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TushunAuAIemAlA Fourier transform infrared spectrometry (FTIR)
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Method validation of Determination of fat, protein and total solids in raw milk

By Fourier transform infrared spectrometry technique

Paruch Kunprom  Somchai Wongsamoot Tasanee Waenkaew

Uthorn Baochangpheuk  Sumree Phasom

Abstract

The aim of this study was to validate Fourier transform infrared spectrometry
technique for the assessment of quality parameters in raw cow's milk: fat, protein, and total
solids according to ISO 9622:2013. The assessment was based on calibration adjustment
with local sample data .The validation parameters included linearity, accuracy, repeatability,
reproducibility, and carry over. The coefficient of determination (Rz) was 0.999%. The r ratio
calculated for the fat, protein and total solids were 0.95% 1.58% and 0.97% respectively.
Accuracy of the method was evaluated using reference material samples. The recovery
calculated for the fat, protein and total solid were 100.29%, 99.77% and 100.39%
respectively.The repeatability and reproducibility calculated as the Horwitz and HORRAT for
all parameters were within the criterion limits . The data obtained for carry-over were 0.61%
for fat, 0.57% for protein and 0.42% for total solids. Based on the obtained results were
indicated that validate method was suitable for the determination of fat, protein, and total

solids in raw cow's milk.

Keywords: method validation, fat, protein, total solids, Fourier transform infrared spectrometry
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TusunAuAIewAllA Fourier transform infrared spectrometry (FTIR)
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ALAIWNALA Fourier transform Infrared spectrometry (FTIR)
3. ualszlagunmininazlasu
3.1 183832 lusdu Tlam wasuesuwiaianualutinunaudsmaila Fourier
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transform Infrared spectrometry (FTIR) ﬁﬁmmqﬂmm WH1EN
3.2 Mnliiinanudeidadnesiuas il ueyalunisseiuses Avugnnsn
HealiRn1sm NIz ULAMNIW ISO/IEC 17025
438a10UNS
4.1 isasdle
4.1.1  MilkoScan FT+ (Foss Analytical, Denmark)
4.1.2 Conveyer 4000
4.1.3  Water bath gouuqH 40 + 2 @9ATALTEA
4.2 an9LAT
MSC Zero, MSC Wash dufluaraiafianizannyalsdninaneiesile
4.3 @1IIMIFIU
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m@é’ﬂq%ammﬂm (Reference Material) fi%a Muva Kempten GmbH
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441 NN9IAINIEHRALBLN9AINTUNNINN Calibration Adjustment  WAZN1TNIY

AALANNIT NAFELALRLN9ENIUN 40 Faaeina Iaanin 2 37 Usznaudiag 1.) nageuflemaiia
FTIR  Imeinnisnadeusaetinaas 341 2) dndesiatnelinaseudadiasdjiiinisdqin
AINNLAZ AN ABAITIANMNS NINANENAERTNNTUNNE TaNARaLAI8TEE19B (Reference
method) taenagaeuluiuAaeds ISO 1211/IDF 1:2010 nadavullsAuAaeas AOAC (2012)
991.20 LATNARALRILITANNARIEAT 1ISO 6731/IDF 21:2010 LHalAnan1InAgaLUa1In?g
v a 1 v o | 1 1 | dl' o e A o o = [
d9BaudnliithAlfinsandinglusunsuaesasesdn e inN19AUIIANN 199D LATES LA
| . . Aay o o
vl Calibration curve Nd&1u1suN1INAZaL

WWeNn1nN131U5U Calibration curve a1nLATRILEM1INNAYEY Mean Difference (MD) WA
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\NUFiAatl A1 MD Az SDD 1a4n19NAZaL Fat, Protein Aa9iA7luLAYW 0.05% WAL 0.06%

ANNATGAL AN MD LAY SDD 189n13A&adl Total solids AadlA7lNIAYN 0.09% uay 0.12%
ANNANAL

4.4.2 nmanpgaunntiamuiluéunse (Linearity range) Mn1maaavsaasinei

1Aa1nN19Le3ed Stock 1a9uNLNNNdaulsynan s TUsfu uazuasndsiaiun 8% 5.5%
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LAY 17% AINAAL 11 Stock M lFuAazniIsiimaiuilaaaafingtin Deionize N3esu

