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Development of fecal/sawdust bactericides and

dehydrating system for preventing dairy cow mastitis
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- Bacteriocidal effects of ultraviolet irradiation for reducing bovine mastitis derived from
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SUMMARY

Development of a fecal/ sawdust based dehydration and bacteria elimination

system for preventing mastitis of dairy cows

Bovine mastitis is an important disease causing serious economic loss in dairy
production and food poison in public health. The major causative agents of bovine mastitis
include Escherichia coli (E. coli), Streptococcus agalactiae(S. agalactine) and Staphylococcus aureus
(S. aureus). These bacteria can be found in water, soil and so on. Recently, many cases of
mastitis are derived from environmental contamination of micro-organisms, which is an
important factor for the spread of this disease in farm. Ultraviolet (UV) irradiation has been
used as disinfection for waste and water in clinical and industrial facilities. Moreover the
UV irradiation has been used as useful bactericidal agents to remove bacterial biofilms in
environmental condition. In this study, we determined the bacterial replication of different
percentage of water content (PWC) in sterilized sawdust and feces complexes from farm,
and results showed that slightly decreased growth pattern of E. coli and S. agalactiae but
increased growth pattern of S. aureus in various PWC (200, 400 and 600% (d.b.)) until 144
h incubation. In the bacteroidal effect of UV irradiation to bacteria in sawdust and feces
complex, the results showed that bacteriodal effect was depended on the UV irradiation
time, irradiation distance and PWC, and that the proper requirements of UV irradiation for
sterilization system are low PWC less than 200~300% (d.b.) (about 75% (w.b.)), long time
irradiation of over 25 s and short irradiation distance less than 5 cm. Furthermore UV
irradiation with stirring showed increased the bactericidal effect compared to without
stirring.

Bovine mastitis causative micro-organisms can survive in 1-2 weeks in feces and bed
complexes. Low level of percentage of water content (PWC) of feces and bed complexes
can reduce the spreading of bovine mastitis incidence from environmental contamination. In
this study, we developed a fecal dehydrator which is a screw compress type and
determined the elimination rates of bovine mastitis causative agent from feces and bed
complexes. It showed that PWC decreased to 68% (w.b.) from various percentages (80, 85,

and 90% (w.b.) and the elimination rates of E. coli and S. aureus was over 50% (w.b.).



These results suggested that the application of fecal dehydrator would reduce the exposure
of dairy cattle to bovine mastitis causing agents contaminated feces and bed complexes,
and can be used for environmental bovine mastitis control avoiding misuse or abuse of
chemical disinfectants and antibiotics in dairy farm.

The optimum performance of UV lamp sterilization system operated with the
dehydrator were at low conveying speed which is less than 0.6 m/min, short irradiation
distance which is less than 5 cm and low PWC having less than 50% (w.b.). However,
these conditions can not be achieved in dairy farm because the dehydration for feces and
bed complexes will be really worked at very high speed and PWC of feces and bed
complexes can not be reached below 68% (w.b.) by the dehydrator. Therefore, it was
believed that UV sterilization system is not needed.

The first prototype feces-bed based dehydration and sterilization system consisted of a
tractor PTO, a universal joint, a speed reducer, five chains and three tension sprockets for
power transmission, a circular poly-ethan brush for loading feces and bed complexes on a
belt conveyor, a synthetic rubber belt conveyor for conveying loaded feces and bed
complexes to a dehydrator, and a compress type roller dehydrator for dehydrating wet
feces and bed complexes. Tractor PTO is used for the main power and Type A of KS
B1407 is used for the power line. Chain speed and speed fluctuation is acceptable
according to the results but No. 3, 4, and 5 chains need to revise the length. Breaking
stress and allowable tension are acceptable but in the case of the sprocket on No. 3 chain,
the number of teeth for the chain is insufficient that the chain and sprocket can pop out
due to overloading and the tension sprocket get deformed. Therefore, it needs to use
bigger sprocket to increase the number of teeth for No. 3 chain, and a shock absorber or
stronger material for tension sprocket.

