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Background: Cellulose as a potential feed resource hinders its utilization because of its complex structure, and
cellulase is the key to its biological effective utilization. Animal endogenous probiotics are more susceptible to
colonization in the intestinal tract, and their digestive enzymes are more conducive to the digestion and
absorption of feed in young animals. Min pigs are potential sources of cellulase probiotics because of the high
proportion of dietary fiber in their feed. In this study, the cellulolytic bacteria in the feces of Min pigs were
isolated and screened. The characteristics of enzymes and cellulase production were studied, which provided a
theoretical basis for the rational utilization of cellulase and high-fiber food in animal production.

Results: In our study, 10 strains of cellulase producing strains were isolated from Min pig manure, among which
the M2 strain had the best enzyme producing ability and was identified as Bacillus velezensis. The optimum
production conditions of cellulase from strain M2 were: 2% inoculum, the temperature of 35°C, the pH of 5.0,
and the liquid loading volume of 50 mL. The optimum temperature, pH and time for the reaction of cellulase
produced by strain M2 were 55°C, 4.5 and 5 min, respectively.

Conclusions: Min pigs can be used as a source of cellulase producing strains. The M2 strain isolated from feces was
identified as Bacillus velezensis. The cellulase from M2 strain had a good activity and the potential to be used as
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feed additive for piglets.
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1. Introduction

Cellulose is the most abundant organic matter on the earth and an
inexhaustible renewable resource. However, cellulose has not been
effectively utilized because of its complex chemical structure [1]. Most
of the fibers of agricultural and sideline products were burned,
resulting in the waste of valuable agricultural resources and serious
environmental pollution. With the rapid development of economy, the
shortage of resources will become the resistance of sustainable
economic development. Therefore, the development and utilization of
cellulose resources is of great significance to solve the shortage of
resources. The degradation of cellulose by cellulase is the key to its
biological utilization [2]. Adding cellulase to animal feed can
significantly reduce the viscosity of chyme, eliminate some of the anti-
nutritional factor and improve the nutrient digestibility [3]. Dairy and
beef cattle performance is significantly improved, when diets are
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supplemented with commercial xylanases and cellulases [4]. Cellulase
can promote the production of propionic acid, which can reduce
the colonization of pathogenic bacteria and play a positive role on the
cecum fermentation process [5]. In monogastric animals, due to the
lack of cellulase in the gastrointestinal tract, the reasonable addition of
cellulose and cellulase to the diet can reduce the cost of animal diet,
increase the feeling of satiety, improve intestinal health, reduce the
occurrence of constipation and improve the performance of animals [6].

At present, feed enzyme preparation is mainly produced by fungi,
but cellulase producing bacteria have attracted attention because of
their strong adaptability and other advantages [7]. Probiotic bacteria
are living microorganisms that can reproduce in the intestinal tract
and are beneficial to the health of the host [8]. Probiotics were able to
promote feed digestion, growth, immune response to infectious
intestinal disease in livestock by providing nutrients and enzymes,
and inhibit pathogenic microorganisms in the gut [9,10]. Bacillus is
one of the probiotics that has a great beneficial effect on human and
most kinds of farmed animals [11]. The ability of forming spore
benefit stability of Bacillus makes it more likely to survive in lower
gastric pH and other harsh environments than other non-spore

0717-3458/© 2020 Pontificia Universidad Catélica de Valparaiso. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejbt.2020.09.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ejbt.2020.09.001
mailto:lifeng@neau.edu.cn
mailto:asshan@neau.edu.cn
https://doi.org/10.1016/j.ejbt.2020.09.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/

30 F. Li et al. / Electronic Journal of Biotechnology 48 (2020) 29-35

bacteria. The search for Bacillus, which can produce cellulase [12], has its
practical significance.

More and more attentions have been paid to livestock endogenous
microorganisms. In the long-term evolution of natural selection, the
beneficial microorganisms formed a good symbiotic relationship with
the host. These probiotics are easier to colonize in the digestive tract of
animals, and the enzymes from them are more conducive to the
digestion, absorption and utilization of animal feed, especially important
for young animals with imperfect digestive systems. Min pig, a local pig
breed in China, is a kind of long-term extensive breeding pig breed, in
which diet crude fiber can account for a very high proportion. Min pig
was one of the sources of cellulase producing bacteria due to its strong
adaptability to coarse fodder [13]. In this study, the cellulolytic bacteria
in the feces of Min pigs were isolated and screened. The characteristics
of enzymes and cellulase production conditions were studied, which
provided a theoretical basis for the rational utilization of cellulase and
high-fiber food in animal production. The aim of this study was to find a
superior cellulase-producing bacteria strain that may be used as feed
additive for weaned piglets.

