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“Imagination is more important than knowledge”

“The important thing is not to stop questioning”

“If we knew what it was we are doing, 

Albert Einstein (1879-1955)

it wouldn’t be called research, would it ?”

Special Topics in Microbiology 
(3110751)

Microbiological Microbiological 
ReseachReseach ApplicationApplication

Microbiological Microbiological 
ReseachReseach ApplicationApplicationReseachReseach ApplicationApplicationReseachReseach ApplicationApplication

Thongchai Chalermchaikit
(November 17, 2003)

HIV/AIDS NvCJD Plague Ebola / Marburg

International Public Health Security

Nipah Anthrax SARS Avian Influenza

““ Rapid, accurate & early diagnosis of  infection is the Rapid, accurate & early diagnosis of  infection is the 
cornerstone of  worldwide disease prevention and cornerstone of  worldwide disease prevention and 
treatment ! ”treatment ! ”

Analyte Company Kit Names
Primary 
Matrices

Bacteria      
(Total Viable)

3 M 
Microbiology 
Products

Petrifilm Aerobic 
Count Plate

Food, Milk, 
Dairy products 

Some examples of approved test kits

http://www.aoac.org/testkits/microbiologykits.htlm

Bacteria     
(Total Viable) bioMerieux api 20 A Pure Culture

Salmonella 
Enteritidis IDEXXX Lab. FlockChek S.Enteritidis

Ab- Test Kit 
Meat and 
Poultry 

Staph. aureus Becton 
Dickenson

Difco Staph Lates
Slide Pure Culture

Listeria spp. Neogen 
Corporation

GENE TRAK Listeria
Assay Food

http://www.dmsc.moph.go.th/webroot/food/files/testbook.htm

nประกอบด้วย 20 biochemical tests ซึ่งเป็นการ
ทดสอบ Sugar fermentation และ Enzymatic 
activities ของแบคทีเรีย

Api (Analytical Profile Index)

nโดยแต่ละ biochemical test จะอยูใ่นสภาพ
dehydrated substrates ใน microtubesy

Identification of Enterobacteriacae and 
group/species identification of non‐
fermenting gram‐negative bacteria 
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Validity Test (ความน่าเชื่อถือ) of Test Kit

Test kit results SICK HEALTHY

Positive a (True positive) b

Negative c d (True negative)

a + c b + d

Sensitivity (True positive value)  = a
a+c x 100

Specificity (True negative value) = d
b+d x 100

Accuracy = a+d
n x 100

(Ability to label sick as sick)

(Ability to label well as well)

Validity Test (ความน่าเชื่อถือ) of Test Kit

Test kit results SICK HEALTHY

Positive (a) 100 (b) 5

Negative (c) 0 (d) 95

(a+c) 100 (b+d)  100

Sensitivity (True positive value)  = 100
100+0 x 100

Specificity (True negative value) = 5
5+95 x 100

Accuracy = x 100

(Ability to label sick as sick)

(Ability to label well as well)
100+95

200

= 100 %

=  95 %

=  97.5  %

Antimicrobial Residue Screening

Development of :

Global Foodborne Infections Network
(Formerly : WHO Global Salmonella Surveillance)
: Southeast Asia and Western Pacific Region

WHO-GFNWHO-GFN

Test Kits for Milk and Meat
at Chulalongkorn University

Thongchai Chalermchaikit (DVM, MPH, PhD)
Phone: 02-218-9586, 218-9671; Fax: 02-218-9587

e-mail : thongchai.c@chula.ac.th 

““What was our motivation of developing What was our motivation of developing 
antimicrobial residue screening test kit ?”antimicrobial residue screening test kit ?”

““What was our motivation of developing What was our motivation of developing 
antimicrobial residue screening test kit ?”antimicrobial residue screening test kit ?”

“The School Milk Project”“The School Milk Project”
Sponsered bySponsered by
The Thai GovernmentThe Thai GovernmentThe Thai GovernmentThe Thai Government

YOPIYOPI = = Young,Young,

ImmunoImmuno--
compromisecompromise

OldOld , , Pregnant,Pregnant,
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“Milk may contain antimicrobial residues ?” Why antimicrobial residue was found in milk ?

