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1Jrlrl 3 

n11rl '"elaJ el1'Vi11 r ~ tJ n11 bb~ b~l.f> 

( Food Preservation by Chilling ) 

• ~~"lleJ\IeJbU'V\JliJ~l~eJn1'H"il1W"llfl\l"il~U'Yl1~ t.Jnmr.Jlbfl~ ;lbfl~ bb~~beJ'Ul6Jl'~ 
'I ~ QJ 9 ow 

• 1nrn1bb~~b'flieJ\IaJeJ~1ibb"li'b ~um'V\111 u 1~~u eJ~ ~l'VI n111J 
q 

'l our • H' 

• ~Jlll~JlltJ b'U'V\eJ\lbb"JJb!'JU 

• m1b ~dJU1:::~i'lTIJllVl"ll eJ\lnTHb"li'b~U 

• mldJ~~tJn~~d'l~~unueJl'V\l1LL"li'b~u 

0 

3.1 1J'YlltJ1 

nnn ueJ 1l eJ1 'VI11L~ tJ 1 i'fll1 1l L ~ub ilu irr~i'~n numu 1Ubbtll dJUHtJ1toi'~~ 1J1:::~ w~ 
'U • "' 

L'flieJ\lbb"li'L~um'V\11 LL~:::~~~bvieJ~1W1-bmilum1fi1 ~\lbL~lJ VJ.~. 2408 ~m11JfutJ1\ILb~::: • 
vr~ul L'flifl\!Yll flll dJb UULieJ tJdJl "il'U 'Yll 1 V;'n·~ml':i"eJl'V\l'Hb "li'b~Ub "il'1W n\l.ffueJ~ ~l'V\ 1l11dJ 1 uTI ., . 
'V'l.~. 2423 

b i'lfll U 1~ ~m1bb"lhUUL~dJ1"J5l Un11bnu1nwl bb~:::"llU~\I~ufi1bnW~1~L~eJdJbfftJ~1 tJLU 

<iJ1 'V\ U 1 tJ L U vr U ~ 'IAl\1 l 1l ~ 1 ~ tJ Ell 'V\11 tJ\1 fl\l fl bUJll 'V'l rl eJ U n \1 ~ eJ r-4u11n fl LL~1 UU "il "il UU 
• 'U q 

b 'Ylf11 u 1~ tlm1bb id1u 'lto11'um1vr~m"il uL"il1run1l'V\,rl ~nrr\linm1~11\l:ni~"JJEJ\11lu1!1-v1 u 
v q 

~\l f1 ma:i EJ\1 ~ d \11u th 1 Vi' 'V'l fJ ~ n11dJ m 1u'11n~>H tJ~ tJUbb tJ ~\I r-Yu11n f1 ~ EJ\1 nl'l'Ell 'V\11~ ~~ 
'U 

~::Ell~ tJ~EJ~ntJ bb~dVi''fll1:JJ~:::~lmm1tJ i-Jttu1u1:::'VI':h\llJ w.~. 2523 2533 

b 'Yl fl 1 U 1 ~ ~ n 1 1 bL "Jib nUb "JJ 1 dJ 1 JJ iJ i'llJ 1 'Yl1 U n 11 rl 1 'V\ U ~ "15 U ~ Lb ~::: 1 U bb iJ iJ "JJ eJ \1 fJ 1 'V\ 1 'J b ~ El 
'U 

~u EJ\1 ~ o u 'fll1 :JJ ~ eJ \l m 1"JJ EJ\1 dJ u l!fr.J ~\I d:J u 'lu1 u t1 ~'Yl1 \l"ll EJ\1 e:Jl'V\11~ L ~ :JJ :JJ ~ f"h 1 'IX 'flll dJ 
• 'U 

~:::~ l n ~>nl mJ ~ EJ ~.rl tJ LL~::: L lJ u 'Yll\l L~ EJ n 1 'VI~ ~1'VI fmY11~1n 'fl J'h-.~ ~ ~ .rl rn.J e:J1'VI1'HL "11 Lnu 
'U 
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"Jl'it~hul ") eHln~~~1~ ~1ulvmi~::dJUf.lTVITm"lhfluhrnJe:n~17"r'r~'e:J:uth\l (Ready-to-
'll "' 'IJ ~ 

cook) u~::m~17'1Ali'e:J:utf'11nfl (Ready-to-eat) ~i~rhuEJEJCil"lJ1r.J~\In\ln11i'm.J~:: 30 "lle:J\1 
'IJ 

f.l1~11'1Alfe:Jm.h\l LL~::'Wi'a:uu'111lfi7ULL1Jl.J~U ") L rtEJ\1~1n ~u'111lfl L ~u 11 El1~17U7:: Lll'YlUii 
, 'IJ 'IJ 

fl11 :1J ~::~1 n L Un171Ji"11lfl LL~::~fi11:1J ~~ 1 ~ 1i n11 e:J1~11'1Ali'El :IJU'!\1 UG'l::'V'li'El :uui-11lfi7ULL1Jl.J 
, 'IJ 

~U"J (e:J1r..~i~mL~::u;-n11"1ia:u~ ~rnuue:n~11, 2553) L~r.J\Ilb'ltleiu~1EJL:u1fi7L1Wn 
'IJ , 

Ln:IJ17!1U;-tnfl 'l~'t1u Yi ~~ L 1 ~1~ L~r.JLUL um7L~1r.J:u LLG'l::m1tl1::n Ell.l e:n~11 

m'!LL "liLfluLi.'Jun7::1J1Un17Lnu1m~n EJ1~177::FJ::iu 'J ~ EJ m ~11ii~1 L ~ ua~Cil L~ EJn LL ;j\1 
, 'IJ , 

"lJEJ\IEJ1~11 LL~~1n'"l1 15 El\1~1L'lr~LSUEJ~ (59 El\1~1W1L7uLn~) lCi!r.J~am~niiJui.li'thL~Hi~ 
, 'IJ 

t-J~mi'1 LL;j\I~U 1 Ue:n~11 ~!11UUl'Yl r.J1~1~<ilfLLG'l::L 'Ylfl t U h £i El1~17 (FST) "lJ El\1 ~~11"1l' 
enm1~n1a..1mp~ (UK) L~'h;hnCi!fi11:1J"lJEl\IEl1~17LL"liLfluL1~\IU "tl1~11~L~El:IJL~EJJ1mnu 
t~ FJfl11.lfi:JJf.lm~nii1 ~ ~..1n11 - 1 EJ\1~1 L'lr~ LSUFJ~ LLG'1::~1n11 a e:J\1~1L'lr~ LSUEJ~ L ~ EJ £i~El1 EJ 

, , 'IJ 'IJ , 

m1Lnu1'm~1 t~mJ\Ifl\liiflmll1'1Al~~ .. , 
nTHL "liLfludJU irr~itEJ:JJL iL ~ EJ1m~nfi11:1J~~ flllill1'W LLG'l::f.l1 r.Jn11Lnu1n1!1-1 El1~11 , , 

-::1 A A~ I A A Ailf" A Adl 

'lr\1 L n~lil1n ~ ru ~IJ :JJ~1"ll'1 r.J ~~n11L ~1~"1J EJ\I~I;lU 'Yl'!EJ ~<iln~n77:JJ'Yl1\l L:JJ LL 'Yll.l EJ G'l'lr:JJ (Metabolic 

activity) LL~::~~m1LU~ r.JULLU~\1~1ntl~mm'Yl1\l Lfl~m~::LEJU L'1r3J ~\ld 

d'Ju~'Y111unu~11 f.lm~nii~1iir-~~~EJa ~11L~11 un11L~i"nJ"ll f.l\l~~wn1u t~ m111 i 
'I '\1 IU q 

"li1\1Wml1 (lag phase) "1Jf.l\I~~Ufl'irj'm1l~1U~U LL~::G'l~fl<il71n11L';li-~1wrl1\I'Yli~m (log 

phase) 1~"111~\1 

t~ r.JUn~~~U'Yl'iULL~~::"Jl'it~~ f.l\ln11f.llli~Ilii~ L ~m::~:u1 Un11L~1nJ LL<iln~1\lrlU t1'1 
~ q '\1 ~ 

EJm~niilu~Il1'\AILL1~~EJ:uEJci1wih\I~L~m::":u 1::r..~::wn~1 (lag phase) iu ,~u't11u~::Llili"nJ 
q 1\J \J q IU 

LGl f.l ci1..111~ L~1 Lri f.lf.lfl.l, ~Ilii~<il~1~\ln11Llil'itu~::fi f.l r.J ') ~~G'l\1 LL~::Lri f.l f.lfi.I,~Ilii~<il~\1~1n11 
q 'll ., , 'U 

f.lfl.l, ~Ilii ~1 ~~~Iii:: L lili"lllLGllil ~U 'Yl'iEJ~::~ EJ~fi17Liili"nJ LL~ rJ\1 fl\lii.:ai~ eJ ci1~ r.J ii L:IJ LL 'Yll.J El ~~:IJ~1 
't ~ .. cv q q Q.l 1\J 

~1Elci1\IL"liu ~~u'Yl'iEf~rh1iLn~ hfl (Pathogenic microorganism) L~i"tl)L~~~ 
f.lfi.I,~Ilii 10 - 37 El\1~1L'lrm'ifr.m L~eH:Jfi.I,'VIlliiGl<il~1t'l\ILWli1\l 3.3 - 10 f.l\1~1L'lrG'!LtifEJ" ~:: 
, 'IJ q 'IJ 

L';J~ruL~i1~\l LL~::';l::~r.J~n1Wili"nJ~Elru~Ilii~1n'i1 3.3 f.l\1~1L'lrGlLtifEJ" 
IU q IU q 1J 
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L ri eJ eHll. Vl.fl ii L ~ 3J~ 'U. n .. HJ ru Vlfl ii ~1 ~~ ~ "U!: L "U1ru L~ "i1 ~ 'U. "111 ~ii"U:: L~3JL "U1ru LL ~:: ij 
't 'lJ ~ '\J 't IV -1 <V 

.ca.d ~ J"' .. ~ A ... A .c: I A.. Q..ol .. 

