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Abstract. To master the culture optimization and regulation mechanism of Sporosarcina
Pasteurii, this study explored the adaptability of MICP technology for restoring root splitting
fissures of plants, and used single factor comparative experimental method to study the
characteristics of growth curves and urease activity of Pasteurii in different conditions in
earthen sites of Jinyang Ancient City. The conclusions are as follows. The technology of MICP
was an ideal method for restoring root splitting fissures of plants, which could meet the
requirements of restoring earthen sites by sealing surface fissures, inhibiting root growth of
plants and preserving the physical morphology of damaged plant roots and stems. It was
recommended to use the medium of Mj, with an initial pH of 7.25, a culture temperature of
30 C, inoculation age range of 12-13h, and inoculation amount of 3%. The suggestion was to
select Pasteurii as restoration solution when the urease activity was at peak period. The
conclusions can provide suitable breeding conditions for Pasteurii, providing an important
reference for MICP technology to restore root splitting fissures of plants for earthen sites.
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0. Introduction

The pattern of vegetation layer is grown and formed naturally during the preservation of the original
earthen sites. It is a development form on the entire life cycle of earthen sites. The surface layer has
unique functions of historical information, artistic aesthetics, soil fixation, and climate regulation.
However, the fissures of earthen sites formed by the root splitting action of plants, abbreviated as root
splitting fissures, increase the possibility of surface erosion, seriously hindering the large-scale use of
vegetation restoration methods and urgently needing to be addressed.

The research on the restoration material of root splitting fissure is still in the blank stage. Here, we
refer to relevant research on soil fissures for target screening. There are three types of fissure
restoration materials. They are inorganic materials, organic materials and organic-inorganic composite
materials. Among them, modified hydraulic lime (CaO) [1], hydrated lime (Ca(OH).) [2], and

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Sporosarcina Pasteurii (abbreviated as Pasteurii)[3], have common advantages in restoring root

splitting fissures, while Pasteurii has a more obvious advantage in restoring plant root fissures (Table
1).

Table 1. Statistical table of restoration results of materials.

Volume mean

di Product Restoration location Curing time pH
iameter
CaO F)epeqdmg on Randomization Long time alkalinity
ingredient list.
Ca(OH): >30um caco Randomization Long time >10
* To prioritize  sealing About 15 days if Survival interval=
Pasteurii <10um surface fissures, to restore providing urea + 6-13, reaction
micron-fissures. Ca*. value ~ 9.6.

As a main driving factor of the geochemical cycles, Pasteurii belongs to a typical urease producing
bacteria [2] of microbial induced carbonate precipitation (abbreviated as MICP, Figure 1). It is firstly
extracted from soil [4] and later found in many places such as limestone [5]. It has the characteristics
of being non-toxic, environmentally friendly, stable and not prone to aging. At this stage, the
cementing performance [6-9] is widely studied and applied for patents [10].
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Figure 1. Schematic figure of Pasteurii restoring root splitting fissures.

Research has confirmed that Pasteurii [11] had a diameter of 0.5um and a length of 2pum, meeting
the standard of micron restoration for root splitting fissures. Pasteurii was an aerobic strain that
prioritized sealing surface fissures. No matter how the pH value was adjusted in the early stage, the pH
value the restored bacteria solution tended to be alkaline in a stable state, which was inhibit on root
growth. This restoration method not only retained the advantages of soil reinforcement, thermal
insulation, moisture retention, and flow resistance of plants themselves, but also met the requirements
of minimizing intervention in root splitting fissures. It was an ideal method for root splitting fissures
restoration. If this study can solve the problem of root fissures, its application value and market
prospects are broad.

1. Research method
This study selected Pasteurii (DSM 33, Figure 2) as the target strain. It was produced by Leibniz

Institute DSMZ in Germany. The solid medium was CASO AGAR (Merck 105458), which was used
to resuscitate Pasteurii (Figure 3).

Figure 2. Pasteurii preserved
by vacuum drying.
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Figure 3. Resuscitated Pasteurii in solid medium.

1.1. Experimental area

Jinyang Ancient City has a long history (497-979 BC). It was an important political, economic, and
military center in ancient China. The site is located next to the G5 Jingkun Expressway in Jinyuan
District, southwest of Taiyuan City, Shanxi Province, China. It belongs to a semi-humid climate zone.
The Western City Wall is a typical rammed earthen site. The plants are mainly composed of shrubs
and herbs, and the root splitting fissures exist at the edge of the earthen sites. Research has confirmed
that calcite accumulation was existed on the Western City Wall in Jinyang Ancient City. This study
will provide reference for the study of vegetation layer in rammed earthen sites in the semi-humid
climate zone in central and eastern China.

