
  

  

Applied   ChemisWr\   ProjecW   
  
  

  
  

  
  
  

FacXOW\   Rf   ScLeQce,   ChXOaORQgNRUQ   UQLYeUVLW\   
  
  

PURMecW   WLWOe   NRQ-DHVWUXFWLYH  DLVFULPLQDWLRQ  RI  BHHI-BORRG      
AGXOWHUDWHG  LQ  PRUN  XVLQJ  NIR  SSHFWURVFRS\  CRPELQHG         
ZLWK   CKHPRPHWULFV   

    

SWXdeQW   QaPeV   TKDQ\DVRUQ   MRQWKDVUL             ID   6033818223   

  PULPD   TDHFKDWDNUDQWKDP          ID   6033825623   
  

PURgUaP   BacKeORU   Rf   ScLeQce   LQ   ASSOLed   CKePLVWU\   
AcadePLc   \eaU   2020   



  

  
  
  

NRQ-DHVWUXFWLYH   DLVFULPLQaWLRQ   RI   BHHI-BORRG   
AGXOWHUaWHG   LQ   PRUN   XVLQJ   NIR   SSHFWURVFRS\   

CRPELQHG   ZLWK   CKHPRPHWULFV   
  
  
  
  
  
  

B\   
MLVV   ThaQ\aVRUQ   MRQWhaVUL  

MLVV   PULPa   TaechaWaNUaQWhaP   
  
  
  
  
  
  
  
  
  
  

IQ   PaUWLaO   FXOILOOPHQW   IRU   WKH   DHJUHH   RI     
BaFKHORU   RI   SFLHQFH     

PURJUaP   LQ   ASSOLHG   CKHPLVWU\   (IQWHUQaWLRQaO   
PURJUaP)   

DHSaUWPHQW   RI   CKHPLVWU\,   FaFXOW\   RI   SFLHQFH   
  
  



  

  
PURMHFW   NRQ-DHVWUXFWLYH   DLVFULPLQDWLRQ   RI   BHHI-BORRG   AGXOWHUDWHG   LQ   

PRUN   XVLQJ   NIR   SSHFWURVFRS\   CRPELQHG   ZLWK   CKHPRPHWULFV   
  

B\   MLVV   TKDQ\DVRUQ   MRQWKDVUL   DQG   MLVV.   PULPD   TDHKFDWDNUDQWKDP   
  

AFFHSWHG  E\  DHSDUWPHQW  RI  CKHPLVWU\,  FDFXOW\  RI  SFLHQFH,  CKXODORQJNRUQ           
UQLYHUVLW\  LQ  PDUWLDO  FXOILOOPHQW  RI  WKH  RHTXLUHPHQWV  IRU  WKH  DHJUHH  RI  BDFKHORU  RI               
SFLHQFH   PURJUDP   LQ   ASSOLHG   CKHPLVWU\   (IQWHUQDWLRQDO   PURJUDP)   
  

E[DPLQDWLRQ   FRPPLWWHHV   
1. AVVRFLDWH   PURIHVVRU   SRPVDN   PDLQZDQLW,   PK.D.   CKDLUPDQ   
2. AVVLVWDQW   PURIHVVRU   :DULQWKRUQ   CKDYDVLUL,   PK.D. CRPPLWWHH   
3. AVVRFLDWH   PURIHVVRU   KDQHW   :RQJUDYHH,   PK.D. AGYLVRU   

  
    

  
EQGRUVHG   DQG   DSSURYHG   E\   WKH   HHDG   RI   DHSDUWPHQW   RI   CKHPLVWU\     
  
  
  

   .«««««««««««... ««««««««««««   
( AVVRc.   PURI.   KaQHW   WRQJUaYHH,   PK.D.) (AVVRc.   PURI.   VRUaYHH   HRYHQ,   PK.D.)     

AdYLVRU    HHad   RI   DHSaUWPHQW   RI   CKHPLVWU\   
  
  
    

    ««««««««««««« «        DDWH     
  
  
  
  
  
  
  
  
  
  

@more

prima
21.12.2020



IV   

Project   Title   NRQ-DeVWUXcWLYe  DLVcULPLQaWLRQ  Rf  Beef-BORRd  AdXOWeUaWed  LQ  PRUN  UVLQJ  NIR           
SSecWURVcRS\   CRPbLQed   ZLWK   CKePRPeWULcV   
Student   name   MLVV   TKaQ\aVRUQ   MRQWKaVUL   aQd   MLVV   PULPa   TaeKcaWaNUaQWKaP   
Advisor   Name    AVVRc.   PURf.   KaQeW   WRQJUaYee,   PK.D.   
DeSaUWPeQW   Rf   CKePLVWU\,   FacXOW\   Rf   ScLeQce,   CKXOaORQJNRUQ   UQLYeUVLW\,   AcadePLc   YeaU   2020   
  

AbVWUacW   
  

CRXQWeUfeLW  beef  LV  RQe  Rf  WKe  PRVW  cRPPRQ  LVVXe  affecWLQJ  WKe  IVOaP  VRcLeW\  LQ  TKaLOaQd.                 
ReceQWO\,  cRXQWeUfeLW  beef  Pade  fURP  SRUN  PaULQaWed  LQ  cRZ-bORRd  KaV  beeQ  XVed  LQ  TKaL  bXffeW                 
UeVWaXUaQWV  LQ  RUdeU  WR  UedXce  cRVW.  TKLV  VWXd\  SUeVeQWV  a  feaVLbOe  WecKQLTXe  fRU  UaSLd                
deWeUPLQaWLRQ  Rf  cRXQWeUfeLW  beef  b\  XVLQJ  QeaU-LQfUaUed  VSecWURVcRS\  (NIR)  cRPbLQed  ZLWK             
PXOWLYaULaWe  daWa  aQaO\VLV.  PULRU  WR  acTXLULQJ  NIR  VSecWUa,  WKe  WKeUPaO  SKeQRPeQa  Rf  PeaW               
VaPSOeV  (SRUN,  beef,  aQd  PaULQaWed  SRUN)  ZeUe  LQYeVWLJaWed  b\  WKeUPRJUaYLPeWULc  aQaO\VLV             
(TGA).  TKe  WKeUPaO  SURfLOeV  Rf  beef  aQd  SRUN  VKRZ  VLJQLfLcaQW  dLffeUeQceV  eVSecLaOO\  aW               
deJUadaWLRQ  WePSeUaWXUeV  Rf  300Ʌ  -  400Ʌ  ZKLcK  cRUUeVSRQd  WR  WKe  cKePLcaO  cRPSRVLWLRQV  Rf               
fUee  aPLQR  acLdV,  ORQJ  cKaLQV  Rf  SeSWLdeV  aQd  OLSLdV.  MROecXOaU  LQfRUPaWLRQ  Rf  WKe  PeaW  VaPSOeV                 
ZaV  cROOecWed  b\  NIR  VSecWURPeWeU  ZLWK  UefOecWLRQ  PRde.  TKe  VSecWUaO  SUeWUeaWPeQWV  LQcOXdLQJ              
SaYLW]N\-GROa\  SRO\QRPLaO,  VWaQdaUd  QRUPaO  YaULaWe  (SNV)  aQd  RXWOLeU  UePRYaO  b\  LQWeUTXaUWLOe             
UaQJe  (IQR)  ZeUe  SeUfRUPed  LQ  RUdeU  WR  UePRYe  WKe  LUUeOeYaQW  LQfRUPaWLRQ.  B\  XVLQJ  VSecWUaO                
YaULaQce  ZLWK  95%  VLJQLfLcaQce  OeYeO,  WKe  VLJQLfLcaQW  NIR  UeJLRQV  WR  dLVcULPLQaWe  WKe  W\SeV  Rf                
PeaW  ZeUe  VeOecWed  aW  5002  -  5503  cP -1  (WKe  fLUVW  RYeUWRQe  Rf  O-H  VWUeWcKLQJ  Rf  ZaWeU  RU  PRLVWXUe                    
cRQWeQW),  5981  -  6479  cP -1  (WKe  fLUVW  RYeUWRQe  Rf  C-H  VWUeWcKLQJ  Rf  faWW\  acLdV/faW),  6819  -  8207                   
cP -1  (WKe  VecRQd  N-H  RYeUWRQe  Rf  SURWeLQ),  aQd  8485  -  8797  cP -1  (WKe  VecRQd  RYeUWRQe  Rf  O-H  Rf                    
ZaWeU).  PULQcLSaO  cRPSRQeQW  aQaO\VLV  (PCA)  ZLWK  DaYLd-BRXOdLQ  LQde[  (DBI)  ZaV  XVed  WR              
YLVXaOL]e  WKe  VaPSOe  cOXVWeU.  ScRUe  SORWV  Rf  PC4-PC5-PC11  ZeUe  cKRVeQ  aV  WKe  beVW  PCV  WR  RbWaLQ                  
KLJK  VeSaUaWLRQ  Rf  PeaW  VaPSOeV.  TKe  cRUUecWO\  cOaVVLfLed  SeUceQWaJeV  (%CC)  RbWaLQed  fURP  WKe               
LLQeaU  DLVcULPLQaQW  AQaO\VLV  ZaV  79.48%aQd  88.64%  fRU  WKe  SUedLcWLRQ  Rf  SRUN  aQd  beef               
VaPSOe,  UeVSecWLYeO\.  FURP  RYeUaOO  VWXd\,  WKe  deYeORSed  NIR  VSecWURPeWeU  ZLWK  SRZeUfXO  daWa              
aQaO\VLV  LV  a  feaVLbOe  WecKQLTXe  fRU  deWeUPLQaWLRQ  Rf  WKe  cRXQWeUfeLW  beef  ZLWK  acceSWabOe               
accXUac\.   

  
  
  

Keyword:    CRXQWeUfeLW   beef,   NeaU-LQfUaUed   VSecWURVcRS\,   PULQcLSaO   cRPSRQeQW   aQaO\VLV   

  
  
  
  
  

  



V   

ACKNOWLEDGEMENTS   
FLUVW  aQd  fRUePRVW,  Ze  ZRXOd  OLNe  WR  e[SUeVV  RXU  ZKROeKeaUWedO\  JUaWLWXde  aQd  VLQceUe               

UeJaUdV  WR  RXU  beQLJQ  SURMecW  adYLVRU,  AVVRc.  PURf.  DU.  KaQeW  WRQJUaYee  fRU  RffeULQJ  KLV  SUecLRXV                 
JXLdaQce,  aQd  VXSSRUWLYe  cRPPeQWV  VXcK  WKaW  aUe  abVROXWeO\  beQefLcLaO  WR  RXU  SURMecW.  We               
LPPeQVeO\  aSSUecLaWe  KLV  eQcRXUaJePeQW,  SaWLeQce  aQd  WLPe  deYRWed  WR  XV  WKURXJKRXW  WKe  WLPe  Rf                
WKe   SURMecW.   OXU   SURMecW   ZRXOd   QRW   be   accRPSOLVKed   aV   LW   VKRZV   ZLWKRXW   KLV   NLQd   VXSeUYLVLRQ.     

  
We  ZRXOd  OLNe  WR  Sa\  RXU  deeS  VeQVe  Rf  JUaWLWXde  WR  SXUeeUaW  MaNPXaQJ,  JeQLaO  aQd                 

NLQdKeaUWed  PKD  VWXdeQW  ZKRVe  SURYLdLQJ  XV  YaOXabOe  UecRPPeQdaWLRQ  LQ  OabRUaWRU\  ZRUN  aQd              
aQaO\VLV  SURJUaPPe  aW  eYeU\  VWaJe  Rf  WKe  SURMecW.  HeU  UeOeQWOeVV  VcLeQWLfLc  LQVWUXcWLRQ  aORQJ  ZLWK                
facLOLW\   VXSSRUW   LQ   WKe   OabRUaWRU\   PaNLQJ   RXU   SURMecW   ZeOO   cRPSOeWed.   

  
BeVLdeV,  Ze  aOVR  WUXO\  aSSUecLaWe  RXU  fULeQdV  fRU  WKeLU  eOeYaWLQJ  LQVSLUaWLRQ,  VXSSRUW  aQd               

eQWeUWaLQPeQW   aOO   RYeU   WKe   WLPe   Rf   WKe   SURMecW.     
  

We  KLJKO\  aSSUecLaWe  RXUVeOYeV  WR  be  cRQVcLeQWLRXV,  SXQcWLOLRXV  aV  ZeOO  aV  KaUPRQL]e  LQ               
ZRUNLQJ  aV  a  SaLU.  We  aUe  beKROdeQ  WR  eacK  RWKeU  LQ  eLWKeU  SK\VLcaOO\,  fLQaQcLaOO\,  aQd  PeQWaOO\                  
eQcRXUaJLQJ  eacK  RWKeU  RYeU  WKe  SURMecW  SeULRd.  We  aUe  VR  SURXd  Rf  RQe  aQRWKeU  LQ  cRPSOeWLQJ                  
WKLV   SURMecW.     

  
A  VSecLaO  WKaQNV  Rf  XV  JReV  WR  MTCH  PaWcKa  cafe,  aQd  BeaUKRXVe  PLON  Wea  cafe,  ZKLcK                  

JaYe  XV  a  deOLJKWfXO  WaVWe  Rf  dULQNV  ZKLOe  ZRUNLQJ  RQ  WKe  SURMecW,  beVLdeV  WKaQNV  WR  SSRWLf\  PXVLc                   
fRU   OLNe   a   JaUdeQ   LQ   VSULQJWLPe   VRXQdWUacN   ZKeQ   ZULWLQJ   WKe   UeSRUW.     
  

LaVW,  bXW  QRW  WKe  OeaVW,  RXU  SaUeQWV  aUe  WKe  PRVW  LPSRUWaQW  LQVSLUaWLRQ  fRU  bRWK  Rf  XV.  We                   
ZRXOd  OLNe  WR  e[SUeVV  RXU  JUaWLWXde  WR  RXU  SaUeQWV  fRU  WKeLU  JUeaW  VXSSRUW  aQd  aOZa\V  cRPfRUWLQJ                  
XV.   

  
  
  
  



VI   

TABLE   OF   CONTENTS   
  

ACKNOWLEDGEMENTS V   

TABLE   OF   CONTENTS VI   

LIST   OF   TABLES VIII   

LIST   OF   FIGURES IX   

LIST   OF   ABBREVIATIONS XI   

CHAPTER   1     
INTRODUCTION 1   

1.1   IQWURdXcWLRQ   WR   WKe   UeVeaUcK   SURbOeP   aQd   VLJQLfLcaQce 1   
1.2   ReVeaUcK   ObMecWLYe 6   
1.3   ScRSe   Rf   ZRUN 7   

CHAPTER   2   
THEORETICAL   BACKGROUND 8   

2.1   MeaW   QXWULWLRQ 8   
2.1.1   PURWeLQ   aQd   aPLQR   acLdV 9   
2.1.2    FaWV 10   

IQWeUPXVcXOaU   faW 10   
IQWUaPXVcXOaU   faW 11   
SXbcXWaQeRXV   faW 11   

2.1.3   FaWW\   acLdV 12   
2.1.4   VLWaPLQV 13   
2.1.5   MLQeUaOV 13   

2.2   NeaU-IQfUaUed   SSecWURVcRS\   (NIRS) 14   
2.3   CKePRPeWULcV 18   

2.3.1   PULQcLSaO   CRPSRQeQW   AQaO\VLV   (PCA) 18   
2.3.2   LLQeaU   DLVcULPLQaQW   AQaO\VLV   (LDA) 20   
2.3.3   DaYLeV-BRXOdLQ   IQde[   (DBI) 20   

CHAPTER   3   
EXPERIMENTS 21   

3.1   LLVW   Rf   ETXLSPeQW   aQd   IQVWUXPeQW 21   
3.2   LLVW   Rf   cKePLcaO   aQd   PaWeULaOV 21   
3.3   SaPSOe   cROOecWLRQ   &   SUeSaUaWLRQ 21   
3.4   TKeUPRJUaYLPeWULc   aQaO\VLV   (TGA) 22   

  



VII  

3.5   NeaU   LQfUaUed   VSecWUaO   daWa   acTXLVLWLRQ 22   
3.6   DaWa   aQaO\VLV 23   

SWeS   1:   SPRRWKLQJ   VSecWUaO   daWa 23   
SWeS   2:   OXWOLeUV 23   
SWeS   3:   WaYeQXPbeU   SeOecWLRQ 24   
SWeS   4:   DaWa   SUeSURceVVLQJ 24   
SWeS   5:   CKePRPeWULcV   aQaO\VLV 25   
SWeS   6   :   EVWLPaWe   WKe   PRdeO   SeUfRUPaQce 25   

CHAPTER   4   
RESULT   AND   DISCUSSION 26   

4.1   PK\VLcaO   aSSeaUaQce   aQd   SURSeUWLeV   Rf   PeaW 26   
4.1.1   CRPSaULVRQ   Rf   PeaW   LQ   ORLQ   SaUW. 26   
4.1.2   CRPSaULVRQ   Rf   PeaW   LQ   cROOaU   RU   cKXcN   SaUW 27   
4.1.3   CRPSaULVRQ   Rf   PeaW   LQ   URXQd   SaUW. 27   
4.1.4   DLffeUeQce   beWZeeQ   PaULQaWed   SRUN   aW   YaULRXV   WLPeV   aQd   beef. 28   

4.2   TKeUPRJUaYLPeWULc   GUaYLW\   AQaO\VLV   (TGA) 30   
4.3   NIR   VSecWUa   Rf   PeaWV 30   
4.4   DaWa   VLVXaOL]aWLRQ 31   

CHAPTER   5   
CONCLUSIONS 35   

REFERENCES 36   

BIOGRAPHY 39   
  
  



VIII   

LIST   OF   TABLES   
  

  

  

TabOe   1.1   MaUNeW   SULce   Rf   beef   aQd   SRUN   2  

TabOe   2.1   NXWULWLRQaO   cRPSRVLWLRQV   Rf   UaZ   beef   aQd   SRUN.   8  

TabOe   2.2    EVVeQWLaO   aQd   QRQ-eVVeQWLaO   aPLQR   acLdV   SUeVeQWed   LQ   beef   aQd   SRUN.     9  

TabOe   2.3    CRPSRVLWLRQ   Rf   faWW\   acLdV   LQ   beef   aQd   SRUN   12  

TabOe   2.4   VLWaPLQ   cRPSRVLWLRQV   LQ   beef   aQd   SRUN   13  

TabOe   2.5    MLQeUaO   cRPSRVLWLRQ   LQ   beef   aQd   SRUN   14  

TabOe   2.6    CKePLcaO   cRPSRVLWLRQ   WKaW   cRUUeVSRQd   WR   WKe   baQd   aVVLJQPeQW   17  

TabOe   4.1   MaULQaWed   SRUN   ZLWK   cRZ   bORRd   aW   YaULRXV   WLPeV.   28  

TabOe  4.2  CRQWLQJeQc\  WabOe  WR  dePRQVWUaWe  WKe  cOaVVLfLcaWLRQ  SeUfRUPaQce  Rf  WKe  daWa              
XVLQJ   PC1,   PC2   aQd   PC3   XVLQJ   LLQeaU   DLVcULPLQaQW   AQaO\VLV   (LDA)   aV   a   dLVcULPLQaWRU   

34  

TabOe  4.3  CRQWLQJeQc\  WabOe  WR  dePRQVWUaWe  WKe  cOaVVLfLcaWLRQ  SeUfRUPaQce  Rf  WKe  daWa              
XVLQJ   PC4,   PC5   aQd   PC11   XVLQJ   LLQeaU   DLVcULPLQaQW   AQaO\VLV   (LDA)   aV   a   dLVcULPLQaWRU   

34  



IX   

LIST   OF   FIGURES   
  

  

FLJXUe   1.1   FLJXUe   1.1   NXPbeU   Rf   beef   caWWOe   LQ   TKaLOaQd   beWZeeQ   \eaU   2017-2020   1  

FLJXUe   1.2    BaU   B   Q   POa]a   aQd   AKA   bXffeW   PeQX   2  

FLJXUe   1.3   CRPSaULVRQ   Rf   PaUNeW   SULce   LQ   beef   aQd   SRUN.   3  

FLJXUe   1.4    Beef,    SRUN    VWaLQed   ZLWK   cRZ   bORRd,   aQd   VXVSecWed   beef   UeVSecWLYeO\.   3  

FLJXUe.   1.5   IOOXVWUaWLRQ   Rf   RQOLQe   NIRS   V\VWeP   RQ   WKe   PeaW   JULQdLQJ   SURceVV   5  

FLJXUe  1.6  OYeUYLeZ  VcKePe  Rf  aSSOLcaWLRQV  Rf  NIR  cRPbLQed  ZLWK  daWa  aQaO\VLV  RQ               
aJULcXOWXUe   SURdXcWV   LQ   RUdeU   WR   acceVV   SURdXcW   TXaOLW\   

6  

FLJXUe  2.1  IQWeUPXVcXOaU  faW  SUeVeQWV  LQ  (A)  WKe  cKXcN  SaUW  Rf  WKe  beef  caUcaVV31  aQd                 
(B)   WKe   QecN   SaUW   Rf   WKe   SRUN   caUcaVV   

11   

FLJXUe  2.2  AQ  e[aPSOe  Rf  dLffeUeQW  deSRVLWLRQ  Rf  PaUbOLQJ  SUeVeQWV  LQ  (A)  beef  aQd                
(B)   SRU   

11   

FLJXUe   2.3    e[aPSOe   Rf   VXbcXWaQeRXV   faW   LQ   SRUN   12  

FLJXUe   2.4   CRPSRQeQW   SaUWV   Rf   a   NIRS   PeaVXUePeQW   V\VWeP   14  

FLJXUe  2.5  ScKePaWLc  UeSUeVeQWaWLRQ  Rf  (A)  LQWeUacWaQce  (B)  UefOecWaQce  aQd  (C)             
WUaQVPLWWaQce   PRde   

15  

FLJXUe   2.6   EQeUJ\   OeYeOV   Rf   WKe   YLbUaWLRQ   WUaQVLWLRQ   VWaWe   Rf   dLaWRPLc   PROecXOe   16  

FLJXUe  2.7  DLaJUaP  Rf  NIR  UeJLRQV  cRUUeVSRQdLQJ  WR  RYeUWRQe  abVRUSWLRQ  Rf  cKePLcaO              
fXQcWLRQaO   JURXS   

16  

FLJXUe   2.8   LOOXVWUaWe   WKe   PCA   PRdeO   18  

FLJXUe  3.1  OYeUYLeZ  VcKePe  Rf  VaPSOe  cROOecWLRQ  aQd  VaPSOe  SUeSaUaWLRQ  fRU  beef,              
SRUN   aQd   ³fUaXd´   beef   (SRUN   PaULQaWed   LQ   beef   bORRd)   

22  

FLJXUe  3.2  SWeSV  Rf  daWa  aQaO\VLV  LQ  WKe  VWXd\  LQYROYLQJ  daWa  SUeSURceVVLQJ,  RXWOLeU               
eOLPLQaWLRQ,   ZaYeQXPbeU   VeOecWLRQ,   daWa   YLVXaOL]aWLRQ   aQd   cOaVVLfLcaWLRQ.     

