
I 
~ 

UYifl 4 

nTHl'l·Ul3Je:J1ViT~l~llnT'a~~ttt11e:J~AU7:::ne:J1J1J71ll1n1~ 

(Food Preservation by Modified Atmosphere) 

'V\~,nnn~ ~1UU'V1ULL~1 un~ntt1~11'V1111JLL~~LOJJ1 h11 U~..l~El LUU 

• 'VI~nm1tlUEJ:IJEJ1'V111 t~ rm11i~ LLU1e:J..l~U1~ne:Ju"l.l e:J..11J11tnm~ 

• ~11:1JLL~n~1..11~W'J1..1n11Lfl1JEl1'V\11LL1J1J CAS MAS LL~~ MAP 

• n11U1~£m~1"1fnue:J1'V\11~~eJ:IJU1\ILL~~'V>j~e:JaJU11n~ 
q q 

0 

4.1 U'Yl\.1,1 

n111l~u u11m n1~ Ltl u inn11n Ue:J:IJ e:J1'V111~~~m1 u:mu 1U:IJ1 n n-J1 'VI rt" f>'f~111~ 
'IJ 

i.~~U~11:1JUEJ:IJ:!Jln 1 u1J~1 tJf>'f~111~~ 20 L tie:J\1~1n~1 m1n"ll'::~ eln11L~e:J:!Jf1nunwrn" Lf1 ~ 
q 

nTa '<il'1nJ"ll eJ..l'<il ~u 'Yl'i~~'Yll1 iL tb L~tJL~~n11n11Lnu~n~11 uu11tnn1~1Jn~ m1Lnu~n~1 
" q 

1 uu11tn mf>'flln~ LL~~ mu 'VIllii ~1 L "lfu n11LL"lfd1u nl1L~EJ:!Jf1ntlll~ ir"~"Ln~itu~1 nn1'J 
q 'IJ q 

'V\1 tJ 1'<il 'l imm:ftL~ULL~:::u ~ EJ tlf1Tf1Je:J'U i.~ EJ Eln L6!f~ n~i.nm1~n L:IJLL "(11J EJ~:n:IJ 1J nn'1£J1'Yl1..1 

~1L~~ LL~::n11L'<il1nJ"l.JEJ\I~~U'Yl1~~'Yll1 iL U1 L~tl£J\I~\1~1L uu~ EJLU n11U~1J1J11£nn1f>'f"lf1 tJ 
.. q 

~n~1f1 rnn1~ LL~::m tJm1Lnu~ntt1"l.JEJ\I El1'VI111 i m1u1uitu t ~ tJm1~~mm rn"l.l e:J\1 EJ EJn~L '<ilU 
q q 

LL~:::/'V11m ~:IJU~:IJl rnmfu EJU i,~ eHJn L6!f~ rh 1'\X rJ~11n11'V11 tJ L'<il~El\1 L ii'mm El ~~ ~1~\1 f111Jfl:IJ 
q 

U nn'1tl1'V11\I L~ ~ LL~ :::~1 L~ii L~\ui "11'::: ~ Eln11~n n1'~~U n11L~El :IJ L~tJ"l.J El\I~UI'i'1n11L n~~'i 
'<il1nbL:IJ~" 11:1JrY\I'<il~U'Yl'iu~~EJ\Im1mmf>'fi.3-l~1:1J11nL'<il'1rui.~ eJ1'VI11n~~iimtJnTnnu~n~1 

q .. q 

tn1U1ttn11m1Lnu1uu·rnnmf>'flln~~ EJrn'VInih~r.nnu (111111\1~ 4.1) 'Yl11iiim,-tt1m1i 
q 'IJ 

L ~:IJ:IJ1nituL~e:J £J 6) 1 Un11n!il e:J1 £Jn11b n u-ln ~1LL~:: ~ ntll1~"l.J f) \I ~n (:.1 ~ LaJ'V\ ~\ln11b nub~ tJ1 
q q 

1::::'V111\Inl1"l.lu&f" m1tnu-ln~1 LL~:::m111\I-;Jl'VIU1tJ 11:1J~\IEJ1'VI11'W~eJ:IJ111" -w~EJ:JJu11n~ 
q 

~" dJUe:Jl'V111~L~~u~11:1JUf.J :IJ"l.l EJ\1 ~u11n~ 1 uu~'<ilUU L rtEJ\1';11 niii n11~1 Lit u:ni ~"l.l e:J\1 
'IJ q 