Mastitis = the inflammation of udder

n Milking before the withdrawal time 24 %
n Accidental mixing residued-milk in  collecting tank 22 %
n Some cow has prolonged- withdrawal time 13 %
n Using the same equipment between treated-cow                  

and normal milking-cow 9 %

Why antimicrobial residue was found in milk ?

and normal milking-cow 9 %
n Some cow has early parturition (Short dry period) 9 %

n Accidental milking “Dry-cow” 8 %
n No record of treatment 5 %
n Milking from adjacent treated quarter 5 %
n Milking from new purchased cow 4 %
n Using wrong type of antimicrobial 1 %

MilMilk

Author & Year of Study Raw Milk Pasteurized UHT Detection Methods

Teerapong et al. 1988 40 % 46.7 % 0 % Delvo Test-PR

Mi bi l i hibiti  

Prevalence of  Antimicrobial Residue in Dairy MilkPrevalence of  Antimicrobial Residue in Dairy Milk
(Thailand, (Thailand, 19881988--19951995))

Kwanchai et al. 1993 - 26.4 % 11 % Microbial inhibition 
disk assay (MIDA)

Pornsiri & Pramoj 1994 24.8 % - - Delvo Test-PR

Bongkot et al. 1994 1.8 % - - Delvo Test-PR

HPLC

Thongchai et al. 1995 3.7 % 0.3 % 0 % Delvo Test-PR

MIDA, HPLC

Detection of  Antimicrobial Residues (in milk !)

Screening Tests

Confirmation Tests

Charm II Test
Drug Group & Quantitation 

Drug Identification & Quantitation

High-performance Liquid 
Chromatography (HPLC)

Early Detection of  Antimicrobial Residue in Milk

Microbial Inhibition Disk Assay (MIDA)

n Use 6 mm paper disk 
absorbed milk sample

n Place on bacterial culture 
petri dishes

Clear Zone > 2 mm
= Drug residue

(Every step needs aseptic technique !) 

petri dishes

“Antimicrobial 
diffusion”

Incubate 37 OC
18-24 hr.
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Antimicrobial Residue Screening Test Kits in Milk
Essential to Antimicrobial
Residue Monitoring System

Charm-Farm Vial Test TM

Penicillin Assay Inc.

n Safe time
n Easy to use
n Affordable cost ?

n Safe labor
n High reliability

Faculty of Vet. Sci.,
Chulalongkorn University

PallaluxTM

IDEXX Lab.Inc. DSM Food Specialty

“AM “AM TestTestTMTM” come from……” come from……

“Antimicrobial Residue Detection in Milk”“Antimicrobial Residue Detection in Milk”

 20

The acievement of “AMThe acievement of “AM--TestTestTMTM” had been supported ” had been supported 
by Thai Research Fundby Thai Research Fund

Spores of Spores of 

Nutrient agarNutrient agar
Thermophilic bacteriaThermophilic bacteria

and Acidand Acid--base indicator base indicator 

Milk sample Milk sample 00 1 1 mL   Incubate mL   Incubate 6565++1 1 OOC ~ C ~ 22 3 3 hourshours

Antimicrobial Residue Screening Test Kit in MilkAntimicrobial Residue Screening Test Kit in Milk
(eg. Delvotest SP, (eg. Delvotest SP, CharmCharm--farm, ADM, AMfarm, ADM, AM--Test, etc.)Test, etc.)

Milk sample Milk sample 00..1 1 mL,  Incubate mL,  Incubate 6565++1 1 C ~ C ~ 22--3 3 hourshours

-- veve No antimicrobial drugNo antimicrobial drug
Bacterial Bacterial 
multiplicationmultiplication
cause colorcause color--change change 

“Tube Diffusion”“Tube Diffusion”

+ ve+ ve Contain antimicrobial    Contain antimicrobial    
residueresidue
Inhibition of Inhibition of 
bacterial growthbacterial growth
no reaction in tubeno reaction in tube

How to use “AM-TestTM”
n Cutting “AM-TestTM” test-tubes as need 

from the pack
n Labelling the number of sample on the 

tube

n Pipetting 0.1 mL of milk sample into test-
tubes
S li  th  d t b  ith dh i  n Sealing the opened tube with adhesive 
tape or sticker

n Reading the results after 
incubating at 64 ± 1 OC 
2 ½ -3 hours

Yellow = no antimicrobial residues
Still purple  = contained antimicrobial residues

Negative 
control

-ve
1 2 3 4

+ve

Detection Limits of  “AM-TestTM”

Antimicrobial Detection 
Limit (ppm)

MRL 
(ppm)

Penicillin G, Ampicillin, Amoxicillin 0.01 0.004
Cloxacillin 0.02 0.03
Streptomycin 0.2 0.2
Gentamicin 0.4 0.1
Kanamycin 2.0 0.15
Erythromycin 0.2 0.04
Tetracycline, Oxytetracycline 0.2 0.1
Chlortetracycline 0.4 0.1
Sulfadiazine, Sulfathiazole, Sulfamethazine 0.2 0.1

Antimicrobial residue monitoring in food of Antimicrobial residue monitoring in food of 
animal origins for consumers in Thailand ?animal origins for consumers in Thailand ?

