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$EVWUDFW

ORQRJO\FHULGHV KDYH EHHQ XVHG LQ LFH FUHDP IRUPXOD
ORQRJO\FHULGH DGGLWLRQ LV NQRZQ WR SURPRWH WKH GXDO
LL WKH DGVRUSWLRQ RI IDW GURSOHWY WR EXEEOH VXUIDFH\
PHOW VWDELOLW\ DQG VHQVRU\ DWWULEXWHV RI LFH FUHDF
HPXOVLILHUV FRXSOHG ZLWK WUHQGVY LQ FOHDQ ODEHO PD(
H[SORULQJ IRUPXODWLRQ SURFHVVLQJ SDWKZD\V WKDW FDQ

ZLWKRXW WKHVH DGGLWLYHV 7KLV WKHVLV UHSUHVHQWYV D

IXQFWLRQDOLW\ RI QRQ KRPRJHQL]JHG FUHDP LQ DQ LFH FUHL
SKRVSKROLSLGY DV DQ DOWHUQDWLYH WR PRQRJO\FHULGHV L

,Q WKH ILUVW SDUW RI WKH VWXG\ LFH FUHDP PL[HV ZHUH SL
KRPRJHQL]HG DQK\GURXV PLON IDW ZLWK GLIITHUHQW Rl QRQ
LFH FUHDPV ZHUH DQDO\VHG IRU PLFURVWUXFWXUH PHOW V
GLVWULEXWLRQ RI PHOWHG LFH FUHDP WR PHDVXUH WKH H[WH
GHJUHH RI IDW GHVWDELOL]DWLRQ VWUXFWXUDO DQG PDWHU
RI KRPRJHQL]JHG IDW ZLWK QRQ KRPRJHQL]HG FUHDP UHVXOWH
DQG D VRIWHU WH[WXUH 2YHUDOO ILQGLQJV VXJIJHVW WKDW |
QDWLYH PLON IDW JOREXOHYVY SURYLGHYVY RSWLPXP UHVXOWYV DC
WR PRQRJO\FHULGHYV

,Q WKH VHFRQG SDUW RI WKH VWXG\ LFH FUHDPV ZHUH SUH
EXWWHUPLON SRZGHU %03 # DV SDUW RI D FRQYHQWLRQD
OL[ SURFHVVLQJ ZDV DGDSWHG WR DOORZ WKH %03 WR EH |
KRPRJHQL]DWLRQ RU D SDUW RI WKH FRPELQHG PLON VROLG
SURSHUWLHVY Rl WKH LFH FUHDPV ZHUH HYDOXDWHG DORQJ Z
PLFURVFRS\ DQDO\VLVY DQG SDUWLFOH VL]LQJ RI LFH FUHDP
DJJORPHUDWLRQ $00 LFH FUHDPV FRQWDLQLQJ %03 ZHUH VH
VWDELOLW\ OHDVXUHG GLIIHUHQFHV LQ WKH H[WHQW RI IDW
PDWHULDO SURSHUWLHY LQGLFDWHG WKDW VWUXFWXUDO DVV
%03 FRQWHQW DQG PL[ SURFHVVLQJ SDWKZD\ 2YHUDOO ILQGI
FDQ EH XVHG WR UHSOLFDWH IXQFWLRQDO DVSHFWV RI PRQRJ



$FNQRZOHGJHPHQWYV

, ZLVK WR H[SUHVV P\ GHHSHVW JUDWLWXGH WR P\ VXSHUYL
YDOXDEOH JXLGDQFH FRQWLQXRXV HQFRXUDJHPHQW DQG JI
VWXG\ +H WDXJKW PH IXQGDPHQWDOV DQG KDV DOZD\V EHHC
GLIILFXOWLHV GXULQJ WKH SURMHEW +H KDV DOZD\V HQFR]
GHYHORSPHQW +LV FRQVWUXFWLYH FRPPHQWYVY KDYH JXLGHG
WKRURXJK XQGHUVWDQGLQJ RI WKH PHFKDQLVPV , DP KDSS
SURIHVVRU

, ZDQW WR WKDQN WKH WHFKQLFDO VWDII IURP WKH SLORW SC
1RN 6DZDWGHHQDUXHQDW 7KH\ DUH VXSSRUWLYH DQG KHOSHC
LFH FUHDP

, ZDQW WR WKDQN ODWWKHZ 6DYRLDQ IRU WUDLQLQJ PH RQ
JUDWLWXGH WR &DWKHULQH +REELV IURP WKH 8QLYHUVLW\ R
HOHFWURQ PLFURVFRS\ , ZDQW WR WKDQN OLFKHOOH 7DPHKDC
ZRUN DQG LQVWUXPHQW ERRNLQJV , ZDQW WR WKDQN +DQQD
KHOS ZLWK PDNLQJ DOO WKH DUUDQJHPHQWYV IRU P\ WULS WR
WKDQN )RQWHUUD &R RSHUDWLYH IRU SURYLGLQJ WKH EXWWH

)LQDOO\ , ZRXOG OLNH WR H[SUHVV P\ HWHUQDO JUDWLWXGH )
FRQVWDQW VXSSRUW DQG HQFRXUDJHPHQW $ VSHFLDO WKDQ|
3DNDZDQ OHHVLUL :HQZHQ <X DQG .L]]\ 5HQQLH IRU WKHLU ZD
MRXUQH\ PHPRUDEOH
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ILVW RI WDEOHYV

7DEOH &RQVXPSWLRQ RI LFH FUHDP LQ GLIIHUHQW FRXQWULHV $
7DEOH 'LITHUHQW FRPSRVLWLRQV IRU LFH FUHDP *RIl +DUWHO
7DEOH 7KH RYHUUXQ PHDVXUHPHQWYVY IRU IXO0 IDW FRQWUROV DC
SURSRUWLRQ RI QRQ KRPRJHQL]HG FUHDP

7DEOH 7KH RYHUUXQ PHDVXUHPHQWYVY IRU ORZ IDW FRQWUROV DC
SURSRUWLRQ RI QRQ KRPRJHQL]HG FUHDP

7DEOH 9DOXH RI '> @ DQG '> @ IRU YDULRXV VWDQGDUG IDW L
7DEOH +DUGQHVYV YDOXHV IRU VWDQGDUG IDW LFH FUHDPV ZLWK

7TDEOH +DUGQHVY YDOXHV IRU ORZ IDW LFH FUHDPV ZLWK YDULRX
7TDEOH PDVV RI PHOWHG LFH FUHDP DW WKH HQG RI KUV IRU \
7TDEOH PDVV RI PHOWHG LFH FUHDP DW WKH HQG RI KUV IRU C
7TDEOH 2YHUUXQ IRU LFH FUHDP IRUPXODWLRQV PDGH ZLWK WUD
EXWWHUPLON SRZGHU

7TDEOH +DUGQHVY YDOXHV LQ 1 IRUFRQWUROV DQG LFH FUHDP 7
WUDGLWLRQDO SURFHVVLQJ

7TDEOH WKH ILQDO PDVV RI PHOWHG LFH FUHDP IRU FROQWUROV C

7TDEOH 2YHUUXQ IRU FRQWUROV DQG LFH FUHDP PDQXIDFWXUHG
GLIITIHUHQW OHYHO RI EXWWHUPLON SRZGHU
7TDEOH +DUGQHVYVY YDOXHV IRU FRQWUROV DQG IRUPXODWLRQV ZL
XVLQJ VHOHFWLYH DGVRUSWLRQ WHFKQLTXH
7TDEOH WKH ILQDO PDVV RI PHOWHG LFH FUHDP IRU FRQWUROV C

7TDEOH &RPSRVLWLRQ RI 603

7TDEOH &RPSRVLWLRQ RI *OXFRVH V\UXS

7TDEOH &RPSRVLWLRQ RI $0)

7TDEOH &RPSRVLWLRQ RI 1RQ KRPRJHQL]HG FUHDP

7TDEOH &RPSRVLWLRQ RI EXWWHUPLON SRZGHU

7TDEOH &DOFXODWLRQV IRU VWDQGDUG IDW LFH FUHDP PL[ ZLWK (
7TDEOH &DOFXODWLRQV IRU ORZ IDW LFH FUHDP PL[ ZLWK QRQ KRI
7TDEOH &DOFXODWLRQV IRU LFH FUHDP PL[ ZLWK EXWWHUPLON SR






,QWURGXFWLRQ

'LWK FKDQJLQJ IRRG FRQVXPSWLRQ KDELWV WKHUH LV LQF
HQYLURQPHQWDOO\ IULHQGO\ FOHDQ ODEHOOHG DQG VXVWD
LQGXVWU\ WR IRFXV RQ UHSODFLQJ VIQWKHWLF HPXOVLILHUV
1IDWXUDO HPXOVLILHUV DUH DPSKLSKLOLF SURWHLQV SRO\V
ELRSRO\PHUV OF&OHPHQWV *XPXV JROORZLQJ WKH SUH\
LQJUHGLHQWY VWXGLHV KDYH DOVR EHHQ FRQGXFWHG RQ ILQ
GHULYHG HPXOVLILHUV LQ LEFH FUHDP ,W LV DOVR ZRUWK DEN
VXFK DV VZHHWHQHUY DQG VWDELOL]JHUV ZKLFK DUH DOVR LP
$V WKHVH LQJUHGLHQWY DUH GHULYHG IURP QDWXUDO VXEV\
VSHFLILFDOO\ UHSODFH WKH FKHPLFDOO\ VIQWKHVL]HG HPXOV

6HIJDOO DQG *RII DWWHPSWHG WR SUHSDUH LFH FUHDP Z
SURFHVV RI LFH FUHDP PDNLQJ ,Q SODFH RI WKH WUDGLWLRQ
LQJUHGLHQWY DUH PL[HG DQG WKHQ KRPRJHQL]JHG DIWHU EC
SURFHVVLQJ WHFKQLTXH 7KH TXDOLW\ RI LFH FUHDP LQ WHUP
PHOWLQJ SURSHUWLHYV ZDV FRPSDUDEOH ZLWK LFH FUHDP FR
SURFHVVLQJ UHTXLUHPHQWY WKH WHFKQLTXH ZDV VXJIJHVWHC(

$OQRWKHU VWXG\ XVHG GLIITHUHQW SKRVSKROLSLGV VR\D Ul
HPXOVLILHUV LQ ,WDOLDQ LFH FUHDP JHODWR W ZDV UHSR
SKRVSKROLSLGYVY ZDV FRPSDUDEOH WR FRQWURO LQ WHUPV RI
OHVV RYHUUXQ :KHUHDV JHODWR ZLWK ERYLQH SKRVSKROLSL
SURGXFW LQ WHUPV RI RYHUUXQ KDUGQHVYVY DQG PHOWLQJ VWI
&ROQWLQXLQJ WKH VHDUFK IRU QDWXUDO HPXOVLILHUV IRU LFH
IROORZLQJ REMHFWLYHYVY DQG K\SRWKHVHV

2EMHFWLYH L 7R FRQGXFW D VWXG\ WR ILQG WKH SRWHC
DV QDWXUDO HPXOVLILHUV IRU LFH FUHDP

7KH ILUVW REMHFWLYH RI WKLV UHVHDUFK ZRUN ZDV WR H[SOF
JOREXOHYVY DV D QDWXUDOO\ HPXOVLILHU LQ LFH FUHDP ,Q WK
JOREXOH LV WKH PLON IDW JOREXOH ZKLFK LV LQWHUUDFLDOG

7KH K\SRWKHVLV VXJJHVWHG IRU WKLV REMHFWLYH FRPHV I1U
FUHDP RU EXWWHU ,W KDV EHHQ ZHOO HVWDEOLVKHG WKD\



KRPRJHQL]JHG FUHDP DUH FDSDEOH RI XQGHUJRLQJ SDUWLDO F
IDW FRQWHQW 6)& FRQWHQW LV PDLQWDLQHG E\ FRQWUROO
OLWHUDWXUH 7KLV SURSHUW\ Rl QDWLYH PLON JOREXOHV L
FUHDP E\ QRQ KRPRJHQL]HG FUHDP DW WKH LQGXVWULDO OHYH
PHPEUDQH V WUL OD\HU VWUXFWXUH FDQ SURYLGH WKH UHT.
LQIRUPDWLRQ ZH K\SRWKHVLVH WKDW SDUWO\ UHSODFLQJ W
FUHDP ZLWK QRQ KRPRJHQL]HG FUHDP ZLOO SURGXFH LFH FU
HPXOVLILHUV 3DUWLDO UHSODFHPHQW LV NH\ WR WKLV DSSU
FRPSOHWH XWLOLVDWLRQ Rl QRQ KRPRJHQL]HG IDW GURSOHYV
FKXUQLQJ DQG GHVWDELOL]DWLRQ RI WKH LFH FUHDP 3DUWL
PRUH OLPLWHG FKXUQLQJ DV RQO\ D IUDFWLRQ RI WKH WRWI
HIITHFW $FFRUGLQJO\ ZH SDUWO\ UHSODFHG DQK\GURXV PLOU
GLIIHUHQW UDWLRV DQG DQDO\WHG WKH UHVXOWDQW LFH FU
SXUVXHG ZDV DGGLQJ QRQ KRPRJHQL]HG FUHDP DIWHU PL[ KRF
QDWLYH IDW JOREXOHV ZRXOG KDYH GLVUXSWHG WKH PLON ID
WKHLU SXUSRVH LQ WKH IRUPXODWLRQ

2EMHFWLYH LL ([WUDSRODWLRQ RI WKH HIIHFW RI QDWL)
WKH LPSDFW RI EXWWHUPLON SRZGHU DV D UHSODFHPHQW
FUHDP

$IWHU LQYHVWLIDWLQJ RXU ILUVW REMHFWLYH ILQGLQJV LQG
SRVVLEOH DOWHUQDWLYH QDWXUDO HPXOVLILHU IRU LFH FUH
UDWLRQDOH IRU VHFRQG REMHFWLYH RI WKH UHVHDUFK ZKLF¥
SKRVSKROLSLG HQULFKHG EXWWHUPLON SRZGHU DV D QDWXUL

NXWWHUPLON LV DQ DTXHRXV UHPQDQW RI WKH EXWWHU SURC
FRPSRQHQWYV SURWHLQV ODFWRVH DQG IUDFWLRQV RI PLON
JOREXOH PHPEUDQH FRPSRVHG RI SURWHLQV SKRVSKROLSLC
VXUIDFH DFWLYH LQ QDWXUH 5RHVFK HW DO ,Q RXU VW)
QDWXUDO PLON IDW JOREXOHV FDQ SURGXFH D JRRG TXDOLW\
VWDELOLW\ $V EXWWHUPLON SRZGHU LV HQULFKHG ZLWK PLOI
FDQ EH D SRWHQWLDO QDWXUDO HPXOVLILHU IRU LFH FUHDP

DUH WKH PDLQ VXUIDFH DFWLYH FRPSRQHQWY LQ PLON JOREX
ZH KDYH QRW IRFXVHG RQ H[SOLFLWO\ HIWUDFWLQJ WKH SKR'



EHFDXVH H[WUDFWLQJ SKRVSKROLSLGV IURP EXWWHU PLON ¢
HPXOVLILHU ZRXOG QRW EH DQ HFRQRPLFDOO\ YLDEOH RSWLR(
RI EXWWHUPLON SRZGHU LQ LFH FUHDP DQG DQDO\VHG LWV HI
XVHG WZR SURFHVVLQJ WHFKQLTXHV WUDGLWLRQDO DQG VHO

,Q WUDGLWLRQDO SURFHVVLQJ WHFKQLTXHVY DOO WKH LQJUH
SHUIRUPHG DIWHU FRPELQLQJ :KHUHDV LQ WKH VHOHFWLYH
EOHQGLQJ LV FRPSRVHG RI WZR SKDVHV 2QH SKDVH KDYLQ
VWDELOL]HUV GLVVROYHG LQ ZDWHU 3KDVH $ DQG WKH RW
GLVVROYHG LQ ZDWHU 3KDVH % 3KDVH $ LV KRPRJHQL]HG
SUHVVXUH 3KDVH % LV PL[HG LQWR SKDVH $ DIWHU KRPRJHQL



ILWHUDWXUH 5HYLHZ

 QWURGXFWLRQ

,FH FUHDP LV RQH RI WKH PRVW LFRQLF GDLU\ SURGXFWV FRC

1HZ =HDODQG LV WKH KLJKHVW SHU FDSLWD FRQVXPHU RI
KDV EHHQ UHSRUWHG WKDW RQ DYHUDJH D SHUVRQ FRQVXPHG
1HZ =HDODQG 7DEOH RXWOLQHV WKH WRS FRQVXPHUV RI

7TDEOH &RQVXPSWLRQ RI LFH FUHDP LQ GLIIHUHQW FRXQWULH
5DQIN &RXQWU\ 3HU FDSLWD LFH FUHDP FRQVXPSWLF

1HZ =HDODQG

B8QLWHG 6WDWHV
$XVWUDOLD

)LQODQG
6ZHGHQ
&DQDGD
"HQPDUN

,JUHODQG
WD O\
8QLWHG .LQJGRP

7KH WHUP :LFH FUHDP" LQFOXGHV D ZLGH UDQJH RI IUR]JHQ GH?
GHVVHUWY DUH GDLU\ LFH FUHDP QRQ GDLU\ LFH FUHDP IUR
DQG PDQ\ PRUH &ODUNH 7KH OHJDO GHILQLWLRQ RI WKH
YDULDEOH DFURVYV LQ GLIITHUHQW QDWLRQV ,Q 1RUWK $PHULF
PLON IDW LQ IUR]JHQ SURGXFWV WR EH GHILQHG DV LFH FUHD!
XQOHVV WKH SURGXFW LV VSHFLILHG DV 3GDLU\ LFH FUHDP"~ *|
LFH FUHDP LQGXVWU\ IROORZV WKH VWDQGDUGV VHW E\ $X°
&RGH $1=)6 $V SHU WKH GHILQLWLRQ RI $1=)6 3LFH FUHDP PF
PDGH IURP FUHDP RU PLON SURGXFWV RU ERWK DQG RWKHU IF
KDYH PLON IDW QRW OHVV WKDQ J NJ DQG IRRG VROLGV QRW



*HQHUDOO\ LFH FUHDP LV FODVVLILHG LQWR UHJXODU ORZ IL
$00 WKHVH W\SHV RI LFH FUHDP DUH DYDLODEOH LQ GLIITHUHQ
FUHDP LV PDGH XS RI PLON IDW PLON VROLGV QRW IDW PLON
VZHHWHQHUV JOXFRVH V\UXS KLJK IUXFWRVH FRUQ V\UXSV }
WKDQ WKHVH LQJUHGLHQWY LFH FUHDP PD\ DOVR FRQWDLQ GL
LQJUHGLHQWY FDQ EH GHULYHG IURP YDULRXV VRXUFHV DQ
$SUEXFNOH 7TDEOH RXWOLQHV GLIITHUHQW JHQHULF
FRPSRVLWLRQ VHOHFWLRQ GHSHQGV RQ WKH FKRLFH RI WKH P
*RII +DUWHO E

7TDEOH 'LITHUHQW FRPSRVLWLRQV IRU LFH FUHDP *RII +DUW

&RPSRVLWLRQV

OLON IDW

OLON VROLGV QRW IDW

6 XFURVH

&RUQ VV\UXS|VROLGYV

6WDELOL]JHU

(PXOVLILHU

7TRWDO VROLGV

,QJUHGLHQWY RI LFH FUHDP
,QJUHGLHQWY XVHG IRU LFH FUHDP PDQXIDFWXULQJ FDQ EH
LQJUHGLHQWY DQG LQFOXVLRQV ODMRU LQJUHGLHQWYV DUH I
IRUP WKH EXON RI LFH FUHDP 7KH DLU LQ LFH FUHDP DOV
(PXOVLILHUV VWDELOL]JHUV DQG IODYRXULQJ FRPSRXQGV D
,QFOXVLRQV DUH VSHFLDOLW\ LQJUHGLHQWYV VXFK DV FKRFRO
SDUWLFXODULW\ WR LFH FUHDP &ODUNH

)DW

)DW LV RQH RI WKH FULWLFDO LQJUHGLHQWYV LQ LFH FUHDP ,\
FROWULEXWHV WR ERG\EXLOGLQJ LQ LFH FUHDP W FRQWULE?>



RI LFH FUHDP ,W DOVR KHOSV LQ SURFHVVLQJ E\ OXEULFDWLQ.
$GGLWLRQDOO\ WKH IRUPDWLRQ RI WKH ZHDN LQWHUIDFLDO |
LQFRUSRUDWLRQ RI DLU ZLWK FRQWLQXRXV VKHDULQJ GXULQ.
WR XQGHUJR SDUWLDO FRDOHVFHQFH 7KLV SDUWLDO FRDOHYV
VWUXFWXUH IRUPDWLRQ RI LFH FUHDP 7KHUHIRUH WKH VHOI

LPSRUWDQFH *RII E $FFRUGLQJ WR WKHLU VRXUFH WKH I
DV GDLU\ RU QRQ GDLU\ IDW *RI1I D

OLON IDW

OLON IDW LV WKH PRVW FRPPRQ W\SH RI IDW XVHG LQ LFH FUH
GDLU\ IODYRXUV DVVRFLDWHG ZLWK LFH FUHDP *RII +DUWHO
DV IDW JOREXOHV GLVSHUVHG LQ WKH VHUXP SDUW RI PLON 7
WR XP 1HDUO\ RI PLON IDW LV WULJO\FHULGHV ZKLFK DU

DFLGV ZLWK D PHOWLQJ UDQJH IURP z& WR z& :DOVWUD F

'LITHUHQW VRXUFHV Rl PLON IDW XVHG LQ PL[ SUHSDUDWLR!
DQK\GURXV PLON IDW DQG JKHH $UEXFNOH &KRLFH RI W
DYDLODELOLW\ DQG SURFHVVLQJ )UHVK FUHDP VHSDUDWHG Il
IDW IRU PL[ SUHSDUDWLRQ LQ 1HZ =HDODQG )UHVK FUHDP ZL
LV WKH SUHPLHU VRXUFH RI ULFKQHVV %HLQJ D OLTXLG FUHEL
LQJUHGLHQWY L H VNLP PLON SRZGHU VXJDU VWDELOL]JHUV
'HVSLWH EHLQJ D SRWHQWLDO VRXUFH RI PLON IDW XVH RI ILU
1HZ =HDODQG DV LW LV DQ H[SHQVLYH VRXUFH KDV D ORZ VKt
WR SUHYHQW DQ\ GHWHULRUDWLRQ %XWWHU LV DQRWKHU VR
ZDWHU LQ RLO HPXOVLRQ DQ LQYHUVLRQ RI HPXOVLRQ QHHGYV
SURFHVVLQJ UHTXLUHPHQW LQ LFH FUHDP PDNLQJ $QK\GURXV
FRPPRQ VRXUFH RI PLON IDW XVHG LQGXVWULDOO\ HVSHELDOC
/IRZ PRLVWXUH FRQWHQW DQG HDVH RI WUDQVSRUWDWLRQ PD}
GRHVY UHTXLUH WR EH PHOWHG SULRU WR PL[LQJ 2WKHU PLON
ZKLFK DUH RQO\ XVHG RFFDVLRQDOO\ *RIl +DUWHO D

1RQ GDLU\ IDWV

'LWK WKH VKLIW LQ IRRG KDELWV WR D YHJDQ OLIHVW\OH DOF
DOOHUJLHV IRFXV KDV EHHQ VKLIWLQJ WR QRQ GDLU\ LFH FU



HIWHQVLYHO\ XVHG LQ (XURSHDQ FRXQWULHVY DV WKH\ DUH O
SDUDPHWHUV IRU WKH VHOHFWLRQ RI QRQ GDLU\ IDW DUH W]
FU\VWDOV W\SH WULJO\FHULGH FRQWHQW KLJK FRQWHQW OHL
DJLQJ DQG IUHH]JLQJ WHPSHUDWXUHV *RII +DUWHO E

WHPSHUDWXUH LV RQH RI WKH LPSRUWDQW IDFWRUV GHWHUPL
FRDOHVFHQFH ZKLFK LV D PDMRU VWUXFWXULQJ PHFKDQLVP

DUH WKH PDLQ QRQ GDLU\ IDWV XVHG LQ LFH FUHDP &ODUNH

)DW UHSODFHUV

'LWK WKH LQFUHDVLQJ ULVN RI FRURQDU\ KHDUW GLVHDVH G
GHPDQG IRU ORZ IDW LFH FUHDPV $NDOLQ .DUDJ]O 7KFE
PLPLF WKH VWUXFWXULQJ PHFKDQLVP SURYLGHG E\ IDW DQG
UHSODFLQJ IDW LQ LFH FUHDP %DVHG RQ WKHLU FRPSRVLW
FDUERK\GUDWHY EDVHG SURWHLQ EDVHG DQG OLSLG EDVHG
PRGLILHG VWDUFK PDOWRGH[WULQV ZKH\ SURWHLQ FRQFHQW
7TKH\ FDQ EH XVHG DORQH RU LQ FRPELQDWLRQ ZLWK RWKHUV

OLON 6ROLG QRW IDW
OLON VROLGV QRW IDW 061) LV WKH IUDFWLRQ RI PLON RWHK
SURWHLQV ODFWRVH DQG PLQHUDOV :DOVWUD HW DO 0
LQ LFH FUHDP 7KH\ KHOS LQ WKH HPXOVLILFDWLRQ RI IDW GXlL
LOQWHUIDFH RI QHZO\ IRUPHG IDW JOREXOHV 7KH\ FRQWULEXW
E\ VWDELOL]LQJ QHZO\ IRUPHG DLU EXEEOHV GXULQJ IUHH]LQJ
YLVFRVLW\ LQ LFH FUHDP WKHUHE\ OLPLWLQJ WKH PRELOLYV
UHFU\VWDOOL]DWLRQ 2WKHU WKDQ WKHVH IXQFWLRQV WKH\
SHUFHLYHG ZKLWHQHVYV RI LFH FUHDP DQG SURYLGHV D XQLT

<RXQJ OLON SURWHLQV DUH PDGH RI FDVHLQV DQG ZKH\
ZKH\ SURWHLQV LV LQ FRZ PLON OF6ZHHQH\ 2 ODKRQ\
PLON SURWHLQV *RII +DUWHO E

IDFWRVH LV PLON VXJDU ,W FRQWULEXWHV WR WKH IUHH]LQJ
WR D VPDOO H[WHQW DGGV WR WKH VZHHWQHVV RI LFH FUHD
<RXQJ 7TKHUH LV DURXQG ODFWRVH LQ WKH LFH FUHDP
WKH PL[ OHDGV WR 3VDQGLQHVV" D GHIHFW WKDW DULVHV G:



FUHDP &ODUNH OLON VDOWV SURYLGH D W\SLFDO PLQHU
GHJUHH FRQWULEXWH WR IUHH]LQJ SRLQW GHSUHVVLRQ 7KDU

&RQFHQWUDWHG PLON GULHG PLON SRZGHUV ZKH\ SURWHLQ
DUH FRPPRQO\ XVHG VRXUFHV RI PLON VROLG QRW IDW LQ LFH
PLON ZLWK 76 KDV EHHQ RQH RI WKH FRQYHQWLRQDO V
HYDSRUDWLQJ VNLP PLON XQGHU D YDFXXP $V FRQFHQWUDWH
WR KDQGOH SURGXFWLRQ ZLVH /RZ VKHOI OLIH DQG UHJXODL
XVLQJ FRQFHQWUDWHG PLON OLON SRZGHU LV D SRSXODU VR>
'"ULHG PLON LV SURGXFHG E\ VSUD\ GU\LQJ FRQFHQWUDWHG PL
DUH HQFRXUDJLQJ EHQHILWY SURYLGHG E\ SRZGHUV WR WKH S

:KH\ SURWHLQ FRQFHQWUDWHY :3&V DUH DQ HFRQRPLFDO VR)
VNLP PLON SRZGHU $ KLJK FRQWHQW RI ODFWRVH LQ :3& DUF

LQ 603 FDQ OHDG WR WKH LVVXH RI ODFWRVH FU\VWDOOL]DW
$OQRWKHU OLPLWDWLRQ RI XVLQJ :3& LV WKH KHDW LQVWDELOI
IXQFWLRQDOLW\ RI SURWHLQV LQ LFH FUHDP DQG WKHLU VWUF

6ZHHWHQHUYV
S6ZHHWHQHU" LV WKH WHUP XVHG WR GHVFULEH WKH VXEVWD

FUHDP 6ZHHWHQHUY DUH DOVR LPSRUWDQW WR GHOLYHU IODY
DVZHHW WDVWH WR LFH FUHDP ZKLFK FRPSOHPHQW WKH YDULI
FRQVXPHU DFFHSWDQFH $OVR VZHHWHQHUV VXFK DV SRO\K\G!
LFH FUHDP PL[ FRQWUROOLQJ WKH RI WKH LFH LQ WKH ILQL
VRIWQHVV RI LFH FUHDP &ODUNH 7KH W\SLFDO FRQFHQV
RI' LFH FUHDP PL[ $UEXFNOH $ UDQJH RI VZHHWHQH!
GHULYDWLYHV KLJK IUXFWRVH FRUQ VI\UXS KRQH\ JOXFRVH \
DUH XVHG LQ LFH FUHDP PDQXIDFWXULQJ $VJKDU HW DO
XSRQ WKHLU UHODWLYH VZHHWQHVYV HQHUJ\ FRQWULEXWLRQ
SURSHU PL[WXUH RI VZHHWHQHUV LV UHTXLUHG WR DFKLHYH V
+DUWHO E

6 XFURVH DOVR NQRZQ DV WDEOH VXJDU LV GHULYHG IURP V
FRPPRQ VZHHWHQHU XVHG LQ LFH FUHDP &KHPLFDOO\ LW L)\
I[UXFWRVH DV PRQRPHULF XQLWV ,W LV UHDGLO\ VROXEOH L
VROXWLRQ DW D FRQFHQWUDWLRQ RI PRUH WKDQ $W WKH V



VXFURVH LV SUHVHQW LQ D VXSHUVDWXUDWHG VROXWLRQ $V
GHSUHVVLRQ E\ z& &ODUNH $ KLJK SURSRUWLRQ RI VX
VRIW LFH FUHDP DQG D ORZ SURSRUWLRQ UHVXOWYV LQ OHVV
LVVXH D SDUW RI WKH VXFURVH FDQ EH UHSODFHG ZLWK DQ D
KDV D KLJK FROOLJDWLYH HIIHFW RI IUHH]JH SRLQW GHSUHVVLEF

&RUQ V\UXSV DUH FRPPRQ DOWHUQDWLYH VZHHWHQHUV XVHG
DUH GHULYDWLYHV RI FRUQ VWDUFK ZLWK GLIIHUHQW GHJUHH
&6 LV K\GURO\VHG XVLQJ HQ]J\PHV DQG E\ FRQWUROOLQJ WKH

REWDLQHG )LJXUH GHSLFWV GLIITHUHQW VZHHWHQHUV REW
K\GURO\VLV
D
Corn Starch E::Il:ruaf:nt Maltose

28 DE

+ disaccharide
42 DE + Same freezing pt.