2. Materials and methods
2.1. Sample collection

The fresh manure samples were collected into a 50-milliliter aseptic
screw pipe separately from six multiparous Min sows (151.2 + 4.5 kg)
at the Lanxi Pig Farm, Suihua City, Heilongjiang Province, China. The
samples were immediately placed in the ice box and transported the
laboratory within 3 h.

2.2. Preliminary isolation and screening of cellulases producing bacteria

1 g each manure sample from each sow was diluted with 100 mL
sterilized water and then oscillated at 80°C for 30 min in a Water Bath
Pot (DK-8D, Shanghai Bluepard Instruments Co., Ltd). Serial dilutions
from 102 g/mL to 10 g/mL were prepared using sterilized water. An
aliquot of 50 L of each dilution was inoculated on primary screening
medium agar plates containing (g/L) carboxymethylcellulose sodium
(CMC-Na; 10.0), NaCl (10.0), tryptone (10.0), yeast powder (5.0) and
agar powder (10.0). The plates were incubated under aerobic conditions
at 37°C for 24 h. The Congo-red overlay method [14] was used to have a
qualitative screening of cellulase production bacteria. In this method,
plates with strains were flooded with 0.1% Congo-red for more than
30 min and then de-stained with 1 mol/L NaCl solution until the clear
zones around the colonies were visualized. The ratio of clear zone
diameter to colony bacterial diameter was the standard of primary
screening. The selected bacterial colonies, of which the ratio was large,
were further purified by streaking onto new primary screening medium
agar plates for four to five generations. The purified strains were stored
at -80°C with glycerol.

2.3. Preparation of stock solution and extraction of crude enzyme solution

The initially cellulase producing bacteria were activated and
cultured in Luria-Bertani (LB) solid medium containing (g/L) NaCl
(10.0), tryptone (10.0), yeast powder (5.0) and agar powder (10.0).
The activated single colony was inoculated in LB liquid medium
containing (g/L) NaCl (10.0), tryptone (10.0) and yeast powder (5.0).
The medium cultured in Water Bath Pot at 220 rpm and 37°C for 12 h.
After that, they were cultured twice in LB liquid medium with 1.0%
inoculum. The stock solution was prepared as the optical density (OD)
of the bacterial solution was adjusted to 1.0 at 600 nm (ODgpg = 1.0)
using LB liquid medium. Stock solution (0.5 mL) was inoculated in 50
mL LB-CMC liquid medium containing (g/L) CMC-Na (10.0), NacCl
(10.0), tryptone (10.0) and yeast powder (5.0). The medium was
cultured at 220 rpm and 37°C for 24 h. The crude enzyme solution

was obtained from the superstratum of the LB-CMC liquid medium
centrifuged at 3000 x g and 4°C for 15 min.

2.4. Re-screening of cellulase producing bacteria

Dinitrosalicylic acid (DNS) colorimetric method [15] was used for re-
screening to determinate the cellulase activity of crude enzyme solution.
1 mL crude enzyme solution was dissolved in 1.5 mL in citric acid buffer
(1% CMC-Na) and incubated at 50°C for 30 min. After that, 2.5 mL DNS
reagent [15] was quickly added in the citric acid buffer. The mixture
was boiled for 5 min, cooled in water bath to room temperature,
adjusted to volume of 10 mL with deionized water and shaken well.
The ODs44 of mixture liquid was determined. According to the research
of Lowry [16], the standard curves of different concentrations of glucose
were drawn. One unit (U) of enzyme activity was defined as the
amount of enzyme required for substrate to produce 1 pg of glucose per
minute. Strain showing highest cellulase activity was used in
subsequent experiments. The carboxymethyl cellulase (CMCase) activity
was calculated by the following formula:

. _ Glucose production(mg) x 1000
MCase activity (U/ml) = Enzyme dosage(mL) x time( min)

2.5. Identification of the bacterial species

2.5.1. Biochemical characterization

Bacterial isolate was identified using Common bacterial system
identification manual [17] Gram staining was done for morphological
identification of bacteria, whereas biochemical identification was done
by using a series of tests such as heat resistance, catalase, oxidase,
indole, methyl red (MR), starch hydrolysis, Voges-Proskauer (VP)
glucose fermentation, mannitol fermentation and sugars alcohol
(glucose, maltose, fructose, galactose, lactose, sucrose, mannitol,
glycerol and ethanol) utilization tests by standard methods [17].

