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Immobilization of Propionibacterium freudenreichii and the Processing
Condition of its Propionic Acid Fermentation

MA Zhigang, WANG Yajun, WANG Depei
(College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: In order to improve the efficiency of propionic acid fermentation, propionic acid fermentation with immobilized
Propionibacterium freudenreichii were investigated. Adsorption-entrapping method was used to prepare immobilized cells
with bran as the adsorbent and CA-PVA as the entrapping material. Through orthogonal experiment, the propionic acid im-
mobilized cells’ fermentation process conditions were determined. The proportion of bacterium solution to bran was 5 mL :
0.6 g, the adsorption time was 15 min, the entrapping agent was the mixture of CA and PVA, the mass ratio was 3 : 3. Under
this immobilization conditions, the encapsulation efficiency reached 96.86%. The effect of the carbon sources and their con-
centration on propionic acid production were investigated. The experimental results showed that the sodium lactate was a
better carbon source. When the sodium lactate concentration was 40 g/L, the yield of propionic acid reached 13.75 g/L.
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TN R A M A B SR O (/L) - BT 20, B AR
10, AR 10, BEFREL S5, BRIR%ES 3, pH 7.2.

RIS EL (g/L) - Ai%ahE 20, AR 10, EERE
B 10, BERREL 5, TkIRES 3, pH 7.2.

1.3 EFFHE
13.1 HKARE GG AT

P RS 50 mL (250 mL = A i) 14
FEEE SRR, FER R 2%, 30 °C . 180 r/min FEKES
7% 20 h.

132 BlEALH K AL H 69 & B3 I

RN 3%, B 250 mL, B 11 = fj%E
W 100 mL, KFHREE 30 °C, #rEREFE 72 h
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(1) BT 25 817 ) 4« L 184 8 5 % 1 TR TR 1T TR
200 mL A B.OFRH, 18 000 r/min #§.0> 10 min, 25
B W, BN BRER KRR AT, SRIF B O TR 2
K. A 60 mL JC R /KR53 il B o

(2) AL 1 4 - Fa LU FR I — o 1t () 3R &0
fit (PVA) FIIFSERREM (CA) , LA 15 mL KB -F7KHn
b, MR ARG, B O, BCE R E R
115 ‘CKE 20 min.

(3) AT A i 48« PRER— 2 F U AIIR | TC K
542 L ok b, BCAR 30 g/L A AL S i DA
K 30 g/L SALESH 30 /L HIBR AR 1A

(4) [ 22 T B8 B TR BR A R« 4% L ) 5 mL 7
WA 0.6 g MR (BkKe) , YRAT, B 10 min,
SRIE B B AR RIME A E R IR A R AT, R
TS AR R O A B D, TE R ER.

(5) 2Bk KL HBRACHR 24 h, FAEBRER K vhike,
SRIGEERIAEFRER K, BT 4 CUKFATRAE.

1.4.2 6325 ybf5) B BEA) 64 A 2

PRI B R AN AR OB AR L sin, CA 5
PVA Jiitlb(g: @) 70l hy:3:8.3:6.3:4.2:8,
2:6.2: 4, BAF 20 mL.

AEHEAEEE H308 FH10

TEHE 30 g/L SEALES . 30 o/L BIR AY TR S 1A T R 2A
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IEAE SRR 3 KA L3R 1.
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Tab.1 Factors and levels of the orthogonal experiment

HE
K VR c mGEkED) ! m(CA) : m(PVA)/  WEIfEE])/
(mL : g) (g:g) min
1 5.0:04 3:4 5
2 5.0:0.6 3:3 10
3 5.0:0.8 2:4 15
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Z: W SCHR[11].
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Tab.2 Immobilized test result of different ratio of entrapping agent to cross-linking agent
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Tab.3 Analysis of orthogonal design result and range

- V() : m(CA) : 0 LR
m (B %) m (PVA) i ] /%
1 1 1 1 92.83
2 1 2 2 94.21
3 1 3 3 95.78
4 2 1 2 94.74
5 2 2 3 96.86
6 2 3 1 92.95
7 3 1 3 95.20
8 3 2 1 93.51
9 3 3 2 92.59
ky 94.273 94.257 93.097
k> 94.850 94.860 93.847
ks 93.767 93.773 95.947
R 1.083 1.087 2.850
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Tab.4 Analysis of orthogonal design variance

P2 - Flifi o
H#E - HEE FE i 2
V(EW) = m Gk 1.763 2 2.708 19.000
m(CA) : m(PVA) 1.778 2 2.731 19.000
G o s ] 13.095 2 20115 19.000  *
R 0.650 2

MR 1F 28 52 36 285 5L AT iff o [ 1 4 B % 1 TN PR
AR T 2400 RS EREZ Ll SmL : 0.6 g,
IR CA 5 PVA Fitlth 3 @ 3, AR,
15 min, JLBS AR A 96.86%.
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231 B EHBREBREA R KB
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oh: AN ORCH) Tt vk BB =y, X PR TR P 410 T
FHBRSE | P00 A FH 201G 5 L 40 g/L 425 b5 A i
U5, KT 56 h INTR ™ ik B i K AH.
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Fig. 1 Propionic acid production by P. freudenreichii with
glucose as the carbon source

AN [F) o Sk R 38 2 AR A JEC 0 s 1) TN TR s 1 % T,
5. B 1 Figk s aTLAFE H : 60, 80 /L FiZ M BT it
W B RN IR % AL AN, R R N AR 5 20,40 g/L
AR A R N R 1 (R 5t = 4 W ot E vk
JE x NIREALE) 239 10.62.11.28 g/L. A UL, &
SR 20 g/L HAEINE R I I N R AL % (53.10%) A
e, 40 /L BN ERFE AL R ARG (28.19%) , (HHN
PR A, R RRE A TR
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Tab.5 Analysis of production data with glucose as the substrate

H AR T NER¥G L% /%

; B VL

W/ (gL 1 2 3 4 5 S
20 53.90 52.70 53.10 53.05 52.75 53.10 0.1850
40 28.85 27.60 28.08 28.30 28.10 28.19 0.163 2
60 17.52 17.20 17.68 17.57 17.53 17.50 0.025 7
80 8.64 8.48 8.48 8.66 8.35 8.52 0.013 2

232 SUBRANR B IR BT R A A B0

AN [) 5 R 38 2L T M A sk D ) 2 EG PN TR I 1) T
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32h B, L 20,4060 g/L FLERHN M BRIS I ER 2k
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Fig. 2 Propionic acid production by P. freudenreichii with
sodium lactate as the carbon source
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IR 0 4.41 g/L, INIRFALZN 5.51%, NIR™
TN PR AL BRI ; 20,40, 60 g/L FLEREN M
VI N R =& 1 1049 13.75. 10.04 g/L, #TE
10 g/L DL E, (B 60 g/L FLEREN MR P N R G% LR
(16.74%) BAI%; 34b, BARE 20 g/L FLRRANN IR
NIRIEAL R (52.44%) ML , 40 g/L TN BREE AL AT Xt
A (34.38%) , (BN IR ™ it (13.75 g/L) B8 , 24K
AR .
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Tab. 6 Analysis of production data with sodium lactate as the substrate

FLERAN i NRRFEAL R % Fo.
g/ (g L) 1 2 3 4 5 SEME
20 52.14 52.61 52.34 52.74 5237 52.44 0.044 8
40 34.58 34.35 34.23 34.30 34.45 34.38 0.0149
60 16.75 16.68 16.87 16.63 16.77 16.74 0.006 7
80 5.51 5.45 5.61 5.49 5.50 5.51 0.002 8
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