23  

FLJXUe   3.3   VaULaQce   Rf   VSecWUaO   daWa   24  

FLJXUe  4.1  POaWe  ZLWK  SLeceV  Rf  beef  ORLQ  aQd  beef  cROOaU  (WRS)  aQd  SRUN  ORLQ,  SRUN                  
URXQd   aQd   SRUN   cROOaU   (bRWWRP)   

26  



X   

  

FLJXUe   4.2   (A)   PLece   Rf   SRUN   ORLQ   aQd   (B   )   SLece   Rf   beef   ORLQ   27  

FLJXUe   4.3   (A)   PLece   Rf   SRUN   cROOaU   aQd   (B)   SLece   Rf   beef   cKXcN   27  

FLJXUe   4.4   (A)   PLece   Rf   SRUN   URXQd   aQd   (B)   SLece   Rf   beef   URXQd     28  

FLJXUe   4.5   MaULQaWed   SRUN   ZLWK   cRZ   bORRd   fRU   72   KRXUV.   29  

FLJXUe  4.6  TKeUPaO  deJUadaWLRQ  SURfLOeV  Rf  PeaW  VaPSOeV  beef,  SRUN  aQd  SRUN              
PaULQaWed   ZLWK   cRZ   bORRd   UeSUeVeQWLQJ   LQ   bOXe,   JUeeQ   aQd   Ued   VROLd   OLQe,   UeVSecWLYeO\   

30  

FLJXUe  4.7  (A)  SPRRWKed  NIR  VSecWUaO  daWa  (B)  NIR  VSecWUaO  daWa  afWeU  SeUfRUPLQJ               
VWaQdaUd  QRUPaO  YaULaWLRQ(SNV)  (C)  NIR  VSecWUa  afWeU  UePRYLQJ  RXWOLeUV  XVLQJ            
LQWeUTXaUWLOe   UaQJe   (IQR)   cULWeULRQ   

31  

FLJXUe  4.8  (A)  aYeUaJe  NIR  VSecWUXP  Rf  beef  (bOXe),  SRUN(JUeeQ)  aQd  PaULQaWed  SRUN               
(Ued).  (B)  WKe  YaULaQceV  caOcXOaWed  fURP  NIR  VSecWUa  Rf  aOO  PeaW  VaPSOeV.  (C)  TabOe                
VXPPaUL]e   WKe   baQd   aVVLJQPeQW   Rf   NIR   VSecWUaO   UeJLRQV   fRU   PeaW   dLVcULPLQaWLRQ  

32  

FLJXUe  4.9  TKe  KLVWRJUaP  dePRQVWUaWe  (A)  DBI  YaOXeV  Rf  eacK  PC  (B)  VaULaQce  Rf                
eacK   PCV   

33  

FLJXUe  4.10  PC  VcRUe  SORW  caOcXOaWed  fRUP  NIR  VSecWUa  Rf  beef  (bOXe)  aQd  SRUN  (Ued)                 
VaPSOe  XVLQJ  (A)  PC1,  PC2  aQd  PC3  (WKe  KLJKeVW  YaULaQce)  aQd  (B)  PC4,  PC5  aQd                 
PC11   (WKe   ORZeVW   DBI   YaOXe)   

33  



XI   

LIST   OF   ABBREVIATIONS   
  

  

  

NIR   :   NeaU   LQfUaUed   VSecWURVcRS\   

PC   :   PULQcLSaO   cRPSRQeQW   

PCA   :   PULQcLSaO   cRPSRQeQW   aQaO\VLV   

LDA   :   LLQeaU   dLVcULPLQaQW   aQaO\VLV   

PLS   :   PaUWLaO   OeaVW-VTXaUe   

DBI   :   DaYLd-BRXOdLQ   LQde[   

TGA   :   TKeUPaO   JUaYLPeWULc   aQaO\VLV   

FT-NIR   :   FRXULeU   WUaQVfRUP   QeaU-LQfUaUed   VSecWURVcRS\   

SOMV   :   SeOf-RUJaQL]LQJ   PaSV   

SNV   :   SWaQdaUd   QRUPaO   YaULaWe   

IQR   :   IQWeUTXaUWLOe   UaQJe   

NIPALS   :   NRQOLQeaU   IWeUaWLYe   PaUWLaO   LeaVW   STXaUeV   

   C   :   DeJUee   CeOVLXVࡈ  

PLQ   :   PLQXWe   

QP   :   QaQRPeWeU   

cP   :   ceQWLPeWeU   

NcaO   :   NLORcaORULe   

NJ   :   NLORJUaP   

J   :   JUaP   

PJ   :   PLOOLJUaP   

�J   :   PLcURJUaP   

LX   :   IQWeUQaWLRQaO   XQLWV   



1   

CHAPTER   1    
INTRODUCTION   

1.1   IQWURdXcWLRQ   WR   WKe   UeVeaUcK   SURbOeP   aQd   VLJQLILcaQce   
  

LLYeVWRcN  aUe  dRPeVWLcaWed  aQLPaOV  ZKLcK  aUe  UaLVed  LQ  aQ  aJULcXOWXUaO  LQdXVWU\  WR              
SURdXce  VeYeUaO  cRPPRdLWLeV.  LLYeVWRcN  LQ  TKaLOaQd  LV  URXJKO\  dLYLded  LQWR  cRZV,  SLJV,              
cKLcNeQV,  dXcNV,  aQd  RWKeUV.  IQ  2018,  beef  caWWOe  faUPLQJ  KaV  becRPe  a  OaUJe  aJULcXOWXUaO  LQdXVWU\                 
LQ  TKaLOaQd.  IW  SOa\V  a  YLWaO  UROe  LQ  TKaLOaQd'V  ecRQRPLc  PaUNeW  dXe  WR  a  KXJe  dePaQd  Rf  bRWK                    
dRPeVWLc  aQd  fRUeLJQ  cRQVXPeUV.  Beef  caWWOe  VeWWLQJ  LQ  TKaLOaQd 1  KaV  beeQ  ULVLQJ  abRXW  28%                
ZLWKLQ  4  \eaUV  (2017-2020).  TKLV  LQYROYeV  WKe  beef  caWWOe  Rf  4.9  PLOOLRQV  LQcUeaVed  WR  6.2                 
PLOOLRQV.  DLaJUaP  Rf  WKe  QXPbeU  Rf  beef  caWWOe  LQ  TKaLOaQd  dXULQJ  2017-2020  LV  VKRZQ  LQ  FLJ                  
1.1.  BeVLdeV,  IW  KaV  beeQ  UeSRUWed  fURP  WKe  DeSaUWPeQW  Rf  LLYeVWRcN  DeYeORSPeQW  WKaW  WKe                
PaUNeW  YaOXe  Rf  beef  LV  XS  WR  41,810  PLOOLRQV  TKaL  baKW/\eaU.  HRZeYeU,  LW  LV  VWLOO  QRW  adeTXaWe  WR                    
WKe  KLJK  dePaQd  Rf  WKe  beef  WUadLQJ  PaUNeW.  SLQce  beef  cRQVXPSWLRQ  LQ  TKaLOaQd  aQd  AVLaQ  LV                  
dUaPaWLcaOO\  LQcUeaVLQJ.  TKe  DeSaUWPeQW  Rf  LLYeVWRcN  DeYeORSPeQW  Rf  TKaLOaQd 2  UeSRUWed  WKaW             
a1.06  PLOOLRQV  Rf  beef  caWWOe  ZeUe  cRQVXPed  LQ  2018  aQd  a1.08  PLOOLRQV  LQ  2019  ZKLcK  LV  1.89%                   
LQcUeaVLQJ   ZLWKLQ   2   \eaUV.   

  
Figure   1.1    NXPbeU   Rf   beef   caWWOe   LQ   TKaLOaQd   beWZeeQ   \eaU   2017-2020   (IQfRUPaWLRQ   aQd   

cRPPXQLcaWLRQ   TecKQRORJ\   CeQWeU) 1   
A  feZ  \eaUV  aJR,  WKe  SULce  Rf  beef  ZaV  aSSUR[LPaWeO\  130-150  baKW  SeU  NJ,  KRZeYeU  WKe                  

SULce  ZaV  LQcUeaVed  WR  230-400  baKW  SeU  NJ  LQ  2020  aV  VKRZQ  LQ  TabOe  1.1.  MaUNeW  SULce  Rf  beef                     
LV  WKe  JUeaWeVW  cRPSaUed  WR  SRUN  aQd  cKLcNeQ.  IW  LV  aSSUR[LPaWeO\  fRXU  WLPeV  KLJKeU  WKaQ  WKe  SULce                   
Rf  cKLcNeQ,  aQd  aOPRVW  WZLce  WLPeV  WKe  SULce  Rf  SRUN.  AccRUdLQJ  WR  aQ  aUWLcOe  fURP  BaQJNRN  BaQN                   
SME 3 ,  WKe  PaUNeW  SULce  Rf  beef  WeQdV  WR  ULVe  XS  WR  400  baKW  SeU  NJ  becaXVe  Rf  aQ  LQ  VKRUW  VXSSO\                       
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Rf  beef  caWWOe  LQ  TKaLOaQd  eYeQ  WKe  beef  caWWOe  faUPLQJ  LV  ULVLQJ.  HRZeYeU,  WKe  UaWe  Rf  faUP  JURZWK                    
LV   QRW   adeTXaWeO\   VXSSO\LQJ   WKe   JURZWK   UaWe   Rf   cXVWRPeU   dePaQdV.   
  

Table   1.1    MaUNeW   SULce   Rf   beef   aQd   SRUN 4     

   
AccRUdLQJO\,  WKe  KLJK  SRSXOaULW\  Rf  cRQVXPLQJ  beef  caQ  aOVR  be  SUeVeQWed  b\  WKe  SULce  Rf  fRRd  LQ                   
YaULRXV  NQRZQ  UeVWaXUaQWV  LQ  TKaLOaQd  VXcK  aV  BaU  B  Q  SOa]a,  SXNLVKL  aQd  ORcaO  bXffeW                 
UeVWaXUaQWV.  FRU  e[aPSOe,  BBQ  SOa]a  KaV  a  bXffeW  SURPRWLRQ  LQ  ZKLcK  WKe  SULce  Rf  a  bXffeW                  
LQcOXdLQJ  beef  LV  PRUe  e[SeQVLYe  WKaQ  RQe  WKaW  SURYLdeV  SRUN  aQd  RWKeU  PeaWV.  MaQ\  UeVWaXUaQWV                 
LQ  TKaLOaQd  WeQd  WR  add  WKe  PaUNeW  YaOXe  Rf  WKeLU  dLVKeV  b\  LQcOXdLQJ  beef  RQ  WKe  bXffeW.  FRU                    
bXffeW  LQcOXdLQJ  beef,  LW  ZLOO  add  XS  WR  100  baKW  e[WUa  cRPSaUed  WR  WKe  VWaQdaUd  bXffeW.  AQ                   
adYeUWLVePeQW   SRVWeU   Rf   a   bXffeW   aW   BaU   B   Q   SOa]a   LV   VKRZQ   LQ   FLJ   1.2.   

    
  

Figure   1.2     BaU   B   Q   POa]a   aQd   AKA   bXffeW   PeQX   (WRQJQaL) 5   
IQ  eaUO\  2020,  WKeUe  ZaV  aQ  RXWbUeaN  Rf  cRXQWeUfeLW  beef  VeOOLQJ  aW  a  ORcaO  PaUNeW 6  LQ                  

TKaLOaQd.  SLQce  WKe  SULce  Rf  SRUN  aQd  beef  LV  VLJQLfLcaQWO\  dLffeUeQW,  VRPe  XQVcUXSXORXV  bXWcKeUV                
VeOO  ³faNe´  beef  WKaW  acWXaOO\  LV  PaULQaWed  SRUN  (SRUN  ZLWK  beef  bORRd).  TKe  LOOXVWUaWLRQ  Rf  WKe                  

MeaW   cXWV   PUice   (Thai   BahW/kg)   

Beef,   meaW,   UaZ   230-250   

Beef,   lRiQ/UXmS,   UaZ   230-270   

Beef,   WeQdeUlRiQ,   UaZ   300-400   

Beef,   bell\,   UaZ   210-230   

PRUk,   UXmS,   UaZ   145-150   

PRUk,   VhRXldeU,   UaZ   145-150   

PRUk,   lRiQ,   UaZ   150-155   

PRUk,   WeQdeUlRiQ,   UaZ   160-165   

PRUk,   bell\,   UaZ   165-170   

ChickeQ,   ZiQg,   UaZ   70-75   

ChickeQ,   dUXmVWick/   Whigh,   UaZ   60-65   

ChickeQ,   WeQdeUlRiQ,   UaZ   60-70   

ChickeQ,   bUeaVW,   UaZ   60-75   
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dLffeUeQW  SULceV  Rf  beef  aQd  SRUN  LV  VKRZQ  LQ  FLJ  1.3  ZKLcK  LQdLcaWeV  WKaW  beef  caQ  be  VROd  aW  a                      
KLJKeU   SULce   cRPSaUed   WR   SRUN   LQ   a   PaUNeW.   

Figure   1.3    CRPSaULVRQ   Rf   PaUNeW   SULce   LQ   beef   aQd   SRUN . 1     (IQfRUPaWLRQ   aQd   cRPPXQLcaWLRQ   
TecKQRORJ\   CeQWeU   )     

*TKe   SULce   PeQWLRQed   LV   aYeUaJed.   
  

OQ  AXJXVW  1VW,  2020  TKe  HaOaO  ScLeQce  CeQWeU  CKXOaORQJNRUQ  UQLYeUVLW\  UeSRUWed  WKaW              
29  Rf  42  beef  VaPSOeV  RbWaLQed  fURP  beef  cRQVXPeUV  ZeUe  faNe.  TKe\  ZeUe  SRUN  PaULQaWed  ZLWK                  
cRZ  bORRd,  RU  d\ed  ZLWK  fRRd  cRORXU.  US  WR  70%  Rf  WKe  cROOecWed  VaPSOeV  (19  VaPSOeV)  ZeUe                   
bRXJKW  fURP  WKe  RQOLQe  PaUNeW.  HaOaO  ScLeQce  CeQWeU  XVed  PRO\PeUaVe  CKaLQ  ReacWLRQ  RU  PCR                
WecKQLTXe 7  WR  deWecW  SLJ  DNA  LQ  VXVSecWed  PeaW  VaPSOeV.  TKLV  QeZV  SRVWed  b\  MXVOLP  TKaL  PRVW,                  
aQ  RQOLQe  QeZVSaSeU  UeOaWed  WR  MXVOLPV  LQ  TKaLOaQd 8 .  FLJ  1.4  dLVSOa\V  beef,  SRUN  VWaLQed  ZLWK                 
cRZ   bORRd   aQd   VXVSecWed   beef   WKaW   ZeUe   UeSRUWed   RQ   WKe   QeZV.  

  

  
   Figure   1.4     Beef,    SRUN    VWaLQed   ZLWK   cRZ   bORRd,   aQd   VXVSecWed   beef   UeVSecWLYeO\.   (PRVWWRda\) 6   
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TKe  cRXQWeUfeLW  beef  VROd  LQ  a  ORcaO  PaUNeW  LPSacWV  RQ  YaULRXV  VecWRUV.  IW  LQfULQJeV                
cRQVXPeU  ULJKWV,  aQd  KaV  bad  effecWV  RQ  cRQVXPeU  KeaOWK  dXe  WR  LWV  PaQXfacWXUeU  SURceVV.                
BeVLdeV,  WKeUe  aUe  VeYeUaO  UeOLJLRQV  ZKLcK  SURKLbLW  WKe  cRQVXPSWLRQ  Rf  SRUN  LQcOXdLQJ  IVOaP,  aQd                
JXdaLVP.  IQ  WKe  HRO\  QXUaQ  Rf  IVOaP  PeQWLRQV  abRXW  KaOaO  aQd  KaUaP  fRRd,  ZKLcK  KaOaO  fRRdV  aUe                   
SeUPLWWed  WR  cRQVXPe 9 .  OQ  WKe  cRQWUaU\,  KaUaP  fRRd  LV  e[SOLcLWO\  fRUbLddeQ  RU  QRW  aOORZed  WR                 
cRQVXPe  VXcK  aV  SRUN  PeaW  aQd  SURdXcWV  fURP  SRUN.  SR  PXOLVPV  UeTXLUe  KaOaO  aXWKeQWLcaWLRQ  WR                 
eQVXUe  WKeLU  dLeW.  TKLV  LV  aOVR  LQ  accRUdaQce  ZLWK  WKe  JeZV.  FRU  JeZV,  WKeUe  LV  a  dLeWaU\  OaZ  caOOed                     
³KaVKUXW´ 10 .  IW  VWaWeV  WKaW  RQO\  aQLPaOV  WKaW  cKeZ  WKeLU  cXd,  KaYe  cORYeQ  KRRYeV,  aQd  aUe  fUee                  
fURP  dLVeaVe  aUe  aOORZed  WR  cRQVXPe.  TKXV,  SRUN  LV  SURKLbLWed.  TKe  RXWbUeaN  Rf  cRXQWeUfeLW  beef                 
LQ  TKaLOaQd  SXW  MXVOLP  aQd  JeZVLVK  VRcLeWLeV  LQ  a  dLffLcXOW  VLWXaWLRQ  aQd  LW  affecWV  WR  fRRd  e[SRUWV                   
aQd   WUXVW   Rf   WKe   cXVWRPeU,   eVSecLaOO\,   WR   WKe   JeZV   aQd   MXVOLP   cRPPXQLWLeV.   

FRU  SK\VLcaO  aSSeaUaQce,  WKe  cRORU  Rf  SRUN  LV  SaOeU  cRPSaUed  WR  beef.  TKXV,  XVLQJ  UeddLVK                
PeaW  acceOeUaWRUV 11  VXcK  aV  COeQbXWeURO,  ZLOSaWeURO,  aQd  RacWRSaPLQe  WKaW  acceOeUaWeV  WKe             
cRQYeUVLRQ  Rf  faW  LQWR  PXVcOeV,  aQd  UedXceV  faW  accXPXOaWLRQ  LQ  WLVVXeV  ZLWK  ROd  SRUN  RU  SRUN  caQ                   
UeddeQ  WKe  SRUN  cRORU.  TKeVe  acceOeUaWRU  VXbVWaQceV  aUe  KaUPfXO  WR  KXPaQ  KeaOWK.  AOWeUQaWLYeO\,               
WR  PaNe  cRXQWeUfeLW  beef  caQ  be  dRQe  b\  fRRd  RU  V\QWKeWLc  d\LQJ  SRUN  ZLWK  UeddLVK  cRORXU.                 
FXUWKeUPRUe,  WKe  eaVLeVW  LPLWaWLQJ  beef  PeWKRd  LV  WR  PaULQaWe  SRUN  ZLWK  cRZ  bORRd  VLQce  cRZ                 
bORRd  UeddeQV  SRUN  cRORU  aQd  PaNeV  WKe  VceQW  Rf  SRUN  VLPLOaU  WR  beef.  TKeUefRUe,  LW  LV  dLffLcXOW  WR                    
dLVcULPLQaWe   beWZeeQ   beef   aQd   cRXQWeUfeLW   beef   b\   LWV   aSSeaUaQce.   