2.5.2. Molecular identification by 16S rRNA gene sequencing

Total DNA was extracted using the Gel Extraction Kit D2500 (Omega,
China), following the instructions from the manufacturer. The 16S rRNA
gene was amplified by polymerase chain reaction (PCR) from the
genomic DNA of the strain using universal primers, 7F(5’-CAGAGTTTG
ATCCTGGCT-3’) and 1540R(5’-AGGAGGTGTCCAGCCGCA-3’) [18]. The
PCR conditions were as follows: initial denaturation at 94°C for 3 min,
followed by 30 cycles with denaturation at 94°C for 1 min each,
annealing at 55°C for 1 min, extension at 72°C for 2 min, and a final
elongation at 72°C for 10 min. Amplified product was checked for size
and purity on 1% (w/v) agarose gel.

PCR products were sequenced through commercial services provided
by Sangon Biotech Co., Ltd. (Shanghai, China). The sequence was then
compared with Ribosomal database (http://rdp.cme.msu.edu/index.jsp)
and used the Basic Local Alignment Search Tool (BLAST) program of
NCBI for homology analysis. A phylogenetic tree was constructed using
the neighbor-joining model of the MEGA 7.0 program [19].

2.6. Growth curve drawing

Stock solution of screened bacterial strain (0.02 mL) was inoculated
in 2 mL LB liquid medium, and the ODggo Was measured by a microplate
reader (M200pro, Tecan, China) after incubation at 37°C for 8 h, and
then measured every 2 h until to 48 h. The growth curve of the strain
was plotted by measuring the average value obtained from three
repeated samples.

2.7. Optimization of cellulase production

The 250-mL Erlenmeyer flask was used in all microbial cultures.
Different initial pH values (4.0, 4.5, 5.0, 5.5, 6.0, 6.5 or 7.0) of LB-CMC
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liquid media were selected to optimize the pH value for the high yield of
cellulase production. The stock solution was inoculated with 1%
inoculum in 50 mL LB-CMC liquid medium oscillatory culture on a
rotary shaker at 220 rpm and 37°C for 24 h. In order to obtain the
optimum temperature for enzyme production, stock solution was
inoculated in 50 mL LB-CMC liquid medium (initial pH = 7.0) at 1%
inoculum size and incubated on a rotary shaker at 220 rpm and the
different temperatures (33, 35, 37, 39 or 41°C) for 24 h. To determine
the optimal inoculum size, the following scheme was used: at the
optimum temperature, stock solution was inoculated with different
inoculations (1%, 2%, 3%, 4% or 5%) in 50 mL LB-CMC liquid medium
(initial pH = 7.0) on a rotary shaker at 220 rpm for 24 h. Under the
optimum temperature, pH and inoculum size, the LB-CMC liquid
medium with different volume (30, 50, 70, 90 or 110 mL) was
cultured on a rotary shaker at 220 rpm for 24 h. The CMCase activities
of all samples were measured in order to find the optimal conditions.
Three repeated samples were used in each experiment and the
average values were plotted for each experiment.

2.8. Analysis of the characteristics of crude enzyme

Optimum temperature for the CMCase reaction was determined by
the following steps: 1 mL crude enzyme solution was mixed in 1.5 mL
1.0% CMC-Na substrate solution, and then took a water bath for 30
min at 40, 45, 50, 60, 65 or 70°C. Optimum pH for the CMCase
reaction was determined by the following steps: CMC-Na was
dissolved at 1% (w/v) in different buffers with different pH value (4.0,
45,5.0,5.5,6.0, 6.5, 7.0). 1 mL crude enzyme solution was mixed in
1.5 mL 1.0% CMC-Na substrate solution, and then took a water bath at
50°C for 30 min. The optimum time of CMCase reaction was obtained
by the following steps: 1 mL crude enzyme solution was mixed in 1.5
mL 1.0% CMC-Na substrate solution, and then took a water bath at
50°C for 5, 10, 15, 20, 25, 30, 35 or 40 min. The CMCase activities were
determined by DNS colorimetric method. Three repeated samples
were used in each experiment and the average values were plotted for
each experiment.