The second prototype feces-bed based dehydration and sterilization system consisted of
a tractor PTO, a universal joint, a speed reducer, five chains with offset links, and three
tension sprockets of one or two way hub type for power transmission, four acrylic vanes
for loading feces and bed complexes on a belt conveyor, a polymer wire mesh belt
conveyor for conveying loaded feces and bed complexes to a dehydrator, and a rubber
coated compress type roller dehydrator with springs for dehydrating wet feces and bed
complexes. The results of performance test showed that feces and bed complex was

accumulated between the dehydrating roller and the belt conveyor resulting that



dehydrating work can not be continued.

The third prototype feces-bed based dehydration and sterilization system consisted of a
tractor PTO, a universal joint, a speed reducer, two chains with offset links, and three
tension sprockets of one or two way hub type for power transmission, a rotary for loading
feces and bed complexes on a belt conveyor, a polymer wire mesh belt conveyor for
conveying loaded feces and bed complexes to a dehydrator, and a rubber coated compress
type roller dehydrator for dehydrating wet feces and bed complexes. The test results
showed that its performance was excellent. In other words, PWC of 76~82% (w.b.) before
dehydration was decreased to 70~73% (w.b.) after dehydration, and this dehydration
eliminated 4~47% of the major causative agents of bovine mastitis. As estimated, there was

no the bactericidal effect from UV lamp sterilization system.
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Fig. 3-1. A schematic of the proto-type sterilizer for fecal/sawdust.

Table 3-1 Specification of the proto-type Sterilizer

Sterilizer
Type UV lamp
UV lamp 40W, 253.7 nm (Philips, Netherlands)
Belt conveyer (mm) 50x320x%1,125(DXWXL)
Control of transfer velocity Voltage control(0.1~0.02m/s)
Move motor AC 220V/40W

4) UV A& &3

Adk B 2 Fike] E3E AAS5sES VT 22 50, 100, 200, 400 2 600%7F = Al

At SHTE 7 F, 294 lamp(30W, SANKYO DENKI G30T8, Japan)< ©]-83}e] At

2 Y EFES Hdd dWEZYHd ¥ F UV lamp

ote] A AP E 5,10 2 25cm7F HEE sk ow, A AZF 12, 25 B 507 HEE &S
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=
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2) SEx 297
2 Ao AgE $En G571 2aF 434 FuE 95 9 A & el A
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ot 2379 A= 120mmE sHGlaL, o] 2AFeh 7Rk Afelo] X3 APAse] A=
e 7Hkwe) 91AE 243t 394 =, Hd(10mm), FZH20mm) 2 A9 (30mm)e] =
Ex wsiAflo e AR Sdads SASAT AFEA ] 93 ADE Fig 3-2
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Pressure Screw Inlet for

fecal/sawdust

Fine meshed net

Compressed
plate
Outlet for liquid
manure

Fig. 3-2. A schematic of the proto-type dehydrator for fecal/sawdust.

Table 3-2 Specification of the proto-type dehydrator

Dehydrator
Type Pressure screw
Size (mm) L1,480xW350xH1,570
Power (kW) 1.5 (1:30 ratio)
Power transmission chain type
RPM 28
Control of moisture content Opening of pressurized plate
Performance (ton/h) 5 ~ 10
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Fig. 3-3. A schematic of the preliminary dehydrator and sterilizer for fecal/sawdust.

Table 3-3 Specification of the preliminary sterilizer

Dehydrator Sterilizer
Type Screw compressor Type UV lamp
. L1,480XxW350X 40 W, 253.7 nm
Size (mn) H1.,570 UV lamp (Philips, Netherlands)
. . Feces transfer Urethane mash belt
Power (kW) 1.5 (1:30 ratio) belt (mm) (3%4)
Power . Control of
transmission chain type transfer velocity Voltage control
RPM 28 Stirring device Blower type
Control of .

h Opening of 3 .
moisture . Blower 1.75 kW, 2 m’/min
content pressurized plate

Per(ft%rnr;f)nce 5 ~ 10 Airflow control inverter 2.25 kW
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e HAS] ek A B Fol FFES 90%(dry basis)® 9HEo] o] r] 7t
o] 7S 10 mm, 20 mm, 30 mmE ZA3ke] 7}
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Table 3-4 Specification of Testo-400

Items Specification

Testo-400, Germany

Type The multi-function measuring instrument in air
conditioning
Memory 128 KB (basic)

1 MB (extension)

Battery/Rechargeable battery

Power
8 V main unit (110~220 charger)
Weight 500 g (with battery)
Ambient conditions 0 C to+50 C

0 hPa to +100 hPa (negative pressure)
Measurement range

0 bar to +40 bar (absolute pressure)

Accuracy +0.1% of mv
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Fig. 3-4. A picture of noise measurement of the preliminary sterilizer.

