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57 ABSTRACT

A regulation method for preparing y-polyglutamic acid by
sludge substrate fermentation includes: 1) extraction of
glutamic acid from sludge protein (high pressure hydrother-
mal treatment, gravity pressure filtration treatment), 2) sec-
ondary metabolic synthesis of y-polyglutamic acid (activa-
tion of domesticated strains and secondary metabolic
fermentation strains); and 3) preparation of pure y-polyglu-
tamic acid (acidification, centrifugation, filtration, precipi-
tation based on polar repulsion, purification, impurity
removal and drying). The present invention realizes a recy-
cling of high-value carbon and nitrogen sources of sludge
without secondary pollution, and has advantages of simpli-
fied operation, good feasibility, and low preparation cost.
The synthesized y-polyglutamic acid has high economic
value and broad application prospect.
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REGULATION METHOD FOR PREPARING
GAMMA-POLYGLUTAMIC ACID BY
SLUDGE SUBSTRATE FERMENTATION

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is based upon and claims priority
to Chinese Patent Application No. 202010751294.7, filed on
Jul. 30, 2020, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to the technical field
of organic solid waste treatment and resource utilization, and
in particular, to a regulation method for preparing y-poly-
glutamic acid by sludge substrate fermentation.

BACKGROUND

[0003] In a common secondary sewage treatment plant,
sludge treatment accounts for about 30-40% of a total
investment. It is predicted that a total sludge production in
2020 will reach 70 million tons (based on 80% water
content) in China. In face of such high sludge production,
landfill or incineration after sludge digestion has become a
common disposal method. As the more economical method,
Landfill has been the main solution, but it is not an ideal
solution as Landfill occupies large area of spaces, and has
potential risks of groundwater secondary pollution. There-
fore, sludge resource utilization or efficient treatment meth-
ods have become a research hotspot in China and even
around the world.

[0004] y-polyglutamic acid (y-PGA) is an extracellular
polymer produced by microbial fermentation of glutamic
acid. It is a water-soluble and biodegradable new polymer
material and has broad application prospects in environmen-
tal protection, chemical industry and other fields. Currently,
fermentation technology adopts fermentation medium syn-
thesized by natto, dipotassium hydrogen phosphate and
other substances, which leads to a high cost of fermentation
medium. In addition, there are many problems in traditional
purification methods, such as difficulty associated with
removing inorganic salts produced in traditional purification
process, and high price associated with ultrafiltration and
osmotic purification. For the reasons stated above, the cost
of y-polyglutamic acid is high, which makes it less com-
petitive in the market.

[0005] Sludge is a kind of organic waste with high protein
content (the protein accounts for 60-80% of organic matter
content), and amino acids contained in sludge are mainly
alanine (ALA) and glutamic acid (Glu), which can reach
20-30% of total amino acids, this provides a possibility to
produce polyglutamic acid using sludge as a cheap substrate
for fermenting. However, the sludge has complex compo-
sitions. How to ensure that microorganisms can use glutamic
acid in sludge protein to perform secondary metabolism to
produce y-PGA, how to change the situation where a large
amount of inorganic salts is brought by adjusting pH in a
traditional purification method, and how to ensure a feasi-
bility of process and economic benefits have become the
crux of the matter.
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SUMMARY

[0006] The technical problem to be solved by the present
invention is, in view of the technical status described above,
to provide a regulation method for preparing y-polyglutamic
acid by sludge substrate fermentation, which has advantages
of'low preparation cost, simple operation and stable product
quality.

[0007] The technical scheme adopted by the present
invention to solve the above technical problem is as follows:
[0008] A regulation method for preparing y-polyglutamic
acid by sludge substrate fermentation, the method includes
the following steps.

[0009] 1) Extraction of Glutamic Acid from Sludge Pro-
tein:
[0010] A. pretreatment: putting a sludge with a solid

content of 10° %-15% into a high-pressure reactor for a
pretreatment to obtain a sludge slurry;

[0011] B. gravity pressure filtration treatment; performing
a gravity pressure filtration on the sludge slurry obtained in
step A through a filter press, to obtain a dried sludge with a
moisture content of 40%-60% and a supernatant, keeping
the supernatant, and recycling the dried sludge after a
harmless treatment:

[0012] 2) Synthesis of y-Polyglutamic Acid by Secondary
Metabolism:
[0013] C. activation of domesticated strains: using a stan-

dard Bacillus seed medium to activate and cultivate fermen-
tation strains, and then using a fermentation medium added
with fermentation raw materials to domesticate and cultivate
the fermentation strains, to amplify and propagate the fer-
mentation strains to a maximum value, and obtaining acti-
vated and domesticated Bacillus;

