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Method validation of thermoduric count in milk using Spiral Plate Method

Hathaichanok Somsura Saowapa Pansiri  Phakphiman Chongkonrat Naovarat Kampoosiri

Abstract

This study aims to validate thermoduric count in milk using Spiral Plate method and
to considered that the alternative method could provide the accurate and reliable results
similar to the reference method. In brief, APHA Thermoduric Count was modified by using
Spiral Plate Count Method rather than Standard Plate Count Method in the sample dilution
step. The routine milk samples were pasteurized at 62.8+0.5 °C in water bath for 30 minutes
then immediately cooled to 10 °C. The pasteurized samples were analyzed using pour plate
technique and incubate at 32+1 °C for 48+3 hours. For the Spiral Plate method, 100 pL of
pasteurized samples were delivered into 150 mm petri dish and incubated at the same
conditions. The results were evaluated using Relative trueness study and Accuracy profile
study according to ISO 16140-2 : 2016. From linear regression, the R value was 0.9754. The
result’s average of both methods was between Upper limit (0.337) and Lower limit (-0.285)
at 95% confidence level, the highest Upper 3-ETI was 0.277 and the lowest Lower -ETI was
-0.117. In addition, these results comply with the Acceptability limit (+ 0.5 log). The results
indicate that Spiral Plate Count Method was similar to the reference method and could be

used in the laboratory for the thermoduric count.

key words : Thermoduric Bacteria, Standard Plate Count Method, Spiral Plate Count Method,

Relative trueness study, Accuracy profile study

Milk and Milk Products Quality Control Division, Bureau of Quality Control of Livestock

Products, Department of Livestock Development
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4.1 \3esilonavgunsal

4.1.1 Spiral Plater §a interscience iq'u easySpiral Dilute”

4.1.2 Spiral® counting erid

4.1.3 unsdiewanaiin wu1n 150 x 15 1.

4.1.4 Muzdewanaiin wuin 90 x 15 .

4.1.5 Disposable micro beakers ¥u1m 5 mL

4.1.6 Ik YA 2 L wiou Connectors

4.1.7 Pipette aid

4.1.8 Graduated pipette vuMM 10 mL

4.1.9 Graduated pipette ¥uUM™ 1 mL

4.1.10 Test tube

4.1.11 Water bath gaumgil 62.8 + 0.5 °C

4.1.12 Incubator gaungll 32 + 1 °C

4.1.13 WRMIUIM
4.2 @15ALl/a1suInsgIu

4.2.1 EnzyClear®

4.2.2 Sodium hypochlorite solution 0.5 %

4.2.3 Sterile Distilled water



4.3 pnsisate
4.3.1 Plate Count Agar (PCA)
0.4 \Wodvdunnsgu
4.4.1 Bacillus subtilis (ATCC 6633)
5. 35andun1s
5.1 Relative trueness study
5.1.1 fadenshegraiuuAusiuan 20 fegs Shegrmadeumsisyiumsuudeud
Jushunuessedunsuudoudifiarunainnatoniusssusile ABIATOUARY
swiunsUulewvesiuridvuieuiinsianuuarldlunsmaaaudie
Categories : Raw milk and dairy products
Type : Raw milks
ltem : Raw milks 20 sample
5.1.2 Mmaegevqdunidnuieuluseddilddadonun Tastifegnaluualu Water
bath figamgdl 62.8+0.5 ssmwaldea iunan 30 Wit ieasunathluvhlsdusiudin
gaunnfisindt 10 ssAnwaldea ndsaintuiiiiegislunaasudaeIBuinsgu
(Standard Plate Count, APHA) Lazigniadan wdthafilaluinszinanimageu
8 Scatter plot wag Bland-Altman difference plot Iagly Bland-Altman Method
5.2 Accuracy profile study
52.1 findenshegsihuunuiid Background maaﬁaﬂam U 6 $19819 U1 Spike
o Bacillus subtilis (ATCC 6633) ashd Tnsvuideuluseius (Low) 2 freghs
5eAUUIUNA (Intermediate) 2 Mg S¥AUEa (High) 2 deee sliunisnasdey
fotheas 591 (5 Test portions)
522 fhegrmageumisiisziunisiudeuiidusunuvesssdunisvudoudiiiaig
MV s TINTIRLY FesaseunqusziunsULeutesgduvisnuieuiinga