MeaW  deWeUPLQaWLRQ  LQ  fRRd  ZaV  LPSRUWaQW  VLQce  LW  dReV  QRW  MXVW  daPaJe  WR  KXPaQ  KeaOWK                 
bXW  aOVR  affecWV  cXVWRPeU  WUXVW,  eVSecLaOO\  WKe  RQeV  LQ  UeOLJLRXV  UeVWULcWLRQV.  NRZada\V,  aQaO\WLcaO               
PeWKRdV  aQd  eOecWURSKRUeWLc  PeWKRdV  VXcK  aV  cKURPaWRJUaSK\ 12 ,  LPPXQRaVVa\ 13 ,  SRO\PeUaVe           
cKaLQ  UeacWLRQ,  aQd  UaQdRP  aPSOLfLcaWLRQ  Rf  SRO\PRUSKLc  DNA 14  ZeUe  XVed  WR  dLffeUeQWLaWe  W\SeV               
Rf  PeaWV.  AOWKRXJK  WKe\  SURYLde  KLJK  accXUac\  aQd  SUedLcWLRQ  bXW  WKeVe  fROORZLQJ  PeWKRdV  ZeUe                
WLPe-cRQVXPLQJ  aQd  UeTXLUed  adYaQced  OabRUaWRU\  VNLOOV  aQd  WKe\  dR  QRW  VXSSRUW  a  bURad  XVeU                
cRPPXQLW\.   

NeaU-IQfUaUed  VSecWURVcRS\  (NIRS)  ZaV  aQ  aOWeUQaWLYe  PeWKRd  WKaW  caQ  deWeUPLQe  YaULRXV             
cRPSRQeQWV  VXcK  aV  faW,  caUbRK\dUaWe,  aQd  SURWeLQ.  IW  ZaV  XVed  LQ  a  TXaQWLWaWLYe  deWeUPLQaWLRQ                
VLQce  LW  ZaV  a  QRQ-deVWUXcWLYe  aQd  OeVV  WLPe  cRQVXPLQJ  aQaO\WLcaO  PeWKRd.  MRUeRYeU,  NIRS               
VaPSOe  SUeSaUaWLRQ  LV  XQcRPSOLcaWed  cRPSaUed  WR  RWKeU  cKePLcaO  PeWKRdV.  NIRS  deWecWV  WKe              
OLJKW  WKaW  LV  VcaWWeUed  Rff  WKe  VaPSOe  PaWeULaOV,  WKLV  caQ  be  cRQVLdeUed  aV  NIRS  adYaQWaJeV  VLQce                  
WKe  aQaO\VLV  SURceVV  KaV  QR  effecW  RQ  WKe  VaPSOeV  LWVeOf.  TKeUefRUe,  WKe  VaPSOe  PaWeULaO  ZLOO  QRW                  
be  daPaJed  fURP  WKe  SURceVV.  TKLV  WecKQLTXe  ZLOO  be  baVed  RQ  WKe  PeaVXUePeQW  Rf  abVRUSWLRQ  LQ                  
800  -  2500  QP  RU  10,000  -  4000cP -1   ZKLcK  LV  WKe  NIR  UeJLRQ.  HRZeYeU,  WKe  NIR  VSecWUa  aUe                    
cRPSOLcaWed  WR  LQWeUSUeW.  TKe  PaWKePaWLcaO  PeWKRd  RU  cKePRPeWULc  PeWKRdV  VXcK  aV  SULQcLSaO              
cRPSRQeQW  aQaO\VLV  (PCA) 15  ZeUe  XVed  WR  LQWeUSUeW  WKe  daWa  RbWaLQed  fURP  NIRS.  SLQce  PCA  ZLOO                 
UedXce  WKe  QXPbeU  Rf  daWa  VeWV  aQd  caWeJRUL]e  LW  LQWR  WKUee  PaLQ  caWeJRULeV,  SULQcLSOe  cRPSRQeQW,                 
VcRUeV,  aQd  ORadLQJV.  TKLV  ZLOO  PaNe  dLVWLQJXLVKLQJ  aOO  dLffeUeQW  W\SeV  Rf  PeaW  VaPSOeV  SRVVLbOe.                
AOO  WKeVe  SURSeUWLeV  PaNe  NIRS  aQ  acceSWabOe  PeWKRd  LQ  WKe  fRRd  aQd  beYeUaJeV  LQdXVWU\.  TKeUe                 
aUe  VeYeUaO  OLWeUaWXUeV  SURYLQJ  WKe  XVe  Rf  NIRS  WecKQLTXe.  RaZ  PeaW  ZLWKRXW  JULQdLQJ  ZaV                
aQaO\Ved  fLUVWO\  LQ  1991.  TKe  TXaOLWLeV  Rf  beef  cXWV  ZeUe  deWeUPLQed  b\  WKe  SK\VLcaO  aQd  cKePLcaO                  
cKaUacWeULVWLcV  XVLQJ  NIRS  ZLWK  PXOWLSOe  OLQeaU  UeJUeVVLRQ  aV  a  caOLbUaWLRQ  PeWKRd 16 .  TKe              
RXWcRPe  Rf  WKe  e[SeULPeQW  cRQcOXded  WKaW  WKe  NIRS  WecKQLTXe  LV  feaVLbOe  LQ  PeaW  TXaOLW\                
deWeUPLQaWLRQ.  TKe  fLUVW  RQ-OLQe  NIRS  aSSOLcaWLRQ  ZaV  XVed  WR  deWeUPLQe  faW,  PRLVWXUe,  aQd               
SURWeLQ  cRQWeQW  LQ  JURXQd  beef  ZaV  UeSRUWed  LQ  1996.  TKe  aQaO\VLV  ZaV  dRQe  WR  eYaOXaWe  WKe  PeaW                   
TXaOLW\.  NIRS  LQVWUXPeQW  ZaV  SaOace  aW  WKe  PeaW  JULQdeU,  XVLQJ  WKe  PXOWLSOe  OLQeaU  UeJUeVVLRQ  aV  a                  
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caOLbUaWLRQ  PeWKRd 17 .  T¡UJeUVeQ  eW  aO.  (1999) 18  VWaWed  WKaW  NIRS  WecKQLTXe  caQ  aOVR  be  XVed                
dXULQJ  WKe  PaVV  SURdXcWLRQ  SURceVV  fRU  LQdXVWULaO  facWRULeV.  NIRS  SeUfRUPaQce  cRXOd  be  dRQe               
cRQWacW-OeVV  ZLWK  PXOWLOLQeaU  UeJUeVVLRQ  fRU  WKe  deWeUPLQaWLRQ  Rf  faW,  ZaWeU  aQd  SURWeLQ  cRQWeQW  LQ                
bRWK   beef   aQd   SRUN.   TKe   NIRS   ZaV   cRQVLdeUed   a   XVefXO   PeWKRd   fRU   JULQdLQJ   PeaW.   

   Figure.   1.5    IOOXVWUaWLRQ   Rf   RQOLQe   NIRS   V\VWeP   RQ   WKe   PeaW   JULQdLQJ   SURceVV 17   

  
AdXOWeUaWLRQ  ZaV  aOVR  a  cRPPRQ  LVVXe  LQ  WKe  PRdeUQ  eUa.  MeaW  adXOWeUaWLRQ  ZaV  WKe                

SURceVV  Rf  PL[LQJ  RQe  W\Se  Rf  PeaW  ZLWK  aQRWKeU.  TKe  deWeUPLQaWLRQ  Rf  SRUN  adXOWeUaWLRQ  LQ  beef                 
PeaWbaOO  b\  KXVZaQdL  eW  aO.  (2015)  ZaV  dRQe  XVLQJ  NIRS  aORQJ  ZLWK  WKe  cKePRPeWULc  PeWKRdV                 
VXcK  aV  SaUWLaO  OeaVW-VTXaUe  (PLS) 19 .  PLS  LV  aQ  e[WeQVLRQ  Rf  WKe  PCA  PeWKRd,  LW  ZLOO  e[WUacW                  
SULQcLSaO  cRPSRQeQWV  aQd  cRUUeOaWe  WKeP  ZLWK  Y-bORcN  LQfRUPaWLRQ  WR  caOcXOaWe  WKe  OaWeQW              
YaULabOeV.  TKe  SRWeQWLaO  Rf  NIRS  ZaV  VXcceVVfXO  LQ  dLVWLQJXLVKLQJ  WKe  SRUN  adXOWeUaWLRQ  LQ  beef                
fRU  KaOaO  aXWKeQWLcaWLRQ.  NIRS  KaV  ZLde  aSSOLcaWLRQV,  deWeUPLQLQJ  WKe  cKePLcaO  cRPSRVLWLRQ  Rf              
WKe  VaPSOe  LV  RQe  Rf  WKeP.  TKe  VWXd\  Rf  DRXJOaV  eW  aO.  (2013)  VKRZV  WKe  effLcLeQc\  Rf  NIRS                    
WecKQLTXeV  LQ  deWeUPLQaWLRQ  Rf  cKePLcaO  cRPSRVLWLRQ  LQ  LQWacW  SRUN.  Ke\  PaMRU  cKePLcaO              
cRPSRQeQWV  LQ  SRUN  caQ  be  LdeQWLfLed  ZLWK  PLS  UeJUeVVLRQ  PRdeO  VXSSRUW 20 .  IQ  2016,  PULeWR  eW  aO.                  
UeSRUWed  WKe  XVe  Rf  NIRS  RQ  SLJ  eaUV  WR  dLVcULPLQaWe  WKe  SRUN  caUcaVV 21 .  TKLV  VWXd\  ZaV  dRQe  WR                    
aQaO\Ve  WKe  faWW\  acLd  cRPSRVLWLRQ  aQd  cRQWeQW.  HeQce,  WKe  NIRS  KaV  WKe  SRWeQWLaO  WR  dLVcULPLQaWe                
bRWK  WKe  cKePLcaO  cRPSRVLWLRQ  aQd  TXaOLW\  Rf  PeaW  caUcaVVeV.  FLJ.  1.6.  dePRQVWUaWed  WKe  RYeUaOO                
NIRS  V\VWeP  XVed  LQ  PRVW  VWXdLeV.  IQ  WKLV  VWXd\,  WKe  NIRS  ZaV  XVed  fRU  WKe  deWeUPLQaWLRQ  Rf  beef                    
fURP  SRUN  adXOWeUaWed  ZLWK  cRZ  bORRd  RU  cRXQWeUfeLW  beef.  FURP  RXU  faU  NQRZOedJe,  WKeUe  ZaV  QR                  
UeVeaUcK   XVLQJ   NIRS   WecKQLTXe   RQ   WKLV   SaUWLcXOaU   WRSLc   befRUe.   
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Figure   1.6    OYeUYLeZ   VcKePe   Rf   aSSOLcaWLRQV   Rf   NIR   cRPbLQed   ZLWK   daWa   aQaO\VLV   RQ   
aJULcXOWXUe   SURdXcWV   LQ   RUdeU   WR   acceVV   SURdXcW   TXaOLW y   

  
IQ  WKLV  UeVeaUcK,  a  UaSLd  deWeUPLQaWLRQ  Rf  cRXQWeUfeLW  beef  XVLQJ  NIRS  cRPbLQed  ZLWK               

VWaWLVWLcaO  aQaO\VLV  ZaV  deYeORSed.  IQ  WKe  VWXd\,  WKe  beef  VaPSOeV  LQcOXdLQJ  beef  cROOaU,  beef               
URXQd  aQd  beef  ORLQ,  SRUN  VaPSOeV  LQcOXdLQJ  SRUN  cROOaU,  SRUN  URXQd,  aQd  SRUN  ORLQ,  aQd  SRUN                  
PaULQaWed  LQ  cRZ  bORRd  ZaV  SXUcKaVed  fURP  a  ceUWLfLed  PaUNeW  (SLaP  PaUaJRQ,  BaQJNRN).  SLQce                
dLffeUeQW  PeaWV  PLJKW  cRQWaLQ  dLffeUeQW  cRQWeQWV  Rf  cKePLcaO  cRPSRVLWLRQV.  TKe  deJUadaWLRQ             
SURceVV  Rf  WKe  PeaWV  ZaV  PRQLWRUed  b\  XVLQJ  TKeUPaO  JUaYLPeWULc  aQaO\VLV  (TGA).  TKe               
PROecXOaU  YLbUaWLRQ  SaWWeUQV  ZeUe  acTXLUed  b\  XVLQJ  NIRS  UefOecWaQce  PRde.  TKe  RbWaLQed  NIR               
VSecWUa  ZaV  WKeQ  LQWeUSUeWed  XVLQJ  PXOWLYaULaWe  daWa  aQaO\VLV  (caOOed  ³CKePRPeWULcV´).  TKLV             
LQYROYeV  SULQcLSaO  cRPSRQeQW  aQaO\VLV  (PCA)  ZLWK  aXWRPaWed  PC  VeOecWLRQ  XVLQJ  DaYLd-BRXOdLQ             
LQde[  (DBI)  WR  YLVXaOL]e  WKe  cOXVWeU  Rf  PeaW  baVed  RQ  NIR  VSecWUXP  SaWWeUQV.  FXUWKeUPRUe,  WKe                 
cOaVVLfLcaWLRQ  PRdeO  XVLQJ  LLQeaU  DLVcULPLQaQW  AQaO\VLV  (LDA)  ZaV  cRQVWUXcWed  WR  dePRQVWUaWe             
WKe  SeUfRUPaQce  Rf  cOaVV  SUedLcWLRQ.  TKLV  VWXd\  ZLOO  dePRQVWUaWe  WKe  SRWeQWLaO  Rf  NIRS               
cRPbLQLQJ   ZLWK   cKePRPeWULc   PeWKRdV   LQ   RUdeU   WR   dLVcULPLQaWe   cRXQWeUfeLW   beef.   

  

1.2   ReVeaUcK   ObMecWLYe   
TKe  aLP  Rf  WKLV  VWXd\  LV  WR  SURYLde  a  feaVLbOe  WecKQLTXe  fRU  UaSLd  deWeUPLQaWLRQ  Rf                 

cRXQWeUfeLW   beef   b\   XVLQJ   QeaU-LQfUaUed   VSecWURVcRS\   aORQJ   ZLWK   PXOWLYaULaWe   daWa   aQaO\VLV   
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1.3   ScRSe   RI   ZRUN   
GeQeUaWLQJ  UaSLd  deWeUPLQaWLRQ  Rf  cRXQWeUfeLW  beef  XVLQJ  NIRS  ZLWK  cKePRPeWULc            

PeWKRdV  ZaV  WKe  SXUSRVe  Rf  WKLV  VWXd\.  Beef  aQd  SRUN  VaPSOeV  XVed  LQ  WKLV  VWXd\  ZeUe  RbWaLQed                   
fURP  WKe  ceUWLfLed  VXSeUPaUNeW.  CRZ  bORRd  ZaV  RbWaLQed  fURP  a  ORcaO  bXWcKeU.  BRWK  PeaW  VaPSOeV                 
aQd  cRZ  bORRd  ZeUe  SXUcKaVed  LQ  BaQJNRN,  TKaLOaQd.  TKe  TKeUPR  ScLeQWLfLc�  NLcROeW�  LS5N               
FT-NIR  VSecWURPeWeU  ZLWK  e[WeQded  UaQJe  LQdLXP  JaOOLXP  aUVeQLde  (IQGaAV)  deWecWRU  ZaV  XVed              
WR  aQaO\Ve  WKe  VaPSOe.  TKe  aQaO\VLQJ  SURceVV  ZaV  dRQe  aW  URRP  WePSeUaWXUe.  IQWeUSUeWaWLRQ  Rf  WKe                 
NIRS  VSecWUXP  ZaV  dRQe  XVLQJ  WKe  MATLAB  YeUVLRQ  R2019B  SURJUaP.  PCA  aQaO\VLV  aQd               
SOMV   YLVXaOL]e   PaSV   ZeUe   SeUfRUPed   XVLQJ   WKe   MATLAB   SURJUaP .   
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CHAPTER   2   
THEORETICAL   BACKGROUND   

2.1   MeaW   QXWULWLRQ  
APRXQW  YaULaWLRQV  Rf  QXWULeQW  cRQWeQWV  LQ  PeaW  cRXOd  be  XVed  aV  a  JXLdeOLQe  fRU  WKe  NIR                  

VSecWUaO  aQaO\VLV.  SLQce  dLffeUeQW  QXWULeQW  cRPSRVLWLRQ  cRXOd  be  JeQeUaWed  WKe  dLffeUeQW  SaWWeUQV  Rf               
YLbUaWLRQaO  VSecWUa  eVSecLaOO\  LQ  WKe  LQfUaUed  UeJLRQV.  Beef  aQd  SRUN  aUe  PeaWV  ZKLcK  PaMRUO\                
dLVWULbXWed  WR  cRQVXPeUV  aURXQd  WKe  ZRUOd.  TKe\  aUe  cRQVLdeUed  aV  Ued  PeaW  ZKLcK  LV  deULYed                 
fURP  PaPPaOV.  Red  PeaW  LV  RQe  Rf  WKe  PRVW  QRXULVKLQJ  aQd  eQeUJ\-ULcK  fRRd  SURdXcWV.  IW  PaLQO\                  
cRQVLVWed  Rf  ZaWeU,  SURWeLQV,  YLWaPLQV,  PLQeUaOV,  faWV,  aQd  faWW\  acLdV.  IW  LV  cRQVLdeUed  a  JRRd                 
VRXUce  Rf  KLJK-TXaOLW\  SURWeLQ.  A  SURWeLQ  LQ  PeaW  cRQWaLQV  aOO  aPLQR  acLdV  ZKLcK  aUe  eVVeQWLaO  WR                  
WKe  KXPaQ  bRd\.  IW  LV  aOVR  aQ  eQULcKed  VRXUce  Rf  B-cRPSOe[  YLWaPLQV  VXcK  aV  WKLaPLQe,  QLacLQ,                  
YLWaPLQ  B6,  aQd  B12.  MRUeRYeU,  YLWaPLQ  A,  D,  E  aQd  K  caQ  be  fRXQd  LQ  WKe  PeaW  RUJaQV.  AVLde                     
fURP  WKeVe  QXWULeQWV,  LURQ  (KePe  LURQ)  LQ  PeaW  LV  ZeOO  abVRUbed,  aURXQd  15-35%,  ZKLcK  LV  beWWeU                  
WKaQ  SOaQWV,  aQd  LQWeQVLfLeV  abVRUSWLRQ  Rf  LURQ  fURP  RWKeU  VRXUceV.  FXUWKeUPRUe,  Ued  PeaW  aOVR                
cRQWaLQV  faWV  aQd  faWW\  acLdV  LQcOXdLQJ  VaWXUaWed  faWW\  acLdV,  PRQRXQVaWXUaWed  faWW\  acLdV,              
SRO\XQVaWXUaWed  aV  ZeOO  aV  cKROeVWeURO 22 .  TKe  QXWULWLRQaO  cRPSRVLWLRQV  Rf  UaZ  beef  aQd  SRUN  LV                
VXPPaUL]ed   LQ   TabOe   2.1   

   
Table   2.1     NXWULWLRQaO   cRPSRVLWLRQV   Rf   UaZ   beef   aQd   SRUN. 23   -   26     

  

NXWULeQWV   UQLW   Beef   (SeU   100   J)   PRUN   (SeU   100   J)   
EQeUJ\,   b\   caOcXOaWLRQ   NcaO   119   124   
MRLVWXUe   J   72.6   72.9   
PURWeLQ,   WRWaO   J   20.3   21.13   
FaW,   WRWaO   J   4.2   3.97   
AVK   J   3.1   1.07   
CaOcLXP   PJ   4   6   
PKRVSKRUXV   PJ   216   245   
SRdLXP   PJ   85   100   
PRWaVVLXP   PJ   354   349   
IURQ   PJ   2.99   1.01   
CRSSeU   PJ   0.12   0.1   
ZLQc   PJ   2.4   1.83   

NXWULeQWV   UQLW   
Beef,  OeaQ,  UaZ  (SeU     
100   J)   

PRUN,  OeaQ,  UaZ  (SeU  100      
J)   

SeOeQLXP   �J   17.8   17.1   
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*   the   value   thiamin,   and   niacin   provided   by   beef,   loin,   raw   per   100g 2�   

2.1.1   PURWHLQ   DQG   DPLQR   DFLGV   
   PURWeLQ,  RQe  Rf  a  PacURQXWULeQW,  eVVeQWLaO  fRU  WKe  JURZWK  aQd  PaLQWeQaQce  Rf  WKe  bRd\                 

aQd  aOVR  SURYLdLQJ  eQeUJ\  ZKLcK  LV  YLWaO  fRU  WKe  KXPaQ  bRd\.  CKePLcaOO\,  SURWeLQ  LV  a  SRO\PeU  Rf                   
aPLQR  acLdV  ZKLcK  cRQVLVWV  Rf  QLWURJeQ,  caUbRQ,  K\dURJeQ,  R[\JeQ  aQd  VRPe  SURWeLQ  PLJKW               
cRQWaLQ  VXOfXU  aQd  SKRVSKRUXV  LQ  WKe  VWUXcWXUe 27 .  GeQeUaOO\,  WKe  aYeUaJe  SURWeLQ  cRQWeQW  LQ  UaZ  Ued                 
PeaW  LV  aSSUR[LPaWeO\  20-24  J  SeU  100  J.  PURWeLQ  LQ  cRRNed  Ued  PeaW  LV  VOLJKWO\  LQcUeaVed  WR                   
27-35  J  SeU  100  J  becaXVe  WKe  PRLVWXUe  cRQWeQW  decUeaVeV  dXULQJ  WKe  cRRNLQJ  SURceVV,  WKeUefRUe,                 
WKe  SURWeLQ  becRPeV  PRUe  cRQceQWUaWed 28 .  AccRUdLQJ  WR  TabOe  2.1,  Beef  KaV  OeVV  SURWeLQ  cRQWeQWV                
WKaQ  SRUN.  TKLV  cRXOd  be  caXVed  b\  dLffeUeQW  aPRXQWV  Rf  aPLQR  acLdV.  TKeUe  aUe  190  NQRZQ                  
aPLQR  acLdV,  KRZeYeU  RQO\  20  aUe  UeTXLUed  WR  JeQeUaWe  SURWeLQ  VWUXcWXUeV.  AOO  eVVeQWLaO  aPLQR                
acLdV  LQcOXdLQJ  LVROeXcLQe,  OeXcLQe,  O\VLQe,  PeWKLRQLQe,  SKeQ\OaOaQLQe,  WKUeRQLQe,  WU\SWRSKaQ  aQd            
YaOLQe  aV  ZeOO  aV  aUJLQLQe  aQd  KLVWLdLQe  deVcULbed  aV  VePL-eVVeQWLaO  aPLQR  acLdV  cRXOd  be  fRXQd  LQ                  
Ued  PeaW 23 .  FURP  TabOe  2.2,  WKe  cRQWeQWV  Rf  OeXcLQe  aQd  O\VLQe  aUe  VLJQLfLcaQWO\  KLJKeU  WKaQ  WKe                  
RWKeUV  aQd  WKe\  PRVWO\  SUeVeQW  LQ  beef  UaWKeU  WKaQ  SRUN.  SWXdLeV  UeSRUWed  WKaW  cRQWeQWV  Rf                 
LVROeXcLQe,  PeWKLRQLQe,  SKeQ\OaOaQLQe,  YaOLQe,  aQd  aUJLQLQe  LQ  WKe  PeaW  LQcUeaVed  SURSRUWLRQaOO\             
ZLWK  LWV  aJe 29 .  FXUWKeUPRUe,  WKe  eVVeQWLaO  aPLQR  acLd  cRQWeQWV  dLYeUJe  LQ  dLffeUeQW  SaUWV  Rf  WKe                 
caUcaVV.  IQ  WKe  QRQ-eVVeQWLaO  aPLQR  acLdV  SaUW,  JOXWaPLc  acLd  RU  JOXWaPLQe  SUeVeQWLQJ  LQ  Ued  PeaW                 
KaV   WKe   KLJKeVW   cRQWeQWV   (abRXW   15%).   
    