Table 3-5 Specification of RION NL-20

Items Specifications
Type RION NL-20 (RION CO., LTD.)

Sound level (Lp)
Eqv. continuous sound level (Leq)
. Max sound level (Lmax)
Measurement function . .
Min sound level (Lmin)
Percentile sound level (Ln)
Sound exposure (Le)

Measurement time 10 s, 1,5 10, 15, 30 min

Measurement range 38 to 138 dB
Inherent noise 6 range in 10-dB steps

Level range selection - 54 ~ 120 C (temp)

Electrical calibration with 1 kHz sine
Calibration wave singnal from built-in oscillator
Acoustic calibration using sound calibrator
Power requirement Four IEC R6 (size "AA") batteries

Ambient conditions 10 C ~ +50 C ; 10% ~ 90% RH
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AE5ASLE 7FE5EA14(8720A500; 8776A50,  Kistler, USA)<}k FFT  Analyzer
ZonicBook/618E (Somat, UK, 8 channels), (Fig. 3-5; table 3-6)5 Al-&-3}o] Agdx] o]FHE
Fol A wAs= Eds ASsn. dudA gl 538 AeRARS A St 35
x, y, z F)ol 7FHSZ A (table 3-7)5 18 3-63} o] R3S} 714
zho] golgl o] FHMES] < FH T A3 W] =ARES U
gto] F-#siglen BNC 7FE=Al AlolE&s ©]8&38te] FFT Analyzer ¢ 1233th. FFT
Analyzer= =E53} @7lol53 o]&3dte] AdslH

Acceleration sensor

E ﬁ
3

Fig. 3-5. A picture of acceleration sensors Fig. 3-6. A picture of acceleration sensors

attached to the preliminary attached to the preliminary

sterilizer. sterilizer.

Table 3-6 Specifications of FFT Analyzer ZonicBook/618E

Items Specifications

Model FFT Analyzer ZonicBook/618E

Operating environment 0 ~ 50 C (temp), 0 ~ 95% (RH)

Power consumption 23 A max @ 15 V DC

Input power range 10 ~ 30 V DC or 100 ~ 120 V AC

Thoughput rate 2 Mbytes/s
Channels 8 single-ended input channels
+ 256V, £5V, £25V, £1V, £ 500 mV,
Input ranges
+ 250 mV, £ 100 mV, £ 50 mV, £ 25 mV
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Table 3-7 Specifications of acceleration sensor

Items Specifications
Type 8702B500
Measuring range + 500 ¢
Sensitivity 10.28 mV/g
Transverse sensitivity 1.8%
Resonant frequency 54.0 kHz
Operating temperature — 54 ~ 120 C

5 A44@A 9 ddE& 574

UG AAF F AYLRWG A 2 S = A

= 3A| 7| H A UVHIZE o]
SR I e
UV #AZE= 2e)A AFgoan o|FMES] 2o i 317 $ste] 489S A0

ol whAbRS dAste] 2ANES S7HAIZI AE] AEARxlat A2 Fig. 3-7% Table
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Table 3-8 Sterilization condition

No. 1 2 3 4

Moisture content in feces

_ 50 100 200 400

(wet basis, %)
Processing speed (m/min) 0.6 2.8 52 °
Irradiate height (cm) 5 10 25 o

Fig. 3-7. Picture of ultraviolet rays lamp.

