YR TR
BB 5T BRAR R & R[], YT A3 4%, 2010, 31(7):
30-32

Xiao HW, Huang CW, Feng YF, Li RH. Research
situation and development of vacuum freeze-drying
technology[J]. Chinese Medical Equipment Journal,
2010, 31(7): 30-32 (in Chinese)

AR, BRI, XVGESK. FLS R TR R BER
R[], BAEPSilR, 2002, 29(3): 78-82

Li H, Luo YE, Liu YL. The research progress of vacuum

—_—

freeze-drying microorganisms[J]. Microbiology China,
2002, 29(3): 78-82 (in Chinese)

(U1 BEEE, ERGL. A B AR B350 S AR BIL ] F

FEIERT]. HEZ2EZRE, 2018, 53(10): 765-770

Xue F, Wang FS. The research progress in lyoprotectants
of protein and its protection mechanism[J]. Chinese
Pharmaceutical 2018, 53(10): 765-770 (in

Chinese)

Journal,

[12] j5A72, BWRmIAs, AR, BEA. FLRERH TR TZE

AIBIFSEHERE[D]. PR A5 2R AR, 2001, 13(1): 58-59,
61

Lu (H/X)A, Chen MS, Yuan JL, Kang B. The research
progress of freeze-drying technology of Lactobacillus[J].
Chinese Journal of Microecology, 2001, 13(1): 58-59, 61
(in Chinese)

[13] Shu GW, Wang Z, Chen L, Wan HC, Chen H.

Characterization of  freeze-dried  Lactobacillus
acidophilus in goat milk powder and tablet: optimization
of the composite cryoprotectants and evaluation of
storage stability at different temperature[J]. LWT, 2018,

90: 70-76

(14] TF, Bl £, ®AER, XN, B, BEL D

PR WUBE R AR P FLRT I 202868 Wkl 45 T2 (0], vhiE £
hhaEdk, 2021, 21(9): 142-149
Yu P, Hu CY, Huang XX, Liu H, Yang LZ, He M, Ma J.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4684 (DG ES Gk Microbiol. China

Preparation process of inositol-producing Lactobacillus
plantarum 7J2868 powder[J]. Journal of Chinese
Institute of Food Science and Technology, 2021, 21(9):
142-149 (in Chinese)

[15] BRER, 4254, FhimlfH, 2B/, Axoddl, 0k, £
k. FE AR S AR BT AR R AR LT A Tk L 40 % L RE
JIBEFELT]. AL FBHARESE, 2019, 32(3): 80-87
Kang Y, Li SY, Sun XY, Gong XQ, Yu KF, Cai LL,
Wang L. Study on screening, identification and
capability of lignin-degrading fungi for landscaping
waste[J]. Forest Research, 2019, 32(3): 80-87 (in
Chinese)

[16] ﬂ%?ﬂfﬁ, TREL, Wi, BRFFUEH R IR I 0 45 A

- EEEEAE, 2010, 5(5): 296-306
Zhu HM, Xu H, Wen H. Preparation and application of
common culture medium for medical fungi[J]. Chinese
Journal of Mycology, 2010, 5(5): 296-306 (in Chinese)
(17] XV, sk, g, RIE, sk, 22N

FEYIFLFF I CGMCC8198 ¥R T B 1 il & T 2Lk 0],

BB ST R, 2020, 41(21): 9-14

Liu MM, Xi MS, Li ZY, Song YJ, Zhang TC, Luo XG.
Preparation process optimization of Lactobacillus
plantarum CGMCC8198 lyophilized powder[J]. Food
Research and Development, 2020, 41(21): 9-14 (in
Chinese)

(18] & 5 J5 ik W B A B A i ey, v ol R v A B
B4 RIBAEHER: GB 20287—2006[S]. dtat: &
[ b of ) R, 2006
General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,
Standardization Administration of the People’s Republic
of China. Microbial Inoculants in Agriculture: GB
20287—2006[S]. Beijing: Standards Press of China, 2006
(in Chinese)

