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SUMMARY

I. Title

Development of detection technique of microorganism for

production of High Quality Food

II. Objective and Significance of Research
B Development on new detection method of microorganism for
production of high quality food
B Development of reaction reagent for measurement of cell number
of microorganism
B Development of instrument for measurement of cell number

of microorganism

ITI. Scope
B First year
1. Biochemical properties and protein isolated from various
microorganisms species
1) Isolation of protein from various microorganism species
o Isolation of protein from total cell, Escherichia colil

Listeria, and Salmonella typhimurium

2) Composition of microorganism protein

o Investigation of protein subunit by SDS-PAGE



3) Biochemical property of microorganism protein(enzyme)
o Depend on temperature of protein(enzyme)
o Depend on pH of protein(enzyme)
o Depend on KCI concentration of protein(enzyme)

4) Preliminary examination of reaction reagent for measurement
of cell number of microorganism

2. Draft and manufacture of simple instrument for measurement
of cell number of microorganism
1) Draft of instrument for measurement of cell number of
microorganism
o Optics technique
o Sensor technique
o Electron circuit technique
o S/W technique
B Secund year
1. Development of reaction reagent from biochemical properties of
microorganism protein
1) Development of measuring reagent of product degraded
from ATP

o Investigation of sensitivity for metal ion

2) Labelling effect of particular protein isolated from various
microorganism species
o TAEDANS
o Monodensylcadaverine

o ANS



3) Development of reagent from measuring technique of
protein content
o Application of biuret reagent
o Application of microbiuret reagent
2. Development of instrument for measurement of cell number of
microorganism - simple channel, fixed form
1) Development of compact instrument for the use of field
o Optics part
o Sensor technique
o Electron circuit technique
B Third year
1. Field examination and repletion of developed reagent
1) Field examination
o Microorganism measurement about various foods in
distribution
0 Measurement of microorganism in milk
0 Measurement of microorganism in yogurt
0 Measurement of microorganisms in meats and fishes
0 Measurement of microorganism in agricultural products

Sensitivity control of reagent for measurement of cell

©)

number of microorganism
2) Statistical treatment of data
2. Development of measurement system on microorganism
1) Optics part

2) Sensor technique



3) Development of analysis tool
4) S/W technique
5) System combination

6) Verification

IV. Results and Recommendation

Microbial ATPase break down the ATP to ADP and phosphate. It
is well known that the cell has almost equal contents of ATP
regardless cell type. And lots of rapid method has been developed for
determining cell number using this phenomenon. So, we investigated
the possibilities of ATPase activity as an indicator of total cell
number.  Listeria  monocytogenes(KFRI ~ 00799) and  Vibrio
parahaemolyticus(KCTC 2471) was used as a target microorganism.
Ca-ATPase activity was checked by adding higher concentration of
ATP. As the total cell number was increased, the total Ca-ATPase
activity was also increased. So, it was concluded that Ca-ATPase
activity can be used to calculate the total cell number. To find out
the properties of ATPase contained 20mM Tris-HCl(pH7.0) 0.1IM or
0.6M NaCl was added and solubility was checked. ATPase activity
was identified as a salt soluble protein for having higher solubility
when 0.6M NaCl was used.

To the based above results, it was measured number of
microorganism using Ca-ATPase activity, compare with total plate
count. Relationship between Ca-ATPase activity and number of
microorganism in foods appeared strong correlation coefficient (meats
C R = 093 (n = 50), vegetables : R* = 093 (n = 262), yoghurt : R® =
090 (n = 50), milk : R* = 0.92 (n = 55)).



On the other hand, instrument for measurement of cell number of
microorganism manufactured to input at software above data and this
method(ATPase activity) was able to measurement of 10 samples

for one hour.
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3. Property of reaction reagent

o1

Biochemical properties of protein(enzyme)
Investigation of protein composition and microorganism

properties in foods

. Sensitivity for mental ion

6
7. Property of protein in microorganism having ATPase activity
8.
9

Property of protein in germs having ATPase activity

. Relation between total cell count and protein content

10. Labelling of particular protein and analysis of hydrophobic

protein

11. Measurement of cell number of microorganism in foods

B Co-PI

1.