wuwazldlunisneaause Taswuady 3 seau

5eeUTi 1 (Low level) . 10'-10° CFU/mL  $1wu 2 $heghs
56Ut 2 (Intermediate level) : 10° CFU/mL U 2 AIE9
26Ul 3 (High level) £ 10"~ 10" CFU/mL  swau 2 fegs

5.2.3 yimanaaauduvsenusouluiieganladndenulagdduinsgiu wasianiuden

udhenlaluirsginanisnadeuniensin Accuracy profile



6. NAN1ITNAAD

6.1 Relative trueness study

Gl’]i’Nﬁ 1 LL’dGNﬂ?ii’JUS’J?,J‘S?JJEJEJUaNaﬂﬁi‘ﬂﬂﬁ@‘ULLaSNﬁﬂ’]iﬁ’]u’lﬁl\lﬂl’] Average e
Difference v@In1snadeumaUNIsnuTaulunuumy
Category Type Sample result result Logyg
Reference Alternative Reference Alternative Average Difference
method method method method
Raw milk and Raw milk 1 94 123 1.973 2.090 2.032 0.117
dairy products 2 280 318 2.447 2.502 2.475 0.055
3 146 205 2.164 2312 2.238 0.147
a 46 73 1.663 1.863 1.763 0.201
5 625 505 2.796 2.703 2.750 -0.093
6 32 82 1.505 1.914 1.709 0.409
7 1,235 1,488 3.092 3.173 3.132 0.081
8 7,050 6,134 3.848 3.788 3.818 -0.060
9 18,900 18,935 4.276 4.277 4.277 0.001
10 10,650 9,881 4.027 3.995 4.011 -0.033
11 2,700 3,343 3.431 3.524 3.478 0.093
12 305 300 2.484 2477 2.481 -0.007
13 13,350 14,262 4.125 4.154 4.140 0.029
14 26 23 1.415 1.362 1.388 -0.053
15 31 27 1.491 1.431 1.461 -0.060
16 8.050 8,984 3.906 3.953 3.930 0.048
17 3,950 4,743 3.597 3.676 3.636 0.079
18 340 186 2.531 2.270 2.400 -0.262
19 3,250 1,928 3.512 3.285 3.398 -0.227
20 117 132 2.068 2.121 2.094 0.052
Average D (D) 0.026
SD 0.145
T(0.025,19) 2.093

A1 T (Percentile of a Student-t distribution) 31A®1519 Student-t distribution 1ANISLNUAT

T8 oo

g B fie Ahsseiulenianuuiasludigniden The chosen probability of

n-1 A A1 degrees of freedom

aql A b
WNTPIU LagISnden melusunsu Excel

the interval TusgauAMUTIBIUN 95% 2LYINAU 0.95

6.1.1 @590 scatter plot AMNA1 logarithm  §1U10 YBINANITNAABUTENINNID




Log10 CFU/mL alternative method

n3w Scatter plot szniN93BuAsT UMY IIN9EIN

5.000

4.500

R?=0.9754 = 4
v‘v"
+*
3.500 *--
3.000 — *

4.000

2.500 y e

2.000 4 Raw Milk

1.500 —— 1@tdu (Raw Milk)

1.000

0.500

0.000
0.000

0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500

Log10 CFU/mL reference method
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6.1.2 @519n31M Bland-Altman difference plot \euans degree of bias way (lack of)
agreement ¥aaaya 915197 1 selusunsa Excel