Table  2.2  EVVeQWLaO  aQd  QRQ-eVVeQWLaO  aPLQR  acLdV  SUeVeQWed  LQ  beef  aQd  SRUN.  TKe  daWa  KaV  beeQ                   
UeSRUWed   b\   AKPad   eW   aO   (2018) 30   

  

TKLaPLQ   PJ   0.05*   0.84   
NLacLQ   PJ   5.59*   5.7   
FaWW\  acLdV,  WRWaO    
VaWXUaWed  J   1.91   1.52   
FaWW\  acLdV,  WRWaO    
PRQRXQVaWXUaWed   J   1.15   1.98   
FaWW\  acLdV,  WRWaO    
SRO\XQVaWXUaWed   J   0.19   0.65   
FaWW\  acLdV,  WRWaO  RPeJa-3     
SRO\XQVaWXUaWed   J   0.03   0.01   
CKROeVWeURO   PJ   65   45   

EVVeQWLaO   aPLQR   acLdV   
APLQR   acLdV   Beef   PRUN   
HLVWLdLQe   2.8   3.1   
IVROeXcLQe  5   4.8   
LeXcLQe   8.5   7.6   
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2.1.2    FDWV   
  FaWV  aUe  aOVR  RQe  Rf  WKe  WKUee  PaMRU  PacURQXWULeQWV,  aV  ZeOO  aV  caUbRK\dUaWeV  aQd  SURWeLQV.                 

FaWV  aUe  OLSLdV  cRQVLVWLQJ  Rf  WUL-eVWeUV  Rf  JO\ceURO  aQd  faWW\  acLdV  RU  WULJO\ceULdeV.  TKeUe  aUe  WKUee                  
PaLQ  W\SeV  Rf  faWV  e[LVWLQJ  LQ  PeaW;  LQWeUPXVcXOaU  faW  ZKLcK  LV  faWV  fRXQd  beWZeeQ  WKe  PXVcOeV,                  
LQWUaPXVcXOaU  faW  RU  faWV  PaUbOLQJ  ZLWKLQ  PXVcOeV,  aQd  VXbcXWaQeRXV  RU  YLVLbOe  faWV  WKaW  aUe  fRXQd                 
beORZ  WKe  PeaW  VNLQ 28 .  DLffeUeQW  W\SeV  Rf  faWV  cRXOd  be  a  VSecLfLcaWLRQ  LQ  RUdeU  WR  dLVWLQJXLVK                  
beWZeeQ   beef   aQd   SRUN   b\   aSSeaUaQce.   

IQWeUPXVcXOaU   faW   
 FaWV  WKaW  aUe  ORcaWed  beWZeeQ  WKe  PXVcOeV,  aQd  JeQeUaOO\  VXUURXQd  WKe  PRYLQJ  PXVcOeV               
aUea.  TKe  aUea  beWZeeQ  bRQe  aQd  SRLQWV  Rf  PXVcOe  aWWacKPeQWV  LV  aOVR  fLOOed  ZLWK  faWV  ZKLcK  aUe                   
deVcULbed  aV  LQWeUPXVcXOaU  faWV.  IW  acWV  aV  a  bXffeU  aQd  UedXceV  fULcWLRQ  fURP  PXVcOe  PRYePeQW.                 
TKeUefRUe,  LW  LV  SaUWLcXOaUO\  fRXQd  LQ  WKe  OeJV,  QecN,  aQd  WKRUa[  SaUW  Rf  aQLPaO  PeaW 31 .  FLJ  2.1                   
VKRZV   WKe   LQWeUPXVcXOaU   faW   SUeVeQWed   LQ   beef   aQd   SRUN.   

L\VLQe   8.2   7.9   
MeWKLRQLQe   2.2   2.6   
PKeQ\OaOaQLQe   4.1   4.3   
TKUeRQLQe  4.2   5.2   
TU\SWRSKaQ   1.3   1.5   
VaOLQe   5.6   5.2   
AUJLQLQe   6.4   6.6   
C\VWLQe   1.5   1.2   
NRQ-eVVeQWLaO   aPLQR   acLdV   
APLQR   acLd   Beef   PRUN   
PUROLQe   5.2   4.4   
GOXWaPLc   acLd   14.3   14.6   
AVSaUWLc   acLd   8.9   8.8   
GO\cLQe   7.2   6   
T\URVLQe  3.3   3.1   
SeULQe   3.9   4.1   
AOaQLQe   6.3   6.4   
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  (A)   (B)   
Figure   2.1     IQWeUPXVcXOaU   faW   SUeVeQWV    LQ   (A)   WKe   cKXcN   SaUW   Rf   WKe   beef   caUcaVV 31    aQd   (B)   WKe   

QecN   SaUW   Rf   WKe   SRUN   caUcaVV 32   

IQWUaPXVcXOaU   faW   
  IQWUaPXVcXOaU  faWV  aUe  ORcaWed  beWZeeQ  PXVcOe  ceOOV,  aQd  LQ  WKe  OaWeU  VWaJe  Rf  WKe  JURZWK                 

SURceVV  LWV  deSRVLWLRQ  LQcUeaVeV.  MaUbOLQJ  deVcULbeV  LQWUaPXVcXOaU  faWV  LQ  WKe  PeaW  LQdXVWU\,  LW               
RXWVWaQdLQJO\  LPSacWV  RQ  fUeVK  PeaW  PaUNeWLQJ,  eVSecLaOO\  beef  cXWV.  MaUbOLQJ  YaULaWLRQ  deSeQdV              
RQ  WKeLU  JeQeWLc  WUaLWV,  Ve[  Rf  aQLPaOV,  KRUPRQeV,  aQd  JURZWK  VWaJe 31 .  MaUbOLQJ  LV  WKe  OaVW  W\Se  Rf                   
faW  WR  be  deSRVLWed,  LW  ZLOO  be  deSRVLWed  RQ  WKe  4WK  JURZWK  VWaJe  Rf  aQLPaOV.  IW  WaNeV  a  ORQJ  WLPe  WR                       
accXPXOaWe  LQ  aQLPaOV.  AV  WKe  UeVXOW  Rf  VORZ-JURZLQJ  bUeedV  Rf  cRZ,  PaUbOLQJ  LQ  beef  LV  cOeaUeU                  
WKaQ   SRUN 33 .   FLJ.   2.2   VKRZV   WKe   PaUbOLQJ   LQ   beef   aQd   SRUN.   

(A)      (B)   
Figure   2.2    AQ   e[aPSOe   Rf   dLffeUeQW   deSRVLWLRQ   Rf   PaUbOLQJ   SUeVeQWV   LQ   (A)   beef   aQd   (B)   SRUN 31      

SXbcXWaQeRXV   faW  
    SXbcXWaQeRXV  faW  LV  ORcaWed  XQdeU  WKe  VNLQ  Rf  aQLPaOV  aQd  LV  cRQVLdeUed  aV  WKe  JUeaWeVW                  

aPRXQW  Rf  faW  LQ  WKe  SRUN  caUcaVV.  IQ  SRUN,  VXbcXWaQeRXV  faW  LV  deSRVLWed  LQ  Oa\eUV  aQd  LV                   
VeSaUaWed  b\  cRQQecWLYe  WLVVXe  LQWR  WKe  WKUee  Oa\eUV  Rf  VXbcXWaQeRXV  faW 31  aV  VKRZQ  LQ  FLJ  2.3.                  
TKeVe  faW  Oa\eUV  aUe  cOeaUO\  dLVWLQJXLVKed  ZKeQ  WKe  aQLPaO  JURZV.  TKe  RXWeU  Oa\eU  LV  deSRVLWed  LQ                  
WKe  eaUO\  JURZWK  VWaJe,  aQd  PRUe  eVVeQWLaO  WR  SLJ  fRU  SK\VLRORJLcaO  fXQcWLRQV  aQd  adMXVWPeQW  WR                 
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WKe  eQYLURQPeQW.  AVLde  fURP  LW,  VXbcXWaQeRXV  faW  aOVR  e[LVWV  LQ  caWWOe  aV  beef.  TKe  OaUJeVW  faW                  
deSRVLWLRQ  Rf  faW  caWWOe  (850  SRXQdV)  LV  LQ  WKe  UXPS,  KLQd  fOaQN,  ORZeU  ORLQ,  bULVNeW,  aQd  ceQWeU  Rf                    
WKe  VKRXOdeU.  DeSRVLWLRQ  Rf  faWV  LQ  WKeVe  aUeaV  SURWecWV  WKe  aQLPaO  fURP  bUXLVeV.  TKURXJKRXW  WKe                 
JURZWK   Rf   caWWOe   fURP   850   WR   1000   SRXQdV,   faWV   aUe   deSRVLWed   LQ   WKe   ORZeU   fOaQN.   

    
Figure   2.3     e[aPSOe   Rf   VXbcXWaQeRXV   faW   LQ   SRUN 3 1       

2.1.3   FDWW\   DFLGV   
Red  PeaW  cRQVLVWV  Rf  XQVaWXUaWed  faWW\  acLdV;  ROeLc  (C-18:1),  aOSKa-OLQROeLc  (C-18:2),             

OLQROeQLc  (C-18:3)  aQd  WKe  ORQJ-cKaLQ  faWW\  acLdV  LQcOXdLQJ  aUacKLdRQLc  (C-20:4)  acLd  ZKLcK  LV               
UeSRUWed  aV  eVVeQWLaO  faWW\  acLdV 34  SUeVeQWLQJ  LQ  TabOe  2.3.  VaULaWLRQ  RQ  faWW\  acLdV  cRPSRVLWLRQV                
deSeQdV  RQ  VSecLeV  ZKeWKeU  LW  LV  a  UXPLQaQW  RU  QRW.  TKe  dLJeVWLYe  cKaUacWeULVWLcV  Rf  UXPLQaQW                 
affecW  faWW\  acLd  cRPSRVLWLRQV.  AV  dXULQJ  dLJeVWLRQ  LQ  WKe  UXPLQaQW  OLNe  cRZV,  PRVW  Rf  WKe  dLeWaU\                  
XQVaWXUaWed  faWW\  acLdV  aUe  LVRPeULVed  aQd  K\dURJeQaWed  WR  VaWXUaWed  faWW\  acLdV  (VWeaULc  acLd)  b\                
UXPeQ  PLcURbLaO  eQ]\PeV 35 .  TKeUefRUe,  WKe  cRQWeQWV  Rf  VaWXUaWed  faWW\  acLdV  LQ  UXPLQaQW  PeaW               
(beef)  aUe  SUeVeQW  LQ  OaUJeU  aPRXQWV  WKaQ  QRQ-UXPLQaQW  SRUN  aV  VKRZQ  LQ  TabOe  2.3.  A                 
ZeOO-NQRZQ  WUaQV  faWW\  acLd  aV  cRQMXJaWed  OLQROeLc  acLd  (CLA)  LV  aOVR  SUeVeQWed  LQ  beef  becaXVe                 
Rf  WKe  bLRK\dURJeQaWLRQ  Rf  bacWeULa  LQ  UXPeQ  aOWKRXJK  WKe  aPRXQW  Rf  LW  LV  PLQLPaO 23 .  OQ  WKe                  
cRQWUaU\,  SRUN  VeePV  WR  KaYe  KLJKeU  cRQWeQWV  Rf  XQVaWXUaWed  faWW\  acLdV  cRPSaUed  WR  beef,  bXW  LWV                  
cRPSRVLWLRQ   LV   VWLOO   deWeUPLQed   b\   WKe   faWW\   acLd   SURfLOe   Rf   WKe   aQLPaO   feed.   

  
Table   2.3     CRPSRVLWLRQ   Rf   faWW\   acLdV   LQ   beef   aQd   SRUN 36   

  

FaW   aQd   WRWaO   faWW\   acLdV   (J)   Beef   (SeU   100   J)   PRUN   (SeU   100   J)   

TRWaO   faW   4.3*  4  
SaWXUaWed   FaW   1.74*  1.36  
CLV   -   MRQRXQVaWXUaWed   faWW\   acLdV   1.76*  1.5  
TRWaO   CLV-PUFA   0.2  0.69*  
Q-6   PUFA   0.17  0.61*  
Q-3   PUFA   0.07  0.09*  
TRWaO   TUaQV   0.14*  0.02  
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*TKe   YaOXeV   SUeVeQW   a   JUeaWeU   aPRXQW.   

2.1.4   9LWDPLQV   
Red  PeaW  LV  aQ  e[ceOOeQW  VRXUce  Rf  fLYe  Rf  WKe  B-cRPSOe[  (B1,  B2,  B3,  B6  aQd  B12).                   

AbRXW  WZR-WKLUd  Rf  WKe  daLO\  UeTXLUePeQW  Rf  YLWaPLQ  B12,  WRJeWKeU  ZLWK  25%  Rf  UecRPPeQded                
daLO\  LQWaNeV  fRU  ULbRfOaYLQ  (YLWaPLQ  B2),  QLacLQ  (YLWaPLQ3),  YLWaPLQ  B6  aQd  SaQWRWKeQLc  acLd  SeU                
100  J  Rf  Ued  PeaW  LV  SURYLded 25 .  MRUeRYeU,  YLWaPLQ  B12  LV  LPSRUWaQW  fRU  WKe  UeSOLcaWLRQ  SURceVV                  
Rf  DNA.  TKe  cRPSRVLWLRQ  Rf  YLWaPLQ  cRQWeQWV  aUe  LOOXVWUaWed  LQ  TabOe  2.4.  FROLc  acLd  aPRXQW  LQ                  
beef  LV  JUeaWeU  WKaQ  SRUN  ZKLOe  WKe  cRQWeQWV  Rf  WKLaPLQe  (YLWaPLQ  B1)  LQ  beef  LV  OeVV  aJaLQVW  SRUN.                    
VLWaPLQ   A   aQd   fROaWe   caQ   PRVWO\   be   fRXQd   LQ   Ued   PeaW   RUJaQV,   eVSecLaOO\,   OLYeU.   
  

Table   2.4    VLWaPLQ   cRPSRVLWLRQV   LQ   beef   aQd   SRUN 30   

  

   

2.1.5   MLQHUDOV   
AQ  LPSRUWaQW  dLeWaU\  VRXUce  Rf  bLRaYaLOabOe  PLQeUaOV,  aQd  WUace  eOePeQWV  caQ  be  fRXQd  LQ                

Ued  PeaW.  TKe  cRQWeQWV  Rf  PLQeUaOV  LQ  beef  aQd  SRUN  LV  LOOXVWUaWed  LQ  TabOe  2.5.  Red  PeaWV  VXcK  aV                     

TRWaO   BUaQcKed   0.08*  0.01  
CaSULQLc   acLd   (C10:0)   0  0  
LaXULc   acLd   (C12:0)   0  0  
M\ULVWLc   acLd   (C14:0)   0.1  0.04*  
PeQWadec\OLc   acLd   (C15:0)   0.02*  TUace  
PaOPLWLc   acLd   (C16:0)  0.97*  0.83  
SWeaULc   acLd   (C18:0)   0.59*  0.01  
AUacKLdLc   acLd   (C20:0)   0  0.01  

VLWaPLQ   XQLWV   
/   100   J   Rf   UaZ   PeaW   UQLW   Beef   PRUN   

VLWaPLQ   A   LX   TUace  TUace  
VLWaPLQ   D   LX   TUace  TUace  
TKLaPLQe   (YLWaPLQ   B1)   PJ   0.006  1.2  
RLbRfOaYLQ   (YLWaPLQ   B2)   PJ   0.21  0.21  
NLacLQ   (YLWaPLQ   B3)   PJ   5.1  5.2  
VLWaPLQ   B6   PJ   0.2  0.4  
VLWaPLQ   B12   PJ   2  2  
PaQWRWKeQLc   acLd   PJ   0.5  0.5  
FROLc   acLd   �J   9  2  
BLRWLQ   �J   2  5  
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beef  aQd  SRUN  aUe  a  JRRd  VRXUce  Rf  LURQ  aQd  ]LQc.  SLQce  dLeWaU\  LURQ  e[LVWV  LQ  WZR  fRUPV:  KePe                     
LURQ  aQd  QRQ-KePe  LURQ,  ZKLcK  KePe  LURQ  LV  deULYed  fURP  WKe  KePRJORbLQ  aQd  P\RJORbLQ  VR  LW                  
cRXOd  RQO\  be  fRXQd  LQ  PeaW  SURdXcWV.  IW  LV  abOe  WR  eaVLO\  be  abVRUbed  LQ  WKe  LQWeVWLQaO  OXPeQ,  aQd                     
XWLOL]ed  b\  WKe  bRd\ 37 .  AOWKRXJK  LURQ  LV  aYaLOabOe  LQ  PaQ\  fRRd  SURdXcWV,  KePe  LURQ  fRUP                 
SUeVeQWV  RQO\  LQ  PeaW.  IQ  beef,  LURQ,  aQd  ]LQc  cRQWeQWV  aUe  JUeaWeU  WKaQ  LQ  SRUN.  SeOeQLXP,  cRSSeU                   
aQd  SRWaVVLXP  LQ  beef  aUe  aOVR  VOLJKWO\  JUeaWeU.  OQ  WKe  cRQWUaU\,  caOcLXP,  SKRVSKRUXV,  VRdLXP,                
aQd   PaJQeVLXP   cRQWeQWV   LQ   SRUN   aSSeaU   WR   be   KLJKeU   cRPSaUed   WR   beef.   
  

Table   2.5     MLQeUaO   cRPSRVLWLRQ   LQ   beef   aQd   SRUN    26,   30   

  

  

2.2   NeaU-IQIUaUed   SSecWURVcRS\   (NIRS)   
  NeaU-IQfUaUed  VSecWURVcRS\  (NIRS)  LV  a  QRQ-deVWUXcWLYe  aQd  effLcLeQW  PeWKRd  ZLWK            
VLPSOLcLW\  LQ  VaPSOe  SUeSaUaWLRQ  WKaW  KaV  beeQ  SURYed  WR  be  WKe  PRVW  SURPLVLQJ  RQ/LQ  OLQe                 
deWecWLRQ  PeWKRdV  LQ  fRRd  aQd  PaQ\  LQdXVWULeV.  NIRS  aQaO\VLV  LV  caSabOe  Rf  UaSLd  deWeUPLQaWLRQ                
Rf  faW,  ZaWeU,  SURWeLQ,  aQd  PaQ\  RWKeU  cRPSRQeQWV  VLPXOWaQeRXVO\.  TKe  PaLQ  cRPSRQeQWV  Rf  WKe                
NIRS  V\VWeP  aUe  OLJKW  VRXUce,  OLJKW-LVROaWLQJ  PecKaQLVPV,  deWecWRU,  aQd  VaPSOLQJ  deYLceV             
(FLJXUe   2.4).   

