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ABSTRACT: Objective To optimize the composition of the culture medium for Pediococcus acidilactici TC-4 and
the formula of freeze-drying protectants. Methods The composition and mass concentration of the culture medium

for Pediococcus acidilactici TC-4 and the formula of the freeze-drying protectant were screened by combining
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single-factor experiments, Plackett-Burman experiments and response surface methodology. Results The optimal

composition of the culture medium was: Glucose 26 g/L, yeast extract 30 g/L, sodium acetate 8 g/L, diammonium

hydrogen citrate 2 g/L, dipotassium phosphate 2 g/L, magnesium sulfate 0.4 g/L, manganese sulfate 0.075 g/L and
Tween 80 1 g/L. The viable count increased from 3.50x10° CFU/mL to 1.09x10'® CFU/mL, which was 3.11 times that

before optimization. The optimal formula of the freeze-drying protectant was: Sodium L-glutamate 8%, maltitol 14%,

skim milk powder 18%, and the survival rate reached 90.77%. Conclusion The optimization of the culture medium

for Pediococcus acidilactici TC-4 is completed, and a high-viable probiotic preparation is successfully prepared, lays

a solid theoretical foundation for the industrialization of this strain.

KEY WORDS: Pediococcus acidilactici; hyperuricemia; culture medium; freeze-drying protectant
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Fig.3 Effects of different trace elements and tween 80 on the growth of Pediococcus acidilactici TC-4

# 1 Plackett-Burman 2% ITEER
Table 1 Results of the Plackett-Burman experimental design
HRIEE AF L) 101
ACHTEIBE) B(RERRERD) C(RRREE) D(MiMEE) E(LMN) FOFEMA —#) G —#) Hmti80)  /(CFU/mL)
1 20 34 0.5 0.025 10 3 3 1 0.50+0.03"¢
2 30 34 0.3 0.025 5 3 1 2 0.55+0.10"
3 20 34 0.5 0.125 5 1 1 2 0.45+0.05°%
4 20 26 0.3 0.025 5 1 1 1 0.39+0.05°
5 30 26 0.3 0.025 10 1 3 2 0.57+0.01°
6 30 26 0.5 0.125 5 3 3 2 0.47+0.05
7 20 34 0.3 0.125 10 1 3 2 0.53+0.06"¢
8 20 26 0.5 0.025 10 3 1 2 0.49+0.08<
9 30 26 0.5 0.125 10 1 1 1 0.72+0.02°
10 20 26 0.3 0.125 5 3 3 1 0.40£0.04°
11 30 34 0.5 0.025 5 1 3 1 0.43+0.06%
12 30 34 0.3 0.125 10 3 1 1 0.71£0.12°

W AR /ING T8 R 2 B A7 A 0 251 25 5 (P<0.05), R 3~4. 6. 8~9 il
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Table 2 Regression analysis results of the Plackett-Burman experimental
e - J5 A A ¥io7 F P E Tk
LAY 0.1241 8 0.0155 13.3300 0.0283 *
ACHIEH) 0.0397 1 0.0397 34.0900 0.0100 0.0575 *
B(EEEER F) 0.0014 1 0.0014 1.2100 0.3517 0.0108
C(hilR%EE) 0.0007 1 0.0007 0.5800 0.5017 -0.0075
D(Bi %) 0.0102 1 0.0102 8.7700 0.0595 0.0292
E(Z B245M) 0.0574 1 0.0574 49.3200 0.0059 0.0692 ok
FOTERE %) 0.0001 1 0.0001 0.0644 0.8160 0.0025
G A — 1) 0.0140 1 0.0140 12.0400 0.0404 -0.0342 *
H(nt: 1 80) 0.0007 1 0.0007 0.5800 0.5017 -0.0075
B 0.0035 3 0.0012
AR 0.1276 11

E: *Fom 2257 B3, P<0.05; »* KR 227 D3, P<0.01. £ 7.
®3 BERESIERITRER

Table 3 Experimental design and results of the steepest climb

% 4 Box-Behnken SLI it R EER
Table 4 Design and results of the Box-Behnken experiment

