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Abstract: Lactic acid bacteria and cellulose degrading bacteria play an important role in fermentation process of silage, because
they can prevent the rancidity and increase the nutritive value of silage. But the propagation of lactic acid bacteria will inhibit the
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activity of cellulose degrading bacteriain the silage fermentation system. This problem can be solved by releasing lactic acid bacteria
and cellulose degrading bacteriain different time. Therefore, we immobilized lactic acid bacteria as a microbial agent for sustained
release. Firstly, the optimal balling concentration of the composite immobilized carrier and composite immobilized carrier were
obtained by immobilization of blank balls and corncob adsorbed Lactobacillus plantarum S1 respectively. The best immobilization
condition of L. plantarum S1 was obtained by comparing the immobilized rate and balling effect of two kinds of balls, which were
embedded by sodium alginate (SA), CMC-Na and embedded-crossiinked by SA, CMC-Na, polyvinyl alcohol (PVA). The results
showed that the best balling concentration was achieved by using 6% PVA+0.4% SA+0.3% CMC-Na for embedding-crosslinking
and 1.2% SA+0.5% CMC-Nafor direct embedding respectively. In addition, comparing with the mechanical strength and embedding
rate of five kinds of immobilization process, the best immobilized process was obtained by adding of the mixture of immobilized
carriers (1.2%SA+ 0.5%CMC-Na) and corncob adsorbed L. plantarum S1 slowly into 4% CaCl, for 24 hours. The corncob

adsorption and SA embedding methodology can effectively increase the embedding efficiency of Lactobacillus plantarum S1.

Keywords:  immobilization, adsorption, embedding, crosslink, corn stalk, silage
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Fig. 1 The flowchart of immobilization adsorption-embedding process.
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Fig. 2 The flowchart of immaobilization adsorption-embedding-crosslinking process.
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Tablel Physical propertiesof immobilization embedding-crosslinking carriers
Ratio of immobilization carrier Balling effects Mechanical strength (%) Yield (%)

5% PVA+0.3% SA+0.2% CMC-Na — —— ——
5% PVA+0.3% SA+0.3% CMC-Na — —— ——
5% PVA+0.3% SA+0.4% CMC-Na - - ——
5% PVA+0.4% SA+0.2% CMC-Na - - ——
5% PVA+0.4% SA+0.3% CMC-Na - - ——
5% PVA+0.4% SA+0.4% CMC-Na - - ——

5% PVA+0.5% SA+0.2% CMC-Na + 20 ——
5% PVA+0.5% SA+0.3% CMC-Na + 30 ——
5% PVA+0.5% SA+0.4% CMC-Na + 50 ==
6% PVA+0.3% SA+0.2% CMC-Na + 50 ==
6% PVA+0.3% SA+0.3% CMC-Na + 70 37.6+£1.5
6% PVA+0.3% SA+0.4% CMC-Na Sk 95 78.7£2.7
6% PVA+0.4% SA+0.2% CMC-Na Sk 97 79.0+2.1
6% PVA+0.4% SA+0.3% CMC-Na ++ 99 79.2+1.9
6% PVA+0.4% SA+0.4% CMC-Na ++ 96 78.5+1.1
6% PVA+0.5% SA+0.2% CMC-Na ++ 90 71.0+1.7
6% PVA+0.5% SA+0.3% CMC-Na ++ 92 72.2+1.0
6% PVA+0.5% SA+0.4% CMC-Na + 50 —-—
7% PVA+0.3% SA+0.2% CMC-Na + 80 56.5+2.5
7% PVA+0.3% SA+0.3% CMC-Na + 75% 55.4+3.7
7% PVA+0.3% SA+0.4% CMC-Na + 71 53.2+1.8
7% PVA+0.4% SA+0.2% CMC-Na + 76 56.7+1.2
7% PVA+0.4% SA+0.3% CMC-Na + 69 35.7£2.0
7% PVA+0.4% SA+0.4% CMC-Na + 40 —-—
7% PVA+0.5% SA+0.2% CMC-Na + 62 31.1+1.5
7% PVA+0.5% SA+0.3% CMC-Na + 58 —-—
7% PVA+0.5% SA+0.4% CMC-Na - —— ——
8% PVA+0.3% SA+0.2% CMC-Na + 30 ——