[0014] D. secondary metabolic fermentation: inoculating
the activated and domesticated Bacillus obtained from step
C into the supernatant of step B, performing a proper
ventilation to ensure sufficient oxygen supply, and adjusting
fermentation conditions to obtain a fermentation product
containing y-polyglutamic acid;

[0015] 3) Preparation of Pure y-Polyglutamic Acid:
[0016] E. acidification, centrifugation and filtration: acidi-
fying the fermentation product obtained in step D to adjust
the pH level to precipitate strains and polysaccharides,
followed by centrifugation, filtering and collecting a super-
natant;

[0017] F. precipitation based on polar repulsion: restoring
the pH level of the supernatant obtained in step E and using
organic solvents with repellent polar to precipitate the
y-polyglutamic acid, and collecting a precipitation by cen-
trifugation:

[0018] G. purification and impurity removal: dissolving
the precipitation obtained in step F in deionized water to
obtain a y-polyglutamic acid solution, dialyzing at 4° C. for
6 h-24 h, removing small molecular organic substances and
inorganic salt impurities by a dialysis bag with a molecular
weight cut-off of 8-12 kDa to obtain a dialysate;

[0019] H. drying: performing a vacuum freeze-drying on
the dialysate obtained in G for 24-72 h to obtain pure
y-polyglutamic acid.

[0020] In order to optimize the above technical scheme,
the method further includes:

[0021] Pretreatment conditions in step A are as follows:
temperature is controlled at 110° C.-220° C., the intensity of
pressure is 0.1 MPa-0.3 MPa, and the time is 15 min-5 hr.
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[0022] In step C mentioned above, the carbon/nitrogen
(C/N) ratio of strain amplification and propagation is set as
100:0.5-5, the temperature is controlled at 25° C.-32° C., the
pH level is 6.8-7.2, and the culture time is 24 hr-72 hr.
[0023] Bacillus used in step C mentioned above is Bacillus
subtilis, Bacillus natto, Bacillus amyloliquefaciens, Bacil-
luslichenuformis, and one of their domesticated strains pro-
ducing the y-polyglutamic acid.

[0024] Conditions for secondary metabolism in the above
step D are set as follows: the C/N ratio is set as 100:5-40, the
temperature is controlled at 32° C.-40° C., the pH level is
5.5-8.5, the rotation speed is set as 80 r/min-220 r/min, and
the fermentation time is 48 hr-96 hr.

[0025] In the above-mentioned step E, the pH level is
adjusted to 1.5-3.5 with an acid solution, the rotational speed
of the centrifugation is 3000 rpm-18000 rpm, and the
centrifuge time is 5 min-40 min, the supernatant is separated
and collected.

[0026] The acid solution is phosphoric acid, oxalic acid or
sulfuric acid.
[0027] Inthe above step F, the pH level is first adjusted to

3.5-6.5 with an alkaline solution, followed by precipitating
the y-polyglutamic acid by using an organic solvent which is
concentrated by 2-6 times in volume with repellent polar;
centrifugation is performed at 8000 rpm-15000 rpm for 5
min-40 min to separate and collect the precipitate.

[0028] The alkaline solution is ammonium bicarbonate,
sodium hydroxide or calcium oxide, and the organic solvent
with repellent polar is at least one selected from the group
consisting of ethanol, acetone and glycol.

[0029] When the organic solvent with repellent polar is
two selected from the group consisting of ethanol, acetone
and glycol, the mixing ratio is 1:0.1-20; when ethanol,
acetone and glycol are all selected for mixing, the mixing
ratio is 1:1-15:6-30.

[0030] Compared with the prior art, the regulation method
for preparing y-polyglutamic acid by sludge substrate fer-
mentation has the following advantages:

[0031] (1) about 42-50 kg sludge (based on 85% water
content) can be used to produce 1 kg highly pure product
(>95%) y-polyglutamic acid. At the same time, sludge as an
organic waste, which has a large output, and its treatment
and disposal have always been a difficult problem at home
and abroad, which provides a huge amount of free fermen-
tation substrate for the present invention to solve the prob-
lem of high price of fermentation substrate in the current
technology;

[0032] (2) changes the traditional acid-base regulating
agent, improves the problem of excessive inorganic salt
impurities introduced in a purification process of the current
technology, reduces dialysis times, results in simplified
operations and diminishes an overall cost;

[0033] (3) only uses organic solvents with repellent polar
to precipitate y-polyglutamic acid, which can be recycled by
reduced pressure distillation, and only 1-2 L of the organic
solvents with repellent polar is needed to purify 1-3 kg of the
supernatant each time; and

[0034] (4) greatly reduces the cost of preparing pure
y-polyglutamic acid, which is about 60-100 yuan per kilo-
gram according to the present invention, and the finished
product can reach a standard of agricultural grade y-poly-
glutamic acid. Note, the price of polyglutamic acid in the
market is generally more than 150 yuan/kg.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1s a flow chart showing the process of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] The present invention is described in detail in
combination with the accompanying drawings and embodi-
ments.