+ Not Sweet 55 DE

* Very little 64 DE
freezing pt.
depression
(high freezing pt.)

* High Molecular Wt.

+ Sweetness increases
» Molecular wt. decreases
+ Freezing pt. decreases

* Viscosity decreases

depression of
sucrose

Glucose —P Fructose

(dextrose)

+ monosaccharide

« B0% as sweet
as sucrose

* Twice the freezing
pt. depression of
sucrose

« monosaccharide

+ 1.8x sweeter than
sucrose

+ Twice the freezing
pt. depression
of sucrose

JLIXUH

9DULRXV SURGXFWV REWDLQHG IURP K\GURO\VLV RI FRUQ V\

&6 GHULYDWLYHV DUH UHODWLYHO\ OHVV VZHHW WKDQ VXJDL
'( YDOXH KDYH D KLJK IUHH]H SRLQW GHSUHVVLRQ DV FRPS
GHULYDWLYH SURGXFHV VRIWHU LFH FUHDP ZKHUHDV LQFRUSR
LQ ILUPHU LFH FUHDP 7KH\ DOVR LPSURYH WKH PHOWLQJ Sl
PLIWXUH RI VXFURVH DQG &6 GHULYDWLYHV DUH XVHG ZLWK
GHULYDWLYHV FRQFHQWUDWLRQ ODSOH VI\UXS KRQH\ VX.
RI VZHHWHQHUV LQ LFH FUHDP *RII +DUWHO E

'LWK FKDQJLQJ OLIHVW\OHV WKH GHPDQG IRU ORZ VXJDU SUF
IRFXV WR XVLQJ QRQ QXWULWLYH VZHHWHQHUV LQ LFH FUHDP
W\SLFDO QRQ QXWULWLYH VZHHWHQHUY ORUH LQIRUPDWLRQ |
LFH FUHDP DQG WKHLU HIIHFW FDQ EH IRXQG LQ WKH SDSHU E



6WDELOL]JHUV
7KH SULPDU\ SXUSRVHV RI VWDELOL]JHUV LQ LFH FUHDP DUH WHE
WH[WXUH SUHYHQW VKULQNDJH SUHYHQW LFH DQG ODFWRVH
PRLVWXUH IURP LFH FUHDP WR DLU 7KH\ DOVR LQWHUDFW ZL'

%DKUDPSDUYDU OD]DKHUL 7HKUDQL ORVW RI WKHVH |
LQFUHDVHG YLVFRVLW\ RI WKH XQIUR]JHQ SRUWLRQ RI LFH FUHI
PDFURPROHFXOHV *RII +DUWHO E

ORVW VWDELOL]J]HUV XVHG LQ LFH FUHDP DUH SRO\WDFFKDULGF
FKDLQ ELRSRO\PHUV ZLWK K\GUR[\ JURXSV %HLQJ ODUJH PROF
LQ ZDWHU DQG RIWHQ UHTXLUH VKHDULQJ RU KHDWLQJ WR DV
7KH QRPLQDO XVDJH RI VWDELOL]JHUV LV DURXQG * IR
DQG FDUUDJHHQDQ DUH WKH SULPDU\ VWDELOL]J]HUV XVHG L
FRPSDWLEOH ZLWK PLON SURWHLQV DQG FRPSHWH WR ELQG Z
FUHDP 7KHUHIRUH | FDUUDJHHQDQ ZKLFK FDQ ELQG WR FD)\
VWDELOL]J]HU LQ LFH FUHDP IRUPXODWLRQ WR SUHYHQW SKDV
THKUDQL ORUH GHWDLOHG LQIRUPDWLRQ DERXW WKH W\
FUHDP FDQ EH IRXQG LQ WKH UHYLHZ E\ %DKUDPSDUYDU DQG

(PXOVLILHUV
JRU D ORQJ WLPH HPXOVLILHUV KDYH EHHQ D FRPPRQ LQJUHGL

DUH IRRG DGGLWLYHV WKDW ORZHU WKH LQWHUIDFLDO WHQVL
LQ WKH IRUPDWLRQ RI VWDEOH HPXOVLRQV 7KH\ PD\ DOVR R
FRQWUROOLQJ FU\VWDOOL]DWLRQ UHGXFLQJ YLVFRVLW\ DQG
VI\VWHPV (PXOVLILHUV DUH DPSKLSKLOLF PROHFXOHV WKDW KI
+DVHQKXHWWO +DUWHO

,Q FRQWUDVW WR WKHLU QDPH HPXOVLILHUV DUH XVHG LQ LFF
DGHTXDWH DPRXQW RI PLON SURWHLQV LV SUHVHQW LQ WKH |
HPXOVLILHUV DUH QRW UHTXLUHG LQ WKH JHQHUDO VHQVH RI
%HLQJ D KLJKO\ VXUIDFH DFWLYH FRPSRXQG V\QWKHWLF HPX
FDSDFLW\ DV FRPSDUHG WR SURWHLQV 'XULQJ DJLQJ DQ HPX
IURP WKH VXUIDFH RI IDW GURSOHWY ZKLFK UHVXOWYV LQ WKH
WKH IDW GURSOHWYV 7KLV ZHDN PHPEUDQH PDNHV IDW GURS(
GXULQJ G\QDPLF IUHH]LQJ DQG UHVXOWYVY LQ WKH IRUPDWLRQ
RI'IDW VWUXFWXUH SURYLGHV VWLIIQHVV WR LFH FUHDP ZKLFK



(PXOVLILHUV DOVR SURPRWH WKH DGVRUSWLRQ RI IDW RQ DLU
WR LFH FUHDP *RIl -RUGDQ

7TUDGLWLRQDOO\ HJJ \RON ZDV D FRPPRQO\ XVHG HPXOVLILH
FRPPRQ HPXOVLILHUV XVHG LQ LFH FUHDP LQFOXGH D EOHC
SRO\WRUEDWHYV 36 DQG SURS\OHQH JO\FRO PRQRVWHDUDW!|
SURGXFHG E\ WKH HVWHULILFDWLRQ RI IDWW\ DFLGV ZLWK JO\
0'* FRQWDLQV PRUH WKDQ PRQRJO\FHULGHV ZKLFK DUH S
VXUIDFH DFWLYH SURSHUWLHYVY 'LJO\FHULGHV KDYH WZR IDWW
WULJO\FHULGHVY WKH\ DUH OLSRSKLOLF DQG SRVVHVV ORZ
PRQRJO\FHULGHV OL[WXUHV FRQWDLQLQJ PRUH WKDQ R1 P
FRPPHUFLDOO\ 7KH QRPLQDO FRQFHQWUDWLRQ RI 0'* XVHG L
SRO\WVRUEDWHYV RQ WKH RWKHU KDQG DUH HVWHUV RI IDWW\ D
DGGHG WR JLYH K\GURSKLOLF QDWXUH 3RO\WRUEDWHYV DUH U
SURPRWH SDUWLDO FRDOHVFHQFH RI IDW ZKHUHDV 0'* SURPR’
7\SLFDO FRQFHQWUDWLRQ RI 36 XVHG LV DURXQG WR
+DVHQKXHWWO +DUWHO

'LWK WKH ULVLQJ GHPDQG IRU HFR IULHQGO\ QDWXUDO DQG \
QDWXUDO DGGLWLYHV LV RQ WKH ULVH 7KLV KDV DOVR HQFR.
FUHDP (JJ \RON OHFLWKLQ SKRVSKROLSLGVY SURWHLQV S
HPXOVLILHUV LQ LFH FUHDP %XW WKH XVH RI WKHVH HPXOVLI
FUHDP VA\VWHPV 7KH PRUH LQIRUPDWLRQ RI DERXW WKH HPXC
*RIl +DUWHO E +DVHQKXHWWO +DUWHO

2WKHU LQJUHGLHQWYV
7KH XVH RI IODYRXUV LQFOXVLRQV FRORXUV HVVHQFHV DOQC(

LQ LFH FUHDP 7KH XVDJH RI LFH FUHDP DORQJ ZLWK FDNHV D
YDULHW\ LQ LFH FUHDP 6DQGZLFKHV FXSV EDUV DUH VRPH S
IODYRXU WKHUH LV D ZLGH UDQJH LQFOXGLQJ FRRNLH GRXJK
PRUH DYDLODEOH LQ WKH PDUNHW $VVRFLDWLRQ



SURFHVVLQJ RI LFH FUHDP
JLIXUH VXPPDULVHV WKH PDQXIDFWXULQJ SURFHVV RI LFH

FDQ EH GLYLGHG LQWR WZR VXE SURFHVVHV OL[ PDQXIDFWXU
+DUWHO D

OL[ SUHSDUDWLRQ FRPSULVHV WKH EOHQGLQJ RI UDZ PDWHU
FRROLQJ DQG DJLQJ &RPPRQO\ D PL[LQJ WDQN ZLWK KHDWLC
LV XVHG IRU PL[LQJ WKH LQJUHGLHQWY 'U\ LQJUHGLHQWV D
PLIWXUH WR HQVXUH SURSHU PL[LQJ ,W LV FRPPRQ SUDFWLFI
DYRLG OXPS IRUPDWLRQ $00 WKH OLTXLG LQJUHGLHQWYV DU
1RZDGD\V D YDFXXP EOHQGLQJ V\VWHP LV XVHG WR DYRLG DL
GXULQJ EOHQGLQJ *RIl +DUWHO E 7KDUS <RXQJ

$IWHU EOHQGLQJ RI LQJUHGLHQWY WKH PL[ LV KRPRJHQLJHG
SDVWHXUL]DWLRQ LV WR LQDFWLYDWH DQ\ SDWKRJHQLF PLFU
WKH GHDFWLYDWLRQ RI OLSRO\WLF DQG SURWHRO\WLF HQJ\PH
SURGXFW 'HSHQGLQJ XSRQ YROXPH WKH PL[ FDQ EH EDWFK SO
VKRUW WLPH SDVWHXUL]HG

,Q EDWFK RSHUDWLRQ WKH PL[ LV ILUVW KHDWHG WR SDVWH
WDQN DQG LW LV NHSW WKHUH IRU D VSHFLILF KROGLQJ WLP
KRPRJHQL]JHG DQG FRROHG WR 7 & ,Q FRQWLQXRXV RSHUDWLF
KRPRJHQL]JHG +RPRJHQL]DWLRQ RI PL[ LV GRQH LQ WZR VWDJ*F
1RUPDOO\ D KRPRJHQL]JLQJ SUHVVXUH RI 03D LV XVHG $1
KHDWHG WR 7 & XVLQJ D SODWH KHDW H[FKDQJHU DQG SDVV
WR KROGLQJ PL[ DW SDVWHXUL]DWLRQ WHPSHUDWXUH WKH PLJ
%\OXQG *RII' +DUWHO E



Pre-heating

{

Formulation
Mixing

Pasteunsation
Homogenisation
Cooling

S+5C

Ageing
(> 4 hours)

Continuous -
Freezing H Air

Filling,Extrusion, Stick bar
Cups/cones/bulks freezing
(Flavouring)
-20°C
Continuous =t Cowzségéage
hardening 020 monthe
JLIXUH ,QGXVWULDO VFKHPDWLF RI LFH FUHDP SURGXFWLRQ

7KH PL[ LV WKHQ VWRUHG DW z& LQ DJLQJ WDQNV 7KH SXUSR
IRU WKH FU\VWDOOL]DWLRQ RI IDW DQG GLVSODFHPHQW RI SU
DOVR KHOSV LQ WKH K\GUDWLRQ RI SURWHLQ DQG GHYHORSPF
z& IRU D PLQLPXP RI KUV &ODUNH

JROORZHG DJLQJ WKH PL[ LV WUDQVIHUUHG WR WKH LFH FL
FRQWLQXRXVO\ IUHH]LQJ PL[ 7KH IRUPDWLRQ RI DLU FHOOV 1
IDW DUH FKDQJHV WKDW KDSSHQ GXULQJ IUHH]LQJ )UHH]LQJ
I[UHH]HU $V RI ZDWHU LV IUR]JHQ LFH FUHDP LV VWLOO S
HIWUXVLRQ PDFKLQHV $IWHU ILOOLQJ LFH FUHDP LV KDUGH
WUDQVIHUUHG WR VWRUDJH S$SUEXFNOH *RI1I E



6WUXFWXUH RI ,FH FUHDP

$UIJXDEO\ LFH FUHDP LV RQH RI WKH PRVW FRPSOH[ IRRG FRC(
VWUXFWXUH RI LFH FUHDP FDQ EH EUHDN GRZQ LQWR IRXU SKD
IDW GURSOHWY SDUWLDOO\ FRDOHVFHG IDW DQG LFH FU\VW
*RI +DUWHO E ,Q SKDVH YROXPH WHUPV DLU EXEEOH)
FU\WVWDOV DUH DURXQG IDW JOREXOHYV DUH DURXQG DQ
VKRZV GLIITHUHQW SKDVHV RI LFH FUHDP DW z& :DOVWUD HW

&
B

e

o e |>
Casein micelle

Fat globule
— Lactose crystal

Plasma

Aur cell

|

JLIXUH 6WUXFWXUDO FRPSRQHQWY RI LFH FUHDP :DOVWUD F

%HLQJ D FRPSRVLWH PDWHULDO LFH FUHDP LV PDGH XS RI D L
VWDELOL]JHUV HPXOVLILHUV VZHHWHQHUV IODYRXUV DQG I
LQJUHGLHQWY DQG WKHLU LQWHUDFWLRQ FRQWULEXWH WR W]
VKRZV WKH UHODWLRQVKLS RI LQJUHGLHQWY WR VWUXFWXUDC
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JLIXUH &GRQWULEXWLRQ RI GLITHUHQW LQJUHGLHQWY WR VWUXFWXU

7KH IROORZLQJ VXE VHFWLRQV ZLOO GLVFXVV WKH SURSHUWLI
GHVFULEH WKH IRUPDWLRQ RI WKHP LQ LFH FUHDP GXULQJ SU
GLVFXVVHG VHSDUDWHO\ LQ VHFWLRQ

$LU FHOOV

$LU SOD\V LPSRUWDQW UROH LQ LFH FUHDP W LV SUHVHQW L
7KH VL]H RI DLU EXEEOHV FDQ EH IURP IHZ PLFURPHWUHYV WR |
QRPLQDO VL]H ,W LV GHVLUDEOH WR KDYH VPDOOHU HYHQO\ G
VPRRWKQHVYV WR LFH FUHDP 7KH DPRXQW RI DLU LQ LFH FUHD
3 LQFUHDVH LQ WKH YROXPH RI LFH FUHDP JUHDWHU WKDQ W
LFH FUHDP® 2YHUUXQ RI LFH FUHDP FDQ YDU\ ZLGHO\ GHSHQG
OHJDO UHTXLUHPHQWYV 2YHUUXQ FDQ EH DV ORZ DV RU LW
FRPPRQO\ VHW DW &ODUNH *RII +DUWHO E

$LU LV LQFRUSRUDWHG GXULQJ G\QDPLF IUHH]LQJ RI WKH PI
PHWKRGV RI LOFRUSRUDWLQJ DLU LQWR LFH FUHDP ZKLFK LPS
FHOOV $ EDWFK IUHH]HU LQFRUSRUDWHY DLU DW DWPRVSKHU!|
LFH FUHDP PL[ ,Q FRQWLQXRXV IUHH]J]HU IUHH]LQJ LV GRQH

HISDQVLRQ RI DLU FHOOV DV LFH FUHBPKRIOWMNVHWWWXGHG IURP



,UUHVSHFWLYH RI WKH W\SH RI I[UHH]JHU WKH LQFRUSRUDWHG
WKH VKHDULQJ IRUFHVY LQ WKH EDUUHO 7KH EUHDNGRZQ RI E
FUHDP GHSHQGV XSRQ VKHDU IRUFHV SURGXRFIHG GERLEHRW¥K LFH F

&KDQJ DQG +DUWHO D UHSRUWHG WKDW WKH IRUPDWL
IRUPDWLRQ RI VPDOO DLU FHOOV DV ZKLSSLQJ DORQH ZLWKR
VL]H RI DLU FHOOV (VVHQWLDOO\ D ORQJHU UHVLGHQFH WLPI
DQG VPDOO DLU EXEEOHV FRQWUDU\ WR WKH VKRUW UHVLGHOQC
LFH FU\VWDOV &KDQJ +DUWHO D

7TKH QHZ DLU FHOOV IRUPHG GXULQJ G\QDPLF IUHH]LQJ DUH
DGVRUSWLRQ RI SURWHLQV DQG DGVRUSWLRQ RI IDW GURSC
HPXOVLILHUV JHW DGVRUEHG LQWR WKH DLU PDWUL[ LQWHUIDF
PROHFXOHV SURWHLQV SURYLGH VWHULF VWDELOL]DWLRQ D.
FRDOHVFHG IDW RQ SURWHLQ FRDWHG DLU VHUXP LQWHUIDFF
SLFNHULQJ VWDELOL]DWLRQ $V LFH FUHDP KDV OHVV IDW WK
LQ LFH FUHDP LV QRW FRPSRHWMODPGRYHUHG ZLWK IDW

JROORZLQJ WKH G\QDPLF IUHH]LQJ WKH VL]H RI DLU FHOOV LQ
I[UHH]LQJ $LU EXEEOHV FDQ SRWHQWLDOO\ XQGHUJR GLVSURE
GLVWRUWLRQ GHSHQGLQJ XSRQ SURFHVVLQJ FRQGLWLRQV 7K
GLVWULEXWLRQ RI DLU FHOO VL]HV LQ WKH ILQDO SURGXFW
6KULQNDJH RI LFH FUHDP LV RQH RI LVVXH HQFRXQWHUHG GXU
LV GHILQHG DV ZKHQ WKH LFH FUHDP VWDUWYVY WR SXOO DZD\ I
+DUWHO D E &ODUNH *RIl +DUWHO E

7TKH DFWXDO PHFKDQLVPV EHKLQG WKH VKULQNDJH RI LFH FUH
FKDQJHV LQ SUHVVXUH RYHU DLU FHOOV DUH WKH PDLQ UHDVF
FRQWULEXWLQJ IDFWRUV WR VKULQNDJH DUH KLJK RYHUUXQ
SUHVVXUH FDQ HYHQ KDSSHQ GXULQJ WUDQVSRUWLQJ IURP SC
WR WKH PHOWLQJ DQG UHFU\VWDOOL]DWLRQ RI LFH FU\VWDOV
SUHVVXUH FKDQJHV &KDQJ +DUWHO E *RIl +DUWHO I

,FH FU\VWDOV
,FH LV D GLVFUHWH SKDVH LQ LFH FUHDP W LV SUHVHQW LQ |
VWUXFWXUDO HOHPHQW RI LFH FUHDP DV WKHLU DPRXQW DQ(
SURSHUWLHV L H KDUGQHVY VPRRWKQHVYVY FRROLQJ HIIHFW



7KH IRUPDWLRQ RI LFH FU\WWDOV RFFXUV GXULQJ G\QDPLF I
YROXPH RI ZDWHU LV IUR]JHQ GXULQJ G\QDPLF IUHH]LQJ ZLWK
DV IURJHQ DIWHU KDUGHQLQJ 8QGHUVWDQGLQJ WKH DFWXDO
WKH IUHH]J]HU KDV EHHQ DQ DUHD RI LQWHUHVW IRU UHVHDU!
PHFKDQLVP UHPDLQV OLPLWHG GXH WR WHFKQLFDO LVVXHV LC
VFUDSHG VXUIDFH KHDW H[FKDQJHU *RII +DUWHO E &
VXPPDUL]HG WKH SURFHVV RI LFH FU\VWDOOL]DWLRQ OL[ DW

7KH PL[ LV FRROHG E\ HYDSRUDWLQJ UHIULJHUDQW WLOO WKH
FDXVH VXSHUFRROLQJ ZKLFK LV UHTXLUHG WR VWDUW LFH QXF
OD\HU UDSLGO\ IRUPV RQ WKH ZDOO RI WKH IUHH]JHU ,FH LV I
IXOO\ FU\VWDOOL]HG OD\HU 7KLV VOXVK OD\HU FRPSULVHV VP
VROXWHV 7KH GDVKHU LQ WKH IUHH]J]HU VFUDSHV RIl WKH VO)
ZDUP EXON PL[ 7KH VOXVK OD\HU PHOWY DQG FRROV WKH EXOI
WR UHDFK WKH IUHH]LQJ SRLQW RI WKH PL[ LFH FU\WVWDOV LC
GRZQ LQWR VPDOO FU\VWDOV %UHDNGRZQ DQG PL[LQJ RI VOX
I[UHH]HU DQG GHVLJQ RI GDVKHU &RRN +DUWHO +DUWHO

00%%

refrigerant ——»

freezer wall —* ’

'’ ice discs
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\

blade support

broken floc

scraper blade

JLIXUH JRUPDWLRQ RI LFH FU\VWDOV LQ LFH FUHDP &RRN +LC

$V IUHH]LQJ SURFHHGV WKHVH LFH FU\WVWDOV IURP WKH VOXV
GLVF VKDSHG LFH FU\VWDOV ZKLFK FDQ EH VHHQ LQ LFH FUHEL
PHFKDQLVP RI LFH FU\VWDOV IRUPDWLRQ LQ LFH FUHDP &RRN

$V WKH DPRXQW RI LFH IXUWKHU LQFUHDVHYV GXULQJ KDUGHQ
FU\VWDOV UDWKHU WKDQ IRUPLQJ QHZ VPDOO LFH FU\VWDOV
'"HSHQGLQJ XSRQ WKH UDWH RI FRROLQJ GXULQJ KDUGHQLQJ L
UHVXOWYV LQ WKH ORVV RI VPDOOHU LFH FU\VWDOV 7HPSHL



GLVWULEXWLRQ RI LFH FUHDP LV DQRWKHU LPSRUWDQW DVSHF
GXH WR UHFU\VWDOOL]DWLRQ RI PHOWHG LFH 'RQKRZH +DUW

W LV LPSRUWDQW WR KDYH WKH ULJKW DPRXQW RI LFH DV LW
DPRXQW RI LFH LQ LFH FUHDP SULPDULO\ GHSHQGV XSRQ IUHF
FRQFHQWUDWLRQ 6ZHHWHQHUY DUH WKH PDMRU VROXWHYV WK
ZLOO LQ WXUQ DIIHFW WKH VXSHUFRROLQJ WHPSHUDWXUH 7
FUXFLDO WR FRQWURO WKH TXDOLW\ RI LFH FUHDP $ORQJ ZLYV
GLVWULEXWLRQ RI LFH FU\VWDOV LV DOVR LPSRUWDQW IRU D
RI LFH FU\VWDOV LV DURXQG XP LQ ITUHVKO\ HIWUXGHG LF
/IDUJH LFH FU\VWDOV JUHDWHU WKDQ XP FDQ EH HDVLO\ GH
WH[WXUH LQ LFH FUHDP ZKHUHDV D KLJK DPRXQW RI LFH UHV.
HVVHQWLDO WR FRQWURO WKH IUHH]JLQJ RI PL[ IRU HYHQ GLYV
E S5HIJDQG *RII

,FH UHFU\VWDOOL]DWLRQ LV RQH RI WKH PDMRU GHIHFWV HQF
SLF\" RU 3FRDUVH" ZLWK XQHYHQ FROGQHVV ,W LV GXH WR
UHFU\WVWDOOL]DWLRQ RI LFH GXULQJ GLVWULEXWLRQ DQG V
IOXFWXDWLRQV GXULQJ WKH VWRUDJH RI LFH FUHDP DUH WKH
RWKHU FRQWULEXWLQJ IDFWRUVY DUH ORZ WRWDO VROLGV OR
WHPSHUDWXUH &RQWUROOLQJ WKH YLVFRVLW\ RI WKH VHUXP
UHFU\VWDOOL]DWLRQ 7KHUHIRUH VWDELOL]J]HUV DUH RIWHQ |
FUHDP $GDSD HW DO

6HUXP SKDVH

7TKH VHUXP LV WKH XQIUR]J]HQ SDUW RI LFH FUHDP ZKLFK KROGYV
WRIJHWKHU ,Q FROORLGDO DVSHFW WKH VHUXP LV WKH FRQWL
DLU FHOOV IDW JOREXOHV DUH GLVSHUVHG LQWR LW ,W FRQ\
RI WKH SURGXFW SURWHLQV ZKLFK GR QRW DGVRUE RQ DLU *
DQG RWKHU GLVVROYHG VROXWHYV $UEXFNOH

7TKH FRPSRVLWLRQ RI WKH VHUXP SKDVH LV WHPSHUDWXUH C
GHSHQGLQJ XSRQ WKH GUDZLQJ WHPSHUDWXUH RI LFH FUHD
UHPDLQLQJ RI' ZDWHU LV IUR]JHQ GXULQJ WKH KDUGHQLQ
ZDWHU LQ VHUXP LV FRQYHUWHG WR LFH FU\VWDOV GXULQJ KL
WR LOQFUHDVH UHODWLYHO\ 7KLV LQFUHDVH LQ WKH FRQFHQW



GHSUHVVLRQ DQG WHQGV WR LQFUHDVH WKH YLVFRVLW\ RI WK
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JLIXUH 3KDVH GLDJUDP RI LFH FUHDP PL[ +DUWHO

$V LQGLFDWHG LQ ILJXUH DW D FHUWDLQ WLPH SRLQW W]
PHEKDQLFDO JODVV WUD®VLWERQHWMARBHRIDOHFNMXDOHY LQ D VHU
LPPRELOH DQG WKHUH ZLOO EH QR IXWWKHGE LEW JRDF B WLRIQ V|
WHPSHUDWXUH DW PD[LPXP IUHH]JH FRQFHQWUDWLRQ DW ZKLF
WKH PDQXIDFWXUHU V SRLQW RI YLHZ p IDNV LW F 2 X6 DDOHW R L\DWR

VWDEOH +RZHYHU LFH FUHDP LV XVXDOO\ ¥ WHRUWHUG BD\W z8
FRQFHOQWUDWLRQ NLQHWLFV RI WKH VHUXP SKDVH DUH LPSRU\
&RRN +DUWHO *RI +DUWHO E ' : 6WDQOH\ HW DO

OLON SURWHLQV DOVR IRUP D VLIQLILFDQW SRUWLRQ RI WKH \
GHWHUPLQH WKH UKHRORJLFDO SURSHUWLHYV RI WKH DTXHRX"
UHVXOWY LQ D VLIQLILFDQW LQFUHDVH LQ YLVFRVLW\ ZKLFK O
GXULQJ WKH KDUGHQLQJ RI LFH FUHDP DQG WKH UHFU\VWDOC(
FUHDP $QRWKHU LPSRUWDQW UROH SURWHLQ SHUIRUPV LQ W
VWDELOL]HUVY SDUWLFXODUO\ ZLWK , FDUUDJHHQDQ % HLC
K\GURFROORLGY DUH QRW FRPSDWLEOH ZLWK HDFK RWKHU 7tk
LFH FUHDP 7KH SKDVH VHSDUDWLRQ PD\ UHVXOW LQ OHDNDJH
FUHDP 'XULQJ VWRUDJH LW OHDGV WR VHSDUDWLRQ RI LFH FLU
VHSDUDWLRQ LV QRW GHVLUDEOH LQ LFH FUHDP 7R FRXQWH



