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ABSTRACT: Objective To screen the protective agent of freeze-dried powder of Bifidobacterium animalis,
optimize the formula of freeze-dried protective agent, and explore the influence of organic acid accumulation on the
survival rate of powder during the preparation of bacterial suspension. Methods The survival rate of
Bifidobacterium animalis in bacterial powder was taken as the index, and the lyophilized protectant was optimized by
single-factor test and orthogonal test by fermentation culture, centrifugation collection of bacterial sludge, preparation of
bacterial suspension, pre-freezing and freeze-drying of bacterial powder. According to the single-factor test, the
preparation conditions and optimal pH of the freeze-dried prebacterial suspension were explored. Results The best

combination of protective agents was 5.00% maltodextrin, 6.00% trehalose, 0.15% ascorbic acid, 0.15% sodium
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glutamate, and 1.00% glycerol, and the preparation conditions and lyophilization conditions of bacterial suspension

were determined by studying the number of viable bacteria of acid to bacterial powder during the preparation of

bacterial suspension, the pH of the bacterial suspension was 6.5, the bacterial sludge was washed twice with sterile

water, the bacterial suspension was fused for 30 min at 4°C, prefrozen at —80°C for 2 h, dried at —40°C for 24 h, and

the viable bacteria number of lyophilized bacterial powder was 1.38x10'> CFU/g. The highest survival rate of

bacterial powder could reach 98.60%. Conclusion The optimized combination of protective agents in this study can

prepare high-activity Bifidobacterium animalis powder and improve economic benefits.
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Table 1 Single protective agent screening

FHY RPN B R B W B /%
Jt e 15.00
REY 7 2K 15.00
[EasaEd i) 15.00
i 1.00
ZIulE e 1.00
g 1.00
TN 5.00
B S R 5.00
Hp 5.00
g 0.40
RIS =N 0.40
B AR 0.40
ERININizd 0.05
k=R s s iR 0.05
Lk B B Eh iR h 0.05
= A B ER K 0.90

QYRIPFN IE AT L 5

M o BN R S E A I L TR R
B PUORIER i ) B R R BE A U I L, SPSS
20.0 HAFBIT N R KL 16 NS IES SR
PAZEZFMIAR(A) . IBBEHEB) . HLIRIILAR(C) . A2 MREN(D) .
H )0 IEAC BT i A AR, LASh W) USR8
A RN AL i, BRI 4 KA1, 2,
3. 4 Gitt, TSRS 3 YO AT SRR I/ NI IR 2
IEAZ S 3R SRR LR 2.
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Table 2 Orthogonal experimental factors and horizontal design

K
A% B/% C/% D/% E/%
1 5.00 3.00 0.01 0.50 0.50
2 10.00 6.00 0.05 1.00 1.00
3 15.00 9.00 0.10 1.50 1.50
4 2000  12.00 0.15 2.00 2.00

1.3.3 RF] pH & &R AT HHHFE YA
PEFE R e S LR Oufb 0 BB K, ws i He il
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4.0, WP A FE S AGBAR IR VKAE (-80°C), iR 2 h Ji¥k
L3 1M T EL A R T M
1.3.4 B ERBSHE AR A TANGE RO A
PERRRRTE 5 ER AR BRAF K, WIm LB 2:3 J5
JYHIEE 10, 20, 30, 40, 50, 60 min Fly, BATA RN
RIEPKAE(-80°C), Tk 2 h Jdk 1.3.1(FHTHZS RRT 1
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Table 3 Design of experimental conditions for different samples
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R AR E N TG /%
MRS FLR (15.00%) 23.31+0.52°
RED F RS (15.00%) 44.34+1.18"
P BHR B (15.00%) 29.60+0.56°
HH (1.00%) 32.40+1.23
ES 2 S 1AL EE(1.00%) 10.24+0.23°
T EEEE(1.00%) 8.96+0.15°
5 B (5.00%) 30.20+1.16"
iES FLHE(5.00%) 26.80+0.56"
S (5.00%) 25.56+0.31°
NER(0.40%) 21.86+0.25°
ERRAIES fIlZ2(0.40%) 19.12+0.35°
B A B (0.40%) 28.56+1.23°
LR IR (0.05%) 24.23+0.86°
AL 2 24 182 (0.05%) 15.96+0.23"
L'*%ﬁ?ﬁfﬁﬁﬁ 20.24+0.25

ZH A FHEE 7K (0.90%) 5.00+0.05°

TE: AR TR b ARER R 22 54 1 3 (P<0.05).
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225 ARREHm RSB EERG A
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AN TR 4 U T B AP 300 X6 3 4 LI TR R T A T R
Msgm R 5 iR, WHAaAEEREMmAE N
AiB,C4D;E,, HIl 5.00%Z ZEWIHE . 6.00% i BE4% . 0.15%
POSRIMLAR . 1.50% B R4 . 1.00%H i, &M THT
IR 97.36%. Xt L ib I 58 SL 86 245 kAT 224347,
ZERNZ 6 PN, ZAWIRG . M. PURMER . AR
TR M X Sl U TR R T TRDR A R A A Y
M), L5 i R B AR UK A 22 ZEM0RS > T il > B 3R i R > 45 &
T2 >0 B - AR PP RIC ) R 3 IR RS2 5,