AN NTUAINNA 11 TLAUAINAITIN 1 32AUAT 391 LATNINITATIRLATIZY UNHaN 1A

v 1 1 1 a rdl o % L dl o % dl o
@ﬁ"]ﬂﬂﬁ‘qu’]ﬂ?ﬁ’]u?ZﬁQ’]\‘iﬂqLLM@ZW’]?”INLW@?WQ@i@ Tmﬂummmimmmmm (NUY) NUAN

=b_

1827nN17A11INL (LN X) ANUIRWAN Coefficient of determination (R?) AMUALALNSINT8BN L

Aa R® = 0.990 LAYATUITWAN rratio INDUINIF8aN5U 1 ratio < 2%



m1379% 1 szavpNdniusine i lunimeaeumigaananmiiudunss (Linearity) [3]

Part of Stock solution | Part of dilution | Relative concentration
100 0 1.0
90 10 0.9
80 20 0.8
70 30 0.7
60 40 0.6
50 50 0.5
40 60 0.4
30 70 0.3
20 80 0.2
10 90 0.1
0 100 0

443 NARAUANNLLNULEITE (accuracy)  NIN1INAGALAIRENIAIE9B
NIMTFIUTIUNA 7 F1 HIAIUINL % Recovery inausinnseaniy %Recovery NiAnudindu 2>

1% T4 < 10% = 97-103 % WAL NANNENTU > 10% D9 < 100% = 98-102 %

4.4.4 VAROLIANNTIEN18TE (precision) FinnnsAaseFangtnetinuL e Tasi
Tolsfin Laza09uT eIV 49191 3 32AU SLAUAY 10 91 FILILIVNAILALLRIHANITNAGDL
LAZYNAT SD 1aquAALAIaENauAIAIIL %RSD 189NMTAATIEIEN UstiTlunamugunng
Predicted Horwitz RSD (%PRSD) tneusiniseansy Aa A1 %RSD annsnadaufiadiinendn
%PRSD LazAUILUIAT HORRAT 198l INEUsin132aN5y HORRAT Hiaeinan 2

4.4.5 Carry-over iNNNINAGALIAIAENNATUIN 20 FAanene laeiFeeanAumangng

v v
AR ANa8iNIN 2 Fnating Fnatinanuy 2 faatng Faedduiuliagy 20 fating LAZAIWITLAN

Carry-over (Ew) Taeiinousinisaasiy Ew < 1%



5.NAN1TVNIARRAY
1. N15ILATIENAIBENIRINSU Calibration curve LALNITNIVRDUANNS
AINNINAFALAIDENGUIUN 40 Fraeng Arewnalla FTIR wardféanaas (Reference

method) ¥NaN lEn1n191U5u Calibration  curve  Waz@319nWLEUNTITENINIATLARY
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NIHADENIRTH A1UIRUAN Coefficient of determination (RY) wuqnA1 R® aaslusiy Tsmu

4

WAZABIWINYIIUNA WINAL 0.996 0.994 WAY 0.997 ANNATAL ( NIINA 1)

A1 Mean Difference (MD) Wa% Standard Deviation of the Difference (SDD) 911914

a

AN LAANLATRILAZATA198 (Reference method) (AN919912) WURAT MD way SDD 18duAAY

NP NHLADT LN IININUA

Fat Analysis Protein Analysis
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AFINA 1 m‘ﬁmmmﬁmmmmmz@ﬁuﬁ?wdwmmﬁ‘ﬁmfoﬁLmﬁzﬁﬁqamﬂﬁﬂ FTIR
a cY ada ¥ a
LAZATIAILATIZIT AT

A13799 2 LAAYAN Mean Difference (MD) lae Standard Deviation of the Difference (SDD)




Mean Difference

Standard Diviation of the Difference

Parameter
(MD) (SDD)
%Fat 0.04 0.02
%Protein 0.01 0.01
%Total solids 0.07 0.05

2. mswmaaummmmmﬂumumq (Llnearlty range)

mnmmmummwmum 11 920U 72AUAY 3 5]]’] WATNINIIATIAINATIEN mm‘wim

m’éNmWWmma‘g’]mzmwmLwimmmﬁmﬁﬁd”m% Fn Coefficient of determination (R°) 484

lasiu TsRu waraaandaianas Winfdu 0.999 0.999 AL 0.999 ANNATFL LATNANNITUANFU

a9dun39 (1 ratio) WNAU 0.95% 1.58% WAL 0.97% (AN919% 3) TeeNwNaLsinIseaNsUAD

R’ 20.990 LAYATUIDLAN T ratio WNEWINI98aN5U r ratio < 2% [3]