L3J LL 'YllJ El ~6JJ3J L ~ 3J"li'U.e:Jn fld" \1 VI 'U.-\1 fl1 eJ ru Vl.fl3J L ~ 3J ~\In 11 eJ ru Vl.fl3J 'Y1 LVI :IJ1!: ~3J eJ ~1"1 nTH "Ud"nJ 
q 'lJ 'lJ q 'lJ ... 

~~~\I~Ufi\IEllliVIflii~\l~~~~\lnl1 EllliVIIliiL V13J1!:~3JL ~ £.1-\IL~~ El\lfi'l1 L&JJ~ L 'fit~~ n1d"1J1~ L~lJ"lJ eJ\1 
q 'lJ 'lJ q 'lJ q 'lJ 

L &JJ~ ~l~3J Lii ~it 'U. ~ El ru VI .nil ~-\I"U!: i.tl ii ~~ EJlJ ~\ln'oilnd"d"3J"lJ El\1 L El'U. L6Jl'~ 1J1 \1 'il1 LL~::rh 1 ~L 6]'~ ~L n ~ 
q 'lJ 'lJ 

f1113JLthJVI1 FJ 'oil ~'U. 'Yl1Efn ~ :IJ~~ ~13J1d"fl6J:ieJ 3J LL6Jl':IJ LL~::L "U1ru ~ El LUL~n Lri El El ruVI.nii ~~~\I 
q q Ill q cu 

"i1 ~u 'Yl1EJLLtl\l m:JJ"l!1\IEJ rn Vlflii~ mm::~:JJ 1 unT:n"i1'1rui.~HJu 4 ml:JJ ~" ~11"1\1~ 3.1 
q q 'lJ ... q 

~\IU n ~ :IJ L 'Yl eJ ft11 i. w~ ~ EJ\1 n1d"EJ ru Vl.fl ii ~ \IL u n1d"L "i1'1ru ~" ~u ~\liif1113J ~1 ~ ru ueJ £.13-.nn 1 u 
q , ~ \J QJ Ql 

.~ 

eJ 1 Vl1 d" LL "'f btl 'U. 

n~3JiiL&JJLW~L"i1'1rui.~~eJruVI.niJ 10 - 45 El\lfi'I1L6Jl'~L;ntl~ LL~!:EllliVI.flii~LV13J1::~3JEJci 
q .., q cu " cu cu 

1u"ll1\l 30 - 40 El\lfi'I1L6Jl'GlL;n-r.m ~1V111J~EJCU,VI.flii 10 El\lfi'!1L6JJ&lL;n-ti~VI~El~1Wh n~13J1d"fl 
q 'lJ 

L"i1'1rui.~LL~i1 "i1~u'Yl1Ef~-;m1mll~~umn 1 UEJ1VI1d""i1::Lilu"i1~U'Yl1m un~ 11ii16Jl'i. vJ ~ "il~u 'Yl1Ef~ 
IV q Q.l q q q 

rh 1 ~Ln~ 1 d"fl EJ1VI1d"Luww~ LLr~::"U~u'Yl'i£f~1 iLu'\.l.~".lfit:A'~~n~rn::"lJ EJ\1 EJ1VI1d"n:il~ eJ ci1 '"n~11d 
q q 'lJ , 

~1t1 "i1~'\.l.'Yl1Efn~aJiit&JJi. wtl~~1md"m'<il7ru1 '\.l.El1VI11~Liiui'n~1~ Elnt'l·mii~1n11 5 El\lfi'l1 
q q " q cu 

d - I A I ...., .. .. I .. I A A ,¥ A lCII 6' I .:f.;-
LSJl'~ L 6JJtl ~LL&l!:3J n1d"f111JT13J El tl1\l~ LL~fl13J n1d"LLud"ud"1'\.l."lJ El\1 El ru Vl.fl3J L n ~"1J'\.l."i1 rl'\.l. 'Yld"tl LVI r11'\.l.n 

, , 'lJ q 

~md"m"i11-rui.~ ... 

A A d ~ ' ... 0 

"1)"'\.l,~"i)~'U'Yld"tl EllliVI.fl:IJ~1~~ , , 'IJ , 
(o sn) 

L'Yl Elf[ 3J i. vJ ~ 40 

ii1sni.w~ 10 

i.sn Lfld" t 'Yld"~ < 0-5 

i.sn 1m·i. w~ < 0-5 
' "' . 'Yl:IJ1 : Walker & Stnnger (1990) 

' .... 
EJ rn Vl.fl3J m VI m :: ~3J 
q 'lJ 

( 0 SJl') 

55-65 

30-40 

20-30 

12- 15 

EllliVIl1ii~..:J~'il 
q 'IJ 'lJ q 

( 0 SJl') 

> 80 

45 

35 

20 

~1VIi'u"i1~wn1m un~3JL6Jl' 1m·i. w~LL~::i.sn 1fl1" 1 'Yld"~~u ii f1113JLn~L~ t~\lnumm-111 ~ 
q q 

Ln~f1113Jiu~'" Eddy (1960) 1~il.m3Ji.l'~"d "U~u'Yl1~n~3Ji.snlf1d"i.vJtf ~EJ "i1~u'Yl1Ef~L~1ru 
1\ q " G./ 

i.~~~ EJ rn'VIn3J~1tld"::m rn 15 EJ\1 fi'l1 Lsnm'Ut~ ~ V1~EJ~1n11 LLri::EJ rn Vll1 ii~\1 ~~~ EJ\1 ~1:JJ1d"fl 
q cu q 'U cu q 

L"i11rui.~ ~EJ 20 eh'l~1L5J1~Lsrr£J~ ~-mi.81JLT1d"Ln~~dJw;J~'\.l.'Yl'i£f~~13J1d"m'<il1rui.~~ElrnVInii 5 
Ql q Ql 'I cu 

El\1~1 L5J1~ Lsrrtl ~ LL~ El lliVIllii~ L VI:IJ1!:~3JLL~:: El nbVI1l3J~\I~~~ EJ-\1 ~13J1d"flL'<il1ruL~~\In11'<il~'\.l. 'Yl'itJ 
" cu , 'U cu 't Ql ,. q 
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nTn~mJ L;r.J"lHh'l En'VITHL"Ihflu ~ii ~1 L 'VI~m~1mJ~u r1'16~ a ci1 uni.'l3JLGJJ1T1 L 'W&f~1" ") 
, , 'U , 

tfuii't!mJmn ~1u 1 'VInl~::LiJu~~uYJ'im uni.'l3JLGJJ1m·1 nrvm YlUrY\liu 1 UY11\l~&:~::S11Yl m~u l;J 
Ill q 'I Cj 

ii ~ ~ u Y1'16 n i.'l3J LGJJ1 Tl 'J"L l'J Gf~ LL ll"ii'1 \l '\AI 'l.J L ~ r.J\l~ ~ u YI'i m uti &:11Yl:: L &:1 J 1 ~ n 'l.J1\l"l5U~ L vl1 ~ u 
q , , 

~~u YJ16~ L ~ r.Jl"li el\lfl'l.Jn1'J"L~El3J L;r.J"ll eJ\l eJ1'V11'J"LL "liLflU~lU 1 'VI nl LUULL1JT1Vi L'ir.J LLn'J"3J &:l'l.J 'J"U LL vl\l 
q ~ 'U 

L;J~f1\l~U Elf LL(;)e.n~~::iiLL'l.JT'lfiL'imLn'J":IJU'Jn 1ULL vl\1 LL&:~::~f1\l~U vfvciU1\l 11:1JrY\l LLUT'lfiL'ir.J 
'U 'U 

'luni.'l3JLL~n~mLa'fi~LL1JflfiL'ir.J V~~ LL&:~::'J"11J1\l"l5U~ ~\1~111\l~ 3.2 
q 

G&1'V1 ~'l.J fi ~~LL&:~::11fi~~ €l tiL un ~ :IJLGJJ1T111 Y11'\AI iif111 :1J G&1~ru LL&:~:: L~'1n11 Utn'V111~ 
~ Cj ~ g~ 

LLuTJVi L'ir.J l;J ~1m1m~'1rul~ L "liu 1 uenV\11~ LUUn1~'VI1tJ m'VI11~ iif111:1J L "li:IJ"liwn v\l L n~ a 
"' " LL&:~::t'VI1vu1m &:~ ~"' 

'U 

1 Utl1V11'J"~ L~1r.J:IJL~~"i!L VI;J ") ~::ii''il~U Y1'16:1..l1n:IJ1 r.J'V\&:~1 r.J"l5it~~ii1an1~UuLf1 emL "li1 , 
3J1 LL&:~:: 1 U 'J"::V111\ln1"Hrl'l.J~ El ni,'~Ulii LL"liL flu ii1'11L l'J fl;j~1:1J1'J"tlL~'1ru LL&:~::t11~ii~1U 1U&:l~&:l\l 

q 'U "' 

~1ULsrl 1m 1 Yl'J"v.ln"iJ::L~1ruLL&:~::L ~:IJ~1U1U~ia1uLiar.J 61 "i!UL u~~~"ii::LUU"ii~UY116~iimn~~~ 
cu J q q " 

LLiil::LiJu~1L VI~ 1~ tl1'V111~Lfiu1 u~LfluLn~ m1L 'l-i.1L;r.J ~n'l!!rn::"ll a\lm'J"L 'l-i.1 L;r.J"ii::LL~n (;)1\lnu 
q 'U 

LU ~13J"11U~"ll tl\l~~u YJ16~UUL~ eJ'I.ttl ci 
q 'U 

J 1 U3J ~1~ :IJ1L VI ;J 61 iil'l11 Tl 'J" 1 Y1 ~-'\AI '!!a r.J tr-1 L n 1J L 1~ El rn Vl11 ii ~ u 61 LL ~ n ~ nLLEl'fi~ 
J q 'll 'I J 

LLUT'lfi b1r.J~::L"ii1ru El ci1\I'J"1~ L~l LL&:~::LUU~1L'~~rl11 '\XJ1U:IJL;r.J ii1~Llffr.J1 LL(;)tl1 LrllJ~ arn'VI11ii 
Ql q • 'tJ 

LL"liLflULL~n~n LLel'fi~LLUTlfi L1r.JL;J~13JI'J"tl L~1ru "lilr.J~~ L 1&:11n1'J"L U1L;r.JEJ an LU ~1U"ii~U Y1'16~ 
~ q 

b "ii1ru l'li'l u J 1 U:IJ~ L fi 1J~ tJ rn Vl11 ii Lb "liL flu ii"ii:: L iJ u '\Ailn Lsrl 1Tl'J" 1 Yl'J"'\AI ~"' ~1U 1 VI ru~:: L iJ u 
cu q \! " 

Pseudomonas sp. f-l~~LeJU L6JfaJLLiil::LlJU~1L VI ~r111 '!XJ1U:1JL U1L;r.J , 
.A" A' Q...l 6"~~ ~ A .c::l r' Q ~ o 't IJ.I A .. 

L UeJLL~\lLLiil::L '\.-l.tl~~1un~~~::3J"ii&:IU Yl'J"r.JVIiil1n'VI&:~1 r.J"l5U~ Y1~1 3JI'J"tlY11 VI Ln~n1'J"L~tl:IJ 
q 

L;r.JL~LLri LL1JT1ViL'ir.J'IAI1n Pseudomonas sp. Achromobacter sp. Flavobacterium sp . 
..f 

Alcaligenes sp. Micrococcus sp. Lactobacillus sp. LL&:~:: Aerobacter sp. L"l5tl'J"1'\AI1fi 

Mucor sp. Penicillium sp. Aspergillus sp. LLiil:: Cladosporium sp. LL~n1'J"L~tl:IJL~r.J~:: 
Lfi~~1n"il~UYJ'i6"15U~L~ttU~'\.-I.rl1JlJ~,)'r.J(;j1·~ ") L"li'\.-1. ~1'J"a1VI1'J" aw pH mmrnmm'fiL~tl. 

q 

..f ... ... ... ""'t .. ... .... .t 
m1:1J"l5U~:IJ'IAIY11i LLiil::arnVI113J um'J"LnU".inl!l-1 ~"u 

, 'U 

tl1LnULd'ai~1~~rnVI1Jii~u") u1:::mrn 15 EJ\1~1L6JfiilL"flr.J~ Coliform sp. LL&:~::: 
Micrococcus sp. "ii:::LU'\.-I."ii~UY11Ml·rh1~Ln~n1'J"L~a:IJL;r.J LL(;)tl1Lnu~arnVI11ii 4 a-1~1 

q q 'U 

L6Jfiil L"flr.J~ "ii~U Y1'1~L'VIi.'l1if"ii:::ii El ti1 '\.-I.'J":::~'l.J~l LLiil:::Ld E.Hrl'l.J~ e:Jfii,VIJlii ~1n11tl"ii:::'\AI1JLL'l.Jflfi L'ir.J 
q 'U q 'U 

LLn".i:I..Jiil'l.J 'dULL "t'i-1 '\Ailn Pseudomonas sp. Acinetobacter sp. LLiil:: Moraxella sp. dju 
'U 

0 .. 1 f #II .k' a, ~ 
"ii1U 1U:IJ1n LLiil:::IJUY11J1Yl un11LU1Lffr.J"ll a,1 ma~~l 
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Acinetobacter Achromobacter 

Aeromonas 

Alcaligenes 

Alteromonas Flavobacterium 

Moraxella 

Pseudomonas 

Vibrio 

Citrobacter 

Escherichia 

Enterobacter 

Klebsiella 

Proteus 

Serratia 

Bacillus 

Clostridium 

Lactobacillus 

Streptococcus 

Leuconostoc 

Pediococcus 

-3-0 

- 2 -8 

0-5 

0-5 
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.,j I 

m1'i1\l'Yl 3.2 (mo) 

Arthrobacter 

Corynebacterium 

Kurthia 

Micrococcus 

Candida 

Oebaryomyces 

Hansenu/a 

Kluveromyces 

Rhodotorula 

Saccharomyces 

Torula 

Zygosaccharomyces 

Aspergillus 

Cladosporium 

Geotrichum 

Mucor 

Penicillium 

Rhizopus 

Thamnidium 

'i1 

d 
'Yl:IJ1 :Walker (1992) 

( 0 ~) 

<0 

<0 

m1'1J'l1~El1~11LLumnlmnm~ ~1e:~ h.t'IJ11£nmWllu-3mfue:ru1'ilaun1'1f~'VI1an1'1f 
.. q "' " 

L~m.J ~:"lh tJfl'ilm tJm'J'Lnui'm~n 1'il £J1'1f 1m1 v-1~~-;ru 1 'VInl~~u1 Uf.l~'iln rn't1'~1n i'ilfth::Lfl'Yl 
q ~ 

~aJ thn LW:1ri 11aJ~-3 Pseudomonas sp. L UU.~~U.'Yl~rJ~~eJ-3n11el untftL~Ul U.n11' 
~ q 

L ~~t!J L ~ u 1 'il LL <i\1 u ~fl11 ::~-3 n ~11 f.l~ 'il ilm't'i' L d'a i<ilf a11il L ~at~ L ~£J1til1 'il tJ LL~ n ~ n LLeJ tft'il 

LL'IJTlfi b~tl~-3 f.l~'ilm'il'Yh L ~ El1~T~ib~Lu{£J1i,'i1 un!.~flijL U.n1'J'L fl'IJ ~-3 
q ~ ~ 
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n1·a~hJ Ln~ e:J 1"15t~h.J1.1~ ~ e:Jh~LL~::curing 

~11.11'miJe:J\Inun11L:Ui-ru"l..e:J\I Pseudomonas 

salt ~\1~111udi'aVI1.1 L~at:-J~~Lu~au 
'IJ 

... sp. ~~i.uu11r.nn1fl~~aan'fiL"iiU LL~ 
Micrococcus sp. Lb~::: Vibrio sp. ~11.111m:U'i~LL~::J:.J~~Liian~~ ... lVI'iX1 n1LUULU~eJU~~ aw 

~1 bb~::~~1VIU1~mr\l LLU~fiL1£J-#\I ~el\l'lrit~ ~1] ~11.111nL"ii'iruLi LL~L .:ffa11L"il'iruL~ ., ... 

1ut:-J~~.rlrn~mJVI~n~~ pH ~1 t"ltu 1mnf~LL~:::tumLoii\l LLu~fi~£JL11~11.111m"ii'iGJ 
LL~ L .:ffe:111 LL~:::~~~L:u'irui.~ ~\lttlu:u~u 'r'l16~ ttlu~1L Vl~"ll e:J\In11L~e:J1.1 L~£..11 u1:::w:l1\ln11Lfiu 

... q q 

-... A A 1 ~ 

1nH1'r'l e:J ni,V\fll.l LL".!H£JU 
q 'IJ 

ttlu ~'r'111unu~ LL~T:l1 n11LL "ltL~U"il::"lt1 £J'lr::~ elVI~eJ iJ e:J\Inum1L :u'iru"l.. e:J>'~"il ~ u 'r'l16~'Yh 
... q 

1 ~Ln~ hfl ~\lff'lu 1 mll:u:: L3.iL"il'iru LL~:::i.ll J:.J~~~11'WH~eJr].I,VIflij~1n11 1 o eJ\Ifi1L"15~Ltfi£JGf LL~ 
41 IIV q ClJ 

rJ\Ifl\1 ~:u ~u 'r'l16u1\l"nit~ 1 un~~ d~ ~11.111n L :u'iru LL~:: J:.J~~ ~11~HL~~ e:J rnVI.nij~1 n11 10 
q q cal q \J 

el\lfi1L"15~Ltfi£J~ ~\1~111\1~ 3.3 Lb~::~11.111ti~~LLU\Ie:Je:JnbUU 3 n~~ ~,rtf 
q 

m-ia.Jr11 LUU"il~U'r'l16~i.11~1~Tnu:u'iru~e:Jrn'Vl.nij~1ni1 5 e:J\If!1L"15~Ltfi£J~ i.~mi 
' q QJ q C\,1 

Salmonella sp, Escherichia coli ~L~:: Staphylococcus aureus 1~£Je:Jrn'Vl.nij~1~~~L';11rui.~ 
q \1 q Ql 

L'Yhnu 5.1 7.1 LL~:: 7.7 e:J\If!1L"15~Ltfi£J~ m~~1~U n11Lnui'nH1e:J1VI11fl1£J1~~fl11::n11LL"lf 

L fiu ~ ~ U1:: ~'Yl TI fl1'W"il:: ~11.111tl iJ e:J \1 flU n11b ';"l'illi"l.. e:J\1 :U ~ U 'Y116n ~ ~.tf14J bb~ eJ ci1\l L 1fi ~11.1 
... q q 

"il~U '¥116 EJ\Ifl\l~~l~ LL~::~l1.111tlL"il'1ruL~1in n1 e:Jrn'VlflijLLU1U11UL ~ ~~\I~U ~\IJU~J:.J~~ 
q ... q 'IJ 'IJ 'IJ 

eJl'Vll1<ii' eJ\1 ~f111~1::~~1::1\l LL~::~1Uf16J e1 rn'Vl.n ij1 um1tnui'nH1 EllV\11 1 ~~\I~ L iieJ\I"il1n ~ 
q q 'IJ 

11£J\11WV-ll..ln11Ln~ 1 1fl"il1nn11U'11.n~e:J1'Vll1LL"lfb~U 1~ r.J~';"l~U'r'l16n~~.nbUU~1L VI~ (Walker 
q q q 

& Betts, 2000) 

m-ia.Jri2 ttlu:u~u'r'l~6w1nL"15Lf11L'r'11YJn Gf1£J~urr~~~l\IGflleJf i.<ii'ttri Bacillus 
q q , 

cereus LL~:: Cf. botulinum type E L';"l'irui.41flci1\li1 ') ~e:JrnV1.nij~1ni1 4 e:J\Ifi1L"lf~Ltfi£J~ 
... q 'IJ 

e:Jl'Vll':i~U11"il LLUU ~llilli1n1f!~1Un1::U1Un11 l ~fl11~~e:JULL~:: b nu LLUU bb "lftfiu LLa!l1~11~ 
, Cl 01 1&1 

~e:Jw<il::-n1 ~1 £J L"15 ~ ~"1.1 e:J\1';1 ~u '¥1~6~\1 ~e:J>'~ LL~:::u ~ u '¥11 r.l-nit~ ~u ') ~~ e:J ci1 u e:J1'Vll 1 LL~L3.i L Vl tJ\1 
q q 'IJ 

'W e:J~:u::-n1~1£J~Ue:Jf ~\I~U:U~U 'Y116~11.111nL:U'iruLL~::J:.J~ ~Gf1':i~H~ e:Jni,V\flij 5 e:J>'!f!1 L"lf~ LtfitJ ~ 
q v q ClJ 

V1~e:J~1ni11 u~.nl1::~i.ll~eJ1n1fle:J ~l>'~':i1~ L 111~ tJLll~~\11~ ~1-ir~"l..11\l ~11 r.J\11U'WU 

Cf. botulinum type E L';"l'iruLL~::J:.J~~~l1'WH1u~~Lde:JVI~\ILnu~flrnVI.nij 3.3 EJ\Ifi1L"lf~Lsn£JGf 
... 'IJ q 'IJ 

LiJun~l 32 1u ~\llfum1~~~111.1L~r.J\1';11n1u'r'l~U~LUJ:.J~~.rlrn~LVI~1i{1~r.JLiL1~1LL~:: 
'IJ 

eJ rn'Vl.nij~1 ~f111~~em 1 ~L 'Vlm::~dJ ~Tu~~ eJrnVI.nij1 un11LL"ll"Lfiu Lll~ £Ju~~1~~~.rlrn~L ~ EJ 
q ClJ q q ClJ ClJ 

De:l\lrlUn11L"il'iru"l..fl\l"il~U'Y116n~11d1~r.J111u pH bn~e:J LL~:: aw "l..e:J\Ie:JlV\11L'Vll3.iL'Vl1.11::num':i 
... q q 

L"il'iGJ (Walker & Betts, 2000) 
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I ~ 
n£UJ't1 3 

q 

Listeria monocytogenes Yersinia enterocolitica LLfl:: Aeromonas hydrophile LU'U~'U 
A At"' 1 .:t .... 'Jt.~ '1 A ,.;. 0 \1"" l&lt ~ d A 

';J~'U 'Yl"HJn~1.1Wil eh'l L'VIfl'111J~'U L';JL ~11!:~11JTH1L';l1lli LL~!:L ~1.1~1'\.l. '1'\.l. L~LL1.1'11~::LnlJ'Yl eH\.I,'V\1l1J 
" " CU' • cu 

~~1n\l o a\1~1L'llm;n£J~ m1tla\lnun11L';J1ru"lJa\l';l~u'Yl16n~aJd'fl'111ii'1aJnu1~m15u ., q q 

n 11 n u a 3J a 1 'V\1 1 t ~ r.J n 1 1 LL "1i L fl u ~ ~ £J \1 a ci 1 \1 L ~ £J 1 ~ 1l ~1 3J 1 1 n 'VI £J ~ n 1 1 L ';! 1 ru "lJ a \1 q ., 

';J~u'Yl16~'tl1L '!Xdi~ t 1fl1J1\1".!5U~ i.~ nuamn'VI11 t~ um1LL"liLfltt~\1~1l~1m1n Ltlu 'VI ~mh::nu 
q 

~~--.h En'VI11';!::1.J~ a~.n mnn';J ~u 'Yl16~'tl11 iLn~ hfl LL'ii a ci1\IL1n~11lm1Lnu t~ un11LL"liLflu 
q 

n ~\l:ij ~ dj 'U in~ 3j 1.J1:: ~'YlTI111 ~1 'U n1 1~1 ri'~ n11L -;J1ru"lJ EJ\1';1~'\.l. 'Yl1rJ LL'ii ~ El\lijn11fl '11Jfl1J ~ 
., q q 

L'VIm::~aJ LL~::lin~~nlum1'Cl'UEJ1li'm~11n5u '1 i11J~'1£J 

Cl. botulinum Type A 

Cl. botulinum Type B 

Cl. botulinum Type E 

Cl. botulinum Type F 

Cl. perfingens 

Staphylococcus aureus 

Salmonella sp. 

Campylobacter spp. 

Bacillus cereus 

Vibrio parahaemolyticus 

Listeria monocytogenes 

Yersinia enterocolitica 

Aeromonas hydrophile 

Escherichia coli 

Aerobacter aerogenes 

10.0 

10.0 

3.3 

4.0 

15 - 20 

6.7- 10 

4 - 6.7 

25 - 36 

4 - 15 

5 

0.1 - 1 

- 1.3 - 1 

- 0 .1 - 1.2 

3 - 7.1 

0 

~m :c;i'~LLUfl.J';J1n Walker & Stringer (1990) LL~:; Frazier & Westhoff (1988) 
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irnm~::e.~a 1ar 
~ n ll~:: t-J ~hi 'VI tr-1nTa fiu l ~ r11 U\1Th1 ii-n1 ~ lLI.'l::iin11'VI1 r1 h n11l1 1 tJ LL "lh ~u, 'VI1mL "It 

L~ amLan\1 nl.'l 1nm1'VI1 t.1 1~LL~::m1Lin~::LtJ~muLtJ~\11tJ , 
nT~'l"11Ul~ 

L llun1::1J1Un11'tn"ih L~5j LtJ~ EJUEI1'VI11~ Li:: ~3J1 ii.tJ L UU Vi tr.J\11U ~ Li13J11tlU 1 Ltl1 i 
1 uihn113J~1\I 6) L ~a1nM11~1"Lif1\ILL~::n1::1J1Un11~L~£J1"lYEl\ltllJ~113Jii-n1~LEI111 n11 

'VI1 r11~ 1~ r1tt1 i.tJ LlluLLuu1 ia EJntnL~u 1~ EJ 1 i~1ftui.~l~1111 LL~::n1~BU'Yl~m uLin11::~ ii 
enn1fl di ~mfu au i.~ eHm i.sn~ tl1 ~ 113JfEJ u Li111:: L 'VI utl1::Lll'Yl Btt 'Yl~rJ Li11 LL~::v.~~""''" 
~113J f El U LL~ tl1 L UU n11'VI1 t.~h ~L3J tJn ~ ii El El ntnL ~lt 1 utJ1 :W1 n.b~1 n~ ~::hi 