FD323 83 



1h~-n1"11U 1 u«\1 mJLii e:J \1 LU~ rJULLU ~" i.~ ~u~Tn fl ~ e:J\1 n11e:11~1"~ 1 u 1u uuu~ ~~ ~:: e:11 ~ 
~ ~ 

~~~1m1e:Jm7u~1ml Gl~.ffu~au~~e:JL1Gl1~L;tJi.u1um7L~1mJ LL&:l~1wnm::L~rr:n1u~e:J\Iiienu , 

.,. .... 
L UEJ11 4 12 

J' L uem3J 4 9 
~ 

J' i. ' L"Ue:J n 6 18 

J' 
LUe:JU~1 2 10 

"1JU3JU\1 1 
7 21 

"' .. ;: LntJ'Yl!lru~n~hJ'rHnm!'f 
' " 

~m : Blackistone (1998) 

~~~.n m'l1B1~11~i'tJ3JU1.J ~i'e:J~u~Tn~ ~mL~::~Gl hr~~~c.l1un1::u1un11L ~tJ\1 , 
L~m!e:w L"liu m1~1" t1Bmu~tln ~~LL~\1 !LL~::~u iie:J1rJm·nfiu7nM1iu3J1n LL~~e:Jm~nil , , ~ 

LL"lhflu L rte:J\I-;J1nn,-~u1unTn~1mJttu i.tt.Jn1~~u~~tl L i\luljn~rJ1 m7Yi1.J1U"lltl\l LEJu i.snaf 

lJ1iffimL~ii n11~lliL;mf1 LL~::m7L-;J'in1"1Jitl\llil~UYi1£i'~'Yl11 ~e:l1~17L 1-i1L;tl ~n~\ILU'U~1L~~ :w cu Ql '11&1 .. q 

1 ~iim1tluLfl EJU"1Je:J\I"il~wn1rfi~mn:ffu m,-~~m £.Jn11Lnu~nM1~~~.nm'l1 EJ1~17L ~~1dYi1 
q , 

1~1~ u 1 iL 'Y1V1Ufln11Lfiu e:J1~11L uu11mn1J~~~ LLU7~13Jnun17~~~~nn~"1J~n~m:: m1Lfiu 
~ q 
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G1l 

4.2 1JYI1J1YI11 el\J n1'ii' 

'lJ1'Hnn1~un&i';l::lh::mn.J~-:wn1'll'~li1fl'tyvurn 'J 3 "ll'it~ ~e:J e:Jem;n-L';JU. 21 % 

mfuemL~e:Je:JnL'll'~ o.o3 % LL~::I.u.1~·n';lu. 78 % m11iu1::1~"1l'U';J1n'lJ11£nm~~~LLU1LU. 

n1~2l£ln~h~u 

a an ;n-L ';JU. ~~a ci1 u.en n1~L ~ ~ 1i EJ,Hl u n11VI1 ~h"ll e:J\1 L'JHl t"ll EJ\1 L ife:J L fl EJ ~ ~~1 ~ 
'IJ 

n11~~Ele:Jn;n-L';JWI'h1~m1VI1E.Jh~~~\l Gorini et al. (1995) ~m~neJ~11n11VI1E.Jh"lle:J\I 

LLEJuLiJ~~d1u¥m~n 1 U.'lJ11E.JJm~~~fll111 L "JJ11iu."1J e:J\1 EJ Eln;n-L';JU.LL~::f11fu e:Ju. 1~ e:J e:Jn L'If~1::~u 
~1\1') (~111\1~ 4.2) 'Y'l'IJ""ll n11Ln'IJLLEJULiJ~1U.'IJ11E.J1n1~~~Ele:Jn;n-L~U. 1.5-3% ~EllliVIJlii 

q 'IJ 

3 El\lmL'll'mtfiE.Jff ';l::;~m1VI1E.JL';JLoWE.J\I 39% n\1 49% "lle:J\In11VI1~l-iJun&i~e:JrnVIJlih~E.JlnU. 
q 'IJ 

LL~ El ci1\l \hn m11n11~~ El e:Jn;n-L ';JU.n~ii~,)1n~ El e:Jn;n-L';JU. ~1::~'1.1 1.5 % Vl~e:J E1 ci1\1Ue:J E.J~ ff~ 
q 

3 % LlJU.1::~'lJ~L V13J1::ff3J LLEJULU~rJ.:Jfl\l~m1VI1 tJl-iJ 1~E.JL3Jrh 1~d1~srm.~rrn::~~un~ L"Jiu. 