1.2. Experimental design

The main objective of this study is to provide high concentration and high-quality Pasteurii that can be
used for restoring root splitting fissures. Based on the complex growth, reproduction, and metabolism
of Pasteurii, which are influenced by numerous factors, this study mainly conducts single factor
comparative experiments on culture media from three aspects: nutrients, culture conditions, and
inoculation conditions. During the culture period of each experiment, multiple samples need to be
taken at different times according to the experimental needs, and the values of temperature, pH, ODsoo,
and conductivity should be tested separately. The residual Pasteurii solution the conical flasks should
be preserved by original culture conditions.

1.2.1. Nutrients. To obtain better growth nutrients for Pasteurii, three mediums were prepared in
300mL. They were CASO AGAR (Merck 105458), LB medium, and ATCC medium 1376 NH4-YE
medium. They were all placed in a conical flask, marked respectively as M1, M, and Ms. Before
inoculation, the following three culture mediums need to be subjected to high-temperature sterilization
treatment.

A small amount of Pasteurii bacteria were selected from solid culture medium using a sterilized
inoculum and were placed in liquid culture medium for shaking culture. Taking Pasteurii solution
cultured for different times with good growth as seed bacteria, the temperature of constant temperature
oscillator was set to 30 ‘C, the oscillation frequency was set to 170r/min, and the culture time was 24h.

1.2.2. Culture conditions. Research has confirmed that the target strain has the best dissolved oxygen
(DO) effect when the oscillation frequency was in 170r/min [12]. The oscillation frequency was set to
170r/min. M1 medium was selected as liquid culture medium. Bacteria with good growth were
selected as seed bacteria. And the culture time was 24h.

(@) pH
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M1 medium was in 1500mL. In units of 90mL, the culture medium was divided into each conical
flask. The pH of the culture medium was calibrated by hydrochloric acid or sodium hydroxide at a rate
of 2uL each time. The liquid in the conical flask was replenished to 100mL at last. The temperature of
constant temperature oscillator was set to 30 C.

(b) Temperature

Research has shown that the lower the culture temperature, the longer the growth delay period of
Pasteurii. It took nearly 20h to enter the logarithmic growth phase under 20 ‘C conditions, the
Pasteurii solution concentration did not reach its growth peak at 24h, and the growth rate was
relatively slow [2]. Based on experimental data at 30 ‘C was obtained, five parameters were mainly
measured here. They were 31 °C, 32 °C, 33 C, 34 °C, and 37 C.

M1 medium was in 500mL. In units of 98mL, the culture medium was divided into each conical
flask. In units of 2 mL (2%), the seed bacteria were inoculated into each conical flask. By adjusting the
temperature of constant temperature oscillator, the effect of controlling culture medium temperature
was achieved. The pH was set to 7.3.

1.2.3. Inoculation conditions. M1 medium was selected as liquid culture medium. The temperature of
constant temperature oscillator was set to 30 ‘C, and the oscillation frequency was set to 170r/min.

(a) Inoculation age

M; medium was in 3500mL. Firstly, in units of 50mL, M; culture medium was divided into 6
conical flasks. Bacteria in different inoculation ages with good growth were selected as seed bacteria.
In units of 198mL, the culture medium was divided into each conical flask. In units of 2 mL, the seed
bacteria were inoculated into each conical flask. The culture time was 24h.

(b) Inoculation amount

M: medium was in 2000mL. In units of 50mL, the culture medium was divided into each conical
flask. Bacteria with good growth were selected as seed bacteria. The seed bacteria were inoculated into
each conical flask in different proportion. The liquid in the conical flask was replenished to 100mL at
last. The culture time was based on different conditions.

1.3. Characterization parameters

The concentration of Pasteurii was measured by photoelectric turbidimetry at a wavelength of 600nm,
using uninoculated culture medium as a blank control, characterized by optical density value (ODggo),
and measured using a UV-1800 ultraviolet spectrophotometer, as in Equation (1) [2].

X =3.283 xD —0.053 (D

where:

X is the absolute concentration of Pasteurii, in 108cell/mL;

D is the optical density OD value of bacteria solution measured at 600nm.