FDUUDJHHQDQ LV RIWHQ DGGHG WR LFH FUHDP , FDUUDJHHQD
SKDVH VHSDUDWLRQ %DKUDPSDUYDU OD]DKHUL 7HKUDQL
E

IDFWRVH LV SUHVHQW LQ D VXSHUVDWXUDWHG IRUP LQ WKH
UHODWLYHO\ ORZ VROXELOLW\ LQ ZDWHU DURXQG 7KH QF
LV DURXQG W FU\WWDOOL]HV LQ WZR IRUPV . PRQRK\GUDYV
IRUP OHDGV WR D VDQGLQHVV GHIHFW LQ LFH FUHDP 'XULQJ
LV LQFUHDVHG PXOWLSOH WLPHV a DQG WKLV PD\ OHDG W
LQFUHDVHG VROXWLRQ YLVFRVLW\ E\ VWDELOL]HUV DQG SURW
VWDWH ,W LV ZRUWK QRWLQJ WKH LQFUHDVLQJ WKH OHYHO RI
FRQFHQWUDWH ZLOO OHDG WR IUHH]LQJ SRLQW GHSUHVVLRQ
GHIHEW S$UEXENOH *RII +DUWHO E 5HLG 3RZHOO

JRUPDWLRQ RI IDW VWUXFWXUH LQ LFH FUHDP

)DW LV DQ LPSRUWDQW VWUXFWXUDO HOHPHQW RI LFH FUHDI
3SDUWLDOO\ FRDOHVFHG DJJUHJDWHV  DQG 3IDW GURSOHWV’
LQWHUIDFH RI DLU FHOOV LQ LFH FUHDP &ODUNH 7KHVH
VWDELOL]DWLRQ Rl WKH QHZO\ IRUPHG DLU FHOOV 7KH\ DOV
WHUPV RI LWV PHOWLQJ SURSHUWLHVY GU\QHVV DQG VWLIIQH
DJJORPHUDWLRQ RI IDW WR SURGXPFRID JRRGWFHXDOLWE LFH
$JJORPHUDWLRQ RI IDW LV DOVR UHIHUUHG WR DV 3GHVWDEL
7KDUS <RXQJ

7KH VFRSH RI WKLV UHVHDUFK LV PDLQO\ IRFXVHG RQ WKH P
VWUXFWXUHV DQG FRQWUROOLQJ WKH H[WHQW RI IDW DJJORP
WR XQGHUVWDQG WKH EDVLFV RI SDUWLDO FRDOHVFHQFH RI |
VHEFWLRQ ZLOO ILUVW IRFXV RQ XQGHUVWDQGLQJ WKH PHFKDQ
KRZ SDUWLDO FRDOHVFHQFH RI IDW LV WKH PHFKDQLVP EHKI
ZKLSSHG FUHDP DQG LFH FUHDP ,W ZLOO DOVR GLVEXVV Y
PDQLSXODWH WKH IDW VWUXFWXULQJ PHFKDQLVP LQ LFH FUHD

SDUWLDO FRDOHVFHQFH
,Q WHUPV RI WKHUPRG\QDPLF EHKDYLRXU DQ HPXOVLRQ LV D

WHQGV WR XQGHUJR SKDVH VHSDUDWLRQ EHFDXVH RI LOQWHUIL
TKHUHIRUH DQ HPXOVLILHU LV RIWHQ DGGHG WR UHGXFH WKI



PDNH D VWDEOH HPXOVLRQ 7KRXJK HPXOVLILHUV WHQG WR VW
WKH\ FDQQRW FRPSOHWHO\ SUHYHQW GHVWDELOL]DWLRQ PHF
ZKLFK FDQ RFFXU LQ DQ HPXOVLRQ DUH FUHDPLQJ DJJUHJDW|
DQG 2VWZDOGUOBRNLQI *RII E OF&XHXHQWY GHSLFWV YDUL
GHVWDELOL]DWLRQ PHFKDQLVP WR ZKLFK DQ HPXOVLRQ PD\ Et

Floggulateaa

1 09000

Adgorprion \ O o Gravity

1a air/water o OO craaming
interface {separation|

Crabép emulsion

JLIXUH 9DULRXV GHVWDELOL]DWLRQV PHFKDQLVP LQ DQ HPXOVL

3SDUWLDO FRDOHVFHQFH LV DOVR D GHVWDELOL]DWLRQ PHFK
PDQLIHVWDWLRQ RI FRDOHVFHQFH ,W KDSSHQV ZKHQ WZR RU
LQWR FRQWDFW DQG IRUP DQ OBEBHPIQWOA VKDSHG DJJUHJDW
$Q HPXOVLRQ LQ ZKLFK DOO WKH IDW LQ GURSOHWY SUHVHQW
FRDOHVFHQFH 8SRQ FRROLQJ WKH HPXOVLRQ FU\WWDOOL]DW|
EH SULPDU\ IRUPDWLRQ RI KRPRJHQRXV VPDOO IDW FU\VWDOV
RQ H[LVWLQJ LPSXULWLHV L H 606 :LWK WLPH IDW FU\VWDO'
VWDJH RI JURZWK WKHVH IDW FU\VWDOV SURWUXGH RXWVLGH
DSSOLFDWLRQ RI VKHDU VWUHVYV WKH IDW GURSOHWY ZLOO F
EHWZHHQ GURSOHWY ZLOO UXSWXUH DQG RLO IURP RQH GURS
SUHVHQFH RI IDW FU\VWDOV LQ RLO GURSOHWY LQ WKHVH HPX
RQH JOREXOH WR DQRWKHU DQG HDFK JOREXOH ZLOO SDUWLDC(



IRUPDWLRQ RI LUUHJXODU FOXPSV RI IDW DV VKRZQ LQ ILIJXUH
FRDOHVFHQFH :DOVWUD %RRGH

Coalescence

JLIXUH &RQWUDVW EHWZHHQ &RDOHVFHQFH DQG 3DUWLDO FRDOHV

3buwLDO FRDOHVFHQFH UHVXOWY LQ WKH IRUPDWLRQ RI ID)
$JIJUHIDWHYVY SURGXFHG E\ SDUWLDO FRDOHVFHQFH FDQ UHVXC
HPXOVLRQV DV FRPSDUHG WR IXOO FRDOHVFHQFH $JJUHJDW
YLVFRVLW\ $ KLJKHU GHJUHH RI DJJUHJDWLRQ FDQ OHDG WR V
RFFXUV LQ ZKLSSHG FUHDP DQG JLYH WKH SURGXFW VROLG
VWUHVV )J)UHGULFN HW DO *RII E

JLIXUH )DW DJJUHIJDWHYVY SURGXFHG GXULQJ SDUWLDO FRDOHVF

7TKH VXVFHSWLELOLW\ RI DQ HPXOVLRQ WR XQGHUJR SDUWLDO
VWDWH RI WKH HPXOVLRQ ,Q JHQHUDO GHVWDELOL]DWLRQ PH
SDUWLDO FRDOHVFHQFH LV RQH VXFK SKHQRPHQRQ WKDW HV
HPXOVLRQV )UHGULFN HW DO *RII E

IRWHRU WKLV GRFXPHQW WKH WHUPYV 3IDW DJJORPHUDWLRQ"
IDW" DUH XVHG LQWHUFKDQJHDEO\ ZLWK 3SDUWLDO FRDOHVFH



7TKHUH DUH SUH UHTXLVLWH FRQGLWLRQV IRU SDUWLDO FRDOH
E\ )UHGULFN HW DO WKHVH FRQGLWLRQV DUH

Xx 3UHVHQFH RI SDUWLDO FU\VWDOOLQH IDW SKDVH ZKLFK |
WKH IDW SUHVHQW LQ WKH HPXOVLRQ

x )DW FU\VWDOV VKRXOG KDYH D WHQGHQF\ WR QHWZRUN IR
EH SURWUXGLQJ ZKLFK ZLOO DVVLVW LQ SLHUFLQJ WKH P

x 7TKH JDS EHWZHHQ WKH WZR DJJUHJDWLQJ IDW JOREXOHYV
OHQJWK RI IDW FU\VWDOV

X J)RUPDWLRQ RI DJJUHJDWH LQ HPXOVLRQ VKRXOG QRW UH)\
SKDVH

3DbUWLDO FRDOHVFHQFH D VWUXFWXULQJ PHFKDQLVP LQ
$V PHQWLRQHG SDUWLDO FRDOHVFHQFH LV RQH RI WKH NH\ P

IRUPDWLRQ RI VWUXFWXUH LQ ZKLSSHG FUHDP DQG LFH FUHD
ZKLSSHG FUHDP OLHV ZLWK WKH IDW FRQWHQW LQ WKH ILQDO
RI EXWWHU DQG IRU ZKLSSHG FUHDP ,Q WHUPV RI UDZ PI
DUH ERWK PDGH IURP FUHDP ZLWK IDW DQG WKH GLIIHU}
FRDOHVFHQFH ,Q LFH FUHDP WKH WRWDO IDW FRQWHQW LV D
FUHDP RU EXWWHU OLHV ZLWK WKH OHYHO RI IDW DYDLODEOF
FRQGLWLRQV GX%UEDQN VKHDULQJ

% XWWHU

7KH IRUPDWLRQ RI EXWWHU JUDLQV GXULQJ WKH FKXUQLQJ RI
FUHDP *HQHUDOO\ D QRQ KRPRJHQL]J]HG FUHDP LQ ZKLFK IDW
VWDWH LV XVHG IRU WKH SURGXFWLRQ RI EXWWHU '"XULQJ FKX
WKH FUHDP )DW JOREXOHV SUHVHQW DV SDUWLDO FU\VWDO\
"XULQJ WKLV FRQWDFW WKH FROQWHQW RI WKH JOREXOH PHPE
WKH DLU ZDWHU LQWHUIDFH 7KLV UHVXOWYV LQ WKH VWLFENLQ.
RI IDW JOREXOHV LV NQRZQ DV IORWDWLRQ $LU EXEEOHV ZLO
VKRZQ LQ ILJXUH WKHVH JOREXOHV JHW DWWDFKHG ZLW
DILWDWLRQ FDXVH DLU EXEEOHVY WR FRDOHVFHQFH ZLWK HDFK
DQG WKLV UHOHDVHV VPDOO IDW FOXPSV 5\EDN :DOVWUD



Air bubble O
OO OO
00O
Liquid fat
ﬂ .
Solid fat /\U
JLIXUH JRUPDWLRQ RI EXWWHU JUDLQV :DOVWUD HW DO

7TKHVH IDW FOXPSV IRUPHG GXULQJ WKH LQLWLDO VWDJH XQC
JOREXOHYVY DQG JURZ ODUJHU :LWK WLPH FOXPSV ZLOO IRUP
EHIJLQ WR GHVWDELOL]H $W HQG RI FKXUQLQJ WKHUH LV D O
JOREXOHY DUH DYDLODEOH WR VWDELOL]H ,W FDQ EH LQIHUU
DJJUHJDWHYV RI IDW LQ FKXUQLQJ DQG SDUWLDO FRDOHVFHQFF
EXWWHU PDNLQJ SURFHVV )R[ OF6ZHHQH\ 5\EDN

:KLSSHG FUHDP

3DUWLDO FRDOHVFHQFH LV D PDMRU SKHQRPHQRQ UHVSRQVLI
LQWR WKH VROLG OLNH YLVFRHODVWLF VWUXFWXUH RI ZKLSS
SURFHVV LQYROYHV WKH EHDWLQJ RI DLU LQWR FUHDP $LU E
ZKLSSLQJ DUH VWDELOL]JHG E\ PLON SURWHLQV LQFOXGLQJ FI
SURFHHGY PHFKDQLFDO WUHDWPHQW UHVXOWV LQ GLVUXSV
K\GURSKRELF SRUWLRQ RI IDW JOREXOHV JHW H[SRVHG WR WK
WHQVLRQ GLIIHUHQFH IDW JOREXOHV SHQHWUDWH WKH H[LVW
DWWDFKHG WR WKH DLU SODVPD LQWHUIDFH 'XULQJ FRQWDFW
SDUWLDOO\ VSUHDG RYHU WKH DLU+tVHUXP LQWHUIDFH 7KLV O
IDW JOREXOHV DQG UHVXOWV LQ WKH IRUPDWLRQ RI D IDW QH
HQWUDSV DLU FHOOV DQG SURGXFHV D VWLII ZKLSSHG FUHDP
DO JR[ OFB6ZHHQH\



Whey protein
membrane

Partially crystalline fat globules,
partially coalesced

JLIXUH $LU ZDWHU LQWHUIDFH LQ ZKLSSHG FUHDP 5\EDN

J)LIXUH VKRZV WKH W\SLFDO DLU ZDWHU LQWHUIDFH LQ

PHPEUDQH VXUURXQGLQJ IDW JOREXOHV LV FULWLFDO IRU WKF
WR ZKLS D KRPRJHQL]J]HG FUHDP )DW JOREXOHV LQ KRPRJHQL]
ZKLFK PDNHV WKHP VWDEOH DJDLQVW SDUWLDO FRDOHVFHQF
DUH XVHG LQ KRPRJHQL]HG FUHDP WR GLVSODFH D SRUWLRQ R
DQG PDNH FUHDP ZKLSSDEOH $QRWKHU DSSURDFK LV WR XVH
03D ZKLFK UHVXOWYV LQ WKH IRUPDWLRQ RI IDW FOXPSV ZKLF
IORWDWLRQ PHFKDQLVP LV DQ LQLWLDO UHTXLUHPHQW IRU EX
LQ ZKLSSLQJ FUHDP LV PDLQO\ GXH WR IORWDWLRQ PHFKDQLYV

6WDQOH\ HW DO

,FH FUHDP

7KH IRUPDWLRQ RI IDW VWUXFWXUH LQ LFH FUHDP E\ SDUWLED
ZKLSSHG FUHDP 7KH GLIIHUHQFH OLHV LQ WKH DPRXQW RI ID
LOQWHUDFWLRQ ZLWK LQJUHGLHQWY GXULQJ KRPRJHQL]DWLRQ
VWHS LQ GHWHUPLQLQJ WKH SURSHUWLHV RI WKH IDW LQWHU
VPDOOHU IDW JOREXOHV WR XP 7KH QHZ IDW JOREXOHYV
GHYRLG RI DQ\ PHPEUDQH 7KH VXUIDFH DFWLYH FRPSRQH
SKRVSKROLSLGY DQG VI\QWKHWLF HPXOVLILHUV SUHVHQW G
DGVRUEHG RQ QHZO\ IRUPHG IDW JOREXOHYV DQG VWDELOL]H 7
DURXQG IDW JOREXOHV LQ WKH LFH FUHDP PL[ 7KH PHPEUDQH
GXULQJ DJLQJ DQG XQGHUJRHV UHDUUDQJHPHQW *RIlI -RUC
6FLHQFH



'XULQJ WKH LQLWLDO VWDJH RI DGVRUSWLRQ FDVHLQV DQG Z
WKH VIQWKHWLF HPXOVLILHU KDYLQJ KLJKHU VXUIDFH WHQVLR
D SRUWLRQ RI SURWHLQV IURP WKH VXUIDFH RI IDW JOREXOH
SsbuwLDO FRDOHVFHQFH 7KHVH VPDOO VXUIDFWDQW PROHEFX
JOREXOHV VXIILFLHQW WR SURGXFH D VWDEOH HPXOVLRQ EXYV
DFWLRQ GXULQJ IUHH]JLQJ %DUIRUG HW DO UHSRUWHG W
RI IDW LQ WKH DEVHQFH RI HPXOVLILHU LQ FRQWUDVW WR F
RI FDVHLQ DQG ZKH\ SURWHLQ DUH DOVR RQH RI WKH LPSRUW
WKH SURWHLQV ,W KDV EHHQ UHSRUWHG WKDW DGVRUEHG FD)\
GLVSODFH E\ 606 DV WKH\ GR QRW SURYLGH IXO0 FRYHUDJH RI
EHWZHHQ WZR FDVHLQ PLFHOOHV $GVRUEHG ZKH\ SURWHLQ O
WKH\ SURYLGH IXOO FRYHUDJH 7KHUHIRUH WKH UDWLR RI FD)
LV DOVR FUXFLDO IRU GHWHUPLQLQJ WKH VWDELOLW\ RI IDW J
HW DO %ROOLJHU HW DO *RI1I E 6HIJDOO *RII

$JLQJ IRU KUV SURYLGHV HQRXJK WLPH IRU WKH DERYH
FU\WWDOOL]DWLRQ RI IDW 7KH QH[W VWDJH RI VWUXEWXUH
FRQFRPLWDQW ZKLSSLQJ DQG IUHHJLQJ LQ WKH LFH FUHDP
LQFRUSRUDWHG LQWR WKH PL[ DQG VPDOO DLU FHOOV VWDUW
DUH VWDELOL]JHG E\ PLON SURWHLQV $V ZHOO LQFRUSRUDWL(
ZKLFK LQFUHDVHV ZLWK WKH IRUPDWLRQ RI LFH FU\VWDOV 8S
RI VKHDU VWUHVV GXH WR GDVKHU PRYHPHQW DQG IUR]JHQ SK
XQGHUJRHV SDUWLDO FRDOHVFHQFH 7KH SDUWLDOO\ FRDOHYV
ZLWK WKH SURWHLQ SUHVHQW DW DLU FHOOV 7KLV OHDG WR V
IDW WKURXJKRXW WKH LFH FUHDP 7KLV QHWZRUN FRQWULE
H[WUXVLRQ VPRRWK WH[WXUH DQG PHOWLQJ UHVLVWDQFH LQ
E *RIl +DUWHO E



Without emulsifier
sein subunits

Casein micelle

Whey proteins

Fat globule ==
-=*>With emulsifier
mulsifier

Casein subunits
8 —p

Oa:in micelle
— :
%A-Vhey proteins

JLIXUH &RPSDULQJ IDW LQWHUIDFH IRU LFH FUHDP ZLWK DQG ZLWKI

&RPSDULQJ WKH IDW LQWHUIDFH EHWZHHQ WZR LFH FUHDP Pl
VKRZQ LQ ILIJXUH LW FDQ EH YLVXDOL]HG WKDW IDW JORE
LQWHUIDFLDO OD\HU 7KLV WKLFN OD\HU ZLOO OLPLW WKH D
FRDOHVFHQFH DQG DLU FHOOV ZLOO QRW EH VWDELOL]HG E\
FUHDP ZLOO DOVR ODFN GU\QHVV VPRRWK WH[WXUH DQG PF
5\EDN

$V RXWOLQHG EHIRUH LQ OLHX RI ILQGLQJ QRYHO HPXOVLILF
UHVHDUFK DUH WR XVH QDWXUDO HPXOVLILHUV DORQJ ZLWK
EDVLV RI XVLQJ WKHVH DOWHUQDWLYH PHDQV UHYROYHV DU
FRDOHVFHQFH LQ LFH FUHDP 7TKHUHIRUH LW LV HVVHQWLDOC
HIWHQW RI SDUWLDO FRDOHVFHQFH ,W LV DOVR ZRUWK QRWLQ
IDFWRUV DQG LW LV UDUH WKDW DOO WKHVH IDFWRUV FDQ E
SURGXFW 6XEVHTXHQW VHFWLRQV ZLOO GLVFXVV IDFWRUV WK
ZKLFK LQ WXUQ DIITHFW WKH GHJUHH RI IDW GHVWDELOL]DWLRC(

)DFWRUV DIIHFWLQJ WKH GHJUHH RI IDW GHVWDELOL]DWLEF

:DOVWUD GHILQHG WKH UDWH RI SDUWLDO FRDOHVFHQFH
DQG FDSWXUH HIILFLHQF\ .~ ZKHUH HQFRXQWHU IUHTXHQF\ F
KRZ TUHTXHQW WZR IDW JOREXOHV DUH FROOLGLQJ ZLWK HD
SUREDELOLW\ RI WZR IDW JOREXOHY SDUWLDOO\ FRDOHVFLQJ



OXOWLSOH IDFWRUV DIIHFW FROOLVLRQ IUHTXHQF\ DQG FDS)
DJJUHIJDWLRQ 7KHVH IDFWRUV FDQ EH FDWHJRUL]HG LQWR W.
WKH HPXOVLRQ FRPSRVLWLRQ DQG IRUPXODWLRQ )UHGULFN H

(PXOVLRQ FRPSRVLWLRQ DQG IRUPXODWLRQ
BWUXFWXUDOO\ DQ HPXOVLRQ FDQ EH GLYLGHG LQWR WKUHH
LQWHUIDFLDO OD\HU EHWZHHQ WKH RLO DQG FRQWLQXRXV
FRPSRVLWLRQ RI WKHVH SKDVHV LV FUXFLDO WR GHWHUPLQH
SDUWLDO FRDOHVFHQFH )UHGULFN HW DO

7TKH W\SH DQG FRPSRVLWLRQ RI WKH IDW ODUJHO\ GHWHUPL
FRPSRVLWLRQ RI FRQWLQXRXV RU VHUXP SKDVH PDLQO\ GHSHC
WKHLU EHKDYLRXU 2WKHU WKDQ FRPSRVLWLRQ FRQFHQWUL
UHVSHFWLYH SKDVHV LV FUXFLDO WR SUHGLFW WKH VWDELOL\

&RPSRVLWLRQ RI WKH RLO ZDWHU LQWHUIDFLDO OD\HU

7KH FRPSRVLWLRQ RI WKH LQWHUIDFLDO OD\HU LV D SULPH Il
HPXOVLRQ OF&OHPHQWYV ,W LV GLIILFXOW WR DVVHVV W
FRPSRVLWLRQ RI WKH LQWHUIDFLDO OD\HU LV G\QDPLF &KDQ
FROQFHQWUDWLRQ GXULQJ KRPRJHQL]DWLRQ DIIHFW WKH VXUII
DQG WKLFNQHVYV RI WKH VXUIDFH ILOP :KLOH WKHVH G\QDPLF
VWDELOLW\ RI HPXOVLRQ WKHUH DUH VRPH H[SHULPHQWDOO\ C

'XULQJ KRPRJHQL]DWLRQ IDW LQ WKH HPXOVLRQ LV FRQYHUW
DFWLYH FRPSRXQGV SUHVHQW GXULQJ KRPRJHQL]DWLRQ ZLOC(
JOREXOHV 8QGHU TXLHVFHQW FRQGLWLRQV UHSXOVLRQ IRUF
SURYLGLQJ VWDELOLW\ DJDLQVW SDUWLDO DJJUHJDWLRQ 7K
UHSXOVLRQ RU HOHFWURVWDWLF GHSHQGLQJ XSRQ WKH W\SH
L H S+ RIl WKH FRQWLQXRXV SKDVH 7KH DSSOLFDWLRQ RI OC
WKHVH IRUFHV %RRGH

,Q WHUPV RI WKH W\SH RI VXUIDFWDQWY GLIITHUHQW W\SHV
HPXOVLRQV 7KHVH HPXOVLILHUV DUH SURWHLQV VPDOO P
SKRVSKROLSLGY K\GURFROORLGV DQG PDQ\ PRUH 7KH VFRS
WR SURWHLQ 606 DQG SKRVSKROLSLGV ,Q JHQHUDO LW KL
VWDELOL]J]HG E\ SURWHLQV KDYH ORZHU UDWH RI SDUWLDO FR



7KLV LV EHFDXVH SURWHLQ DGVRUEHG RQ WKH LQWHUIDFH SUF
PROHFXOHV VXUIDFWDQWY 7KH JUHDWHU VWDELOLW\ RI SURW
WKH IRUPDWLRQ RI WKH ULJLG LQWHUIDFLDO OD\HU IRUPHG E\
WKHUHE\ UHGXFLQJ WKH FDSWXUH HIILFLHQF\ :KHUHDV VPDC
LQWHUIDFLDO OD\HU WKDW LV HDV\ IRU SURWUXGLQJ IDW FU\

,Q WHUPV RI FRQFHQWUDWLRQ RI HPXOVLILHUV LQFUHDVLQJ
JOREXOHV LQ WKH HPXOVLRQ SURYLGHV EHWWHU VWDELOLW
FRQFHQWUDWLRQ LQ WKH HPXOVLRQ LQFUHDVHVY LWV VWDELO
LQ VWDELOLW\ LV OLPLWHG WR WKH H[WHQW RI LQWHUIDFLDO

3URWHLQV
,Q WKH FDVH Rl SURWHLQ VWDELOL]JHG HPXOVLRQV VWDELOLW
DQ LQFUHDVH LQ WKLFNQHVV DQG YLVFRHODVWLFLW\ RI WKH
UHSXOVLRQ ZLWK LQFUHDVLQJ SURWHLQ FRQFHQWUDWLRQ RQ
QRPLQDO S+ RI WKH HPXOVLRQ DQG WKHLU VWUXFWXUH DUH
HIILFLHQF\ Rl SURWHLQV WR SURGXFH D VWDEOH HPXOVLRQ
H[KLELWHG E\ GLIIHUHQW SURWHLQV RZLQJ WR WKHLU GLIIHUL
OD\HU )UHGULFN HW DO
)RU PLON SURWHLQV LW KDV EHHQ LOOXVWUDWHG WKDW FDVH
SDUWLDO FRDOHVFHQFH WKDQ ZKH\ SURWHLQ VWDELOL]HG H
FRQVLGHUDWLRQ LQ WKH FDVH RI PLON SURWHLQ EDVHG HPXO
LH KHDW WUHDWPHQW +HDWLQJ EHIRUH RU DIWHU HPXOVLI
SURWHLQV ZKLFK FDQ DOWHU WKHLU LQWHUIDFLDO EHKDYLRX
UHSRUWHG WKDW SUH KHDWHG ZKH\ SURWHLQ VWDELOL]H
VWDELOL]JHG E\ QDWLYH ZKH\ SURWHLQ :KHUHDV KHDW WUHD
FDVHLQ VWDELOL]JHG HPXOVLRQV RZLQJ WR WKH KLJK KHDW V
6PDOO PROHFXOH VXUIDFWDQWYV 606

6PDOO PROHFXOH VXUIDFWDQWY DUH W\SLFDOO\ IDWW\ DFL
JO\FHURO VRUELWROV 6RPH H[DPSOHV RI 606 DUH PRQR GL.
RI IDWW\ DFLGYVY DQG VXFURVH HVWHUV 'XH WR WKHLU HIILFLH
VXUIDFWDQWY DUH PRUH VXUIDFH DFWLYH WKDQ SURWHLQV
DGVRUSWLRQ ZLWK SURWHLQV LQ HPXOVLRQV DQG GLVSODF
OF&OHPHQWYV



,Q WHUPV RI LQWHUIDFLDO SURWHLQ GLVSODFHPHQW LW KD\
FDVHLQ PLFHOOHY DUH PRUH HDVLO\ GLVSODFHG WKDQ ZKH\ .
GHVFULEHG KRZ GLVSODFHPHQW RI LQWHUIDFLDO SURWHLQ RF
DW SURWHLQ GHIHFW VLWHVY 6HFRQG ZLWK WLPH WKHVH QXF
SURWHLQ OD\HU /DVWO\ WKH SURWHLQ QHWZRUN FROODSVHV
SKDVH :DWHU VROXEOH 606 LV PRUH HIIHFWLYH LQ GLVSODFL
606 ODFNLH HW DO

'LEFNLQVRQ HW DO VWDWHG WKDW GLVSODFHPHQW RI SU
OD\HU DQG GHFUHDVHV HPXOVLRQ VWDELOLW\ $V GHVFULEHG
LV WKH PDLQ VWUXFWXULQJ PHFKDQLVP IRU VWUXFWXUH IRUF
SURWHLQ VXUIDFH ORDG 606 FDQ LQFUHDVH WKH ZHWWDELC
LQFUHDVH WKH SURWUXVLRQ OHQJWK RI FU\WWDOV DFURVV Wt
VXVFHSWLEOH WR SDUWLDO FRDOHVFHQFH ,W FDQ EH FRQFC
FDSWXUH HIILFLHQF\ Rl IDW JOREXOHV WKHUHE\ FRQWUROC
'LENLQVRQ HW DO

=KDQJ DQG *RII VWXGLHG WKH DELOLW\ RI WZR GLIITHUHQ\
*06 VDWXUDWHG DQG JO\FHURO PRQRROHDWH *02 XQVDW)
SURWHLQV IURP WKH RLO ZDWHU LQWHUIDFH LQ LFH FUHDP 71
FUHDP IRUPXODWLRQV RQH KDYLQJ 603 DV D SURWHLQ VRXUF
LVRODWH :3, DV D SURWHLQ VRXUFH W ZDV UHSRUWHG WKL
PRUH HIIHFWLYH LQ GLVSODFLQJ LOQWHUIDFLDO FDVHLQV WKD
FUHDP PDGH RQO\ ZLWK :3, QHLWKHU HPXOVLILHU ZDV IRXC
GLVSODFLQJ LOQWHUIDFLDO ZKH\ SURWHLQV =KDQJ *RII

SKRVSKROLSLGYV LQWHUIDFLDO OD\HU LQ PLON DQG PLON SUR

3KRVSKROLSLGY DUH SRODU OLSLGV GHULYDWLYHV RI WULJO\
YDULRXV RUJDQLF JURXSV DWWDFKHG WR WKHP 3KRVSKROLS
VXUIDFH DFWLYH FRPSRXQGV :DOVWUD HW DO 7KH\ DI
LQWHUIDFLDO OD\HU RI QDWLYH PLON IDW JOREXOHV NQRZQ D
,Q JHQHUDO WKH PLON IDW JOREXOH PHPEUDQH FRQVWLWXW
QHXWUDO OLSLGV SRODU OLSLGVY FKROHVWHURO DQG R
JO\FHURSKRVSKROLSLGY SKRVSKRVSKLQJROLSLGV DQG FKRC
VIVWHP LQ DQ 0)*0 LQ PLON
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YLIXUH $UUDQJHPHQW RI GLIIHUHQW FRPSRQHQWYV LQ 0)*0 -XNNR