.. .., .., .. .. .. ov ' '~~tJ ..t 
m11JEIU L~elEin L'U'<PlLLi.'l::LEI'Yli.'lLLElflnEI~Eii.'l ~\1Li:Wn11~EI L U 

nTn·nt~L-,ttut./l!YDDn~t-,u (aerobic respiration) 

+ 6H20 + 674 Kcal 

+ 28 Kcal 

n11'VI1 £J h di~~lt L~rY\l LiEI" LLlJlJ 1 U rY\l LiEI"n1m11:: 1~ mfu EIU 1111 El EJn 1'D'~LLI.'l::Vol ~\I.J1U 
Vi~\l\l1U ~L~~'JU'VItt\l~::EJci1 W~tJV-l~\l"1U~113JfEIU L~£Jn ~113JfEIU 1ttn11'VI1 £11~ ~n~1U 

'U 'U 

'VItt\l~::Lllu V-l~\l\l1UL~ii1 u 1tl ATP ~\IYl"lfLi13J11tlU11tl1-rl.~~'U fi1 urhn11:W~L~ EJ1"1Y El\lrllJ 
'U 

m11'nM1~11aJii-n1~1 1 
n11'V11 EJ hiiu'YllJ1'Yl~1~ lli~ am1WTY'l''l.J El\l ~nLLi.'l:: ~i.'l 13Y'VI tr\ln11LnlJ L~ m rT-1UL V-l11:: 

"' . 
n 11'VI1 rJ h ·rh 1 i Lilli L ~rJ EJ1 'VI11~1 1EI\I Lilli L ~£J ti' 1 'VI u n 1Li'VI11 u LLI.'l:: di ~ n11Li:: Li:W"l.J a" cu Ql \J ill 

mfue:m i.~ e1 em L6JJ'~dju5u~;nt.J ~a ~n LLI.'l::~ i.'l i.aY 1il"ti\-~,~"n~11 i.~-J1 e) ~11m1L~a:w L~EJ"l.JEI\1 
~ nLLi.'l::m~ 13Ydj-u i~ ~1u 1~ £J ~1\HllJ a ~11m1V11 t.J1~ -ua n~1nU~11aJfau~1nn11V11 £J 1 ';l ir-1 
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d~h.j,~-n 1"1 ~u~n~E.J1 Lf"l~~u 'l Ln~ L ~hitu n1~13J1'H1~~er~,.1m1'V11 E.JL';l';l::·.lh m~~nT'Hf:.J1 
f:.JI.'l1lli~1'HJ1'V117 '¥11 'l~n17L~El3Jf"lnbfl1'l·'Hn~i'1~-\l (senescence) m E.Jn11Lnui'm~1L ~3-J;fu 

"' ~ ~ 

fl111.'l ~ El nb'VI11iJ LiJUi!';l,J'm~·1~ru~-rll E.JI.'l~ a~11fl11'VI1 £JL';l LL~::l.J fin~m ~u ') "l.. El-\1 tr n , ~ ~ ~ 

LLI.'l::f:.JI.'l L~'VI~-\Ifl11Lnu L~ £Jl a~11L11 LUfl11'VI1 £JL';l';l::LU~ E.JULLUI.'l-\ILU~13J mu, 'VI1lii m3Jn fl"J.. El-\1 
~ 'U 'W 

.. ..1.!1 ..... .J' ..... .. 1 'l ..: J' . ..... ... .. J' 
Lb1Wfl ~Ell"ll"l {Van't hoff) <il-\IU El~11L11 Un1'l'V11£J ';l';l::L'W3J"l..ULY11~1 fl1~nb'VI1J3.l~-\l"l..U 

...... 'l ............. "'l 'l .. .. ... .. 
1 o EJ-\1~1 L'Ill.'l Llijj£J ~ 'VI1EJ UY11'ln~unu EJ c;111 L 11 un11'VI1 £J ';!';!::~~Iii-\! f11'l'VI U-\1 r11 EJ m 'V1113J 

q 'IJ 

~Cil~" 1 o El-\1~1LiijjfiiL'il£J~ Elm'VIniJri-,~1m1'VI1 £Jhri.,um.J LL~ El ~1"1 ,.n~13Jf117';l::f11lJf13JhX~ 
~ 'U • 

if !il11 n11'VI1 £J h ~1~ ~~ L w £J-\I L yj E1~m~1 n1::u1un1 ,.~ L ~ £J 1i E1-\lnun11~11 .,;11 !il LL1il::11 iJ 
q 'U 

iJ el-\lrl'l-tfl11L"Ji1't111.'l1 £J-;)1n';l~UYl1rJLL~::dJUn1'l'VI1 £Jh LLlJlJ Li'El Eln;aL';lU L yj EJU El-\lnUaU~11£J~ • 
L n<il';l1 n LElfi~U ~ Lfi <il;)U L Un1::U1Ufl11'VI1 £J l;mt1UL3JL "J5EJ Eln~L ';1'1-t 

r.rmL!il::f:.J 1.'l 1~~ ~ 5 ~71n11'V11 EJ L';l~-\1 L -rlu 'VI~El 1~ ~f-\1 u1eJf1 1f11 rl-1 "li111 'W<il'V111U 
'II 

LL~::L y;~ ';l::L~el3J L;£JL~~1 £J ~ruL;£Jfl nbfi1'Yl1.:1 El1'V111 el1 £J n11L rltl~n'l~l iu i1 el ti1.:1 L "lfu cu .., q , 

i11L'W~'V111ULLI.'l::rl'1KUL~1 (green pea) LiluYl'nU1::L11YlLf11.'lLb3JnLYlEJ~n (Climacteric) ~ 
eJ~11n11'VI1£Jh~.:~ lfi1llnb'D'1f11~~iiel~';l::~ruL;E.JLU 1/2 LLI.'l:: 1/3 "l..El-\IU~mmlijj1f11~L~3Jc;i'u 

'II 'IJ 'II 'IJ ., 'IJ 

m3J~1~u 111 E.J'l unl.'l1 24 i113J.:~ ~ EJru.'VIniii e1.:1 f1113J'V111UI.'l<ill.'l.:l LL~nT\.b 1u Lfiu~ mli>'VI11ii 
q 'II ~ 'IJ 

~1 fl11'V11£Jh';J:f.'l~l.'l.:l tl~11n11~t!JL;£Jf1111J'VI11U';l:l.'l~l.'l-\l (Ciobanu et al, 1976) "l..ru.::~ 
~1W1Jel.:!Yl'n~Li'LiJUu1'V111LLI.'l::~e)~,-1n11'VI1tJh~1 L"lfU 11n WliEJ LLI.'l::~lc;i'uhi~u ~13J11fl 
LrllJL fl.~dJUL 11.'l1U1U ') Yl'nL1l~~LL~-\I~eJ<il11fl11'VI1 E.Jh~~11J1n LLI.'l:U~3JlnbJ1~11.'ll.'l~l.'l.:l 
UEl£J3J1 n 1 u 1::'VIl1.:1fl11Lnu'l U~1111:~ileJru.'VI1liJ LLI.'l::mmmeJ ~Jn;ab';)U~lLilUL 11.'l1'VII.'l1 £J 61 tJ 

• 'II J 

n1'1ftn 
q 

r.rmLI.'l::~L'lL~~rr~,.1m1'VI1E.Jh'VI~.:~m,-LfiuL~mLL~n<ii1-\lnu LLU.:IEJeJmiJu 2 -w1n ~eJ 

Lf1~LL1Jm Yle:J~n(Ciimacteric) LL~:ue:Ju Lf11.'l LL:IJnL 'Yl EJ~n (Non-climacteric) -w1n Lf11.'lLL1JnL Yl eJ~n 

';):;~a Cil11fl11'V11 E.J h L ~1J;tll, 'VI i-\lfl11L fi lJ L~ £J1 'Wfe:J1J ~-\I ~n11~~~ Le:Jfi~'\.l,~-:1 LiJU~EJfl1Jll,L i-\1 

m1~n ~.:~~un11'VI1E.JL';l';l:~f1111Ji1JVfun'nun11~n'VIi'Bm';ln~11L~';hm,-~nnnf11Uf11J 1~E.J 
q q q 'II ~ 

Elt'\.b'V\11 iJ fl11Lnui'n131~Elnb'VIfliJ~1'Y11 L '\Xn-n~ni'11.'l-\l L "lflj, LLflULU~L nu~ 17 el-\l~lLiijjf.'lL'ilE.J~ 
~ 'II q 'IJ q 

';l::~n111E.JL'\.l, 181'\.1. n11.'l~EJru.'VIniJI.'l.:~n.:~ 2.9 EJ.:~~1L'IlL'lL'ilEJ~ ';l::~n111EJL'\.l, 140 1'\.l, LL~L'\.l.~l.'l13J 
~ ~ 'IJ ~ 

u1.:~"11\l.<iln1 a rn'VIniJ c;hn-:\1 4 El-:t~1 L'I!~ L"fiEJ~ nTmn';l::'VI E.J<il m1"11::1.'leJm1~n';l::".d-wfl~ EJ1£J 
~ 'II q q ~ q 

nTlLnui'n131 r.rmL~::t-JI.'lL~~~n';l::~ ell EJfl111'1.:1~1'VI'\..h m~'\.1. Ldfl~ l.'lL~L "Ji1 ~"li1.:1 ~m~3J~LL~1 
• • 'IJ ~ 

';l::13J ~1m1n fl<il m E.Jfl11Lnui'n'l!l-1 1<iitin L w~n:~ru L ~E.Jn iJiJ EJ-\In'\.l.m1L il'Y111.'l1 E.J';l1n';l ~lj, Yli-rJ 
ct \1 Q,l \1 Ill 
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c;J"ttun11Lnu~mylr.Jfl 11i~Li:Juv-rm Lfl~luJm 'YleJ1n 1rr~~~ff~~ eJ 1 i e-Jci1 ui1\lri e-Ju 
q 'll 

Lfl~LL11n L 'Yl e-J1n 1 iu1u ~ff~L th~liJ::tt1tt 1~ ~\lth 1~1~rm11~~eJ rn~11ii 
q , 'll 

U 1ifi'1~1 L~ ~~ L n~=ffunu eJ1~11~ L fiu~ eJ rn~Il51~1liJ:: ij el~11 L ~1 ~~ ~1 ~\l n11L ~El 11 w q 'll 

fllliil1'V'lliJ::Lfi~'lf1~\l L"liU 1J1-lfi1meJ Eln~L~i'Wll El\JL "ll~U L uJ1~W'll11 1 'V'l~~ LnlJ~ Elni,~Ilii 
q w q 'll 

' 
4 El\l~lL'll'~L~~ff liJ::LfiW~i1n-.hfiEJrn~115j 25 EJ\lmL'll'm~~ff n\l 2 L'Yh 

q 'll 

eJ1~11';11n r.J~ en r.Jfl"ll eJ\l ff'~1 hiLLri J1u11 LLfl:: ''hi~ LeJU L'll'~~ L ~ ~1"li'eJ\lnunTH~tl11 
~lli11l'V'l111n111tl L~LL1i oxidoreductase (xanthine oxidase, lactoperoxidase, sulfhydryl 

oxidase) LL~:: transferases m1~~ Blli~Ilii"li1 ~~~5cn1"1L ~1 1 unTHn~llnn1mL~ijLL~:: 
q 'll w 

LEJUL'll~ LL~LllL~rJUrT\lLtlUL'll'aJ~LtJuc;l1n1::~ull~n1m L"lfu tl~n'1~1n11Lfi~~J1cn1~ n11 

L n~EJ EJn~L~i'U"ll El\JL"ll~U nTnU~ ~ULLU ~\l"ll e:J\11 \l~l~tl LL~::n11fflliL~tl~lli~l'Yll\l111"D'U1n11 
1 CU IIU q 

I /l:ll A A lid 

L"D'U n11fflliLffmli1111U'l1 
'll "' 

Le:JUL'l1~1J1\l"ll'ii.~ L"ltU LeJUL'1!~~Ln1~1~LUff (Dehydrogenase) r~niJurT\lL~~lE.Jn11" 
'll 

LL"lfLVElnLL~\l LL~LeJUL'll'aJUl\l"ll'ii.~ L-riu ~unm'Ylff (Invertase) L~LUff (Lipase) 't~lJEJnCUL~ff 

(Lipoxidase) ~::mL~ff (Catalase) L'V'lerfEJan'UL~ff (Peroxidase) 1111fiLEJff (Protease) 1J1\l 

"ll'U~ LL~::L 'V'lnfiu Ln 1~1L~ ff (Pectin hydrolase) ir\l~\l'Yil\11'1-t 1c;iu~~ eJ rn~11ii ~1111n G) L "lt"U 
, 'll 

LEJ'UL'l1111~LUffff11111tlL't\llliin1r.nm1LL~n~1"lltl\ln1~b~u LL~~Ellli~Ilii~1n\l - 29 El\1~1 w q 'll 

... 
L'll'~L'll~ff 

c;l\lttUeJ1~11~ lt1111 L fiu¥m~1WJ"H·hUn1::1J1Un11rJ1J 5"~'1e::~'Yi1~1 mEl u L'1!aJ~'Yi1l i 

n 1:: u 1 u n l'Hl u EJ11 Ell~ 111 ~ rm 11 LL "11 L ~ u 1 u 1:: c;l u EJcn ff1 ~ n 1111 tb:: n eJ u c;i 1 ~ 
q 

t. ~ ._ I 1f:t f4G..I' 

2 "lJU'il au ~ eJ 1. m1~~ eJlli ~1111"/J e:J\l m~11n aum1LL "D'WU (Precooling) LL~:: 2. n11LnlJ1nM1 
q 'll 

e:J1~11~ ~\ln11~~ Ellli~11ii 
q 'll 

El1~11ri EJu u1 111 LL"lh~u ~ EJrn ~11D~1liJ::11i EJ\l~~ EJrn~11n1 i~1n-3e1rn ~11 ii LL-riLvuri e1u 
q 'll q 'U q 'll 

Li'rm11 Precooling d:Jwffucntlu ~ilt111'Yi1 ri emm1Lfiufm~1~~tl"lJU~\l El1~11 1~ ~~'il EJUI,'V\1133 
q 'll 

' . 
1 f:Z CL.<I 1 A t:lt d A AA I 

"lJ eJ\l EJ1VI11~\l e1 tll\111~ L 11 ~ ~\ln11'JJ1~1eJn11LnULn tJ1liJll.tl\l EJ rn ~1111'YH ~m::ff11 liJ::"D'1 tJ~~ 
q 'll 
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£0£0~ 8S 

'11.~mu: ... L'L~rtrt:::t '11. tre~ UI-t LrerwuLtw ~ 1 t.~~ 1L'Grr. 

'11.IJ1 ll>'l1.~ UtLU~kP (Jasuapuo~) '11./lo 1111t.~L'8~~1L'~11V~ t.~, L'~U~1t~Lrt~f1(l¥t t ~~:::~11 

.[gL.!}:::'I1.LUk:1'11. t~ 8 ~ '11.~1rt: Lt.~qA..t.LML'~~ L,!t~L!;A (JOSSaJdWO:)) fBJl.HaH.M.HUH~ (l: 
n. n. 

}8.([g1k:l.t.M.1rt:8~1'J ~1 U8 8 ~~UU:::tm .QgL.!}'11.1J1:::'11.LUM'I1.fJ ~!11'11.~11lLt.~qt.t.LMJI.t 
n. b n. 

qA.:::~'I1.8~1'e Lt.~ (llJWI'll 8 ~ ~tLU L'-8 ~~tL~L8 8~~L'8 ~U L~'l1.8k-l'e Lt.~ ~~t. ~ ~ 1 L'81T.'I1.1J 1 :::'11.LllM 

'11.tn8U.'11.fJ1rt:Lt.~LU.tLM~tU.L'I1.~LU. (JOleJodeA3) tLRH!RB~(!~M.IH\1::.!\.~(!.!\.~1 (~ I r'~ 0 .... F"fl 0 ~,}1 ~ f' 

8 ~ '11.t.~ V fu~L~'11.t.~I'J t.~I18U::tf1'11.~1rt:Lt.~Ll..l.l111:::t 
n. b 

l'eltWI'll8 ~~ 8 M. 1'11.111rt:Lt.~ ~ F' ~ 

L~rtrt:::t~ '11.t.'l1.'t:Jftl:-8jt'I1.1J1L'~ (wooJ P911!48) '11.~'1!1-111:-13~ 11l~118U::tf1H-W8~1:'8~~1 

(J!B PIOO) l4t\0~~11tH4.t\~H~LllLO~H.Lll ·~ 
f' p '"~"' ~ .-ab 

'11.1:-~ '11.UL'L~U~11~'11.lT.::~~11tL~L8 ,f' ...,., "11 I W I 

n. ~ 

11l!H-ttLU'I1.trtM:::Lre~ 11lLt.~:::~11 (!Ll~IDG~~tLll'11. tM.LLJ~U.~:::t[1 tLll.S~ :::m~U~~ 11 Ll'eULre~ 
b n. b 

'11.~1!1-11tLlll'ettll ~LM ~ {m 'Ufo t Ll'e qttLU(l ~.t.L~LG NJ IT.(! lt~ 'rU 8 ~ ~tLU.S~8~~8 ~ 1:-8~~1 

'11.LL'l!lf1!irr tLll'l1., reM::Lil ~ 1:::~11 Ut.~:::M ll Ll~C'LlL''11.L~I:-81.!>1:'11'11.UUW 8'11. ...,. ~' v " 5=' F' Q ,.. ""'..f" 

'11.,!-£ -(: '11.L'I1.L~l1H-tL"8~~L8fb~tl!>L'I1.1T.}~!!llL.([g~::;'ltlrr.'11.t ~L'I1. £ -<:: L~t. 1'11.trJLLJ'I1.~1~t 

LU.lltLreLM M.lllllt.M. 118'11.8'11.1rt: ~ ll~1'11.lT.I1t.!>Ul!ll '11.lT.1 t.!>~~.t.Lll'I1.U'I1.1.!>::~11 .t.L~L8~L'I1.1T. 1.!>'11.lT. D fl=' '7' f't ~ p:;r ~ ,..If::' -,.., I 'Cif ,.. 'CJ' 

n. b 

f1l!'l1.~rtM::Lre~ 1~ u-t U8 ~1tLU .S~rlL~ ~I'J Ll'ellLil~(!lt~ID8l!l~tLll.S~ '11.~1rt:Ll~Ll..l..t.LM8~~'11.~1 
n. b 

ll Ll~Ll..l.f1f1:::tll ~LG 1:-8 ~:::~1:-~ .t.L~L8llL~U8 8'11.!3£-ll Lt.~C'~.t.LU'I1.1J1(! LJ~ 'lUG l!l~tLU 

"' I> 
11llL1.IDGWtU .. LU~1 Gl'tt'G.t~1~l:!1H.LUQL t"£ 
.., b ~ ~ """"' I 

6u!U9lJ04S PI08 8~~ A.mfu! 

6U!IJ!4~ ~IJ1jt t Ll..l.fe'k~t:li~m@'I1.1J 1:::~11 !.'-!: 11 uG ~, ~~GU1s1. 1 ~ Gtt.~t: IJ~ m@ ~~tLU!.'-~ ~.r..L~LG 
n. b n. b n. b 

L'8 fT.(!Llls1. 'I'll 8::: ~11 l~ 1 ~ U.C'L~ 8 (! ltls1.'1'll8 ~~tl~(! LJis1.ID8l!l~tLU(l 1:-8 ~'11.1J 1 L~~')11tU'I1. t 

ll~~trtf1tLUr.l~L8 L'8~~Ut.M.:::~11 ( 9lqB4S!J9d[was) L'L~U'I1.Lf1UWI'J~1re8~1 ~ 
b n. b b 

11~ Lll!l,!-G~Is1.tL~LG L'-8 IT.W.t.U'I1. tt: LJis1. 'I'll 8 ~~tLlll:' 8 ~6)::~'11.1J 1 L~l'eLl~!l!l'k\!111 M.Llt'l'll ~re8~1~ t L~ 
~ b b 

:::~m ~~tLMI.!l~l";l m~~,_[J~U.'I1.~&~f1~Ul!l,!-I:-Grr.')11tU'I1.tc-tret.t '11.~'11.1J1 rerr.ul-1::~11 '11.Ll~~M1lL,lfo 

~~1 ~8~11 C'~j.l_ct~8/lo~ ~ L'L\!>~1J.lT.~}8f11~~ '11.!1-1 'li~t.l1~1f1k/U.LU~L8!l8~~ (alqBljS!J9d) r.lL~ 
b ,. "' .. 

11~1 l'e8~1 ~f1~ll~,!-8~~tLis1.L8 L'G IT.tlltU'I1. t :::LM.mll ~1 ULilfU~L~IlLl~!l(lll~IDG~~tLU 
' ' 

1:'~'11.fT.H-t~:::'I1.~LM.'I1.Lil 
b 

'11. t '11. ~ 1 ll Lt.~ Ll..l. L'-8 ~~1 1:-8 fT.~ L '11. rr.::~11 !.'-~ L~ l!l ~ .t.L~ LG L'8 fT.M. LLJ'I'll ~ re 8~ 1::; ~11 11~ 1 re 8~1 tLU 
' ' ' 



.d I o ~J,.od, ~ o t:: d 
3) LA'Hl"A11JtnU.fl (Condenser) 'Yl1'1 .. nt1'Ylm m 'Ylfl111l~tl'l·l."illmrl~'Yl1fi1111Lli'U 'Yl 

~>1111-;Jln fl till L 'IAI~L'Wrrtlf 1~ v1 it~1n1~,_,~t1J1 L fludjui1 r\1 m 'Ylfl111li't~u rh 1 i ~1~'th 
fl1111 LflUL n~ m~n kui1 dJWlJ tl>l L ,_, ~1 

4) 11&f1u"iu (Expansion valve) 'Yi1VI't.h~fi11Jfllln1~L,.,~"llti>J~1~'Yl1fi113.JLflu1 u 
q 

1::1J1J'Yllfi111J L~'U 1 ,_;' ~~1 LL'UJ tl 

Utln-;J1n1::1J1Jrl1fi1111LVUJ-1 4 ff1ULL~1 ~>l~"lll~hJt~ ~tl ~1~'Yi1fi111JLVU 
(Refrigerant) ~11'Yi1fi111J LV'U~~ L ,.,m:::~1VI1''l.JU1111 1m')..!, ~:::1J1Jrl1fi111J LV'U fl1~iifl rn~mJ&i , 
i\ld' ~ t1 ii-;J~L~tl~~1 iifl111li't~uLL~\lLunTm~1mtlu LtJLi\l 1 u~rnu:::fi1'Diifl1111,_, m u uu~\l 

q ~ ~ 

'Yl11V11.3.l~eJ\IlimJ11L '\AI~~L'Ut~f"1Ju1~tmu iifi1111Ltluvhr~1 t3.l~~'l'!AJ t~1111i1nmt11Tu LL~::: ... 

... "" 
21'~(;1~1~'fhm1a.J 

\IIPIL!;Hl!PI fi113J~fl'l1 fl11a.J m~ fi113J m~n:::n1tl • 
( 0"11) ueJ.tl'Hm~ LU\1 ~!Pilw 

I 

1'l1J'137'l1 .: 'H'l11LL'l1'l1 
Ltl\1 

..1 
nn1mii" W'l:t 

.,. 
fl '2lfl\ln1'll' 

'Ha.J1tJLn'2l ~IR':i 
leJ (kJkg'

1
) (kgm-1

) 
.. 

100 kPa 
(No.) 

11 CCI3F 23.8 194.2 ~1 lli1 1.31 il:::,m/lCi11i 

12 CCI2F2 -29.8 163.54 ~1 lli1 10.97 iil:::iil1E./l~ 

21 CHCI2F -44.5 254.2 ~1 lli1 1.76 ii!:Gl1£J1~ 

22 CHCIF2 -40.8 220.94 ~1 'ii1 12.81 ii:::Gl1 E.JL~'lJ1\J~·:ru. 

717 NH3 -33.3 1325.48 ~\I ~\I 1.965 Gl:::ii1E.JL~ < 1 % 
'U 'IJ 

744 C02 - 78.5 352 ~1 ~1 60.23 iil:::Sn£J1~ < 1 % 

(1:::L~Cil) 
..; 
'Yl111 : Fellow (1990) 

Ue:J 3J L3J L uu LU'U&rl1'Yi1fl1111 LV'U ~Uti3J 1 inUlll n 1 Uti~~,., n1111 tll,.,1'HL "liLV'UbLLi::: LL "1i 
q 

L~ EJnLLiJ\1 L ~EJ\J-;Jlniifl1lllfe:JULL~\11 um~mn mtlULEl~\1 rh1 i~l1111tlrl1 m 'Ylfl111lfe:JUL~~ 
~ 

L~~::~l tJ 1 'U tt11Tu LLfl:::ii1lflltln LL~iifi1111Ltlwvhti.i\l ~~ t lAJ LLfl::'Yi1l iLn~m1n~niEm'Yi t1 
~ ~ 

'Yltl\lbb~\1 
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~n.fttv'l-41hHHJnl"lf~ 5jflm~11U~~~ ~tl '~~~'vJ ~~htl\.I.'W~ 5j"il~L~tl~~1111nn._, 
~ ~ 

- 78.5 tl._,~1L'1HH;nt~~ 1-rJ.~e:Jci1._,Us:l€l~ll£J LL~Sj,Ym~t~ ~tl ~tJ..,L"JiLL1._,i\.I.L\.I.n11fl1tJLLU\.I.~._, 
'II 

~ tl._, 1 "Jifl tl11L 'W1G(L6J!tlf"l.IU1~ L 'VI nJ ., 

~1'i1htnEJttD1TaL\J't-41 M~EJ ~~ilEJ'l-41 5j'VIs:l1t~"l!it~~.., vJ1mm- 12 vJ1ae:Ju- 22 

ma tl\.1. - 113 nflni.G(11tJ"i~~ ~tl ~11 LUU~~ ~11~~ ~ vJ G(11J11tlrJ1 VL 'Ylfl1111'~·au ~~~ LL~::n 
q 

11mnn itt~11L"lintJ~Lflum11U1\.I.L1e:Ju LL~fi5j,Ym;t~ ~e:J ~::~1t1~~~1uJ1aJU LL~::LUUG(11Yh 
'II 'II 

fl1111LEhl.hmlii11 CFC (Chlorofluorocarbon) LL~:: HCFC (Hydrochlorofluorocarbon) L~e:J 
q 

tl1iiat~ eJ e:Jn~u11mm~ "il::~ti.Yh~1t~.ff\.l. 1a16J!u1\.l.tJ11t11n1~ LlJ\.I.UnJ'VI1~e:J~._,Ln~~e:J11 ~h 1V;' 
'II ., 

0 0 ~ 

n T'H'11 \ITlUJ il \1 "i~ 1111 't11 A '113J ttl 1-b 

G(11Yi1fl1111 L ~U"il!:Lfl ~ tlU~'V\11\.I.Ll t!Utl f.ll U 4 ~1U"l.le:J._,"j:;lJtJYi1fl1111LflU L tJ~ t!U 