_29_



Table 3-9 Specification of UV (ultraviolet rays) lamp

Items Specifications
Model G20 T10 (20 W) Sankyo Denki (Japan)
Type Straight pipe type germicidal lamp
Power AC 220 V, 60 Hz
Average usage time 8,000 h
Light color Light blue
UV output 75 W
Wavelength 253,7 nm
Length 580 mm
Diameter 32.5 mm

4. NzH71e] Az B e Al W

1) 12 A7) AF R FeAdE

12k AlA719) FE A Aol & = 9lkol 22k, ESY ARl o eE=

CeEdE AJdE S Awste EYH Y PTOE ©]-&3stal universal joints AF-&-3ho]
d Holl ek el 301 F&718 &

3 ]
AERA=Z ARl o] &ste] FHE ettt A8E EZHE AlY2 Table
YL A[A7] Y AERF]A, Table 3-102> Al#H7]9] Al9S YeRd 7o)

Al 2719l -8 Il Fol= A4 120 mn, 2] 1,180 mm YEEH 3|H Sefo Z e &5
_]

3
Fe SERE £ £AT 5 AES ARGk Aulolo] WEE Ty
d
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o 959 Z&dl e dFH Emrt BYHES Sl gt € 2 UVEE

of s dvd = UEF o o MES ojFHk= H 01m/s Tt

Fig. 3-8. Pictures of the 1st prototype fecal-sawdust based dehydration and sterilization

system for preventing mastitis in dairy cows (left) and its power transmission (right).

Table 3-10 Specification of the 1st prototype fecal-sawdust based dehydration and

sterilization system

Items Specification
The full length (mm) 3,030
The full width (mm) 1,900
Height (mm) 1,460
Weight (kg) 750
Driving type Two wheels and traction type
Power source PTO of tractor
Power transmission type Roller chain type
Dehydration type Dehydrator mangle
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Fig. 3-9. Picture of the 2nd prototype fecal-sawdust based dehydration and sterilization

system for preventing mastitis in dairy cows.

Table 3-11 Specification of the 2nd prototype fecal-sawdust based dehydration and

sterilization system

Items Specification
The full length (mm) 3,030
The full width (mm) 1,900
Height (mm) 1,460
Weight (kg) 800
Driving type Two wheels and traction type
Power source PTO of tractor
Power transmission type Roller chain type
Dehydration type Dehydrator mangle
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Fig. 3-10. Inlet of the 2nd prototype fecal-sawdust based dehydration and sterilization

system (left) and conveyor belt (right).

Fig. 3-11. Picture of the compress type roller dehydrator of the 2nd prototype

fecal-sawdust based dehydration and sterilization system.
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Yy

Fig. 3-12. Picture of vivarium affiliated to Chungnam National University (left) and dairy

cows barn in vivarium (right).
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Fig. 3-13. Picture of the 3th prototype fecal-sawdust based dehydration and sterilization

system

Table 3-12. Specification of the 3th prototype fecal-sawdust based dehydration and

sterilization system

Items Specification
The full length (mm) 2,010
The full width (mm) 1,900
Height (mm) 960
Weight (kg) 560
Driving type Two wheels and traction type
Power source PTO of tractor
Power transmission type Roller chain type
Dehydration type Dehydrator mangle
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Fig. 3-14. The proliferation of bovine mastitis causing agents in feces and saw dus
complexes. Bovine mastitis causing agents, (A) E. coli, (B) S. agalactice and (C) S. aureus
were inoculated at various PWC (200, 400 or 600%) of feces and saw dust complexes. The
bacteria contained feces and sawdust complexes were incubated at 37C for 24, 48, 72 and
144 h. After incubation, bacterial viability was measured by CFU on plate spreading and
the rate of bacterial viability was compared to 0 h as a control. The data represent the

mean + S.D. of triplicate experiments.
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Table 3-13. Bacteriocidal effect of UV radiation to bovine mastitis causing agents. The data

represent the mean + S.D. of triplicate experiments.