7TULDF\OJO\FHUROV LQ IDW JOREXOHYVY DUH VXUURXQGHG E\ D F
D SURWHLQ FRDWLQJ )XUWKHU WR WKLV SURWHLQ VSDFH LV
VHSDUDWHG LQWR OLTXLG RUGHUHG GRPDLQV ULFK LQ VSKI
GLVRUGHUHG GRPDLQV RI JO\FHURSKRVSKROLSLGV" -XNNROD
WR SURYLGH VWDELOLW\ WR IDW JOREXOHY DJDLQVW SK\VLFDC(
GHIJUDGDWLRQ GXH WR OLSDVH HQ]J\PH ,W DOVR GHWHUPLQHYV
PLON -XNNROD 5RMDV :DOVWUD HW DO ,W LV DOVR
LQ QDWLYH PLON FDQ EH DOWHUHG XVHG GLIITHUHQW WHFKQLT
SURGXFWYVY VXFK DV KRPRJHQL]DWLRQ VKHDULQJ ZKLSSLQJ D
QDWLYH 0)*0 7KH H[WHQW RI GHIRUPDWLRQ LV SURSRUWLRQDC
GXULQJ SURFHVVLQJ

$V GLVFXVVHG SKRVSKROLSLGV 3/V SOD\ LPSRUWDQW UROH
LQ PLON :LWK WKH UHFHQW WUHQG RI FODLPLQJ 3DOO QDWXU
XSZDUG WUHQG LQ H[SORULQJ WKH XVH RI QDWXUDO SKRVSK
DSSOLFDWLRQV ,Q GDLU\ HPXOVLRQV WKH XVH RI SKRVSKRO
XQDYDLODELOLW\ RI WULDO YROXPHYV

)DW YROXPH IUDFWLRQ
7KH SURSRUWLRQ RI IDW LQ DQ HPXOVLRQ LV DOVR DQ LPSRI
HPXOVLRQ ZLOO XQGHUJR SDUWLDO FRDOHVFHQFH RU QRW *I



HPXOVLRQ GHFUHDVHV LWV VWDELOLW\ ,QFUHDVLQJ WKH IDW
WKH HOQFRXQWHU IUHTXHQF\ RI SDUWLDOO\ VROLGLILHG IDW G
FDVH RI GDLU\ HPXOVLRQ VXFK DV ZKLSSHG FUHDP D PLQLPX
FRDOHVFHQFH WR KDSSHQ GXULQJ ZKLSSLQJ )J)UHGULFN HW DC

&RPSRVLWLRQ RI &4RQWLQXRXV SKDVH

7TKH FRPSRVLWLRQ RI WKH FROQWLQXRXYV SKDVH LV DQRWKHU D
WKH VWDELOLW\ RI WKH HPXOVLRQ 7KH S+ DQG LRQLF RI DQ |
HIWHQW RI UHSXOVLYH IRUFHV DFWLQJ EHWZHHQ WKH GURSO
HPXOVLRQ 2WKHU WKDQ S+ DQG LRQLF VWUHQJWK WKH VROXYV
DQG VXUIDFH DFWLYH FRPSRXQGV FDQ DIIHFW WKH VWDELOLW
RUFRPSHWLWLYH DGVRUSWLRQ ZLWK SURWHLQ RU RWKHU PHF
HW DO

SURFHVYVY SDUDPHWHUYV
SURFHVV SDUDPHWHUYVY DUH WKH YDULDEOHV RI XQLW RSHUDWI
7KH\ PD\ RU PD\ QRW EH FRQVWDQW GXULQJ SURFHVVLQJ )OR
DSSOLFDWLRQ RI GLIITHUHQW PHFKDQLFDO VKHDU IRUFHV LC
SURFHVVLQJ DUH WKH PDLQ SURFHVV SDUDPHWHUV WKDW DI
JUHGULFN HW DO

JORZ FRQGLWLRQV

7KH PRWLRQ Rl GURSOHWY LQ DQ HPXOVLRQ GHWHUPLQHV KR:
HDFK RWKHU LQ RWKHU ZRUGV WKH FROOLVLRQ IUHTXHQF\
GURSOHWY LQ WKH HPXOVLRQ LV D UHVXOW RI %URZQLDQ P
$SSOLFDWLRQ RI K\GURG\QDPLF PHFKDQLFDO IRUFHV 3SURSRL
GXULQJ SURFHVVLQJ ZLOO UDPS XS WKH PRWLRQ DPRQJ WKH
HQFRXQWHU IUHTXHQF\ Rl GURSOHWY WKXV LQFUHDVHG UDWF
KLJK WXUEXOHQW IORZV LQ HPXOVLRQV SRVLWLYHO\ FRQWULE
% RRGH

,Q WKH FDVH RI VKHDU IRUFHV WKH DSSOLFDWLRQ RI D YHORF
DOWHU WKH HQFRXQWHU SUREDELOLW\ 7KLV LV GXH WR IDFW
LQ WKH UROOLQJ RI GURSOHWY RYHU HDFK RWKHU DQG LQFL
EHWZHHQ WZR GURSOHWYVY E\ SURWUXGLQJ FU\VWDOV ORUHRY
UHSXOVLYH IRUFHVY DFWLQJ EHWZHHQ WKH GURSOHWY WKHUH|I



OHVV WKDQ WKH OHQJWK RI SURWUXGLQJ FU\VWDOV DQG UHV?
EHHQ GHPRQVWUDWHG WKDW DQ HPXOVLRQ KDV D WKUHVKROG
FRDOHVFHQFH %HORZ WKLV WKUHVKROG YDOXH WKHUH LV QF
:DOVWUD JUHGULFN HW DO

7LPH WHPSHUDWXUH SURILOH
7KH SURFHVVLQJ WHPSHUDWXUH DQG SULRU DSSOLHG WLPH W
WKH SK\VLFDO VWDWH RI WKH IDW LQ DQ HPXOVLRQ ZKLFK LV F
WKH VWDELOLW\ RI HPXOVLRQ DJDLQVW SDUWLDO FRDOHVFHQI

$vV WKH WHPSHUDWXUH RI WKH HPXOVLRQ UHDFKHV XQGHUFR
HPXOVLRQ VWDUWYV WR XQGHUJR FU\VWDOOL]DWLRQ 7KLV UHV
LQ GURSOHWY GLVSHUVHG LQ WKH FRQWLQXRXYV SKDVH RI DQ |
DQG PRUSKRORJ\ RI FU\VWDOV DQG WKHLU GLVWULEXWLRQ L
GURSOHWY LQIOXHQFH WKH DELOLW\ RI IDW WR XQGHUJR SDU\
ZDWHU SUHVHQW LQ WKH FRQWLQXRXV SKDVH EHORZ 7z & UH)\
IXUWKHU HQKDQFHV WKH UDWH RI SDUWLDO FRDOHVFHQFH 7K
%RRGH HW DO '‘DUOLQJ

BROLG )DW &RQWHQW 6)&

6ROLG IDW FRQWHQW LV WKH DPRXQW RI VROLG IDW SUHVHQW
WKH UDWH Rl SDUWLDO FRDOHVFHQFH 8SRQ FU\VWDOOL]DWL
LQVLGH WKH JOREXOHYV 7KH H[WHQW RI WKLV QHWZRUN LV GF
%YHORZ D FHUWDLQ WKUHVKROG YDOXH RI VROLG IDW FRQWHOQ\
SURWUXGH RXWVLGH WKH IDW JOREXOHV 7KXV EHORZ D FHL
UHPDLQ VWDEOH DJDLQVW SDUWLDO FRDOHVFHQFH :KLOH D
FRDOHVFHQFH WR RFFXU EXW WKDW UHTXLUHPHQW RI VRPH C
IRU ZHWWLQJ WKH SURWUXGLQJ FU\VWDOV RI DQRWKHU RLO G
WKHUH LV QR ZHWWDELOLW\ DPRQJ FU\VWDOV ZKLFK LV UHT
FROOLGLQJ GURSOHWYVY 7KHUHIRUH LW LV WKH EDODQFH RI1 6
SUHUHTXLVLWH IRU SDUWLDO FRDOHVFHQFH %RRGH %RR
JUHGULFN HW DO

$W D JLYHQ WHPSHUDWXUH WKH 6)& RI IDW ODUJHO\ GHSHQC
WULJO\FHULGHV PRUSKRORJ\ DQG ORFDWLRQ RI FU\VWDOV
FRDOHVFHQFH 'DYLHV HW DO UHSRUWHG WKDW



PD[LPL]LQJ WKH UDWH RI SDUWLDO FRDOHVFHQFH ,Q WKH FDV
DPRXQW Rl 6)& LV UHTXLUHG WR EXLOG D IDW VWUXFWXUH GX
IDW JOREXOHV OHDGYV WR WKH VSUHDGLQJ RI RLO RYHU DLU E
$V LW LV GLIILFXOW WR GHWHUPLQH WKH RSWLPXP FRQWHQW

WKH UDQJH RI WR RI WRWDO IDW LV RSWLPXP IRU SDUW
sbuwLbDO FRDOHVFHQFH OHDGV WR D WKH GHQVH DJJUHJDWH
DO *RII +DUWHO E +DVHQKXHWWO +DUWHO

$UUDQJHPHQW RI &U\VWDOV

$UUDQJHPHQW RI FU\VWDOV LQ IDW JOREXOHV LV GXULQJ WKI
DVSHFW IRU GHWHUPLQLQJ WKH WHQGHQF\ RI JOREXOHV WR
RSWLPXP DPRXQW RI VROLG IDW FRQWHQW IDW GURSOHWYV FD
FU\VWDOV DUH QRW SURWUXGHG RXWZDUGV IURP WKH LQWHUI
RLO SKDDBRRG ZDWHU GHKWWHPLQHY LWV SURWUXVLRQ WHQGHQF
WKH IDW FU\VWDO IRUPHG LQ JOREXOHVY WHQGV WR PRYH DW \

D W\SLFDO FU\VWDO DW LQWHUIDFH H[SHULHQFHV WKUHH
EHWZHHQ ZDWHU RLO LQWHUIDFH ZDWHU VROLG LQWHUIDFH
RQ WKH FU\VWDO GHWHUPL@Q® %WWRR GEGER GWDEFW DQJOHMIGULFN H)\
:DOVWUD %RRGH

JLIXUH &RQWDFW DQJOHV RI D FU\VWDO DW RLO * ZDWHU LQWHU

JRU WKH PDMRULW\ RI HPXOVLRQV: WKH HFWQMWHFEW D QJG3HH ZU M/H
DQG LQ WKLV UDQJH WKH FU\WWDO LV ZHWWHG E\ WKH RLO SK
HQHUJ\ $WzWPKOHO CFUWUVWDO ZLOO KDYH KLJK LQWHUIDFLDO HQH



ZHWWHG E\ WKH DTXHRXV SKDVH ,UUHVSHFWLYH RI WKH ZHWW
I[lUHH PRYLQJ FU\VWDO WHQGVY WR EH DW D WDQJHQW WR WKH I

%RRGH HW DO JUHGULFN HW DO :DOVWUD %RRGH
6, >~90 8, =90 8, <<90
JLIXUH '"LITHUHQW SRVLWLRQV RI D FU\VWDO DW RLO ZDWHU LQW

%DVHG RQ FU\VWDO DUUDQJHPHQW LQ IDW JOREXOHV :DOVWU
RI IDW JOREXOHV 7KHVH FODVVHV DUH 2 1 1 [/ 0 DQG . W\ES

JLIXUH 7\SHV Rl IDW JOREXOHVY EDVHG RQ W\SH RI IDW FU\VWDO QH

,Q WKH FDVH RI OD\HUHG [/ W\SH IDW JOREXOH WKHVHQFRXQW
z ! z WKH FU\VWDOV DUH ZHWWHG E\ RLO SKDVH DQG ZLOO
z z WKH FU\VWDOV DUH ZHWWHG E\ ERMWKVEK B WH X HDR)G/ RELKD ¥
ZLOO EH PDLQO\ ZHWWLQJ WKH FU\VWDO DQG DJJUHJDWLRQ |
EULGJLQJ VR LW ZLOO UDUHO\ XQGHUJR SDUWLDO FRDOHVFHQTF
HITLFLHQF\ LV SUHGRPLQR®WOD RDIKIBDWXPEHU RI FU\VWDOV Z
,Q WKH FDVH RI'1l W\SH IDW JOREXOHV WKH FDSWXUH HIILFLH

HW DO JUHGULFN HW DO :DOVWUD %RRGH

,W LV GLIILFXOW WR SUHGLFW DQG FRQWURO WKH W\SH RI QHV
IDW 7KHUHE\ QRW PXFK UHVHDUFK KDV EHHQ FRQGXFWHG RQ
LQ GDLU\ HPXOVLRQV VXFK DV ZKLSSHG FUHDP DQG LFH FUHDF



THPSHULQJ

7THPSHULQJ RU UHERG\LQJ LV NQRZQ WR EH D PHFKDQLVP IRU
THPSHULQJ LV WKH SKHQRPHQRQ ZKHUH D FRROHGDHWP XOVLRQ
ZKLFK D VPDOO IUDFWLRQ RI VROLG IDW LV OHIW LQ WKH IDW
WHPSHUDWXUH pRIUDWORGP W RHHP NOWRZO\ FRROHG 7HPSHULQJ KDV
WKH VWDELOLW\ RI HPXOVLRQV ,Q FRQFHQWUDWHG HPXOVLRC
SVROLGLILFDWLRQ RI HPXOVLRQ™ GXH WR H[WHQVLYH SDUWLDC
YLVFRXV DQG GRHV QRW IORZ ,Q GLOXWH HPXOVLRQV WHI
VXVFHSWLEOH DJDLQVW SDUWLDO FRDOHVFHQFH )R[ OF6ZHH

%RRGH HW DO H[SODLQHG WKH PHFKDQLVP EHKLQG WK
VXVFHSWLELOLW\ DIWHU WHPSHULQJ $W FRROHG FRQGLWLRQ
HPEHGGHG LQ WKH FU\WVWDO QHWZRUN DQG FDQQRW PRYH W
WKHUPRG\QDPLFDOO\ IDYRXUHG SRVLWLRQ $PWHUWKHDWLQJ

PDMRULW\ RI FU\VWDOV DUH ORVW DQG RQO\ D IHZ VPDOO FU\\
DUH QRZ IUHH WR PRYH DW WKH LQWHUIDFH (YHQWXDOO\ Wk
$IWHU FU\VWDOV UHDUUDQJHPHQW DUH DW WKH LQWHUIDFH X
DQG IRUP ELJ FU\VWDOV $V PRUH FU\VWDOV DUH RQ WKH LQW
SURWUXGLQJ RXWVLGH LQ WKH DTXHRXV SKDVH ZKLFK ZLOO L
EH QRWHG FRROLQJ GXULQJ WHPSHULQJ VKRXOG EH VORZ D\
ZKLFK ZLOO HYHQWXDOO\ OHDG WR WKH IRUPDWLRQ RI QHZ FL
FU\VWDOV $QRWKHU FULWLFDO SDUDPHWHU LV WHPSHULQJ W
FU\VWDO UHDUUDQJHPHQW 7HPSHULQJ FDQ EH VDLG WR EH D

RI FU\VWDOV WR PDNH HPXOVLRQ PRUH SURQH WR SDUWLDO F
F\FOH %RRGH %RRGH HW DO %RRGH :DOVWUD

,W LV DOVR HVVHQWLDO WR KDYH D PLQLPXP 6)& DW WHPSHL

HPXOVLRQV %RRGH UHSRUWHG WKDW HPXOVLRQV KDYLQ.
WR WHPSHULQJ DQG D PLQLPXP DPRXQW RI * 6)& DW WHP
DFKLHYH HIIHFWV RI WHPSHULQJ ORHQV HW DO UHSRUW

ZKLSSLQJ SURSHUWLHYV LQ FUHDP %RWK QDWXUDO FUHDP DQ
ZHUH WHPSHUHG DW WZR GblIHUWHQWGW HPESHUWD VERVHREVWVHUYH
WHPSHULQJ UHVXOWHG LQ LQFUHDVHG VXVFHSWLELOLW\ RI
FRDOHVFHQFH ,Q WKH FDVH RI QDWXUDO FUHDP VKRUWHU



REVHUYHG ,Q FRQWUDVW ORZ RYHU UXQ DV FRPSDUHG WR FR(
LQ WKH UHFRPELQHG FUHDP %RRGH %RRGH HW DO )

6R IDU QR SLHFHV RI HYLGHQFH RXWOLQH WKH HIIHFW RI WHTF
GHVWDELOL]DWLRQ LQ LFH FUHDP

ORUSKRORJ\ &U\VWDO VL]H DQG SRO\PRUSKLVP

,Q JHQHUDO DQ LQFUHDVH LQ WKH VL]H RI IDW FU\WWDOV LQ
XQGHUJR SDUWLDO FRDOHVFHQFH 7KLV LV EHFDXVH DV WKH
SURWUXGH RXWVLGH Rl WKH IDW JOREXOH $ KLJK SURSRUWLR
ZLOO LQFUHDVH WKH FROOLVLRQ IUHTXHQF\ 7KH VL]H RI IDW
GHWHUPLQHG E\ WKH WLPH WHPSHUDWXUH SURILOH RI HPXO\
FU\WWDOV VR IDU QR FRUUHODWLRQ KDV EHHQ UHSRUWHG EH
HPXOVLRQ WR XQGHUJR SDUWLDO FRDOHVFHQFH %RRGH HW D
ORHQV HW DO

&RQFOXVLRQ
7R FRQFOXGH LW FDQ EH LQIHUUHG WKDW SDUWLDO FRDOH

IRUPDWLRQ RI VWUXFWXUH LQ GDLU\ HPXOVLRQV VXFK DV ZKL¢
DUH PDQ\ FRPSRVLWLRQDO DQG SURFHVV IDFWRUV WKDW DIIHF
HPXOVLRQ ,Q WHUPV RI HPXOVLRQ FRPSRVLWLRQDO IDFWRUV
IDFWRU DIIHFWLQJ WKH VWDELOLW\ RI HPXOVLRQ DQG KDV I
HPXOVLRQV 5HJDUGLQJ SURFHVV IDFWRUV IORZ FRQGLWLRQ
IDFWRUV WKDW FDQ EH XVHG WR DOWHU WKH NLQHWLFV RI SD
RI WKH DSSOLFDWLRQ RI WKHVH IDFWRUV LQ LFH FUHDP RQO!
RXW WR VWXG\ WKHLU HITHFW RQ WKH GHJUHH RI IDW GHVWDE



ODWHULDOV DQG OHWKRGRORJ\

$ VWDQGDUG YDQLOOD IODYRXUHG LFH FUHDP IRUPXODWLRQ
ZDV XVHG WR DYRLG DQ\ LOWHUIHUHQFH DULVLQJ IURP XVH RI

5DZ ODWHULDOV
7KH WDEOH OLVWYV WKH YDULRXV LQJUHGLHQWYV XVHG

7TDEOH

IRU PDQ
9DULRXV LQJUHGLHQWY XVHG IRU PDQXIDFWXULQJ L

QJUHGLHQWYV ODQXIDFW
6NLP PLON 1=03 J)RQW RSHUDWI
$QK\GURX\ YRQWH RSHUDW L
JREXVW E +DZNLQV :DW

*XDU QJUH EWRS
1R:KRPRJHQL] YRQWFRSHUDWL
6XFU:5DZ V DY )RRG ,QJ!
*OXFRVF DYLV )RRG ,
ORCGLJO\F L QJUHGLHC
1IDWXUDO 9D 3DFLILF |

N XWWHUP JROQOWH RSHUDWI

VXUHU

$QF

7KH FRPSRVLWLRQ RI UDZ PDWHULDOV LV OLVWHG LQ DSSHQGL][ $

(TXLSPHQW

$00 WKH wUuLDOV ZHUH FDUULHG LQ D IRRG SLORW SODQW DW
DW ODVVH\ 8QLYHUVLW\ 7DEOH OLVWYV WKH YDULRXV HTXLS

7TDEOH (TXLSPHQW XVHG IRU LFH FUHDP SURFHVVLQJ

(TXLSPHQW ODQXIDFWXUHU "HWDLOV
6WDQG OL[LQJ 8QL .LND /DERUWHFKQLN

N

+RPRJHQLVHU

5DQQLH 6HULD

D

8OWUD KLJK WHPSHUDWX
SDVWHXUL]JHU

WD \BWUHR\F$HYMLIQU V BWT

/IDPLQDU )OF

$LU &DUH 7THFKQRO

,FH FUHDP PDFKLQ

H

7THWUD 3DN 4

LR\HU 'HQPD

7TDEOH
VWDQGDUG LFH FUHDP

JRUPXODWLRQV
GHSLFWV WKH

IRUPXODWLRQV

IRU VWDQGDUG DQG ¢
IRUPXODWLRQ ZDV XVHG WR VWXG\ WK
DQG EXWWHUPLON SRZGHU 7KH LPSDFW RI QDWLYH PLON
LFH FUHDP IRUPXODWLRQ

IDW



7TDEOH &RPSRVLWLRQ RI VWDQGDUG DQG ORZ IDW LFH FUL

,QJUHGLHQWYV 6 WD QGMRZGIDWHLFHHDWPHD P
IDW IDW

)DW
OLON 6ROLG 1RW )DW 061)
6XFURVH
*OXFRVH 6\UXS
*XC
/% *
ORQR GLJO\FHULGHV o0f*
JODYRXU YDQLOOD
"DWHU

)DW UDWLRV IRU QDWLYH PLON IDW JOREXOHV IRUPXODWL
,Q WKH LFH FUHDP PDGH XVLQJ QDWLYH PLON IDW JOREXOHYV

VRXUFH RI PHPEUDQH PDWHULDO ORQR GLJO\FHULGHV ZHUH R
IDW LQ RWKHU IRUPXODWLRQV ZDV VXSSOLHG XVLQJ $0) DQG
UDWLRV RI QRQ KRPRJHQL]HG FUHDP DQG $0) DV RXWOLQHG
TXDQWLW\ RI QDWLYH PLON IDW JOREXOHV 1RQ KRPRJHQL]JH
PLON VROLGV QRW IDW a 7KHUHIRUH WKH TXDQWLW\ RI V
DGMXVWHG DFFRUGLQJO\ $SSHQGL[ RXWOLQH WKH PL[ FDOFXC

7DEOH JRUPXODWLRQV ZLWK GLIITHUHQW UDWLRYV RI FUHDP
JRUPXODWLRQ RI 7R\ DR YIRW B® 5BRD U N
1RQ KRPRJHQLEMGO)
FUHDP
3RVLWLYH &RQWURO 3& LWK (P
0'*
IHJDWLYH &RQWURO 1& 1R HPX
§s0) 'LWKRX\
§30) 'LWKRX\
&30) "LWKRX\
&50) "LWKRX\
&50) "LWKRX\
&30) 'LWKRX\
&s0) 'LWKRX\
§s0) 'LWKRX\




/IHYHOV RI EXWWHUPLON SRZGHU

%WXWWHUPLON SRZGHU ZLWK SKRVSKROLSLG FRQWHQW ZDV
LQ LFH FUHDP 7KH DPRXQW RI EXWWHUPLON SRZGHU ZDV Y
SKRVSKROLSLGY 7DEOH DQG RXWOLQH WKH GLIITHUHQW

WUDGLWLRQDO SURFHVVLQJ DQG VHOHFWLYH DGVRUSWLRQ P
FHUWDLQ DPRXQW RI PLON SURWHLQV WKH PLON VROLGV QRW
ZDV DGMXVWHG WR PDWFK 061) FRQWHQW ZLWK WKH VWDQGDU
WKH PL[ FDOFXODWLRQ ZLWK EXWWHUPLON SRZGHU

7TDEOH '"LITHUHQW RI EXWWHUPLON SRZGHU XVHG IRU WUDGLYV
JRUPXODWLRQ %BXWWHUPLON SRZGHU 5HP
%07y LWKR X\
%07y LWKR X\
%07y LWKR X\
%07y LWKR X\
7DEOH 'LITHUHQW RI EXWWHUPLON SRZGHU XVHG IRU VHOHFWL
JRUPXODWLRQ %BXWWHUPLON| SRZGHIHPDUN
% 0:6HOH LWKR X\
%0 :6HOH LWKR X\
% 0 .6HOH LWKR X\
% 0 .6HOH LWKR XN\

SURFHVYV IORZ

SUHSDUDWLRQ RI LFH FUHDP ZLWK QRQ *+ KRPRJHQL]HG FU
)LIXUH LOOXVWUDWHY WKH SURFHVV IORZ WR PDNH LFH FU

ILUVW VWHS LQ LFH FUHDP PDNLQJ ZDV PL[ SUHSDUDWLRQ $0O
IRUPXODWLRQ UHTXLUHPHQWY +RW ZDWHU DW DURXQG z &
PHFKDQLFDO PL[LQJ XQLW ZDV XVHG IRU WKH PL[LQJ RI LQJUL
FRQVWDQW WKURXJKRXW WKH WULDOV ,Q WKH PL[LQJ VHTXHC
ZDV GLVVROYHG LQWR KRW ZDWHU 7KH UDWH RI DGGLWLRQ RI
WR DYRLG DQ\ OXPS IRUPDWLRQ 3UH ZHLJKHG IUR]J]HQ DQK\GUF
WKH FRQWDLQHU LQ KRW ZDWHU WR UHDFK D WHPSHUDWXUH D
ZHUH DGGHG RQO\ IRU WKH SRVLWLYH FRQWUROV LQWR PHOV



Mix preparation

(Blending of SMP,
Sugar, AMF, Freezing Filling
Stabilizers,
Emulsifiers (If any))
Pre-heating (at 50°C) Flavour Addition Storage (-18°C)
Homogenization( 1st - .
stage 150 bar and 2nd Aging ( ?ltr:)c for 24
stage 50 bar)
Pasteurization

C M. .
(83 °C for 10s) ream Mixing

JLIXUH B3URFHVV IORZ RI LFH FUHDP PDQXIDFWXULQJ ZLWK QRQ K

$ SUHPL[LQJ RI VWDELOL]JHUV ORFXVW EHDQ JXP DQG JXDU JXI
IRUPDWLRQ ILVKH\H HITHFW 7KLV PL[WXUH RI VXJDU DQG VWL
RI' VNLP PLON SRZGHU $IWHU WKH GLVVROXWLRQ RI VXJDU D
0'* LQ SRVLWLYH FRQWURO ZzZDV DGGHG $IWHU PL[LQJ DOO RI \
IRU WKH QH[W PLQ WR SURGXFH D XQLIRUP LFH FUHDP PL][

$V WKH ZDWHU WHPSHUDWXUH GURSSHG GXULQJ WKH PL[ SUH:
DJDLQ WR 2& E\ LPPHUVLQJ WKH VWHHO EXFNHW LQWR KRW .
SUHKHDWLQJ ZDV UHTXLUHG WR KDYH WKH IDW LQ D FRPSO
KRPRJHQL]DWLRQ OL[ DW 2z& ZDV KRPRJHQL]JHG LQ VWDJHV X
7KH ILUVW DQG VHFRQG VWDJH SUHVVXUH ZDV VHW DW EDL
VWDJH RI KRPRJHQL]DWLRQ LV XVXDOO\ XVHG LQ LFH FUHDP

FOXVWHUW WD WHH U

JROORZHG KRPRJHQL]DWLRQ WKH LFH FUHDP PL[ ZDV SDVWHX
WLPH WXEXODU SDVWHXUL]HU OL[ ZDV KHDWHG WR WHPSHU]I
WHPSHUDWXUH LQ D KROGLQJ WXEH $IWHU KROGLQJ WKH LFH



z& T7KH PL[ IORZ UDWH ZDV NHSW DURXQG / PLQ )LOO WR Gl
ZHUH V DQG V. UHVSHFWLYHO\ 7KHVH WLPHV DUH EDVHG F
ZDWHU VWUHDP DW WKH SURGXFW FROOHFWLRQ SRLQW $0O
SBDVWHXUL]JHG SURGXFW ZDV FROOHFWHG LQ DOFRKRO VDQLWL

,Q LFH FUHDP ZLWK QDWLYH IDW JOREXOHV D FRPPHUFLDOO\
ZDV DGGHG LQWR SDVWHXUL]HG PL[ EHIRUH DJLQJ $ PHFKDQ
ZHLIJKHG DPRXQW RI QRQ KRPRJHQL]J]HG FUHDP OL[LQJ RI FUHD
ZDV GRQH DW ORZ VSHHG WR NHHS WKH PLON IDW JOREXOH PF
USP IRU PLQ ZDV XVHG IRU DOO WKH IRUPXODWLRQV $IWHU
PL[ zDV DJHG DW Z2& IRU KUV $IWHU DJLQJ QDWXUDO YDQLC
IODYRXU DGGLWLRQDO WKH PL[ ZDV LQWURGXFHG LQWR WKH |

7KH RYHUUXQ ZDV VHW DW GXULQJ IUHH]LQJ DQG PL[ YLVFI
ZDV SXPSHG ZLWK D IORZ UDWH RI /| KU DQG LFH FUHDP ZL
ZDV FROOHFWHG LQ GLITHUHQW SRWWOHV ,FH FUHDP ZDV FRO
WHVW VSHFLDO FDUGERDUG ER[HV ZHUH XVHG WR KDYH HTXD (
DQG ER[HV ZHUH VWRUHG DW z& $ IRRG JUDGH G\H ZDV XVH
EDWFKHV GXULQJ LFH FUHDP SURGXFWLRQ ,W LV ZRUWK QRWL
GRQH LQ WKLV VWXG\ GXH WR WKH QRQ DYDLODELOLW\ RI D KL



