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ABSTRACT Objective: This study aims to lay the foundation for the rational use of chicken manure resources and the production of
high-quality organic fertilizers through the enrichment cultivation, screening and separation of high-temperature protein degrading bacte-
ria. Due to the lack of protein-degrading bacteria and high-temperature bacteria in the process of chicken manure fermentation, the fer-
mentation heating time is slow, the high temperature maintenance time is short, and the fermentation time is long. Methods: Enriched cul-
ture, purification and separation of high-temperature strains that efficiently degrade proteins under high-temperature conditions. Results:
24 strains of high-temperature and highly efficient protein degradation bacteria were isolated and identified as belonging to 8 species, in-
cluding Brevibacillus spp, Bacillus spp, and Pseudoxanthomonas spp. Inoculation of the prepared compound bacterial solution in chicken
manure found that the the temperature rise rate in the experimental group with the bacterial agent was significantly faster than that in the
control group. It reached the high temperature stage about 16h after fermentation, nearly 8h ahead of the blank group, and which was
nearly 8 h earlier than that in the control group. And the FJ3 group, which was added with high-temperature protein-degrading bacteria.
Compared with that in the control group, the high temperature period was prolonged by about 24 hours, and the duration reached 56
hours. The pH of the fermentation process decreased faster than that of the control group, the lowest pH value was around 5.5. The mois-
ture content of the poultry dung reduced from 65% to about 20%, the proportion of N, P, K and other nutrients increased, and the fermen-
tation product is loose and soft, with a strong acid flavor. Conclusion: Therefore, the addition of high-temperature protein-degrading bac-
teria could increase the temperature rise rate, prolong the period of high temperature, accelerate the ferment process of poultry dung, and
reduce the loss of nutrients, which has great significance for the treatment of poultry dung.
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Table 1 Physical and chemical properties of chicken manure and materials

Experimental Materials Water conten( %)

Organic matter( % )

Totalnitrogen( % ) Full carbon( %)

Chicken manure 71.34

Sawdust 22.36

39.65 3.86

62.13 1.19

26.52

32.45

AR I 4 SRR, 7o FI1 FI2 FI3 1% F
MR, B SCR2H B DA S8, B 2 AR ) T 790 1 2

IJTL%% 20
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Table 2 Inoculum ingredients added in chicken manure fermentation

Experiment number Add fungus ingredients
FJ1 compound bacterial solution early stage of enrichment culture
compound bacterial solution early stage of enrichment culture +7 high-temperature-resistant
e protein-degrading functional strains
FJ3 7 high-temperature-resistant protein-degrading functional strains

Blank group
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Table 3 Enrichment and degradation effects of protein-degrading strains

Kjeldahl degradation rate

Enrichment time Protein degradation rate( mg/L/d ) Degradation cycle(d )
(mg/mL/d)
Early 2000 4 5
Mid-term 3500 7 3
End stage 4000 9 2
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Fig.1 Remaining protein content after inoculating each strain for different
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Table 4 Sequencing results of protein-degrading strains

Registration number of

Strain number Similar strain names similar strains Coverage Similarity
1 Brevibacillus borstelensis NR 113799.1 100% 99.93%
2 Caenimicrobium hargitense NR_156161.1 98% 97.55%
3 Bacillus thermophilus NR_109677.1 99% 100%
4 Pseudoxanthomonas taiwanensis NR_113974.1 99% 99.86%
5 Chelativorans composti NR 113183.1 100% 99.85%
6 Chelativorans composti NR_113183.1 100% 99.70%
7 Chelativorans composti NR _113183.1 100% 99.70%
8 Chelatococcus composti NR_156158.1 99% 99.87%
9 Caenimicrobium hargitense NR _156161.1 100% 97.53%
10 Chelativorans composti NR 113183.1 99% 99.71%
11 Chelativorans composti NR 113183.1 99% 99.93%
12 Luteimonas composti NR_043983.1 99% 95.42%
13 Luteimonas marina NR 044458.1 100% 95.34%
14 Chelativorans composti NR_113183.1 100% 98.85%
15 Luteimonas composti NR_043983.1 99% 95.62%
16 Bordetella petrii NR_074291.1 100% 97.67%
17 Pseudoxanthomonas taiwanensis NR_113974.1 100% 100%
18 Chelativorans composti NR_025198.1 99% 99.93%
19 Caenimicrobium hargitense NR _156161.1 98% 97.63%
20 Bacillus thermophilus NR_109677.1 99% 100%
21 Caenimicrobium hargitense NR _156161.1 100% 97.44%
22 Bacillus thermophilus NR 109677.1 98% 100%
23 Chelativorans composti NR 113183.1 99% 100%
24 Brevibacillus borstelensis NR 113799.1 100% 99.93%
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Fig.2 Temperature change curve during fermentation