2H 5/ KF-/(g/L) TR 1010

HE  AGEEE) BB GEim&A M) /(CFU/MmL)
1 20.0 5.5 3.0 0.62+0.06%
2 22.5 6.5 2.5 0.81+0.02°
3 25.0 7.5 2.0 1.03+0.09°
4 27.5 8.5 1.5 0.84+0.11°
5 30.0 9.5 1.0 0.76+0.05*
6 32.5 10.5 0.5 0.58+0.13¢

2.1.6 Box-Behnken 534 R

FETF IR B eh, S g aE R, RV . CIREN . IR
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TC-4 I WA RZ M (K 4). & Design-Expert 13.0 4317,
2 8 £ 6 = W Bl H K B Y=1.05+0.0487A+
0.0863B-0.0375C-0.005AE-0.0675AG+0.0175EG-0.1095A%
0.1495E°-0.1670G°, J7 2 4r #r B /R B F Oy 22.8500

(P=0.0002), I F N 2.3600 (P=0.2121), tkE R HL
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v Bl HGR 5). Horp, s Sk a M rsg BEAEH
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(B HEFF O F e B A, FEE R A o R0 i A
WINEE R ARE 26.313 /L. LR4M 8.052 g/L., WA —
B 1.849 /L, X IE #% 1.075%10"° CFU/mL; &4k R s2hr
N FH SRS 26 g/L. LTREN 8 g/L. BARRA M 2 g/L
J5, AR EEGE 1.09%10" CFU/mML, SHEREL. 5
AL RTHY 3.50x10° CFU/mL M HCIRTH T 3.11 1%
2.2 FFRIPFIFIESER
221 KRFARIP AR R IH ik
ARG T AR RS =W 10% 8 /35
XPFLIR B BRPE TC-4 VR TG R A . 45 R WA 5 fiw,
L- AR . 22 MR SR By, fErER a0k E T
84.62%7%1 82.56%, ZJG RMNEFLIY . BUIEWIKG . 22 2P HING
Xf TC-4 MR BOREST, A& HE3 T 73.33%.
68.20%F1 63.08%, HEHGX 5 R4S T 5 £ & i ik

4L/

KFE/(g/L)

HREx10'°

F#E  AGE ERE) GEEME M)  /(CFU/mL)
1 25 5.5 1 0.69+0.04"
2 30 9.5 2 0.88+0.04%
3 25 7.5 2 1.07+0.13*
4 30 7.5 1 0.96:+0.06"
5 20 7.5 1 0.67+0.02"
6 30 7.5 3 0.75+0.11°"
7 25 7.5 2 1.03+0.05%
8 25 9.5 1 0.86+0.12°%
9 30 5.5 2 0.75+0.05°'
10 25 9.5 3 0.82+0.08%"
11 20 9.5 2 0.85+0.06%
12 25 75 2 1.10+0.05°
13 20 7.5 3 0.73+0.06
14 25 55 3 0.58+0.07°
15 20 5.5 2 0.70+0.05"
16 25 7.5 2 1.06+0.09*
17 25 7.5 2 1.01£0.07*

%<5 Box-Behnken LB [EIVIAFEHEDH
Table 5 Analysis of variance for the regression equation of the
Box-Behnken experiment
R FAR BREE ¥y F P WEM
BIRL 0.4009 9 0.0445 22.8500 0.0002 3
A 0.0190 1 0.0190 9.7500 0.0168
E 0.0595 1 0.0595 30.5300 0.0009
G 0.0112 1 0.0112  5.7700  0.0473
AE  0.0001 1 0.0001  0.0513 0.8273
AG  0.0182 1 0.0182 9.3500 0.0184
EG  0.0012 1 0.0012  0.6284  0.4540
A 0.0505 1 0.0505 25.9000 0.0014
E 0.0941 1 0.0941 48.2800 0.0002
G 0.1174 1 0.1174  60.2400 0.0001
2 0.0136 7 0.0019