L~LL~\1 Lrl"e:Jii11 VI~EJ~fll111Ltlu.n1~~~~\l n1e:Je:Jn;n-L';JU.~1n11 1% ';l::rh'l~di~m1fff1\l 
LLEJ~n Ele:JEJ~ n11LU~ E.JU.LLtJ~\I'Yl1\ln1 E.JJl1~ 1l3J~.:Jn11L';l'1lli"lle:J\I';J~U.'Yl~6~'Yh 1 ~di~ hfl 

... q 

n ';) n113J"ll El\1 L El u L'll'3f 'Vi El ~ ~u. El ~ e:J El n ;rr L ~ ffLL~:: LL El fffl afu n El El n ;n-L ~ ff '1'111 ~ L n ~ u~ n1 E.J1 

EJ e:J n6ftL~iu.LL~::tJ~n~m n11Ln~ ~J'1m ~ m1~~ EJ em;n-L';JU.-;]::"Ji1 E.J"1l'::~ EJu~n~m tJ em6ftL~iu. 
L"Jiu. m1~U."lJEJ.:JJ'1~U.LL~::1"1J~u.1u.eJ1VI11~1md'en~-~1 11~1 mVI11~~LL~\! LL~::~~~nrn~ 
"lJU.11 e:Ju ~ LUU.ff1L VI~ 1 i e:J1VI11~n~u.LL~::n~u.1ff~~un&iVI~tJ Ln~~J'1 ~~~~ ~1V1u1 n11~~ 

q 

lJ1mrne:J El n6ftL';JU."Ji1 E.J~~n11L~tl3Jfl lliJl1'Vi';l1n ff1 LVI~ L V1~1d't~ LL~fll1VI~n L~ ~\! n11fh~~ 
q q 

e:J El n6ftL ';l U.El e:Jn';Jtt VI3J ~ L V-111:: L tJ U.ffJl1l::~ LUU. eJ'u.~11 r..J-;]1 n n11L ';J~UJ"ll EJ\l C/. botulinum ... 

u.a n~1ndmm rne:J vn;n-L ';JU.rJ\I~fll111~1 L uu.i;l1V1 i'um1VI1 E.J 1-;)"lJ tJ\l~n LL~::~ ~ 16.1 u~::m1i'n H1 

~ L "liu. 'l u.n1ru"lJEJ\IL iimL~\IL Vi EJL VIL11 1e:J 1n~uu.v ci'lu1iltJ e:Jn6ftl.11 1EJ 1n~uu. 
'IJ 'IJ 

e:J e:Jntih ';l'\.4~1 LU U.ff1V1-¥un1:::'1J1ttn11L3J LL 'Yl'IJ tJ ~6IT11"1J EJ\l i~1 ~"15 ';l ~u. 'Yl~6~ ~ eJ\ln11 
q 

El eJn'DT'ilU. LL!il::~1 LUU.ff1VI ~uu~mm LflaJ 1 'U'IJ11E.l1m~ril1liiVI~f)aJ e:J e:J n~L ';) U.~1 e:JT'il'Yh 1 'IKL n ~ 
m1~1 ~ n11"1l'::lil e:Jn11L';l~ru n1:::u1u.n11LmL 'Yl'lJtJ~'IT11~~~un&i Vl~e:Jn11LU~ ~ttLLUiil\l'Yl1\l ... 
ff~1::: L"liu. Lii'e:JU111u.~f113T m1Ln~~ f1113JLVIit~11u.~n L"Jiu. Vl't-ie:JlaT~f.:J LL~il:::u1e:Jf11fl~ LL~il:: 
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n1jt:-J~~Lel'Yl1Uf.l~ bb~::LLf.lL'lr'Yl1~U LiJUt:-J~L~di~n~WHi~~~l.Jn~ ~\lttULUt:-J~~nru~ MAP 