Strains
E. coli S. agalactiae S. aureus
distance(cm)
] 5 10 25 5 10 25 5 10 25
time(sec)

12 55+14.127  76%15.7 103+27.72 4713527 67+15.02 72154 30£13367 3714527 75+24.18
PWC" e o o . " o

25 55£19.12 7341547 74+18.55  42+13.15 44+133 61414.57  35412.52°  31+14.33 36+15.5
50%

50 31412327 72154 52+13.97 39412927 44+13317  56+14.23 9+4.08" 13+6.53  23+12.36"

12 69+15.17  81+24.83 90+27.5 671502  76x15.73 80+27.89  104+24.36  104+25.58  108+26.23
PWC o

25 38+12.85 66+24.95 87+26.2 70£18.25  78+15.85 86+26.45 9742552 99+24.51 101+27.09
100%

50 3312477 76+15.7 80+8.8 67+£17.02  76+15.73 80427.89  91425.52  87+23.36 101+27.58

12 72+15.4 91:+26.82 82426.15 6614.95  70+15.25 85426.37  88+24.44  99+24.58 101+25.88
PWC " "

25 49+13.67 66+24.95 752562 53+13.97 67£15.02  75+15.62  80+£24.48  90+24.55 96+24.53
200%

50 47413527 81426.07 61+13.05  51+13.82"  58+14.35 70+15.25 69+23.51 83424.04 98+24.52

12 63425 73424.32 86+25.63 66+17.52 6541532  85427.58 8042552  85+25.36 104+27.25
PWC "

25 52+17.87 64+26.7 80+25.92 7141624  76+16.35 8442778 7942632 80+26.58 104+27.45
400%

50 45+15577  53+15.57  79+14.17 661524  77+17.78 80+26.85 86+25.82  101+26.23 93+27.88

12 42+1237  66+23.32 754254 97423.95  99+23.64  108423.96  85+23.92  114+23.63  110+23.97
PWC "

25 48+12.21 84425.5 89+16.2 94423.83  100423.72  103+24.12  95423.88  108+23.72 91424.12
600%

50 42+1237  66+23.32 754154 66+24.88 8942522  101£23.57 9242432 902522 92:+23.52

* ; percentage of water content (PWC)

** ; represents significant at P<0.01 compared with no-treatment UV as a control.
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Table 3-14. Bacteriocidal effect of UV radiation with stirring to bovine mastitis causing

agents. The data represent the mean + S.D. of triplicate experiments.

Strains
E. coli S. agalactiae S. aureus
distance
(cm) 5 10 25 5 10 25 5 10 25
time(sec)
12 19+8.42" 25+11.87" 56+14.2 35+12.62°  51+13.827  59+14.42 5841151 83+22.38 82+23.57
PWC " " - " " "
504 25 19+7.42 25+11.87 50+13.75 16211.29 42+13.15 54+14.05  53+12.23 71+11.57 93+24 48
50 13+6.97" 38+12.85" 25+11.87" 943.33" 2641448  50+13.75 32412.27 54412337 49+13.33"
12 24+11.8" 38+12.85" 48+13.6" 72+17.42 7441555 8242615  50+12517 6241358 91+15.08
PWC " " - - -
25 1446.05 31£12.32 40+13.35 52+13.95 62+14.65  81%26.07  72+13.54 50+13.54 62+23.84
100%
50 1045.75" 40+135" 57+14.27 49+13.67"  53+13.977  55+145  38+13.65 ~ 97+12.28 79£15.5
12 27+12.02" 38+12.85" 48+13.32" 66+14.95 70+1525 8542637  66+12.98 83+15.69 89+11.58
PWC " " - "
2000, 25 25411.87 3612.7 39+12.92 53%13.97 67+15.02  75%15.62  52+12.25 59+12.55 74+13 .53
50 21+11.57" 3441255~ 29+12.17" 51+13.827  58+1435  70+1525  36+14.36° 4641228  53+13.33"
12 42+1354" 52412.26" 56+13.64 63+15.49 64+15.68  84+2429  47+1518" 601527 75+14.44
PWC - " " -
25 33+13.21 50+13.36 54+12.7 63£15.32 67+15.69  68+15.15  47+15.05 59+15.08 77+15.22
400%
50 27+12" 37+12.8" 53+12.6" 52+14.25" 5441444  64%15.73  49+14.25°  63+14.85 71%15.22
12 21+12.34" 46215.23" 70+13.78 85+23.44 90+23.84 9643247  82+23.44 96+23.84 98+13.47
PWC -
600, 25 44+13.65 60+15.55 76+16.38 57+13.36 8612429  85%23.69  78+23.32 80+24.24 90+23.66
50 35+14.44" 60+14.68 80+15.65 57+13.36 8612429  85+24.82  60+13.55 68+14.52 89+13.13

* ; percentage of water content (PWC)

** ; represents significant at P<0.01 compared with no-treatment UV as a control.
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Fig. 3-15. Screw pressurized dehydrating system for feces and bed complexes on dairy
farms. The 3-dimensional drawing of screwed pressurized dehydrating system(A) and the

developed screw pressurized dehydrating system in this study(B).
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Table 3-15. Dehydrating rates of the screw pressurized dehydrating system using various

wet base PWC in feces and bed complexes.