6.1.2.1 fAuInd limits of agreement muszylugns

_ 1
D +T.SD |1+—
n

0.026 + (2.093 X 0.145) [1+— 0.337

Upper

Lower = 0.026—(2.093x 0.145) [1+5- = -0.285

6.1.2.2 nsenteyaadlulusinsuniunisned 2 ietluasensmisely

dl 1 .
AN 2 UdnIA1 upper, lower, bias

X Axis Y Axis
upper lower bias
0 0.337 -0.285 0
5 0.337 -0.285 0




6.1.2.3 @319n51 Bland-Altman difference plot

N3 Bland-Altman difference plot

0.500
E 0.400 L J
c il
¥ 0.300
5
= 0200 \ 4
g 0.100 . +* X + Raw Milk
® * Te Linear (Bias)
e * ¢ L N
9 0.000 L 4 + ——Linear (95% upper limit)
© 0.000 1.000 4¢  2.000 3.000 ﬂ.&m 5.000 ) . .
~ 0.100 + —#— Linear (95% lower limit)
g
o 0.200
g . *
e
& 0300 & 4

-0.400

Mean of log10 CFU/mL

U7 2 Bland-Altman difference plot ¥ain1snAgeUMaUNTENUToulunuLGy

6.2 Accuracy profile study

15NN 3 KARIHANTNAARUVBINIMIRAUYSENUTouluuNAY

Category Type ltem Reference method Alternative method
(level) tp.1 tp.2 tp.3 tp.d tp.5 tp.1 tp.2 tp.3 tp.d tp.5

Raw milk Raw Sample 1 (low) 64 62 65 62 62 191 141 64 86 73
and dairy milk | Sample 2 (low) 475 520 465 515 420 514 559 432 495 a7
products Sample 3 3,000 3,200 3,200 3,900 3,100 4,418 3,960 4,086 3,941 4,595

(intermediate)

Sample 4 8,250 8,150 8,600 8,200 8,250 10,500 8,838 9,717 11,074 8,154

(intermediate)

Sample 5 (high) 31,000 39,500 36,000 33,500 34,000 48,116 35,605 37,786 29,412 31,636

Sample 6 (high) | 445,000 | 510,000 | 390,000 | 445,000 | 440,000 | 510,145 | 539,130 | 464,694 | 466,667 | 515,942

t.p. = test portion.

6.2.1 TUNDUNITAIUIN
6.2.1.1 N1IN13AIUIU Step 1 - Step 7

Step 1 wiasnan1sneaauIBuInIgIuvDLsazfag1adum Logy,
numuInAINas (central value, Median) X
X; = median (x;)
Step 2 wlasnan1snageuItosdnusazieg1adun Log, 9N
AUIUAINATN (central value, Median) Y;
Y; = median (y;)




Step 3 AUINAIANULTERULIIATIIU VOIBEY | (standard
deviation) s,; tneltdaunis

n
1 ,
s = 7120,”._37{)2 19y n = number of test portion
i=
=

Step 4 AMUINAIANLLTERULIIATIIUTIN Y09ITN19E0N (combined
standard deviation) s, Wneluaunis

1 zq ,
- S alt i
1=

Step 5 AMUINAIANULTERULIIATIIUTINVEIITUINTFIU (combined

1m8 g = number of samples

Sate = = UYATEYA

standard deviation) S ﬁaamé’mﬁu Step 3 uay 4 Toelyaunis

1 & i 1m8 n = number of test portion
Srefi = —12(xij_xi)2

j=1

combined standard deviation

12":52
- ref i
4 i=1

Step 6 duSunsaziaegna i TAwiAn absolute bias BaduA1sng

19y g = number of samples

Sref = = UIYAUoYa

58198585 (Medians) YoE0sIs Ao M B =Y, - X Wuns
Uszana lack 1 3nnnan1siseuiieuseninginesdalayis
naden

Step 7 dUTULAAZAI0E1 | ATUIAT P-expectation tolerance interval
(B-ETN) Fadudrefinainsnsvesuanageuluowinngieis

mMudenazegluyie B dmsunsaziegiee B -ETI Aialaan
qunIs

’ 1
Bi+T xSgi; |1 +nl I@‘EJ T T(I;B),q(n—l)