(19] JE#I, ~F7F, g, P, ks, fAEmR TRy
e TZARABETE ). & a2 BRI A4, 2021,
12(15): 6208-6212
Zhou L, Ping Y, Tan J, Luo BB, Wang FY. Freeze-drying
protective agent and its process optimization of
probiotics[J]. Journal of Food Safety & Quality, 2021,
12(15): 6208-6212 (in Chinese)

[20] Crowe JH, Crowe LM, Carpenter JF, Rudolph AS,
Wistrom CA, Spargo BJ, Anchordoguy TJ. Interactions
of sugars with membranes[J]. Biochimica et Biophysica
Acta: BBA-Reviews on Biomembranes, 1988, 947(2):
367-384

21] k&, PR, FLRE R R IE R BT[], 7L
AR HH R, 2010, 33(3): 119-121

Du L, Qiao FD. Choose the freeze protective agent of
lactic acid bacteria[J]. Journal of Dairy Science and
Technology, 2010, 33(3): 119-121 (in Chinese)

[22] BRI, BARIHE. PR . REORE . AR O R A xS

VRTLLANIERE I B FLAR[D]. AP e 2% 5, 2006, 19(6):
457-459

Lu ZG, Chen Y. Comparison of effects of trehalose,
sucrose and glucose loaded erythrocytes on freeze-dried
erythrocytes[J]. Chinese Journal of Blood Transfusion,
2006, 19(6): 457-459 (in Chinese)

23V RHL2E, i LR AL R RO B R AP LR Y

WFEHEREI]. Mg A7 By iz, 2007, 28(6): 46-50
Zhu AL, Yang J. The development of cryoprotector of
biologic products and its protective mechanism[J].
Journal of Kashgar Teachers College, 2007, 28(6): 46-50
(in Chinese)

[24] 5K 3%, skAlsh, BLS, VREE, SKAK, BRI, HORihE.

W 17 TET 32 DI = R PR D A0 25 PR A o R T P AP AR i D (0]
PO RS RG22 (A R F2=iR), 2022, 48(1): 22-28
Zhang L, Zhang NC, Wei Y, Xu F, Zhang L, Wang L, E
MQZ. Optimization of cryoprotectant formulation for
Bacillus  amyloliquefaciens isolated from goat by
response surface methodology[J]. Journal of Southwest
Minzu University: Natural Science Edition, 2022, 48(1):
22-28 (in Chinese)

UK, AL, M, A8, X dERRES
YT MR Tl R RRE MR REE[)]. AR AR
TR==254R (B 2RFF2ERR), 2020, 46(4): 526-532

Li B, Cong ZH, Xiao XM, Wu YM, Liu RH. Improving
protein stability with amino acid polymers during

—

lyophilization[J]. Journal of East China University of
Science and Technology, 2020, 46(4): 526-532 (in
Chinese)

[26] B, #HiE, Mdssm, T, SEKEE, G, EMAA,

IR, SRR PEIAEERRTE grx90 VR ORAP R A il
£#[J1. PEZFLA T, 2020, 48(3): 10-14, 30
Chen X, Zhao RF, Tao ZQ, Wang L, Huang XY, Lu Z,
Yin BX, Gu RX, Guan CR. Preparation of Streptococcus
thermophilus  grx90 lyoprotectant[J]. China Dairy
Industry, 2020, 48(3): 10-14, 30 (in Chinese)

R7]REME, R, EXE, BEHK. 5o TRSY

y-PGA XOBUSAT B B VR T ORI ], B dh Tk Bl
$%,2016, 37(9): 185-189

Song YP, Liang JZ, Wang FQ, Mei JQ. Effect of
polymer y-PGA on freeze-dried protection of
Bifidobacterium longum[J]. Science and Technology of
Food Industry, 2016, 37(9): 185-189 (in Chinese)