q 'II 

G(m\.l.::"i11n"l.l tl._,L 'VI s:l1~tlLiJurh6J! LLs:l::n16J!~UdJU"l.leJ._, L 'VI ~1 (fl1'r-l~ 3.1) LdtJ G(11'Yllfl1111Lflu 

Lfl ~ tl\.l.~·hU 11 ~1U._, ~U L i1 ~~1 \.1."1.1 fl._,fl fl t! ~Lflu G(11Yi1 f\1111 LflU"iJ:;"j:; L 'VI t!Jl1 tJ l~ fl1111iU ~ ~~ 
'II 

~1~-1 1 Un111!:L 'VI t~n~1 mtlu ~tl G(11Yi1fl1111 Lfl\.l."il::~~f\1111-t't:m ~ L1t~n11 fl111li'El\.I.LL~-1l U 
'II 

n11n~1mtlu~a (Latent heat of vaporization) Yi1L~e:Jnt'VIJlii"lJfl-1fl1fi1~Jl1tJLWXfl-1Lflufl-1 
q 'II 

R efr iger a tor Condenser 

Low-pressure side High-pressure side 

"" 0 0 .. 111'W't1 3.1 n11'Yl1·~1U"1J fl-1"j!:UU'Yl1fl1111 Lt!\.1. 
..J 
'Yl111 : Fellow (1990) 
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fl mJ L w·nw1H:rf~::YlTl-~u1~ a-~~1'lrl1fl11~ Lflu ~a ci1 u~rnu::ii1sn1 tXibnm~'lL~n ~" 
'IJ 

LL~::L ~~fl11~~u 1 tX ~\J;tU ~\H·hU ttl~\! Lfl~El\Jfl11JLL uu Ln~nTmku~1 LUU"lJEl\J LVI ~1 mr\!~1n 
'IJ 

J'u~1'lrl1 fl113JLVU~::Lfl ~ e:JU~1u·ntf11J\!~1J Ltl~ tJUL'ftl1U::LlJU ta1 U~'"JU"lJ 8\Jfl €l tJ ~ L~Ua n 

flf\J'VIrt\J '".lULl tJUe:J ciL "li'uU ~h 1 vr e:Jtli.VI11iil11tJ1 u'\Xe:J\!~~~1t'l\J 
'IJ ~ 'IJ 

n1'lt'l~arn'VI11iiL~tJ1~U LL~J-·.h~::dJUl~~~::~'"Jn ti1::V1~~ ~hLilum1~1tJ LW11::'\Xe:J\J 
~ 'IJ 

t'l~Ellli'V111iiLL~::rr El\J Ln1J El1'V11'l~13J11rl 1 itX eJ\JL~ mnu L~ LL~n11t'l~ El lli'VI11iidJU Ltl mh\!"11161 
~ 'IJ ~ 'IJ J 

L rta\!~1n1::1J1Jn1'l'VI3JUL 1 tJU"lJ eJ\J EJ1n1('[111 tJ 1 u '1.3-l~ Lbt'l:: ~-lii~l'l'Yl11 vr El lli'VI11iiL3J ~~1 L~3J EJnu 
~ , 'IJ 

~.J'!X El\l Lfi~m'lff::L'f~fl11~fEJuifuu1\!~1LL 'VIU\l r111 'IXLn~n11fl111LL u u"lJ a\!Lati'1 ~"~~ii\l 
fllli111W"l1 a\l el1V11'l en~r111vrL ti1LfftJLLfl::~~wn1rf~1m'ltl L~1ruL~L UEJ\!~1n.:ffuLLu:: 
~ , v 

~n ~rn:: LlJU ,X e:J,:JL flu~ iin11~ ~ ~\!~~ t'l3J~iin1 ~\! t'l ~ Lb 'l\J L th 1 'IX El1n1 ('[LVULfl ~ ElU ~ 
~1 tJfl113J L 11 ~\l L ~ EJ"li''"J tJ 1 'IXLn~m1V13JUL l tJU"lJ el\J mm (i[Llt'l::a rn Vl11ii1 u vr 8\J LVU~~1 L~3J €l ·u , , 'IJ 

m·m"Li'L~u1nift~1ufl113Jitt.J~mn LUULfl~e:J.Ja:it~~1 tJ 'J m1'Yl1\l1U 'taJci\ltnn L ~ tJ\l , 
'll1a1VI11Ltl11..11u'IXt~\lLVU ri1LUUEI1VI11ii'u1VIni 'J L-rlu <n1ni(1ll' Ut'l1'YlU1 n~1tJ~\lLfl1a 

v 'IJ 

el1~1"J1i~LL"lJ1Url1J'l1\l~tJci~1U1JU ~~~iJrn~eJ1'VI1'l~UL~n 1 L3Jiin1'l'iX~1-ie:J'VI1v1111~ n 
'IJ , q 

~13J11tl11\!11Ui'u ~ n LLfl::~ ~ '1~11\luu tl1~ LL'iiinm1dn11~., ~1Ufl113Jfvu ~ ~1'VI 11'1"11 v\l 

tJl'V\11~1 ~\JL3J1-rli1ru'VI1~1 f1ru ;tunu n11rl1VIU~i1~..ijtJ~ LUU~1fl11Jfl3J a~11n11ff\l~1U 
"' "' q 

' ' .... alA .... A A ~ f;t A ~ f/t 

fl11~1tJU 'Yl~1'VIU1 fl El tJlli'V111mL~::fl113JL 11"11 tJ-\1 tJ1n1(i[LtJU nTH W~fl11~ L 11"11 tJ\l EJ1n1(i[LtJU 
q 'IJ 

LL~:: 1 ie:nn1(i[LVU ~iiEJ lli'VI11ii~T'il::"li1 tJ t'l (1l L 1 t'l11 Un11LL"liLVU LL~ n11 imm(i[Lflu ~iivlli'V\11 ii 
, 'IJ q 'IJ 

~13J1n~:; Lfi~m~H~ tJ n LL-ii\l~ ~1V11f1ifu 'Yl11 iLn ~fl11~LfftJVI1tJ ~.,'!J'U~tJ.,'Jfll'VIU~ tJlli'V111ii 
, 'IJ 

LL~::fl113JL 11"1JEI\leJ1n1(i[LriU 1 iLV13J1::~3J b "lfu tJ1'VI11Wfv~11'1L11fl~U'j"1~ tJ ~1 U1J11~ilrn~ 
q 'IJ , 

.J. I ~~ 1 I d ""' d l.o' ,:!f t ~ ,k .ct a j ~ 
'Ylbb1J\J LuU~El\J"lHl-\1 "lfEl\I'VI 'U.\l1J11~"1J11VI1tJ '1"11 L'f(1l1 El n".lftJ\IVI U\11111~ L Utl'VI 'ltJ u ~1 e:Jl'V\11'1'1.,'1 ~tJ\l 

q q 

~1u uan~1n~::iif1 rn~3Ju~~1Ufl113Jfem ~ LL~n 'li1\JnuLL~1 rJ.,'l ihJ'13J1 rnm'l1l'l'l';J~ LL(il n~l._'l 
q , 

nu n11imm(i[Lflu~iiElrn'VInii - 10 e:J.,'l(iflb"l!G=JL'iitJ~ fl113JL11 5 b3J~'ln'l.l.1~ ~:::1int'111u 
q 'lJ 

n11~~vlli'VI11ii 34 U1~ EJ1VI1'lLU~.,'J~EJ\l~1U~::bn\.91m'lLL-ii\1~1 LL'iiLrie:J~(1Jfl11~L11&HLi~1 
q 'IJ 
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~ 411=& .... ') ~ ~ .¥ ~~ 1 Q " ""' .... A ,k 
n11 0.5 L3J~11 ~Ul'Yl 'iJ:~tl-\1 ~"ll'L1~1LVl3J'iJULuUREhH'Yl1 LLG'I:3Jn11LL'il\l~1"1Jti.J"lJ11Ln~"lJU 

L~mXm.J tllLYi3Jt~nt~Ilii"llt~\lenm~nflu1-if(.Jituii.J - 5 tl\l~lL'lf~L~tJR fi113JL11mm~ 
, 'II 'II 

Lfht 5 L3Jiil1tiulfi 1in~1 45 u1+i ~n11LLil\l~1Ln~~ULWtJ\lL~m!eHJ(James & Bailey,1990) 

n11 t1 t1 mL u u n11~ 3JUL 1 tJ U'il ti.J til n1 ~ ~h u~ ~ li!Jl m'l'l n11i Iii n11~hi ~ L 'liu , 
~~lilnnt'l'l11\lsnem ~1EJ LL"ll1U 13-i dju,-:dj t~u n11L~ ~ EJU ~"ll t~\l mm~Luu~.hu~~ li!Ji m'l'l m~11 
'il:13JRJ1LR3JEJ LL~:13J-k1ii.Jnu 113Jii.J~111113JLenlL';J~EJ,j' mhnlil"ll El\lEJ1~11 'l'h 1 ~ El1~TH~U 

~.J13JRJ1LR3JtJTlU ~\l ~~<i) tl~nl.Il1Vl'iJEJ\lEJ1~11 , 

~n~m:dJutl 13-l.J~ !lR1tJVllU~lL~tJ.Jti1~11~1UL'ii'lLL~:e:mn IlltJL Uti 13-l.J~!lmm~ 
q q 

LfiUL~~ flU~ ~\113J L nlili:fru~l'illnn11~3JUL i tJU"lJ tl\l Elln1~~13J RJ1LN3J El El1~11LL<il ~::iu'il:: 
u q 

' a.... 0,... "-" A' Alii... A A' .. CLot 

N:IJ ~ Nnl.l tllnl~LtJU 'Yl3J El nt ~Il3J LL~::~113JL 71Liil tJ1 nu 
, 'IJ 

•A''l ..... cf ~~ do...- .... 
n17LL "ll'LtJU ~ U~n~nt:U'iJ::3J'Yl\l LLl.Jl.J1l173J ~ill LL~ :LLl.Jl.J'Yl'lfl.J'lfEJU LLl.Jl.J1l113JiillEJ1~Tl'iJ: 

LL"ll1Ue:J ~UUN1 tJV~lULL~::L~~ t~u~ ~1u~ t~\1 Lflu tinumn tun11~~ t1 m~niJ"lJ t~.J'lfl n1ri LL~:: 
'IJ q 'II 

Nn 7 ~1 W~·u LLl.J lJ 'Jlusn El U U 1:: ti'Yl TI 111 Vl"lJ tl \l n11LL 'Ji L U ULLG'I:: L~~El.J U i'u Ell n1 ~ N13J1 1fl 
q 

• I ..I • I VI " 1 6' "" "' ~ .d .d"" '1 •VI .,..,1 
Lu~tJULLu~\l ~lii~~Ellii~113J£.111"1JEJ\lEJ 3..1\1~ 3Jn111i!lillii\IL~1El\l7::L~£.l'Yl3J~113J';J"lJUllil ~~ru L1'Yl 

q q u 

"li1\I~Utl 13-1\1~ L ~mhilii~113Ji't~u~nnu~ m.J t~EJn3J1mn1 u'li1\lLL7n LL~:: 1iEJm~niit~1m~ 
q 'II , 'IJ 

Lflu 1u"ll1\l~~\l R.Jifu L ~tl~~n L~ £J\lm7LL-ii\l~l1~~1~U1 
'IJ 

EJ1~11i'ud~ n 6J R13J11fl'il:: ~~ errn~n ii EJ ci1\l <il m ilEJ\l 1~ £.111 \lU u.ffu~~rn~ N-\1 
q 'II 'II 

U7:3J1nt a - 16 U1 ~\1~1EJ~1n1'iXL~~tlu~~1Ue:J 13J.J~1~t~1in~1mL1.ll.lli113Jiil1 LL<il'il::!l 
q 

ifru~11 Un11~11J~3Jn11L~~ EJU~"lJEJ\1 tl1n1~~1U.ffU~11\I EJ1VI11LL<iJ~:.ffu L ~N~1LN3Je:J 1 Un11 
u q 

~~lil"lJU11i!L ~ qjU£.13-!LiNl £.1Vl1U~1 L~ £.1\l LLl.Jl.J L iu~7\IVI~tl LLl.Jl.J L n~ tl1 N1 £.1Vl1ULL1J1J L iUiil7\l!J 

1m \I ffi'1.J~~1 £Jnl1LLl.Jl.J Ln~ £.11 LL<il LLl.Jl.J Ln~ £.11'il:U7:VI ~lilvfu ~mnni1 
n11~1il El nt~ll ii11il !J1 i Ellnl~L flu~ L~ ~ EJU~~1 tlf\113-IL 11 ff\l 13Ji1';l:tl ci1 u~ n~m:~ El-\1 

q 'II 'II 'II 

Lflu~~EJEJ13J\I~ N13J11fl~li!EJtuVIIlii"lJEJ\Itl'l~111~EJU1\111~L11 L'itJninn11tti1 Air blast 
q q 'II 

cooler ~\1"1!1 tJi'n ~1~ nt~h'Y11\I El1VI11LLL~::U1::~ ~~ L 1 ~1 LL<il L nliln17Nru L ~mi'1'i11nn11 1 i 
q 'IJ u 

El1nl~Lfju ~ij ~1111 L11 N-\1 ~.JJu~·-n1 i1Nwlv\ fl""3JVI'1Ell.l1"1'il ElTV111L U1l1"1l'U::riau LLL'l::~El.JLi 
'II q q q 

mm~Lflu ~ij Elm VIIliiLL~::~nlaJ L 11~ L 'VIm::: RaJ LL~::~11.l~3JL 'i~13J1 'iLnlilnTmoii\1~1'ri ~1~ 'll'1 
q 'II , 

13J.Yh1'iXLnlil Cold injury ~~EJ Cold shortening itu thL'V1,3.iN1m1nLienm~Lflu~!l~m~1Jii 
~lff~ 1 unl'~~lil tlnt~nii 

q q 'II 
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nTn~~mwvln3j1fiU it£J3J1inu Lii'en~·(jj-r ~~1iln w"lf~".i::n~i3J LLflum~tl L"lfEJ~~11u 
, 'IJ 'II 'IJ 

LLeJmfiEJ'Yl LL~::tf1w 

J 131 fi113J-;J fi113Jfuu~ \1 LL~:: L ilu~Tt-i.1 fi113J7EJ u ~ ~ ~1 m1n ~ ~ e:J rn ~11 n'll e:J\1 en ~1".i 
, 'IJ , 'IJ 

t~aE.l1\l".i1~L11n-hm".i1ienm~ uumnnd'£T\1Luu1fi~-nl~~~l£J ') ".i1mnn u~::~:U~eJ\Ie:Jl~EJ 
'II 

Lfl~e:J\I!JEJ~ihlmLL 'rh'l m".i~~e:Jrn~nn'll eJ\1 e:~1~1j t~ v1rrd'~3JTm-nl ~~~~1 vtn~m:: ~\Iii 
, 'IJ 

r a . 
3.1. '"1UJ'" (Hydrocoolmg) 

';]3J~~mL"lieJ1~11L uJ1LtJU~~eJn!.~1l3jtJ1::3Jln!. 0 eJ\I~lL'lHH'ii'm~ ~~e:JU~'V'iuJ1Lflu 
, , 'IJ 

LUU~::eJEJ\I~e:JtJ~\I'IJUe:Jl~lj t~vJ1LtJU~1ieJl';JL~3J~l1'ilJ1Life:J hf! L"liu fl~eJ'iu ~~eJ WUeJ~ n 
t~ 1 u ".i::~u e:J~ ffl~ nn3J1fiu~'Y'luJ1Lflu 1 U'll rn::~ ffl £Jvnufh L~ EJ\Ie:Jl~l".i~lUL "lilmitv3J1i , 
nue:~1~11~ii'llul~L~n L"liu O::uu1£J rl'1w ~1L"lrL~l LbfljeJ~ w"lf L"lfEJ~ ~uf.l~37~~\l "lil1L'Y'I~ 
~11u LL~::LLflumm..J fflV11'1Je:Jl~l1~ii"lJu.l~1~nJ L"liu ~~1iln it£J3J1fim1-;i3J~~mL"limnn11 

'IJ ~ , 

:- ~ f t;;: ~ 
3.2. '"1U!J\l '"1Ll!J\lliHUJ'"1 

n111il~ eJ rn~nnt~ £J1 iJlLLii..'l'IJ~VI~e:JJl LLii\1 ~ff3JJ1 LUU 1rr~~l f.J iitl".i::~'YlTI1l1W LLfil:: 
, 'IJ 

fh 1 i~l £J ~1 n11~~ eJn!.VI1l3jd)~-;Jlnfi113Jfe:JUbb~\11 un11~~ fJ 3Jfil::fil1 £J'llf.l\IJ1 LLii..'J LLfil:::nl".i 
, 'IJ 

~3Jc1 ffrl'IJ e:Jl~11 t~ fj(jjj\J -nl1 ~ ffl 3Jljflfil~ f) rn~ll nt~e:J E.i1..'l11(jJL 11 ~1'll f).,') f.l1~11L3J LLi\1 U£J3J 
, 'IJ 

1m Un11L fiu1n~1~~f.l~l L~£J..'l'lJUff\Jff(jjlJ1 
ff(jj1J1 L "liu tl1il1 -;J::'IJ11-;J 1 un ~ tJ\11:::w-.\1\l.ffu'll e:J\IJ1 LL-ii.Ju~ J1 LL ii\1~::~\1 fi113Jfe:Ju 

• 
eJf.ln-;J1nU1.'l1 LL1il::Ln~n11~1ile:J3JLVI~1 f.lfii,VI1l3j£T.Jfl\lflV~ 0 e:J\l~lL6Jl'filL~£Jff -;JUn1::~\IJlLLii.J 

q 'IJ 'II 

1il:::fil1£J~3J~ 

ff(jjlUn itr.J3JLmrr~1 L~£J.J~lUeJ1.J'IJ11~Jl LtJU L(jj £J 1 '\X~3J1 U J1 L~U ~~mi1 LL ii\1~ ff3JJ1 
q , 

••~ J" ~ a.. 6"'~1 a ~ ""' ~ .J" , a • 
n111il~e:Jn!.~1l3J1!iU-;J::L 11mn LL1il::ff(jJ1un-;J::3JUl~Un L 'Y'I3J'lJU".i::VI11\I nl".ifil(jje:Jn!.~1l3J LL(jj 

q 'IJ q 'II 

m1~~ (jJ1UtJ(jJ ff1VIn113JJ1~un~ L ~3Jilu ~~mn~ff(jj~::;rmfi1'1Jfi3Jm3J"li eJ rh~U(jJ'lJtJ\1 EEC 
, , 'II q 

Council Regulation,2967/76(Jame & Bailey,1990) nT~Lfl~tJU~'llfl\16Jl'ln~::rmn1VIU(jJL'IX 
'II 

L fl ~flU~ ff1 u 'Yll\1 nunl".i~ ~ fil'll e:J\1 Jl b vj f)~~:: 1il (jJ t snl ~~ LL'IJ flfh'ir.J L "Jiu 'll'l ~ L3J b UiiHn~:: 
' .ol VJ • I ._. "" .ol 

mrJ'YleJ(jJ-;Jln'll'ln~u..'l bu£J-Je:Jn'll'ln~u-J 

n11fil(jjeJn!.~1l3jL(jjr.JLiJ1LtJU JlLLil-J LL1il::J1uii-Jt-Jffmh ii"lia~ ~El L,_;-eJ(jJ1ln11~~ 
q 'II 

e:Jrn~nn~ ff\lmn 13JLir.J\I!ile:JmjLLii\1~1~ ~1~u1 ~1'llfl-J m~l1L3JLL 'IX..'Ju~:::"li1 m ~3JJ1wun 
, 'IJ 'II 
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"lJ rn::~n·n 1 ia1rn~L~u'ti1L '!XL nV1nT'J~nJ L~ml1~'\l'n LL~a ~1-1 i. d"nV11~fl1d"~V1 a m~nii1nti'hl 
~ ~ ~ ~ 

._, Q o1t.l ~~ ~ A 1 .:d I ~ mm::n1J a1~1d"1J1-1"1l''UV1 L 'V'ld"1::~::'Y11 ~ a1'~1d"Lu ~n"ll'U LnV1n1d"L 'U1 L~~-11 ~ LL~::a1~~ru L~£J 
~ ~ 

~1d"a1~111J1\I a ~1\ILVl ~~::~1ui.unmf1 U!ln~1nd~\IWJe:J\IL~mh 1i-,J1£JL uWI1ou~1LLd">~~1.m u 

fl1d"1JV1 J1 LL;i-1LL~!:fl1d"LL "li1 'U J1 LL;j-1~nWJ1 ~ 

rnd"~Vl e:Jm~nii1n-d''ti1 i.~V1 m.t1 a1VI1d" 1~1 u'IX a.J~tlV1 ~il'Yl V1V1mrn~n1 ~1 wXa-1a e:Jn 
~ ~ ~ 

~'Uf111~~U~V1~-1L~~tl 4.0 - 4.6 ~~.Ud"i~'Yl fl11~V1Elrn~nii~::LnV1~1nfl1d"d"::L~~"lle:J\IJ1LU 
~ ~ 

mVI1d" 1 'Ufnd"d"::L VI ~J11ii' e:J-11 if1113..l'lEJULL~,l1. um":in~1 milu i.uu"J::111rn 600 nn .LLT!~e:Ji'lnn . .. 
'ti11ia1VI1d"ilam~nii~V1~-1tl~1\ld"1V1L11 md"~-1ihilun~1n~n'Yln ') 1 % "lh~~Vlaru.~nii~\1 

~ ~ ~ , ~ 

i.li1u""J::mrn 5-6 e:J\1~1L'll'~L'ii~~ (James & Bailey,1990) 

inrn"JULV1m::a-1w¥umV11"J~il~'"~~1mn ~El il5V1"J1~1U"lle:J-1tn~1~"J~e:JJ1VI'1Xn 
~_, El1V11"J~il~'"~~1mnVI'1e:Jilmd""J::L~~"l1El\IJ1~1n~1VIU1L'i1~1~ ~::~13..11"Jrl~~e:Jru~niii.~ 
'IJ , ~ 

L11 L"liu md"~V1mu.VInii"lla-1~nn1V1VIa~ 'VIuui.3Y~i'" i1~nn1~ LL~::i~ ~1ne:JrnVInii 23.8 
, 'II , 'IJ 

a-1~1L'll'~L'fi~~ m~a 0 a\1~1L'll'~L'fi~~ LiL1~1 3 6 80 LL~:: 100 U1fi V11~~1~1J 

(Fennema,1975) ~::L~ui.!i1··.h~nmV1~a~dju~nu1::Ln'Yl11Jii~u~~1~aJ1~unmn 1infn 

L'Um"J~~arn~niiL~EJ\1 3 u1fiL'Yl1,f'" , ~ 

1 'U'Yl1\IU n1J~fl11~~ aru~nii~::a1fl'ml1~ Lm::a ~~~1"1Ja\l mVI1d" LL~n1J11 'Ua1VI11 
:.J ~ 'IJ 'IJ 

ili.:JJL ~ ~-1\Ala ~:: 1mn'V'ld"3JJ1~\ILU1JU~1"1J e:J,l a1VI1d"L vJuua\lnoun1'I~nJL~~J11 um~11 
'IJ ., 

m,-~~arn~nii1nttilu111inu~n1u L"liu L~~ ~nmV1~a~ LL~:::ffu,;i1~ uan~1n~n 
, 'IJ 

1mL~1 ~_,iJm,-1inu51~ n::~~1V1an LL~::"l1111 'V'lV1~11u LL~::~\1~1m,-mbi.u1-tl um,-~~ 
amV~nii"lltJ\IEn~11~~_,Cil~LL~1 L"ltu Lttm¥u tJ1~1d"L~n~Bu oiu~1ui~fun 1~~1J"J"J~1um~ 
~ 'IJ , ~ 

LL1J'U') ~13J1"Jrl~~tltll,~1lii1'\X~~~-1a~1-1"J~l~L11~1ntJm~1lii 80 m~tl 10 a\1~1L'll'~L'fi~~ 
~ 'IJ q ~ 

1~ ~1in~1Utl uni1 1 "1i'11~" LL~1un1,-1iT1111l~u~::CiltJ\IT111JT1~1 '!Xu~1 W.J::~u~L~m::~~ 
, 'IJ 

i.:JJ'ti1L'IXLn~T1113JL~~~1~nuLdm¥~r-r~"lltJ\IrJ1~1,. (James & Bailey, 1990) 

m,-~~ tJ ru.~n iili11 ~1nm1-d'uem~1n~::~1 ~~,.rl~Vl urn Vlniii.li1 e:J ~1-\111~ L ~1 LL~1 ~" 
q ~ q ~ 

"li1 m.h::VI rr~~11i-,J1 £J L~ mm~1JL fi ~1JTl1Jn1"JL iJ1 LL.;i\1 LVl ~~::"li1tJ~~~11"1N1 tJ'i11ULLd"\I\11'U 

L 'Ufl1"J1J~J1LL;j\ILL~::fl1d"1Jd"d"~~m, tl L vJ e:JU e:J\1Tl'UT111~ L~~V\1 ~ LL~"li'm~~~ a bT!~a\liJ e:Jii"lJU1~ 
q 

L~nJ fl'U~'U~111n n1"J~\I'Yl'U 1 Uti11'ULT1~tl\15ja~\l LUUln~iid"1Tl1LL 'V'l\1 LLfl::L Vl~1::a-1Wl-'1Jtl1VI1"J 
~ q 'IJ 

_aiQ .:f .:.lA 
'Yl ~ 'V'l '"mn m n 

64 FD323 



n 11 ~ ~ tl ru, 'V\11 ij 1 fi U ~1 3J 11 rl rl1 t iJ.fl \1 LL 1J 1J ~ tl L rt eJ -\1 LL ~ :; t 1J ~ fl L rt eJ \1 1 ~ tJ n 11,) 3J 
1 ~ 1 

r.J~~.nrn'rf~"ht~11rl1f1113Jdht L"lf~ 1 ~ t~1L\I~L 'VI~1 mfua~ t~aeJnL6Jf~L 'VI~1 'VI1au~w~ 
~11'thf1113J L ~'" 1uu~~1'VIU1 'VI1a ~u LEJ"ll e:J\1 ~11rl1fi113J Lflli.LL~:Lth t-J1~ l.uuu~1'VIU1"1J a\! 

'IJ 

El1'V111 

m-:f,)3J~\!Lu1 ~~111'i1rt113J Lfl~ t~EJm\1 a nt.'V\11 ii"lla-\1 EJ1'V111~::L'I~~" a ~1\111~ L~1L WtJ-\1 
1 1 'IJ 

1.1J~1tnn 1 ~n1::u1~n11r.J~~~1m1n 1iLf1~a"!la"IJU1~L~n~.,1 ~r.JSlr.J~~~ ~" LL~ih1ru'VI1 '1.1 ., 

'VItn ') 2 1h::n11 ~a r.J~~nnt.'tf-;J::di~ thermal shock ~\!mn LL~::fi113JfamL~\!L~m1 
~ 

n~1 mu~ 1m rh,X~ ~nn 1-n'Lll 
'1.1 

LL~1fi~itEJ3J 1 in~ ~1 l.u\1:: 1 ,nn-a~-w~~11ri1 fl113J L fluL'I" tuuur.J~ ~11 ru.~ a1'VI11"1J rn:: 

Lfl ~e:J~ ~ r.j1~a13J\!TJ~iJu ~ 1~ ~3-l th::~'Ylrr111l"'L ~n11LL "lfLfl~-;J::L ~3J3Jln'~jU-;J1n1i16JfL~~ ~ Ln~ 