8% PVA+0.3% SA+0.3% CMC-Na + 20 ——
8% PVA+0.3% SA+0.4% CMC-Na - - ——
8% PVA+0.4% SA+0.2% CMC-Na —— == -
8% PVA+0.4% SA+0.3% CMC-Na —— == -
8% PVA+0.4% SA+0.4% CMC-Na —— == ——
8% PVA+0.5% SA+0.2% CMC-Na —— == ——
8% PVA+0.5% SA+0.3% CMC-Na —— == ——
8% PVA+0.5% SA+0.4% CMC-Na —— == ——
—: not balling; — —: severe tailing; +: balling; ++: better balling.

JE RO A HE R A R R ORI, EEANERYE R P T A R A [ E A A W A R B A
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Table2 Physical properties of immobilization embedding carriers

Ratio of immobilization carrier Balling effects Mechanical strength (%) Yield (%)
0.8% SA+0.3% CMC-Na - —— -
0.8% SA+0.4% CMC-Na - —— -
0.8% SA+0.5% CMC-Na - —— -
0.8% SA+0.6% CMC-Na - - —-—
0.8% SA+0.7% CMC-Na - —— -
1% SA+0.3% CMC-Na + 20 -
1% SA+0.4% CMC-Na + 50 ==
1% SA+0.5% CMC-Na ++ 80 73.9+x2.3
1% SA+0.6% CMC-Na ++ 70 38.2+2.7
1% SA+0.7% CMC-Na —— —— -
1.2% SA+0.3% CMC-Na ++ 90 80.1+3.4
1.2% SA+0.4% CMC-Na ++ 93 83.2+2.1
1.2% SA+0.5% CMC-Na ++ 99 87.3+2.8
1.2% SA+0.6% CMC-Na ++ 95 85.2+1.9
1.2% SA+0.7% CMC-Na + 80 73.8+2.0
1.4% SA+0.3% CMC-Na ++ 85 78.2+1.5
1.4% SA+0.4% CMC-Na + 80 73.5+2.1
1.4% SA+0.5% CMC-Na + 50 -

1.4% SA+0.6% CMC-Na ==
1.4% SA+0.7% CMC-Na —-—

—: not balling; — —: severetailing; +: balling; ++: better balling.
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Fig. 3 Appearance of different immobilized microbial pellets. (A) The appearance of embedded balls. (B) The

appearance of embedded-crosslinked balls.
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Table3 Comparison of the physical parameters of the two immobilization methods

Immobilized ball Density  Diameter Mechanical strength  Expansionrate Embedded rate ~ Bacteria No.
(g/lem?) (mm) (%) (%) (%) (x10°® CFU/mL)

:\:‘Ir:rioéilized ball 1 0.608 9 4.25 80 1.9+0.22 73.2+3.2 1.43+0.045
MIB 1I 0.607 9 441 96 2.2+0.17 85.5+1.6 1.96+0.031
MIB III 0.6120 4.55 98 1.3+0.14 75.1+£2.1 1.56+0.033
MIB IV 0.773 1 4.45 98 2.0£0.30 71.5+£2.3 1.37+0.031
MIB V 0.7820 4.90 99 2.0£0.25 72.3£1.3 1.50+0.032
CMIB 1 0.615 6 4.47 v 2.1+0.21 75.5+£3.2 1.69+0.054
CMIB II 0.612 3 4.55 95 2.5£0.19 88.3+2.6 2.20+0.057
CMIB III 0.623 5 4.56 96 1.6+0.28 76.2+1.8 1.73+0.031
CMIB IV 0.704 2 5.10 99 0.4+0.08 70.7+£0.9 1.29+0.012
CMIB V 0.8779 5.70 98 1.2+0.13 73.5+£2.2 1.46+0.032

MIB: immobilized microorganism balls; CMIB: composite immobilized microorganism balls.
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