Monitoring program of residue in milk at Monitoring program of residue in milk at 
“Milk collecting center” and “Milk processing plants” “Milk collecting center” and “Milk processing plants” 

nn Using screening test kits Using screening test kits Awareness !Awareness !

“Milk“Milk--Residue Freed Model ?”Residue Freed Model ?”
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Perceived risk of  Thai people from meat :

Chicken meatChicken meat PorkPork BeefBeef

3030

4040

5050%%%%

((Faculty of Veterinary Medicine, Kasetsart University, Faculty of Veterinary Medicine, Kasetsart University, 20022002))

00

1010

2020

PathogensPathogens PesticidesPesticides BetaBeta--
agonistsagonists

AntiAnti--
microbialsmicrobials

HormonesHormones

Intensive FarmimgIntensive Farmimggg
SystemSystem

Amount of antimicrobial used in Denmark Amount of antimicrobial used in Denmark 
and Netherlandsand Netherlands

250250
300300
350350 HumanHuman

Animals:Animals:

AntimicrobialAntimicrobial  ((TonsTons))

Treatment +Treatment +  PreventionPrevention

300300 > > 300300

((WHO, WHO, 19991999))

4444
9090

120120

00
5050

100100
150150
200200
250250

DENMARKDENMARK

Growth promotersGrowth promoters

8080

NETHERLANDSNETHERLANDS

71

40
50
60
70
80%

“16,000 tons of  antimicrobials 
use in the USA. (2001)”

(11,200 Tons)%

(2,045 Tons)

6 8
15

0
10
20
30
40

Livestock
Non-therapeutic

Livestock
Therapy

Human
Therapy

Others

Benbrook, Meeting American Society for Microbiology (May 22, 2001)

%
%

%

Market Share of  Animal Health Products in ThailandMarket Share of  Animal Health Products in Thailand

22 000000

33,,000000
44,,000000

55,,000000 44,,885885
33,,812812

11,,491491

Million BahtsMillion Bahts

00

11,,000000

22,,000000
491491 283283 249249 175175 158158 115115 9393 390390

(Animal Health Product Association of Thailand, (Animal Health Product Association of Thailand, 20022002))

Prevalence of  antimicrobial residues in pork from Super-
markets vs. Local-markets in 5 regions of  Thailand 

5.8
6.6

4.7 5.1

6.9

5

6

7
Supermarkets Local Markets

% of +ve samples 
(EFPT method)

0

1.2

0

2.1
2.9

0 0
0

1

2

3

4

Bangkok Central North North
East

East South

(Poonsuk et al., Chulalongkorn Univ., 2006)
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Incubate 37 OC
18-24 hr.

Place diced-meat 
sample on
agar plate 

Clear Zone > 2 mm
= Drug residue

Detection of  Antimicrobial Residue in Meat

European Four/ and Six-Plate Test

“Antimicrobial 
diffusion”

(Every step needs aseptic technique !) 

Bacteria & Media used in 
“European Four/ Six-Plate Test”

Bacillus subtilis (Spore form conc.= MacFarland # 2, 1 mL/L of media) 
in “Test Agar” pH 6.0 and pH 8.0
in “Test Agar” pH 7.2 + Trimethoprim 0.05 ppm

Micrococcus luteus (Conc = MacFarland # 2  2 mL/L of media) 

8 mL/
Petri dish

Micrococcus luteus (Conc.= MacFarland # 2, 2 mL/L of media) 
in “Test Agar” pH 8.0, 8 mL/Petri dish

Bacillus cereus (Spore form = MacFarland # 2, 1 mL/L of media) 
in “Test Agar” pH 8.0, 8 mL/Petri dish

E. coli (Conc.= MacFarland # 2, 1 mL/L of media) 
in “Test Agar” pH 6.0, 8 mL/Petri dish

What are the expected antimicrobials to be found 
in “European Six-Plate Test” 