  
Figure   2.4    CRPSRQeQW   SaUWV   Rf   a   NIRS   PeaVXUePeQW   V\VWeP    38   

MLQeUaOV   (SeU   100   J   Rf   UaZ   PeaW)   UQLW   Beef   PRUN   

CaOcLXP   PJ   4  6  
PKRVSKRUXV   PJ   216  245  
SRdLXP   PJ   85  100  
PRWaVVLXP   PJ   354  349  
IURQ   PJ   2.99  1.01  
CRSSeU   PJ   0.12  0.1  
ZLQc   PJ   2.4  1.83  
SeOeQLXP   �J   17.8  17.1  
MaJQeVLXP   PJ   24.4  26.2  
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DaWa  cROOecWLRQ  PRdeV  Rf  WKe  NIRS  V\VWeP  cRQVLVW  Rf  WKUee  dLffeUeQW  PRdeV,              

WUaQVPLWWaQce,  LQWeUacWaQce,  aQd  UefOecWaQce.  TUaQVPLWWaQce  PRde  ZaV  VXLWabOe  fRU  OLTXLd  VaPSOe             
aQaO\VLV  VLQce  WKe  deWecWRU  ZaV  SOaced  LQ  WKe  RSSRVLWe  VLde  Rf  LOOXPLQaWLRQ,  LW  ZLOO  PeaVXUe  WKe                  
aPRXQW  Rf  OLJKW  WKaW  LV  WUaQVPLWWed  WKURXJK  WKe  VaPSOe.  IQWeUacWaQce  PRde  ZaV  WKe  cRPbLQaWLRQ                
UefOecWaQce  aQd  WUaQVPLWWaQce  PRde.  TKLV  PRde  LV  VXLWed  fRU  OaUJe  VaPSOeV.  RefOecWaQce  PRdeV               
aUe  VXLWed  fRU  VROLd  aQd  SRZdeUed  VROLd  VaPSOeV.  TKe  deWecWRU  LQ  UefOecWaQce  PRde  ZaV  SOaced  aW                  
WKe  VaPe  VLde  Rf  WKe  OLJKW  VRXUce  WR  PeaVXUe  WKe  UefOecWed  OLJKW  fURP  WKe  VaPSOe  VXUface.  TKeVe                   
dLffeUeQW  PRdeV  cRXOd  be  XVed  dLffeUeQWO\  accRUdLQJ  WR  WKe  W\Se  aQd  cRPSRQeQW  Rf  VaPSOe 38  aV                 
VKRZQ   LQ   FLJXUe   2.5.   

  

(A)   (B)      (C)     
Figure   2.5     ScKePaWLc   UeSUeVeQWaWLRQ   Rf   (A)   LQWeUacWaQce   (B)   UefOecWaQce   aQd   (C)   WUaQVPLWWaQce   

PRde    43   
  

NIRS  KaV  baVed  RQ  WKe  abVRUSWLRQ  Rf  eOecWURPaJQeWLc  UadLaWLRQ 39  aW  780  -  2500  QP,  aORQJ                 
ZLWK  WKe  SULQcLSOe  WKaW  WKe  OLJKW  Rf  WKe  VaPSOe  caUULeV  a  ZLde  UaQJe  Rf  LQfRUPaWLRQ  UeOaWed  WR  LWV                    
PROecXOaU  RYeUWRQe  aQd  cRPbLQaWLRQ  YLbUaWLRQ  ZKLcK  caQ  be  VeUYed  aV  a  VaPSOe  cRPSRQeQW  VXcK                
aV  SURWeLQ  (N-H),  faW  RU  ZaWeU  cRQWeQW  (C-H/O-H) 40 .  TKe  cRPbLQaWLRQ  Rf  YLbUaWLRQ  ZaV  caXVed  b\                 
WKe  LQWeUacWLRQ  Rf  WZR  RU  PRUe  YLbUaWLRQV.  IQ  a  JLYeQ  PROecXOe,  a  QRUPaO  PRde  fROORZLQJ  WKe                  
LQWeUQaO  aWRPLc  PRWLRQV  ZLOO  aOORZ  aOO  WKe  aWRPV  WR  PRYe  LQ  SKaVe  ZLWK  WKe  VaPe  fUeTXeQc\  bXW                   
dLffeUeQW  LQ  aPSOLWXde.  AVLde  fURP  WKe  QRUPaO  PRde  WUaQVLWLRQ  ZLOO  be  cRQVLdeUed  aV  aQ  RYeUWRQe.                 
TKLV  VRUW  Rf  WUaQVLWLRQ  LV  fRUbLddeQ  b\  WKe  VeOecWLRQ  UXOeV  Rf  TXaQWXP  PecKaQLcV.  HRRNe¶V  OaZ  RU                  
WKe  baVLc  OaZ  Rf  YLbUaWLRQaO  VSecWURVcRS\  ZaV  XVed  LQ  WKe  caOcXOaWLRQ  Rf  fXQdaPeQWaO  YLbUaWLRQV                
fRU  dLaWRPLc  PROecXOeV  LQ  IR 41 .  HRRNe¶V  OaZ  VWaWe  WKaW,  fRU  WZR  KaUPRQLc  RVcLOOaWRU,  fUeTXeQc\  Rf                 
YLbUaWLRQ   caQ   be   e[SUeVV   aV   

 ¬(cP )¬ ¬ ¬Ƭ 1  ¬ 1¬
2πc √ P1P2

k(P1¬+¬P2)  
  (C   =   VSeed   Rf   OLJKW,   K   =   5   î   10 5    d\QeV/cP)   

  
TKe  RYeUWRQe  baQdV  aUe  PXOWLSOeV  Rf  fXQdaPeQWaO  abVRUSWLRQ  fUeTXeQc\  ZKLcK  ZLOO  RccXU  ZKeQ  a                
YLbUaWLRQaO  PRde  LV  e[cLWed  fURP  JURXQd  VWaWe  ( v  =  0)  WR  VecRQd  e[cLWed  VWaWe  ( v  =  2),  WKLUd  ( v  =  3)                       
RU   fRXUWK   ( v    =   4)   e[cLWed   VWaWe   (FLJXUe   2.6).   
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Figure   2.6    EQeUJ\   OeYeOV   Rf   WKe   YLbUaWLRQ   WUaQVLWLRQ   VWaWe   Rf   dLaWRPLc   PROecXOe 41     
  

TKe  WUaQVLWLRQ  Rf  JURXQd  VWaWe  ( v  =  0  )  WR  VecRQd  e[cLWed  VWaWe  ( v  =  2)  ZLOO  UeVXOW  aV  fLUVW                      
RYeUWRQe.  TKe  WUaQVLWLRQ  Rf  JURXQd  VWaWe  WR  WKLUd,  fRXUWK,  aQd  fLfWK  e[cLWed  VWaWe  ZLOO  aOVR  UeVXOW  LQ                   
WKe   VecRQd   RYeUWRQe,   WKLUd   RYeUWRQe,   aQd   fRXUWK   RYeUWRQe,   UeVSecWLYeO\   (FLJXUe   2.7).   

  
  

Figure   2.7    DLaJUaP   Rf   NIR   UeJLRQV   cRUUeVSRQdLQJ   WR   RYeUWRQe   abVRUSWLRQ   Rf   cKePLcaO   fXQcWLRQaO   
JURXS 42   

   
TKe  RYeUWRQe  aQd  cRPbLQaWLRQ  baQdV  cRUUeVSRQd  WR  C-H,  N-H,  O-H,  aQd  C=O  JURXSV               

ZKRVe  PROecXOaU  VWUeWcKLQJ  aQd  beQdLQJ  abVRUb  LQ  WKe  IR  UeJLRQ.  TKeVe  baQd  aVVLJQPeQWV               
UeVSRQded   WR   VSecLfLc   cKePLcaO   cRPSRVLWLRQ   aV   VKRZQ   LQ   TabOe   2.6   
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Table   2.6     CKePLcaO   cRPSRVLWLRQ   WKaW   cRUUeVSRQd   WR   WKe   baQd   aVVLJQPeQW   
  

    
TKLV  RYeUWRQe  WUaQVLWLRQ  ZLOO  e[ceed  WKe  fXQdaPeQWaO  WUaQVLWLRQ  ( )  LQ  WeUPV          ¬ 0¬ 1 ¬Y  ¬ ¬    

Rf  bRWK  eQeUJ\  aQd  ZaYeQXPbeU.  IQ  cRQWUaVW,  WKe  RYeUWRQe  ZaV  aQKaUPRQLc  RVcLOOaWRU  ZKLcK  JLYeV                
RXW  ZeaN  abVRUSWLRQ  baQdV  PaNLQJ  NIR  VSecWUa  cRPSOe[  aQd  KaUd  WR  LQWeUSUeW.  TKeUefRUe,               
cKePRPeWULcV  PeWKRdV  VXcK  aV  SULQcLSaO  cRPSRQeQW  aQaO\VLV  (PCA)  ZeUe  aSSOLed  LQ  RUdeU  WR               
cOaULf\   aOO   Rf   WKe   LQfRUPaWLRQ.   

WaYeQXPbeU   
(cP -1 )   

BaQd   aVVLJQPeQW   SWUXcWXUe   RefeUeQce   

4545   =C-H,   C=C   PRO\XQVaWXUaWed   
faWW\   acLdV   

43   

5102   -   5190   O-H   1 VW    VWUeWcKLQJ   WaWeU   cRQWeQW   
(MRLVWXUe)   

43   

5190   O-H   defRUPaWLRQ   WaWeU   cRQWeQW   
(MRLVWXUe)   

44   

5620   C-H   VWUeWcK   +   H-O-H   
defRUPaWLRQ   cRPbLQaWLRQ   

CeOOXORVe   +   WaWeU   45   

5753   -   5830   C-H   1 VW    VWUeWcKLQJ   FaWW\   acLdV/   FaW   43,   46   

6369   -   9200   N-H   2 Qd    RYeUWRQe   
   

PURWeLQ   46   

6890   O-H   2 Qd    VWUeWcKLQJ   WaWeU   cRQWeQW   
(MRLVWXUe)   

20   

7790   O-H   1 VW    RYeUWRQe   (ROH)   OLO   45   

9700   C-H   3 Ud    RYeUWRQe   AURPaWLc   47   

10204   O-H   3 Ud    VWUeWcKLQJ   WaWeU   cRQWeQW   
(MRLVWXUe)   

43   
   

17857   O   -   bLQdLQJ   SURWeLQ   O[\P\RJORbLQ   48   

19047   Fe-,   O-   bLQdLQJ   SURWeLQ   M\RJORbLQ   48   
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2.3   CKePRPeWULcV   
CKePRPeWULcV  LV  WKe  WRRO  fRU  e[WUacWLQJ  LQfRUPaWLRQ  fURP  PXOWLYaULaWe  cKePLcaO  daWa  WKaW              

XVeV  PaWKePaWLcaO  aQd  VWaWLVWLcaO  PeWKRdV.  CKePRPeWULcV  PeWKRdV  KaYe  becRPe  a  SRZeUfXO  daWa              
aQaO\VLV  PeWKRd  XVed  LQ  PaQ\  UeVeaUcK  fLeOdV  VLQce  LW  LV  caSabOe  Rf  aQaO\VLQJ  a  ZLde  YaULeW\  Rf                   
daWa   W\SeV.   

2.3.1   Principal   Component   Analysis   (PCA)   
PCA  LV  aQ  XQVXSeUYLVed  SaWWeUQ  UecRJQLWLRQ  WecKQLTXe  XVed  WR  dLVSOa\  SaWWeUQV  LQ              

PXOWLYaULaWe  daWa.  TKe  aLP  Rf  PCA  LV  WR  fLQd  WKe  SaWWeUQ  aQd  dLVSOa\  WKe  UeOaWLYe  SRVLWLRQV  Rf  daWa                    
SRLQWV  LQ  feZeU  dLPeQVLRQV  WR  VXPPaUL]e  WKe  LQfRUPaWLRQ  ZKLOe  fLOWeULQJ  RXW  QRLVe.  PCA  ZLOO                
UedXce  WKe  OaUJe  daWa  PaWULceV  b\  caSWXULQJ  WKe  YaULaQce  LQ  WeUPV  Rf  SULQcLSaO  cRPSRQeQWV  (PCV).                 
PULQcLSaO  CRPSRQeQWV  (PCV)  aUe  a  VeW  Rf  YaULabOeV  WKaW  aUe  XQcRUUeOaWed  (RUWKRJRQaO)  aQd  RUdeUed                
b\  WKe  Pa[LPXP  aPRXQW  Rf  YaULaQce  LQ  WKe  daWa.  TKe  fLUVW  PCV  deVcULbe  WKe  JUeaWeVW  VRXUce  Rf                   
YaULaWLRQ  ZLWKLQ  WKe  daWa  aQd  WKe  a[LV  Rf  fLUVW  PCV  ZLOO  OLe  aORQJ  WKe  JUeaWeVW  OLQe  Rf  YaULaWLRQ 49 .                    
TKe  VecRQd  PCV  RU  VecRQd  a[LV  ZLOO  OLe  aORQJ  WKe  Qe[W  JUeaWeVW  OLQe  Rf  YaULaWLRQ  aQd  OLeV  aW  WKe                     
ULJKW  aQJOeV  Rf  WKe  fLUVW.  TKLV  PaNeV  aOO  a[eV  LQdeSeQdeQW  fURP  eacK  RWKeU,  RU  RUWKRJRQaOLW\.  IQ  a                   
PCA   aOJRULWKP,   PaWUL[   fRUP   caQ   be   e[SUeVV   aV   
  

X   =   TP T    +   E   
(    X    =   daWa   PaWUL[,    T    =   VcRUe   PaWUL[,    P    =   ORadLQJ   PaWUL[,   aQd    E    =   UeVLdXaO   PaWUL[)   

  
TKLV  PCA  PRdeO  VWUXcWXUe  ZaV  LOOXVWUaWed  LQ  FLJ.  2.8.  AOO  daWa  VSecWUa  caQ  be  aQaO\Ved  XVLQJ  PCA                   
ZLWKRXW  aQ\  SUeSURceVV  PeWKRd  beLQJ  KeOd.  TKe  VcRUe  ZLOO  VKRZ  WKe  aSSaUeQW  YaULaWLRQ  LQ                
cRQceQWUaWLRQ.   LRadLQJ   ZLOO   dePRQVWUaWe   WKe   PeaQ   VSecWUa.     

Figure   2.8    LOOXVWUaWe   WKe   PCA   PRdeO 49   

  
TR  SeUfRUP  PCA,  cROXPQ  VcaOLQJ  RQ  WKe  daWa  LV  LPSRUWaQW  dXe  WR  WKe  aVVXPSWLRQ  WKaW  WKe                  

YaULaWLRQV  LQ  WKe  daWa  aOZa\V  deYLaWe  fURP  WKe  RULJLQ.  SeYeUaO  aOJRULWKPV  caQ  be  XVed  WR  SeUfRUP                  
PCA  PRdeOLQJ,  aQd  VKRXOd  JLYe  RXW  WKe  VaPe  UeVXOWV  ZKeQ  WKe  YaULaQce  LQ  WKe  daWa  LV  XQcKaQJed.                   
SLQJXOaU  YaOXe  decRPSRVLWLRQ  (SVD)  aQd  QRQ-OLQeaU  LWeUaWLYe  SaUWLaO  OeaVW  VTXaUeV  (NIPALS)             
ZeUe  cRPPRQ  aOJRULWKPV  XVed.  IQ  SVD 49 ,  daWa  PaWUL[  ( X )  ZaV  XVed  WR  SURdXce  WKUee  PaWULceV                 
ZKLcK   caQ   be   e[SUeVV   aV     

X   =   UDV T    +   E   
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( U,V    =   PaWULceV,    D    =   dLaJRQaO   PaWUL[)   
ZKeUe  U  cRQWaLQV  WKe  VaPe  cROXPQ  YecWRUV  aV  WKe  VcRUe  PaWUL[  (   T   ),   V T  LV  LdeQWLcaO  ZLWK  WKe                     
ORadLQJ  PaWUL[  ( P T )  bXW  LW  LV  QRUPaOL]ed  WR  OeQJWK  RQe  aQd   D  LV  a  dLaJRQaO  PaWUL[  cRQWaLQLQJ  WKe                    
VTXaUe  URRWV  Rf  eLJeQYaOXeV  e[WUacWed  fURP  X T X .  SVD  aOJRULWKP  ZLOO  e[WUacW  aOO  SRVVLbOe  PCV  LQ  a                  
VLQJOe  caOcXOaWLRQ  LQcOXdLQJ  XQdeVLUed  LQfRUPaWLRQ.  DXe  WR  WKLV,  a  OaUJe  daWa  PaWUL[  ZLOO  UeTXLUe                
ORQJeU   aQaO\VLQJ   WLPe   aQd   PRUe   VWRUaJe   VSace   RQ   WKe   cRPSXWeU.     

IQ  NIPALS  aOJRULWKPV 49 ,  RQO\  a  VLQJOe  cRPSRQeQW  ZLOO  be  caOcXOaWed  aW  a  WLPe  XQWLO  a                 
ceUWaLQ  QXPbeU  Rf  PCV  LV  UeacKed.  NIPALS  LV  VXLWabOe  fRU  a  OaUJe  daWa  PaWUL[  VLQce  RQO\  WKe                   
deVLUed  PCV  caQ  be  cKRVeQ  fRU  caOcXOaWLRQ.  TKLV  fROORZLQJ  VWeSV  PXVW  be  fROORZ  WR  caOcXOaWed  WKe                  
PCV   XVLQJ   a   daWa   PaWUL[   ( X ) [ :   

1. A  cROXPQ  Rf   X  ZLWK  WKe  JUeaWeVW  VXP  Rf  VTXaUe  (YaULaQce)  LV  deWeUPLQed  aQd  XVed  aV  WKe                   
LQLWLaO   VcRUe   YecWRU   ( t initial )   

2. LRadLQJ   YecWRU    p    LV   caOcXOaWed   b\   ¬TXQQRUP W X (¬W W ) ¬STXQQRUP  ¬ TiQiWiaO / T
iQiWiaO iQiWiaO  

3. NRUPaOL]ed   WKe   ORadLQJ   YecWRU   WR   XQLW   OeQJWK:    S S S ¬STQRUP  ¬ T
XQQRUP/ T

XQQRUP QRUP¬  
4. CaOcXOaWe   WKe   QeZ   VcRUe   YecWRU   b\     SWQeZ  X T

QRUP   
5. CKecN  fRU  cRQYeUJeQce  b\  cRPSaULQJ  WKe   aQd  .  TKe  VXP  Rf  VTXaUed  dLffeUeQceV        WiQiWiaO   WQeZ       

beWZeeQ  aOO  eOePeQWV  Rf  WKe  WZR  cRQVecXWLYe  VcRUe  YecWRUV  LV  caOcXOaWed.  If  WKe  YaOXe                
PeeWV  WKe  cULWeULRQ  (VPaOO  eQRXJK),  WKLV  LQdLcaWeV  WKaW  WKe  PC  KaV  beeQ  e[WUacWed;               
RWKeUZLVe,  UeSOace  ZLWK   aQd  UeWXUQ  WR  VWeS  2,  UeSeaWLQJ  XQWLO  cRQ-  YeUJeQce  LV    WiQiWiaO  WQeZ            
acKLeYed.   

