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Fig.1 Schematic of recycled manure solids producing system
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Table 1 Temperature difference at different positions of the drum
in summer and winter

Z=77 Season  #ERLE Inlet  HH0 Center  HiK[3 Outlet “F3{EH Mean

HZ Summer  65.52+0.79°  73.00+0.69" 70.94+1.39°  69.82+3.33"

%47 Winter ~ 55.72+1.51°  69.65+0.80" 65.84+1.39"  63.74+£6.06™
T a~c TR A FN AL B IR BEZE F 0, men F5AS [R5 700 1) 32 12 P 2 ) 22
ARE (P<0.05) .

Note: a-c means temperature difference in different drum position, m-n means
temperature difference in different season (P<0.05).
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Table 2 Changs of material characteristics during bedding producing process in summer and winter

ZT HURE A5 FKR pH & oy bs¥rd ME

Season Sampling point Moisture/% pH value Ash/% TC/% TN%
HER] 43.1240.69° 8.79+0.26" 10.35+0.63° 42.87+0.11° 0.7320.02°
5% Summer BE 13 CFRD 42.07£1.55° 8.46+0.44° 10.65+0.63" 41.5240.05° 0.75+0.03°
w23 CRRD 41.8+1.44° 8.47+0.31° 11.00+0.69® 41.24+0.09° 0.77+0.01°
H e o 41.1240.58° 8.59£0.04° 11.51+0.73° 40.73+0.08° 0.85+0.01°
HER] 55.10+1.01° 9.04+0.10° 9.90+0.25° 44.77+0.12° 0.7120.01¢
X Winter R 173 53.78+3.61° 8.52+0.27° 10.43+0.30° 44.53+0.04° 0.8040.01¢
R 2/3 51.27+1.37° 8.43+0.37° 10.63+0.27% 44.44+0.06° 0.87+0.02°
HH g s 44.67+0.61¢ 8.54+0.04° 10.90+0.26* 44.22+0.09° 0.92+0.03"

A ZE YRR 2
Material characteristics difference in P<0.05 P>0.05 P>0.05 P<0.05 P<0.05

different seasons

H: FSBERRARF IR R ZERBE (P<0.05) , Ko B, BE (%) REFTHE.

Note: Different letters on the shoulder of the same column indicate significant difference (P<0.05), Ash, Total Carbon TC, and Total Nitrogen TN (%) are based on dry

weight.
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Fig.2 Particle size distribution during producing process of
recycled manure solids in summer and winter
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Fig.3 Changes of the number of main mastitis pathogens during
producing process of recycled manure solids in summer and winter
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Fig.4 Correlation heat map between material characteristics and
main mastitis pathogens during bedding producing process in
summer and winter
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Changes of material characteristics and pathogens in producing process of

recycled manure solids
Du Yun!, Wang Panliu!, Wang Binsheng®, Duan Na%*, Shi Zhengxiang'?, Zhang Yuanhui'*, Song Jiaxi*
(1. Key Laboratory of Agricultural Engineering in Structure and Environment, Ministry of Agriculture and Rural Affairs, College of Water
Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. Beijing Research Center for Livestock and
Poultry Healthy Environmental Engineering Technology, Beijing 100083, China; 3. Department of Agricultural and Biological Engineering,

University of Illinois at Urbana-Champaign, Illinois 1L 61801, USA; 4. Harbin Hua Mei Yi Feng Composite Materials Co., Ltd., Harbin
150000, China)

Abstract: The use of Recycled Manure Solids (RMS) as dairy bedding material has become a promising technology with the
merits of sustainable manure management and cost saving for purchasing traditional bedding. However, cow dung contains
certain amounts of pathogenic bacteria, thus the use of RMS would increase the risk of direct contact of pathogens with cows’
udder. Such serious problem has undermined the use of RMS as dairy bedding material. Drum fermentation for the bedding
production has many advantages (i.e. high temperature, short time), thereby it is getting more and more attention. The
objective of this study was to investigate the stability and biological safety of RMS production process using drum
fermentation in different seasons, and to clarify the factors affecting the growth of pathogenic bacteria in the dairy
cows’mastitis. The drum-type RMS producing system employed was composed of a two-stage solid-liquid separator, a
horizontal-rotation drum fermentation tank, as well as feeding and discharging components. The automatic control system
monitored equipment operation and temperature changes in real time. The drum temperature was obtained by the temperature
sensors installed on the inner wall of the drum including inlet, center, and outlet. Samplings were performed from the inlet, 1/3,
2/3, and outlet of the drum. The plate culture method was used to detect the main mastitis pathogenic bacteria (i.e., Eschrichia
coli, Staphylococcus aureus, Streptococcus, and Klebsiella) at different positions within the drum during the summer and
winter. At the same time, the physical and chemical properties (water content, pH, total carbon, total nitrogen, ash, particle size
distribution, roller temperature) of RMS were also tested. Additionally, the main factors affecting the growth of mastitis
pathogens was investigated via Pearson correlation analysis.The results indicated that the fermentation temperature during the
production process was stable and maintained above 55 °C both in summer and winter, and the final moisture content at the
drum outlet was less than 45%. In both seasons, the particle size distribution at different positions of the roller was mainly
concentrated at 0.5 to 2.0 mm. With the fermentation process, the large particle size gradually converted to small and medium
particle size. The number of mastitis pathogens in summer and winter was highest at the drum inlet, and gradually decreased at
higher fermentation temperature. At 1/3 of the drum, the number of major mastitis pathogens was significantly reduced.
Streptococcus. and Klebsiella. were not detected at the drum outlet in both seasons. However, the number of Eschrichia coli
and Staphylococcus aureus at the outlet of the drum in summer was higher than that in winter. It may be related to the moisture
content of the cow dung at the inlet of the drum. Therefore, the moisture content of the inlet of the drum should be strictly
controlled between 50% and 65%. Using the Pearson correlation analysis, it was found that the major factor affecting main
mastitis pathogen was drum temperature, followed by total carbon. From the security point of view, RMS should be used
immediately after production to avoid environmental impacts. The results found in this study can provide deep insight for the
application of drum fermentation technology to produce safer RMS.

Keywords: producing; fermentation; Recycled Manure Solids (RMS); material characteristics; mastitis pathogens; Pearson
correlation analysis
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