PWC* of PWC after dehydration with various pressure
¢ Saw Range of
eces o
contents in strength (%) dehydrating
complexes - .
(%) feces (%)™ Maximum Medium Minimum rates (%)
(10 mm gap)*** (20 mm gap) (30 mm gap)
0 54+2 4 56+4.1 61+3.4 19 - 26
80 5 53+3.7 54+4.8 59+5.2 21 - 27
10 51+8.2 52+2.4 57+3.4 23 - 29
0 55+3.6 57+2.7 61+4.1 24 - 30
85 5 54+4.8 55+4.6 59+8.2 26 - 31
10 54+4 .4 54+6.2 56+7.3 29 - 31
0 56+4.1 59+5.3 62+6.5 28 - 34
90 5 54+6.3 59+6.8 61+8.2 29 - 36
10 53+6.1 57+8.4 60+4.8 30 - 37

g7l At

.
£2 37} she] FA5 G719 grge Aol A3E wel AUIgHE (10mm)

o7 B4E Fsle] B4 F Aozl NS AqFH, AlA H o FE SAHSH
1 A3} E coli®] AF HFHES T3ekA & 9o F4E 80%2] uwtHo| A 64.63+8.31%,

& 85%Cl A 58.5448.48% 12]il FE 90%olA 47.9645.72%2 Al EHIF dE A&
Fig. 3-16A°] uWERAT. 4, =

61.36+6.34%, S48 85%°l A 58.03+3.05% L]l <& 90%Cl A 48.26+7.87% 2]

= & Fig. 3-16Boll YEMNST 5% 10%E 5713 Aol & 80%olA 65.44+7.62%,
s 85%NA 66.02+44.44% 1L FE 90%Ol A 45.0147.72%7F Al &

3-16Col| YER AT

Wos%E Fhm Egede A% @4
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Fig. 3-16. Elimination effects of E. coli from feces and bed complexes using dehydrating
system. E. coli was inoculated at various PWC(80, 85, or 90 %) of feces and bed complexes
and applied to the screw pressurized dehydrating system. The content ratios of saw in
feces are 0% (A), 5% (B), or 10% (C). After dehydration, eliminated bacteria were collected
and measured CFU on plate spreading. The elimination rates of bacteria were compared
tototal inoculated bacteria number as a control. The data represent the mean *+ S.D. of

triplicate experiments.
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Fig. 3-17. Elimination effects of S. aureus from feces and bed complexes using dehydrating
system. S. aureus was inoculated at various PWC(80, 85, or 90%) of feces and bed
complexes and applied to the screw pressurized dehydrating system.The content ratios of
saw inf eces are 0%(A), 5%(B), or 10%(C). After dehydration, eliminated bacteria were
collected and measured CFU on plate spreading. The elimination rates of bacteria were
compared tototal inoculated bacteria number as a control. The data represent the mean *

S.D. of triplicate experiments.
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Fig. 3-18. The change of moisture content due to opening of pressurized plate.
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Eoh, SRR Fg4g 9 59 gagdd wE 95ay A3E Table 3-163 29kt o
Table 3-16914 ¢} o] Fe] dH&o] 10%Y w 2Faxyl 73 FE3 Aoz yey
on, ol AW {5 68%7HA E57t 7Hed Aoz el

Table 3-16. Results of th dehydration by the proto-type system developed.