Draft and manufacture of simple instrument for measurement

of cell number of microorganism

. Development of instrument for measurement of cell number of

microorganism

3. Development of measurement system on microorganism

Chapter 4. Achievement and contribution to related field

Chapter 5. Application plan of the results

Chapter 6. Technical oversea information collected during

research
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(KFRI 00437) ¥ Salmonella typhimurium (KFRI 00191) 5<& A #3s}
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3. SDS-PAGE (SDS-polyacrylamide gel electrophoresis) 4]
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Table 1. Classification of medium

Pathogens Culture medium

a EC broth

Escherichia coli(KFRI 00174)
b EMB agar

a Trypical soy broth

Staphylococcus aureus(KFRI 00171) -
b | Nutrient agar

a Nutrient broth

Vibrio parahaemolyticus(KCTC 2471) ;
b | Nutrient agar

a Listeria enrichment broth

Listeria monocytogenes(KFRI 00799)
b | Oxford agar

a Nutrient broth

Bacillus cereus(KFRI 00437) )
b | Nutrient agar

a Selenite cystine broth

Salmonella typhimurium(KFRI 00191)

b | Salmonella shigella agar

polyacrylamide gels ©]&3le] AAstAa, FA#F9  standard
marker protein(Sigma. USA)S M.W. 6,500~ 205,000 Das AF-&3
t}. SDS-PAGEY A& silver staining™ S AF&3g . =, 23 o)
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gel& high purity waterZ &3] 2ol & silver nitrate solution
of 20&%t EAAY. A T geld Hold+  silver nitrate
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Fig.1. SDS-PAGE patterns of microorganism protein
1 :© Standard marker
2  Total colony
3 1 Escherichia coli (KFRI 00174)
4 . Staphylococcus aureus (KFRI 00171)
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Fig. 61. Relationship between total colony count and
Ca-ATPase activity of microorganisms isolated from
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Ca-ATPase activity of microorganisms isolated from

crown daisy(n = 16).

- 113 -



&
._E
ar : _E-":'
i -
o o
-
3 e
¥ . __.-"r
001 F -
.-";.
“& y = 0.0059x-0.019
- (R = 0.9925)
0,00 : : :
3 4 5 A 7 3 2
LogiMo)

Fig. 65. Relationship between total colony count and

Ca-ATPase activity of microorganisms

11).

bean sprout(n

- 114 -

isolated from



0.02

T

& e
. - “»
E ooz b .
2 ey
(73] -
:
3
0 -

0.01 + -~

&
- y = 0.0048x-0.013
-'" (RE = 0.9876)
0,00 : : :
3 a4 5 51 7 2] @
Log(Mal
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Fig. 67. Relationship between total colony count and
Ca-ATPase activity of microorganisms isolated from
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Fig. 68. Relationship between total colony count and

Ca-ATPase activity of microorganisms
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Ca-ATPase activity of microorganisms isolated from
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Fig. 71. Relationship between total colony count and
Ca-ATPase activity of microorganisms isolated from

fatsia shoot(n = 10).
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Fig. 72. Relationship between total colony count and

Ca-ATPase activity of microorganisms isolated from

spring onion(n = 12).
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Fig. 74. Relationship between total colony count and

Ca-ATPase activity of microorganisms
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Fig. 75. Relationship between total colony count and
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Fig. 76. Relationship between total colony count and

Ca-ATPase activity of microorganisms isolated from

sesame leaf(n = 10).
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Fig. 80. Relationship between total colony count and

Ca-ATPase activity of microorganisms isolated from

cucumber(n = 10).
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Ca-ATPase activity of microorganisms isolated from
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Fig. 3. Spectrum of light transmitted filter.
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Fig. 4. Spectrum of light transmitted band pass filter.
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Spectrophotometer type2] “FH] Xt} Colorimeter type2] #H]7} B2 74
A A olm zkgo] Golstrta AdE At Colorimeterv 33773 E,
st=do], KX Ego]= FAd F ot
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Fig. 12. Assembling method of optical part(B).
a: 1-Block b: Photo-Interrupter
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Fig. 13. Assembling method of optical part(C).
a: Assembled part at Fig. 10. b: Lamp-Cover
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Table 1. Mapping of memory address