Gi1u 1 ~ nJ E.J n L iu~n t:-J ~ t~ ~~ LL~::L tle:J ~~1 a e:JntfrL"ilU"il::nn n1~~ a an Lu L ~e:Jj1~ ~ e:J\1 n1j 
~ ~ 

mmtfrL "ilunn iru ff.,t U~ll1~~taJih:mn6frL "i!U n1jii f.l antfrL -;JUEJ rhJ1\IL u~ f.lUL~:w Lb 1n eJ1-;J ~\I L ~~:w 
~ 'U 

L iLL~n~nLLf.l6fr~LLtJf!-ti L~E.JL"il~ru ,j''JE.JiJ e:J\ln\J,n11L1!~ru"l..EJ\I"il~U 'Yl~EJ~'Yh L iLn~ 1 jfi~LaJ~ El\ln1j 
41 ~ q 

aantfrL-;JU L"li'U. C/. botulinum 

Gl,,.,~;t 4.2 Lu ElfLanu~mj~1 E.JL~"1.1 a \I LLatl Lil~~ Lfiu1 utJjjE.J1m~~ii a ansuL"ilULL~:: 

mfuvuL~e:JanLsn~ j:;~u~h\1 '1 ~· aru~nii 3.3 f.l\1~1L'lr~LsnE.J~ 
q ~ 

oonoih\1" (%) ~1.fuo"l~u1unl~~ (%) n1"SM1U'\I (%) 

21 0 100 

10 0 80 

10 5 56 

7 0 58 

7 5 50 

5 0 63-70 

5 5 38 

3 0 49 

3 2 47 

3 5 43 

1.5 0 39 

1.5 5 25 

~:lJ1 : Gorini et al. (1990) 

~n.fue:J" 1~fle:Jn 1'1t~ 
' 

1~ E.Jun~1 umn1~"il::iimftJ au 1~ e:JIEJn Lsn~ua E.Jmnl.Jj::mru 0.03 % n1 L 'W:Wfi11:W 

L"li:w-liu"l.l Eh'lmfu au L'il a an L'D''ilL ~ R\l~u 'l U~llT1::~iia em6frL\ltl.~1 \1::"1i1 £J L~'i:w ~~"l.l EJ\InTn~'il 
~ 

aantfrL"ilu '¥11 'l ~ e1~·nm1'VI1 E.Jh 'l msnmf"1.1 a\IL ii'mfl erriiiifi'il~llil\1 ~1 EH.ll\1 L "lfu LLEJtlLil~~Lfiu 
1uu·rn.nm~~i'ienm6frL-.uu 1.5- 16 % LL~=:mfuauL'ile:JEJnLsn~ 5 % -.u::iin11'V11£JhL~£J\I 

so % ii\1 64 % "1.1EJ\In11'VI1tJh'luunE.J1n1~~iiEJEJn6frL"i!Uhn::~tJL~mnu LL~hlii 
rt VI 'l!rt• ..J .-\1 \tf'' "' md"tJEJU L'ile:JEJn b'll'~EJE.JL~E.J (Gorini et al, 1995) LL~::'Ylmd"tJfltl. b'ilfle:Jn b'D''ilR\In11 1 % -;J:;;w~~ 

~ ~ 
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e.1 cihtmmrnL~m!mli13J~~ d\ln11f.ln n11~ eJU~1"ll eJ\l ~~ 13! m1Ln~~'L'I~ ~ eJ\l1 u 1ucYn d\lm1 
~ q 

rntJ 1"U nTn~mJ~n1,111'W n111ihn~LeJll~Un"U::"J.htJ~~ eJ1 rln11m'Ui'm·n L~ 
q q 

ueJn"U1nUm,-1ieJeJn6fi'L"UU~1 LL~::mfu e.Ju 1~ eJ eJnL'II'~ f.l\l 'W~\l~1U~11:1Ji'e.JuLL~::er~,-1 
~ 

nTl'V11£JL"iJ"lleJ\laV111'W~'V111U LL~::t1anit~~h\l6) e.Jci1::'VIl1\l 28 - 32 % "lJeJ\ln11Lfi'ULU 
~ 

'IJ11rl1n1f'!tln &i~ eJ rn 'VI1li1 L~ r11nu 
q 'II 

m1Lfiui'm~11 uu,-,-mmf'!~ 3Jmfu e.JUL~ e.J e.Jn L6Jl'~ f.l\lL iJu1::r~::L 1 ~1&u 'J ue.Jn"Uln"U:: 
~ 