The urease activity of Pasteurii could be qualitatively determined by colorimetric methods, which
was in traditional method [13-16]. However, its quantitative indicators could not be directly obtained.
Research has shown that the amount of Pasteurii urease increased the ion concentration in the bacteria
solution when decomposing urea, leading to an increase in the conductivity of the bacteria solution
[11]. Urease activity could be characterized by measuring the growth rate of conductivity in bacteria
solution. The measuring instrument of conductivity was multi-parameter measuring instrument, and
the model was DZS-708L, as in Equation (2) [3].

UA = % x 11.5249 (2)

where:
UA is urease activity, in mS-(cm-min)';
o1 is the value of initial conductivity, o, is the value of conductivity after t minute, in mS-cm™".
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2. Experimental results and discussion
2.1. Nutrients

2.1.1. Change rule in different media conditions. It was known that after being inoculated, Pasteurii
would reproduce in a diploid manner, and the daughter cells after division had the ability to live.
Bacteria that reproduce through the two division method generally followed the growth curve
propagation pattern of four stages: delay period, logarithmic period, stable period, and decay period
[17-18].

The growth curve distribution of Pasteurii followed the following pattern. After inoculation with
M; medium, the number of cells remained almost unchanged within 5h. After 5h, cell division
increases logarithmically, reaching its peak at around 13h and gradually stabilizing, and the cells
showed negative growth. After inoculation with M> medium, the number of cells remained almost
unchanged within 5h. After Sh, cell division increased logarithmically, reaching its peak at around 14h
and gradually stabilizing, and the cells showed negative growth. After inoculation with M3 medium,
the number of cells remained almost unchanged within 9h, but gradually increased after 9h, with the
highest 24-hour value in existed data.

The summary of the reproduction pattern of Pasteurii was as follows. Pasteurii did not immediately
reproduce after inoculation into the culture medium, and the number of cells remained almost
unchanged for a certain period of time. The cell division was slow and in a delayed period.
Subsequently, the cells of Pasteurii underwent a delay period adjustment and entered the rapid division
stage. The number of newly formed Pasteurii increased geometrically, and the cell division rate
reached its maximum. This stage was the logarithmic phase. Next, with the consumption of nutrients,
harmful metabolites gradually accumulated, and the cell division rate decreased. The number of new
cells was similar to dead ones, in a dynamic equilibrium state. The above stage was in a stable period.
After that, the number of dead cells of Pasteurii increased sharply, the cells began to autolyze, the
metabolites increased, the total viable bacteria count decreased, and a negative growth occurred. This
stage was called decay period.

The distribution of urease activity in Pasteurii followed the following pattern. After inoculation
with M; medium, there was no significant change in urease activity within 5h. However, after 4h,
urease activity increased rapidly and reached its peak around 10h. After 15h, urease activity gradually
decreased. After inoculation with M> medium, there was little change in urease activity within Sh.
After Sh, urease activity increased rapidly and reached its peak around 14h. After 15h, urease activity
gradually decreased. After inoculation with M3 medium, there was little change in urease activity
within 11h. After 11h, urease activity increased rapidly and reached its peak range of 18-20h. After
20h, urease activity gradually decreased. It could be seen that the urease metabolism of Pasteurii in the
logarithmic phase was most active.

By comparing the concentration and urease activity distribution of Pasteurii, it could be seen that
the peak of growth curve of Pasteurii lagged slightly behind the peak of urease activity. Therefore, it
was not recommended to choose pasteurized bacteria solution that was at the peak of urease activity
for remediation. It was slightly shorter in time than the peak of growth curve.

2.1.2. Change rule in different inoculation ages. When we used M; medium, the effect of different
inoculation ages on concentration of bacteria solution showed a trend of 105h > 27h >79h >54h. When
we used M, medium, the effect of different inoculation ages on the concentration of bacteria solution
showed a trend of 105h >27h >54h >79h. When we used Mz medium, the effect of different
inoculation ages on the concentration of bacteria solution showed a trend of 105h >79h >54h >27h. It
can be seen that after the inoculation age exceeds 100h, the delay period of the growth curve of
Pasteurii was significantly shortened, and the peak concentration of the bacteria solution was
significantly increased.
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When we used M; medium, the effect of different inoculation ages on the urease activity of bacteria
solution showed a trend of 27h >79h >54h >105h. When we used M, medium, the effect of different
inoculation ages on the urease activity of bacteria solution showed a trend of 54h >27h >105h >79h.
When we used M3 medium, the effect of different inoculation ages on the urease activity of bacteria
solution showed a trend of 79h >105h >27h >54h. The urease activity of Pasteurii reached its peak at
around 10-12h using M; medium and seed bacteria culture time of 27h. The urease activity of Pasteurii
reached its peak at around 6h after 105h, and the peak was significantly reduced. The urease activity of
Pasteurii reached its peak at around 14h using M> medium and seed bacteria culture time of 54h, while
the urease activity of Pasteurii reached its peak at around Sh after 105h, and the peak was significantly
reduced. The urease activity of Pasteurii reached its peak around 15-18h using M3 medium and seed
bacteria culture time of 79h. The urease activity of Pasteurii reached its peak around 12-15h after
105h, and the peak value significantly increased. It can be seen that the older the inoculation age, the
earlier the peak of urease activity of Pasteurii appeared, but the smaller the peak value.