UHSDUDWLRQ RI LFH FUHDP ZLWK EXWWHUPLON SRZGHU X

JLIXUH 3URFHVY IORZ RI LFH FUHDP PDOXIDFWXULQJ ZLWK EXWWHUPLO

7KH SURFHVV IORZ RI LFH FUHDP PDNLQJ ZLWK EXWWHUPLON ¢
VKRZQ LQ ILJXUH 7TUDGLWLRQDO SURFHVVLQJ LPSOLHV WKH
FUHDP ZLWK PRQR GLJO\FHULGHV 7KH RQO\ GLIIHUHQFH LV L

SRZGHU DV DQ HPXOVLILHU

"U\ PL[LQJ RI EXWWHUPLON ZDV GRQH ZLWK VNLP PLON SRZGHL
KRW ZDWHU DW 272& 1H[W RWKHU LQJUHGLHQWYV VXJDU VWDEI
SURFHVVLQJ ZDV VLPLODU WR WKH SURFHVV IORZ GHVFULEHG



SUHSDUDWLRQ RI LFH FUHDP ZLWK EXWWHU PLON SRZGHU
SURFHVVLQJ

%OHQGLQJ 9
6WDELO

J
L]H

SUHKHDW

JLIXUH 3URFHVYV IORZ IRU GLIIHUHQW SKDVHV SUHSDUHG IRU V&t

J)LIXUH VKRZV WKH SURFHVV IORZ RI WZR GLITHUHQW SKDVH\
DGVRUSWLRQ PHWKRG 6HOHFWLYH DGVRUSWLRQ LQ WKLV FRQ
WR JHW VHOHFWLYHO\ DGVRUEHG RQ WKH QHZO\ FUHDWHG LQW
SURWHLQV )RU WKLV WKH EOHQGLQJ XQLW RSHUDWLRQ ZDV V
SKDVH LV D PL[ ZLWKRXW PLON SRZGHU )RU WKH SUHSDUDWL
EXWWHUPLON SRZGHU DV RXWOLQHG LQ WKH IRUPXODWLRQ'

z& DPRXQW RI KRW ZDWHU LV DERXW RI WRwWDO ZDWHU U
SRZGHU DGGLWLRQ WKH RWKHU LQJUHGLHQWY VXJDU VWDEL
GLVSHUVHG XVLQJ D PL[HU

$IWHU SUHSDUDWLRQ WKH PL[ ZDV SUHKHDWHG WR 2& )ROOF
XVLQJ KLIJK SUHVVXUH KRPRJHQL]DWLRQ 7KH SUHVVXUHV IRU

EDU DQG EDU UHVSHFWLYHO\ 7KH SUHVHQFH RI EXWWHL
DOORZHG WKH SURWHLQ DQG SKRVSKROLSLGY WR DGVRUE RQ
7KH RWKHU SKDVH FRQFHQWUDWHG VNLP PLON ZDV SUHSDUH

z2&

%HIRUH SDVWHXUL]DWLRQ ERWK SKDVHV KRPRJHQL]HG PL[ ZL
VNLP PLON ZHUH PL[HG XVLQJ D PHFKDQLFDO DJLWDWRU $IWF
DQG DJHG 7KH DJHG PL[ ZDV SURFHVVHG IXUWKHU DV GLVFXYV



OHWKRGYV

2YHUUXQ
2YHUUXQ RI LFH FUHDP LV WKH PHDVXUH RI DLU FRQWHQW LQ

LQFUHDVH LQ WKH YROXPH RI LFH FUHDP JUHDWHU WKDQ WK}
LFH FUHDP~

7KH IRUPXOD XVHG IRU WKH FDOFXODWLRQ RI RYHUUXQ LV

‘W RI WKH PL[ £+ :W RI LFH FUHDP
2YHU UXQ [
‘W RI LFH FUHDP

JRU RYHUUXQ PHDVXUHPHQW ZH XVHG D VWHHO FXS 7KH ZHL
IROORZHG E\ PHDVXUHPHQW RI ZHLJKW RI LFH FUHDP LPPH
PHDVXUHPHQWY ZHUH GRQH LQ WULSOLFDWHYV

SDUWLFOH 6L]H GLVWULEXWLRQ
7KH SDUWLFOH VL]H GLVWULEXWLRQ RI LFH FUHDP PL[ DQG PHC

VFDWWHULQJ XVLQJ ODVWHUVL]HU ODOYHUQ 3DQDO\WLFDC
SUHVHQWDWLRQ XQLW ZDV XVHG IRU XQLIRUP GLVSHUVLRQ RI
LFH FUHDP PL[ ZDV VHW DW ZLWK D DGVRUSWLRQ YDO
52 ZDWHU ZDV VHW DW ZLWK D DGVRUSWLRQ YDOXH ¢
ZDV PHOWHG E\ NHHSLQJ SRWWOHV DW 7& RYHUQLJKW $IWHL
DQ HTXDO DPRXQW Rl ZDWHU 7KH GLOXWHG VDPSOH ZDV WKF
GLVSHUVHG LQ ZDWHU XVLQJ D GLVSHUVLRQ XQLW DQG DQ DG
DQ REVFXUDWLRQ UDQJH EHWZHHQ $00 WKH PHDVXUHPH
$ VHW RI UHSOLFDWHY ZHUH SHUIRUPHG IRU HDEK VDPSC
PHDVXUHPHQWY ZDV UHSRUWHG DV WKH ILQDO UHVXOW

+DUGQHVYV
7KH KDUGQHVV RI LFH FUHDP ZDV PHDVXUHG XVLQJ 7TH[WXUH $

6\VWHPV 8. 7TKH PHDVXUHPHQW RI LFH FUHDP ZDV GRQH DW
ZHUH TXLFNO\ WUDQVSRUWHG WR WH[WXUH DQDO\VHU DW UF
FROQGLWLRQHG WR IUHH]J]HU WHPSHUDWXUH E\ RYHUQLJKW V)
PHDVXUHPHQWY ZHUH GRQH TXLFNO\ WR DYRLG DQ\ YDULDELO
F\OLQGULFDO VWHHO URGH ZLWK PP GLDPHWHU ZDV XVHG IR
7TKH GHSWK RI SHQHWUDWLRQ ZDV VHW WR PP 7KH IRUFH LQ



DW IL[HG SHQHWUDWLRQ VSHHG ZDV UHSRUWHG DV WKH KDUGC
ZHUH PHDVXUHG IRU HDFK VDPSOH

OHOWGRZQ 6WDELOLW\
$ VWHHO ZLUH PHVK KDYLQJ KROHV VTXDUH FP ZDV XVH

LFH FUHDP $ FRQVWDQW YROXPH EORFN RI LFH FUHDPV ZDV Z
7KH LFH FUHDP EORFN ZDV UHPRYHG IURP WKH FDUGERDUG ER]|
PHDVXUHG WR JHW WKH ZHLJKW RI WKH LFH FUHDP 7KH LFH FL
DW URRP WHPSHUDWXUH $ SODVWLF ER[ RQ ZHLJKLQJ EDODQ
FUHDP VLSSLQJ WKURXJK D ZLUH PHVK

$QRWKHU SODVWLF ER[ ZDV XVHG WR FRYHU WKH LFH FUHDP E
LQ DLU IORZ RQ WKH PHOWLQJ SURSHUWLHV RI LFH FUHDP
PHDVXUHG DW DQ LQWHUYDO RI PLQ IRU KUV 7KH PHOW VYV
QRWLQJ WKH ZHLJKW RI PHOWHG LFH FUHDP DW WKH HQG RI K
HDFK IRUPXODWLRQ

&RQIRFDO OLFURVFRS\
&RQIRFDO ODVHU VFDQQLQJ PLFURVFRS\ ZDV SHUIRUPHG XVLQ

7KH LFH FUHDP SRWWOHY ZHUH NHSW DW URRP WHPSHUDW
WUDQVIHUUHG WR D PLFURWXEH $ GURS RI HDFK UHG 1LOH |
PLFURWXEH 7KH WXEH ZDV PL[HG E\ VKDNLQJ LW WR VWDLQ W
VWDLQHG LFH FUHDP ZDV WUDQVIHUUHG WR D FRQFDYH VOLG
FRYHU VOLS WKH VOLGH ZDV WUDQVIHUUHG WR WKH PLFURVF
IRFXVHG RQ D VDPSOH XVLQJ ILQH DGMXVWPHQW $IWHU IRFXV
WKH VDPSOH LQ GLIITHUHQW ODVHUV

7ZR ODVHU OLJKWV RQH IRU WKH 1LOH UHG DQG WKH RWKHU II
LFH FUHDP 1LOH UHG ZDV H[FLWHG DW QP ZLWK D FROOHFW
JUHHQ ZDV H[FLWHG DW QP ZLWK D FROOHFWLQJ IUHTXHQF\ '
FRQWUDVW RI LPDJHV ZHUH DGMXVWHG PDQLSXODWLQJ VPDU\
LPDJHVY ZHUH FDSWXUHG IRU HDFK IRUPXODWLRQ

&U\R +* 6FDQQLQJ (OHFWURQ OLFURVFRS\
7KH PLFURVWUXFWXUH RI LFH FUHDP VDPSOHV ZDV YLVXDO
PLFURVFRS\ 3KLOLSV ;/ VHULHV ; 6*()* $ SLHFH RI LFH FU|
EODGH FRROHG E\ GLSSLQJ LQ OLTXLG QLWURJHQ IURP LFH



LPPHGLDWHO\ WUDQVIHUUHG WR OLTXLG QLWURJHQ 7KH VDPS
PHOWHG LFH FUHDP DV D JOXH $IWHU WKDW WKH KROGHU DO
LQ OLTXLG QLWURJIHQ XQGHU YDFXXP VOXVKLQJ WR FRRO W]
VDPSOH ZDV WUDQVIHUUHG WR WKH SUHSDUDWLRQ FKDPEHU

FUHDP VDPSOH ZDV EURNHQ WR FUHDWH D QHZ VXUIDFH $IWHL
WKH LFH DW z & 2QFH DOO WKH LFH ZDV VXEOLPHG WKH V
SDUWLFOHV $IWHU FRDWLQJ WKH VSHFLPHQ ZDV WUDQVIHUU
WKH VDPSOH ZDV YLVXDOL]HG XQGHU DQ HOHFWURQ EHDP DV
GLITHUHQW DUHDV RI WKH VSHFLPHQ ZHUH YLVXDOL]HG DW GLI
LPDJHV I[URP RQH DUHD LV XVHG LQ WKH UHVXOWY DQG RWKHU



(IMHFWV RI QRQ KRPRJHQL]J]HG FUHDP DGGLW

,QWURGXFWLRQ
,Q QRQ KRPRJHQL]J]HG FUHDP WKH PLON IDW JOREXOHV DUH SL

PLON IDW JOREXOH PHPEUDQH $V K\SRWKHVL]J]HG SUHYLRXVO
DV SRWHQWLDO QDWXUDO IDW GURSOHWYV ZLWK HPXOVLILHUYV
QRQ KRPRJHQLVHG FUHDP ZDV DGGHG LQWR LFH FUHDP IRUPX
WKH FRQYHQWLRQDO IDW VRXUFH DQK\GURXV PLON IDW 7K
SK\VLFDO DQG PLFURVWUXFWXUDO SURSHUWLHYV 7KH UHVXOW
VHFWLRQV RI WKLV FKDSWHU 7KH K\SRWKHVLV ZDV IXUWKHU \
DQG WKH UHVXOWDQW LFH FUHDP ZDV DQDO\WVHG RQO\ IRU SK)
LFH FUHDP DUH SUHVHQWHG DORQJ ZLWK WKH VWDQGDUG IDW

1RWH 7KH IRUPXODWLRQ FRGHV KDYH EHHQ GHILQHG LQ VHFW

2YHUUXQ
2YHUUXQ LV D PHDVXUH RI WKH DPRXQW RI DLU LQFRUSRUDWH
D ODUJH DPRXQW RI DLU LQ LFH FUHDP &KDQJ +DUWHO D

VOLIJKWO\ KLJKHU PHOW VWDEOH LFH FUHDP

7TDEOH 7KH RYHUUXQ PHDVXUHPHQWY IRU IXOO IDW FRQWUROV DQG IXOC
SURSRUWLRQ RI QRQ KRPRJHQL]HG FUHDP

FH FUHDPV 2YHUUXQ

1HJDWLYH &RQWURO oo

& $0) v

& $0) v

& $0) v

& $0) v
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3RVLWLYH &RQWURO b«
I1RWBHDQ RI RYHUUXQ YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ
Rl PHDQ YDOXHV LQGLFDWH VLJQLILFDQFH S 7TKH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q



7KH UHVXOWYVY WDEOH VKRZV WKDW WKH RYHUUXQ YDOXH
VWDWLVWLFDOO\ VLPLODU W LQGLFDWHYV WKDW SDUWLDO UL
KRPRJHQL]J]HG FUHDP GRHV QRW KDYH VLIJQLILFDQW HIIHFW RQ

7DEOH 7KH RYHUUXQ PHDVXUHPHQWYVY IRU ORZ IDW FRQWUROV DQG ORZ
SURSRUWLRQ RI QRQ KRPRJHQL]HG FUHDP

,FH FUHDPYV 2YHUUXQ

1HJDWLYH &RQWURO b«

BRVLWLYH &RQWURO b«

& $0) b “

& $0) b

& $0) b “

& $0) b “
1RWHDQ RI RYHUUXQ YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ
RI PHDQ YDOXHV LQGLFDWH VLJQLILFDQFH S 7KH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

7TDEOH VKRZV WKDW DOO WKH ORZ IDW FRQWURO DQG IRUPX
VLPLODU RYHUUXQ YDOXH W LQGLFDWHV WKDW ZLWK UHSO
KRPRJHQL]J]HG FUHDP LQ ORZ IDW LFH FUHDPV GRHV QRW KDYH
FUHDPYV

W FDQ EH REVHUYHG WKDW VWDQGDUG IDW LFH FUHDPV KDG
FUHDPV 7KLV FDQ EH DWWULEXWHG WR WKH GLIITHUHQFH LQ V.
IRUPXODWLRQV S5HIHUULQJ WR IRUPXODWLRQV LQ VHFWLRQ
VZHHWHQHUV DQG 061) ,Q FRQWUDVW ORZ IDW LFH FUHEL
061) $ KLJK OHYHO RI VZHHWHQHUY DQG PLON VROLG QRW IDW
WR KLJK PL[ YLVFRVLW\ $ KLJK FRQFHQWUDWLRQ RI WKHVH V
YROXPH WKXV DIIHFWLQJ WKH YLVFRVLW\ W KDV EHHQ UHSR
DQ LQFUHDVH LQ YLVFRVLW\ RI PL[ DV LW LV FKDOOHQJLQJ WR
PL[ &ODUNH

2YHUDOO WKH YDULDWLRQV LQ RYHUUXQ DPRQJ WKH IRUPXO
VLIJQLILFDQW 7KH QRQ + VLJQLILFDQW YDULDWLRQV FDQ EH +
WKH DPRXQW RI DLU DGPLWWHG E\ WKH EDWEK IUHH]HU :DUU
RYHUUXQ LQGLFDWHY WKDW DOO WKH IRUPXODWLRQV IRU WKH



DSSUR[LPDWHO\ WKH VDPH DPRXQW RI DLU ,W HOLPLQDWHV W
PHOW VWDELOLW\ DQG RWKHU SK\VLFDO SURSHUWLHV RI LFH F
WKDW UHSODFLQJ WKH $0) ZLWK QRQ KRPRJHQL]HG FUHDP LQ |
RI LFH FUHDP

OLFURVWUXFWXUH

&RQIRFDO PLFURVFRS\
7KH PLFURVWUXFWXUH RI PHOWHG LFH FUHDP IRUPXODWLRQ'

VFDQQLQJ PLFURVFRS\ $V PHOWHG LFH FUHDP ZDV XVHG IRU |
IXOO\ LOOXVWUDWH WKH QDWLYH VWUXFWXUH RI LFH FUHDP
IDW JOREXOHY DQG SURWHLQ RQ DLU FHOOV DQG WKH PDWUL]
WKDW WKH IDW JOREXOHYV VHHQ LQ WKHVH LPDJHV DUH FRDO
SDUWLDOO\ FRDOHVFHG DJJUHJDWHYV LQ LFH FUHDP 7KHUHIRU
VLIH FDQQRW EH PDGH 7KH LPDJHV VKRZQ LQ WKLV VHFWLRQ
LPDJLQJ ZDV GRQH IRU ORZ IDW LFH FUHDPYV

%HIRUH GLVFXVVLQJ WKH FRQIRFDO LPDJHV LW LV YLWDO W
FRUUHODWHY WR WKH VL]H RI SDUWLDOO\ FRDOHVFHG IDW LQ
LOWHUSUHWDWLRQ 7KHUH DUH QRW TXDQWLWDWLYH PHDVXUF

YLIXUH &RQIRFDO ODVHU VFDQQLQJ PLFURVFRSLF LPDJHV RI PHOWHG LF
FRQWUROV

J)LIXUH GHSLFWV WKH FRQIRFDO LPDJHV RI SRVLWLYH DQG
SRVLWLYH FRQWURO WKH VPDOO IDW JOREXOHV FDQ EH VHH



PDFUR UHG GRWV UHSUHVHQW WKH DJJORPHUDWHG IDW SUHV!
FRQWURO WKH DJJORPHUDWHG IDW LV XQLIRUPO\ GLVWULEXW
FRYHUHG ZLWK VPDOOHU VL]H IDW JOREXOHY DORQJ ZLWK WK
SDUWLFOHV DUH SUHVHQW LQ WKH PDWUL[ LQ QHJDWLYH FF
GHVWDELOL]DWLRQ 7KH DLU EXEEOHV DUH SULPDULO\ FRYHI

DPRXQW RI IDW SDUWLFOHV LV DOVR SUHVHQW DORQJ ZLWK S

JLIXUH &RQIRFDO PLFURVFRS\ LPDJHV IRU PHOWHG VWHQGDUG LFH FUHD
&s0) &o) DQ&n&

7KH FRQIRFDO&LPDJIHY) IRU&), DQ&)& IRUPXODWLRQV DUH VKF
LQ ILIJXUH $ ORZ QXPEHU RI DJJORPHUHWH® QDWVEBIVWLFO}
DJJUHJDWHG IDW SDUWLFOHY DUH SUHVHQW LQ WKH FOXVWHU
LV DOVR SUHVHQW RQ DLU QB P H Q\KIMUDDWH®D PG G\CKIH LAD S HLRID &



ZLWK DJJORPHUDWHG IDW 7KH ODUJHU IDW DJJUHJDWHV FDQ
WKH PDWUL[ RI LFH FUHDP ZLWK RFFDVLRQDO FOXVWHU IRUPD

JRU IRUPXOPWLBREKRI FOXVWHU RI DJJORPHUDWHG IDW JOREXO
ODUJH UHJLRQ GHYRLG RI IDW 7KH GHQVLW\ RI IDW SDUWLFO
VRPH DLU EXEEOHV KDYH D KLJK GHQVLW\ RI DJJORPHUDWHG
ORZHU ,Q IRVWPXOWWHR@WUL[ FRPSULVHVY FOXVWHUV RI DJJOR
IDW GHSOHWHG UHJLRQV 7KH ODPHOOD RI DLU EXEEOHV DS
DJJUHJDWHG IDW SDUWLFOHV RU XWWHUO\ GHYRLG RI IDW

JLIXUH &RQIRFDO PLFURVFRS\ LPDJHV IRU PHOWHG VWs)QGDUG LFH FUHD
&s0) &o) DQ&n&
JLIXUH VKRZV WKH PLFURMWUXREWXUERO LPREHE IRU &

JRU IRUPXOPWLRYPDOOHU QXPEHU RI DJJUHJDWHG IDW SDUWL



IDW SDUWLFOHY DUH SUHVHQW LQ FOXVWHUV DQG LQ VRPH O]
IDW 6RPH DLU FHOOV DUH FRYHUHG ZLWK ODUJH IDW SDUWLF
IDW PROHF¥OHVODU&EH DJIJUHIDWHG IDW SDUWLFOHV FRPSDU!
FDQ EH VHHQ LQ WKH PDWUL[ 6RPH RI WKHVH ELJ DJJUHJDWHYV
KDYH IRUPHG D FOXVWHU LQ WKH PDWUL[ 6RPH PDWUL[ DUHDYV
WKDW H[WHQVLYH DJJORPHUDWLRQ KDV UHVXOWHG LQ WKH IR

JRU ERWK HQ&)& VXEVWDQWLDO IDW DJJUHJDWHY KDYLQJ D
FDQ EH HDVLO\ ORFDWHG LQ PHOWHG LFH FUHDP 7KH FOXVWE
LQ ERWK WKH IRUPXODWLRQV DQG RQO\ VRPH RI WKH DLU FHC

JURP WKH UHVXOWY RI DOO WKH IRUPXODWLRQV LW FDQ EH LQ
KRPRJHQL]J]HG FUHDP LQ LFH FUHDP UHVXOWYV LQ H[WHQVLYH
DJJORPHUDWHY WHQG WR JURZ ODUJHU PRUH ORFDOL]JHG FOX
LQ LFH FUHDP 7KH IRUPDWLRQ RI WKHVH ODUJHU DJJUHJDWI
DJJUHJDWHG IDW RQ DLU FHOOV :LWK PRUH H[WHQVLYH DJ.
GLVWULEXWLRQ RI IDW DQG D ORZHU QXPEHU GHQVLW\ RI DJ
VWUXFWXUH RI LFH FUHDP 7KLV QRQ XQLIRUP GLVWULEXWLRQ
DQG KDUGQHVYV RI WKH LFH FUHDP

6FDQQLQJ HOHFWURQ PLFURVFRS\

6FDQQLQJ HOHFWURQ PLFURVFRS\ ZDV XVHG IRU YLVXDOL]LQJ
DQG WZR IRURXODWQ&EY &ZLWK QRQ KRPRJHQL]JHG FUHDP ZHUF
JHW PLFURJUDSKYV DW GLIIHUHQW PDJQLILFDWLRQV )LJXUH

ERWK FRWURXOQMs)& DW [ PDIJQLILFDWLRQ W LV HYLGHQW
WKDW WKH VL]H RI DLU FHOOV YDULHV ZLGHO\ ZLWK WKH IRUP
GLVWULEXWLRQ DSSHDUV WR EH D FRPELQDWLRQ RI YHU\ ILQH
FHOOV LQ QHIJDWLYH FRQWURO DUH UHODWLYHO\ ODUJH DQG
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JLIXUH 7KH PLFURJUDsSKYV DRUs3& D& & ; PDIQLILFDWLRQ

7KH DLU FHGOV LQOER® KLY ODUJHU WKDQ WKH SRVLWLYH FRQ)
WKDW WKH IDW DJJORPHUDWLRQ RFFXUULQJ LQ WKH IRUPXODW
HQRXJK WR FRQWURO WKH VL]H RI DLU FHOOV &RPSDUHG WR 1
Rl ILQH DLU FHOOV WHQGV WR EH ORZHU IRU IRUPXODWLRC
GLVWULEXWLRQ RI WKH LFH SKDVH LV DQRWKHU FUXFLDO DVS
FDQ EH HDVLO\ VHHQ LQ ERWK WKH FRQWURO IRUPXODWLRQ\
&s0) ZKLFK VLIJQLILHYVY WKH IDW DJJORPHUDWLRQ KDV DIIHFWH
LQ LFH FUHDP
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YLIXUH 7KH PLFURVFRSLF LPD3}WV IRQGH& 1ERWDRYMODWLRQV DW [
PDJQLILFDWLRQ V #+ VHUXP SKDVH , + LFH SKDVH D *+ DLU FHOOV DQG | # |

J)LIXUH UHSUHVHQWY WKH PLFURVFRSLF LPDsdHV RI SRVLWL
DQGo& DW [ PDJQLILFDWLRQ ,Q WKH FDVH RI SRVLWLYH FR
DJJORPHUDWHG IDW PROHFXOHV LV UHODWLYHO\ VPDOO 7KH I
WKLV FRYHUDJH LV XQLIRUP WKURXJKRXW WKH DLU EXEEOH 7
PDWUL[ :KHUHDV LQ LFH FUHDP ZLWKRXW 0'* WKH DLU FHOOV
QR DJJORPHUDWHG IDW FDQ EH ORFDWHG LQ WKH PDWUL[ SKD?

,Q WKH Fa)VH BQ &)& WKH VL]H RI IDW DJJORPHUDWHY LV UHOL
WR SRVLWLYH 7KH ODUJH VL]H IDW DJJORPHUDWHY DUH FOXYV
IDW FOXVWHUY DUH QRQ XQLIRUPO\ GLVWULEXWHG RQ DLU ODF
EH ORFDWHG LQ WKH VHUXP SKDVH

,Q VXPPDU\ WKH RXWFRPHV IURP VFDQQLQJ HOHFWURQ PLFUF
JOREXOHYVY DUH HIIHFWLYH UHSODFHPHQW WR VIQWKHWLF HPX



VWUXFWXULQJ LQ LFH FUHDP 7KH SDUWLDO FRDOHVFHQFH R
KRPRIJHQL]HG FUHDP SURGXFHVY ODUJH DJJUHJDWHYV DQG UHOL
FHOOV FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH QXPEHU GH(
DLU FHOOV GHFUHDVHV ZLWK WKH IRUPDWLRQ RI VLIHDEOH D
DPRXQW RI IDW 7KHUHIRUH D UHODWLYHO\ VPDOOHU QXPEHU
DLU FHOOV UHVXOWLQJ LQ IRUPDWLRQ RI ODUJH DLU FHOO
DSSUR[LPDWH DEVHQFH RI VLIHDEOH WKH LFH FU\VWDOV LQ IR
EAGDSD HW DO LW PD\ EH GXH WR HIIHFW RI DJJORPHUDYV
7KH IRUPDWLRQ RI ODUJH DJJUHJDWHYV GXH WR WKH DJJORPHU
JURZWK RI LFH FU\VWDOV ,W PD\ KDYH OHG WR WKH IRUPDWLR
XQGHU PLFURVFRS\ 7KH SUHVHQFH RI VLIHDEOH LFH FU\VWDC
JRHVY DJDLQVW WKLV H[SODQDWLRQ 7KH REVHUYDWLRQ FDQ H
WKDQ FUHDP WKH GLVWULEXWLRQ RI IDW DJJUHJDWHYV LV K
WKH FRQIRFDO LPDJHV 7KLV QRQ XQLIRUP GLVWULEXWLRQ P
FU\WWVWDOV JURZWK WKXV LFH FUHDP ZLWK FUHDP GRHV KD?
WKH 6(0 LPDJH WKHLU GLVWULEXWLRQ LV QRQ XQLIRUP

SDUWLFOH VL]H GLVWULEXWLRQ

)bw JOREXOHV LQ LFH FUHDP PL[ WHQG WR HLWKHU XQGHUJ
GHVWDELOL]HG IDW FOXVWHUV RU UHPDLQ LQWDFW LQ WHUPYV
SDUWLFOH VL]H GLVWULEXWLRQ DQDO\VLYV LQ PHOWHG LFH FU|
PLON SURWHLQV LQ GLITHUHQW VL]H UDQJHV 7KH YROXPH RU
LFH FUHDP IRUPXODWLRQV SURYLGHY TXDOLWDWLYH LQIRUPD)
D SDUWLFXODU IRUPXODWLRQ ,Q JHQHUDO WKH VL]H GLVWUL
LFH FUHDP PL[ DQG ELPRGDO IRU LFH FUHDP ,Q WKH ELPRGD
SHDN UHSUHVHQWY WKH LQWDFW IDW JOREXOHV DQG WKH V
SDUWLFOHYV

6WDQGDUG ,FH FUHDP )DW

)LIXUH DQG ILJXUH VKRZ WKH SDUWLFOH VL]H GLVWULE.
FRQWURO QHJDWLYH FRQWURO DQG IRUPXODWLRQV ZLWK GLI
XQLPRGDO IDW JOREXOHV GLVWULEXWLRQ FDQ EH VHHQ LQ WK
$W WKH VDPH WLPH D ELPRGDO GLVWULEXWLRQ KDV EHHQ



KRPRJHQL]JHG FUEpP H[MAHBSWLWULEXWLRQ IXUWKHU EHFDPH

FUHDP PL[ ZLWK

QRQ KRPRJHQL]HG FUHDP DV D IDW VRXUFI

RQWURO

RQWURO
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SBDUWLFOH 6L]JH —P
JLIXUH 3DUWLFOH VL]H GLVWULEXWLRQ RI VWDQGDUG IDW LFH FUHDP PL
&s0) DQ&n&
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9RO XPH

SDUWLFOH 6L]H —P

JLIXUH 3DUWLFOH VL]H GLVWULEXWILR®RRLWWHQERQMUIPW KFH FUHDP PL
&s0) &o) &o) DQ &)&

7KH ILUVW SHDN PDUNHG LQ WKH JUHHQ ER[ UHSUHVHQWYV '
KRPRIJHQL]DWLRQ RI WKH LFH FUHDP PL[ :LWK WKH LQWURGX
IRUPXODWLRQV WKH KHLJKW RU YROXPH JOREXOHV RI WKH
FXUYH EHFRPH ELPRGDO LQ QDWXMH 7KKH MR GE BMDN PEVUN
LQ WKH UHG ER[ UHSUHVHQWY WKH QDWLYH IDW JOREXOHV SU
ZDV DGGHG DIWHU WKH PL[ V KRPRJHQL]DWLRQ D VHFRQG SHD
'LWK WKH LQFUHDVLQJ RI WKH FUHDP WKHUH LV DQ LQFUHDYV
UHSUHVHQWY WKH ULVLQJ DPRXQW RI QDWLYH IDW JOREXOH'
SUHVHQFH RI RQO\ WKH VHFRQG SHDN LQGLFDWHV WKDW DOO
JOREXOHV