Before dehydrated After dehydrated
Dry basis Saw content in feces(dry basis,%)
(wet basis) 0 5 10
80% (400%) 76% (+4) 72% (+2) 68% (£3)
85% (600%) 73% (£5) 68% (+4) 69% (£5)
90% (900%) 71% (+6) 68% (£3) 71% (*4)

* throughput : 5~10ton/h

FHAL Hhdte UV Aejde wEHW APEEE oR Yeist o, Ao x

Atk nRk A e dow ddslg=d 40 Hzol A A A A whkE s Ao w velgon,

71 o4 50, 60 Hzoll A= A7 dele 3o® Yewt AAFSS Hdd3dE & AEAE

of Mt F7F A4 s FHE Hart S o= #AEHLh Fig 3-19% e 4HA
FETHe dddS Ul o= AAA QA7F 1~5 hPa= YENTE ol& 7o
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Fig. 3-19. The contour lines of wind pressure in pressure chamber.

£

B>
do
plk
N

1

¢

9 AS 234 R £4

B Ay WA

2 Table 3-17°14 9} o] 3t 30 dBo] WA= AL) ol Y
714w 70 dB@ ARF w=E)ol HlE] AdlAom ofatA A HAGAZT T& AT o
el gk G A4 BE Aow AFEIIH

A el A s S (Fig. 32002 25 G2 ASE AL, FFT 2412
2 355 HzolAl o]%

o

A A3 9 A (pick) %k
4 o AT ol g

M
i

A o] Ak

A4 %

_53_



Table 3-17. Noise levels of sterilizer.

NO Interior noise without Interior noise with Difference of
' sterilizer operation (dB) sterilizer operation (dB) noise (dB)
1 45.0 74.5 29.5
2 46.7 76.7 30.0
3 443 77.6 33.3
4 46.2 75.8 29.6
5 45.8 76.1 30.3
Average 45.6 76.1 30.5

Fig. 3-20. Results of vibration in measurement (left), and analysis of FFT for the prototype

sterilizer developed (right).
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Fig. 3-21. Sterilization effect of E. coli
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Fig. 3-22. Sterilization effect of Staphylococcus aureus

_57_




0Nt s Streptococcus-moisture content 50% ONgie sied~~ steptococcus#7-2100%
% OSired % tgineg
90 120
80
0 ‘} ‘} 100 {
o | : {% L wE g I : 1 - H % 1
50 f T ; f . B Al
0t ; : :
301 0r
207 0l
10 I . . .
O ! | 1 : P ! 0 11 1 1 L L
O 0 b @ 0 b @ 0 0 O Q0 o O QO L0 O 0 0
J’\ o q {?’\ & o &\ DA &\ o & %‘?’\ g q cﬂ\ &
v VoW o v v oo o @
Speed (m/min) / Height (cm) Speed (m/min) / Height (cm)
D)ot stired streptococcus- moistured content 200% Dot stired Streptococcus -moistured content 400%
b ogjeg R | Bgired
100 100
) I 9 ]
80 {_ 80 I ‘} {-
10 1 i i 0 { I '
60 1 60 i { } ; ﬂ ﬁ
50 507 [
40 40t
30 Nr
20r 207
10r 107
0 L R 0 - . S
0 0 0 O 0 0 \) ‘) O 0 o O 0 b O 0 o
N N N A I
oo 9 ) g RN v o 9 g R

Speed (m/min) / Height (cm)

Speed (m/min) / Height (cm)

Fig. 3-23. Sterilization effect of Streptococcus agalactiae
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Fig. 3-24. The picture of the 1st prototype fecal-sawdust based dehydration and sterilization

system for preventing mastitis in dairy cows.
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Fig. 3-25. Picture of a damaged sprocket.

1 AA7)e] BARE A8 95k 2 AQlel Fig 3-249 o WEE s 7

AQlel]l Be FEds ATRAE TEATRIN FEATRIOR 110] Table 3-183% 2]
7h mmzle) ol sjAgeh FaAe, Al s EEe} oS kgl

Table 3-18. Length and velocity of chains and sprockets.

Chain Sprocket

No. Z (ea) N (rpm) .