1 1 

-;J1n n111::L ~~"ll eJ\1 ~1ri1rt113J Lfl~LL~::~1 nf1113Jfa~LL~.J1 ~m1n~1 m tl~ Le:J 

hl11-;J! h1rrm1,)3J'VI1aa~-w~ Ulli'V11~Ln~ii'uL~3Ja ~a n11LLii\!~1~~1'VIU1 El1'VI11 q ., 

n1'Jrl11 ~ ~11ri1 fl113J L fl~L ll~ EJ ~~rl1 ~:: L tl~ n16JfL V'ULL~1~\!U13J11 i L U~L w tJ\!1TIL ~ tl1 ~ 
~1m1nl iL ~ e:J'VI~m~ tJ\1 m1LL ii.J~1~~1mX1 LL~1rru~~ rr.,l,;jiJtJ1::~'Ylrrn1l"' a ri1"t 1fi~13J 
1nm1U~1m 1mb 1111 iLLri'iJru'VI11 ~n1ru"ll e:J\1 a1'V111~1J'j'j-;) 1 ~n1-n~::u11\l~ri1-;J1 n1 ff~~t.b 

Ql .. q q 

rt1111fa~ hi~ 1~ mln I, u t~1L ~'UL 'V1~1'VI~e:J Ln~~mfu e:JU 1~ a an L6Jf~l.l1m rnL~n,Za tJ 1~Li1 ttl 
1un~a\!1J11-;JEJ1'V111~fa~ -;J1nn11'Yl~~e:J\! V'11Jl1 Lda~iJarn'VI1liiL~3JiJ~ 30 a\!~1L6Jf~LSUtl~ 

q q '1.1 

';J:;ilarn'V111ii~~~\!L'VI~a 2 e:J\!~1L6Jf~LSUtJ~ 111tJLun~1 24 ,i-113-l\1 t~vL;jiJe:J\!1ilfim1u"lfL~~ 
1 '1.1 

1~ ') L~ tl n1'J 1 im~~mfu a~ L~ Elan L6Jf~,r~~::L n~n11LLii\1~1~ ~1'VI'U11J1\! ~1U LL~UEJ tJn11 

m11iL~t~"JL';JUL'VI~1LL~::il~1llmnn11L~mXEJtJ (James & Bailey, 1990) 

n 1 1 ~ ~ a ru, 'V\11 ij El1 'V\11 ~ L iJ ~ "lJ a \1 L 'VI ~ 1 'VI1 a ~ \1 L 'VI ~ 1 L fl ~ eJ \1 LL ~ n L U ~ tJ U f1113J fa~~ 
1 '1.1 

tb 3J11 "111 ue:J ~ ~1'VI n113J m'V111ii'VI ~1 tJ111 uuu s:i &rn '!!!tnt.: LL~ ::f1113J L 'VI3J1:: ~3J1 ~n11L "li\11 ~ 
1 '1.1 

1 a,..o cv.J' 
LL~n~1\!nu ~"~ 

nT'j~~ aru.'VInii1 ~1::uutl~ LLr.juLL~mll~ E.J~f1113Ji'mt h11"uf1113JitmJ ilm1lin~ 
1 '1.1 

mn1ua~~1'VIml3JnT~r.J~~El1'VI11L'VI~1 L"lftt LUE.Jf 11'1! LL~::tl1r.J~L~ LU~~~ ~11rl1f1113J 
1 

Lfl~m';JLUU tl1 LEJ'Y11UEJ~ 'VI~a ~11~::fn mn~ a ~1m1nL'!~ El nt.'VI1liiL~~" LL'lJ'lJLll~ m rta.JLL~: 
1 '1.1 
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LL'Llu~mrta_, iifiu~~1~1iLL~mu~tJU~113Jfml.mm111tX~~mu.VInn,~aci1\l~1~L1-:~1iLd'u 
, 'IJ 

~,X a tJ iiu~::~'Y1TI1l1VH~·" LL~"lim~tJ~a L~~a~~ e:~ii~1~1LL~\l L ita\l-;nn~u~-:~~ i3J ~ ~nu mVIT.i 
'II 

-;J::~a\lYh;nn1~~~iimu.n1~~ ':IJrhuiin~mnumVI1~ LLiii::,:IJLn~nT.JuuLrlau~::VI11\l~1~ 
, 1 ;..! 

rh~113J djunu a1VI1~ L~~a"~ a ':IJ ~1 m~n~1u 'Yl1U~ mL ~" ~u ~ ~" ~_,tfu~\l L:IJ L V13J1::~-;J:: 
'IJ 

'l.bm1 inua1VI1~~iit~113J"liuwt't~ 
m~1 iL~~a\l LLiilnLU ~ tJU~113Jfm~LL '!J'Llrl a ana WYl a U~::n au <i1'1 tJ 'Y\ a~1U 1U3J1n ii 

t~113J @i1u 'Yl1U~ a~113J~U~\ln11 L~~e:J\l LLiiln LU~ tJU~113JfauLLU u mJu L V13J1:: ~1VI~U e:J1V11~~ 
'IJ 

"' ... "' 3Jf1113J"l.JUVIU~ 

Lfl~e:l\lLLiilnLU~tJU~113Jfe:JULLUU Scraped surface LVIm::~1w~·Ue:l1V11~~iif1113J"liu 
Vli'i~mn LLiil::tnVI1~~:1Tn iiiftyVI1m~t VI~~ ~1VI ,z, 

irrm~iil~ e:JrnVInn~mh13J1"1i1\liu ~1u 1 VI ru';l:: 1inu mVI1~~ d:Ju"ll a" LL-ii" d:Ju~u "1 
, 'IJ ... 

(tJm 1uirr~ 6) m~ 1 in'IJ El1V11~L VI iil1i a,,nn~~~~ LLUiil\l1 \XL Vlm::~3J L "liu i e:J\l'IJ~~';) mVI11 , 
b VI iil11 U1l1"15U::ri EJWI.b LUiil~ a rn Vlfl ij ~1Un1~ 1 ibt~~e:l\l LbiilnL u~ tJU~113JfEJU tfu bfl~f)\l~ aii 

• 'IJ 

~~m LL ~" ti" mn sir'IJIJ!au LLiil::i a\l a1imr~ ii~111JfLLii1::~111J"If1u1ru1 u n1~~1u~ 3Jn11 
.. 'U \1 "' 1 

• ... ::: .. ... • I ........ ..1 "' ...11 ~ A 

'Yl1\l1U ~\lu U-;J\l3Jm13J~ m tJ13J1J~::tJ n~11in11LLiii::Lt~1El\l3J EJ'Yl "15 b unTm~ a rn V11l3J"ll EJ\l EJ1VI11 
, • 'IJ 

1 .... ' .... ..¥ 
LVIii11 uiilm~ru.::m\l "1 ~\lu 

m~~~~ 1 UEl~ ~1VIm'13J"l.JU1~ L~n'VI'1El1::~UY1~1 LiEJU n1~iil~ atli.VIfl Sj flTV\11b VI ii11~ 
• , 'II 

tau L "liu 'llu 'lla~ J, L n~1 a1';l 1 i1rruamJ1 'iXLuuLa\l~ e:J rnVInil'\X eJ\lV1ier1-t1 tu LL"li1 u \X a\lLflu 
• • 'IJ 

irrm,-d'lil~\l';l~~"niil1\l"llEJ\l ~~liln rn'ti' rT"~"iiarnVInil ~" fl1';)~"~" 65 a"~' L'll~L;ntJ~ Vlt"'l i 
• , 'IJ 'II 'IJ 

L 1ii11'lum1iil~ EJtli.VIfliJ 16 i1l1J\l ~::w;h\lL 1iil1~\ln~11 ~~lilnrn'tf rJ\l~\lii EJtli.VI1laJ~\lrh1'\X 
• 'IJ , 'IJ 'IJ 

t<i1~u~113Jfaummnu i.u ~\l~lil13J3J1 ~e:J m~Lu~ tJULLUiil\ln ~u,-~~13-1~\l e:JT;Jiim~L ';l~ru"l.leh'l ... 
A A 6"-J '-' 

';liiiU'Yl1tl'Yl'YlUYl113J~e:lU~\l 
• 'IJ 

m1iil ~a rn Vlnil1~ tJL \X ~~~'Yi1Y1113J L fluL~ ~au~ ~-hu"liEJ\ll1\l1::VI11\l.ffu"l.l EJ\l~1wi'u 
, 'IJ 

1l1"15U::'IJ~~';l Vlie:J-;}3J"l.J~iii1~'Yi1~113J b~Uiil·~ 'u1 Ue:J1VI11L VI ii11 1l1"15U::'IJ~~';l~1 i~1U 1 VI ru-;J::ii 
q 'I .. Ql 

Lt~~e:J\ln-:~u~~ EJ ci L ~ m ~3-1 am1m~~" ~1Uf1113Jfe:Ju LLiil::ll e:J\lnunTnn~ d'Jwffu"l.l e:J\l"lle:J\lL VI iil1 
'IJ 

~iie:Jtli.VI1liiLL~n~1\lrlU irrtt~1m~niii~EJtli.V11lii"l.Je:J\l"l.J€l\lLVIii11Li~\lLL~ 100 ~\l 10,000 ~~~ 
• 'IJ , 'IJ 

LL~111"15U::~ii~a\l.ffULbiil::iiuu1U'\X3JttU ';ldhh::R'YlTI11TV./l UnTnh tJ L 'Ylfi113Ji'au~1 LL~ii"1J e:J~ , 
~f) 'Yi1t~113J~::e:J1~L~~~t~ 

"'"' .. ...... "" ...11 ... ..1 1 .. 1 11in111i~~3Jm "1 an11iVIU\l'Yl "15L ~ eliil~ L1ii11 unl~iil~ e:J rnVI1l1.1"1.l e:J\l"ll e:J\l L Vlii11 U111"15U:: 
• 'IJ 

tl~ n~am~'ti~113J~UL~ElL~Ln~n11~::L'VW n1~Lif1113J~U 0.006 '!JTf "li1tJiii~L1ii11LUm1 
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fl~ a rn V1flii~1n 130 ll.1Yi LVI~ a 11 ll.1Yi ti1 LUll.eJ1VI11~di~ 1 V'l11~ a" 1 "lf~1111~u ~L ~11 ~-_'lifll. 
q 'IJ 'IJ 

L vlail a\lnll.m':i~ll.L "li1 hl1ll.fl11~nmnm~ 
q ...... 

inm;r~~eJntVIflii~1m~~eJ\l Falling film Vl1a Surface cooler 'l'hL~L~tm11if11 
q 'IJ 

'lleJ\JL Vl~1~feJuifll. hM1ll.Ull.'lleJ\l'l'i a'VI1eJ'll~~1~~1111L~ll. LL~11.l~ a v1VI1 Vl~t-l1ll.~1VIU1~ Lflll. 
A~ ,J' 0 '} .... ~ Q..l c:::l ~ ,:I 4 4.ol o 

~\lm 11m11u ll.1111 b "ll'~ ,...., LL ;rn n u1 eJ'Yl'll EJ\l L u mLL~!:fl111 (~m~n ~ m~rn::LL~:: m 1'Yl1._'11ll. 'll EJ\l 

L~iEl\l~ m ~11L~ 11L~L ll. FD468) 

fl1VI11~LUll.'ll fl\lt:-1~111:::VI'"h\l'll fl\l LLojj\l LLGl!:'ll tl" LVI ~1 L 'rill. L ifEJ ~~l V11a~n 1 Wlffl ~VI1El 
Lmi LWn eJ\JYn v LL~::vn ~c;(1 LLu~Yi L'1v~ ~f1.J~'JJ e:rf~;ra~.ni ~~1nm1V1\l ~ 11 ~11111n L1l'iru LL~:: 

q ... 

L ~11~1ll.1ll. L~1::VIl1\lm;r~~eJrnVIfliiLL~:::m;ru;r;r1l~ eJrn Vlflii1:::VIl1\l 1 o - 50 EJ\l~1L'D'~ LBITV~ 
q 'IJ q q 'IJ 

n11 Gl ~ eJ ru VI fl ii'll eJ \l eJ ll.fl1 ~ ~ L iJ lt 'lJ tl\l LL oll\l1l :::"lf1 n l1''1.1 e:J\l LVI~ 1 LL ~:::ell~ L n ~ .ffu 'lJ tl \l 
q 'IJ q 

m'VI11~ ii eJ rnVInii ~1\l nll.1ll.fl1"ll'll.:::~hlii L~~ eNn 1ll. Lll.'ll rn::t~ v1n'U.n11 1 "lf'L~~tl\ln1um;r 
q 'IJ 

a amtuu LLfl::inm;rn1ll.Ltl u~\l~ ~1 fi' ru ~ a\l t3.l.Yh 1 ~di~m1LL~ni n'll a" m'VI11~ L Ull.'ll e:J\l LL ojj_, ... 
LLGl!:U eJ 1J 1J1\l 

inm-:r~W') ~~111':itll mll.m-:r~~flrnVI.nii L "ltll. n11L~:lJmfu all. t~ tl an L'D'~L VI Gl1L i1 
q 'IJ 

LDL~ £J~':i\l n1':iLWn'lltl\JLLojj,m~::"lJ Eh'l L Vlfl1 tleJn1l1nnmiall.LLiil!:LLVnnll.iil~ eJ ntVI.nii Lb~lfltl m.b 
q 'IJ 

n~um t:-~~11nll. Vl1tlm1Gl~ tl rn Vlflii~1 v~1111~ll.L~ vn11Wll."lleh'l LVI Gl1~feJll.L "111 i.1.11ll.fl1"ll'll.:: 
q 'IJ 

~"a ~.111 v 1~fl1111~ll.LUll.infl~ tJ nt'VI.niit~,-1~ L 11 LL~tfi1111i11"1J eJ\l t:-.1~ lilll rn~11 ::Lll~ Vll.LLtl iil\l 
'IJ q 'IJ 

L1.1Lrta\l1l1nn1-:r'll£J1£J~11ll.-:r::VI11\ln-:r::u1ll.n11 

~n 'l!l-1 LL~111!:~ El\l L flu L ll. ~ tl\l LL criLflll. ~ tl\l LL '1f L flll.tll'V\11~::: LL!il n ~1\l1l1n~ e:J\l ~1VI fu Gl ~ tl ntVIfl ii 
q 'IJ 

1~ £J~ eJ\l iil~ e:J rn'VI n ii1 "lf'L vJ m11i ~ ~1111f all. a amnn El1VI11 1ll."ll ru::~~ eJ\l LL criLflw;J:: 1 ii'n 'l!l-1 
q 'IJ 

eJ rn'VInii"l..eJ\lfl1VI11 1 ~a ~Lll.1::~u~1LL~::fl\l~L ~eJ li~mvm:Hnui'n'l!l-1 a ~1\l t 1n lil111ti11 "15~ a\l 
q 'IJ 'IJ q 

LL criLUll.LUll. rf"~ tl\l Iilii! tl rn VlfliiLLGl:: L nui'n 'l!l-1 tl1VI11VI ~\l Gl ~ tl rn V1.1l ii ~1 LUll.~ f)\j ri1i~~1111fflll. 
q 'II q 'IJ 

atlmnn mVI11tlci1..:.11~L ~hrie:~m ~ a~1l::i'n'l!l-1~ru.n1~'lltJ\lt:-~~~nrn~LEl1 t 1 
q 

.. ~ " "' .!::. .; "1 .., .!::. 'I • I A .. ... • ,.. • I 
n11Ln1J tll'V\11 m Vltl\JWll.ll.ll. tl11lLnU b~'Yl\l b ll.1J11Vln1~unlil'V11fl11n11L ufl Vll.LLuclJ 

a\lfi'th::n au"l.. eJ\lu;r;rmn1~ ~\l';l::ii t:-~fl~ eJ~ rnn1~"1.1 eJ\l t:-~~lilnrusn mVI11LLiiln~1"nll. ~"~t~ 
q 

mh1 L1lll.U'Yl~ 4 LL~m.h,ihn~111L3J·;hil:::LUll.n1':i"LnU LL'lJU L~ ~1111:::LL1~~El3Jfl1 £JL w~' El\l LnU 
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L '111-t a ru.v111i1 ~11:JJ;!'I-ti:JJ~"t'1TI LL~::n1~~' :JJUL1 tJWIJ a-1 Enn1~ LtluiJ"il,Jm~lflUJ~ ci'-1 ~~~ e.J 
q ~ q ~ 

"' .... 
~ rutnl"l LL~::e.11 £Jm~L mnn "~Yl"ll a-1 e.J1V11~ 

q q 

'i-1 ~ ~fl ..... " \J A A' -
VI e.J-1 LtJWYl L "lH n1Hl1V\1~!il a-1f111Jfl 1J e:J fil. Vlfl:IJ ~11 :IJ"lf'l-t ~::1J1Jn1~VI:IJUL 1 £.1ULL~::n11 

q q 'IJ q 

~::111 £.1 mm~L Vi'L V\:IJ1::~:1Jrl1J a1'VI1~LL~"lfU!il ~_,;f 

A 

1. tlnLVi1UJ 
' '1.1 

El1VI11LL~~::"lfU!il~Eit\tVI1li1~L VI:IJ1:::~:JJL 'l-tn1~LL"liLfl'1-t~1.Jrl'l-t ani.'VI1li1~ L 'VI:IJ1::~:JJ ~e.J 
q 'IJ q 'II 

A.J_ Q..l A ~ .IIIli ft Q .c:::t.d 

a ru Vl11 :JJ 'Yl ~1 :JJ11rl ~ !il e:1 !il~1n1~L "il1ru"ll a -1 "il ~ u 'Yl 1tJ ~ !il n"iln1~1l 'Yll -1 L:JJ LL 'YllJ e.J ~'D':JJ ~ !il n11 
q \t 4J q 

L tJ~ £.1'1-tLLU ~-1'¥11-1 Lfl ~-L e.J'I-t L'D'lf LL~:: 1~r'h 1 i el1VI1~L n!ilfi11:1J La-r.JVI1 tJ L rtewi:nnfl11 mflu 

e.Jni.VI11i1~1-Jl'lum1Lnui'n"~Y1LLU-1LiJu 3 '111-1 ~_,;f 
q 'II 

A A a o ""' VI..., ' ~ &.<o t"'VI • 
1. e:Jfii.V1111J - 1 rl-1 + 1 tl.J~lL'D'~L'D'£.1~ LVI:IJ1::~1VI11Je.J1V\1~~!il L!ilLLn L 'l-te:J~!il1 Ln 

q 'II 

m'l::u~1 LU'I-t~'l-t L!iltJe:Jfii.'VI11i1J'I-t~-1fi.J~.Jn~hii!il L~ e:JmLii-1"lle:J-1 tn'V\11 ".Zh £Ji'n"~Y1fi11:JJ ~!i1Le:J1 '1. 1 
q 'II 'II q 

~1VIi'un~m"lle:J.JL"ll (~-1Lu~e:Jn) ~11111mfiu~arn'V111i1~1n" - 1.6 e:J-1~1L'D'~L;_a£J~ L!iltJ~ 
q 'II 

"lJ el.JL VI ~1111 £.1L '1-t£1'-11~ Ln!iln11LL-ii.J~1 L~fi''JdL nu~ El fii.'VI1li1~1ni1ii'L l"l11::"il::rh 1 ~L ll~ EJn L "11 
q 'II 

... ... "' 
111VI~elLL!iln L~tJVIl£.1 

2. Elfii.V111i1~1ni1 5 El-1~1L'D'~L~rtJ~ LVI:IJ1::~1VIi'1J J11-t:JJ f11:JJ Lmnf!il LL'D'U~l"lf 
q 'II 

~'11'111 l"l1~~1 LL~::LV'l~'Yl1 'li1tJLVi'~e:ntJn11Lnui'n'!Y1L~:JJifu 
q 

.. ... 0 a..o J" ..... _. " 
3. elfii.VI11:1J 8 -10 eh'l~1L'D'~L'D'£.1~ bVI:IJ1::~1V111J L'l-tEl!il:IJ L'l-ttl :IJ1n11'1-t L'l-ttJLL"lJ-1 LL~:: 

q 'II 

~~ i.:J!djEJ-1i'm.t v1VI11L VI &h~~~fl11 11~1 L~Llu~EJ-1Lnu~ eJfii.VI11i1~1Ln'l-t '1.11 L!il mu vn::~mL~:: 
q 'II 

~~'1:1! m1Lnu~EJrn'VIni1~1:JJ1n 'J '1~'1~'11-w~!ile:J1£Jn11Lnui'n"~Y1L(i:JJEJLll L'liu 'lun~m"lla.J 
q 'II q 

n~1£JT111bn1J~Elni.VI11i1tJ~:::IJ1nl. 12 - 15 e.J.J~lb'll'~LtfltJ~ i11Lfi1J~Elfii.V111iJ~1ni1ifLll~e:Jn 
q 'II q 'II 

... 0 

mn£.Pil::!il1 (Heldman & Hartel, 1997) 

vru.VI11i1~LV1m::~:JJ'l um1Lfiul'n"~Y'Iv1V\1~ 1!i! tJm~LL'liLfl'l-t L yjEl 'l itnVI11~ El1llm1Ln1J 
q 'II q 

i'n"~Y1~-1~!i! ~,-tJ'11l1-t!i11~1_,~ 3.5 
'II q q 

~ e.J -\1 L fi 1J a 1 Vl1 ~ LL '1f L fl U '1-t El n "il 1 n "il:: ~ El -\1 L ~ El n El nl. Vlfl iJ L ~LVI :IJ 1 :: rl 1J "1f U !il "lJ tl -1 Ell Vl1 1 
q 'II 

LL~1 n11~1u~ :JJ EJ ru. Vl11i11 u 1::'VIi1-Jn11Li1u1 i r~n~ a.J LL~::~.J~ LU'I-t~.J ~1fi'ru ti'1 EJrn VlniJ'l u 
q q 'II 'IJ 01 q 'IJ 

~::w-h.Jn11Lfiui'n"~Y1 Lll~ tJULLUiil.Jhh ~tl-\1 L~m!eJ tJ"il::·rh 1 ~El1V111ffUJL~tlflnl.111l"l ~.J L"liU 
'II 01 q 

tl!il1~a!il tliillLLel'!il!ilem Lnu~aru.VI11i1 -1 ti" - 2 eJ..:I~lL'D'iilL:flt~~ iimtJnTnfiui'm!l-1 22 -
q 'IJ q 

0,..0 I .... A A ..k' A - PI ..., .eli Q,.l 

29 1'1-t LL!ilrl1Elni.'V111:1JLV'l:IJ"lJUrl.J 0 El-\1~11~'1l'GlL'll'tJ~ e:J1£Jn11Ln1J1n'J!l-1"il::L'I!iliil.JL'VIGlEl 13 1U 
q 'II q 

Q..o 6".r=f " .d A .... -=:11 f:t Q,.l .J I ~ ~ 
~!i11i.lmnu'Yl Elni.'VI11:JJ - 2 EJ.J~l L'll'iilL'JJ'tJff :JJ ell £JnT~mu~n'!Y1'Yl tl11'1-t1Un11n11LnU'Yl 

q 'II q . . . 
0 El-1~1L'll'iilL'fitJ~ ti.J 40% tl1lm~m,Hn1JYlElfii.'VI11iJ - 1.5- 1 - 0.5 LLGl:: 0 a-\1~1L'll'GlL;_atJ~ 

q 'II 
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iia1£Jf111Lntrrnl!rl 12 10 9 LL~:: 7 iu~1~ ~111~1~11 ~_,~uia-:nfium~1j~~~a"ffl1J11n 
q 

fnl!r1 fJ nt~1liiL i~.J~ n1iinTHU~ £JULLU~.J n't3Jwndiu ±1 eNf/11 L &lf~ Ltn£J ff~1~ftJ fJ1~1j 
q 'IJ 

,r1'tu LL~~1~fu 't"ll u~1 LL~:::~~'t1iu1.J~il~ n1jLLUjUj1'U"lleJ.JeJnt,..,1lii't11~1jLfiu 
q 'IJ 

± 0.5 fJ.Jf111L6lf~Ltn£Jff LL~:;~:;<ila.J~lU.Jn.Ju~itJ~1.J 6) ~L~tldOJJfJ.Jrlllf11jrleJLiLn~~11111'au 
L"li''U ~11111'au.~1n~1\JLW n1jYJ1.Jl'U"lleJ\JL~~EJ\J,j'nj ~u~u~\JlU.l'lltJLuiEJ\1 nljiJ~Lil~ 
Uj::~ mmmm~1j~ Lnufnl!r1L ui El.J LL~::nlj~ltJ L~"ll El\1 L6lfG=lsf~5.Jiii11~ 

'IJ 

0 
2-7 6lf 

(35- 45° W) 

"' 0 L~'Ufl 7 6lf 

t.h:an'YJ 

.., '::: ·'"' b"l.l'Yl\!Lu~tln 

~G=l't3-i 

.d 
mJl : Fennema { 1975) 

L'UElU~l Lri L'UEl~11 
'IJ 

LLElULiJ~ LLElm~El'Yl Llltl~ 11!:Ul1~L~~tl\J vh 
LLvrf w~11 ~11 (W~a1m ) 

,~tl't~~~" ~1fl'Yl uja~1~' 

,11U. 

iutJ::j~ ffn 
q 

llll.~~_, 

abn1l~ na1r1 eJ~U 
q 

"' 11:::'Ul1L"lltJ1 iul.J::j~~u 

n1jLL "Ji'L~'U LlJ L W tJ.J LL~~ 11J~ 11n1'H~)ni"JJ tl\J~~'U '1'1~6 Lb!ii £J.J L~ E.ldOJJ tl\1 rltJf11j~'dlJ~ 11 
q "l1 q q 

f11jLU~ tl'ULLU ~.J'Y11.Ji11 L~ iiLL~::nl tJ1llW"JJ tl.J tll~lj tlnt~1lii~ Lnufn~lEll~ljLL "Ji'Lfluiin1j 
q 'IJ 

tl.J~tJ'ULLU~.Jmmr_,twffurnj~~~ f11j"lJUff.J f11j"lJ1tJU~n LL~::n1jLnu1u~f-n1au mh.Jhn 

m :JJj:::w:h.JnljLfllJ El1~1jLL "litflu5:i1EJn1ff~ Elnt ~1lii Ln~nljLLUjUj'd'U tll Ln~ 1Jlnf11jL~1ru 
q 'IJ "' 

"ll a..1~ ~u 'Yl'£ifi tn ~ 't<iimn ttlu~ ~ 1 i j:.J ~~.n m'Y1111u ~ a~.rltJ LL~::ffru L~£J ~ mn1w nljWJUm.J 
q '\J IV 'l q 
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ft113J:!ui3J.WY1£l u~ u\1Lnui:i?l113J i3J.Wutft~ E.J ~,-"~ u?l nunv.l"lJ u\1 m~11 t1'1~ u\1 L fiu 
~ 