224 FESRBRANF T EDAEF G R PR i #6 B) VR T BORAFIE RO 97.36%, TR T B
A A TRINAE A B — CRAP RN, B 8 i 60 1 A TEACH 1.00x10'* CFU/g,
x5 EXIHLHER
Table 5 Orthogonal experimental results
SRS A% B/% Cl% D/% E/% 715 51%
1 1(5.00) 1(3.00) 1(0.01) 1(0.50) 1(0.50%) 84.75
2 1 2(6.00) 2(0.05) 2(1.00) 2(1.00%) 97.18
3 1 3(9.00) 3(0.10) 3(1.50) 3(1.50%) 74.01
4 1 4(12.00) 4(0.15) 4(2.00) 4(2.00%) 88.14
5 2(10.00) 1 2 3 4 85.31
6 2 2 1 4 3 57.63
7 2 3 4 1 2 61.58
8 2 4 3 2 1 42.94
9 3(15.00) 1 4 4 2 52.54
10 3 2 4 3 1 67.23
11 3 3 1 2 4 83.05
12 3 4 2 1 3 64.41
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S as A% B/% C/% D/% E/% FEIER %
13 4(20.00) 1 4 3 2 70.62
14 4 2 3 1 4 80.23
15 4 3 2 4 1 57.63
16 4 4 1 3 2 85.31
K, 344.08 293.22 310.74 290.97 252.55
K, 247.46 302.27 304.53 223.17 367.23
Ks 267.23 276.27 197.18 382.48 196.05
K 293.79 280.8 340.11 255.94 336.73
ky 114.69 97.74 103.58 96.99 84.18
ks 82.49 100.76 101.51 74.39 122.41
ks 89.08 92.09 65.72 127.49 65.35
ks 97.93 93.6 113.37 85.31 112.24
R 15.44 8.67 47.64 53.10 57.06
FAIERY E>D>C>A>B
LK AB,C,D;E,
FrifE2E 15.126
Fz6 EXZWAENN
Table 6 Variance analysis of orthogonal experiment
P 3/ TIT 8575 il df ¥y F M
REIE AR Y 9407.584 15 627.172 97.988 ok
R 204583.823 1 204583.823 31963.626 o
R L 3976.236 3 1325.412 207.079 ok
B 425.348 3 141.783 22.152 %
NN 1456.012 3 485.337 75.828 ko
RSN 1331.444 3 443 815 69.340 ok
T 2845.135 3 948.378 148.172 ok
R 198.416 31 6.401

2.4 A [E pH EERFATESIE MRS

M 1 AL pH /N 6.0 B, TR 2REE pH
FEART AR, pH /NT 5.5 B U T B0 R Bl pH R AR
Wl B, pH o 6.5 B BB FA06 3 de i, Al Ik 98.34%., 1/
P390 pH AL FAR pH B VR T R RIS SRR, U0 ER A AR
RO PRI T R rh KR e R i 1P I,
R T AR R R A Al A R b R AR, 15 3
I AEIE R TR, 38 R S B IR T BRI TR U P TR AR B B 4
R AT AL R P Sk VR E 38 43 Rl A5 3k A b R R AR R v
EIRYT A HLER, 3BE G0 R 2oL e AR X B A 440 i 5
1 O
2.5 FRIEERMAREXNFTERYDFEENZ

& 2 AT, B R TR A I A A, R TR
FETE R L PHETHE B RS, Bl HE A 30 min B BB 77
T I R A 97.64% o 3K T R A2 R Sy TRT 8k AR Al A5 i ) i Fsf
PR S R BT T Al G, BRAR T BRI . MRS
i ) B B AR AT L R R R 50 35 SR A R s E B Al

JRLRSEAE A B SO () RO L7 A T R AR IR, 6%
30 min TR A I TR HE1 7R 2SR Y
105 a  ab
9 -
75+ d

60 -

FEEEY%

45t ¢ -
30+

15+

4.0 4.5 5.0 55 6.0 6.5 7.0
pH
: ERREING FRAR 22 7 B 3, P<0.05, FIAl,
Pl 1 R[A pH BRSO R T TR A0 SR 005
Fig.l Effects of different pH of protective agents on the survival
rates of lyophilized bacterial powder
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Fig.2 Effects of different fusion times of bacterial suspension on
lyophilized bacterial powder
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FEHERAETE IR TS 30 min) 5FE 405 R AR FR R %
WRAER IR T #E 5 h JFIERETVEH IR T AlA 30 min) pH B
[T R A O Yl 1P =3 O i i = T ol O K <))
= pH, H pH KT 5.0,i@3 1 3 7 LG 2 Y i Bl gt
AR A S, VRRIRTCHK . TR A K. T
HEAMKERZ A pH 2L LT3 B A IX 5, FE

70 TCH7K
: a o 2 REAEELK

6.5 o NN W Ji 4= 1V 8723701
6.0 | TN b

b
5.5-dd .
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