—3RVLWLYH &RQWURO
1HIJDWLYH &RQWURO
& $0)

9ROXPH

6L]JH —P

JLIXUH SDUWLFOH VL]H GLVWULEXWLRQ RI VWDQGDUG IDW PHOWHG LFH |
&s0) DQ&)& IRUPXODWLRQV

7KH VLIH GLVWULEXWLRQ IRU PHOWHGo)SRVL@EGYH FR-QWURO Q
FUHDPV LV VKRZQ LQ ILJXUH )DW JOREXOHV LQ WKH LFH Fl
GXULQJ IUHH]LQJ ZKLFK OHDGV WR WKH IRUPDWLRQ RI IDW DJ
ILUVW SHDN PDUNHG LQ WKH JUHHQ ER[ UHSUHVHQWYV WKH VL
SDUWLFLSDWHG LQ SDUWLDO FRDOHVFHQFH GXULQJ IUHH]LQJ
KLIKHVW YROXPH RI RULJLQDO IDW JOREXOHV 7KH YROXPH
&s0) DV FRPSDUHG WR WKH QHJDWLYH FRQWURO 7KH KHLJKYV
RULJLQDO IDW JOREXOHV LV VLPLODU DV LFH FUHDP PL[ UHPD
D Q Go)& 7KH VHFRQG SHDN PDUNHG LQ WKH UHG ER[ UHSUHVHC
WR DJJORPHUDWLRQ GXULQJ IUHH]LQJ 7KH DEVHQFH RI IDW
LQGLFDWHV WKH IDW JOREXOHV LQ WKH PL[ GLG QRW XQGHUJ
SRVLWLYH FRQWURO D UDQJH —P RI IDW DJJUHJDWHYV FD
EHWZHHQ —P DSSUR[LPDWHO\ 7KH LQWURGXFWLRQ RI
LQ PRUH GLYHUVLILHG VL]H UDQJH IDW DJJUHJDWHY FRPSDUH (
KDYH D VL]H UDQJH RI —P ZLWK WKH PDMRULW\ RI IDW DJ
—P LH & ,Q FRQWUDVW WKH LFH FUHDP IRUPXODWLRQ ZLWK
UDQJLQJ IURP WR —P ZLWK D SHDN YDOXH RI —P
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6LIH —P

JLIXUH 3DUWLFOH VL]H GLVWULEXWLRQ RI VWDQ&PUG &PW PHOWHG LFH |
&s0) &) &) DQ&)& IRUPXODWLRQV

JLIXUH VKRZV WKH SDUWLFOQHV @bH)VWULEXWE&RQ FXUYHV IRL
&s0) DQ&o)& 7KH IDW JOREXOHV GLVWULEXWLRQ IRU WKHVH
ELPRGDO 7KUHH PDMRU SHDNV FKDUDFWHUL]LQJ GLIITHUHQW F
ILUVW SHDN PDUNHG LQ WKH JUHHQ ER[ LV DSSUR[LPDWHO!
UHSUHVHQWYV WKH FDVHLQ PLFHOOHV $V WKH DPRXQW RI FUHI
WKH SODWHDX IRU FDVHLQ PLFHOOHY EHFRPHVY HYLGHQW LQ V
LV OHDMW IRQ& WHQGYV WR ULVH ZLWK DQ LQFUHDVLQJ DPRXQ\

7KH VHFRQG PRGDO GLVWULEXWLRQ PDUNHG LQ WKH UHG ERJ |
DV WKH PL[ ZKLFK KDV QRW XQGHUJRQH SDUWLDO FRDOHVFHQ
UDQJH RI YROXPH RI RULJLQDO IDW)JOR&XOH¥%)FDQ EH REVHL
DQG D QHJOLJLE®HK YROXPHDRWHFH RI D VHFRQG SHDN LQ IF
FUHDP ! LOQGLFDWHY WKDW DOO WKH IDW XQGHUZHQW SDUW
UHVXOWLQJ LQ H[FHVVLYH IDW GHVWDELOL]DWLRQ 7KH WKLUC
IDW DJJUHJDWHYVY 7KH GHVWDELOL]HG IDW LQ DOO WKH IRUP>
YROXPH Rl IDW DJJUHJDWHV IRU DOO WKH IRUPXODWLRQV V



RSSRVLWH WR LQWHUSUHWDWLRQ I URP WKH VHFRQG SHDN |, W
VLIH GLVWULEXWLRQ WHFKQLTXH IRU PHDVXULQJ WKH YROXPt
VXSSRUWHG E\ WKH IDFW WKDW IDW DJJUHJDWHYV LQ IRUPXODW
YLVLEOH LQ PHOWHG LFH FUHDPV 7KH VL]H RI WKHVH DJJUH
PHDVXUHPHQW UDQJH

"> @ DQG '> @

7TDEOH 9DOXH RI '> @ DQG ' > @ IRU YDULRXV VWDQGDUG IDW LFH FUH
> @ 9ROXPH ZHLJKWWH® PHXQIDFH ZHLJIKV
JRUPXODWLRQ e PHDO —p
3RVLWLY}
1HJDWLYH &RQWURO
& $0)
& $0)
& $0)
& $0)
& $0)
& $0)
& $0)
& $0)
7DEOH VKRZV WKH YDOXH IRU G> @ DQG G> @ $V UHSR

SDUDPHWHUV DUH QRW VXIILFLHQW WR H[SODLQ WKH ELPRGDC
ZLWK WKH DERYH GDWD )XUWKHU ZLWK WKH OLPLWDWLRQ RI°
ELJ IDW DJJUHJDWHYV GXH WR H[FHVVLYH IDW GHVWDELOL]DWIL
WR HUURQHRXV LOQOWHUSUHWDWLRQ DQG UHVXOWYV VKRXOG EH

/IRZ IDW LEH FUHDP

$V UHSRUWHG LQ WKH SUHYLRXV VHEWLRQ LQFRUSRUDWLQJ Q
GHVWDELOL]DWLRQ RI IDW 7KLV K\SRWKHVLV ZDV IXUWKHU W|
YLIXUH VKRZV WKH SDUWLFOH GLVWULEXWLRQ IRU WKH OR
DQGo)& PHOWHG LFH FUHDPV DQG ILJXUH GHSLEFWV WKH VL]
FRQWHRO &) DQ#G)& ORZ IDW LFH FUHDPV



—3RVLWLYH &RQWURO
— 1HIJDWLYH &RQWURO

9ROXPH

SDUWLFOH VL]H —P

YLIXUH 3DUWLFOH VL]H GLVWULEXWLRQ RI ORZ IDW PHOWHG LFH FUHDP
&o0) IRUPXODWLRQV

—3RVLWLYH &RQW|URO
— & $0)
— & $0)

& $0)

9RO XPH

SDUWLFOH VL]H —P

JLIXUH S3DUWLFOH VL]H GLVWULEXWLRQ RI OR#)IDW&HOWRG LFH FUHDP
&s0) IRUPXODWLRQV



7KH ILUVW SHDN PDUNHG LQ WKH JUHHQ ER[ LQ )LIJXUHYV DQ
7KH SUHVHQFH RI WKH ILUVW SHDN LQ DOO WKH ORZ IDW IRUP}
VROLG QRW IDW DQG ORZHU IDW FRQWHQW LQ WKHVH IRUPXOTL
UHIHU WR IRUPXODWLRQV LQ VHFEWLRQ 7KH VHFRQG SHDN
DQG FRQVWLWXWHY WKH VL]H UDQJH RI RULJLQDO IDW JOF
SDUWLFLSDWHG LQ SDUWLDO FRDOHVFHQFH GXULQJ IUHH]LQJ
RULJLQDO PL[ IDW JOREXOHV KDV EHHQ UHSRUWHG IRU QHJDW
SRVLWLYH FRQWURO 7KH LQFRUSRUDWLRQ RI QRQ KRPRJHQL]
KHLJKW RI WKH RULJLQDO PL[ IDW JOREXOHV 7KH UHGXFWLR
EHFRPHV PRUH HYLGHQW ZLWK DQ LQFUHDVLQJ RI FUHDP

7KH WKLUG SHDN PDUNHG LQ WKH SLQN ER[ LQ )LIXUHYV DQC
DJJUHJDWHYV 7KH DEVHQFH RI WKH Wl Ud @& DRDNMKVOW K B WILR/Q
ODFN RI SDUWLDO FRDOHVFHQFH RI IDW IRU WKHVH IRUPXODW

FRQWURO UDQJHV IURP —P ZLWK PRVW DJJUHJDWHYV RI
DQG ZLGH VL]H UDQJH —P RI IDW DJshbYUHI&QWHY KDYH EHH
D Q Go)k

JURP WKHVH UHVXOWY IRU ERWK VWDQGDUG DQG ORZ IDW LFH
LQ LFH FUHDP ZLWKRXW HPXOVLILHUV QHJDWLYH FRQWURO X
WR WKH SUHVHQFH RI D VWURQJ LQWHUIDFLDO SURWHLQDFHR:
GHJUHH RI IDW GHVWDELOL]DWLRQ LQGLFDWHV WKH GLVS
PRQRJO\FHULGHV 7KLV GLVSODFHPHQW RI SURWHLQV UHVXO
PHPEUDQH PDNLQJ WKH IDW JOREXOHV VXVFHSWLEOH WR SD
SURPRWLQJ WKH DGVRUSWLRQ RI WKHVH DJJUHJDWHYV RQ DLU
EH HPSKDVL]HG WKDW RQO\ D IUDFWLRQ RI SURWHLQ LV GLVS
FRPSDUDWLYHO\ ORZHU DUHD RI ZHDN LQWHUIDFH LV SUHVHQ\
DUHD DFW DV D SRVVLEOH VLWH IRU SDUWLDO FRDOHVFHQFH
WKH DFWLRQ RI VKHDU IRUFHV UHVXOWHG LQ WKH IRUPDWLRQ

7KH SUHVHQFH RI IDW DJJUHJDWHYV LQ SDUWLFOH VL]H GLVWUL
ZLWKRXW DQ\ DGGHG HPXOVLILHUV VLJQLILHV WKDW WKH L¢
UHVXOWHG LQ IDW GHVWDELOL]DWLRQ 7KH LQFOXVLRQ RI QDYV
LQ WKH SUHVHQFH RI WZR W\SHV RI IDW JOREXOHV )DW JO



PHPEUDQH DQG )DW JOREXOHV KDYLQJ D QDWLYH PHPEU]I
SURWHLQV DQG WULJO\FHULGHV $V VHHQ LQ WKH QHJDWLY
PHPEUDQH DUH VWDEOH DJDLQVW WKH VKHDU IRUFHV VR WKH

7KH SKRVSKROLSLG LQWHUIDFLDO PHPEUDQH LQ QDWLYH IDW .
IRUFHV 7KHUHIRUH GXULQJ IUHH]JLQJ WKHVH JOREXOHV XQGF
RI' D PRUH FRQVLGHUDEOH PRUH IUDJLOH LQWHUIDFLDO DUHD
IRUPDWLRQ RI ODUJHU IDW DJJUHJDWHV ZKLFK LV HYLGHQW
IURP WR —P 7KH VL]H RI WKHVH DJJUHJDWHYV WHQGV WR |
IDW JOREXOHV LQ LFH FUHDP 7KLV PHFKDQLVP SRVVLEO\ H[SC
LFH FUHDP ZLWK QRQ KRPRJHQL]HG FUHDP 7KHVH DJJUHJDWH)
LPDJHV DV GLVFXVVHG LQ SUHYLRXV VHFWLRQV ,W LV ZRUWK
DUH RQO\ H[SHFWHG WR LQWHUDFW ZLWK HDFK RWKHU DQG QR

+DUGQHVYV

7KH KDUGQHVYV RI LFH FUHDP LV DQ HVVHQWLDO DVSHFW GX
RSHUDWLRQV 7KH KDUGQHVV RI LFH FUHDP LV LQIOXHQFHG E!
DQG WR D PLQRU GHJUHH E\ WKH H[WHQW RI IDW GHVWDELOL]
DQG VL]H RI LFH FU\VWDOV DUH PDMRUO\ FRQWULEXWHG WR

YROXPH DQG ODUJHU LFH FU\VWDOV UHVXOW LQ KDUGHU LFH F

+DUGQHVY YDOXHV IRU WKH SUHVHQW VWXG\ KDYH EHHQ UHSR
ILIHG GHSWK PP LQ LFH FUHDP DW Z&

6WDQGDUG IDW LFH FUHDP

7DEOH VKRZV WKH KDUGQHVYV YDOXHV IRU SRVLWLYH FRQWU
IDW LFH FUHDP IRUPXODWLRQV ZLWK QRQ KRPRJHQL]JHG FUHL
FRQWURO ZDV 1 DQG IRU QHJDWLYH FRQWURO ZDV 1 $ Y
EHHQ UHSRUWHG ZLWK WKH LQFRUSRUDWLRQ Rl QRQ KRPRJHQ
WR WKH SRVLWLYH FRQWURO 1 WKHUH LV QR VLJQLILFD
IRUPXODWLRQ ZLWK FUHDP 7KH KDUGQHVe) YDOXHV GUR
LQGLFDWLQJ D YHU\ VRIW LFH FUHDP FRPSDUHG WR SRVLWLYF
PRUH WKDQ LQ LFH FUHDP DQ XSZDUG WUHQG KDV EHHQ
FUHDP XQWLO FUHDP 7Kb KDUBGQHVY YDOXH IRU &



7TDEOH +DUGQHVYVY YDOXHV IRU VWDQGDUG IDW LFH FUHDPV ZLWK YDULRX

,FH FUHDP +DUGQHVV
1IHJDWLYH &RQWURDO o«
3RVLWLYH &RQWURO B«
& $0) B
& $0) I
& $0) B
& $0) -
& $0) B
& $0) o
& $0) o
R
& $0)
I1RWHDQ RI KDUGQHVY YDOXHV LV IROORZHG E\ “* VWDQGDUG GHYLDWLRQ
RI PHDQ YDOXHYV LQGLFDWH VLJQLILFDQFH S 7KH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

/IRZ IDW LFH FUHDPV

7KH KDUGQHVV YDOXH IRU QHJDWLYH FRQWURO LV 1 ZKLFk

1 KDUGQHVV 7KH LQWURGXFWLRQ RI QRQ KRPRJHQL]JHG FL
ORZHULQJ WKH KDUGQHVY YDOXH XQWLO IRUPXODWLRQV KDYL
LQ FUHDP ! WKH LFH FUHDP EHFRPHV &PUGHNU 7KH YDOXH
VWDWLVWLFDOO\ VLPLODU WR WKH SRVLWLYH FRQWURO $ VLJ
EHHQ UHSRWBWHG IRU &

7TDEOH +DUGQHVY YDOXHV IRU ORZ IDW LFH FUHDPV ZLWK YDUL
,FH FUHDP +DUGQHVYV
IHJDWLYH &RQWURO -
3RVLWLYH &RQWURO G
& $0) I
& $0) C
& $0) EF
& $0) o




I1RWHDQ RI KDUGQHVV YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ

RI PHDQ YDOXHV LQGLFDWH VLJQLILFDQFH S 7KH VXSHUVFULSW DORQ
YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

$V PHQWLRQHG LFH SKDVH YROXPH DQG VL]H RI FU\VWDOV DC
HOHPHQWYV DIIHFWLQJ WKH KDUGQHVYV RI LFH FUHDP ,W LV DO\
LQ D VWUXFWXUDO FRPSRQHQW RI LFH FUHDP UHVXOW LQ FKDC(
LW LV GLIILFXOW WR H[SODLQ WKH GLIITHUHQFHV LQ KDUGQHVV
HOHPHQW RI LFH FUHDP DV LQ WKH SUHVHQW VWXG\ YDULDW|

7KH YDULDWLRQ LQ KDUGQHVV IRU GLITHUHQW IRUPXODWLRQV
RI LFH FUHDP SKDVHV RWKHU WKDQ WKH DLU SKDVH 7KH QRQ
SKDVH VHUXP SKDVH DQG DJJORPHUDWHG IDW 7KH K\SRWKHYV
LQFUHDVHV ZLWK DQ LQFUHDVH LQ YLVFRVLW\ RI WKH QRQ DLLU
DLULFH FUHDP SKDVH FDQ EH GXH WR DQ LQFUHDVHG QXPEHU
ODUJHU LFH FU\VWDOV WKH SUHVHQFH RI DJJORPHUDWHG ID
RWKHU IDFWRUYV

7KH UHVXOWY VKRZ WKDW WKH QHJDWLYH FRQWURO LFH FUH
GLJO\FHULGHV SRVLWLYH FRQWURO %RWK SRVLWLYH DQG (
VZHHWHQHUV WKXV WKH VDPH LFH SKDVH YROXPH 7KH GLIIHI
IDW 7KH IDW LV SUHVHQW DV VPDOO GLVWULEXWHG JOREXO!
JOREXOHVY DGVRUEHG RQ DLU FHOOV ,Q FRQWUDVW IDW LV SU
FHOOV DQG LQ WKH PDWUL[ IRU SRVLWLYH FRQWURO 7KH SU
SKDVH UHVXOWY LQ D UHODWLYHO\ PRUH YLVFRXV QRQ DLU L|
FRPSDUHG WR SRVLWLYH FRQWURO 7KXV WKH SRVLWLYH FR
FRQWURO

,Q VWDQGDUG IDW LFH FUHDP ZLWK WKH LQFOXVLRQ RI FUHD
UHSRUWHG 8S WR FUHDP LQFRUSRUDWLRQ LFH FUHDP WHC(
FRQWURO 7KLV LQFUHDVH LQ VRIWQHVYVY FDQ EH H[SODLQHG
UHVXOWHG LQ WKH IRUPDWLRQ RI ODUJH IDW DJJUHJDWHYV DC
&s0) DQ&)& WKHVH IDW DJJUHIJDWHY DUH HYHQO\ DGVRUEH(
LV SUHVHQW LQ RQ DLU FHOOV DQG WKH UHODWLYH DPRXQW Kk
ZLWK DQ LQFUHDVH LQ FUHDP WLOO $ORQJ ZLWK D GHFI
6(0 LPDJHséRU & KH IRUPDWLRQ RI IDW DJJUHIJDWHY DOVR LQW&



FU\VWDOV 7KHUHIRUH LV QR HYLGHQFH DYDLODEOH RQ WKH
JURZWK LQ LFH FUHDP GHVSLWH WKH 6(0 LPDJHV VXJJHVW RWI
WKDW QDWLYH IDW JOREXOHYVY DUH UHODWLYHO\ ODUJH —P

—P LQ LFH FUHDP DQG GXH WR ZHDN LQWHUIDFLDO PHI
YHU\ ODUJH VL]H IDW DJJUHJDWHY GXULQJ IUHH]JLQJ 7KHVH D.
WLQ\ LFH FU\VWDOV IURP WKH VOXVK OD\HU WR WKH FHQWUH
FU\VWDOV DUH IRUPHG LQ LFH FUHDP 7KLV OHDGV WR D GHFI
UHGXFWLRQ LQ YLVFRVLW\ RI WKH QRQ DLU LFH SKDVH GXH W
FU\WVWDOV H[SODLQV WKH VRIWHU LFH FUHDP LQ IRUPXODWLRC

JRU VWDQGDUG LFH FUHDP IRUPXODWLRQV ZLWK PRUH WKDC
KDUGQHVV WHQGV WR JR XSZDUGV DQG EHFR®H FRPSDUDEO
&s0) DQ&)& DQG HYHQ KDUGHsY) LQDQKH&F DVKLRI LG FUHDVH
LQ KDUGQHVV FDQ EH H[SODLQHG E\ WKH FKDQJHV LQ WKH GLV
FHOOV DQG WKH PDWUL[ SKDVH LQ WKHVH IRUPXODWLRQV $\
GLVWULEXWLRQ EHFRPHV XQHYHQ DIWHU RI WKH FUHDP |
DJJUHJDWHY DQG ORFDOL]JHG SURWHLQ SURWHLQ DJJUHJDWHYV
ORFDOL]JHG FRQFHQWUDWLRQ RI IDW PD\ SURYLGH ORFDOL]HG
WKH VDPH WLPH ORFDOL]JHG IDW GHSOHWLRQ ZLOO SURPRW
7KHUHIRUH WKH FRQFHQWUDWLRQ RI IDW SDUWLFOHY DQG WK
WKH YLVFRVLW\ RI WKH PDWUL[ SKDVH WKXV DQ LQFUHDV
IRUPXODWLRQV ZLWK PRUH WKDQ FUHDP

OHOWLQJ VWDELOLW\

OHOWLQJ RU GULS WKURXJK UDWH LV RQH RI WKH FULWLFD
SURSHUWLHV RI LFH FUHDP DUH LPSRUWDQW ERWK IURP WKH
KHDW WUDQVIHUV I[URP WKH VXUURXQGLQJ DLU WKH LFH FU\V\
GLIIXVHV LQWR WKH XQIUR]JHQ VHUXP SKDVH DQG IORZV GRZQ
DLU FHOOV DQG SDUWLDOO\ FRDOHVFHG IDW DJJUHJDWHV 'XU
WKH HIWHULRU RI WKH SURGXFW ZLOO EH UHOHDVHG $IWHU \



WKH SURGXFW V LQWHULRU VWDUWYV WR GUDLQ KLJK PDWUL[ Y
HW DO SRODQG HW DO

7KH HDVH RI GLIIXVLRQ RI PHOWHG ZDWHU LQ WKH SURGXFW G
7KH SUHVHQFH RI DJJORPHUDWHG IDW LQ LFH FUHDP FDQ FDX)\
WKXV UHVXOW LQ D ORZHU PHOWLQJ UDWH 7KXV WKH PHOW
LQFUHDVH LQ WKH GHJUHH RI IDW DJJORPHUDWLRQ $QRWKH
SHQHWUDWLRQ LQWR WKH SURGXFW %HLQJ D SRRU KHDW FRQ
LQVXODWLRQ HIIHFW DQG UHVXOW LQ PHOW VWDEOH LFH FUH
PHOWLQJ UDWH &ODUNH SRODQG HW DO

JRU WKLV VWXG\ FRQVWDQW YROXPH EORFNV RI LFH FUHDP ZL
IRU PHOWLQJ UDWH DW z& 7KH UHVXOWYV IRU ERWK VWDQGD
EHORZ $V WKH ILQRDO PDVV RI PHOWHG LFH FUHDP LV GLUHEF)
FRPSDULVRQ RI PHOWLQJ UDWH KDV EHHQ RXWOLQHG E\ FRPSI
D VWLSXODWHG WLPH

6WDQGDUG IDW LFH FUHDPYV

JLIXUH VKRZV WKH GULSSLQJ UDWH FXUYHV IRU SRVLWL
IRUPXODWLRQV ZLWK GLIITHUHQW RI FUHDP 7KH ILQDO PDV)
KuUv KDV EHHQ UHSRUWHG LQ WDEOH $ KLIKHU ILQDO Z
FRPSDUHG WR D SRVLWLYH FRQWURO LOQGLFDWHY QHJDWL
LQFRUSRUDWLRQ RI QRQ KRPRJHQL]J]HG LFH FUHDP UHVXOWHG |
FRPSDUHG WR WKH QHJDWLYH FRQWURO 7KH PD[LPXP LPSURY
VHHQ LQ WKH IRUPXODWLRQ ZLWK FUHDP ZKLFK KDG HQG
PDVV IRU DOO RWKHU IRUPXODWLRQV LV LQ WKH UDQJH RI
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7TDEOH PDVV RI PHOWHG LFH FUHDP DW WKH HQG RI
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7TDEOH LOOXVWUDWHYV WKH ILQDO PDVV RI PHOWHG ORZ ID
GULSSLQJ UDWH FXUYHV IRU ORZ IDW LFH FUHDPV $ KLJK PH
FRQWURO DV FRPSDUHG WR SRVLWLYH FRQWURO 8S WR F
IRUPXODWLRQV UHVXOWY LQ D QHJOLJLEOH LPSURYHPHQW LQ
EH REVHUY)YHG ZRWEK s)QG &KL WK ZHLJKW RI PHOWHG LFH

JURP WKH DERYH UHVXOWYV LW FDQ EH LOOXVWUDWHG WKDW
UHVLVWDQFH WKDQ LFH FUHDP ZLWKRXW HPXOVLILHUV 7KLV
FUHDP UHVXOWY LQ WKH SDUWLDO FRDOHVFHQFH RI IDW GXUL(
DJJUHJDWHYV 7KHVH IDW DJJUHIJDWHY SURYLGH UHVLVWDQFH W
WKXV SURYLGH EHWWHU PHOWLQJ VWDELOLW\

,Q IRUPXODWLRQV ZLWK QRQ KRPRJHQL]HG FUHDP WKH EHKDY
$V UHSRUWHG LQ WKH OLWHUDWXUH WKH PHOW VWDELOLW\ |
GHVWDELOL]DWLRQ 7KHUHIRUH PHOW VWDELOLW\ VKRXOG |
LQFUHDVLQJ DPRXQW RI QRQ KRPRJHQL]J]HG FUHDP DV LQFUHDYV
D KLJKHU GHJUHH RI GHVWDELOL]HG IDW %XW WKH KLJKHVW
QHIJDWLYH FRQWURO ZDV REWDLQHG ZLWK FUHDP DQG WKL
PRUH FUHDP 7KLV FDQ EH H[SODLQHG E\ WKH IDFW WKDW HYH
DIIHFWV WKH PHOW VWDELOLW\ WKH GLVWULEXWLRQ RI WKLV
DVSHFW LQ GHWHUPLQLQJ WKH PHOWLQJ UHVLVWDQFH

$V REVHUYDEOH LQ FRQIRFDO LPDJHV IRU LFH FUHDP ZLWK QR
RI IDW FKDQJHV ZLWK LQFUHDVLQJ RI FUHDP 7KH IDW DJJUH.
DQG PDWWd[ LD @Go)& 7TKH LQFUHDVHG IDW GHVWDELOL]DW
GLVWULEXWLRQ UHVXOW LQ LQFUHDVHG PHOWLQJ UHVLVWDQF
IDW WKH GLVWULEXWLRQ RI IDW DJJUHIJDWHYV WHQGV WR EHI
FOXVWHULQJ RI SDUWLDOO\ FRDOHVFHG IDW LV HDVLO\ YLVLE
IDW IUHH YRLGV LQ WKH PDWUL[ (YHQ WKRXJK D KLJK GHJUHH
WKH XQHYHQ GLVWULEXWLRQ RI IDW UHVXOWYVY LQ WKH IRUPD
UHVLVWDQFH WR ZDWHU GLIIXVLRQ WKXV D KLJK PHOWLQJ UD



)LOQDO GLVFXVVLRQ

7KH DERYH PHQWLRQHG UHVXOWY DQG GLVFXVVLRQ VXJJHVW W
FRDOHVFHQFH GXULQJ WKH IUHH]LQJ RI LFH FUHDP 7KH PHFKD
ZLWK QDWLYH JOREXOHV LV GLIITHUHQW IURP WKH FRQYHQWLRC(
FUHDP ZLWK PRQRJO\FHULGHV )LJXUH VXJIJHVWYV WKH SR
DJJORPHUDWLRQ LQ LFH FUHDP SDUWO\ KDYLQJ QDWLYH PLON

Air cell

-
#
-

e 7\ 5\’ Freezing 9\ \\ﬁ # \\ Q A

VAR 2 NN RN\ x #

‘\k\\':;’ Wt 7 Bt ead E )  Agglomerated fat

=g \
,,,_\-4;, Y '(,\ Y .
SV ‘\\._\ 4 Fat globules
e covered with milk

\ proteins
\\ y

Native fat ) Cosaln
Fat globules globules with
covered with ~ MFGM
milk proteins

¢ Whey proteins

JLIXUH 7KH PHFKDQLVP RI DJJORPHUDWLRQ LQ LFH FUHDP ZLWK Q

$V GLVFXVVHG SUHYLRXVO\ WKH LQFOXVLRQ RI QDWLYH IDW J
SUHVHQFH RI WZR W\SHV RI IDW JOREXOHYV )DW JOREXOHYV K
DQG )DW JOREXOHV KDYLQJ D QDWLYH PHPEUDQH FRPSRVI
WULJO\FHULGHV 7KHVH WZR W\SHV RI IDW JOREXOHV EHKDYH (
IRUFHV GXULQJ IUHH]LQJ 'XH WR WKH QDWXUH RI 0)*0 WKH QD
FRDOHVFHQFH ,Q FRQWUDVW WKH IDW GURSOHWYV ZLWK SURW
JURP WKH UHVXOWY LW FDQ EH VXJJHVWHG WKDW WKHVH DU
JOREXOHV LQ LFH FUHDP

x 2QO0\ D IUDFWLRQ RI WKH WRWDO IDW RI LFH FUHDP XQGtFt
QXPEHU RI IDW DJJUHIJDWHY DUH DYDLODEOH WR VWDELOL
EH ELJJHU LQ VL]H LQ LFH FUHDP