6. ReVLdXaO  daWa  PaWUL[  ( X )  ZaV  caOcXOaWed  b\  VXbWUacWLQJ  WKe  e[WUacW  PC  fURP   X :               
 S ¬E  X W T  

7. If  LW  LV  deVLUed  WR  cRPSXWe  fXUWKeU  PCV,  VXbVWLWXWe  WKe  daWa  PaWUL[   X   ZLWK  UeVLdXaO  PaWUL[   E                   
aQd   UeWXUQ   WR   VWeS   2   

  
VaULRXV  SURSeUWLeV  fRU  eacK  cRPSRQeQW  cRXOd  be  deWeUPLQed  afWeU  WKe  VcRUeV  aQd  ORadLQJ               

ZaV  caOcXOaWed.  ELJeQYaOXe  ( )  ZaV  RQe  Rf  WKe  SURSeUWLeV  UeSUeVeQWLQJ  WKe  LPSRUWaQce  Rf  WKe     ƭ            
cRPSRQeQW.   TKe   eLJeQYaOXe   ZaV   caOcXOaWed   b\   WKe   VXP   Rf   WKe   VcRUeV   YecWRU   aOO    I    VaPSOeV:   

 ƭa  ∑
I

i¬=¬1
W2ia

¬

 

  
WKeUe   WKe   VXP   Rf   aOO   eLJeQYaOXe   LV   eTXaO   WR   WKe   VXP   Rf   VTXaUe   Rf   WKe   PaWUL[:   

 ∑
I

i¬=¬1
ƭa  ∑

J

j¬=¬1
∑
I

i¬=¬1
[2ij  

  
TKe  SeUceQWaJeV  Rf  WKe  WRWaO  aPRXQW  Rf  YaULaQce  ZaV  XVed  WR  deWeUPLQe  WKe  VLJQLfLcaQce  Rf  eacK                  
PC:   

 ƭ 00 ¬% a  
ƭa¬

∑
J

j¬ ¬1
∑
I

i¬ ¬1
[�ij

1  

IQ  PCA,  WKe  fLUVW  feZ  PCV  ZLOO  be  cRQVLdeUed  aV  WKe  PRVW  LPSRUWaQW  SLeceV  Rf  LQfRUPaWLRQ  VLQce                   
WKe  OaWeU  PCV  Pa\  cRQWaLQ  QRLVe.  HRZeYeU,  VRPe  bLRORJLcaO  VaPSOeV  PLJKW  LQfOXeQce  WKe               
e[SeULPeQW  cRQdLWLRQV  PaNLQJ  WKe  fLUVW  feZ  PCV  cRUUeOaWed  ZLWK  WKe  bacNJURXQd  Rf  WKe  VaPSOeV.                
TKeUefRUe,   WKe   XVefXO   LQfRUPaWLRQ   Pa\   be   SUeVeQWed   LQ   WKe   OaWeU   PCV.   
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2.3.2   Linear   Discriminant   Analysis   (LDA)   
LLQeaU  dLVcULPLQaQW  aQaO\VLV  (LDA)  LV  a  VXSeUYLVed  SaWWeUQ  UecRJQLWLRQ  XVed  aV  a              

dLPeQVLRQaOLW\  UedXcWLRQ  WecKQLTXe.  IW  ZaV  aQ  e[WeQVLRQ  PeWKRd  Rf  eXcOLdeaQ  dLVWaQce  WKaW  SRROed               
YaULaQce  cRYaULaQce  PaWUL[  ( S p )  LQ  WKe  dLVWaQce  caOcXOaWLRQ.  LDA  ZLOO  dLVSOa\  WKe  daWaVeW  LQWR  WKe                 
ORZeU-dLPeQVLRQaO  VSace  ZLWK  JRRd  cOaVV  VeSaUaWLRQ  WR  aYRLd  RYeUfLWWLQJ 50 .  TKe  dLVWaQce  beWZeeQ              
WKe  VaPSOeV  WR  WKe  cOaVV  ceQWURLd  LV  ZeLJKW  accRUdLQJ  WR  WKe  RYeUaOO  YaULaQce  Rf  eacK  YaULabOe.                  
MaKaOaQRbLV   dLVWaQce 49    ZaV   XVed   WR   caOcXOaWed   WKe   LDA   dLVWaQce   WR   WKe   cOaVV   ceQWURLd   ,  g  
  

 ¬dig  √([ )S ([ )¬i [g S
1

i [g T  
  

WKeUe    S p     LV   WKe   SRROed   cRYaULaQce   PaWUL[,   WKe   WZR   cOaVVeV   caQ   be   caOcXOaWed   aV   fROORZV:   
  

 SS  
(I 1)∑

G

g¬ ¬1
g

(I 1)S∑
G

g¬ ¬1
g g

 

  
WKeUe  LV  WKe  QXPbeU  Rf  VaPSOeV  LQ  cOaVV aQd  LV  WKe  YaULaQce  cRYaULaQce  PaWUL[  fRU  JURXS   Ig       g  Sg        

.  IQ  addLWLRQ,  WKe  SRROed  cRYaULaQce  PaWUL[  LV  YaOLd  Lf  WKe  cOaVVeV  cRQWaLQ  VLPLOaU  g               
YaULaQce-cRYaULaQce   PaWULceV,   RWKeUZLVe   WKLV   PaWUL[   ZLOO   QRW   be   accXUaWe.   

2.3.3   Davies-Bouldin   Index   (DBI)   
  

DaYLeV-BRXOdLQ  LQde[  (DBI)  LV  RQe  Rf  WKe  e[LVWLQJ  LQdLceV  XVed  LQ  cOXVWeU  VeSaUaWLRQ.               
COXVWeULQJ  ZaV  a  WecKQLTXe  XVed  WR  JURXS  daWa  SRLQWV  WKaW  aUe  VLPLOaU  accRUdLQJ  WR  WKe  cKRVeQ                  
VLPLOaULW\  PeWULc  aQd  ZeOO  VeSaUaWed.  DBI  ZaV  baVed  RQ  WKe  cRQceSW  Rf  dLVSeUVLRQ  Rf  a  cOXVWeU  aQd                   
dLYeUVLW\  beWZeeQ  WKe  cOXVWeUV.  DBI  ZLOO  eVWLPaWe  WKe  dLVWaQce  beWZeeQ  cOXVWeUV  aQd  WKeLU              
dLVSeUVLRQ  UeVXOWLQJ  LQ  WKe  YaOXe  WKaW  UeSUeVeQWV  WKe  TXaOLW\  Rf  WKe  SaUWLWLRQ.  DBI  caQ  be  e[SUeVVed                  
accRUdLQJ   WR   WKe   fROORZLQJ   eTXaWLRQ 51 :   

 B a[ ¬D k  ¬k¬
¬1¬ ∑

k

i¬=¬1
P ¬{ c ¬ ¬c|| i j||

diaP(c )+diaP(c )i j} 

(Pa[   =   Pa[LPXP   ( ))  , .., N, i  ¬j  1 . ¬ ¬ / j  
  

WKeUe,   WKe   dLaPeWeU   Rf   WKe   cOXVWeU   LV   defLQed   aV     

 iaP¬(c ) ¬d i  ( ¬1¬¬Q ¬i
∑
¬

[¬ ¬ci
[¬ ]¬| ¬

| ¬
¬| ¬
| ¬ ¬ i

¬| ¬
| ¬
¬| ¬
| ¬¬
2) ¬1 2/  

( =   QXPbeU   Rf   SRLQWV,   =   ceQWURLd   Rf   WKe   cOXVWeU   )  Qi ]i ci  
  

A  VPaOOeU  DBI  YaOXe  LQdLcaWeV  beWWeU  cOXVWeU  TXaOLW\  dXe  WKe  UaWLR  Rf  LQWUa-cOXVWeU  aQd  LQWeU-cOXVWeU                 
VLPLOaULW\ 52 .   TKeUefRUe,   WKLV   LQde[   ZaV   PLQLPL]ed   ZKeQ   WKe   beVW   QXPbeU   Rf   cOXVWeUV   ZeUe   defLQed.   
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CHA37E5   3   
E;3E5IME17   

3.1   LLVW   RI   ETXLSPeQW   aQd   IQVWUXPeQW   
1. NeaU-IQfUaUed   VSecWURPeWeU   (TKeUPR   ScLeQWLfLc�   NLcROeW�   LS5N   FT-NIR   VSecWURPeWeU)   
2. PeUNLQ   EOPeU   P\ULV   1   TGA   WKeUPRJUaYLPeWULc   aQaO\]eU     
3. CXWWLQJ   BRaUd   
4. KLWcKeQ   XWeQVLO   
5. BR[   CRQWaLQeU   

3.2   LLVW   RI   cKePLcaO   aQd   PaWeULaOV   
1. PRUN   (LRLQ,   URXQd,   cROOaU   SaUW)   
2. Beef   (LRLQ,   URXQd,   cROOaU   SaUW)   
3. CRZ   BORRd   

3.3   SaPSOe   cROOecWLRQ   &   SUeSaUaWLRQ   
RaZ  beef  aQd  SRUN  VaPSOeV  ZeUe  cROOecWed  fURP  ceUWLfLed  VXSeUPaUNeWV  LQcOXdLQJ             

GRXUPeW  PaUNeW  aQd  TRSV  VXSeUPaUNeW  LQ  BaQJNRN,  TKaLOaQd.  TKeUe  ZeUe  3  dLffeUeQW  SaUWV  Rf                
beef  aQd  SRUN  VaPSOeV  ZKLcK  LQYROYed  QecN  SaUW,  LRLQ  SaUW,  aQd  URXQd  SaUW.  TKe  cKRVeQ  PeaW                  
SaUWV  LQ  WKe  VWXd\  ZeUe  deWeUPLQed  baVed  RQ  WKe  VLPLOaULW\  Rf  WKeLU  SK\VLcaO  aSSeaUaQceV  beWZeeQ                 
SRUN  aQd  beef.  CRZ  bORRd  ZaV  SXUcKaVed  fURP  a  ORcaO  bXWcKeU  (SaSaQPaL  PaUNeW  bXWcKeU  )  LQ                  
BaQJNRN,   TKaLOaQd.   IW   ZaV   fXUWKeU   XVed   WR   PaULQaWe   SRUN   PaNLQJ   ³fUaXd´   beef.   

SaPSOe  Rf  WKe  WKUee  dLffeUeQW  SaUWV  Rf  fUeVK  beef  aQd  SRUN  ZeUe  SUeSaUed  SULRU  WR  fXUWKeU                  
daWa  acTXLVLWLRQ.  EacK  SaUW  Rf  bRWK  beef  aQd  SRUN  ZaV  cXW  LQWR  3  VTXaUe  SLeceV  ZLWK  3  cP  LQ  OeQJWK                      
bXW  dLffeUeQW  LQ  WKLcNQeVV  ZKLcK  LV  0.5  cP,  1  cP,  aQd  2  cP.  A  WRWaO  Rf  9  beef  VaPSOeV  aQd  9  SRUN                        
VaPSOeV  ZeUe  XVed  WR  UeSUeVeQW  PeaW  Rf  beef  aQd  SRUN,  UeVSecWLYeO\.  TR  JeQeUaWe  ³fUaXd´  beef,                 
SRUN  VaPSOeV  ZeUe  PaULQaWed  SUeVeUYed  LQ  cRZ  bORRd  aQd  VWRUed  LQ  a  UefULJeUaWRU  aW  4 R C.  TKe                  
PaULQaWed  WLPe  YaULed  fURP  6  KRXUV  WR  72  KRXUV.  AfWeU  PaULQaWLQJ,  WKe  e[ceVV  cRZ  bORRd  ZaV                  
eOLPLQaWed  XVLQJ  NLWcKeQ  WLVVXe  SaSeUV  VeYeUaO  WLPeV.  AOO  WKe  VaPSOeV  fXUWKeU  be  PeaVXUed  b\  NIR                 
VSecWURPeWeU.   AQ   RYeUYLeZ   dLaJUaP   Rf   VaPSOe   cROOecWLRQ   aQd   SUeSaUaWLRQ   LV   VKRZQ   LQ   FLJ   3.1.   
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Figure   3.1    OYeUYLeZ   VcKePe   Rf   VaPSOe   cROOecWLRQ   aQd   VaPSOe   SUeSaUaWLRQ   fRU   beef,   SRUN   aQd   

³fUaXd´   beef   (SRUN   PaULQaWed   LQ   beef   bORRd)   

3.4   TKeUPRJUaYLPeWULc   aQaO\VLV   (TGA)   
  TKe  WKeUPRJUaYLPeWULc  e[SeULPeQWV  ZeUe  cRQdXcWed  b\  XVLQJ  WKe  PeUNLQ  EOPeU  P\ULV  1              

TGA  WKeUPRJUaYLPeWULc  aQaO\]eU  WR  deWeUPLQe  WKe  WKeUPaO  beKaYLRUV  Rf  PeaW  VaPSOeV  LQYROYLQJ              
beef,  SRUN  aQd  SRUN  PaULQaWed  ZLWK  beef  bORRd.  AOO  PeaW  VaPSOeV  ZeUe  SUeSaUed  LQ  WKe  UaQJe  Rf                   
25  -  60  PJ.  TKe  TGA  V\VWeP  ZaV  caUULed  RXW  XQdeU  WKe  LQeUW  cRQdLWLRQ  ZLWK  QLWURJeQ  fORZ  Rf  20                     
PL/PLQ.  TKe  abVRUbed  ZaWeU  aQd  PRLVWXUe  RQ  WKe  VaPSOe  ZeUe  eOLPLQaWed  SULPaULO\  b\               
LVRWKeUPaO  KeaWLQJ  WKe  VaPSOe  aW  50Ʌ  fRU  2  PLQXWeV.  AfWeU  WKe  LVRWKeUPaO  VcaQ,  WKe  VaPSOeV  ZeUe                  
cRQWLQXRXVO\  KeaWed  fURP  50Ʌ  WR  800Ʌ  ZLWK  WKe  UaWe  Rf  20Ʌ/PLQ  WR  YLVXaOL]e  WKe  WKeUPaO                 
deJUadaWLRQ   beKaYLRUV.   

3.5   NeaU   LQIUaUed   VSecWUaO   daWa   acTXLVLWLRQ   
TKe  NIR  VSecWUa  Rf  UaZ  beef,  UaZ  SRUN,  aQd  adXOWeUaQW  SRUN  ZLWK  cRZ  bORRd  ZeUe                 

RbWaLQed  b\  XVLQJ  TKeUPR  ScLeQWLfLc�  NLcROeW�  LS5N  FT-NIR  VSecWURPeWeU  ZLWK  e[WeQded             
UaQJe  LQdLXP  JaOOLXP  aUVeQLde  (IQGaAV)  deWecWRU,  KLJK  LQWeQVLW\  KaORJeQ  OLJKW  VRXUce  aQd              
WePSeUaWXUe  VWabLOL]ed  VROLd-VWaWe  NeaU-IR  dLRde  OaVeU  SXUcKaVed  fURP  TKeUPR  FLVKeU  ScLeQWLfLc.             
TKe  NIR  VSecWUa  ZeUe  cROOecWed  ZLWK  UefOecWLRQ  PRde  ZLWK  -ORJ  1/R  XQLW.  EacK  VaPSOe  ZaV                 
VcaQQed  10  UeSeaWed  WLPeV  XVLQJ  a  VSecWUaO  UeVROXWLRQ  Rf  16,  ZLWK  UefOecWLRQ  PRde,  aQd                
ZaYeQXPbeUV  fURP  4000  WR  10000  cP -1 .  TKe  acTXLUed  daWa  ZeUe  VPRRWKed  b\  WKe  SaYLW]N\-GROa\                
fLOWeU  (3  ZLQdRZV)  aQd  SWaQdaUd  NRUPaO  VaULaWe  (SNV)  LQ  RUdeU  WR  eOLPLQaWe  PXOWLSOLcaWLYe               
LQWeUfeUeQceV  Rf  VcaWWeU  aQd  SaUWLcOe  VL]e.  AfWeU  VPRRWKLQJ,  WKe  daWa  ZeUe  WUeaWed  b\  cKePRPeWULc                
PRdeOOLQJ.   
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3.6   DaWa   aQaO\VLV  
CKePRPeWULcV  PeWKRdV  ZeUe  aSSOLed  WR  e[WUacW  RXW  RQO\  WKe  LQWeUeVWLQJ  YaULaWLRQV  fURP              

WKe  acTXLUed  daWa,  aQd  WKeLU  UeOaWLRQV  fRU  eVWabOLVKLQJ  RSWLPaO  caOLbUaWLRQ  PeWKRdV  WR  dLVWLQJXLVK               
WKe  dLffeUeQce  beWZeeQ  VaPSOeV.  IQ  WKLV  VWXd\,  MATLAB  VRfWZaUe  ZLWK  LQ-KRXVe  SURJUaPV  ZaV               
XVed  fRU  caOcXOaWLRQV,  YLVXaOL]LQJ  XQdeUO\LQJ  daWa  dLVWULbXWLRQ,  cOaVVLfLcaWLRQ  aQd  SUedLcWLRQ.  TKe             
acTXLUed  VSecWUaO  daWa  ZeUe  decRPSRVed  WR  dLYLde  WKe  YaULaWLRQ  Rf  NIR  VSecWUa  LQWR  VPaOOeU  SaUWV,                 
aQd  WKe  effecWLYe  YaULaWLRQV  ZeUe  VeOecWed  SUeSaUaWRU\  WR  fXUWKeU  aQaO\VLV.  TKe  VWeSV  Rf  daWa                
aQaO\VLV   aUe   VXPPaUL]ed   LQ   FLJ   3.2.   

  
Figure   3.2    SWeSV   Rf   daWa   aQaO\VLV   LQ   WKe   VWXd\   LQYROYLQJ   daWa   SUeSURceVVLQJ,   RXWOLeU   eOLPLQaWLRQ,   

ZaYeQXPbeU   VeOecWLRQ,   daWa   YLVXaOL]aWLRQ   aQd   cOaVVLfLcaWLRQ.     
  

SWHS   1:   SPRRWKLQJ   VSHFWUDO   GDWD   
TKe  UaZ  RbWaLQed  VSecWUaO  daWa  ZeUe  VPRRWKed  b\  WKe  SaYLW]N\-GROa\  fLOWeU  ZLWK  3               

ZLQdRZV  VL]eV.  TKeQ,  XVLQJ  VWaQdaUd  QRUPaO  YaULaWe  (SNV)  WR  eOLPLQaWe  WKe  LQfOXeQce  Rf               
bacNJURXQd   VKLfW.   TKe   VWaQdaUd   QRUPaO   YaULaWe   LV   caOcXOaWed   b\:   

  

 ¬X ¬i,j
SNV ¬

¬
 

(X¬ [¬ )i,j i

√ p 1

(x x¬ )¬∑
p

j 1
i,j i

�
 

  
=   WKe   eOePeQW   Rf   WKe   WUaQVfRUPed   VSecWUaO   daWa  ¬X i,j

SNV  
X i,M    =   WKe   cRUUeVSRQdLQJ   RULJLQaO   eOePeQW   Rf   WKe   VSecWUXP   L   aW   YaULabOe   M   

=WKe   PeaQ   Rf   VSecWUXP   L  X  
  P   =   WKe   QXPbeU   Rf   YaULabOeV   RU   ZaYeOeQJWKV   LQ   VSecWUXP     

SWHS   2:   OXWOLHUV   
DXe  WR  WKe  YaULabLOLW\  LQ  WKe  PeaVXUePeQW,  WKe  daWa  SRLQW  WKaW  LV  VLJQLfLcaQWO\  dLffeUeQW                

fURP  RWKeUV  VKRXOd  be  eOLPLQaWed.  IQ  WKLV  VWXd\,  WKe  RXWOLeUV  aUe  LQdLcaWed  b\  XVLQJ  WKe                 
LQWeUTXaUWLOe  UaQJe  (IQR)  ZKLcK  LV  a  PeaVXUePeQW  Rf  VWaWLVWLcaO  YaULabLOLW\  baVed  RQ  dLYLdLQJ  a                
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daWa  VeW  LQWR  TXaUWLOe  VR  WKaW  LV  defLQed  aV  WKe  dLffeUeQce  beWZeeQ  WKe  25-  aQd  75-SeUceQWLOe  PaUNV.                   
TKRVe   daWa   ZKLcK   KaV   YaOXeV   RXWVLde   1.5ௗîௗLQWeUTXaUWLOe   UaQJe   (IQR)   LV   deVcULbed   aV   RXWOLeUV.     

  

SWHS   3:   :DYHQXPEHU   SHOHFWLRQ   
VaULaQce  aQd  VWaQdaUd  deYLaWLRQ  ZaV  caOcXOaWed  WR  RSWLPaO  VeOecWLRQ  Rf  WKe  aSSURSULaWe              

ZaYeQXPbeU  fRU  fXUWKeU  aQaO\VLV.  SWaQdaUd  deYLaWLRQ  aQd  YaULaQce  aUe  bRWK  caOcXOaWed  b\  XVLQJ               
WKe  PeaQ  Rf  a  JURXS  Rf  QXPbeUV  LQ  RbWaLQed  daWa.  SWaQdaUd  deYLaWLRQ  LV  caOcXOaWed  aV  WKe  VTXaUe                   
URRW  Rf  YaULaQce  b\  fLJXULQJ  RXW  WKe  YaULaWLRQ  beWZeeQ  eacK  daWa  SRLQW  UeOaWLYe  WR  WKe  PeaQ.                  
VaULaQce  LV  a  PeaVXUePeQW  Rf  WKe  bURadeQLQJ  beWZeeQ  QXPbeUV  LQ  a  daWa  VeW.  IW  PeaVXUeV  KRZ  faU                   
eacK   QXPbeU   LQ   WKe   VeW   LV   fURP   WKe   PeaQ   aQd    fURP   eYeU\   RWKeU   QXPbeU   LQ   WKe   VeW.   