[28] ZPRAS, SRABZE. ) FH nwg o7 1A 923 D0 A WU A B8 U £

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR AR K L T R B A AL

4685

PRI BCEE ] AR bR A 2R R, 2008, 21(9):
813-816

Ji ZJ, Guo DIJ. Optimization of formula of protective
additive of Bifidobacterium by response surface
method[J]. Chinese Journal of Biologicals, 2008, 21(9):
813-816 (in Chinese)

(201 XA, 2590, BABE, B, B0, EEAE. FLRE
UK B B 50 I BER RO BIE TR HERE(T]. £ i S AL
Mk, 2019, 35(9): 211-215
Liu RJ, Li Z, Mao SN, Liang S, Zhao Y, Wang YH.
Research progress of lactic acid bacteria microcapsule
encapsulation technology and common wall materials[J].
Food & Machinery, 2019, 35(9): 211-215 (in Chinese)

[30] 2B &40, BOIFLr, RUER, XA, sKkff, P8R, H
Tt AR B T AR T OB A R R R A R Y
MRS, NS AR R 2 4l (B AR B2 A, 2013,
34(6): 93-96
Niu AH, Duan KH, Wu NE, Liu HR, Zhang W, Li ZL,
Tian RH. Research on the protetive agents in the
preparation pricess of methanogenus freeze-dried powder
at low temperatures[J]. Journal of Inner Mongolia
Agricultural University: Natural Science Edition, 2013,
34(6): 93-96 (in Chinese)

[(31] Bk, 5, mi, Wk, HEE. KTaiEh
90 5L ZF ORI DB PR3P 0] B B 1 AL AR D). R
W, 2013, 40(5): 822-828
Xu ZG, Cai YH, Xiang M, Hu HL, Huang HC. Screening
and optimization of the cryoprotectants for high active
Bacillus natto powder[J]. Microbiology China, 2013,
40(5): 822-828 (in Chinese)

[32] Lee SB, Kim DH, Park HD. Effects of protectant and
rehydration conditions on the survival rate and malolactic
fermentation efficiency of freeze-dried Lactobacillus
plantarum  JH287[J]. Applied Microbiology and
Biotechnology, 2016, 100(18): 7853-7863

[33] Amine KM, Champagne CP, Salmieri S, Britten M,
St-Gelais D, Fustier P, Lacroix M. Effect of
palmitoylated alginate microencapsulation on viability of
Bifidobacterium  longum  during  freeze-drying[J].
LWT-Food Science and Technology, 2014, 56(1): 111-117

[34] Capela P, Hay TKC, Shah NP. Effect of cryoprotectants,
prebiotics and microencapsulation on survival of
probiotic organisms in yoghurt and freeze-dried
yoghurt[J]. Food Research International, 2006, 39(2):
203-211

[35] VEFRE. AFEAE AR & B2 V8 U TR RE i 5
M[D]. dEst: H AR KA AR 122 718 3C, 2000
Wang XB. Effects of different operating condition on
vacuum freeze-drying of foodstuffs[D]. Beijing:
Master’s Thesis of China Agricultural University, 2000
(in Chinese)

[36] Tk . /KI5 8 v DL I T R T R AP Rl RS O 5
T T ZEMFED). & o R 2 6218 3C
2014
Yu YX. Study on freeze-drying protectant selection and

freeze-drying technics construction of important
pathogenic bacteria in mariculture[D]. Qingdao:
Master’s Thesis of Ocean University of China, 2014 (in

Chinese)

(371 WIEsE. fagdr ALl 2505 R T HOR R A ], A
PUEBRLEL, 2015, 14(4): 44, 46
Chu YY. Application of freeze drying technology in
biopharmaceutical[J]. Science and Technology of West
China, 2015, 14(4): 44, 46 (in Chinese)

(381 TR AL, ARELSF, kit fh. s iR TR ORI BUIR
L JEwad]. Has Sk, 2000, 6(2): 9-12
Xu CH, Zou HF, Zhang SW. The present situation and
developing tendency of vacuum freeze drying
technology[J]. Vacuum and Cryogenics, 2000, 6(2): 9-12
(in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