2.9. Statistical analysis

One-way analysis of variance (ANOVA) was done using Statistical
Package for the Social Sciences (SPSS 22.0) [20] for the determination
of significant differences within different indexes. Tukey test was
applied. Three replicates were determined for each index. A significant
difference was found when p < 0.05.

3. Results
3.1. Isolation and screening of cellulolytic bacteria

Isolation and screening of fiber degrading microbes is of immense
importance due to their huge demand in industrial applications. In the
present study, ten isolates from Min pigs' manure were initially
identified to produce fiber degrading enzymes on CMC agar plates as
showed in Fig. 1. Cellulose-solvent zones around colonies are formed
in cellulose agar plate after incubating 24 h. The cellulase activities of
all screened strains were showed in Table 1. The isolate M2 with high
cellulase production was selected for further characterization.

3.2. Physiological and biochemical characterization

The physiological and biochemical characterization of strain M2 has
been shown in Table 2.

Fig. 1. Cleaning zone of strain M2 on CMC-Na selective medium.

Table 1
The size of transparent circle of the strain and activity of the CMC enzyme.

Isolate's ID D1 (mm) D2 (mm) D1/D2 Cellulase activity (U/mL)
M1 8.26 4.80 1.72 25.96
M2 8.38 3.59 2.33 33.03
M3 8.45 5.80 1.46 25.87
M4 8.74 4,56 1.92 24.70
M5 9.40 4,57 2.06 26.10
M6 8.79 5.83 1.51 25.65
M7 8.54 4.60 1.86 24.06
M8 7.70 533 1.44 24.26
M9 8.52 534 1.60 24.89
M10 7.81 443 1.76 26.16

Note: D1 = the cellulose-solvent zone diameter; D2 = the colony bacterial diameter.

3.3. Phylogenetic analysis

The agarose gel electrophoresis result of the PCR amplification
product of strain M2 was shown in Fig. 2. The DNA fragments
amplified by PCR were all single bands, and the length of the
fragments was about 1500 bp. The PCR products of strain M2 were
sequenced to obtain the full-length 1492 bp gene sequence, which
was consistent with the result of electrophoresis. The 16S rRNA gene
sequence was compared with Ribosomal database (http://rdp.cme.
msu.edu/index.jsp), and the homology between M2 strain and Bacillus
velezensis was 100%. The phylogenetic tree was constructed by

Table 2

Physiological and biochemical characteristics of strain M2.
Characteristic features Results Characteristic features Results
Gram's staining + Morphology B
Glucose utilization + Maltose utilization +
Fructose utilization + Galactose utilization +
Lactose utilization + Glycerol utilization +
Sucrose utilization + Ethanol utilization -
Mannose utilization + Mannitol utilization +
Oxidase + Catalase +
Voges-Proskauer - Methyl red -
Starch hydrolysis + Indole -
Glucose fermentation + Mannitol fermentation +
Growth at 70°C + Growth at 80°C +

Note: B = bacilli; “+” stands for positive and “-” for negative.
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Fig. 2. Electrophoresis of PCR Products of Strain M2.

MEGA7.0 cluster analysis, and the strain was classified as Bacillus
velezensis as shown in Fig. 3. The strain was preserved at China Center
for Type Culture Collection (CCTCC) in Wuhan under no. CCTCC M
2018841.

3.4. Drawing of strain growth curve

The growth curve of strain M2 at 37°C and a pH of 7.0 was shown in
Fig. 4. Strain M2 reached the logarithmic phase at 8 to16 h after
inoculation, and its growth reached a plateau after 20 h.

3.5. Optimization of cellulase production conditions of strain M2

There were significant efferents (p < 0.05) of initial pH, temperature,
inoculation concentration and liquid loading amount on cellulase

production (Fig. 5). The enzyme production curve of strain M2 with
initial pH value was shown in Fig. 5a. The maximum CMCase activity
(20.20 + 0.74 U/mL) was observed at an initial medium pH of 5.0.
Further, the CMCase activity was stable (>80% of the maximal level)
over a broad range of pH values (from 4.5 to 7.0). The enzyme
production curve of strain M2 with temperature was shown in Fig. 5b.
The CMCase activity reached the maximum (22.03 + 0.20 U/mL) at
the temperature of 35°C. The CMCase activities at different inoculation
concentrations at this optimum temperature were shown in Fig. 5c.
The maximum CMCase activity (33.83 4+ 0.37 U/mL) was observed
when the inoculum concentration was 2%. And then, the activity
decreased gradually with the increase of vaccination concentration.
Based on the optimum initial pH, temperature and inoculum size, the
enzymatic curve of strain M2 varying with liquid (LB-CMC medium)
loading was determined and shown in Fig. 5d. The CMCase activity
reached the maximum (41.18 + 1.61 U/mL) at 50 mL.