Xx 7TKH QDWLYH IDW JOREXOHV DUH FRYHUHG ZLWK 0)*0 Z
GHVWDELOL]DWLRQ WKXV WKH VL]H RI DJJUHJDWHYV IRUPI



VL]H RI QDWLYH IDW JOREXOHVY FRPSDUHG WR FRQYHQWL
FRQWULEXWH WR WKH IRUPDWLRQ RI ODUJH VL]H IDW DJJ
LQFUHDVHY ZLWK WKH LOQFUHPHQW DPRXQW RI QDWLYH ID\
7KH IRUPDWLRQ RI ODUJH DJJUHJDWHYV DIIHFWV WKH PHFK
LFH FUHDP EHFRPHV VRIW LQ WH[WXUH XS WR FUHDP
,QFUHDVLQJ WKH DPRXQW RI QDWLYH IDW JOREXOHV WR PF
XQLIRUP GLVWULEXWLRQ RI ODUJH DJJUHJDWHV WKXV LC
DJJUHJDWHYV LV REVHUYHG LQ LFH FUHDP

7KH DJJORPHUDWLRQ RI QDWLYH IDW JOREXOHV KDV FR(
VWDELOLW\ RI LFH FUHDP

SHSODFHPHQW RI RI WRWDO IDW E\ QDWLYH IDW JORI
RSWLPXP UHVXOWY LQ WHUPV RI PHOW VWDELOLW\ DQG KL



(T HFW RI EXWWHUPLON SRZGHU DGGLWLR
 QWURGXFWLRQ

J)LQGLQJV IURP WKH ILUVW VHFWLRQ RI WKLY UHVHDUFK RXWO
LQWHUIDFLDO DUHD RQ IDW JOREXOHV WR FUHDWH RSWLPXP S
I[UHH]LQJ RI LFH FUHDP )ROORZLQJ XS RQ WKHVH UHVXOWV |
HITHFW RI DGGLQJ SXULILHG EXWWHUPLON SRZGHU HQULFKHG

7R FUHDWH D KRPRJHQL]HG HPXOVLRQ ZLWK SURSHUWLHV R
DSSURDFKHV IRU LQFRUSRUDWLQJ WKH EXWWHUPLON SRZGHU
SRZGHU DQG PLON SRZGHU LQWR WKH LFH FUHDP PL[ IROORZH
DSSURDFK LV QDPHG WUDGLWLRQDO SURFHVVLQJ 7KH ZRUNLC
WKDW WKH SKRVSKROLSLGY LQ EXWWHUPLON SRZGHU ZLOO >
SURWHLQV DQG ZLOO SDUWLDOO\ GLVSODFH WKH PLON SURWHL
,W ZLOO FUHDWH WKH UHTXLUHG SDUWLDOO\ ZHDN LQWHUIDF
VIQWKHWLF HPXOVLILHUV 7KH UHVXOWY IRU WUDGLWLRQDO S

7KH VHFRQG DSSURDFK ZDV WR DGG EXWWHUPLON SRZGHU LQ
E\ KRPRJHQL]DWLRQ RI PL[ 7KH ODFN RI PLON SURWHLQV GXU
SUHIHUHQWLDO DGVRUSWLRQ RI SKRVSKROLSLGY RQ WKH QHZ
ZHUH WKHQ DGGHG DIWHU WKH KRPRJHQL]DWLRQ RI WKH PL]
DGVRUSWLRQ 7KH LGHD EHKLQG WKLV DSSURDFK ZDV WR FU
DGVRUELQJ WKH SKRVSKROLSLGY DQG SURWHLQV RQ WKH ID
EXWWHUPLON SRZGHU ZLOO HYHQWXDOO\ OHDG WR WKH IRUPD
7KH UHVXOWYV IRU VHOHFWLYH DGVRUSWLRQ DUH GLVFXVVHG L



TUDGLWLRQDO SURFHVVLQJ

2YHUUXQ

7TDEOH VKRZV WKH RYHUUXQ YDOXHV IRU LFH FUHDP PDGH Z
XVLQJ WUDGLWLRQDO SURFHVVLQJ $V UHSRUWHG WKHUH LV
YDOXHV RI SRVLWLYH FRQWURO QHJIJDWLYH FRQWURO DQG LFH
JXUWKHU LQFUHPHQW LQ %03 DW UHVXOWY LQ D VOLJKW
WR FRQWUROYV

7TDEOH 2YHUUXQ IRULFH FUHDP IRUPXODWLRQV PDGH ZLWK WUDGLWLR!
EXWWHUPLON SRZGHU

,FH FUHDPV 2YHUUXQ
1HIJDWLYH &RQWURO DE  «
%037upec EF®
%0 37upc DEF ¢
%0 37upc F ‘
%037upec F ‘
SRVLWLYH &RQWURO D “
IRWBHDQ RI RYHUUXQ YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ
Rl PHDQ YDOXHV LQGLFDWH VLJQLILFDQFH S 7KH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

,Q JHQHUDO D YDULDEOH WUHQG DPRQJ WKH RYHUUXQ FD(
IRUPXODWLRQV (YHQ WKRXJK D VOLJKW ORZ RYHUUXQ LQ WK
SRZGHU LQGLFDWHYV WKH LQDELOLW\ WR LQFRUSRUDWH D KLJK
FROQWURO W LV QRW FRQFOXVLYH HYLGHQFH DV LW LV FKDC(
I[UHH]HU *RII +DUWHO E 7TKHUHIRUH LW FDQ EH LQIHUUF
SRZGHU KDV QR SURQRXQFHG HIIHFW RQ WKH FDSDFLW\ RI WKI



OLFURVWUXFWXUH

&RQIRFDO PLFURVFRS\
7KH PLFURVWUXFWXUH IRU PHOWHG SRVLWLYH DQG QHJDWLY|

SRVLWLYH FRQWURO WKH IDW JOREXOHV FDQ EH VHHQ GLVWU
GRWV UHSUHVHQW WKH DJJORPHUDWHG IDW SUHVHQW LQ LFF
DJJORPHUDWHG IDW LV XQLIRUPO\ GLVWULEXWHG WKURXJKRXYV
DUH SUHVHQW DORQJ ZLWK WKH SURWHLQ SDUWLFOHV DW I
DJJORPHUDWHG IDW SDUWLFOHV DUH SUHVHQW LQ WKH PDV
GHVWDELOL]DWLRQ 7R D FHUWDLQ GHJUHH WKH DLU ODPHOO
ZLWK SURWHLQ SDUWLFOHYV

JLIXUH &RQIRFDO ODVHU VFDQQLQJ PLFURVFRSLF LPDJHV RI PHOWHG LF
FRQWUROV



BMPTRAD 1%

JLIXUH &RQIRFDO ODVHU VFDQQLQJ PLFURVFRSLF LPDJHV RI PHOWHG LF

J)LIXUH LOOXVWUDWHY WKH FRQIRHDBotPBIRAYsI PRQBHOWHG ¢
%03%upc LFH FUHDPV $W WKH %03 OHYHO WKH SUHVHQFH RI L
IDWV VHHQ DV UHG GRWV LPSOLHV D ORZ GHJUHH RI SDUWLDC
ZLWK SURWHLQ PROHFXOHVY DSSHDUV WR EH DGVRUEHG RQ D|
SUHVHQW DV D PLIWXUH RI VPDOO DQG ODUJH DJJUHJDWHG IDV
GLVWULEXWHG LQ WKH PDWUL[ DQG DLU EXEEOHV DSSHDU W
DJJUHIJDWHG IDW

,Q %63pes IRUPXODWLRQ WKH DJJORPHUDWHG IDW SDUWLFOHYV
LQ VL]H 7KLV LQGLFDWHV WKH IRUPDWLRQ RI ODUJHU IDW DJ.
KLIJKHU GHJUHH RI IDW GHVWDELOL]DWLRQ 7KHVH ODUJH DJ.
PDWUL[ 7KH DLU LQWHUIDFHVY DUH SDUWLDOO\ FRYHUHG ZLW



EXEEOHVY DSSHDU WR EH FRYHUHG HQWLUHO\ ZLWK DJJORPHU
OHYHO DW WKH VL]H RI IDW SDUWLFOHV IXUWKHU HQODUJH
%03 OHYHO WKH GLVWULEXWLRQ RI WKHVH IDW DJJUHJDWHYV E
FRDOHVFHG IDW SDUWLFOHV FRPSDUDEOH WR WKH VL]H RI DL
GLVWULEXWLRQ RI IDW SDUWLFOHYVY RQ DLU EXEEOHYV DOVR WH(
FRYHUHG DQG RWKHUV SDUWLDOO\ FRYHUHG

,Q JHQHUDO LW LV HYLGHQW IURP UHVXOWY WKDW LQFUHDVLC
IRUPDWLRQ RI ODUJHU FRDOHVFHG IDW SDUWLFOHV LQGLF
GHVWDELOL]DWLRQ $V WKH IDW SDUWLFOHYV JURZ LQ VL]H WK
LQ VLIH ,W LV LPSRUWDQW WR DFNQRZOHGJH WKDW WKH IRUP
IRUPDWLRQ RI ORFDOL]J]HG IDW GHSOHWHG UHJLRQV LQ WKH PI
ZLWK %03 ,Q WHUPV RI GLVWULEXWLRQ ZLWK LQFUHDVLQJ
GLVWULEXWLRQ RI IDW SDUWLFOHV WHQGYV WR EHFRPH QRQ X
%03 OHYHO ZLWK VRPH RI WKH DLU FHOOV IXO0O\ FRYHUHG ZL



6FDQQLQJ HOHFWURQ PLFURVFRS\
YLIXUH UHSUHVHQWY WKH VFDQQLQJ HOHFWURQ PLFURVFRS

FRQWURQpc%03G %»3 LFH FUHDPV DW ; PDJQLILFDWLRQ

AccV SpotMagn Det WD pb———— 200 um
500kv20 250x SE 52 Ice Cream, PC

SpotMagn Det WD p——o+—— 200um AceV SpotMagn Det WD —— | 20
V20 250x SE 52 lceCream, BMP TR 1% 500kV 20 250x SE 6.5 lceCream, BMP TR 3%

JLIXUH 6(0 LPDJHV IRU FRQWUROV DQG LFH FUHDP ZLWK DQG %03 D

7KH VL]H UDQJH RI DLU FHOOV LQ LFH FUHDP ZLWK EXWWHU]I
GLITHUHQW IURP WKH SRVLWLYH FRQWURO ,Q IRUPXODWLRQ Z
ZLWK D ORZ QXPEHU RI YHU\ ILQH DLU FHOOV :KHUHDV LQ LFI
GLVWULEXWLRQ DSSHDUV WR DOPRVW EH ELPRGDO ZLWK ODUJ
QRWLQJ WKDW WKH GLVWULEXWLRQ RI WKH LFH SKDVH LV QR'
SRZGHU



1
n Det WD b———————{ 20um ¥ potMagn Det WD b————————————{ 20um
« SE 50 IceCream,PC //'/.‘J.UUKVZI) 3500x SE 54 Ice Cream,NC
e /) g

AccV SpotMagn Det WD }—————————— 20um AccV SpotMagn Det WD }b————————— 20um
500kv20 3500x SE 52 IceCream, BMP TR1% 500kV 20 3500x SE 65 IceCream, BMP TR3%

JLIXUH 6(0 LPDJHV IRU FRQWUROV DQG LFH FUHDP ZLWK DQG % 0
V + VHUXP SKDVH , + LFH SKDVH D + DLU FHOOV DQG | = IDW

JLIXUH VKRZV WKH PLFURVFRSLF LPDJHV IRU7&RVLWLYH FR
DQG %Wk LFH FUHDPV DW ; PDIJQLILFDWLRQ 7KH DJJUHJDWH\
RQ bLU ODPHOOD DQG PDWUL[ IRU WKH SRVLWLYH FRQWURO

SRZGHU DQG SRVLWLYH FRQWURO LW LV HYLGHQW WKDW LFH
VWUXFWXUHG IDW DQG DLU FHOOV DUH QRW FRYHUHG ZLWK |
WKH IRUPXODWLRQ ZLWK %03 VHHPHG WR EH FRYHUHG ZLW
7TKHVH IDW SDUWLFOHY DUH DOVR HYLGHQW LQ WKH VHUXP SK|

,Q JHQHUDO LW LV DSSDUHQW WKDW WKH SKRVSKROLSLGV LC
VXVFHSWLEOH WR SDUWLDO FRDOHVFHQFH ,Q IRUPXODWLRQV
EH QRQ XQLIRUP LQ VL]H ZKLFK PD\ EH GXH WR SRRU VWDELC
LUUHJXODU IDW DJJUHJDWHYV GXULQJ IUHH]LQJ 7KLV QRQ XQL
WR LQFUHDVH ZLWK KLJKHU FRQFHQWUDWLRQ RI SKRVSKROLSL
LQ WKHLU VL]H GLVWULEXWLRQ $QRWKHU LPSRUWDQW REVHU?
LQFUHDVHYV ZLWK WKH DPRXQW RI EXWWHUPLON SRZGHU ZKLF



LQFUHDVLQJ DPRXQW RI VXUIDFH DFWLYH PDWHULDO UHVXO!
GHVWDELOL]DWLRQ RI IDW GXULQJ VKHDULQJ

SDUWLFOH VL]H GLVWULEXWLRQ

)LIXUH VKRZV WKH SDUWLFOH VL]H GLVWULEXWLRQ IRU PHO
%03%upcLFH FUHDPV 7KH ILUVW SHDN PDUNHG LQ WKH UHG ER|
7KH FDVHLQ PLFHOOHY DUH HYLGHQW LQ WKH QHJDWLYH FRQYV
FRQWUDVW WKH SDUWLFOH GLVWULEXWLRQ IRU SRVLWLYH FF
FDVHLQ PLFHOOHV

7KH VHFRQG SHDN VLJQLILHV WKH YROXPH Rl RULJLQDO IDW
SDUWLDO FRDOHVFHQFH GXULQJ IUHH]LQJ RI LFH FUHDP $V H
JOREXOHV LV KLIKHVW IRU WKH QHJDWLYH FRQWURO LQGLFI
&RPSDUHG WR WKH QHJDWLYH FRQWURO WKH IRUPXODWLRQ 2
RULJLQDO IDW JOREXOHV 7KH ORZHVW YROXPH RlI RULJL
SRVLWLYH FRQWURO LQGLFDWLQJ WKH KLJK GHJUHH RI SDUWI

— 1HIJDWLYH &RQWURO
3RVLWLYH &RQWURO

%03 7TUDGLWLR|QDO

9RO XPH

S

6L]H —P

JLIXUH ORGHO VL]H GLVWULEXWLRQ IRU PHOWHG FRQWUROV DQG %03 71



7KH WKLUG SHDN PDUNHG LQ WKH SLQN ER[ UHSUHVHQWV Wt

DJJUHJDWHV LQ SRVLWLYH FRQWURO DUH LQ WKH VL]H UDQJH

KDYLQJ D VL]IH EHWZHHQ —P $ ORZ YROXPH RI IDW DJJUF
—P FDQ EH REVHUYHG LQ WKH IRUPXODWLRQ ZLWK %03

..................... @ RVLWLYH &hoWURC

i %03 TUDGLWLRQDO

T %03 TUDGLWLRQDO

i ] %03 7TUDGLWLRQDO
e R (AR 4
- :
o :
N

6LIH —P
YLIXUH ORGHO VL]H GLVWULEXWLRQ IRU PHOWHG SRVLWLYH FRQWURO

JLIXUH LOOXVWUDWHY WKH SDUWLFOH VL]HGLYWWS®LEXWLRQ
7zupe DQG %3 LFH FUHDPV 7KH ILUVW SHDN PDUNHG LQ UHG LQ
7KH GLVWULEXWLRQ RI PLON SURWHLQV LV REVISUYBEHOH IRU D
VHFRQG SHDN UHSUHVHQWY WKH IDW JOREXOHYV WKDW KDYH Q
WKH IUHH]LQJ RI LFH FUHDP 7KH YROXPH RI RULJLQDO IDW J
WKH UDQJH RI 7KH SURSRUWLRQ RI RULJLQDO IDW JOREX
7upe DQG %®3 :KHUHDV D ORZ YROXPH RI RULJLQDO IDW JOREX
%03%upes LQGLFDWLQJ D KLJKHU GHJUHH RI IDW GHVWDELOL]DWL

7KH WKLUG SHDN PDUNHG LQ WKH SLQN ER[ VLJQLILHV WKH DJ
RI WKHVH IDW DJJUHJDWHYV LV EHWZHHQ WR 7upe—P 7KH KL.
LQGLFDWHYVY WKH KLIKHVW GHJUHH RI IDW DJJORPHUDWLRQ 7K
%03%upcs DQG %®3 7KH PDMRULW\ RI IDW DJJUHJDWHYV IRU %03 71

—P ,Q FRQWUDVW ELJJHU VL]H DJJUHJDWHNbe 7KHP KDYH



SUHVHQFH RI VOLJKWO\ ELPRGDO GLVWULRBWEBRW H\Q DV K H[ WXUW
RI VPDOOHU DQG ODUJHU IDW DJJUHJDWHYV

W LV ZHOO NQRZQ WKDW GLVSODFHPHQW RI PLON SURWHLQV
LFH FUHDP PL[ LV UHVSRQVLEOH IRU SDUWLDO FRDOHVFHQFH

E $V HYLGHQW IURP UHVXOWY WKLV SDUWLDO GLVSODI
GLJO\FHULGHV LQ WKH SRVLWLYH FRQWURO OHDGV WR WKH IF
DEVHQW LQ WKH QHIJDWLYH FRQWURO %HLQJ HQULFKHG L
LQFRUSRUDWLRQ RI EXWWHUPLON SRZGHU LQ LFH FUHDP LV HJ!
WKH DJLQJ RI WKH PL[ ,W LV HYLGHQW IURP VL]H GLVWULEXWL
SRZGHU OHDGV WR SDUWLDO FRDOHVFHQFH RI IDW GXULQJ IU
QXPEHU RI SKRVSKROLSLGY UHVXOWY LQ WKH IRUPDWLRQ RI O
RI IDW GHVWDELOL]DWLRQ

7TKH LQFUHDVH LQ WKH QXPEHU DQG VL]H RI IDW DJJUHJDWHYV
LQFUHDVLQJ DPRXQW RI EXWWHUPLON SRZGHU LQFUHDVHYV

SKRVSKROLSLGY LQ LFH FUHDP 7KLV LQFUHDVH LQ WKH FRQF
KLIJKHU DPRXQW RI LQWHUIDFLDO PLON SURWHLQV ,W UHVXOW
LOQWHUIDFH VXVFHSWLEOH WR SDUWLDO FRDOHVFHQFH 7KHUH
DJJUHJDWHYV IRUPHG LQ WKH SRVLWLYH FRQWURO DQG LFH FUI
H[SODLQHG E\ WKH DUJXPHQW WKDW SKRVSKROLSLGV DUH OL
GLIJO\FHULGHV 7KXV GLVSODFHPHQW RI PLON SURWHLQV E\ St
ZHDN LQWHUIDFH WKDQ PRQR GLJO\FHULGHV 7KLV WHQGV WR
JOREXOHV GXULQJ SDUWLDO FRDOHVFHQFH DQG UHVXOW LQ W

+DUGQHVYV

7KH ILUPQHVY YDOXHV IRU LFH FUHDP ZLWK GLITHUHQW RI %«
FRQWURO DUH VKRZQ LQ WDEOH 7KH KDUGQHVYVY YDOXH IRL
YDOXH 1 ZzDV UHSRUWHG IRU QHJDWLYH FRQWURO ,Q IRU
D YDULDEOH WUHQG KDV EHHQ REVHUYHG 7KH KDUGQHVV YD
QHDUO\ VLPLODU 1 :LWK WKH LQFUHDVH LQ %03 DW OHY'
KDUGQHVYV 1 DQG DW %03 OHYHO LFH FUHDP WHQGV WR

7UDG



7TDEOH +DUGQHVYVY YDOXHV LQ 1 IRU FRQWUROV DQG LFH FUHDP ZLWK YL
WUDGLWLRQDO SURFHVVLQJ

,FH FUHDPV +DUGQHVV | 1

I1HIDWLYH &RQWURO b

%03 7UDG EF

%03 7UDG E

%03 7UDG F

%03 7UDG E

SRVLWLYH &RQWURO E
I1RWHDQ RI KDUGQHVV YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ
RI PHDQ YDOXHV LQGLFDWH VLIJQLILFDQFH S 7TKH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

W LV ZHOO NQRZQ WKDW WKH KDUGQHVV RI LFH FUHDP LV DIII
IDW DJJORPHUDWLRQ OXVH +DUWHO $V H[SODLQHG SUH"
HOHPHQW RI LFH FUHDP UHVXOWY LQ FKDQJHV LQ RWKHU SKD
H[ISODLQ WKH GLIITHUHQFHV LQ KDUGQHVYV LQ LFH FUHDP GXH \
LFH FUHDP DV LQ WKH SUHVHQW VWXG\

+RZHYHU WKLV WUHQG LQ KDUGQHVYVY YDOXHY FDQ EH SHUKDS"
WKH PDWUL[ SKDVH 7KLV FRQFHSW VXJJHVWV WKDW WKH KD
LQFUHDVH LQ WKH YLVFRVLW\ RI WKH QRQ DLU LFH FUHDP SKD
FUHDP SKDVH FDQ EH GXH WR WKH KLJK QXPEHU RI LFH FU\VW
FU\VWDOV DJJORPHUDWHG IDW FOXVWHUV SURWHLQ SURWHL(

W FDQ EH REVHUYHG WKDW ZLWK WKH LOQWURGXFWLRQ RI EXW'
WKH SURGXFW EHFRPHV UHODWLYHO\ VRIWHU DV FRPSDUHG
UHVXOWYV IURP SDUWLFOH VL]H GLVWULEXWLRQ VXJJHVW WKDYV
LQ IRUPXODWLRQV ZLWK %03 W WHQGV WR LQFUHDVH ZLWK
SKRVSKROLSLGYV $V HYLGHQW IURP FRQIRFDO LPDJHV WKHVH
DLU FHOOV 7KHUHIRUH D UHODWLYHO\ ORZHU SURSRUWLRQ F
ORZ YLVFRXV QRQ DLU LFH FUHDP SKDVH 7KXV WKH KDUGQH)
WKH LQFRUSRUDWLRQ RI EXWWHUPLON SRZGHU 7KH UHODWLY



WKH VL]H RI DJJUHJDWHY DQG WKHLU GLVWULEXWLRQ RQ DLU
WHQGV WR EHFRPH QRQ XQLIRUP DV VHHQ LQ WKH %03 IRUP.
DQG KDUGQHVV WHQGVY WR LQFUHDVH ,W LV HVVHQWLDO WHF
PHFKDQLVP LV EDVHG RQ DVVXPSWLRQV DQG QHHGV WR EH YH

OHOWLQJ VWDELOLW\

7KH PDVV RI PHOWHG LFH FUHDP DIWHU KUV IRU YDULRXV IF
DQG FRQWUROV DUH RXWOLQHG LQ WDEOH $ VLIQLILFDQW

WKDQ QHJDWLYH FRQWURO VKRZV WKH LPSDFW RI IDW D,
FUHDP 7KH XVH RI EXWWHUPLON SRZGHU KDV ERRVWHG WKH |
WKH IRUPXODWLRQ ZLWKRXW HPXOVLILHU 7KH PD[LPXP PHOW
OHYHO ZLWK UHPQDQW PDVV $ VLPLODU PHOWLQJ UDWH
%03 OHYHOV 7KH PDVV RI IRUPXODWLRQ ZLWK %03 OHYHO

7TDEOH WKH ILQDO PDVV RI PHOWHG LFH FUHDP IRU FRQWUROV DQG IRU
JRUPXODWLRQ WKH ILQDO PDVV RIIPHOWHG LFH F
SRVLWLYH &ERQWURO
%03 7ULC
%03 7ULC
%03 7ULC
%03 7ULC
1HIDWLY}F
J)LIXUH LOOXVWUDWHYVY WKH SORW RI PDVV RI PHOWHG L
&RPSDULQJ WKH RQVHW RI PHOWLQJ LQ YDULRXV IRUPXODWLRC(
%03 VWDUW WR PHOW LQ PLQ ,Q FRQWUDVW D ODWH RQVF

IRU SRVLWLYH FRQWURO



'HLIJKW '"UDLQHG

-~ 1HIJDWLYH &RQBWRNIAWLYH &RQWURO

- %03B7UDGB == %03B7UDGB

—e—

——%03B7UDGB ©o %03B7UDGB
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7LPH

LQ PLQ

JLIXUH

'ULSSLQJ

UDWH FXUYHV IRU FRQWUROV DQG LFH FUHDP ZLWK YDULDEOH

RI EXWWHUPLON SR.



,Q JHQHUDO WKH PHOWLQJ VWDELOLW\ RI LFH FUHDP GHSHQG)
WKH PDWUL[ $ XQLIRUPO\ GLVWULEXWHG DJJORPHUDWHG IDW
FUHDP ZLWK EXWWHUPLON SRZGHU WKHUH LV D VLIQLILFDQW
FRPSDUHG WR WKH QHJDWLYH FRQWURO 7KH LQFRUSRUDWLR
GHJUHH RI SDUWLDO FRDOHVFHQFH RI IDW FRPSDUHG WR LFH
I[UHH]LQJ 7KH PHOW VWDELOLW\ LV VLPLODU IRU DQG % |

EXWWHUPLON OHYHO FDQ EH DWWULEXWHG WR XQLIRUPO\
YLVXDOL]HG LQ FRQIRFDO LPDJHV 7KH XQLIRUP GLVWULEXWL|
SURYLGH UHVLVWDQFH DJDLQVW WKH GUDLQDJH RI ZDWHU $\

WKH GLVWULEXWLRQ RI IDW SDUWLFOHVY WHQGVY WR EHFRPH
VR WKH DJJUHJDWHYV EHFRPH ODUJHU 7KLV PD\ UHVXOW LQ WHK
WKXV GHFUHDVH LQ PHOWLQJ UHVLVWDQFH

)LQDO GLVFXVVLRQ
7KH GLIIHUHQW DQDO\VHV VXJJHVW WKDW ZLWK WKH FRQ

PRQRJO\FHULGHYVY LQ LFH FUHDP FDQ EH SRWHQWLDOO\ UHSOD
WKH SRVVLEOH LQWHUIDFLDO FKDQJHV RFFEXUULQJ RQ IDW JOF

Without
emulsifier

Whey protein

l% With BMP

—* Casein

Z

Phospholipids

J)LIXUH )DW JOREXOHVY LQWHUIDFH ZLWK WKH LQFRUSRUDWLRQ RI %



W FDQ EH VXJIJHVWHG ZLWK FRQYHQWLRQDO SURFHVVLQJ WK
DGVRUEHG RQ QHZO\ IRUPHG IDW JOREXOHYV DQG VWDELOL]H
QDWXUH WKH SKRVSKROLSLGV XQGHUJR FRPSHWLWLYH DGVF
GLVSODFH D IUDFWLRQ RI PLON SURWHLQ IURP WKH LQWHUIDF
FUHDWLRQ RI D ZHDN LQWHUIDFLDO DUHD VXVFHSWLEOH WR ¢
SKRVSKROLSLG PROHFXOHYV DUH ODUJHU LQ VL]H WKDQ 606 71
DPRXQW RI PLON SURWHLQV IURP WKH LOQWHUIDFLDO DUHD W
FU\WVWDOV SURWUXVLRQ 7KLV OHDGV WR D KLIJKHU FDSWXUH F
LQ WKH IRUPDWLRQ RI UHODWLYHO\ ODUJH DJJUHJDWHV

,Q VXPPDU\ EHORZ DUH WKH HIIHFWV RI EXWWHUPLON DGGL\
SURFHVVLQJ

X %XWWHUPLON SRZGHU GLVSODFHV PLON SURWHLQV DQG
DJJUHJDWHY 7KHVH SDUWLDOO\ FRDOHVFHG IDW SDUWLEFC

Xx 7KH VL]H DQG GHJUHH RI IDW DJJORPHUDWHYV LQFUHDVH
EXWWHUPLON SRZGHU :LWK ODUJH DJJUHJDWHV WKH GLV
LFH FUHDP VA\VWHP WKXV SURGXFLQJ VRPH ORFDOL]HG HII

Xx TR VRPH HWHQW WKH IRUPDWLRQ RI ODUJH DJJUHJDWHYV
DJJORPHUDWHY WR VWDELOL]H QHZO\ IRUPHG DLU FHOOV (
EH QRQ XQLIRUP VL]H LQ IRUPXODWLRQV ZLWK EXWWHUPLC(

x TR D OLPLWHG H[WHQW WKH ODUJH DJJUHJDWHYV DIIHFW V
GXULQJ IUHH]LQJ 7KLV UHVXOWY LQ WKH IRUPDWLRQ RI VI

X TKH RSWLPXP UHVXOWY FDQ EH REWDLQHG E\ DGGLQJ R
DQG WH[WXUH RI LFH FUHDP



6HOHFWLYH DGVRUSWLRQ

2YHUUXQ

7TKH FDOFXODWHG RYHUUXQV IRU LFH FUHDP SUHSDUHG ZLW
DGVRUSWLRQ WHFKQLTXH DQG FRQWUROV DUH UHSRUWHG LQ
UHSRUWHG IRU SRVLWLYH FRQWURO 2YHUUXQ YDOXHV a
PRQRJO\FHULGHY DQG DOO IRUPXODWLR QWoddWWRKEXMAHHUPLOI
FUHDP IRUPXODWLRQ ZLWK %03 OHYHO ZDV UHSRUWHG WR
FRPSDUHG WR SRVLWLYH FRQWURO