By comprehensively comparing the bacteria concentration and urease activity performance of
different culture media, it was recommended to choose an inoculation age of around 27h when using
M; culture medium. If using M, medium, it was recommended to choose an inoculation age range of
27-54h. If using M3 medium, it was recommended to choose an inoculation age of over 54h. It was
recommended to use M; medium for the breeding of Pasteurii in this project, and the culture time of
seed bacteria should not be too long.

2.2. Culture conditions

2.2.1. Change rule in different pH values. The initial value of the bacteria solution in this experiment
was within the range of 5.5-10, and the pH value of the bacteria solution followed the following
pattern over time. When the initial pH value of the bacteria solution was in the range of 7.25-9, the pH
tended to approach 9 after about 5h and stabilized after 24h. When the initial pH value of the bacteria
solution was 7, the pH tended to approach 9 around 6h and stabilized after 24h. When the initial pH
values of the bacteria solution were 5.5 and 10, the pH tended to approach 9 after about 10h and

stabilized after 24h. It can be seen that when the pH value was within the range of 5.5-10, it was
within the overall tolerance range of the bacteria solution and tended to stabilize the pH value after a
certain period of time. This conclusion shared the same trend as the thesis conclusion of Dr. Fan [12].

Preliminary inference suggested that the reasons for the above phenomenon were as follows.
Pasteurii produced urease to hydrolyze the urease in the environment into NH4" and COs*. Based on
the fact that the degree of hydrolysis of COs* was greater than that of NH4", it led to an increase in the
concentration of hydroxide ions (OH") in the solution, causing an increase in the environmental pH
value, resulting in an alkaline solution.

2.2.2. Concentration change rule in different pH values. The concentration of bacteria solution
followed the following pattern as pH changes. After inoculation, the target strain often had a delay
period of time ty, [2], during which the increase in cell concentration was not significant, and the
bacteria solution ty values at pH 5.5 and 10 were significantly longer than that pH 7-9. When the pH
value was within the range of 5.5-10, the growth curve of Pasteurii followed the development trend of
delay period, logarithmic period, stable period, and decay period. That was, the bacteria liquid
concentration first slowly increased, then rapidly increases, reached its peak around 24h, then rapidly
decreased, and gradually tended to stabilize. It was known that pH mainly affected the growth and
reproduction of microorganisms by affecting enzyme activity, substrate utilization rate, and cell
structure. It can be seen that the pH value within the range of 5.5-10 is within the overall tolerance
range of the bacteria solution.

In summary, the initial pH value of the culture medium that was too acidic or too alkaline would
prolong the delay period time t, after inoculation of the target strain, but it had little effect on the
growth curve distribution of Pasteurii. No matter how the pH changed, the growth curve distribution
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of Pasteurii was basically the same. When the seed fungus was a first generation bacterium and the
culture time was 105h, the bacteria concentration reached its peak around 24h, and the peak value was
16.21 x 108 cells/mL when the pH was adjusted to 7.25. This indirectly verified the rationality of pH
adjustment to 7.3 in M; culture medium.

2.2.3. Change rule in different temperature. The growth curves and urease activity of Pasteurii in
different temperature conditions (Figure 4) showed as follows. The distribution pattern of the growth
curve of Pasteurii followed the pattern of 30 °C>33 °C>32 °C>34 °C>37 °C. The distribution pattern
of urease activity of Pasteurii followed 34 °C>30 °C>37 °C. It can be concluded that due to the high
temperature at 37 °C, inhibiting the growth, reproduction, and metabolism of Pasteurii by affecting
enzyme activity, cell membrane fluidity, and substance solubility could lead to premature entry into its
stable and declining growth period. In summary, the bacteria concentration and urease activity were
relatively good at 30 °C, which was consistent with the thesis conclusion of Dr. Wei [11]. It is
recommended to set the culture temperature to 30 °C.
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Figure 4. Distributions of growth curves (upper) and urease activity (lower) of Pasteurii in different
temperature conditions.