[0037] As shown in the FIGURE, a regulation method for
preparing y-polyglutamic acid by sludge substrate fermen-
tation includes the following steps:

[0038] 1) Extraction of Glutamic Acid from Sludge Pro-
tein
[0039] A. pretreatment: a sludge with a solid content of

10%-15% is put into a high-pressure reactor for a pretreat-
ment to obtain a sludge slurry; pretreatment conditions are
as follows: temperature is controlled at 110° C.-220° C.,
intensity of pressure is 0.1 MPa-0.3 MPa, and the pretreat-
ment time is 15 min-5 hr.

[0040] B. gravity pressure filtration treatment: the sludge
slurry obtained in step A is subjected to a gravity pressure
filtration through a filter press, to obtain a dried sludge with
a moisture content of 40%-60% and a supernatant, the
supernatant is retained, and the dried sludge is recycled after
a harmless treatment (e.g., acrobic fermentation, etc.); the
dried sludge can be used as a soil conditioner after recycling.

[0041] 2) Synthesis of y-Polyglutamic Acid by Secondary
Metabolism
[0042] C. activation of domesticated strains: a standard

Bacillus seed medium is used to activate and cultivate
fermentation strains, and then a fermentation medium mixed
with fermentation raw materials is used to domesticate and
cultivate the fermentation strains, the fermentation strains
are amplified and propagated to a maximum value, and
activated and domesticated Bacillus is obtained; the C/N
ratio of strain amplification and propagation is set as 100:
0.5-5, the temperature is controlled at 25° C.-32° C., the pH
level is 6.8-7.2, and the culture time is 24 hr-72 hr; Bacillus
used is Bacillus subtilis, Bacillus natto, Bacillus amyloliq-
uefaciens, Bacillus licheniformis, and one of their domesti-
cated strains producing y-polyglutamic acid.

[0043] D. secondary metabolic fermentation: the superna-
tant of step B is inoculated with the activated and domes-
ticated Bacillus obtained from step C, proper ventilation is
performed to ensure sufficient oxygen supply, and fermen-
tation conditions are adjusted to obtain a fermentation
product containing the y-polyglutamic acid; conditions for
secondary metabolism are set as follows: the C/N ratio is set
as 100:5-40, the temperature is controlled at 32° C.-40° C.,
the pH level is 5.5-8.5, the rotation speed is set as 80
r/min-220 r/min, and the fermentation time is 48 hr-96 hr.
[0044] 3) Preparation of Pure y-Polyglutamic Acid
[0045] E. acidification, centrifugation and filtration: the
fermentation product obtained in step D is acidified to adjust
the pH level to precipitate strains and polysaccharides, and
then a supernatant is collected after centrifugation and
filtration; acidified adjustment is to adjust the pH level to
1.5-3.5 with an acid solution, the rotational speed of the
centrifugation is 3000 rpm-18000 rpm, and the time is 5
min-40 min, and the supernatant is separated and collected;
the acid solution is phosphoric acid, oxalic acid or sulfuric
acid.
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[0046] F. precipitation based on polar repulsion: the pH
level of the supernatant obtained in step E is restored, and an
organic solvent with repellent polar is used to precipitate the
y-polyglutamic acid, and a precipitation obtained by cen-
trifugation is collected; the pH level is adjusted back to
3.5-6.5 with an alkaline solution, and then y-polyglutamic
acid is precipitated by using an organic solvent, which is
concentrated by 2-6 times in volume with repellent polar;
the precipitation is separated and collected after centrifuga-
tion at a rotational speed of 8000 rpm-15000 rpm for 5
min-40 min; the alkaline solution is ammonium bicarbonate,
sodium hydroxide or calcium oxide, and the organic solvent
with repellent polar is at least one selected from the group
consisting of ethanol, acetone and glycol, when the organic
solvent with repellent polar is two selected from the group
consisting of ethanol, acetone and glycol, the mixing ratio is
1:0.1-20; when ethanol, acetone and glycol are all selected
for mixing, the mixing ratio is 1:1-15:6-30.