3.6. Enzymatic properties of CMCase from strain M2

Temperature, pH and time significantly affected (p < 0.05) cellulosic
enzymatic reaction (Fig. 6). The variation curve of the activity of
cellulase from strain M2 at different temperature was shown in Fig. 6a.
The optimum temperature of CMCase reaction was 55°C. When the
temperature increased to 70°C, the CMCase activity was still more than
80% of the maximum, indicating that the cellulase produced by strain
M2 had good thermal stability. The variation curve of cellulase activity
at different pH was shown in Fig. 6b. The optimum pH for CMCase
reaction was 4.5. And the CMCase activity was still more than 80% of
the maximum while pH was from 4.0 to 7.0, indicating that the CMCase
had a certain degree of pH stability. The change curve of CMCase
activity for different reaction time was shown in Fig. 6¢. The CMCase
activity was the highest at 5 min, and then decreased gradually with the
prolongation of reaction time.

4. Discussion

In this study, cellulose degrading bacteria from Min pigs were
isolated and cellulase production of one strain was optimized. At
present, protease and cellulase account for a large proportion of
industrial enzymes. However, the production of known protease and
cellulase series are not enough to meet the needs of industry [21].
Microbial fermentation is still considered to be the most important
way to produce enzyme in industry. So far, cellulose degradation
bacteria had been isolated by many scholars from animal
gastrointestinal tract and feces. Sari et al. [22] isolated a new species
of Enterobacteriaceae from bovine rumen fluid. Sadhu [23] and
Hussain et al. [24] isolated cellulase producing Bacillus subtilis from
cow dung and soil, respectively. Yang et al. [25] isolated and identified
a cellulose decomposing bacterium as Bacillus subtilis from Tibetan pig
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Fig. 3. Phylogenetic tree for the strain M2 and related bacterial strains.



intestines and its cellulase production was studied. The results of this
experiment proved that it was feasible to isolate cellulase producing
bacteria from the gastrointestinal tract system of Min pigs. There is a
certain relationship between the characteristics of coarse grain feeding
and the cellulose-degrading bacteria in the intestinal tract.
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In this study, CMC-Na was used as the sole carbon source selective
medium, combined with Congo red staining method for preliminary
isolation of cellulolytic bacterium. Congo-red and cellulose interact in
agar medium. When the bacteria secreted cellulase, the cellulose was
degraded into cellulose disaccharide, glucose and organic acid. The pH
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of medium around the colony was reduced, which caused the formation
of transparent circle [26]. Considering the excellent tolerance of spore
probiotics and their potential probiotic value in livestock, only spore
bacteria in Min pig feces were considered in this study. In order to
improve the screening efficiency, the spores-free bacteria and some
miscellaneous bacteria were killed by a water bath at 80°C in the
process of dilution. Through primary screening, 10 isolates were found
positive for fiber degrading potential and the M2 strain had the
excellence of potential. The primary screen strain was re-screened by
the DNS method because the scarlet staining was not quantitative. In
this method, free carboxyl groups were released by the oxidation of
aldehyde groups of the glucose molecule, which was formed by the
action of fiber degrading enzymes. These reduced 3,5-DNS (yellow) to
3-amino-5-nitro salicylic acid (orange) under alkaline conditions [15].
This method is also used in other experiments in this study to

determine the activity of the cellulase. The result of enzyme activity in
this research also showed that the M2 strain had the greatest enzyme
activity among ten isolates.