2.3. Inoculation conditions

2.3.1. Change rule in different inoculation ages. The growth curve of the third-generation bacteria in
different inoculation ages followed the following pattern. The growth curve of Pasteurii followed the
development trend of delay period, logarithmic period, stable period, and decay period. That was, the
bacteria liquid concentration gradually increased, with a small peak around 48h, then rapidly
decreased, and then gradually increased, reaching the second peak after 72h. When the inoculation age
was in the range of 11-18h, the growth curve of Pasteurii with the inoculation age of 12-16h was better.
When the inoculation age was in the range of 19-30h, the growth curve of Pasteurii with an
inoculation age of 20h was better. Compared with the inoculation age range of 19-30h, the delay time
of the growth curve of Pasteurii ty,was slightly longer, and the bacteria concentration around 24h was
slightly higher.

The urease activity of third-generation bacteria in different inoculation age conditions followed the
following pattern. The urease activity of third-generation bacteria gradually increased and reached its
peak around 60h, and then gradually decreased. When the inoculation age was in the range of 11-18h,
the urease activity reached its highest at 60h after 16h of inoculation, but it decreased severely at 72h,
so it was not recommended to use it. When the inoculation age was in the range of 19-30h, there was
little change in urease activity. Compared with the inoculation age range of 19-30h, the urease activity
at 24h in the former was slightly higher than that in the latter.
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It can be seen that the growth curve and urease activity of Pasteurii with the inoculation age range
of 11-18h were better than those with the inoculation age range of 19-30h. The reasons were as
follows. When the inoculation age was older, the bacteria concentration continuously increased with
the extension of culture time. However, with the consumption of medium and the accumulation of
metabolite, the bacteria concentration no longer increased and tended to aging. This aging seed would
cause a decrease in production capacity and premature cell autolysis. At this time, the quality of seed
collection showed a downward trend, leading to poor urease activity in the bacteria solution.

Based on a comprehensive assessment of bacteria concentration and urease activity (Table 2), it
was recommended to select inoculation age range of 12-13h. This conclusion was consistent with the
thesis conclusion of Dr. Wang [2].

Table 2. Parameters of concentration and urease activity of Pasteurii in different inoculation ages.

Inoculation age

time 11h 12h 13h 14h 15h 16h 17h 18h

X UA X UA X UA X UA X UA X UA X UA X UA
23h  6.29 093 749 08 649 071 7.66 065 524 098 58 121 6.44 128 726 094
48h 522 066 828 086 861 098 646 0.76 6.07 125 6.01 153 751 086 7.04 0.86
60h 59 125 595 159 632 15 668 13 579 — 644 174 615 12 59 136
72h 798 104 965 111 723 161 793 066 727 06 769 057 6.86 058 7.37 0.59

Inoculation age

time 19h 20h 22h 24h 25h 27h 28h 30h

X UA X UA X UA X UA X UA X UA X UA X UA
17h 49 058 52 055 499 054 502 07 505 06 44 — 46 055 326 049
18h 498 059 515 045 524 06 4.63 068 511 059 481 — 411 049 — —
19h 512 058 598 049 471 068 505 061 442 049 411 — 445 052 — —
20h 554 066 6.27 061 42 052 46 051 522 071 423 — — — — —
2lh 544 067 558 068 5 053 501 056 47 059 — — — — — —
22h 558 075 512 05 46 051 488 055 492 066 — — — — — —
23h 533 0.7 575 066 506 0.7 5 0% — — - - - — @ — —
24h 535 058 555 055 51 0638 — — — — — — — — —  —

2.3.2. Change rule in different inoculation amount. The growth curve of Pasteurii in different
inoculation amounts followed the following pattern. The concentration of bacteria solution gradually
increased. When the inoculation amount was in the range of 0.5%-4%, the growth curve of Pasteurii
with an inoculation amount of 3% was best. When the inoculation amount was in the range of 9%-
16%, the growth curve of Pasteurii with an inoculation amount of 12% was best. Compared with the
inoculation amount in the range of 0.5%-4% and the inoculation amount in the range of 9% -16%, the
former had a slightly higher bacteria concentration after about 24h.