 S2  Q 1
ƙ([ [)¬i

� ¬
 

   
S 2   =   VaPSOe   YaULaQce   
X i   =   WKe   YaOXe   Rf   WKe   RQe   RbVeUYaWLRQ   
X =   WKe   PeaQ   YaOXe   Rf   aOO   RbVeUYaWLRQV   
n  =   WKe   QXPbeU   Rf   RbVeUYaWLRQV   

   
 IQ  WKLV  VWXd\,  WKe  ZaYeQXPbeU  UaQJe  VeOecWLRQ  ZaV  baVed  RQ  WKe  SD  0.2.  TKe  UaQJeV  Rf                  
VeOecWed   ZaYeQXPbeU   aUe   VKRZQ   LQ   FLJ   3.3   

  
  Figure   3.3    VaULaQce   Rf   VSecWUaO   daWa   (cP -1 )   

SWHS   4:   DDWD   SUHSURFHVVLQJ     
TKeUe  aUe  dLffeUeQW  W\SeV  Rf  daWa  SUeSURceVVLQJ,  VXcK  aV  SWaQdaUdLVaWLRQ,  LRJ  VcaOLQJ,  aQd               

MeaQ  ceQWULQJ  eWc.  IQ  WKLV  VWXd\,  MeaQ  ceQWULQJ  ZaV  XVed  WR  SUeSURceVV  WKe  daWa  VeW.  MeaQ                  
ceQWeULQJ  VXbWUacWV  a  YaULabOe'V  PeaQ  fURP  aOO  RbVeUYaWLRQV  RQ  WKaW  YaULabOe  LQ  WKe  daWa  VeW  WKaW  WKe                   
YaULabOe'V   QeZ   PeaQ   LV   ]eUR.   TKe   PeaQ   ceQWULQJ   LQ   WKLV   VWXd\   LV   caOcXOaWed   b\:    

  
 X ¬( ij X ¬ )j  
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SWHS   5:   CKHPRPHWULFV   DQDO\VLV   
CKePRPeWULcV  aQaO\VLV,  PCA  PeWKRd  ZLWK  NIPAL  aOJRULWKP  ZaV  SeUfRUPed  LQ  MATLAB             

VRfWZaUe.  IW  ZaV  XVed  aV  a  PaWKePaWLcaO  WUaQVfRUPaWLRQ  Rf  a  OaUJe  VeW  Rf  YaULabOeV  LQWR  a  VPaOOeU                   
RQe  WKaW  VWLOO  cRQWaLQV  PRVW  Rf  WKe  LQfRUPaWLRQ,  ZKLcK  bULQJV  RXW  WKe  ORadLQJ  aQd  VcRUeV  PaWUL[.                  
TKe  Pa[LPXP  QXPbeU  Rf  SULQcLSaO  cRPSRQeQWV  ZeUe  VeW  XS  WR  20  PCV  VLQce  WKe  fLUVW  feZ  PCV                   
dLdQ'W  cRQWaLQ  eQRXJK  LQfRUPaWLRQ  dXe  WR  WKe  bLRORJLcaO  VaPSOeV.  IQ  addLWLRQ,  WR  cOaVVLf\  WKe  daWa                 
VeW  beWZeeQ  beef,  SRUN,  aQd  PaULQaWed  SRUN  ZLWK  cRZ  bORRd,  LDA  PeWKRdV  VXcK  WKaW  a  fUeTXeQWO\                  
XVed  PeWKRd  fRU  daWa  cOaVVLfLcaWLRQ  ZaV  aOVR  SeUfRUPed.  IW  Pa[LPL]eV  WKe  UaWLR  Rf  beWZeeQ  cOaVV                 
YaULaQce   WR   WKe   ZLWKLQ-cOaVV   YaULaQce   LQ   aQ\   SaUWLcXOaU   daWa   VeW.   

SWHS   6   :   EVWLPDWH   WKH   PRGHO   SHUIRUPDQFH   
TKe  caOLbUaWLRQ  PRdeO  SeUfRUPaQce  ZaV  deWeUPLQed  XVLQJ  DaYLd-BRXOdLQ  IQde[  (DBI).            

DLVWaQce  beWZeeQ  WKe  cOXVWeUV  ZaV  PeaVXUed  WR  VSecLf\  WKe  TXaOLW\  Rf  SaUWLWLRQ.  LRZeU  DBI                
LQdLcaWed   beWWeU   cOXVWeU   VeSaUaWLRQ.   DBI   YaOXe   caQ   be   caOcXOaWed   b\:   

  

 B a[ ¬D k  ¬k¬
¬1¬ ∑

k

i¬=¬1
P ¬{ c ¬ ¬c|| i j||

diaP(c )+diaP(c )i j} 

  
TKeQ  WKe  cOaVVLfLcaWLRQ  accXUac\  UaWe  Rf  eacK  cOXVWeULQJ  ZaV  eYaOXaWed  b\  WKe  cRUUecWO\  cOaVVLfLed                
SeUceQWaJeV  (%CC).  TKLV  %CC  ZaV  RbWaLQed  XVLQJ  WKe  LDA  SURceVV  ZKLcK  UeVXOWed  LQ  fRXU                
LQdLcaWRUV,  WUXe  SRVLWLYe  (TP),  faOVe  SRVLWLYe  (FP),  WUXe  QeJaWLYe  (TN),  aQd  faOVe  QeJaWLYe  (FN).                
TKe  daWa  ZLOO  be  caWeJRUL]ed  LQWR  cOaVV  daWa  (CUed)  aQd  WeVW  daWa  (WV).  TKeVe  SeUceQWaJeV  ZeUe                  
deQRWed   aV   

 P ¬ 00 ¬T  ¬ WV¬(+)
CUed¬(+) 1  

 P 00 ¬F  CUed¬(+)
WV¬( ¬ ¬+) 1  

 N 00 ¬T  WV¬( )
CUed¬( ) 1  

 N 00 ¬F  CUed¬( )
WV¬(+¬ ¬ ) 1  

  
WKeUe   ts   (+) LV   WKe   QXPbeU   Rf   cRUUecWO\   cOaVVLfLed   fRU   SRVLWLYe   caVeV   

  ts   (-)   LV   WKe   QXPbeU   Rf   cRUUecWO\   cOaVVLfLed   fRU   QeJaWLYe   caVeV   
V¬( ) ¬W ¬ ¬ + LV   WKe   QXPbeU   Rf   QeJaWLYe   caVeV   WKaW   ZeUe   cOaVVLfLed   aV   SRVLWLYe   caVeV     
V¬(+ ) ¬W ¬ ¬  LV   WKe   QXPbeU   Rf   SRVLWLYe   caVeV   WKaW   ZeUe   cOaVVLfLed   aV   QeJaWLYe   caVeV.   

Cred   (+) LV   WKe   WRWaO   QXPbeU   Rf   SRVLWLYe   caVeV     
Cred   (-) LV   WKe   WRWaO   QXPbeU   Rf   RbWaLQed   
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CHAPTER   4   
RESULT   AND   DISCUSSION   

4.1   PK\VLcaO   aSSeaUaQce   aQd   SURSeUWLeV   RI   PeaW   
TKe  SK\VLcaO  aSSeaUaQce  LV  WKe  VLPSOeVW  cKRLce  WR  be  XVed  WR  dLVcULPLQaWe  beWZeeQ  W\SeV                

Rf  PeaW.  IQ  WKe  caVe  Rf  beef  aQd  SRUN,  fURP  WKe  SK\VLcaO  aSSeaUaQce,  LW  LV  cOeaUO\  VeeQ  WKaW  WKe                     
cRORU  Rf  SRUN  LV  SaOeU  aQd  PRUe  SLQNLVK  ZKLOe  WKe  cRORU  Rf  beef  LV  cKeUU\  Ued.  MRUeRYeU,  WKe  faW                     
Oa\eU  SeUPeaWed  beef  aQd  SRUN  LV  VLJQLfLcaQWO\  dLffeUeQW.  IQ  WKe  caVe  Rf  beef,  faW  LV  PaUbOed  aQd                   
LQfLOWUaWed  LQ  WKe  PeaW  ZKeUeaV  faW  LQ  SRUN  KaV  OeVV  PaUbOed  aQd  OeVV  LQfLOWUaWed  faW.  GeQeUaOO\,  WKe                   
faW  LV  VeSaUaWeO\  Oa\eUed  RQ  WKe  RXWeU  VKeOO  Rf  SRUN  aV  aOUead\  dLVcXVVed  LQ  CKaSWeU  2.  TKe                   
RYeUYLeZ  Rf  SLeceV  Rf  beef  aQd  SRUN  XVed  LQ  WKe  VWXd\  LV  VKRZQ  LQ  FLJ  4.1.  DLffeUeQW  SaUWV  Rf  PeaW                      
cRXOd  KaYe  dLffeUeQW  aSSeaUaQceV  LQcOXdLQJ  cRORXUV,  We[WXUe  aQd  aPRXQWV  Rf  faWV.  TKXV,  LQ  WKLV                
VWXd\,  WKUee  dLffeUeQW  SaUWV  Rf  SRUN  aQd  beef  LQcOXdLQJ  ORLQ,  cROOaU,  aQd  URXQd  aUe  dLVcXVVed                 
WRJeWKeU   ZLWK   PaULQaWed   SRUN   ZLWK   cRZ   bORRd.   

  
   
Figure   4.1    POaWe   ZLWK   SLeceV   Rf   beef   ORLQ   aQd   beef   cROOaU   (WRS)   aQd   SRUN   ORLQ,   SRUN   URXQd   

aQd   SRUN   cROOaU   (bRWWRP)   
  
    

4.1.1   CRPSDULVRQ   RI   PHDW   LQ   ORLQ   SDUW   
TKe  ORLQ  ZaV  WKe  SaUW  Rf  PeaW  cROOecWed  fURP  WKe  cXW  ZKLcK  UXQV  aORQJ  fURP  WKe  VKRXOdeU                   

WR  WKe  OeJV.  TKLV  ORLQ  SaUW  LV  WKe  OeaQeVW  aUea  ZKLcK  cRPSRVeV  OeVV  aPRXQW  Rf  faW  cRPSaUed  WR  WKe                     
RWKeU  SaUW.  Beef  aQd  SRUN  ORLQ  cXWV  LQ  WKe  VWXd\  aUe  VKRZQ  LQ  FLJ  4.2.  AV  VeeQ  LQ  WKe  LOOXVWUaWed                      
fLJXUe,  bRWK  Rf  WKe  PeaW  cRQWaLQV  OeVV  faW.  TKe  SURPLQeQW  dLffeUeQce  LV  WKe  cRORU  Rf  PeaW  WKaW  cRORU                    
Rf  SRUN  LV  SaOeU  aQd  PRUe  SLQN  cRPSaUed  WR  beef.  AOVR,  WKe  LQWeUPXVcXOaU  faW  PRVWO\  aSSeaUV  LQ                   
bRWK   beef   aQd   SRUN.   
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Figure   4.2    (A)   PLece   Rf   SRUN   ORLQ   aQd   (B     )   SLece   Rf   beef   ORLQ   

4.1.2   CRPSDULVRQ   RI   PHDW   LQ   FROODU   RU   FKXFN   SDUW   
FRU  SRUN,  LW  LV  caOOed  a  cROOaU  ZKLcK  LV  ORcaWed  beWZeeQ  WKe  QecN  aQd  VKRXOdeU  SaUW  Rf  WKe                    

SLJ.  IW  KaV  a  daUNeU  SLQN  cRORU  LQ  cRPSaULVRQ  WR  WKe  RWKeU  SaUWV.  PRUN  cROOaU  LV  RQe  Rf  WKe  PeaW                      
SaUW  cRQVLVWLQJ  Rf  WKe  PRVW  fLOOed  faW  LQcOXdLQJ  bRWK  LQWeUPXVcXOaU  (beWZeeQ  PXVcOeV)  aQd               
LQWUaPXVcXOaU  (PaUbOed  LQ  PXVcOeV)  faW.  PRUN  cROOaU  LV  VKRZQ  LQ  FLJ  4.3  (A)  OQ  WKe  RWKeU  KaQd,  a                    
VLPLOaU  cXW  aUea  WR  SRUN  cROOaU  LQ  cRZV  LV  QRUPaOO\  caOOed  a  cKXcN.  TKe  SLece  Rf  beef  LV  cXW                     
LQcOXdLQJ  SaUWV  Rf  WKe  QecN,  VKRXOdeU  bOade,  aQd  XSSeU  aUP  Rf  cRZV.  TKe  cRORXU  Rf  WKe  cKXcN  SaUW                    
SUeVeQWV  aV  a  daUN  cKeUU\  Ued.  Beef  cKXcN  LV  LOOXVWUaWed  LQ  FLJ  4.3(B).  IW  LV  cOeaUO\  VeeQ  WKaW  a  OaUJe                      
aPRXQW   Rf   faW   LV   PaUbOed   LQ   WKe   cKXcN   SaUW   eVSecLaOO\   fRU   LQWUaPXVcXOaU   faW.   

Figure   4.3    (A)   PLece   Rf   SRUN   cROOaU   aQd   (B)   SLece   Rf   beef   cKXcN   

4.1.3   CRPSDULVRQ   RI   PHDW   LQ   URXQG   SDUW   
TKe  URXQd  SaUW  Rf  bRWK  beef  aQd  SRUN  LV  WKe  UeaU  OeJ  Rf  SLJ  aQd  cRZ.  GeQeUaOO\,  WKLV  URXQd                     

SaUW  ZaV  fUeTXeQWO\  XVed  WR  PRYe  WKe  aQLPaO  bRd\.  TKeUefRUe,  WKe  PeaW  Rf  WKe  URXQd  SaUW  LV  TXLWe                    
OeaQ  bXW  WRXJKeU.  HRZeYeU,  LW  VWLOO  cRQWaLQV  VRPe  faWV  LQfLOWUaWed  LQ  WLVVXe  bRWK  LQ  beef  aQd  SRUN                   
bXW  WKe\  aUe  LQ  YeU\  VPaOO  cRQWeQWV.  FURP  SK\VLcaO  aSSeaUaQce,  SRUN  URXQd  KaV  a  SLQN  cRORXU                  
ZKLOe   WKe   beef   URXQd   LV   daUNeU   Ued   aV   VKRZQ   LQ   FLJ   4.4.   
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  Figure   4.4    (A)   PLece   Rf   SRUN   URXQd   aQd   (B)   SLece   Rf   beef   URXQd   (beefLWVZKaWVfRUdLQQeU.)   

4.1.4   DLIIHUHQFH   EHWZHHQ   PDULQDWHG   SRUN   DW   YDULRXV   WLPHV   DQG   EHHI   
AV  PeQWLRQed  LQ  WKe  SUeYLRXV  VecWLRQ,  WKe  VLJQLfLcaQW  dLffeUeQce  beWZeeQ  beef  aQd  SRUN  LV                

cRORXU.  IQ  RUdeU  WR  PaNe  WKe  ³aUWLfLcLaO´  beef  fURP  SRUN,  WKe  cRZ  bORRd  LV  XVed  WR  PaULQaWe  SRUN  aW                     
YaULRXV  WLPeV.  TKe  cRPSaULVRQ  Rf  SK\VLcaO  aSSeaUaQce  Rf  WKe  PaULQaWed  SRUN  ZLWK  cRZ  bORRd                
aQd  beef  aW  dLffeUeQW  SUeVeUYaWLRQ  WLPeV  LV  VKRZQ  LQ  TabOe  4.1.  IQ  WKe  caVe,  WKe  e[ceVV  cRZ  bORRd                    
VWaLQed   RQ   SRUN   LV   UePRYed   b\   XVLQJ   NLWcKeQ   WLVVXe   SaSeU   VeYeUaO   WLPeV   befRUe   caSWXULQJ   SKRWRV.   

   
Table   4.1    MaULQaWed   SRUN   ZLWK   cRZ   bORRd   aW   YaULRXV   WLPeV.   

PUeVeUYaWLRQ   WLPe   LRLQ   SaUW   CROOaU   SaUW   RRXQd   SaUW   

1   KRXU   

      

2   KRXUV   

      

6   KRXUV   

     



29   

    
AV  VKRZQ  LQ  TabOe  4.1,  WKe  cRORXU  Rf  PaULQaWed  SRUN  WeQdV  WR  cKaQJe  RYeU  a  SURORQJed                  

WLPe.  TKe  ORQJeU  WLPe  XVed  WR  LQcXbaWe  SRUN  LQ  cRZ  bORRd,  WKe  daUNeU  Ued  cRORXU  SRUN  becRPeV.                   
CRORU  cKaQJeV  LQ  PeaW  cRXOd  be  cOaVVLfLed  LQWR  3  SeULRdV.  IQ  WKe  fLUVW  SeULRd,  1-6  KRXUV  Rf  WKe                    
SUeVeUYaWLRQ  WLPe,  WKe  cRORXU  Rf  SRUN  LQLWLaOO\  WXUQed  WR  Ued-ZLQe.  HRZeYeU,  WKe  cRORXU  ZaV                
cKaQJed,  eVSecLaOO\  RQ  WKe  VXUface  Rf  PeaW.  IW  VXJJeVWV  WKaW  WKe  beef  bORRd  dLd  QRW  cRPSOeWeO\                  
dLffXVe  LQ  WKe  PeaW,  WKeUefRUe,  LW  ORRNV  OLNe  bORRd-cRaWLQJ  RQ  SRUN  UaWKeU  WKaQ  ORRNLQJ  OLNe                 
³aUWLfLcLaO´  beef.  FROORZLQJ  WKe  VecRQd  SeULRd  (6  -12  KRXUV),  WKe  PeaW  cRORXU  WeQdV  WR  be  daUNeU                  
Ued  aV  WKe  beef  bORRd  VeePV  dLffXVed  LQ  WKe  PeaW  QRW  RQO\  RQ  WKe  VXUface.  HRZeYeU,  WKe  beef  bORRd                     
VWLOO  dLd  QRW  dLffXVe  LQWR  WKe  faW  Oa\eU  Rf  SRUN.  LaVWO\,  LQ  WKe  WKLUd  SeULRd  Rf  WLPe  (>  24  KRXUV),  LW                       
VKRZV  WKaW  WKe  beef  bORRd  ZaV  cRPSOeWeO\  dLffXVe  LQ  WKe  SRUN  PeaW  aQd  faW  Oa\eU.  TKeUefRUe,  WKe                   
SK\VLcaO  aSSeaUaQce  Rf  PaULQaWed  SRUN  LV  VLPLOaU  WR  WKe  beef  aV  VKRZQ  LQ  FLJ.4.5.  IQ  WKe  VWXd\,  a                    
PaULQaWed   SRUN   ZLWK   beef   bORRd   fRU   72   KRXUV   LV   XVed   aV   ³aUWLfLcLaO   beef´   LQ   WKe   fXUWKeU   aQaO\VLV.   

   

    
Figure   4.5    MaULQaWed   SRUN   ZLWK   cRZ   bORRd   fRU   72   KRXUV.   

    

24   KRXUV   

      

72   KRXUV   
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4.2   TKeUPRJUaYLPeWULc   GUaYLW\   AQaO\VLV   (TGA)   
  AV  PeQWLRQed  LQ  VecWLRQ  2.1,  WKe  dLffeUeQW  PeaW  VKRZV  WKe  dLffeUeQW  SaWWeUQ  Rf               

cKePLcaO  cRPSRVLWLRQV  aQd  aOVR  dLffeUeQW  cKePLcaO  cRQWeQWV.  IQ  WKe  VecWLRQ,  WKeUPRJUaYLPeWULc            
aQaO\VLV  LV  XVed  WR  UeYeaO  WKe  WKeUPaO  deJUadaWLRQ  SURfLOeV  Rf  beef,  SRUN,  aQd  PaULQaWed  SRUN  aV                  
VKRZQ  LQ  FLJ.4.6.  TKe  WKeUPaO  SURfLOeV  aUe  dLUecWO\  cRUUeOaWed  WR  WKe  aPRXQW  Rf  cKePLcaO  cRQWeQWV                 
UeSUeVeQWed  LQ  WKe  PeaWV.  FURP  WKe  WKeUPaO  SURfLOe,  LW  VKRZV  3  deJUadaWLRQ  VWeSV  LQYROYLQJ  WKe                 
PRLVWXUe,  aPLQR  acLdV  aQd  SRO\PeULc  cKaLQ  Rf  faWV  aQd  SURWeLQV.  IQ  WKe  fLUVW  VWaWe  Rf  deJUadaWLRQ                  
aW  100-200Ʌ,  RYeU  60%  Rf  VaPSOe  ZeLJKW  UeOaWeV  WR  PRLVWXUe  RQ  WKe  PeaW  VXUface  aQd  LQVLde  WKe                   
PeaW.  A  VOLJKWO\  dLffeUeQW  ZeLJKW  ORVV  LQ  VaPSOeV  dXULQJ  WKe  fLUVW  VWaWe  Rf  decRPSRVLWLRQ  cRXOd  be                  
caXVed  fURP  WKe  dLffeUeQce  Rf  WKe  aPRXQW  Rf  ZaWeU  adVRUbed  LQ  PeaW.  IQ  WKe  VecRQd  deJUadaWLRQ                  
VWaWe,  LW  LQYROYeV  WKe  deJUadaWLRQ  Rf  fUee  aPLQR  acLdV  ZKLcK  ZaV  LQLWLaOO\  RbVeUYed  aW  300 R C.                 
DXULQJ  WKe  VWaJe,  WKe  cR-e[LVWed  deJUadaWLRQ  Rf  WKe  SRO\PeULc  cKaLQ  Rf  SURWeLQV  aQd  faWV  ZaV  aOVR                  
RbVeUYed  aW  a400 R C.  TKe  WKeUPaO  SURfLOe  aW  300-400 R C  VKRZV  VLJQLfLcaQWO\  dLffeUeQW  SaWWeUQV              
beWZeeQ  PeaWV.  TKe  WKeUPaO  decRPSRVLWLRQ  Rf  PeaW  VaPSOeV  LV  VWabOe  aW  450Ʌ  VXcK  WKaW  aOO  WKe                  
VaPSOeV  WXUQ  LQWR  caUbRQ  bOacN  ZLWK  a10%  Rf  VaPSOe  ZeLJKW.  FURP  WKe  WKeUPaO  SURfLOe,  LW  VKRZV                  
KLJK  SRVVLbLOLW\  WKaW  WKe  VSecWURVcRSLc  WecKQLTXe  cRXOd  be  XVed  WR  dLffeUeQWLaWe  WKe  cKePLcaO               
cRQWeQWV   SUeVeQWed   fURP   dLffeUeQW   PeaWV.   