Bacterial& Media used Expected antimicrobial detected

B.subtilis pH 6
Tetracyclines, Chloramphenicol, Furazolidone, 
Nitrofurans, Cloxacillin, Penicillin G,    
Oxolinic acid

B subtilis pH 7 2 Sulfadiazine, Sulfadimethoxine, B.subtilis pH 7.2 Su ad a e, Su ad et o e,
Sulfamethazine, Sulfamonomethoxine, 
Sulfapyridine, Sulfamerazine

B.Subtilis & M.luteus pH 8 Tylosin, Erythromycin, Neomycin, 
Streptomycin

B.cereus pH 8 Tetracycline, Oxytetracycline, Deoxycycline, 
Chlortetracycline

E.coli pH 6 Enrofloxacin, Ciprofloxacin, Flumequine

Microbial Inhibition Disk Assay

Shrimp or Fish sample 5 g

Homogenize 3,000 rpm 15 minutes ;
Centriguge and save supernatant

{1/5 M Citric acid + 1/5 M KOH (1:1)} :
Acetone : Water = 35 : 35 : 30

Citric Acid-Acetone Buffer 20  มล.+

Centriguge and save supernatant

Use 6 mm paper disk absorbed supernatant ;
Place on bacterial culture petri dishes

Read the results
after incubating 37 OC 24 hr

ESPT & MIDA require acceptable ranges of inoculum densities : 

Bacillus subtilis in Antibiotic Medium 5 (AM 5, Difco) and
in AM 5+trimethoprim 0.075 μg/ml 

Bacillus mycoides in Antibi0tic Medium 8 (AM 8, Difco)
Micrococcus luteus in AM 5

Bacterial culture used in MIDA

ESPT & MIDA require acceptable ranges of inoculum densities : 

Lightest acceptable Heaviest acceptableIdeal 

Required wellRequired well--equipped Lab. & equipped Lab. & 
wellwell--trained Labtrained Lab--personalpersonal  ??

Conventional Methods for Antimicrobial 
Residue Detectionin Food of  Animal Origins

European-Six Plate Test Adopted by
Dept. of Livestock Development

Microbial Inhibition Disk Assay (MIDA)
   

Adopted by
D t  f Fi h i

n Time consuming
n Labor intensive
n Require well-equipped Lab. & 

well-trained personal

The Disadvantages :
or Biological Assay Dept. of Fisheries
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“KS-9” (1999-2000)
(1) Meat sample 10 g + Buffer 20 mL
(2) Homogenizing 10-20 sec,

Centrifugation
(4) Pipetting 0 1 mL of 

Our first test kit for detecting antimicrobial residue in meat

(4) Pipetting 0.1 mL of 
supernatant into
“KS-9 Test kit”

-ve +ve
(5) Reading the result after incubating 

test kit at 65 ±1 oC  3 ½ - 4 ½ hr
Yellow = no antimicrobial residues
Still purple  = contained antimicrobial residues

(1) Cutting “CM-testTM” equals to sample 
numbers, and plus one more test kit for 
the -ve control  

“CM-TestTM” (2002)
The new innovation !

(2) Labelling sample numbers on the tube

(3) Getting meat juice from ~ 15 g of meat 
sample wrapped with 
a piece of gauze and 
squeezing with 
garlic cruncher

(5) Sealing the test kit with 
adhesive tape

(6) R di  th  lt  ft  

(4) Soaking paper disk with meat juice (or  
serum, urine, and feed extract) and place 
into the test kit 

(6) Reading the results after 
incubating at  65 ± 1 OC, 
2 ½ - 3 ½ hours

Yellow = no antimicrobial residues
Still purple  = contained antimicrobial residues

“Disk+Tube Diffusion”“Disk+Tube Diffusion”

Prevalence of Antimicrobial Residue in Chicken MeatPrevalence of Antimicrobial Residue in Chicken Meat
& Pork sold in BKK. & Pork sold in BKK. 19981998

KS-9S (1998) EFPTEFPTCM-Test (2001) EFPT (2001) MIDA (2001)

vs. vs. 20012001

52 52 %%1998

2626  %%

52 52 %%

00

2020

4040

6060

ChickenChicken PorkPork

%%

1998
1998

11  %%
77  %%1212  %%

00  %% 11..77  %%
99..33  %%

22  %% 88  %%
20012001

Field trial of  “CM-TestTM” vs. “EFPT”
in poultry farm (Saha Farm, 2002)