The urease activity of Pasteurii in different inoculation amount followed the following pattern.
When the inoculation amount was in the range of 0.5%-4%, there was not much difference in the
urease activity of Pasteurii, following the rule of a slow growth and stable change pattern after 8h.
When the inoculation amount was in the range of 9%-16%, there was not much difference in the
urease activity of Pasteurii, following the rule of rapid growth within 2h, slow growth after 2h, peak at
around 8-10h, stabilization and gradual decreased after 10h, and slow growth after 20h. Compared
with the inoculation amount in the range of 0.5%-4% and inoculation amount in the range 0f9%-16%,
the former was slightly lower than the one of the latter.

It can be seen that when the inoculation amount was low, it was conducive to the growth curve
distribution of Pasteurii. When the inoculation amount was high, the urease activity of the bacteria
solution could quickly reach the requirements. Based on a comprehensive assessment of the bacteria
concentration and urease activity (Table 3), it was recommended to select the inoculation amount of
3%.
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Table 3. Parameters of concentration and urease activity of Pasteurii in different inoculation amount.

Inoculation amount

time 0.5% 1% 1.5% 2% 2.5% 3% 3.5% 4%

X UA X UA X UA X UA X UA X UA X UA X UA

24h 645 086 845 09 816 098 753 041 816 046 9.07 09 9.04 043 874 09

Inoculation amount

time 9% 10% 11% 12% 13% 14% 15% 16%

X UA X UA X UA X UA X UA X UA X UA X UA

24h 526 0.78 562 077 516 08 6.08 093 464 0.75 513 086 4.87 077 531 0.97

3. Conclusion

This study explored the adaptability of MICP technology for restoring root splitting fissures of plants,
and used single factor comparative experimental method to study the characteristics of growth curves
and urease activity of Pasteurii in different conditions in earthen sites of Jinyang Ancient City. The aim
was to provide suitable breeding conditions for Sporosarcina Pasteurii.

(a) The technology of MICP was well suited for restoring root splitting fissures of plants. The
technology of MICP could meet the requirements of restoring earthen sites by sealing surface fissures
and inhibiting root growth of plants. Moreover, the physical morphology of damaged plant roots and
stems could still be preserved, which was conducive to improving the soil's resistance to erosion and
weathering. It was an ideal method for restoring root splitting fissures of plants.

(b) It was recommended to use the medium of M;. No matter how the conditions change, the
growth curve of Pasteurii followed the follow four stages: delay period, logarithmic period, stable
period, and decay period. When we used M; medium, it was recommended to choose the inoculation
age of 27h. When we used M, medium, it was recommended to choose the inoculation age range of
27-54h. When we used M; medium, it is recommended to choose the inoculation age of over 54h.
When we used M; medium, the time of bacteria solution in delay period was short, the concentration
in stable period was high, the overall growth curve distribution was the best, and the urease activity
value was the highest.

(c) The suggestion was to select Pasteurii as restoration solution when the urease activity was at
peak period. It was slightly shorter than the peak time of the growth curve in terms of time.

(d) The medium of M; was suggested to set the pH value to 7.25. Pasteurii produced urease to
hydrolyze urea into NHs"and COs*, simultaneously increasing the pH value of the environment and
making the solution alkaline. When the pH value was within the range of 5.5-10, it was within the
overall tolerance range of the bacteria solution and tended to stabilize after a certain period of time.
The initial pH value of the culture medium that was too acidic or too alkaline would prolong the delay
time t, after inoculation of Pasteurii, but it had little effect on the growth curve distribution. No matter
how the pH changed, the growth curve distributions of Pasteurii had a similar trend. When the seed
bacteria was the first generation bacteria and the culture time was 105h and the pH was adjusted to
7.25, the bacteria concentration reached its peak around 24h, and the peak value was 16.21
x108¢cell/mL. It indirectly verified the rationality of pH adjustment to 7.3 in M; culture medium.

(e) It was recommended to set the culture temperature to 30 °C. The growth curves distribution of
Pasteurii followed 30 °C>33 °C>32 °C>34 °C>37 °C, and the urease activity distribution followed
34 °C>30 °C>37 °C. The bacteria solution concentration and urease activity at 30 °C were best.

(f) The recommended inoculation age range was 12-13h. The growth curves and urease activity of
Pasteurii with the inoculation age range of 11-18h were better than those with the inoculation age
range of 19-30h.

(g) It was recommended to choose inoculation amount of 3%. When the inoculation amount was
low, it was beneficial for the growth curve distribution of Pasteurii. When the inoculation amount was
high, the urease activity of the bacteria solution could quickly reach the requirements.
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