RAM 0 = OXOFFFFF
ROM 0X100000 = OX1FFFFF
HICI2 RAM 0X200000 = Ox20FFFF
85 EEPROM 0X210000 = OX21FFFF
LCD Controller 0X300080
82C55_1 0X300090
82C55-2 0X3000C0
A/D ZAHE 0X3000A0
ADCGAIN 0X300080
DUAL PORT RAM 0X700000
t}. RS232 X E

MC6830201 A= 371e] B4 LEE AlFdth. AfFUAA ZZAA
(CPE tge T4 ZREZS Adstesd 1 F ¢
RS232 T4l At A WA= PC AEESESR AE3a
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D
g 7hoks] delAd AlAlYE 2 V)5S o] &35t A
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, 1, 2E AEEAY glojgo] ARF AR
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Fig. 27. LED Lamp assembly

a: LED Lamp b: Lamp Socket c¢: Lamp-Holder
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Fig 29. Electronics Part Block Diagram
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(2) ADuC836
ADuC836-2 16bit A/D ConverterE W3kl 9l& ADIS] ROM, RAM

o] Wy wlolmaz AEZFo|t},

7F. AF

Table 2. ADuC836 Specification

MCU Core 8052 (12-clk)
MCU Speed (MIPS) 1
Flash (kBytes) 62kBytes
SRAM (bytes) 2304Bytes
GPIO Pins 34
Resolution (bits) 16bit
ADC Speed (kSPS) 0.105kSPS
ADC # Channels 4
12 Bit DAC Outputs 1
PWM -
External Memory Interface X
Temperature Range (°C) -40 to 125

L AR 534
1) 2-Channel, Differential Input, Programmable Gain,
Self-Calibrating,
16-Bit Primary ADC
2) 3-Channel, Single-Ended Input, Self Calibrating, 16-Bit
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Auxiliary ADC Single 12-Bit Rail-to-Rail Voltage-Output DAC

3) Two Flexible PWM Outputs

4) Industry Standard 8052 Microcontroller

5) 62K-Byte In-Circuit Re-Programmable Flash Program
Memory

6) 4K-Byte Read/Write Accessible Non-Volatile Flash Data
Memory

7) 2K-Byte SRAM (In Addition to

&) the 256-Bytes in the 8052 Core)

9) Precision Temperature Sensor

11) Programmable PLL Clock &

12) Low Power Operating Modes

13) Voltage Reference, Serial Interface

14) Ports, Watchdog Timer, Power

15) Supply Monitor, Power-On-Reset (POR), etc

16) Embedded Download/Debug &

17) Emulation Features

ADuC836< drt HAEEZH=A $2 7bsepArt o] Hu= tgdt
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Analog-Digital 2 AEEHo|T)

o 7%

st Hol oe 71%S Zdbstar ¢tk ADuC836 MCUE FWH 3|2
o AAZ} &olstar ztHEtY] AFEe} av|F, A7bAe 32 AATF
g-o] 3t}
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CONNECTION DIAGRAM

Top Vs Sulrsirate and Cise

Fig 31. Texas Instruments’s OPA111 OPAMP

(4) Photodiode
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(5) LCD

B A oA = HolHE AREANAl BT flste] Tl = o
A7 adw. 2 nAE 249 HelHE FAR2 FASH] wiel
e SHHAE AREAES] AW o] 4% 16 x 4 Character LCD 255 A}

L3k AFE3 LCD 2E2 ODT AFe] OCM-16416D R 2ol 49
L
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&3t
o] 21 LED ®eto]EE A gste] F3 &2 ofgtel ARo] i

AR7E AA G

Fig. 34. OCM-16416D LCD (Front Side)
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Fig 35. OCM-16416D LCD (Rear Side)
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Fig. 36. the Mainboard using ADuC836 MCU (Final
Revision)
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Fig. 41. Devide Inside #1
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Fig. 42. Devide Inside #2

Fig 43. Microbe Analyzer (Final Revision)
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A6 F dTFNEFAHAAN T AYHfsr)<
23 H
B ATP Bioluminescence assay
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a glew AIFAY T A7l Al weEt e d"l vAE UL
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