Results of physiological and biochemical identification and 16S rRNA
gene analysis showed that the homology between M2 strain and
Bacillus velezensis was 100%. The phylogenetic tree was constructed to
identify the strain as Bacillus velezensis. Bacillus velezensis was first
isolated from the Estuary of Valle in Malaga, southern Spain [27].
Wang et al. [28] thought that Bacillus velezensis was a variety of
Bacillus starch. Bacillus velezensis FZB42 could produce secondary
metabolites with antibacterial activity, including lipopeptide (surface
protein, fengomycin and Bactericin D), polyketones (macroemulsion,
bacillactone and mucin) and peptides (plant azodane, starch cycline
and bacillus protease) [29]. This study showed that the Bacillus
velezensis can produce highly active cellulase, which is consistent with
Peixoto et al. [30]. A strain of Bacillus velezensis was isolated from the
feces of piglets by Ye et al. [31]. Continuous efforts to find new high-
efficiency microbial isolates with fiber degradation potential are
necessary. In this experiment, the isolate M2 can survive up to 80°C
which highlights its industrial importance.

According to the growth, characteristics of the strain (Fig. 4), the M2
is at the growth stage for a long period of time after 20 h. Since the
bacterial enzyme is most active in the logarithmic phase, we
conducted a cellulase production cultivation for 24 h in a follow-up
experiment in order to examine enzyme characteristics. The
production of fiber degrading enzymes generally depends on a variety
of growth parameters which include inoculum size, pH, temperature,
medium additives (carbon and nitrogen sources), aeration, growth
and time, and on the presence of various metal ions as activators and
inhibitors [26]. Through the determination of CMCase activity of crude
enzyme solution in different conditions, it can be judged that M2
strain has the ability to produce enzyme in a wide range of pH values
(from 4.5 to 7.0), which suggests the potential application of the strain
under different pH conditions. The enzyme production of
the microorganism is closely related to the culture temperature. The
optimum temperature of M2 enzyme production was 35°C. The
results also showed that the optimum inoculum size of enzyme
production was 2%. When the inoculation quantity was more than the
optimum value, the cellulase production overall showed a downward
trend. The excessive inoculation makes the bacterial density too large,
resulting in insufficient nutrients and dissolved oxygen in the
medium, which ultimately limits the growth of bacteria and reduces
the production capacity of enzymes [32]. In this study, 2% inoculum
size was used in the subsequent experiments. The suitable amount of
liquid loading provided the appropriate amount of oxygen and
nutrients [33]. In the space of 250-mL Erlenmeyer flask, the optimum
volume of liquid in this study was 50 mL. At this point, the dissolved
oxygen and nutrients in the medium reach an optimum value, which
makes M2 strain able to produce enzymes more efficiently.

At this study, enzymatic reactions of CMCase were studied by crude
enzyme solution. The results showed that the crude cellulase produced
by the strain M2 had a good temperature and pH range, enabling it to
meet requirement of commercial cellulases. Crude cellulase from
Bacillus subtilis strain BY-3 has a board of temperature (from 30 to
80°C, above 65% of the maximal level) and pH (from 4.5 to 8.5, above
60% of the maximal level), which has been reported by Meng et al.
[33]. The crude CMCase produced by M2 belongs to acidic cellulase,
and its optimum pH of enzymatic reaction is 4.5, which can adapt to
the acidic environment of gastrointestinal tract. The enzymatic
reaction time of CMCase is also an important factor affecting enzyme
activity. The enzymatic reaction of cellulase needs the cooperation of
enzyme, and the process of its preparation (the diffusion of cellulase,
the attachment, the movement of the corresponding active site) takes
a certain time [2]. When the enzymatic reaction time of the enzyme
was too short, the enzymatic reaction speed was slow because of the
uncomplete combination of the cellulase and the cellulose. When the
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enzymatic reaction time was too long, the enzyme activity decreased
due to the instability of the activity of the cellulase [34]. In this
experiment, the CMCase activity was the highest when the reaction
lasted 5 min, which indicated that the enzyme bound to substrate
quickly.

5. Conclusions

The endogenous cellulose-degrading bacteria of animals are not only
easy to colonize in animals, but also can help animals metabolize
cellulose to produce small molecules of organic acids to inhibit the
invasion of exogenous harmful bacteria. In our study, we screened 10
strains of cellulase producing strains from Min pig manure, among
which the M2 strain had the best enzyme producing ability and was
identified as Bacillus velezensis. The optimum cellulase production
conditions of strain M2 were: 2% inoculum, the temperature of 35°C,
the pH of 5.0, the liquid loading volume of 50 mL. The optimum
temperature, pH and time for the reaction of cellulase produced by
strain M2 were 55°C, 4.5 and 5 min, respectively. The role of M2 strain
in weaning piglets' diets will be investigated in the future.
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