R 0.0087 3 0.0029 23600 02121 ANEE

4iiR2E 0.0049 4 0.0012

MASSE 04146 16
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Fig.4 Growth density response map and contour plot of Pediococcus acidilactici TC-4
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Fig.5 Effects of different types of freeze-drying protectants on the
survival rate of Pediococcus acidilactici TC-4
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Fig.6 Effects of a single freeze-drying protectants on the survival rate of Pediococcus acidilactici TC-4
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< 6 FETIRIPF Plackett-Burman LI ITH4ER
Table 6 Results of Plackett-Burman experimental design for
freeze-drying protectants

. HeTE 1% \
gz AR JEF KEF LditE MOBE FERE D)
MREN)  OWEED  ORDR) MR ALk

1 6 16 12 12 20 41.03+3.208
2 6 12 12 12 20  46.67£2.35
3 10 16 8 12 16 55.38+1.54™
4 10 16 12 12 16 54.87+1.78%¢
5 6 16 12 16 16 49.74+2.35%
6 6 12 8 12 16  53.85+3.08
7 6 12 8 16 16  53.33+4.70%
8 10 12 12 16 16 70.26+5.40°
9 10 16 8 16 20 51.28+3.87°
10 10 12 12 16 20 60.00+4.07°
11 6 16 8 16 20 42.05+3.55
12 10 12 8 12 20 52.31+1.54%

F£7 HTRIPF Plackett-Burman SZEEEINHLER
Table 7 Regression analysis results of Plackett-Burman test for
freeze-drying protectants

K FAM AmME B OF P E SBEM
Y 643.92 5  128.7827.58 0.0005 ok

| (L-B A RGN 27485 1

JEFMEEE) 14749 1

KEZFWHE) 1721 1

LCPUPERIS) 4238 1 4238 9.07 0.0236 1.88  *

MOBEREFLEY) 161.99 1 161.99 34.69 0.0011 -3.67  *
B 2% 2802 6 4.67

AR 671.94 11

274.85 58.86 0.0003 4.79  **
147.49 31.59 0.0014 -3.51  *
17.21 3.69 0.1033 1.20

* 8 FTRIPFHFEMRE LRI RER
Table 8 Design and results of the steepest ascent experiment for
freeze-drying protectants

o AP \
» I (L-B% JFEH M(BERE TG 2R /%
R4 HEBE) LK)

1 7 13 17 82.77+3.95
2 8 14 18 90.26+1.72°
3 9 15 19 85.39+4.05%
4 10 16 20 85.02+3.43%
5 11 17 21 81.27+2.34°
6 12 18 22 80.52+2.83°

P8 Fr BR T TC-4 A5 R RZI (R 9)o £ Design-Expert13.0
SrAr, BB Z o0 kB T R Y=87.59-2.18142.12)-
2.12M-3.0813-2.82IM-1.15IM-3.601°-9.117-3.99M?, J7 2
AT AR F o 19.95 (P<0.001). 44035 F 4 0.2950

(P=0.8282), YJuiE 2% RP=0.9625 .25 5 Z$1 2.47%<10.00%,
TR B2 A H AT EE 10). Hrp, LA AR
N5 A ZEREEEQD) . LA R BN AR FLRY (IM) A A8 HAE
FAARE I, P M) (P<0.05), W0 i El(El 7)
BIFAE TSR, FFERIA

%9 FTRIPFI Box-Behnken SLIIFIT R AR
Table 9 Design and results of freeze-drying protectants
Box-Behnken experimental

Al , I R
MRER | (LR I 2P MBS L)
1 8 13 17 74.36+4.44
2 8 13 19 71.7945.40¢
3 8 14 18 84.10+2.35
4 8 14 18 89.74+3.87"
5 7 15 18 83.08+4.07"
6 7 14 12 81.03+3.20°
7 9 15 18 72.31£1.54¢
8 9 14 17 82.56+0.89"
9 9 13 18 72.82+1.78¢
10 7 13 18 71.28+4.70¢
11 8 15 19 72.31£2.66°
12 8 14 18 87.69+5.33%
13 8 14 18 86.67+£2.35%
14 8 15 17 79.49+4.95°
15 9 14 19 73.33£3.20¢
16 7 14 19 83.08+3.08"™
17 8 14 18 89.74+0.89"