i:i?l1111:lui3J.Wm!~" 'ii'l~u r1i-~ L 'ii'l~ru i.~~ ·vh 1 ~ mVITH 'l-i.1 L ~m ~1it u m~ i.~u1\1"15it~ L "liu 
'IJ ~ ... 

LLutl Lil~ v.l~3J Ln~m,-tl~LL~n LL~ti1?1113J·~ui11.Wm5~1Lnu i.tl J'1'ii'l:1:L~t1uumnna1~11 
~nJL~E.JJ'1VIUn ?111:JJn1t11J LLf!:i:i~m~rn:L·~ ti1LL ~\I i1VI1u~nn11~nJL~t1?111:JJ:§'u LULWtl\1 
\1 Ql '\1.., 

3- 6% 'ii'l:Ln~m1LU~tiULLU~\I?lnb111V·mci·l\IL~UL~i~ 
~ 

Lda-r~JVI~\InT!'J.h~a\ILnutl:JJ~arn'VI.nii 2 u\11'!1L'l1~LtUE.J~ LiJun~1~fl1tl ') itl~1~ 
~ 'IJ 

""~".f."'"' .... ..r .......... ' .f .f '"' .f 
L 'V'l tl ~VI L Ue:JU:JJ mVI El\1Ln1J e:J1VI113J?l113J"ll'U~:JJ'V'lrl1l~\ln11 90 % L UEJ'ii'l:"lJU11 LL~t'l1?111:JJ"ll''U, 

~ 'IJ 
""" e,..o ft' ~ 1 #ilt ~ L' A' .::ai .... Q..ol ~ .-.r:ll.d.d ~ A F;t d .¥ 
~:JJ'V'lY11l~1n11 90% 'ii'l:~nJL~£JU1VIUnbL~:I.UEJLVIti1LL~\I ~\I'U,U11lrl~Yl~~ ?lEl Ln1JY1?1113J"l5U 

'IJ ... ~ 

i:JJoW'Yl t'~\1 LL~:.n1 £J L 'U, ~ e:J\1 L fi 1J ?111&i ~ LL ~~leJ fl ~ ''n L11 El Lfl ~~ ij ?1113J tl11 ?1 ~U 2700 ° A 
'IJ 

(angstrom) ';J:,t1 E.JiJ El-\JrlUn11L n~ L~ an LL~:m1L';l~'!J"lJ e:J\111~ t:l1VIU1 

m1Lnu1m~ni."ll ?111:JJ:5ui3J.Wrlt'~L~m:~3Juci1:w:i1>~ 82 - 85 % ti1?111:JJ:au 
'IJ 

i:JJwmf~1';J:Ln~m,-~ruL~m1'1 "lia>~mm\'1111£JL~Ltl~uni."ll'ii'l:"lJE.J1E.Jn11\lifu ~._,LiJu~\1~'1.11 
'IJ ... 

' 
~hn':i1 85% LUE.JLV\~1 LUE.JLLii\1 3J:'V'lf11 L'ii ~~L~LL~\1 n1:LfiE.J:JJ 

.... 
V11VIEJ3J 

85- 90% Ldui.ri n~1E.J(~LVI~EJ\I) i3J iutJ:1~ 3J:Li'iEJLYl~ ~ULYll'f 
.r ... .ttl tliJ " ... oL. "1 90- 95% L"H.tl11 LUtl fl1 LLEJ L ~ mnE.J~1J t'l1 "1J11 'V'l~ LL\il\ln11 

~n'b.J 
.cl m.n : Fennema (1975) 
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~ e:J-J Lfiu ~ ii~~UtJVI 3J'I..U 1 EJWll eJ-J e:J1n1i"!~~~~'i1 EJL 'IX eJ m Vl11ii LL~~ e:J-J ~u1~n EJ tJ"J.J e:J-J 
' q 'U 

mmf'lrn r.JL u. 'IX e:J-Jfi-J~ ~'il am Vlll iJ"J.J a.:~ e:J1VI11L~L 11 UEJn~1nd£J.:~,r1 EJL ,X enn1f'l1l1r.JL u'!X EJ.:J 
• 'U 

~:::e:n'ilu~~ .. nt n11t1 eJnLLuum~VI3JU.L 1 r.JU.LL~::nTni1 m 'Yle:nn1f'IL 'IXL Vlm::~3J dJu~.:~~1 d]u • • 
L vl en:::ulr.Jn~u ih'll LL~::~111::L VI EJ~1.:~ 6J ~emu~ EJ EJ m:mm~1ntl1VI111 u 1::V1':!1.:~n11Lnu 

'U 

~.:~~:::i.tl d.:~n11~n LL~:::en~rh 1'1Xdi'il~m~rn:::tl'i1tln ~~tl'J"J.J El-J~nt-J~L~ n11'Y111 '!Xmn1f'l 
' 

u1~'YlRL'ilEJn1~n1El-Jtnn1f'l~1r.Jrhun3J~'U.~ (Activated charcoal) d]uifi~LVIm::~3J 
' 

~-3~'" ,X tl-3 diu ~1 iL nu1n 1!1-1 tl1VI11~:: ~ EJ-Jrl1VI U'il U"il~ EJ ;-f.., ~13J 1 'IXL VI 3J1 ::nunil'il"J.J EJ-3 

mVI11 ~.:~~:::·lhEJV'ilu1EJm1Lnu1n1!1-1"1.Ju-Ju1VI11m.m1ui.~ ~.:~cm11.:1~ 3.7 
' 

1um1"1.JU~\I':i::EJ:::l'uVI1um1Lnui1m1lLvlman1~"1.JU~-J Vl1eJ 1um1~~'il 13Jf1:u~"il::: 
' 

L nu L'il EJU11J ~fl11::LL 'J'il ~ f)3J 1 'IXL VI:IJ1::~1lrllJ fl1VI11LL~b'l::"l5il'il L ~11::~UL u~ fl-3 ~11 i~l EJ mn 

1u'Yl1.:~u~u~ii.EJ3JLnun3Jnu1'ilEJ~m·~uum1Lnua~1.:~n11.:~ GJ Li1u 2 1::uu ~f) 
A A 0 aoJ .¥ .., .., ... 0 "" 'I) 0 .f .., ... 

1. flntVIfl3J 0 eJ-Jf'I1L6Jr~L'UEJ~ (32 n} fll13J"l5'U.Gf3J~'Ylli 90% Gf1V111J L"JJ U.3J bUtl~'il'J 
' 'U 

LL~:: ~nt-J~ i.~~ L~r.JVI1 EJ~1nfi1111Lflu.mn 
2. eHUV111i11o eJ-Jf'I1L'Um~r.J~ (50° W) fll13J:.fiu.~3JW'Yl1J 85- eo% ~1VI1u~nt-J~i.~ 

' 'U 

~L~r.JV11EJ"il1nfi'J13JLflU.L~~1EJ 
m1LfiumV1111 u~n1!1-m:::dii"li'afl111:::1.:~ ~a L3Jfi11Lnu fl1VI11~iin~u.LL 1.:1 L ,ru, tl~1 

Vlu3Jil1VIru LlrllJfl1VI11~'il'iln~u. L"liU. U3J LUEJ L'll LL~::LLU-3 LiJU~U 
"' 'U 

1 Un1~{1\.tfl1lfl1VI11L'il EJn11LL"liLfiU~::iiu1::~'YlTifl1~L ~:iJifu n1ii n11tbifim1~ fl i.tld 

m1i113JtllJn11LL"libfiU 

3.6.1 nT'H~IPIUft\J 

l U ,X El-3 L~ U ~1 "If\ fiu tll'V\11fl11~'il L3JiiLLGf.:J "li1 EJ"l5:: ~ an11.:1 e:Jn"JJ EJ-JVI e:J 3J 

aJ'uN~.:~ ~'iln11Ln'iln~u.LL~:::~~tl'ilun ~ 'IX e:J-J LL"ll'Lflu ~1idimJ 3J L ite:J11~ eJ m'VIllii L wile:J"il'il Lflan 
' 'U • 

LL<ii.:J"il:::~'ilLLff.:J er~'i111 i.1 tm~'il "J:hr.J~'ilm·n~1ru"J.J fl-J-;J~U 'Yl1r.i'~tllVIU1"lJ EJ.:J EJ1VI11 LL~i.a.J L VIm::: ... . 
~1 VI 1u ~ n t-J ii1 L 6J LL ii1 :: Ell VI 11 ~ ij L "1.J 3J U. ff .:J L ,r U L "1.J aJ U. b U EJ LL ii1 :: fi13J ~ -3 ttL ~ 1 I :: LL Gf.:J 

'U 

er~m1Ll ta L~'il"il::Ltlm::~u.tl~n1m aan~L'iliU. rl1L'iXLn'iln~U1GfLL~::;~tl'iltln~itu 
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LLmJ~~tl<?l 

n~··w 

u~e.m1~1 .. 
1JGH1Je:l~ .. 
LL~1.1.<111~il •• 
LL~~tl<?l 

~n.:n~~\1 
L "11e:J1 (LtJi£.11} .. 
Lonm ('V\111.1.} 

LL<il\ln11 

L~3Jfl1-l. 

3J::Ul1 

~nnl<il'VI e:J3J .. 
L 'VI <il 

1X1'VItl3J (Lii£.11} 

... 
3J::L"lJEILYlflltm . 
LL<?J\113J 

... 0 
tlnb 'VIfl3J ( '!!) 
q 'IJ 

-0.5-0 

11.7-15.6 

0 

-1-0 

2-4 

0 

0 

-1-0 

-1 

10- 13 

7-10 

10- 16 

10-14 

9-10 

0- 1 

0 

0 

-0.5-0 

7.2 

-1-0 

3-10 

0 

-0.5-0 

10- 12.8 

4.4- 10 

4-10 

~3J1 : Frazier & Westhoff (1988), Rao (1992) 

72 

90 

85-95 

95 

90-95 

90-95 

98- 100 

95 

90-95 

90-95 

90-95 

90-95 

85-90 

85-90 

85-90 

95 -100 

90 

95 

90 

90-95 

90-95 

90-95 

95 

90-95 

85-90 

85-90 

80-90 

1 - 2 ~il<ill\( 

7-10 1u 
10- 14 1u 
2 ~il<ill~ 

5- 151u 

4-6 ~iJm\( 

1 - 2 L~tl~ 
.., 

3-7 11-l. 

2-3 ~il<ill\( 

10- 1411.1. 

7- 10 1u 
4-6 iil<il1\( 

1 - 6 L~EIU 

6- 18 iilm\( 

2- 3 iil<il1\( 

3-4 1u 
3 -4 iil<ill\( 

2-4 iil<il1\( 

2 - 3 L~EIU 

2-4 iil<ill\( 

5-8 L~EIU 

10- 1411.1. 

5-7 

4-7 

4-7 1u 
2-3 iil<ill~ 
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3.6.2 n1"i~1 ftt'il n 1 ,-'11 
j:.lfl ~~~ihmLL"lh~u n1ii1l~wn~vtlutt'1 emmn 1l~u'Yl1ve:nm "lhrh~1 r.J t~mu vn::ti'1 , , 

j:.J~ ~~iiu1~ LLj:.Jfl ii1a r.Jii~"ll1u ·rh 1,_,Ln~n11L 'li1L~r.J n11~ ~tl~mrn1l~u 'Yl1rf1l::"lf·wm~ EJ1r.J , , 
nTnnu1m~n n11w1 ffL1lEJ ~ 1'!11~ r.J1i'arn~nii~1 ff11111fl~~,)1u1U1l~U 'Yl1v~ ~1wu1~a~ 

, 'II , 

~~l~ "lflr.J"ll'::~e:Jn11L thL~rJ1 U'.i::Wh~n11LnlJ LLfl!: 1,j:.j~~n11m11i'ff11L~iJ L W11::hJiiff11 

~nfl1~ itr.J111inu 11::U11 11::3.h~ 11::~::na ~"ll' LL~::W~11 t~r.J~11j:.j~~11LUJ1fEJU~Elrn~llii 
, q 'II 

th::mrn 46- 54 EJ~f'I1L'II~L'fir.Jff Li:Jun~1 1 - 4 u1fi ~~ue:m1l1n1l::".lhm~~,)1u1U1l~U'Yl1rf 
q 

LL~1 rr~ ff11111fl tl1 ~1 r.J~ "ll LL~::~ 1 ri EJU~ tJ ~ LL11 fl~~ ~1~ U1~ El~ j:.J ~ ~~ "lh mLnUty~1 n11LL w1" 

'.i!:lJ1~~El~ LL11~~~LlJUEJUff11~ 1 Un11ff\lfl an , 
~ 

3.6.3 n1"itfl~m.J~1~1tt121'lll7n'i-t1aJ'I-L 

"1f1r.J~~n11ffruL~r.JJ1LLfl::'Yl11~~n~rn::tl11n11~ itt~111i'nu~n j:.j~L~ L"lfu LL~"n11 
'II"' ;.J 

11!:L ii tJ L 'Ylf'IL iir.Jl LL~::LL~U~1 ~tl n11"V~ Ell r.Jn11Lnu1n~1~ El\l L "llff13J11tltl1 L~l~ r.J~ ~\l LL3JLr\ 
'II q 

.. ;n~'l"ll12- 24 i1T11~ ti.1't"ll'ttl"l!u~1r.JJ1~U1l::"lf1r.J~~n11ffruL~r.JJ1LL~::mfuaui.~ae:JnL'IIIil 
q 'II "' 

3.6.4 n1,-dh/l,,_.,u,-,-u1n1~UUU CAS MAS Ltfl~ MAP 

n11Lnul u1nnnn1f'l~~ LLtl1"1f1 r.JV~ a1 r.Jn11Lnu1n~1~ a~ j:.J~ ~.nrnsn a1~1'~1 ,_., 
q 

r.J1lU1un11m1Lnu1uu'.l1mmf'ltln~ 1n-m1LLfl::11r.J~::Lat~~mh1B'luu'Yl~ 4 

ff11L~i1~u1111LiLYle:J£i~a1r.Jm1Lnu1n~1 i11iJ"1u1tln16!!' ff11~::~1r.J ~1a L~11lu 
q 'II 

1l1"ll'U::U'.i'.i~ 1 u lff.~~11V: a ff11L~ii~U1111L i'~11LU'!.l.ff11~1 ~~~'.il~L 11 tl1::~fT~ ff::~1n 
tJ ~ tJ ~ fl r.J LL ~:; hJ iJ j:.j ~ ~ tJ ~ rn111 W LL ~:; ~ rnfh 'Yl1 \l tJ 1 ~ 11 1 ~ r.J ff16.111fl ~ ~ LL U \l n ~ 11 Cj] 111 
..- tl ~ 1" ,._.J' 
1~tl '.i!:ff\l~ b'!.l.n11 "1! ~\l'!.l. 

q 

q , q 

~..,jqi-'.d ... ... ~t( 
1) aT'H~iJ'Yl L?iLVHI~lU~iJflT'H,'HlliltJ\I,~'U'Yl"H.ntatLLiJ6h1 q ., q 

ff1 '.iL ~ iJ ~ L ~ 111:: ff11~-;J:; hf'L yj tJ "1!:: ~ tJ ~1 El\11 r.J ~ n1d"L -;J~fil~ tl\l 1l ~ U 'Yl1 V LL~:: LL11 ~ \l 
q ... q 

L~LLri ~ ~ a~u a::suL~'Yl 1EJ 1'IIu sUfl L vJ a fl.~ a an L'II~ L6.Jfi ~ 1u1'1111il LL~:: 't~VJU.fl dju~u itt~ 11 

1inueJ~1"LLw1~~1r.J1uj:.J~'t~ i.ilu~niii1m11iu1\lLL~L3-imnun 
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.,. .,jq "" ... 
2) ilf1~UUJ't1 LtfL'WrJA1'UAllfl1~ilffl • • 
itt.J3JL"li'n1'li'Latl~u. 1 ~nu1~n~.IJ~~tmn1~ 1,ooo ~nu1~nv.J~ L-Ylad\lnTH~·n-na\1 

~ ·~ ~ ~ ~ 

n~';Jt.J LLwf Gi1u 2, 4, 5- trichlorophenoxy acetic acid LiL-Yla-.n:::~an17G~-n"Uel\13J:::1l1\l 
3) ilf1~LAjjfl1,$\.;: tl iJ tl\Hl'WI fl1~L fl {;l a m~tmdl{;l tl flGlYI1" a;~~ (Physiological 

disorder) 

L"lfu diphenylamine m~::: epoxyquin L.yjEJ".n:::~eJn17Ln~ scald "l.JEJ\ILLatlLtl~ 
.,. .,jq "" ... .... l:J ... .... 

4) ilf1~LAIJ't1 LtfL 'W tl ti'U tl" fl1~" ilntl tl"'Wtf'H1 

Ut.J3JL"li' Phenyl carbamate (isopropylphenyl carbamate) Maleic hydrazide LEJ"lJel\1 

nonylalcohol L .yj EJ".n:::iilE:Jn17\leln"l.l EJ\1~1~ElllJ aJ'u.~~\1 LL~:::LL~7el'Yl 
5) ilf1~LAjjff'l,$'L fJ Dtltl"flUfl1~rJ tl n-BL{;li'WI 

L "lfu. BHA (butyl a ted hydroxyanisole) BHT (butylated hydroxytoluene) 

L-ascorbic acid 

6) ilf1~LAjjff'li'L.rJmhi(;ln~-w, (Deordorizers) 

LEJ L'li'U~13J11n1-rlun11rh~~n~u LL~~EJ\ILieJci1\11:::3T~,-:::1\I Lw11:::La L'll'u.~:::d\1 
tl~n1mEJEJn~L~iu1u~~~.nm't1m'VI171J1\I"D'u~ m7n1~~n~u.t~t.Jn171:::u1tJEJ1m~ 'VI~EJ1i 
~1Un3J3JU~~:::LUU.irr~~n11 ~1 tJ LL~:::tl~ El~nt.J 

7) ilf1~LAjjttli'L~rJtli'u:J1"a ~:color modifier) 

LEJYl~Wlht.JLi\ln11LL~n~l"l.JEl\I~~El L 1VJ~~ rh 1'VI'i'Liim'V11tJLtlL U~"D'~1:::n~fl3JLElYl~U 

~113JL"li3J"liu 10 ppm 1umm~ ~:::"lf1mtll~tJu;LiimLiJu;L'VI~EJ\I 

8) n1~111'1"a (Ionizing radiation) 

~ 

~\1; LU7:::~u~~1n117:::iu~L~1~1l~~ (Substerilize) "lf1tJ~~-;11ulu~~u'Yl1£f 
q 

n11f1UEJ3J El1~11 L~ E.Jn11LL "1f L ~U LLaJl1~ :::"1!1 £J fl ~ El1 tln11L n ll~n 'M1 LL~ n11L ~El3J 
q 

~ llill1W"l.J El\1 El1~11LL "lfLflUrJ\1 Ln~itu L~~1ntl nfi1tJ1'Yl1\l L~ iJ ~1 L~i:i m £Jll1W LL~:::~~U. 'Yl1rJ 
q ~ • 

LL~:::~:::~1L itu~EJLtlL~Eltl ') ~llill1WEJ1Wl"l·~:::L~mJLUm3J1:::tJ:::bd~1~LnufnN1 LL~ di~ifu1 u 
q 

el ~ 11 ~"Jl1 n 11 n11L n lJ ~Elm 'Y\ll ii 'lJ n ~ "\I if if U.rl'U ".nU~"lJ El \1 El1~17 ~ lli~3J1.T~"IJ El \1 El1 'V\1 1 . ~ . 
(pH, aw) n1"Jtlnu"ln1JEJ1~11 Ellli'VIlliiLL~t1J17tl1n1~~LiLn1Ji\lmh13J1LLGh 

~ . ~ 

n17L tl~ t.JULLU ~\l"lJ tl\l tl1~17LL "liLflU 1:::'Y\l1\ln17Lnufn '!Y1~L~ L ~ En"li El\lrllJ~~U 'Yl1rJ 
q 

.. .r'l ... ' .... ..r 
Ln~"lJU.bU~n'IYrn:::~1\l ') ~""" 
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3.7 .1 nTnU~£11-hLUJt=N~1m..Jijn'i£J1 L~aJ 
~tt1¥l'QJ ~a nT~aan'BL~i'"U"lla\lb3T"U LU"U~1L ~~~ «n"lla\lnTn~a3Jmlunw"lla\l 

~ ~ 

J:-J~~.n rn~L da L dm~·~-r LL~:~~ftln~'l i ~113J1a"ULnu~ arn ~nii LL ·1hfi"U~::di ~n~"UeJ'u u~::n ~"U 
~ 'II 

aan'BL~'1l'1"UL 1~1i'U ') 48 i1 L3J\l L'ivn Warmed-Over Flavor (WOF) LL~nlil1\l"il1nmd'LL".rl 
LL-iJ\ln~'U~'U"il::~at.J ')Ln~it"U LLaJ-:h WOF "il:v.IUL 'UL ifa~3J LL~nwu1"UL ifa~~~1J~LL~::~mr~n1J 

"" ... .- .¥ .J.J' tl1 ° tnnll'f LL~::J:-J~~I1ni.'YILUEJ~~'Yl"ll'Ud' ~11 
'II 

rrnw:i a.J I. 1"11 a \I '1"11 3T"U 'l um~ld'it"UEJ ~nu ~113JL3J~ 3J <il1"ll EJ\lnw1 I. "llaJU vJ EJ ~yJ a ~tJ~~ 
'II 

1.3J~3J <il1 <il1nd':~"U L ".rlu h~:: 1 "Unld'~\1 ~3.1 L da513J Ltld'~'ULL~n~'l LL~:tl~ ar.JL 'VI~n ~ ~d':: 
~ ~ 

uanmih.J~d\lmd'Ln~ WOF 1 Ud'::W:i1.Jn1d'LL"liLfi"U tl7mrnL ~~n~~d'::~tl~EJ vaanmit"Ua ci 
'II 

tl1J eJ~d'1n1d' 1 ifl113JfEJULL~::am~I1ij~~yj'1 V d'1mr\11Timd'1 ifl113Jfau n1d'1 ifl113J1EJU 
~ 'II q 

EJ ~1\li1 ') tl~eWL 'VI~n~~d'::mnn11LL1JUL11 md'~1~~m~v1tl~ewmnn11md'1-tl11 L~d'L1'YJ 
nld'Ua\lnU WOF 1~v1ibi'1d'n~3JWUEJ~n L"liu BHA u~::BHT 1~1iiu5 ~1d'~rl~"il1n 

~ 

vh L"li'U 'Y'l~nL'Ylmiiv'l lK1'VIEl3J Ltl~an3Tu~t\l ~3J'ULY-Id' h~LL3J'i sage marjoram LL~:: clove 
~ 

n11L~1JLUL~f'Y1 50- 200 ppm Ln~~1d'tl'l:ne:~u nitrosylmyochrome LL~:: 

nitrosylhaemochrome L ~~mn~~113JL~~ ~n 1~HJ~unutu~7n EJ anL6Jl'~LlJU'IAl EJL l'J1\l ~'ll "U 

ml3JL 'IAl hl'Ja~L '1-'J~ L~d' 1 'IAl~l'Jmn '1-'J~ L~n6Jl'::L3J~1'1-'Ja~L 'YJ~ ~\ILU'U~1~1JL ~~n uamnniim1 
~ 

1i'YJ a ~L orJ ~~13JnULLEJ ~~afun-;J::~ J:-J~L~3Jnu L"liun11 1-Kl "UL da~3Ju~~1m'lni1 EJ\lnun1d' 
'II 

EleJnGfn~i"U"llEl\IL"llaJ'UL~ 351u ~Elrn~nii 4 El\lf'!1L6Jl'~Ltnv~ 
~ 'II 

~11"~1\1 ')~n~11 m'ii1iJ:-J~~1 UL itEJu~L ttEJ\l-;J1n ~13J1'ltln'l::"il1 v<il1 1.~~1 1 U"J.Jrn::~ 
L da~Luwiu 'J iiJ:-J&nt'ew 

md'U11"-;J 1 U1J1d'Vln11'!L u 1~d'L-;JULL~::~1fu e:m t~ a an L6Jl'~ LL1J1J~runnn11'1 113.1~\1 
q Ill Ql Ill 

m'l~3J1"U1J11V1n11'f~L1liiEJantfiL"ilU ".rl1v~~ WOF L'ULrl\11\1 Lita'V13JLL~::J:-J~~.rlm6fi'~3J~~1U 
'II 'II 

nld'~\1~11 
~ 

~~ ~n rn't1"U3J LL~::tJ ~1 l."lJ aJU~\ln ~ fl113JL 1 ~a nld' Ln~ a antfiL~"lfuL "li"UtlU nld'Lfl rl ElU ~ 
'II 

"ll eJ\l'Yl a.J LL~\1 L "ll1 fffl'i3J1::~11.Jm 1Du~11111nn1::~utlijn1m EJ EJntfiL~i"U rh 1 ~di~n ~u ~u 
'II q 

u ~ L ~ a'lii ~ ffijyJ a ~yJ a ~tl~ ~L1l~ 3J ~1 a ci 3J1n 1 ~ mu '!All:: phosphatidylethanolamine ~" 
'II 

~13J1d'tl11 3J <il1nu L~'VI:: 1 u prooxidative LL~ ::n1d'~ ~11L :n-..1'11 au"ll EJ\IL ~~:nu'YJ eJ bi''YJ a ~tJ ~~ 
~1'VIU1J1n1JL"llaJU 'Yl11 iLn~ Lfl1~1L 'IAl afEJ an L6Jl'~"ll a\IL"llaJ'U t~ 
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_,...~ ·' _,......... !3 ... 
3.7.2 fl1'i'LuiUI'l·ULua\I;"J1flu!)fl'HI1»1L~3J 

tl1in1r.n:a1 L~iiii ~1 L '1Ml"il1nLtl'U. L'l1~J ~ tlf:\.1, 'VIfl ii LL "lh uun"iln11~"1J tl\1 L tl 'U, L'l13.11 'U.tli'V\11 
:;..) ~ ~ \) 

~--.m 1 'VI nl"il::i1 LL'iinii"lim.Jm 1-u. L"liu LEJu L'D'a.il ui~fL~El~LfjutJi'ui11~1 EJ\Ib~e:mm11 ii~1 1 u 
~ , \) 

A VI~ ~~ ,.J A IIIII IV~ 
U~1~El~ fl"ilfl'n·3J"l!EhHEl'U. b'l13.1 L~LU~L'I"l3.1"1J'U.,~\I~~'Yltlnt'VIfl3.1- 4 El\1"'1b'l1~L'l1t.l~ bb~::EJ~71L'd1 

\) , ~ \) 

d - ~ ~~~\I'Yl Elnt.'V\113.1 0 El\1"'1b'l1fH'l1t.l~ 
~ \) 