7TDEOH 2YHUUXQ IRU FRQWUROV DQG LFH FUHDP PDQXIDFWXUHG XVLQJ
RI EXWWHUPLON SRZGHU

,FH FUHDPV 2YHUUXQ

1HIJDWLYH &RQWURO DE  «

% 0 SsHOHFWLYH E ¢

% 0 SHOHFWLYH pE ¢

% 0 SsHOHFWLYH pE ¢

% 0 SsHOHFWLYH pE ¢

SRVLWLYH &RQWURO D “
I1RWBHDQ RI RYHUUXQ YDOXHV LV IROORZHG E\ “ VWDQGDUG GHYLDWLRQ
Rl PHDQ YDOXHV LQGLFDWH VLJQLILFDQFH S 7KH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

,Q VXPPDU\ WKHUH LV VPDOO YDULDWLRQV DPRQJ RYHUUXQ
HISODLQHG SUHYLRXVO\ LW LV GLIILFXOW WR FRQWURO WKH
I[UHH]HU VR GLIIHUHQFHYVY LQ RYHUUXQ YDOXHV DUH H[SHFW|
LQFRUSRUDWLRQ RI EXWWHUPLON SRZGHU VHOHFWLYHO\ DV D
WKH DHUDWLRQ FDSDFLW\ RI LFH FUHDP DQG DPRXQW RI DLU L



OLFURVWUXFWXUH
&RQIRFDO PLFURVFRS\

7TKH PLFURVWUXFWXUHYV IRU PHOWHG SRVLWLYH DQG QHJDWL
SUHYLRXVO\ UHSRUWHG IRU WKH SRVLWLYH FRQWURO WKH ID\
WKH PDWUL[ 7KH ELJ UHG GRWV UHSUHVHQW WKH DJJORPHUD
IRU WKH SRVLWLYH FRQWURO DJJORPHUDWHG IDW LV XQLIRUP
VPDOOHU VL]H IDW JOREXOHY DUH SUHVHQW DORQJ ZLWK SUR
FRQWURO IHZ DJJORPHUDWHG IDW SDUWLFOHY DUH SUHVHQW
RI IDW GHVWDELOL]DWLRQ 7R D FHUWDLQ GHJUHH DLU ODPHO
ZLWK SURWHLQ SDUWLFOHYV

JLIXUH 7KH FRQIRFDO PLFURVFRSLF LPDJHV IRU FRQWURO LF



JLIXUH 7KH FRQIRFDO PLFURVFRSLF LPDJHV IRU LFH FUHDP IRUPXODWLF
SRZGHU LQFRUSRUDWHG E\ VHOHFWLYH DGVRUSWLRQ PHWKRG

7KH LPDJHV VKRZQ LQ ILJXUH LOOXVWUDWHY WKH PLFURVW
%03 O0ODQ\ DJJORPHUDWHG IDW SDUWLFOHYVY DV UHG GRWV FDQ
OHYHO 7KHVH IDW SDUWLFOHV LQ WKH PDWUL[ KDYH IRUPHG F
PDWUL[ 7KXV VRPH ORFDOL]JHG SURWHLQ GHQVH DUHDV JUH
VRPH DLU EXEEOHV DSSHDUV WR EH IXOO\ FRYHUHG ZLWK IDV
SDUWLDOO\ FRYHUHG ZLWK ERWK IDW DQG SURWHLQ PROHFXO

JRU LFH FUHDP ZLWK %03 FRDOHVFHG IDW PROHFXOHYV DUH
PDWUL[ ZLWK VRPH RI WKHVH IDW PROHFXOHV FOXVWHUHG V
FUXFLDO WR QRWH WKDW WKH LQWHUIDFLDO DUHD DW WKH D



SURWHLQ PROHFXOHV 7KH VL]H RI IDW PROHFXOHV SUHVHQ
FRPSDUHG WR IDW SDUWLFOHV LQ WKH PDWUL[ $ VLPLODU IDV
EXEEOHV FDQ EH VHHQ LQ ERWK DQG %03 IRUPXODWLRQ 7
RI IDW SDUWLFOHV LQ WKH PDWUL[ 7KH IDW SDUWLFOHV DUH
WKH PDW U Lsjid RW L %40 3

JRU WKH IRUPXODWLRQ ZLWK EXWWHUPLON SRZGHU D PL[W.
DORQJ ZLWK VRPH FOXVWHUV DUH SUHVHQW 7KH IDW SDUWLF
ZLWK SURWHLQ 7KH GLVWULEXWLRQ RI IDW SDUWLFOHV LQ WK
SURWHLQ GHQVH DUHDYV

,Q JHQHUDO LW FDQ EH LQIHUUHG WKDW D KLJKHU GHJUHH R
FUHDP V\VWHP DW D ORZHU FRQFHQWUDWLRQ RI EXWWHUPLO
LOQWHQVLW\ RI IDW DJJORPHUDWLRQ PD\ EH GXH WR LQVXIILFL
IDW JOREXOHVY DV OHVV VXUIDFH DFWLYH PDWHULDO LV DYDLC
Rl VXUIDFH DFWLYH PDWHULDO LQFUHDVHYVY LQ LFH FUHDP WKF
7TKHLU GLVWULEXWLRQ WHQGY WR EHFRPH PRUH KRPRJHQRXYV
EXWWHUPLON SRZGHU UHDFKHYV WKH DJJUHJDWHYV IRUPHG D
SDUWLFOHYV



BFDQQLQJ HOHFWURQ PLFURVFRS\

JLIXUH UHSUHVHQW WKH PLFURVWUXRKBWXMHRRIGFRQIWNUROV I
eHoHFwLYY H[SHFWHG WKH DLU FHOOV WHQG WR EH D PL[WXUH
FUHDP ZLWK PRQRJO\FHULGHV 7KH DLU FHOOV LQ QHJDWLYH F
DUH DEVHQW ,Q WKH FDVH RI LFH FUHDP ZLWK %03 WKH D
RWKHU DQG KDYH IRUPHG FKDQQHOV W LQGLFDWHV D KLJK
H[FHVVLYH DJJORPHUDWLRQ RI IDW L H RYHU FKXUQLQJ 7KF
D PRUH FRPSUHKHQVLYH VL]H UDQJH RI DLU EXEEOHV 6RPH DI
—P ZKLOH RWKHUV DUH YHU\ VPDOO —P

JLIXUH 6FDQQLQJ HOHFWURQ PLFURVFRSLF LPDJHV IRU FRQWUROV DQG
SRZGHU DW [ PDIQLILFDWLRQ



et WU’}—{ 20 um
E 50 IceCream, PC
e 7

JLIXUH 6FDQQLQJ HOHFWURQ PLFURVFRSLF LPDJHV IRU FRQWUROV DQG
SRZGHU DW [ PDIJQLILFDWLRQ V £ VHUXP SKDVH , £+ LFH SKDVH D = DLL
JLIXUH LOOXVWUDWHY WKH PLFURVWUXFWXUH RI FRQWURGO

SRZGHU DW [ PDJQLILFDWLRQ $ UHDVRQDEOH DPRXQW RI II
IRUPXODWLRQV ZLWK EXWWHUPLON SRZGHU /DUJH VL]HG IDW
LQWHUIDFH DQG PDWUL{§H®W W vEU HFRDQWY D\QW% MBKH SDUWLDO O\
SDUWLFOHY DUH UHODWLYHO\ VPDOO DQG DUH PRUH XQLIRUP
LQ LFH FUHDP ZLWK EXWWHUPLON SRZGHU

2YHUDOO WKH UHVXOWYV IURP VFDQQLQJ HOHFWURQ PLFURYV
EXWWHUPLON SRZGHU DV DQ HPXOVLILHU DIIHFWV WKH YDULR:
IDW VWUXFWXUH IRUPDWLRQ RI LFH FU\VWDOV DQG VWDELOL]
W FDQ EH VXJIJHVWHG WKDW DLU FHOOV WHQG WR IRUP FKDQ
ZKLFK PD\ EH GXH WR XQVWDEOH IDW JOREXOHV LQ WKH LFH
GHVWDELOL]DWLRQ GXULQJ IUHH]LQJ $V WKH FRQFHQWUDWLF
WKH IDW JOREXOHV LQ WKH LFH FUHDP PL[ JHW SDUWLDOO\ VW



DSSURSULDWH WR VWDELOL]H WKH DLU FHOOV +RZHYHU WKH
XQLIRUP ,W PD\ EH GXH WR WKH IRUPDWLRQ RI YDU\LQJ VL]H I

$QRWKHU FULWLFDO REVHUYDWLRQ UHOHYDQW WR WKH WH[W.
SKDVH 7KH LFH SKDVH WHQGV WR EH GLVWULEXWHG QRQ XQL
DIIHFWV WKH IRUPDWLRQ RI LFH FU\VWDOV LQ LFH FUHDP ,W
KLQGHU WKH LFH FU\VWDO IRUPDWLRQ PHFKDQLVP EXW LWV H
SRODQG HW DO

SDUWLFOH VL]H GLVWULEXWLRQ

JLIXUH VKRZV WKH SDUWLFOH VL]H GLVWULEXWLRQ FXUYH
YDULRXVY OHYHO RI EXWWHUPLON SRZGHU SUHSDUHG XVLQJ VH

— %03 6HOHFWLYH
. — %03 6HOHFWLYH
T %03 6HOHFWLYH
a ] — %03 6HOHFWLYH
X
o
o
o A
6L]H —P
JLIXUH 7KH PRGHO VL]H GLVWULEXWLRQ IRU LFH FUHDP PL[ IRU GLIIHUH

VHOHFWLYH DGVRUSWLRQ

7KH VL]H RI IDW JOREXOHV IRUPHG DIWHU KRPRJHQL]DWLRQ UD
RI IDW JOREXOHV EHLQJ RI —P IRU IRUPXODWLRQ ZLWK EXW
WKH UHPDLQLQJ RI WKH LFH FUHDP PL[ ZLWK %03 UDQJH IURI
SURSRUWLRQ RI IDW JOREXOHV DUH RI WR —P



,W LV HYLGHQW WKDW WKH VL]H RI IDW JOREXOHV LQ LFH FL
UHODWLYHO\ ELJJHU WKDQ RWKHUV 7KLV LQGLFDWH WKDW
DYDLODEOH WR SURYLGH IXO0O FRYHUDJH WR QHZO\ IRUPHG ID

- ........................ _1HJDWLYH &RQWURO
1 ; SRVLWLYH &RQWURO
i | %03 6HOHFWLYMH
< | gro——
O |
x
o
1 i |.I ..... P PRI e ' .
6L]H —P
YJLIXUH ORGHO VL]H GLVWULEXWLRQ IRU PHOWRA&HHRYWWIHYH FRQWURO (
7KH JUDSKY VKRZQ LQ ILJXUH LOOXVWUDWHY WKH SDUWLFC(

DQG LFH FUHDP ZLWK %03 OHYHO XVLQJ VHOHFWLYH DGVR
GHPRQVWUDWHYVY WKH GLVWULEXWLRQ RI PLON SURWHLQV RU F
LQGLFDWH WKH SURSRUWLRQ RI RULJLQDO IDW JOREXOHV VLF
UHVSHFWLYHO\

$ ODUJH QXPEHU RI FDVHLQ PLE&hO@HHRFOMUEB WHRHQHAD WO H
YROXPH LQ WKH QHJDWLYH FRQWURO &RPSDULQJ SHDN KH
SURSRUWLRQ RI RULJLQDO IDW JOREXOHV LV KLIKHVW IRU QHJ
2Q0\ D VPDOO SURSRUWLRQ RI RULJL QB vDAK IR E X OGIM LIHOWH
D KLJKHU GHJUHH RI IDW GHVWDELOLVDWLRQ



7KH IDW DJJUHJDWHYV IRUPHG GXULQJ IUHH]LQJ KDYH D VL]H U
ZLWK WKH PDMRULW\ RI SDUWLFOHV LQ UDQJH RI —P $ OR
UDQJH RI —P ZDV UbSRUWWHBKIRIOVAD O RZ SURSRUWLRQ RI I
EXW WKLV LQWHUSUHWDWLRQ FDQ EH PLVOHDGLQJ WKH YROXP
GHJUHH RI IDW DJJORPHUDWLRQ ZKLFK LV HYLGHQW LQ FRQIR

SRVLWLYH &RQWURO6A03 6HOHFWLYH
%03 6HOHFWLYH %03 6HOHFWLYH
Lo
o
>
o
2 1 e
o
6L1H —P
JLIXUH BDUWLFOH VL]H GLVWULBXWER @ 081U SRIBIQWBLWBIFRQWURO %03
JLIXUH VKRZV WKH PRGDO \WhkbHFG Y V8Ll EvVMPIORQ % B8 %03

sHOHFWLYHKH SHDN PDUNHG LQ WKH JUHHQ ER[ LQGLFDWHYV WKH ¢
$V FRPSDUHG WR FRQWUROV WKHUH LV YHU\ ORZ SURSRUWLF
FUHDP SUHSDUHG ZLWK EXWWHUPLON SRZGHU XVLQJ VHOHFWL

RI RULJLQDO IDW JOREXOHV VLJQLILHVY WKDW PRVW IDW JORI
GXULQJ IUHH]LQJ

7KH SHDN PDUNHG LQ WKH SLQN ER[ VKRZV WKH PRGDO GLVWU
IDW DJJUHJDWHYV LQ IRUPXODWLRQV ZLWK DQG %03 OHYH
WKH PDMRULW\ RI SDUWLFOHV EHLQJ RI —P ,Q WKH FDVH
DUH LQ VL]H UDQJH RI —P ZLWK PRVW SDUWLFOHV EHLQJ E

7KH UHVXOWY IURP PRGDO VL]H GLVWULEXWLRQ DQDO\VLV LP¢
ZLWK EXWWHUPLON SRZGHU E\ VHOHFWLYH DGVRUSWLRQ OHDG
GXULQJ IUHH]LQJ %XW DQ\ YDULDWLRQ LQ WKH GHJUHH RI II



SKRVSKROLSLGV LV XQFOHDU 7KH DEVHQFH RI RULJLQDO ID\
DEQRUPDO EHKDYLRXU 7R XQGHUVWDQG WKHVH REVHUYDWL
PHEFKDQLVP RI LQWHUIDFH IRUPDWLRQ $V RXWOLQHG LQ WKH ¢
DGGHG DIWHU WKH KRPRJHQL]DWLRQ RI WKH PL[ 7KH EXWWHU
FRPSRQHQW SUHVHQW GXULQJ WKH IRUPDWLRQ RI QHZ IDW J
SKRVSKROLSLGY DQG SURWHLQV LQ EXWWHUPLON SRZGHU ZH
IRUPDWLRQ RI DQ LQWHUIDFLDO PHPEUDQH

$V EXWWHUPLON SRZGHU ZDV WKH RQO\ DYDLODEOH VXI
KRPRJHQL]DWLRQ WKHUHIRUH WKH TXDQWLW\ RI %03 LV DOVF
JOREXOHV ,Q IRUPXODWLRQ ZLWK EXWWHUPLON SRZGHU D |
WR WKH LQVXIILFLHQW VXUIDFH FRYHUDJH RI IDW JOREXOHV 7
WKH IRUPDWLRQ RI D KLJKO\ GHVWDELOL]JHG HPXOVLRQ 7KX\
FRDOHVFHQFH DQG DLU FKDQQHOOLQJ DV VHHQ LQ 6(0 ,PDJH
LV IXUWKHU HYLGHQW LQ WKH SDUWLFOH VL]H GLVWULEXWLRQ

LWK %03 IRUPXODWLRQ WKH DPRXQW RI EXWWHUPLON SRZ
FRYHUDJH DQG IRUP D IXOO FRYHUDJH LQWHUIDFLDO OD\HU
SKRVSKROLSLGY DQG PLON SURWHLQ PD\ KDYH IRUPHG D ZHDN
XQGHUJR SDUWLDO FRDOHVFHQFH GXULQJ IUHH]LQJ $V WKH Zk
LQ QDWXUH LW FDQ EH HDVLO\ SHQHWUDWHG E\ IDW FU\VWDO
SDUwLDO FRDOHVFHQFH W OHDGV WR WKH IRUPDWLRQ RI WK
EXEEOHV HYLGHQW LQ WKH PLFURVWUXFWXUH LPDJH

$V WKH DPRXQW RI EXWWHUPLON SRZGHU LQFUHDVHV E\ PRUI
WHQGV WR EHFRPH WKLFN GXH WR WKH KLJK FRQFHQWUDWLRC
PDNHV LW FKDOOHQJLQJ WR EH SURWUXGHG E\ IDW FU\VWDOV
FRDOHVFHQFH W H[SODLQV WKH IRUPDWLRQ RI XQLIRUPO\ VL
GLVWULEXWLRQ RI DLU EXEEOHV ZLWK WKH LQFUHDVLQJ DPR>’
DGVRUSWLRQ WHFKQLTXH



+DUGQHVYV

7KH WDEOH VKRZV WKH KDUGQHVV YDOXHV IRU LEFH FUHDP |
DQG FRQWUROV 7KH KDUGQHYV Vehodirlh IR CWHFIHQDWE& H WDPH IR
LQ WKH UDQJH RI 1 7KH LFH FUHDP EHFRPH VRIWHU DW

KDUGQHVV RI 1 DQG HYHQ VRIWHU ZLWK D KLJKHU OHYHO F
ZLWK WKH SRVLWLYH FRQWURO LFH FUHDPV SURGXFHG ZLWK

7TDEOH +DUGQHVY YDOXHV IRU FRQWUROV DQG IRUPXODWLRQV ZLWK GLII
VHOHFWLYH DGVRUSWLRQ WHFKQLTXH
,FH FUHDPYV +DUGQHVV | 1
IHIDWLYH &RQWURO b :

% 0 3HOHFWLYH

% 0 3HoHFWLYH

% 0 3HoHFWLYH

% 0 3HOHFWLYH

SRVLWLYH &RQWURO E “
I1RWHDQ RI KDUGQHVV YDOXHV LV IROORZHG E\ * VWDQGDUG GHYLDWLRQ
RI PHDQ YDOXHV LQGLFDWH VLIJQLILFDQFH S 7TKH VXSHUVFULSW DORQ

YDOXHV XVLQJ 7XNH\ PHWKRGV DQG FRQILGHQFH OHDQ YDOXHV IROORZH
GLIIHUHQW Q

,Q VXPPDU\ LW FDQ EH VHHQ WKDW WKH DGGLWLRQ RI EXW)
DGVRUSWLRQ WHFKQLTXH SURGXFHV UHODWLYHO\ VRIWHU L
GLJO\FHULGHV 7KH VRIWQHVV WHQGV WR LQFUHDVH ZLWK WK
$V VXIJIJHVWHG SUHYLRXVO\ WKH GHJUHH RI IDW DJJORPHUDW
DIITIHFW WKH YLVFRVLW\ RI WKH PDWUL[ SKDVH ZKLFK LQ WXUC
WKHRU\ FDQ EH XVHG KHUH WR H[SODLQHG ZK\ ZH VHH D GHFU

$V HYLGHQW IURP FRQIRFDO LPDJHV WKH LQFRUSRUDWLRQ
DGVRUSWLRQ PHWKRGV UHVXOWY LQ WKH IRUPDWLRQ RI ODU.
KHUH LV DQDO\WVLQJ WKH XQLIRUPLW\ RI GLVWULEXWLRQ RI W
VWUXFWXUDO LPDJHV VXJJHVW WKDW WKH UHODWLYH FRQFHC
LQFUHDVHYV ZLWK LQFUHDVLQJ WKH DPRXQW RI EXWWHUPLON
VWLFNLQJ WR WKH DLU LQWHUIDFH WKXV D ORZ SURSRUWLRC
WKLV SRVVLEO\ OHDGV WR D GHFUHDVH LQ PDWUL[ YLVFRVLW



VRIWQHVYV RI LFH FUHDP ZLWK 7KH RWKHU SRVVLELOLW\ LV W
I[UHH]H SRLQW GHSUHVVLRQ RI WKH LFH FUHDP PL]|

OHOWLQJ VWDELOLW\

7DEOH VKRZV WKH ILQDO PDVV Rl PHOWHG LFH FUHDP IRU F
OHYHOV Rl EXWWHUPLON SRZGHU $V H[SHFWHG LFH FUHDP 2
VWDELOLW\ ZLWK UHPQDQW ZHLJKW DQG QHJDWLYH FRQW
ILQDO PDVV 7KH LQWURGXFWLRQ RI EXWWHUPLON SRZGHU X'
UHSODFHPHQW RI 0'* KDV LPSURYHG PHOW VWDELOLW\ FRPSDL
VWDELOLW\ WHQGY WR LQFUHDVH ZLWK DQ LQFUHDVLQJ OHY}
VWDELOLW\ LV UHSRUWHG IRU %03 ZLWK ILQDO PDVV DQ
OHYHO ZLWK UHPQDQW PDV\VsndHé D Q GQROE R HRU %03
DQG UHVSHEWLYHO\

7TDEOH WKH ILQDO PDVV RI PHOWHG LFH FUHDP IRU FRQWUROV DQG IRU

JRUPXODWLRQ WKH ILQDO PDVV RI PHOWHG L

SRVLWLY
%0 6HoH
% 0 6HOHFWLYH
%0 6HoH
%0 6HoH

1HIDWLYF

7KH GULSSLQJ UDWH FXUYHV IRU LFH FUHDP ZLWK %03 DQG FRC
RQVHW WLPH DPRQJ %03 IRUPXODWLRQV WHQGV WR LQFUHDVH
%03FrHoHFw DR G ¥WBIFWWDUWHG WR PHOW DIWHU PLQ ZKHUHDYV
6HOHFWLYHQ G #0B3FrwiEHIDQ WR PHOW DIWHU PLQ OHOWLQJ RQV
PLQ IRU SRVLWLYH FRQWURO



—-—-1HIJDWLYH &RQWURO
- ——-%03B6HOHFWLYHB
—0—-%03B6HOHFWLYHB
- —o—=-3RVLWLYH &RQWURO
—o—%03B6HOHFWLYHB
7 * %03B6HOHFWLYHB

'HLIJKW '"UDLQHG

7LPH LQ PLQ

JLIXUH 7KH PHOWLQJ UDWH FXUYHV IRU FRQWUROV DQG LFH FUHDP IRUPXODWLRQV ZLWK GLIITHUHQW



,Q VXPPDU\ FRPSDUHG WR LFH FUHDP ZLWKRXW PRQRJO\FHUL
PHOW VWDEOH ZLWK WKH LQFUHDVLQJ DPRXQW RI EXWWHUPLC
DGVRUSWLRQ WHFKQLTXH $V PHQWLRQHG EHIRUH WKH PHOW!
KRZ HDVLO\ PHOWHG ZDWHU GLIIXVHV WKURXJK WKH PDWUL]J
SURYLGHV UHVLVWDQFH WR WKH IORZ Rl ZDWHU WKXV SURYLG
LQ PHOW UHVLVWDQFH E\ DQ LQFUHDVH LQ WKH DPRXQW RI EX
IDFW WKDW ZLWK LQFUHDVLQJ QXPEHU RI SKRVSKROLSLGV WK
PRUH KRPRJHQRXV ZKHUHDV DW D ORZ OHYHO RI EXWWHUPLO
7KLV KRPRJHQRXV GLVWULEXWLRQ SURYLGHV UHVLVWDQFH WF
PHOW VWDELOLW\

)LQDO GLVFXVVLRQ
JLIXUH VXJIJHVWYV WKH LQWHUIDFLDO FRPSRVLWLRQ RI IDW

EXWWHUPLON SRZGHU E\ VHOHFWLYH DGVRUSWLRQ 7KH EXWMW
SKRVSKROLSLGY DQG PLON SURWHLQV %RWK IUDFWLRQV DUL
EXWWHUPLON SRZGHU LV VHOHFWLYHO\ DGGHG LQWR WKH LFH
RI %03 JHW DGVRUEHG RQ QHZO\ IRUPHG IDW JOREXOHV GXULC

JLIXUH $JHG IDW JOREXOH LQWHUIDFH ZLWK %03 LQFRUSRUDWHG



7TKH FROQFHQWUDWLRQ RI VXUIDFH DFWLYH FRPSRQHQW LV FUX
GHWHUPLQH WKH VWUHQJWK RI WKH LOQWHUIDFLDO PHPEUDQH

WKH QXPEHU RI VXUIDFWDQWY LV LQVXIILFLHQW WR SURYLGEH
GHVWDELOL]HG LFH FUHDP V\VWHP ZLWK QRQ XQLIRUPO\ GLV
FRQFHOQOWUDWLRQ RI EXWWHUPLON SRZGHU LQFUHDVHV WKH
LQFUHDVHY DQG IDW JOREXOHV XQGHUJR PRUH KRPRJHQRXV I

,Q VXPPDU\ WKH HIIHFWV RI VHOHFWLYH DGGLWLRQ RI EXWWH

x $W D ORZ FRQFHQWUDWLRQ RI %03 D GHVWDELOL]HG V\V\
FRYHUDJH ZKLFK UHVXOWY LQ WKH IRUPDWLRQ RI DLU FKI

x $V WKH FRQFHQWUDWLRQ Rl %03 LQFUHDVHV WKH VL]H RI
GLVWULEXWLRQ DLU FHOOV GLVWULEXWLRQ EHFRPH PRUH

x 7TKH DJJORPHUDWLRQ RI IDW DIIHFWV WKH JURZWK RI LFH
%03 WHQGV WR EHFRPH VRIWHU LQ WH[WXUH

X 7TKH PHOW VWDELOLW\ RI LFH FUHDP LQFUHDVHV ZLWK W]
DGGHG %03

X 7TKH RSWLPXP UHVXOW LQ WHUPV RI WH[WXUH DQG PHOW
OHYHO

7KH NH\ GLIIHUHQFH ZLWK WUDGLWLRQDO DQG VHOHFWLYH DG
LQ EHKDYLRXU RI LFH FUHDP V\VWHP ZLWK LQFUHDVLQJ FRQFI
VHOHFWLYH DGVRUSWLRQ PHWKRG WKH LQFUHDVLQJ DPRXQW
XQLIRUP DQG VWDEOH V\VWHP :KHUHDV ZLWK WUDGLWLRQDO
VAVWHP LQFUHDVHV XQWLO D FHUWDLQ OHYHO RI %03 WKHQ V
%03 FRQFHQWUDWLRQ



&RQFOXVLRQ DQG )XWXUH SURVSHFWI

7R FRQFOXGH WKH WZR K\SRWKHVHV UHODWLQJ WKH XVH RI
SRZGHU DV QDWXUDO HPXOVLILHUV LQ WKH LFH FUHDP ZHUH Z
SDUWLDO UHSODFHPHQW RI IDW LQ LFH FUHDP ZLWK QDWLYH |
WR PDNH D FOHDQ ODEHO SURGXFW 7KH SURGXFWYV REWDLQHC
VOLIJKWO\ ORZHU WKDQ FRQYHQWLRQDO LFH FUHDPV ,W LV ZI
SURYLGHVY PRUH WDVWH ULFKQHVYV ZLWK WKH VDPH OHYHO RI |
ODEHO SURGXFW 7KH VLPSOLFLW\ RI FUHDP DGGLWLRQ FDQ
FRPPHUFLDO PDQXIDFWXULQJ RI FOHDQ ODEHO LFH FUHDP

5HIDUGLQJ WKH UHSODFHPHQW RI VIQWKHWLF HPXOVLILHUV
WUDGLWLRQDO SURFHVVLQJ DQG VHOHFWLYHO\ DGVRUSWLRQ
IRULFH FUHDP 7KH VHOHFWLYH DGVRUSWLRQ WHFKQLTXH IRU
FUHDP DV FRPSDUHG WR WUDGLWLRQDO %XW LW LV DOVR Z
DGVRUSWLRQ WHFKQLTXH DW D FRPPHUFLDO VFDOH ZLOO UHT?’
WKH SURGXFWLRQ OHVV HFRQRPLFDO

'"HVSLWH WKH HQFRXUDJLQJ UHVXOWY REWDLQHG IURP WKLYV
WKRURXJK VFLHQWLILF LQYHVWLIJDWLRQ LV UHTXLUHG WR GHYV
SURSHUWLHYVY 7KHVH DUHDV DUH

x 8QGHUVWDQGLQJ WKH HIIHFW RI IDW DJJORPHUDWHYV VL]H
FUHDP

Xx 8QGHUVWDQGLQJ WKH HIIHFW RI IDW DJJORPHUDWLRQ RI L

X 6WXG\LQJ WKH HIITHFW RI PRUH WKDQ %03 DGGLWLRQ E\
WKH VFRSH RI IXUWKHU LPSURYHPHQW LQ LFH FUHDP

x 8VLQJ DQ DOWHUQDWLYH WHFKQLTXH WR ODVHU VFDWWHU
RI IDW GHVWDELOL]DWLRQ DQG FRUUHODWLQJ LW WR SURS

X &RQGXFWLQJ WKH FRQVXPHU VHQVRU\ SDQHO VWXG\ RQ
FRQVXPHU UHVSRQVH LQ WHUPV WR FKHFN PDUNHW YLDEL

x $QDO\WLQJ WKH LQWHUIDFLDO SURSHUWLHV RI IDW JORE
WUDGLWLRQDO DQG VHOHFWLYH DGVRUSWLRQ WHFKQLTXH

x $QDO\WLQJ WKH HIITHFW RI EXWWHUPLON SRZGHU DGGLWLR
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