243 REEIEPIKENTN & 4 0T LIE HHEREE A&



DREYES#E biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.16 AUG.2020

- 3047 -

TS AT, 4 A SEIS L PR p ) B K BRI Bl R, (R
TR SE B2 b A R RETE 22, RIS 20 h, 25 (LA &
KR AN 77 A S 2 5 H 2 6.2%, B1) 72 h i, 4 A S2E6 41
YIRS KRR 24.69% .19.97% 21.26%F1 36.58%, Hrf
FI2 40 87K ARG, tr T LA Y PG 38 R Tk A rh A IS N
T R e R TR R R v R e TR AR [, A )
TR 7R K, NTTAT R 39358 R S A B Al i A 4 R

80 e Fut -
——FJ2 x
851 | —a—Fu3 A
—w— Blank control group
80| I
75+
70|
6.5
6.0 - \
55 J
1 1 1 1 1 1 1 1 ]

-10 0 10 20 30 40 50 60 70 80
Time Ch)

3 KBTS pH T2k

Fig.3 pH change curve during fermentation

TSR

244 BERBEAIRBIMEREWN O ICRBERTR 1RO
AEAEAL LR 5o IR 7R X 26 AE 28 AR 1 K e SR vk 4
TR AR, B S AR (0, AT ) T M SR AN, A BRI
PR IR . AR NG 428 1 280 R A IR Rk, T
ISP FARHOT, B0 5 BURAR 10, 150 B T T 50 6 A0 2 A I
HEREA B RIEHEIE . KBS LR S

70 -

—a—FJ1
—e— FJ2
60 | s —a— FJ3
—w— Blank control group

Water content (%)
B [4)]
o o
T T

w
=]
T

20 -

-10 0 10 20 30 40 50 60 70 80
Time (d)

4 FEEERPEKERNTLMLE

Fig.4 Variation curve of water content during fermentation
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Table 5 Sensory performance changes of chicken manure before and after fermentation

) Odor Colour Texture
Project

Before ) Before . Before .

Number . After fermentation . After fermentation . After fermentation
fermentation fermentation fermentation

FJ1 Fecal smell Sour fragrance Dark brown Brown Sticky and clot Soft and loose

FJ2 Fecal smell Sour fragrance Dark brown Brown Sticky and clot Soft and loose

FJ3 Fecal smell Sour fragrance Dark brown Brown Sticky and clot Soft and loose
. . . Clot by hand and

Blank control Slightly acid,rancid
Fecal smell Dark brown Brown Sticky and clot spreads when you
group smell

let go

B 5 REEEBIERTE

Fig.5 State diagram of chicken manure after fermentation
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Table 6 Changes of nutrients before and after chicken manure fermentation (% )

Total organic

Groups Time

Total protein

Total nitrogen Total phosphorus Total potassium

carbon
Control group Before fermentation 28.3 29.3 5.05 2.04 2.49
FJ1 After fermentation 352 19.3 5.26 2.36 2.77
FJ2 After fermentation 329 17.2 5.28 221 2.79
FI3 After fermentation 34.6 19.6 5.13 242 2.62
Blank control
After fermentation 304 26.3 5.09 2.19 2.52
group
®7 BELELER P SEEHENTHU(cf/g)
Table 7 Changes in the number of medium and high temperature bacteria during the fermentation of chicken manure( cfu/g)
Before
Test items Groups . 12h 24h 36h 48h 60 h 72h
fermentation
M s FJ1 2.69% 108 1.6x 10* 2.6% 10° 2.42% 10° 3.3%x 10° 5.269% 10* 1.21x 10
esophilic
bacteria FJ2 1.08%x 10° 7% 108 5% 10° 1.07% 10° 2.8% 10° 1.29% 10* 1.02x 10*
(Cultivation at FJ3 4.2% 108 5.2x 10® 1.2x 10° 4.44x 10° 1.6x 10° 2.53% 10* 9.26x 10°
37C) Blank 4.87% 108 9.23x 10® 1.9% 108 8.39x 107 1.73% 10° 1.8x 10° 1.03x 10°
High FJ1 9.2% 10° 1.93x% 10° 6.98x 10° 1.96x% 107 2.66x 10° 6.34x 10° 1.29% 10°
temperature FJ2 2.3% 10° 4.5% 10° 8.1x 10° 7.4%x 10° 7.3%x 10° 1.7x 10° 6.1x 10°
bacteria
o FJ3 4x 10° 3.92x 10° 9.7% 10° 1.73% 107 6.4x 10¢ 2.8% 10° 1.02x 10°
(Cultivation at
50°C) Blank 6.1% 10° 2.59% 10° 2.8% 10° 34x 10° 2.34%x 10° 2.1x 10* 1.3x 10*
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