  
Figure   4.6    TKeUPaO   deJUadaWLRQ   SURfLOeV   Rf   PeaW   VaPSOeV   beef,   SRUN   aQd   SRUN   PaULQaWed   ZLWK   

cRZ   bORRd   UeSUeVeQWLQJ   LQ   bOXe,   JUeeQ   aQd   Ued   VROLd   OLQe,   UeVSecWLYeO\   
    

4.3   NIR   VSecWUa   RI   PeaWV   
  TKe  acTXLUed  NIR  VSecWUaO  daWa  LQ  UefOecWLRQ  PRde  QRW  RQO\  cRQWaLQ  WKe  PROecXOaU               

LQfRUPaWLRQ  fURP  VaPSOeV  bXW  aOVR  LQcOXde  WKe  LUUeOeYaQW  e[WeUQaO  effecWV  (e.J.  KXPaQ  eUURUV,               
VaPSOe  SOacePeQW,  aQd  RXWVLde  LQcLdeQW  OLJKW).  TKeUefRUe,  WKe  RULJLQaO  NIR  VSecWUaO  daWa  PXVW  be                
SUeSURceVVed  LQ  RUdeU  WR  PLQLPL]e  WKe  LUUeOeYaQW  LQfRUPaWLRQ  aQd  Pa[LPL]e  WKe  VaPSOe              
LQfRUPaWLRQ.  TKe  VWeS  LV  QeceVVaU\  aQd  LV  UeTXLUed  SULRU  WR  fXUWKeU  aQaO\VLV  b\  cKePRPeWULc                
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PRdeOOLQJ.  TKeUe  aUe  YaULRXV  SUeSURceVVLQJ  WecKQLTXeV  ZKLcK  aUe  aSSURSULaWe  WR  dLffeUeQW  NLQdV              
Rf  daWa.  IQ  WKLV  VWXd\,  WKe  SaYLW]N\-GROa\  fLOWeU,  SWaQdaUd  NRUPaO  VaULaWe  (SNV),  LQWeUTXaUWLOe               
UaQJe  (IQR)  cULWeULRQ,  aQd  MeaQ  CeQWULQJ  aUe  aSSOLed  WR  SUeWUeaW  WKe  RULJLQaO  VSecWUaO  daWa.                
FLUVWO\,  WKe  RULJLQaO  VSecWUaO  daWa  LV  VPRRWKed  b\  WKe  SaYLW]N\-GROa\  fLOWeU  ZLWK  3  ZLQdRZV  VL]eV                 
(aVL]e  Rf  a12  cP -1 )  WR  UedXce  WKe  UaQdRP  QRLVeV.  TKe  VPRRWK  daWa  LV  VKRZQ  LQ  FLJ  4.7(A).                   
HRZeYeU,  LW  VWLOO  UeSUeVeQWV  WKe  VWURQJ  bacNJURXQd  VKLfW  ZKLcK  LV  LQcRPSaWLbOe  fRU  WKe  daWa                
aQaO\VLV  WKeUefRUe  VWaQdaUd  QRUPaO  YaULaWe  LV  aSSOLed  WR  eOLPLQaWe  WKe  VcaWWeULQJ  effecWV  fURP  WKe                
QRQ-XQLfRUP  VXUface  URXJKQeVV  Rf  WKe  VaPSOe.  FLJXUe  4.7(B)  SUeVeQWV  WKe  daWa  afWeU  SUeWUeaWLQJ               
ZLWK  VPRRWKLQJ  aQd  VWaQdaUd  QRUPaO  YaULaWe.  NeYeUWKeOeVV  WKeUe  VWLOO  cRQWaLQ  a  feZ  RXWOLeUV               
aSSeaULQJ  RQ  WKe  daWa  ZKLcK  VLJQLfLcaQWO\  VKRZ  dLffeUeQW  VSecWUaO  SaWWeUQV  cRPSaUed  WR  RWKeUV,  WKe                
LQWeUTXaUWLOe  UaQJe  (IQR)  LV  SeUfRUPed  WR  UePRYe  WKe  RXWOLeUV.  FLJXUe  4.7(C)  LOOXVWUaWeV  WKe              
SUeSURceVVed   VSecWUaO   ZKLcK   LV   Uead\   fRU   fXUWKeU   daWa   aQaO\VLV   b\   VeYeUaO   cKePRPeWULcV   PeWKRdV.     

  
Figure   4.7    (A)   SPRRWKed   NIR   VSecWUaO   daWa   (B)   NIR   VSecWUaO   daWa   afWeU   SeUfRUPLQJ   VWaQdaUd   

QRUPaO   YaULaWLRQ(SNV)   (C)   NIR   VSecWUa   afWeU   UePRYLQJ   RXWOLeUV   XVLQJ   LQWeUTXaUWLOe   UaQJe   (IQR)   
cULWeULRQ     

4.4   DaWa   VLVXaOL]aWLRQ   
  NIR  VSecWUa  Rf  aOO  PeaW  VaPSOeV  (beef,  SRUN  aQd  PaULQaWed  SRUN)  afWeU  aSSO\LQJ  WKe                

SUeSURceVV  PeWKRd  ZaV  VKRZQ  LQ  FLJ.  4.7C.   IW  caQ  be  cOeaUO\  VeeQ  WKaW  WKeUe  aUe  VRPe  UeJLRQV                   
ZKLcK  VKRZ  WKe  dLffeUeQW  NIR  SaWWeUQV  dXe  WR  WKe  VaPSOe  cKePLcaO  cRPSRVLWLRQV.  TKeVe               
dLffeUeQceV  Rf  cKePLcaO  cRPSRVLWLRQV  LQ  eacK  W\Se  Rf  PeaW  ZeUe  aOUead\  SURYed  b\  TGA  LQ                 
VecWLRQ  4.2.  TR  deWeUPLQe  WKe  VLJQLfLcaQW  NIR  UeJLRQV,  WKe  YaULaQce  Rf  WKe  NIR  VSecWUa  (fURP  3                  
PeaWV)  ZaV  caOcXOaWed  aV  VKRZQ  LQ  FLJ  4.8B.  TKe  RYeUWRQe  UeJLRQV  ZKLcK  SURYLde  a  KLJK  YaULaQce                  
ZLWK  95%  VLJQLfLcaQW  OeYeO   ZaV  VeOecWed  aV  UeJLRQV  fRU  PeaW  dLVcULPLQaWLRQ.  FLJ.  4.8A  LOOXVWUaWed                 
WKe  UeJLRQ  cRUUeVSRQdLQJ  WR  a  VSecLfLc  baQd  aVVLJQPeQW.  TKe  UefOecWLRQ  baQdV  aW  5002  -  5503  cP -1                  
aUe  WKe  fLUVW  RYeUWRQe  Rf  O-H  VWUeWcKLQJ  Rf  ZaWeU  (PRLVWXUe  cRQWeQW) 49 .  TKe  UefOecWLRQ  baQdV  aW                 
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5981  -  6479  cP -1  aUe  WKe  fLUVW  RYeUWRQe  Rf  C-H  VWUeWcKLQJ  Rf  faWW\  acLdV  (faW) 49,  52 .  TKe  UefOecWLRQ                    
baQdV  aW  6819  -  8207  cP -1  aQd  8485  -  8797  cP -1  ZeUe  cRUUeVSRQdLQJ  WR  WKe  VecRQd  N-H  RYeUWRQe                    
Rf   SURWeLQ   aQd   WKe   VecRQd   RYeUWRQe   Rf   O-H    24,   53 .   
    

  
Figure   4.8    (A)   aYeUaJe   NIR   VSecWUXP   Rf   beef   (bOXe),   SRUN(JUeeQ)   aQd   PaULQaWed   SRUN   (Ued).   (B)   
WKe   YaULaQceV   caOcXOaWed   fURP   NIR   VSecWUa   Rf   aOO   PeaW   VaPSOeV.   (C)   TabOe   VXPPaUL]e   WKe   baQd   

aVVLJQPeQW   Rf   NIR   VSecWUaO   UeJLRQV   fRU   PeaW   dLVcULPLQaWLRQ   
   

TR  YLVXaOL]e  WKe  cOXVWeU  Rf  PeaW  VaPSOeV,  SULQcLSaO  cRPSRQeQW  aQaO\VLV  (PCA)  ZaV  XVed.               
IQ  VaPSOeV  ZLWK  cRPSOe[  VWUXcWXUeV  VXcK  aV  bLRORJLcaO  VaPSOeV,  fRRd,  PeaW,  aJULcXOWXUaO  SURdXcW,               
LW  LV  QRW  QeceVVaU\  WKaW  WKe  fLUVW  feZ  PC  cRPSRQeQWV  caQ  be  XVed  WR  dePRQVWUaWe  WKe  cOXVWeU  Rf                    
VaPSOeV.  IQ  WKeVe  caVeV,  WKe  fLUVW  feZ  PCV  PLJKW  UeSUeVeQW  WKe  cRPPRQ  cKePLcaO  cRPSRVLWLRQV  LQ                 
WKe  VaPSOe,  fRU  e[aPSOe,  SRO\PeULc  SeSWLde  cKaLQ  aQd  SURWeLQ  aUe  WKe  PaMRU  cKePLcaO               
cRPSRQeQWV  LQ  aOO  WKUee  W\SeV  Rf  PeaWV.  IW  PLJKW  QRW  be  SRVVLbOe  WR  XVe  WKeP  WR  dLVcULPLQaWe  WKe                    
PeaW  VaPSOeV.  IW  LV  PRUe  aSSURSULaWe  WR  XVe  WKe  OaWWeU  PC  WR  cOXVWeU  WKe  VaPSOeV  aV  WKe\  PLJKW                    
cRUUeVSRQd  WR  PLQRU  cRPSRQeQWV  VXcK  aV  fUee  aPLQR  acLd,  OLSLd,  ZKLcK  aUe  KLJK  SRWeQWLaO  WR                
dLVcULPLQaWe  cOaVV  Rf  VaPSOeV.  IQ  WKe  VWXd\,  WKe  DBI  LQde[  ZaV  XVed  WR  deWeUPLQe  WKe  SRWeQWLaO  PC                   
WR  dLVcULPLQaWe  W\Se  Rf  PeaW  fURP  NIR  VSecWUa.  TKe  ORZeU  DBI  YaOXe  ,  WKe  beWWeU  dLVcULPLQaWRU                  
SUeVeQWV.  FLJXUe  4.9A  VKRZV  WKe  DBI  YaOXe  Rf  eacK  PCV.  IW  ZaV  fRXQd  WKaW  PC4,  PC5  aQd  PC11                    
KaYe  WKe  ORZeVW  YaOXeV  ZLWK  1.36,  1.08  aQd  1.53,  UeVSecWLYeO\,  cRPSaUed  WR  WKe  RWKeU  PCV.                 
TKeUefRUe,   WKe\   ZeUe   cKRVeQ   WR   be   XVed   fRU   YLVXaOL]aWLRQ.   
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Figure   4.9    TKe   KLVWRJUaP   dePRQVWUaWe   (A)   DBI   YaOXeV   Rf   eacK   PC   (B)   VaULaQce   Rf   eacK   PCV   

   
TKe  PC  VcRUe  SORWV  ZeUe  XVed  WR  cOaVVLf\  WKe  SRUN  VaPSOeV  aQd  beef  VaPSOeV  LQ  WKe  fRUP  Rf  3                     
dLPeQVLRQV  PaS,  WKe  PaS  ZaV  bXLOW  baVed  RQ  PC  [4  5  11].  TKe  cRPSaULVRQ  Rf  cOXVWeU  VeSaUaWLRQV                   
Rf  WKe  VaPSOeV  RQ  WKe  VcRUe  SORW  fURP  PC[1,  2,  3]  UeSUeVeQW  WKe  PC  ZLWK  KLJKeVW  YaULaQceV                   
cRUUeVSRQdLQJ  WR  PaMRU  cKePLcaO  cRPSRQeQWV  aQd  WKe  VcRUe  SORW  fURP  PC[4,  5,  11]  UeOaWLQJ  WR                 
PLQRU   cRPSRQeQWV   ZLWK   WKe   ORZeVW   DBI   YaOXe   aUe   VKRZQ   LQ   FLJ.   4.10   
  

  
Figure   4.10    PC   VcRUe   SORW   caOcXOaWed   fRUP   NIR   VSecWUa   Rf    beef   (bOXe)   aQd   SRUN   (Ued)   VaPSOe   

XVLQJ   (A)   PC1,   PC2   aQd   PC3   (WKe   KLJKeVW   YaULaQce)   aQd   (B)   PC4,   PC5   aQd   PC11   (WKe   ORZeVW   DBI   
YaOXe)   

    
IQ  PC  VcRUe  SORW,  WKe  bOXe  VSRWV  UeSUeVeQW  beef  VaPSOeV  aQd  Ued  VSRWV  UeSUeVeQW  SRUN                 

VaPSOeV  LQcOXdLQJ  bRWK  PaULQaWed  LQ  cRZ  bORRd  aQd  SXUe  VWaQdaUd  SRUN  PeaW.  IW  caQ  be  VeeQ  WKaW                   
SRUN  aQd  beef  VaPSOeV  cRXOd  be  dLffeUeQWLaWed  aV  WKe  cOXVWeUV  ZeUe  cOeaUO\  VeSaUaWed  fURP  eacK                 
RWKeU  LQ  PC4,  PC5  aQd  PC11  UaWKeU  WKaQ  XVLQJ  PC1,  PC2  aQd  PC3.  TKLV  VXJJeVWV  WKaW  WKe                   
deYeORSed  PeWKRd  WR  VeOecW  WKe  aSSURSULaWe  PC  b\  DBI  YaOXe  LV  VXcceVVfXOO\  XVed  WR  YLVXaOL]e                 
cOXVWeUV  Rf  WKe  VaPSOeV.  TKe  cRUUecWO\  cOaVVLfLed  SeUceQWaJeV  (%CC)  RbWaLQed  fURP  WKe  LDA               
SURceVV  ZeUe  XVed  aV  cOaVVLfLcaWLRQ  UaWe  LQde[.  TKe  %CC  ZLOO  LQdLcaWe  WKe  accXUac\  Rf  WKe  VaPSOe                  
SUedLcWLRQ.  TKe  SRUN  VaPSOeV  ZeUe  LQdLcaWed  aV  WKe  SRVLWLYe  caVeV  aQd  beef  VaPSOeV  ZeUe                
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LQdLcaWed  aV  WKe  QeJaWLYe  caVeV.  TKe  fRXU  LQdLcaWRUV  ZLOO  be  caOcXOaWed,  WUXe  SRVLWLYe  (TP),  faOVe                 
SRVLWLYe  (FP),  WUXe  QeJaWLYe  (TN),  aQd  faOVe  QeJaWLYe  (FN).  TKe  QXPbeU  Rf  cRUUecWO\  cOaVVLfLed  fRU                 
SRVLWLYe  caVeV  ZaV  defLQed  aV  TP,  aQd  WKe  QXPbeU  Rf  QeJaWLYe  caVeV  WKaW  ZeUe  cOaVVLfLed  aV                  
SRVLWLYe  caVeV  ZaV  defLQed  aV  FP.  FRU  TN  LV  WKe  QXPbeU  Rf  cRUUecWO\  cOaVVLfLed  fRU  QeJaWLYe  caVeV,                   
aQd  FN  LV  WKe  QXPbeU  Rf  SRVLWLYe  caVeV  WKaW  ZeUe  cOaVVLfLed  aV  QeJaWLYe  caVeV.  TabOe  4.2  VKRZed                   
WKe  cRUUecWO\  cOaVVLfLed  SeUceQWaJeV  fRU  PC[1  2  3],  aQd  TabOe  4.3  VKRZed  WKe  cRUUecWO\  cOaVVLfLed                 
SeUceQWaJeV   fRU   PC[4   5   11].   

  
Table  4.2  CRQWLQJeQc\  WabOe  WR  dePRQVWUaWe  WKe  cOaVVLfLcaWLRQ  SeUfRUPaQce  Rf  WKe  daWa  XVLQJ  PC1,                
PC2   aQd   PC3   XVLQJ   LLQeaU   DLVcULPLQaQW   AQaO\VLV   (LDA)   aV   a   dLVcULPLQaWRU   

  
Table  4.3  CRQWLQJeQc\  WabOe  WR  dePRQVWUaWe  WKe  cOaVVLfLcaWLRQ  SeUfRUPaQce  Rf  WKe  daWa  XVLQJ                
PC4,   PC5   aQd   PC11   XVLQJ   LLQeaU   DLVcULPLQaQW   AQaO\VLV   (LDA)   aV   a   dLVcULPLQaWRU   
  

  
TKe  %CC  Rf  WKe  PC[4  5  11]  ZaV  KLJKeU  WKaQ  PC[1  2  3]  RQ  bRWK  TP  aQd  TN  YaOXe.  HLJKeU  TP  aQd                        
TN  YaOXe  LQdLcaWed  KLJKeU  cOaVVLfLcaWLRQ  SeUfRUPaQce  Rf  NIR  aQd  SURYed  WKaW  WKe  cKRVeQ  PCV                
ZeUe  aSSURSULaWe  PCV  Qeeded  LQ  beef  aQd  SRUN  cOaVVLfLcaWLRQ.  TKLV  cRXOd  VXJJeVW  WKaW  WKe  NIR                 
WecKQLTXe  cRPbLQLQJ  ZLWK  cKePRPeWULcV  PeWKRd  PLJKW  becRPe  a  feaVLbOe  PeWKRd  LQ             
dLVcULPLQaWLQJ   cRXQWeUfeLW   beef.   

    TRUE   

  
PC   [1   2   3]   Pork   (+)   Beef   (-)   

Prediction   

PRUN   (+)   65.14%   
(TP)   

34.86%   
(FP)   

Beef   (-)   25.76%   
(FN)   

74.24%   
(TN)   

    TRUE   

  
PC   [4   5   11]   Pork   (+)   Beef   (-)   

Prediction   

SRUN(+)   79.48%   
(TP)   

20.52%   
(FP)   

Beef   (-)   11.36%   
(FN)   

88.64%   
(TN)   
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CHAPTER   5   
CONCLUSIONS   

  
Due  to  the  spreading  of  counterfeit  beef  (pork  marinated  in  beef  blood)  in  the  local  buffet                  

markets,  this  is  a  severe  problem  especially  for  Islam  and  Judaism  persons  who  are  unpermitted  to                  
consume  pork.  The  high  performance  methods  such  as  chromatography  and  DNA  gel  electrophoresis               
have  been  used  to  differentiate  types  of  meat.  However,  these  methods  involve  complicated  sample                
preparation,  consuming  long  analysis  time  and  require  a  high-cost  instrument.  In  the  study,  we  propose                 
the  combination  of  NIR  spectroscopy  and  multivariate  data  analysis  (Chemometrics)  to  feasibly              
discriminate  types  of  meat  and  to  classify  counterfeit  beef  out  of  ³real´  beef.  The  counterfeit  beef  was                   
generated  by  marinating  pork  with  cow  blood  for  72  hours  until  the  physical  appearances  of  the  meat  are                    
insignificantly  different.  Thermal  Gravimetric  Analysis  (TGA)  was  performed  to  obtain  the  thermal              
profile  of  the  degradation  of  chemical  compositions  in  meat.  It  was  found  that  the  thermal  profiles  of  beef                    
are  significantly  different  from  the  pork  at  300-400 R C  which  are  corresponding  to  the  thermal  degradation                 
of  free  amino  acid  and  long  chain  of  peptide  and  lipid.  The  chemical  patterns  of  meat  were  collected  by                     
using  NIR  spectrometers  with  reflection  mode.  The  NIR  spectra  were  collected  using  a  scale  of  -log(1/R)                  
in  the  range  of  4000  ±  10000  cm -1  with  resolution  of  8  cm -1  and  the  number  of  scans  equal  16.  Prior  to                        
data  analysis,  the  NIR  spectral  data  was  pre-treated  with  Savitzky-Golay  smoothing  and  standard  normal                
variate  in  order  to  eliminate  the  random  noise  and  the  scattering  effect  from  the  non-uniform  roughness  of                   
sample  surface,  respectively.  Moreover,  the  outliers  were  removed  by  using  interquartile  range  (IQR).  The                
significant  wavenumbers  were  selected  at  5002-5503  cm -1  (the  first  overtone  of  O-H  stretching  of  water                 
or  moisture  content)  ,  5951-6479  cm -1   (the  first  overtone  of  C-H  stretching  of  fatty  acids/fat),  6819-8072                  
cm -1  (the  second  N-H  overtone  of  protein),  8485-8789  cm -1   (the  second  overtone  of  O-H  of  water)  by                   
using   variance.   

To  visualize  the  clusters  of  meat,  principal  component  analysis  (PCA)  was  used  to  reveal  the                 
underlying  relation  of  the  NIR  spectra  data.  In  the  study,  we  develop  the  automatic  algorithm  to  select  the                    
best  PC  as  the  discriminator  by  using  David-Bouldin  index  (DBI)  value.  The  PC4,  PC5  and  PC11  were                   
selected  from  the  top  20  PCs  as  the  best  discriminator  PC  to  reveal  the  clusters  of  meat.  From  the  score                      
plot,  the  clusters  presented  in  PC4-5-11  are  more  promising  than  the  clusters  presented  in  the  top  3  PCs                    
(PC1-2-3).  Moreover,  the  linear  discriminant  analysis  (LDA)  was  used  to  estimate  the  class  (type  of  meat)                  
of  an  unknown  sample.  It  shows  that  the  correctly  classified  percentages  (%CC)  of  the  PC4-5-11  are                  
raised  up  to  79.48%  and  88.64%  for  prediction  of  pork  and  beef,  respectively  when  the  score  data  of                    
PC4-5-11  was  used.  This  could  be  considered  that  the  developed  method  by  NIR  coupled  with  data                  
analysis   is   a   practical   technique   to   differentiate   counterfeit   beef.   
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