[0047] G. purification and impurity removal: the precipi-
tation obtained in step F is dissolved in deionized water to
obtain a y-polyglutamic acid solution, which is dialyzed at
4° C. for 6 hr-24 hr, a dialysate is obtained by removing
small molecular organic substances and inorganic salt impu-
rities using a dialysis bag with a molecular weight cut-off of
8-12 kDa;

[0048] H. drying: the dialysate obtained in step G is
subjected to a vacuum freeze-drying for 24-72 h to obtain
pure y-polyglutamic acid.

[0049] The preparation method of the y-polyglutamic acid
of the present invention is further described through a
specific embodiment:

[0050] Embodiment: fermentation with Bacillus subtilis,
the specific steps are as follows;

[0051] 1) Extraction of Glutamic Acid from Sludge Pro-
tein
[0052] A. pretreatment: a sludge (with a solid content of

15%) is put into a high-pressure reactor for a pretreatment to
obtain a sludge slurry, temperature is controlled at 170° C.,
intensity of pressure is 0.2 MPa, and the pretreatment time
is 4 hr;

[0053] B. gravity pressure filtration treatment; the sludge
slurry obtained in step A is subjected to a gravity pressure
filtration through a filter press to obtain a dried sludge
(moisture content of 55%) and a supernatant, the supernatant
is retained, and the dried sludge is recycled after a harmless
treatment such as an aerobic fermentation;

[0054] 2) Synthesis of y-Polyglutamic Acid by Secondary
Metabolism
[0055] C. activation of domesticated strains: a standard

Bacillus subtilis seed medium is used to activate and culti-
vate fermentation strains, and then a fermentation medium
mixed with fermentation raw materials is used to domesti-
cate and cultivate Bacillus subtilis; the C/N ratio of strain
amplification and propagation is set as 100:0.5, the tempera-
ture is controlled at 30° C., the pH level is 7.2, and the
culture time is 42 hr; then activated and domesticated
Bacillus subtilis is obtained.

[0056] D. secondary metabolic fermentation: the superna-
tant of step B is inoculated with the activated and domes-
ticated Bacillus subtilis obtained from step C, proper ven-
tilation is performed to ensure sufficient oxygen supply, and
fermentation conditions are adjusted to obtain a fermenta-
tion product containing the y-polyglutamic acid; the C/N
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ratio is set as 100:5, the temperature is controlled at 37° C.,
the pH level is 7.5, the rotation speed is 220 r/min, and the
fermentation time is 48 hr;

[0057] 3) Preparation of Pure y-Polyglutamic Acid
[0058] E. acidification, centrifugation and filtration: the
fermentation product obtained in step D is adjusted to a pH
level of 1.5 with sulfuric acid to precipitate strains and
polysaccharides, the rotational speed of the centrifugation is
18000 rpm, and the time is 20 min, and the supernatant is
separated and collected;

[0059] F. precipitation based on polar repulsion: the super-
natant obtained in step E is adjusted to a pH level of 6 with
ammonium bicarbonate, then y-polyglutamic acid is precipi-
tated by using ethanol concentrated by 6 times in volume;
the precipitation is separated and collected after centrifuga-
tion at a rotational speed of 15000 rpm for 40 min;

[0060] G. purification and impurity removal: the precipi-
tation obtained in step F is dissolved in deionized water to
obtain a y-polyglutamic acid solution, which is dialyzed at
4° C. for 24 h, a dialysate is obtained by removing small
molecular organic substances and inorganic salt impurities
using a dialysis bag with a molecular weight cut-off of 10
kDa;

[0061] H. drying: the dialysate obtained in step G is
subjected to a vacuum freeze-drying for 24 hr to obtain pure
y-polyglutamic acid.

[0062] The optimal embodiment of the present invention
has been disclosed, and all different variations or modifica-
tions made by those having ordinary skills in the art will not
be out of the scope of the present invention.

What is claimed is:

1. A regulation method for preparing y-polyglutamic acid
by sludge substrate fermentation, comprising the following
steps:

1) extraction of glutamic acid from a sludge protein

A. pretreatment: putting a sludge with a solid content of
10%-15% into a high-pressure reactor for a pretreat-
ment to obtain a sludge slurry;

B. gravity pressure filtration treatment: performing a
gravity pressure filtration on the sludge slurry obtained
in step A through a filter press, to obtain a dried sludge
with a moisture content of 40%-60% and a first super-
natant, keeping the first supernatant, and recycling the
dried sludge after performing a harmless treatment on
the dried sludge;