With
drawal

Gallimicin Colistin Apramycin Amoxycillin
CM EFPT CM EFPT CM EFPT CM EFPT

Day 0 +ve -ve

Day 1 +ve -ve -ve -ve
Day 2 +ve -ve -ve -ve
Day 3 +ve -ve +ve -ve +ve -ve
Day 5 +ve -ve
Day 7 +ve -ve
Day 9 -ve -ve

Control group : -ve results of both “CM-TestTM” and “EFPT” 

“CM Test“CM TestTMTM” is standed from” is standed from
“Clean Meat Test”“Clean Meat Test”

 42

The acievement of “CMThe acievement of “CM--TestTestTMTM” had been supported ” had been supported 
by Thai Research Fund.by Thai Research Fund.
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Detection Limits of  “CM-TestTM”

Antimicrobial Detection 
Limit (ppm)

MRL 
(ppm)

Penicillin G, Ampicillin, Amoxicillin 0.01 0.05
Cloxacillin 0.025 0.05
Tetracycline 0.3 0.1
Gentamicin 0.4 0.1
Kanamycin 2.0 0.1
Erythromycin 2 0.2
Sulfadiazine, Sulfathiazole 0.2 0.1
Norfloxacin 8 0
Furazolidone 5 0

Antimicrobial residue monitoring in food of Antimicrobial residue monitoring in food of 
animal origins for consumers in Thailand ?animal origins for consumers in Thailand ?

Monitoring program of residue in milk at Monitoring program of residue in milk at 
“Milk collecting center” and “Milk processing plants” “Milk collecting center” and “Milk processing plants” 

nn Using screening test kits Using screening test kits Awareness !Awareness !

Monitoring program of residue in meat by Monitoring program of residue in meat by 
“Bangkok Metropolitan Bureau” and “Bangkok Metropolitan Bureau” and 
“Department of Livestock Development”“Department of Livestock Development”

nn Using “European Four/ SixUsing “European Four/ Six--Plate Test” ?Plate Test” ?

“Milk“Milk--Residue Freed Model ?”Residue Freed Model ?”

“CM-TestTM” EFPT or MIDA
(1) Labour intensive

& Time consuming Ready to be used Bacterial culture 
& media preparation

(2) Reporting results 3-4 hours > 18 hours
(3) Detection limits Better ! ?

Advantages of  “CM-TestTM”

( ) Better ! ?

(4) Validity High sensitivity
& specificity ?

(5) Interference by 
contaminated bacteria No (65 OC) May be (37 OC)

(6) On-site test Yes No

(7) Cost Cheaper ?

Monitoring of  antimicrobial Monitoring of  antimicrobial 
residues in aquacultures byresidues in aquacultures byresidues in aquacultures byresidues in aquacultures by

“SAM“SAM--Test” ?Test” ?
(The younger brother of “CM(The younger brother of “CM--TestTestTMTM”)”)

Prevalence of antimicrobial residue in freshwater 
fishes sold in Bangkok’s markets (2005)

85

63

100
SAM-Test MIDA

%

(Sisom et al., Faculty of Vet.Sci., Chulalongkorn Univ. 2005)

10 5 14
1 10

0
0

50

ปลาทับทิม ปลานิล ปลาชอ่น ปลาดุก
Nile

Tilapia
Striped 

snake-head 
fish  

CatfishTabtim
Tilapia

Oxytetracycline residue detection in White shrimp (Penaeus 
vannamei ) after withdrawal time (Day 0-Day 7)

Numbers of sample +ve

Songklanakarin J.Sci.Techol. Vol.27 (Suppl.1), p.283-290, May 2005
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The conclusionThe conclusion

 49

Environment

“Food Safety: Safe from Farm to Table”

“Healthy animals-Safe food-Healthy man”

“Prudent Use of  Antimicrobial Drugs”

“Antibiotic is not a magic bullet anymore !”

The acievement of “AM-TestTM” and “CM-TestTM” had 
been supported by Thai Research Fund.

Chulalongkorn University has 
looked after the profits of 
“AM-TestTM” and “CM-TestTM”
since 2002.

Grand Siam (GS Premiere) has 
signed contract with 
Chulalongkorn University as a 
sole distributor of both test kits 
since 2002. 

Assoc.Prof.Dr. Kriengsuk SaitanuAssoc.Prof.Dr. Kriengsuk Saitanu
((19451945--19991999))

Thank you very much for Thank you very much for 
your attention…your attention…

 53

Questions and Comments 
are very welcome…..