~~~~ij ~1'U.th::n EllJ"ll tl\IL ~~ LL~:"Ji·n1 'l"l~'VI11U51LnU~ 15 tl\1"'1L'l1~ Lsrrt.J ~ 'l"llJn1'd 
.... I I "" 

Ln~ A"tbm ~ 1 u"li111 'l"l~'VI11'U. 51 LfilJ'n tint. 'V\11 ii~1 2 El\1"'1 L'Il~ Lsrrt.J ~ Ln~A"U1~1 ~"il1nL v:~ , \) 

LiJut:-~~m"il1n aru.'VI11 ii1 um7Lnui'mY1 ~\1~1.~!ii am t.~n17Lfiufmy1"1J EJ\1 ~~~ , \) , 
VJ 6' "' ' • I :;fl "' .ol Viti"' .ol ' V) ~ • I LEl'U. L'Il3.1El1"il3.1Elt.J'iil1flfl11u'U.LuEl'U."il'lflEl1'VI17"15'U.~'VI'U.-\I b tlfl'VI'U.\1 L"lf'U. LEl'U. b'Il~ b~Lu~ 

\) 

"il1 n'l"l1n'VI11'U. ~i,a]~~ ~1n Lri ElU 1m LLtii\I'VI'Il''lW'D''Il1 Lri El El tJL 'U.~1111::L 'VIm:: ~3.1 iiL~-:i L El:ft~n~ 
\) 

L'D'El'dEl~ (triacylglycerol) ih:1Vt'n~u~u 
t,l I I "" I 

~\I U'U, fl1'dL ~~ t.l3.1 El1'V11'd L w Eltl 13.11 L n lJ .y; El rn 'V\11 ii LL "JiL fl 'U, ~~ L iJ 'U,~ El \1 ii-llu~ tl 'U.L w El 
~ \) 

iJEJ\Inun"iln173J"llEl\ILElu1sna.i' i1e:~~1\l L"llu m1~1mrn 

..I "" ..I 3. 7.3 n1'ntla u"Uutla\I;J1 nn1"iLG-la il'WYI'!I £h111il\l L Ma1(Migration) 

El1'VI1'dLL"liL fl uiinTH tJ~ £..1 'U.LLU ~\I ~n~nt::U'd1 fl ?J"il1flfl11L~ ~ tl'U. ~"ll tl-\1"1! El\1 L 'VI ~1~ L U'U. 
ff1utl-:i:n e:~u L ".du ~~ ~~ii ff1 utl1:n au'l"l·m m t.1 El-\1 L u~ n1-:iLtl~ £.JULLtl ~\I~ nt.111'1"l Lilun11 

~ 

LU~ t.I'U.LLU ~\I'Yl1\IU'd:~1'Yl i3.1 ~~ "il1flfl11fl"l"::"il1 £..1 LL~::fl1'dLL 'l"l'h::'VIl1\l 3.11 £..1 El\1 L 'U.~LL~::~n ii 
~n~rn::tl11n!J1~ 111£.J1u 6 -E'113.1\I'VI~\In1'd~~3.1 n::'VI~1tl~~~.nuJ13Tu"il1nm£.JEl\ILU~LL~:: 

'II 

n1'dL~ ~ El'U. ~"ll EJ\Itt1"il1nn::'VI ~~ti~LUtl\1111 £.Jel\l L 'U.~ Yh 1 Yt'111 £.1 El\1 L u~ii~ n~ru.:: L 'VI ~1 LL~::L1J 
L~~EllJ 1 WlJ rn::~n::'VI ~1U~"il:: 1~ 'U.Elfl"il1nifn11L~~El'U. ~"lJ El\IJ11 'U.LL'I!UCii'i"nih 1 ~Ln~ ~n~ru:: 
LLU:: "113J:ffu~3J"il1nLffl.ti5-\1"1J'U,3JU\I L-rl'U.L~ rnnu~a~nrn..nLULnEl1 L-rlu Y-11£.1 W'll''ll'1 n1'd 

L~~ El'U. ~"ll El\1,1'1';]1 n Li"ll'U.113Jl~Ltl~ e:m.Yh 1 Vt'l.n~~n~ru.::u~ LL~::LLU:: 

r - Q..l ~ 3. 7.4 fl1"i"itLMU'U1;'J1fl ~aGltulL'Yiil1'V11"i 

El1'VI11LL ".dLflu ~L1J iii ~~V: El~3.1 El1 £.Jn1-:i"L fiufn ~1"1! El\1 eJ1'V117"il::Lfun11 El1'VI1'dLL -rlL flu~ 
~ q , 

ii1~~V:El~11Elr.l1\1Lv;'U.L~i'~ L-rlu 6 i'1111\l nu 2- 3 1-u. ';J'U.ii\litl~1~ ~1L'VI~~El n11~IULA'£J 
'\ q 1 'lJCII 

J1 L rtEJ\I';J1flfl117::b 'VI £.1 ih 1Yt'~ru LA'£JJ1'V1Ufl an~rn::t111fl11bL~::A'~~TVI'Il'1LU~£.l'U. n11~ru LA' £.I 
CU"' r.J \JOI 

J1'VIumnn~1'V1'1l'1"1l EJ\1 m'VI17~i.1li.~V: aitunu ti~11nTn:: L 'VI t.~JT"1n ~1'VIu1 LL~:: t1~11n11 
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LL W~"lJ e:J~T111~:fi''l-t~1n111 £.~1 'l-t~~ ~nru.sn e:l fl.I.'I-W ii f11l~:fi'u~~~'¥1TI bbf·l::TI11~L 11"1Je:l~ enm~ 
q 'II 

Lll'l-ttf~~ £J~ij ~~~ anTH~nJL~mt1 
'II "' 

e) ~·nnTHHlJ L~£.1 J1"1J e:l-1~n LL~::~ ~ laJ~ L fiufmyl;}Url'IJTI1l~ LL~n ~1-11::'V! --,h~ Tl1l ~~U 
'II "' 

le:l,fl"lJe:l-1~~~nru.snLL~::mm~ LW::f111~b 11"1Je:l-1e:lln1~L 'VIUe:l ~~ ~nru.sn nl1~nJ L;£.1Till~:fi'u 
'II "' 

5 % 't111~~nLL~::~~laJL~£.11 

n11Ln'IJEll'V111~ Elfl.I.'V111ii ~ll3JL~·lh £Jfl~m £J"lJEl~ e:l1'V111l~L~11 e:JLUL~ fJ LU Wl:: 1 un1m 
, 'II q 

~c.rtl1iu&i13Ja:iwn1!f f111~L"lilh L~~.nnurr1':i~·Jn&i"lla~m'VI11 ijnl-:itl~u1i~13Jnm1a~ 13-1 
'II :;w 'II 'IJ 

L 'VIlll::~~ LL 'YlU ~~::"lh £J"lf::~ e:JLL~::fl~ Ell fJ n11Ln'I.Jfn 'IY1 n tu~::'tl11 ~L fi ~ f11111 L ;fJ'VI1 £JLL ~::L ~~ , 
1 ~L~e:Jllf1 ru.111wL 11iJu 1~ £J a1~rh 1 ~Ln~tn"~Yru.::tl~tln &liJunu m'V111~Lf1u~ EJ ru.'VInii ~11~ 

q q 'II 

(Cold shortening) 

.:' Q...t (' 0.,... 1 A ~ Q..oo ~ .A 1 A fS' &'A • al A 

LUe:J~~1'VI~~m1'J.J1~::m~m1Ln1~~1 '¥1L':i£Jn11 1ne:11 ~El1'¥1~ (ngor mortis) 'll'~Ln~ 

~1nm11111~-n::w·h~ 1tl1~ULLan&iunuL111a~uLlluLLan 1~ L111a~u LL~~1m1mL£JnaEJnL~ 

1~ £.~1iwt~-11U~iJEJci1 UL dEJ~~f tl1tbL da~~11ULL"liL~U YlU'tl~Gl~'J.h L~ £J~L dmtuv~hJ~lU 
'II 

I A fS' 6"A A A. I( 6"'A. ~ A ~ VI I 6' A .... A .J" A 
"1!1~1nm· 1le:J1'¥1~ 'VI1EJ1nm 11EJ1'¥1~£J~Ln~"lJu L~~~u1m m1Ln1~~1~::m~mn"lJULUe:J-1~ln 

'II 

LLTI~ L tfir.J llLEl e:l EJU ~ LD'l-t~1 n1::~u 1 ~L n~ bbeln 1~ L~ 1a~unntl~ El £J e:l anm ~1niJu ~El fl.I.'VI11ii~1 
q 'II q 'II 

~~Ju~aru'VInii~lL da~~f~::Ln~m1'VI~~1mn~fu L~£Jntl11n11n-nrud11 Cold shortening 
q 'II :;w 

d Ad. ~ Q,o, A ~ ~ .::1 A ~ 1 Ql A 

'¥1Elfl.I.'VI1l11£J~mfl11'V1~~1Ln~':i'IUL1MN"lJ'l-t '¥1Elfl.I.'Vi1l~~1n11 3 eN~lL'll'~b'll'r.J~ \ij:;Ln~m':i'VI~ 
q 'II q q 'II 

"" ' ~ "" "' • I ..-.J' t, '1 "" "'~I .f ,... <t .f 
~1mnn1TYle:lnt'VI1l11 11 Eh'l~1L'll'~L'll'r.J~ u1ln11n11fl.I.'UW'IJ'Yl~ bU~~1un b 'l-te:l~~1 LL~::LUEJ 

q 'II ~ 

t1~1 LL~thulL da~~fltlLL"liLliEJmLii~~wYiV~t~'Lh rn1m1"~1~::'VI r.J~ LL~::L~EJtbL dmfu 1ti'Yh 
q 

~::~1 u m1m1~~1~::L~~ Ln~;Ju 1 'VI3J L~r.Jntl11n~m1ruU11 Thaw rigor 

fl11'VI~~1L rte:~~~1mn1~Lfiu uEJmnn~::'Yh 1 ~L da L wil£J1L~atb hJV1~~~u~1 tr~'t111 ~ 
q 

f111 ~ ~1 ~1 1n 1 un118 ~J1 ~1 ii"ll a~ L 'VI~ 1 LL£J n ~1 a a n111 n L dEJ ~~{ ~1 n "lJ v\l L 'VI ~1 L 'VI ~1 dii 
q 

~11EJ1'VI11~ L 'VI m::~1V11'un11L ~1ru"ll a~~ ~'1-j, '¥1~6 ~" Li:J'l-tan ~1 L V~~'VI it" ~'1'111 ~ EJ1 r.Jn11Ln u 
~ q q q 

FD323 77 



nTm1::~U'l11n 1~tJ1"l!n1::m~1vJv:l1"1hmLntfruvn Cold shortening L~ 1~tJhJd..:~1~ 
q .. 