2) synthesis of the y-polyglutamic acid by a secondary
metabolism

C. activation of domesticated strains: using a standard
Bacillus seed medium to activate and cultivate fermen-
tation strains to obtain activated fermentation strains,
and then using a fermentation medium added with
fermentation raw materials to domesticate and cultivate
the activated fermentation strains to obtain domesti-
cated fermentation strains, and to amplify and propa-
gate the domesticated fermentation strains to a maxi-
mum value, to obtain activated and domesticated
Bacillus;

D. secondary metabolic fermentation: inoculating the
activated and domesticated Bacillus obtained from step
C into the first supernatant of step B, performing a
predetermined ventilation to ensure a sufficient oxygen
supply, and adjusting fermentation conditions to obtain
a fermentation product containing the y-polyglutamic
acid;
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3) preparation of pure y-polyglutamic acid

E. acidification, centrifugation and filtration: acidifying
the fermentation product containing the y-polyglutamic
acid obtained in step D to adjust a pH level of the
fermentation product to precipitate the activated and
domesticated Bacillus and polysaccharides, filtering
after a first centrifugation, and collecting a second
supernatant;

F. precipitation based on polar repulsion: restoring a pH
level of the second supernatant obtained in step E and
using an organic solvent with repellent polar to pre-
cipitate the y-polyglutamic acid, and collecting a pre-
cipitation after a second centrifugation;

G. purification and impurity removal: dissolving the pre-
cipitation obtained in step F in deionized water to
obtain a y-polyglutamic acid solution, dialyzing the
y-polyglutamic acid solution at 4° C. for 6 hr-24 hr,
removing small molecular organic substances and inor-
ganic salt impurities by a dialysis bag with a molecular
weight cut-off of 8-12 kDa to obtain a dialysate;

H. drying: performing a vacuum freeze-drying on the
dialysate obtained in step G for 24-72 hr to obtain the
pure f-polyglutamic acid.

2. The regulation method according to claim 1, wherein
pretreatment conditions in step A are as follows: a tempera-
ture is 110° C.-220° C., an intensity of pressure is 0.1
MPa-0.3 MPa, and a time is 15 min-5 hr.

3. The regulation method according to claim 1, wherein in
step C, a C/N ratio of amplifying and propagating the
domesticated fermentation strains is set as 100:0.5-5, a
temperature is controlled at 25° C.-32° C., a pH level of the
fermentation medium is 6.8-7.2, and a culture time is 24
hr-72 hr.

4. The regulation method according to claim 3, wherein
Bacillus used in the standard Bacillus seed medium of step
C is one selected from the group consisting of Bacillus
subtilis, Bacillus natto, Bacillus amvioliquefaciens, Bacillus
licheniformis and domesticated strains of the Bacillus sub-
tilis, the Bacillus nalto, the Bacillus amyloliquefaciens, and
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the Bacillus licheniformis, and the domesticated strains of
the Bacillus subtilis, the Bacillus natto, the Bacillus amv-
loliquefaciens, and the Bacillus lichemiformis produce the
y-polyglutamic acid.

5. The regulation method according to claim 1, wherein
conditions for the secondary metabolism in step D are set as
follows: a C/N ratio is set as 100:5-40, a temperature is
controlled at 32° C.-40° C., a pH level during the secondary
metabolism is 5.5-8.5, a rotation speed is 80 r/min-220
r/min, and a fermentation time is 48 hr-96 hr.

6. The regulation method according to claim 1, wherein in
step E, the pH level of the fermentation product is adjusted
to 1.5-3.5 with an acid solution, a rotational speed of the first
centrifugation is 3000 rpm-18000 rpm, and a centrifuge time
is 5 min-40 min, and the second supernatant is separated and
collected.

7. The regulation method according to claim 6, wherein
the acid solution is one selected from the group consisting of
phosphoric acid, oxalic acid and sulfuric acid.

8. The regulation method according to claim 1, wherein in
step F, the pH level of the second supernatant is adjusted to
3.5-6.5 with an alkaline solution, and then the y-polygluta-
mic acid is precipitated by using the organic solvent, and the
organic solvent is concentrated by 2-6 times in volume; the
second centrifugation is performed at 8000 rpm-15000 rpm
for 5 min-40 min to separate and collect the precipitation.

9. The regulation method according to claim 8, wherein
the alkaline solution is one selected from the group consist-
ing of ammonium bicarbonate, sodium hydroxide and cal-
cium oxide, and the organic solvent with the repellent polar
is at least one selected from the group consisting of ethanol,
acetone and glycol.

10. The regulation method according to claim 9, wherein
when the organic solvent with the repellent polar is two
selected from the group consisting of ethanol, acetone and
glycol, a mixing ratio is 1.0.1-20; when ethanol, acetone and
glycol are all selected for mixing, a mixing ratio is 1:1-15:
6-30.