Tae T 18udn percentile $381ua1nM1574 Student-t distribution d1w$u
Atenanuuiazidu B figniden (chosen probability) 7 80% uazan
degrees of freedom @8 g (n-1) A1 T \Uue1 coverage factor ¥4

B-ETI dwsusegsiiaaauniugneies laeinuailuen upper limit
U; kag lower limit L; #nua@unisg

1 1
|:Ui= Bi+TX5a!f 1+—] [Li_BE_TxSalt,i 14—
NEEY P N




6.2.1.2 TuinuancmuIulevewsazfiieg1anunisen 4

AT 4 uaRIN1TTRTINNANITAIWIAL Step 1 - Step 7

Method TSTU'J‘U‘;J;W NANIINAFEU
Fhethafl 1 Fethed 2 Frethed 3 fhethadi 4 fethit 5 Fetheil 6
Reference (log;) 1 1.806 2.677 3.477 3.916 4.491 5.648
2 1.792 2.716 3.505 3911 4.597 5.708
3 1.813 2.667 3.505 3.934 4.556 5591
q 1.792 2.712 3591 3.914 4.525 5.648
5 1.792 2,623 3.491 3.916 4.531 5.643
Step 1 (Median) X; 1.792 2.677 3.505 3.916 4531 5.648
Alternative (log;o) 1 2.281 2711 3.645 4.021 4.682 5.708
2 2.149 2.747 3.598 3.946 4.552 5.732
3 1.806 2.683 3611 3.988 4.577 5.667
q 1.934 2.695 3.596 4.044 4.469 5.669
5 1.863 2.679 3.662 3911 4.500 5713
Step 2 (Median) Y, 1.934 2.695 3.611 3.988 4.552 5.708
Step 3 Salt,i 0.201 0.028 0.030 0.054 0.082 0.028
n 5 5 5 5 5 5
Step 4 Salt 0.0935
Step 5 Sref,i 0.010 0.038 0.045 0.009 0.039 0.041
Sref 0.0336
Step 6 Yi-Xi 0.142 0.018 0.106 0.072 0.021 0.060
Salt - 1+ 1/n 0.1024
T(0.1,24) 1.318
Step 7 T-Salt - /T+1/nf 01350
U; 0.277 0.153 0.241 0.207 0.156 0.195
: 0.007 -0.117 -0.029 -0.063 -0.114 -0.075
6.2.1.3 Tuiinaguiawinilavesudaziiogadlunisne 5
M131991 5 wanensUurinaguNanisAuLInN
PLRN Central value | Central value Bias Upper B-ETI | Lower B-ETI Upper AL Lower AL
(Ref) X; (Al Y (Y- X) ) w)
Freghadi 1 1.792 1.934 0.142 0.277 0.007 0.5 -0.5
Freghadl 2 2.677 2.695 0.018 0.153 -0.117 0.5 -0.5
Freghadl 3 3.505 3.611 0.106 0.241 -0.029 0.5 0.5
Freghadl 4 3916 3.988 0.072 0.207 -0.063 0.5 0.5
Freghadl 5 4531 4552 0.021 0.156 -0.114 0.5 -0.5
Freghadl 6 5.648 5.708 0.060 0.195 -0.075 0.5 -0.5

Tu 1SO 16140-2 :

WiNAU 0.5 log; units

gousule

2016 MUUATRIIAANITEBUTUNANAADU (acceptability limit , AL)

FILAAIVDULUAYBIAIAIILLANG19TENINTTUINTF 1WA TN E BN




6.2.1.4 a$19n3 Accuracy profile
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dmiun1sfinyn Accuracy profile ﬂiaUﬂquﬁzé’UﬂwsﬂuLﬁau Tasuvadu 3 szu fe 10'-10°
CFU/mL (Low level) 10° CFU/mL (Intermediate level) waz 10°-10° CFU/mL (High level)
91NN Accuracy profile wuin dfn Upper B-ETI @agaivinfiu 0.277 uagdn Lower R-ETI ﬁwqﬂ
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aunsagensulanmnuiisuiiiuisunsgu
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