FIN9NN 3 NANNINARELITNTTALAINIABAINGNT TEALAT 3 91

%FAT Y%Protein %Total Solids
e Mean | Calculations | Residuals | Mean | Calculations | Residuals | Mean | Calculations | Residuals
1 8.03 8.03 -0.028 5.563 5.53 -0.053 16.25 16.25 0
2 7.23 7.23 -0.025 5.03 4.98 -0.003 14.67 14.63 0.003
3 6.50 6.42 0.048 4.49 4.42 0.007 13.18 13.00 0.096
4 5.67 5.62 0.022 3.95 3.87 0.017 11.47 11.38 -0.031
5 4.83 4.82 -0.015 3.38 3.32 -0.003 9.86 9.75 -0.058
6 4.07 4.02 0.028 2.87 2.77 0.037 8.33 8.13 -0.005
7 3.22 3.21 -0.019 2.32 2.21 0.037 6.70 6.50 -0.051
8 2.45 2.41 0.015 1.77 1.66 0.037 518 4.88 0.012
9 1.60 1.61 -0.032 1.16 1.11 -0.023 3.54 3.25 -0.045
10 | 0.84 0.80 0.011 0.62 0.55 -0.013 2.05 1.63 0.048
11 0.02 0 -0.005 0.04 0 -0.043 0.45 0 0.031
R*=0.999, r ratio = 0.95% R*=0.999, r ratio = 1.58% R*=0.999 , r ratio = 0.97%

' a . o o . | Ao o 2
Mean = ARALIAINNITIALI 3 ATY , Calculations = ﬂ’mmu’;mvl,mfﬂ’mﬂ’mﬂmw




3. NAFALAMNUNUURSIE (accuracy)

HANTIATIZIARBENNA1981989NIMITIN 7 91 WUdIAY % Recovery 84 lasiuy

1
1 6

1951 wazaRaLdaianNe Winfdu 100.36% 99.37% way 100.6% (AN 4) BINIUNTINNT
o dl v v =X dl v v =3
81ANTU %Recovery NAMNLTINAYL = 1% D9 < 10% = 97-103 % LAY NAMNIINTU = 10% D3

< 100% =98-102 %

ANT19N 4 HANT9ALATZAReEN9EN9BmN ATIIU

Parameter %Fat Y%Protein %Total solids
Minimum 3.49 3.48 12.47
Maximum 3.48 35 12.43
Average value 3.484 3.494 12.458
Reference value 3.474 3.502 12.41
%Recovery 100.29 99.77 100.39

4. NARALANNINEIARIAE (precision)

ANANIIAIZTF0Ee AN Tas TusR wavaesudaianun S1uaw 3 sxdy
sefUAz 10 91 UszifiuAnnuifiesunnnsmawinlé (repeatability) Tagl %RSD 289N19T9LATIER
Gﬁw’]LL@Zﬂ?:LﬁuN@ﬁl’mﬂNﬂ’]? Predicted Horwitz RSD (%PRSD) (mmﬁ; 5) WLINNKLNTANT
ganfy warilsniiunanuifisauunnising g (reproducibility) a1nA1 HORRAT (miﬂq‘ﬁ 6)

TAgNEUFiN178aNsUAY HORRAT Haeinan 2

AT 5 HANNTIATIZHARDE1NENIANNITNENLLILNNNINTN LB (repeatability)

%Fat %Protein %Total solids
Parameter

Level 1 | Level 2 | Level 3 | Level 1 | Level2 | Level 3 | Level1 | Level2 | Level 3

Average 2.45 4.08 8.06 2.31 3.38 5.54 9.23 11.95 16.3
SD 0.003 0.005 0.005 0.005 0 0.005 0.010 0.010 0.005

%RSD, 0.13 0.12 0.06 0.21 0 0.09 0.10 0.07 0.03
%PRSD 1.15 1.07 0.96 1.16 1.1 1.02 0.94 0.91 0.87

HORRAT 0.11 0.11 0.06 0.18 0.00 0.09 0.1 0.08 0.03

R399 6 NANNTAATILYARRLNNENIANNINENLLLNN9 G 18 (reproducibility)