L (mm)  KSNo. L (mm)

Drive Driven Drive Driven i

1 910 50 17 17 75 75 1 317
2 910 40 18 15 77 93 1.2 350
3 1,340 40 32 18 43 77 1.78 490
4 3,140 40 30 18 43 72 1.67 1,404
5 1,850 40 18 40 75 34 0.45 722

L* : Length between shafts
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Table 3-19. Calculation of chain length

p C LZ L (Hlm)
No. Z1 Ve
(mm) (mm) (mm) Ak gk ESEas
1 15.8 17 17 317 56.9 903 910
2 12.7 18 15 350 71.6 909 910
3 12.7 32 18 490 102.3 1,299 1,340
4 12.7 30 18 1,404 245.1 3,113 3,140
5 12.7 18 40 722 142.9 1,815 1,850

p : KS B 1407 The standard specification of roller chain

t&o g2 A0 £x9 £ WHEFL Table 3-207 7t} Table 3-20¢] Ao A8 &5
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Table 3-20. Velocity and velocity change of each chain.

N D, v £

No a Rmax Rmin Vmax Vmin
(pm)  (m) (m/5) (%)
1 75 86.4 21.7  0.3373 43.2 40.13 0.3393 0.3332 1.79
2 77 73.1 20.0 0.2933 36.5 34.29 0.2947 0.2902 1.52
3 43 129.6 11.2 0.2912 64.8 63.55 0.2917 0.2902 0.51
4 43 121.0 12.0 0.2730 60.5 59.17 0.2724 0.2709 0.55
5 75 73.1 20.0 0.2857 36.5 34.29 0.2870 0.2826 1.53

Table 3-202] A3} FhollA AQJe] HX7F B5F 025 m/s ooz A=z T
ol HaF=el 1/7, Vi 2 1/12H el AA = ofof 3t}

Table 3-213} #Fo], 1”1 A1 A5 FFdeiolA e Hol &= 21119 N, W2 300 A
o] A} F=e 1,231.95 No.&2 58732 98548 N U433 oz satdn) 2~5H 919
A9 e AA 1,11818 N, Y 7oA 65228 No.& 7} AQlE9] 3842 521.85 N
T3 FEg oz wEch

39 AQle] FHe AEwol FAEHE A= T 2Z RS KS B 1408(52 A

I

& ~maz AR)olA 2zmel) 40, A5 1899 & % Sny w20 Asdn AU

1= h A = Tq’-
gemw % Axefe] 4% 19 AL A7 A3 Q4w Be AveNe A
gato] ERAEE 2 o Aol FAgo] Ado] o] Lo L= slof Fr) WM Az
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Table 3-21. Breaking stress and allowable tension of each chain.

No. D (mm) Ts (N) Ta (N) Power (kW)
1 5.09 14,783.49 985.48 0.3325
2 3.98 7,827.65 521.85 0.1531
3 3.98 7,827.65 521.85 0.1520
4 3.98 7,827.65 521.85 0.1425
5 3.98 7,827.65 521.85 0.1491

6) 27+ AF719 g54T A4

95 4SS 15 me 2ol 43S 23 dE Y GHA DEPA Agse] 45 7

% H 1 — o “
ket
BeN R BEA BEAEE FEF Aew BRHA Fig 32604 AY 4L

Fig. 3-26. The fecal/sawdust attached on roller.
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Table 3-22. The effects of dehydration by the proto-type system tested.

Moisture content Wet basis Dry basis .
. . . Bacteria CFU (%)
(%) (%) (%)
Before dehydration 63.92 + 3.4 186.57 + 28.28 100 + 21.11
After dehydration 18.21 + 0.29 22.27 + 0.44 31.81 + 12.57
80 140
0r ,
[ 120 {
o <10 |
=5 f _ ‘
Z = 80
<40 ~
- =
=30 [ =
= ~
ol EL |
0| " 1
0 0
Before dehydration After dehydration Before dehydration After dehydration

Fig. 3-27. The results of comparison of moisture content (left) and bacteria CFU (right)

with and without dehydration by the proto-type dehydration.
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Fig. 3-28. The picture of the 3th prototype
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3-29. Dehydrating and bacteria elimination performance of the 3th prototype.
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- Bacteriocidal effects of ultraviolet irradiation for reducing bovine mastitis derived
from environmental contamination J. Environ. Agri. 27(4); 435-440, 2008.

- Dehydrating and Bacterial Elimination Effects of Fecal Dehydrating System for
Reducing Bovine Mastitis Derived from Environmental Contamination, AAL =

- Study on performance test of a proto-type sterilizer system for fecal/sawdust

produced in dairy cows barn, HAF &
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