# 10 EFIR37 Box-Behnken S EVAFIEFE DT
Table 10 Regression equation and variance analysis of
Box-Behnken experiment for freeze-drying protectants

iR SPTIR AW 3975 F P BFM
B 69812 9 7757 1995  0.0003 B

[ 38.06 1 3806 979  0.0166

J 35.87 1 3587 923 0.0189

M 35.83 1 3583 922 0.0190

13 37.88 1 3788 9.75  0.0168

IM 31.81 1 31.81 818  0.0243

IM 5.31 1 531 137 0.2806

12 54.61 1 5461 1405 0.0072

NG 349.75 1 34975 89.97 <0.0001

M? 66.91 1 6691 17.21  0.0043
B 27.21 7 3.89

R 4.93 3 1.64 02950 0.8282 AEF

figRzE 2228 4 5.57

BASS 72533
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Fig.7 Response surface plot and contour plot of the freeze-dried survival rate of Pediococcus acidilactici TC-4
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F] 90.77%, WK T 4.61%. EEARPFEAUFEERM, o7
DLBE SR MR LR BE R BE T o

3 THES4R

FLIR R BRPE TC-4 #5352 3500 5 hy: #I%INE 26 /L. B
BLEH 30 g/L, ZIREH 8 g/L. FrBE IR A 5k 2 g/L . AR A
B2 o/L BREREE 0.4 ¢/L BRER%R 0.075 ¢/L . hif 80 1 g/L,
FoHr SR B RBIE A A 2 T E M GE L , ZREN S
IR A B S 2 iR 3R 1) DG B A 0l TR A T R Y AR
KAMFREE LI b HL I 3 AR5 A K BT, 3% T AU o
%K F 10" CFUMmL, &% & T [ fJE 3L A Bk i
IMAU95219 14 6.93x10° CFU/mLPY, & T 08 12 7L AT
IMAUS1186 £ 2.14x10° CFU/mLP? | % fF Q3L AT &
IMAU10240 f 7.57x10° CFU/mL £ 570 B ik itk
YR 33— AR R B R Tlb A KRR A 7 B T IR S
P IEAE . R TR R 7 i e A5 B e 2 A BTN LA
RGN 8% . FEFWEEE 14%. BAEZL 18%, Forh, LS4
FR AN 4RI P 9835 A, DR K 45, 22 2Rl
SEACE ML B A MR AR, ok S AR C Y AR
e T 1A Y S B B 2, PR UK 5 R Ak i 5 Y,
SHBEER, HTAAE 3K 90.77%. J/NEZEH RS
FLIR R BR B B e R T PR3 IR A i bl 73.64 /L. HER
M 43.76 g/L iR 1.91 g/L, fFIG%1K 98.10%+1.03%, FH
Be 7 LAKEZSS W o B, WAL L-A = Reh . %%
ZERERE S BN LR A, RIS NG AT ARA R o A
EILT TC-4 TSR R R S B, 2 FORS
FLFF I LR-20 S AR TR FIE o W50 10.33% ., JIlL
B 12.18% ., BENEFLKY 10.29% . BB H K 1.45%, fFiEHRN
85.29%, W EIK TAMFEHI T, HERAVI 2% i il 4
WEZLAF T GG LIFLIE 0.5% . BERRFLA 12% . FEME 27% M 11
oI5 AR R, AFIE 5N 78.60%, TRMIKT AW 5T
Fo L5 BITR, AR N ESIEREE . MG T
RN TC-4 M5, W hHALFLER T M & % R B SR T
RIPFITH IR T EE WA S . AR —ER
MR, {8 AT A, KRR BRSO SE 8, A
L IRNEAIE . JEERGFESEREE T 20K, UUKIT R
RPN SEEG, S0 UL Ak 5 VAR B 4 DR R v 1k B 2B R
Syl PRI PSR AR ERHE S . ez e Pk AR Y 7l
A5 Ak S 11 R g -
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