%Fat %Protein %Total solids
Parameter
Level 1 Level 2 Level 3 | Level 1 | Level 2 Level 3 | Level 1 Level 2 Level 3
Average 2.51 4.18 8.13 2.35 3.39 5.48 9.43 12.04 16.54
SD 0.065 0.107 0.075 0.048 0.016 0.062 0.200 0.100 0.251
%RSD, 2.61 2.56 0.92 2.04 0.48 1.13 2.15 0.79 1.51
%PRSD 1.74 1.61 1.46 1.76 1.66 1.55 1.43 1.38 1.31
HORRAT 1.50 1.59 0.63 1.16 0.29 0.73 1.50 0.57 1.15

5. Carry-over

NANTTILATIZUFNDLIN9A119U 20 Faeing A1 Ew 1adlusiu Tlsfu asaesudsisnun

=
WAAN 1ANTNN 7

AT 7 HANNTAATIZUAARENgNann Carry — over

Parameter %Fat %Protein %Total solids
Water 0.05 0.07 0.53
Water 0.03 0.06 0.47

Milk 3.81 3.05 12.31
Milk 3.80 3.08 12.34
Water 0.05 0.07 0.54
Water 0.03 0.05 0.47
Milk 3.80 3.07 12.31
Milk 3.83 3.08 12.38
Water 0.05 0.07 0.53
Water 0.03 0.05 0.47
Milk 3.80 3.07 12.32
Milk 3.82 3.08 12.37
Water 0.05 0.07 0.54
Water 0.03 0.06 0.47
Milk 3.82 3.06 12.34




Parameter %Fat %Protein %Total solids
Milk 3.80 3.08 12.35
Water 0.05 0.07 0.53
Water 0.03 0.05 0.47
Milk 3.82 3.07 12.34
Milk 3.82 3.08 12.37
Ew 0.57% 0.61% 0.42%

6.47Unan19NAaY
a 6 o ] a o o/ 1 b4 o 1 dl v o o
AINN1TILATITHAQRENNEITNTINR AWK 40 FaasaudatinAAlan1nn1sdsy
Calibration curve 1844AT04H 08 A TWRLAZNIN1INIUGAUANN17IALIAN Mean Difference (MD)
WA Standard Deviation of the Difference (SDD) 221319 NaRLAT1EHN LAaNNLATa98 5 iR way
aa ¥y a = 1 1 Ll % ) v v ada g o
A5819Beneaiwudnad luinusiniuue udaiinisnsaageunnnldlfaaaisaiaseil las
TdsAu wazreandaiavan luinuuaufemalla Fourier transform infrared spectrometry 1o
N1INAABY Linearity  284RIUNALNHNIUNITIABANALAALIZAUNLIN Coefficient  of
determination  (R%) a@29A1 11334 1951 wazaesudaianum windy 0.999 0.999 way 0.999
ANNANAL WATHAN r ratio WInFU 0.95% 1.58% WA 0.97% T4enuinainIsaansuAe R° >

0.990 waziNasiNITaNsUIaLEWNT N (1 ratio) < 2% NINIINAFALAINLNUUDIAT

(accuracy)  WU91A1 % Recovery 1a¢lasu Tdshu wazaaandeiavun windu 100.29%

1
o 8 1 s o

99.72% WAz 100.39% MNAIAL 9NN UTNNTaaNTy %Recovery NAanadindiu > 1% D
| ) A v v = ' ,

< 10% aglutae 97-103 % WAz NANENTY = 10% D9 < 100% atluts 98-102 % N9

NARDUAMNNENTRIRT (precision) ANNI3ILATIEHRRENaTNWNMIAT Tasdun  TUsAu uay

va9udeianun dssiiunnunesuuun1snaudn i (repeatability) wazlssiiuaanuieguuy

n139191 18 (reproducibility) a1nAN HORRAT wuqnenwnausin1seasfulneian HORRAT <2
a '8 dlgl v o = < :/I 1 o

wazHan1saAzinstuendian (carry-over) 2e9lasi Tdsiu uwazaeandaianun winiu

0.57% 0.61% wag 0.42% TapuninseaNsy

v v
o

nnrm9agauAN 1T a1 Tasiu TUemu tazaaaudaianun Tutiuumau o

WALA Fourier transform infrared spectrometry Tpanaday AMTLEUAT AMNLNLYBIT
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