... .. ...... ... ~..r.o~ ... 
m::1rmm11nm 3Ja1'Ylff Ln~L11"JJU'YlEJru.vm1lff\l 

q 'IJ 'IJ 

(Chilling injury, Low temperature injury, Cold injury) 

~ A ~ .:=1 A ~ A A. ~ &1 ~ I A~ 0 """ d A t. 
1ElUL3J ElL nl.J'Yl a ru, ~113JW11L ~'\.loa~~ LEJ an LL "JJ\I'Y1~1n11 El ni.~113J'Yl L ~ 111!ffll ff1~ 11Jv-l"ll'"ll'UW!U U ~:; 

q 'IJ q q 'IJ 

Ln~im~ru.::~~un~'Yl1\lff11::~L1£Jn11 mnTlff::'ti1u~u11 (Chilling injury) 

im~ru.:~~un&i~Ln~~w~::LL~nc;h..lnu1u ~unu "ll'il.~"JJEI\I~"ll' L"liu Ln~1EltJU11~~1 
q 

(Pitting) Ltia\1~1nL6J1~~1J1\1~1U~qJL~mf1 thL~~1~1UUEln~~LLiJ\Ibbt'1::~U1nl1~1~1ULU 
v-~u3J1n 1 u 11::3J1..:~ a::L1m 1~ v-~1n i111a LL~:~11::uTl i~ ~1~~un~3Tmn~nu ~mL~::r.J t'1 11i~ii 
~11J1..1 L"liu ll::L~EJL'Yifl LL~:: bell pepper n11ffn~~un&iv-~u1u ll::L;im'Ylfl LL~\1 LL~::n~-w 

q 

u amn nd'rT..:~ a1 ~ L n ~in !Yru.:: ~ ~ tJ n ~ ~u 'J L "li'u n11L iEJ1ff"lf1&i"JJ El\1 r.J ~ 11iu1\l"ll'il.~ ~1111 
Lth.J~l u"JJ El\11~,-., ff11'11~\1Ln~ 1~-#"111 tJL uLLt'1 ::fll £Juan th 1 ~1 1~ a m1L u1LiEJ L tiEJ'Illill n 

~~u'Yl16~tJuLtfaumlil1nm1LnuL~V1 
q 

..... A ~ '1 tt ,:J Q,; VI "~ ..... """ A 

fnn11ff!'Yl1U~U11El1lil Ln~"JJU111 tl LU1::tt::Ld~1ffU 6) 'Y1 f.lnLLt'1!f.J~ L1lff11 f.lffnU ~ ni.~1Jll 
~ I A.J ~A -1" ._.. ~0 ... f¥ ".J A 

~1n11 a ru. ~mJ'Yl L ~ m::.:ff11 ~1El L n~"JJU111 tm ~\llil1n'Ylu 1 El Elnlil1n~ e:J\1 wu111 LnU'Yle:J ru. ~fl3J 
q 'IJ q 'IJ 

un~ LUn1rn~i\IUmn~am1i\ILn~ El~l..:Jhfi~1lla1m1ff::'ti1u~u11lil::Ln~;tuL71~'iai'1 

' ' d 1 A A ..... ,=:( AI ..... A Q -=I A 

v-l"ll'LL~~::"ll'U~ Ln~El1n11ff::.:'Yl1U ~UTl'Yl ~ru, ~lJll~l\16) nu Ul-\l"ll'U~lil:: Ln~'Yl ~ ni.~1Jll 

ff\1 L"liu n~1tlU1\IvrunLn~e:J1n11ff::tl1U~Wn~Elru.~11~ 14.4 a\lf!1L'll"t'1L6fitlff LL~f.l~L1i'U1\I 
'IJ q q 'IJ 

"Jfil.~ ff11111fl'YlUaru.~fl~~lL~~ L "liu LLmJL1J~lil::Ln~El1 nTlff::.:tllU~U11~ 1 El\lfllL'll"~L~tlff 
q 'IJ 

oW"JfUl\1 "Jfil.~ tll b fi 1J ~ El ru.~fl ij ~l n11 a ru,~ 11 Sj ~ b ~ 111::.: ffllU 1 UL nu LU n11ffn";J:: ~ ~un ~ 
q 'IJ q 'IJ q 

1l::Liim'YlfliLihnLfiu~ 1 - 2 e:t-\lfllL'll"~L~tJA" d:Jun~1 2- 3 1u Ldau1ae:tnlU1noXa\ILflun 

";J:;LllLU~ !JULUU~LL~\1 umJLtJ~l.J1\IoWUTitl1 diu~ aru.~11~~1n11 4 El-\lfll L'l1m~EJff n11ffn";J:: 
q q 'IJ q 

Ln~;tu 13Jff3JU1rn 3Tuf.J~\IU1\IoW'uiLd mfiu~ aru. ~11~~1n11 4.4 e:t-\lfll L'l1~L~rJ ffL~ntl'EJ EJ Li!a 
'IJ q • 'IJ 
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111 rJL Ulil::Ltl~£JULUU;J'1~1~ LL~::iJtl'13J1nt,J'1m~L ~3J~U~1 rJ ~.:~JunTn fiu1m~n ~n LL~:: 
I'.J ~ L!J~11L rl'UL 'VI'UEJ El nt, Vl11 iiinq ~ (El nt,VI11 ii ~1 ff~~Lairh L '!XL n~wn 3J Lff£JVI1 £J )'ll EJ.:J ~ n LL~:: 

~ 'IJ ~ 'IJ ~ 

I'.J~L~Wi\fl::"lfit~ LLL'f~.:JLU~111.:J~ 3.8 

,. am!!tm:::YI1\JW'Utin'i"aJ • 
' ' 4 Ai.cli!A 0 A I Q..o A CV 4(" 1 Q,.t 1 .... 

Vj"lf'Y13J t1 un1 L u~ ~1-:~nu. VI1EJ t'f1 rJWun-~1-:~nu ~U::~ au t'fU.fl.:J ~a EJ1n11ff:::'Y11U. VI u 11 • 
I Q.,l A A ... A. A "' A 1.1 I ,::i A I A 

~1.:~ nu Vj"lfL3J EJ .:J1EJU. VI1EJn .:J1El u~::: L n 'il m nT!ff::: 'Y11U VI u 113,11nn11 LL~:::'Yl a rn 'VI113J t'f.:Jn11Vj"lf 
~ 'IJ 'IJ 

"' L3JEI.:JVIU11 

ff3J imL3JU~n7u 'Y1 u EJ m Vl11ii ~1 '1. ~~wh 3J ::u 11 ff3J t a t 'il v ff3J i3J LLmj,~l17u 
• 'IJ 

ff13J11mfiu~EJnt,VI11ii 1 - 2 El.:J~'WlffWUVff l'iiEJLaiLn'il~m~rn:::~'iltln~~th LL~3J:::U11 ff3J lEJ 
q 'IJ 

~ a.:~Lnu~ amVI11ii 1 o EJ-\1~1L'lf~ L~E.Jff ~.:~~D:::"li1 E.Jm'il m E.Jn11Lnui'm~1 '1.~ a ~1-:~hfim3J~3J~1" 
q 'IJ q 

ff1vwu.rrnunil~113JL11iiam1Ln'ilmm1t'f:::'t11u'VIU11LL~n~1-:~nu (Cansas & Cunat, 1990) • 
fl. L1il1 

oW"lfLLiii ~:::"lfit'il~:::ii ~113JL1!ii El El rn Vl11 ij ~1 LL'iln ~1.:1 n U LL~ :::L n 'i1 ~n~m:::~~tln ~ L~ El LnlJ 
q 'IJ 

7'n~1~ EJUI,V111ii~1n11 flni,V111ii1nq'il111 rJL U1:::£J:::L1fl11ii1.:J 61 nu ~.:~d n sr1 £J 12 ..a-1 l3J.:J 
• 'IJ , 'IJ J 

3J::LiiEJL'Yl~ 9- 12lU ~"lf~1:::n~~3J 2- 3 L~tlU 
'IJ 

I I 

'i. ~113JLLntHl'U 

r.J ~ '1.!1~ ~n~:::ilTI113J ~1u. 'Y11ulii EJ e:nn11ff::'ti'1u. VI u 11 '1.~~ n 11 j:.J ~ '1.!1~ rT.:~ '1.11 ffn L "liu 
~ ~ 

3J::L ij tl L 'Yl~;L ij £J1~LLfi~:::L1~ El El ni,V111ii~1LL~:::Ln~ enm-:~~::'t11WVIU11 L~~1 £Jnl13J::L i'j Elt 'Yl~~ 
• 'IJ 

t'fn ff3JffL VI~ a-:~~::~1U'Y11U~EJ EJ1n11ff:::li1UVIU11 '1.~~n11i3Jlh ~v1 • ... 
11. el11171n17tnutauu1 

'IJ ., 

er~11n11t'fru L;v-n El.:J ~n LL~:::r.J~ 't!iii~'YlTIW~ 1 un11n1::~un11Ln'il~n~rn:::~'il tln~ 
'IJ "' • 

LL~n~1-:~nu'1.tlm:u"lfil'il-nEJ.:JW"lf 

tl. EJ\JAth::m:nJ'IIeNu,.,-u,n,~rf'l,rLnu 

m '!LU~ EJULLU ~.:J El'l flU1:::nmJ'll eH1J11£J1n1~~1 i\fiu l~ E.Jn11LU~ £J ULLU~'ltl'13J1 rn 

emn'BL ~uufl:::mfu au '1.~ eH:m L'lf~ iir.J ~Iii EJnTnn~ EJ1n11ff::'t11uVIu11LL'iln lii1-:~nu LL!ii rT-:~'1.11 

ff1:lJ11tlffd'tlr.J~~LL uuauLL~:::i'~L~DUL~ L "liu 1111mm~~iimfuEJUL~m.m L'lf~ff'l ~:::"li1 EJ~~ 
, 'IJ 

n11Lfl~El1n1d'~:::'t11WI~U111 U3J:::111'1LL~:::EJ11m l~ LL~1 U.1J1.:Jn'!rn~:::rh 1 ,.;-EJ1n1d'd'ULL1'lri.:J~U • 
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.. 
aJ:::L~e:J 

L~3Je:J\t 

aJ:::U1'd 

aJ::a.h-'l 

LL~h'l taJ 

....... ..... A tl A..! A ..... 

~ m VI~ aJ 'l 11 q VI a 11 "M-m:: r.1 c;~ 11 vt n L 11 c;~ '21 ~ 

( 0'11') 

12-13 

7 

7 

14 

7-9 

10- 13 

4 

" LL~t"li1 

Lllian~~h 
... 

~11.U'!.l.1El£JUll "li1LL~:::LU1L~£J 
q ... 

~1~tlw'je:JE.J"li1 
... 

~11.tl'\.l. "je:J E.Jtill'-''1e:J1a E.J"li1 
q 

~h•U'!.l.1eHJUll .ff1LL~::LU1L~r.J 
q 

~11LU'!.l.~1~L'Yl1'J LL~::L3JG(n 
q 

~11•U'!.l. 1El £Jtili"''1EJ"je:J £J.ff1 n ~u. 1"L3J~ 
q 

7 ~1LUWle:JE.JtiaJ'-'1m-a£J.ff1 l3J"n n~u.1" ~~lln~ 

~ull:::1~ 

~'"~~" 

"' .. "3J L ~ r..n Vl'"J1 U 

7-10 

3 

13 

13 

7-10 

3 

~3J1 : ~~LLU~\I~ln Fellow (1990) 

q q 

" ~1:n~f1~1 m1f(n~~lln~ 1tf751~L3J~ 
q 

A .t :"' d -:. .¥ 
Lnli!1f('!.l.1~1~ LL~:::3Jf1113J'-'11U.L WaJ~'!.l. 

.f I ~ 
LU.SJU.13J lJ13J'!.l.1 

... 
~1 LU'!.l. "jEJ E.JUli'-''1El1tl E.J"li1 

q 

m1'-'~m~ £J\InT'jLn~ mnTH~:::'I'i1\m u.11 ~a L3J L fiu trmL~:::~~ l3T~ eJ m"'nij~~1n--h 
q 'll 

Elni.'VIJlijinfj(jl LL~~\I~L~mh1 m LL~'l 1 U.(jl El'!.l.~U.Elnl.'-'11ij~l"li1 E.J~~ eJ(jl1ln11'-'1 £J1~ m1m £J 
q 'll q 'll 

J1LL~d1r.~fl~ en£Jm1Lnu¥nM1 'ltni'Yl £J1fl1 "(jlfl~w m £J13J'-'1i~m1~~f111aJ1U.LL1-J~eJ\Im1 
q q 

Ln~e:nm1":::'t11U.WI-l.11L~£J1~~1\I') (Cansas & Cunat, 1990) ~\ld 1) LihJ~Elni.'-'JliiL'-'llB 
q 'll 

AA ~ ~ t A VI .... 4 0 " ..., ..., .... 

~ nl. VI1.Jll1 n fl (jJ L~ n'!.l.eJ £J (jJ £JL nu L 11::: £J::: L 1 ~1 '-' '\.l.\I';I:::'Yl1 b '-' LL(jl\ln11 LL~ :::n ~1 £J (jl1'\.l. 'Yl1'!.l.fl1n11 

":::'l'ilU'-'U.l1 L~ 2) n11L ~3J El nl.'-'11 ij1 U 'li:::W:l1\ln11Lnu1 ~ f(\l;tU.LU\t 1::: £J::: ') "111 £J~~ t11n11 
q 'll 'll 

":::'l'i1'!.m'!.l.111 u.LLElll Ltl~ LL~:::~~ l3T~~ LaJ~~LLil\1 1 u.iaJ te1~ Lnu~ 4.4 eJ\1{111L'lliilL6ifr.~" Luu.L 1~1 
8 ~U~1 ,.;' tl1 n1::: ~U. L~ F.Jn11L ~ 3J e1 n1. '-'niih~' "\l;t\tL U U 21.1 e:J\1 fi11 L'll~ L6if £J" 'Yl n ~1..1~1,.{ 

q q 'll 'll q 
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3) nTanu1 uffnTI~u~~mml'f~~ LL1h~ij mfu em i.~ eJ eJn L'lr~ ffn::£J::~ rt_, ri eJU umn Lnu~ 
'IJ 

eJrn~n ij ~11 ii.lii'e.J ~ ~1 un~rn"IJ eJ\1 ~:JJ 1 eJ i:JJ eJ::1 '".Jn11~ ~'11 bL~1 uu1\!n1~'Yl~ ~ eJ..:J 1 ie.J ~~ 
q 'IJ 

Q..o t.l ...... d A 1.1 .t t;'.:.I.A Q..oQ..O~ 
"ll~ LLtl\1 nu f1 eJ L n ~ eJ1 n1~ff::'Yl1U ~ U11~ULL ~\!"lJU-,:)1 n fl11:JJ LflU'YI L n ~-,:)1 n n1~ff:JJ e.J ffnU • 
mm"frL-,:)U~1 mfu eJu i.~ eJ eJn L'lr~ff..:J 4) ueJmn n.Um~ 1 iff1~Lf'lnnLiJu1n~n'lh::~'YI'frn1V~1 u 

'IJ 

~'l!U1\!'l!it~ L "11u m~t iLeJ'YI11 u~1iiunu L:JJ~~~ufi:JJ::L :n m '1'11'1 -,:)::"111 tJ s:~~f111:JJL~£J~1 tJ~ Ln~ , 
ifunueJ\!~lh::neJU"lleJ\!L'lr~~~m1u1nrnmt..:JL':lrs:~~ m~1iff1~UEJ\!num~Ln~eJEJn~L~iu L"11u 

'IJ 

ethoxyquin 1'1JL~ tl:IJL UU 1'1rLeJ'Yl L~YJitmEJijU Lb~::tnY\ L ~'YlleJ~~eJnsn1 '1'1 ~flU nu LL~\!n11 LL~:: 
'IJ 

bell pepper n1~bf'l~au~1e.J~hY~1mnn'lf ~1ml1~Uriemn1~LL"J1L~u -,:)::"J11tJUEl..:Jnum~ 
f{fil b~£Jtl1 LL~::~~'l.J1m ma eJntfr b"ilU m~L&i :JJ L1'11U El\1 nuL :!El'd1 b -nu bU u 1 UB1~'1El i. 'YI EJ:: b uu 
'IJ "' 

m 1'1r1~\! i.'l.Jt uL1'1~~1 iLf'l~ eJu ~1 e.J~ 'laY LL~in~~~ ff~~-,:)::"111 tJ mi'iJ ru~1n1~1.n~ enm~ff::'Yl1u 
q "' 

W\.t11 n~ El m~~~LbD~\!'Yl1\!~Ulln~~:JJ L ~Ell ivhntUff1:JJ1~fl<il1WY11Un1~bfl~ Enn1~ff::'Yi'1U • 
~U11 

El1~1~ti'1 ") lD"il::ijEl1£Jn1~Lnui'n1Y1~ Elnt~Jlij LL "J1LflU£J11U1Un'"h~ Elnt ~Jlii~ e:J\1 LL~ 
• , 'IJ • 'IJ 

El1~1~~ij &hull~::n eJU"lle:J\1 LLU..:J"il::n~n1Yrn::~~_,nu-li1:JJ "IJU:JJU\1 1~ £J'l.Jn&i"il::Lnu'l<il2 1u LL~n1 
~.a: A~ .J" ~ t,.l I d d ~~ ~ d ,dl 

bnU'Yle:Jnt'VIJl:JJm LUEJ"il::LL"ll\1 n~::~1\! LLUU Lb~:::JJf111:1JL'VIU£J1L'W:JJ"lJU n~U~ff'Ylbbff~\!fl\!f'l11:JJ 
q 'IJ 

1mJn~::ff~"llEJ\!"llU:JJU\!"il::~1£JLU ~1:JJ~\!Ln~nriueru "l itu ~n1Yrn::L"11url'L'1rm11 "Staling" 
.. f4td A A .c::t ,.¥ ~.J"o,... ~ 

"lJU:JJu\!L:JJEleJnt~Jl:JJ~~~\!"il1n 32 fl\1 0 El\!1'11L':lrm':lr£Jff f111:JJLLUULUeJ"il::L'W:JJ"lJU~\!Jl1VI'Yl 3.2 
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q 'IJ 

250 

'i 

·~ i 200 
;:S .... 

·;:t • - . ... v 
;:; .. 
('" ~ 

r ~ 150 
G: ail 

.s 

100~-----------------------------------------
20 40 '0 80 100 

~fll'ti'QJh0w) 

n1rtrl 3.2 e.J~"ll EJ..:Je:Jrn~nii~ Elf111 :JJLL uuL da"ll Eh'l"llU:JJU\1 
q 'IJ 

.,I 
'Yl:IJ1 : Fennema (1975) 
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m·wiu1 '\.l,ti'J'Jr.nm~~~ LLlh~i:lmfuem i.~ e:J e:~n i.sn~-rl1 m~~~~'J'lnTnn~ staling 

(Cansas & Cunat, 1990) 

'!!ni·rn..n~tn~~fvHJ1£n1lfin'M1ti·m~i.mm-1n1'JLn~ staling LL~::i1f1113JL~'\.l,~e:J~f'l~e:J.,'j 

n'\.1, -h m'JLu~ r.mm.J~.,'Jfl113JLL '1-i '\.l,L~ r.ni e:~~ln't.JuDn1t.~Tn1.,'l Lf'li:l LL~::m t.~n'l'Y-l"JJ eJ.,'j EJ.,'j ~u1::n EJu 

"lJ eJ.,'JLLU.,'J ~Tu.1 VI qjL ttEJ.,'J3J1~1n~l'\.l,"lJ El.,'l e:~di1~Lwnfh.!.LL~::e:J1~'Jl3Jti.,'J tu'J~'\.l,LU.LLU.,'J~1 t.1 
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