"lh v~ ~n11f.lru L ff£.1 ~~ eJ hW ~ 1 ULLeJtl LiJ~ u1eJ~ 1~~ 'VIUeJ 13T ~t._, cYnn1 ~'VI eJ :IJ V\l"lh r1 ~ ~n11 
~ ., 

f.lru L~rln1~ L ULbeJULiJ~ b "neJ~ Lb~::oW"n 11:1J-#\l~~n11~~~ f.l111::L'VI rl~.\Jij~~'t11L i"lJ1~n~U1f.l 
~ ., 

.. \1 'IJ .. \1 ... ::. ~ ~... \1"' .f"' "" 
m'l'UeJU L~eJeJn b'II'~~::~l£.1 L~'Yl.\JU1LL~::U1:1JU Lb~::~::~1tl b~:IJ1n"lJUfl1eJni,'V1.1l:IJ~~~.\J 

q ~ 

f.ll:IJ11rl ~::~1tJL~L U~lU ~dJU"lleJ\lL 'VI ~l't111i eJ1'V111iJ~l1:1JLUUn1~ L vhJ.:ffU"Ulnn1~mfu e.JU.n 

~Ln~.:ffu 't111i pH ~~~.\) 

~1f 'lJ eJU L~ EJ eJ n L6Jl'~iJ ~ n!,f,l:IJ u~1 u n1,. 5 'lJ 5.\J';) ~ u 'Yl1EJ 3J ~ eJTI'IJ1 rJ f.ll L 'VI~ L l'VI ~1 £.1 
q q ~ q 

LLU1'Yl1\l ~\lit mfueJuL~eJe.JnL'II'~~::~lv't~'LuJlrhh.;' pH lu~~~nrn'tl~~~\l iJ~~lum1 

Faber (1991 .e]1~n \l 1 u Davies, 1995) eJTI'Ul v n11 iT u ff \l L :ft'e.1 "U ~ u 'Yl1EJ"ll eJ.\J 
q 

mfueJu L~ fl eJn L6Jl'~Ll~.\JU mfu flU 1~ eJ em L'I!'t?l't11 1 idi~m1Ltl~ VULLtl~\l~ rnf.l:IJ'U""'&i"ll e.J\l L~ fl 
q 

i:IJ L6Jl'~Gf 1l:IJ-#.\Jn11~~srr:IJ fl1'V111t-l1UL6Jl'~Gf n~~ 1~ £.1~1.\J 1 Un11V'Uff.\Jn11't11.\J1U"ll El.\JLelU L'I!'3f 
q ~ 

VI~ eJ ~ ~ 5 ~11n1'H n~tll) n~m"lJ EJ.\J beJU L'Jl'3f ~1f'IJ eJU L~ El fln L6Jl'~SU:IJ t-l1Ub~ eJ~:IJLen'~ ff"ll eJ.\J 

"U~U 'Yl1EJ't11L i"lleJ.\J L 'VI ~1.111 rJ 1 ULen'~Gfij pH Ltl~ VULLU~-:1 1l:IJ-#-:~'t1l1 lXLn~m1LU~£JULLU~.\J 
q 

i.l:IJ'U""'&i"llfl.\J 1tJ,-~u 
.cl"" ..t \1 .., ' ..t .... .. .... ..~, .... 

eJ1'VI11'Yl:IJ~11:1J"nUI.l\l L"lJ:IJUI.l\l L"nU LUflf.l~l f.l~1un LL~::eJ1'VI11'Yl::L~ n11~~6Jl''U 
~ ~ '1.1 

mfu flU 1~ a e.Jn LSJJ~1 umm rnmn'OJ::'t111 iu1111nrn'tf £J'IJ~1 ue1 n111ndv"t111 iLn~~~tlmn 
q q 

J' 1 .. .. ., 111 .-.J.. ... ..t • 1" 
"lJU ~tl:IJI.l1b'VI~"U1nn11~::~1tJ"lJf.l\lm1'1JeJU L~Elfln L6Jl'~'Yl~l'VIU1"1JeJ-:JLUeJI.l~'Yl1 'VI pH ~~~.\J 

LL~::~11:1Jf.ll:IJ11n 1 um,-5mi'1"1JeJ.\J 1tJ,-~u~~~\l (Davies, 1995) 
q 

mfuau 1~ e.J fln LSJJt?l f.ll:IJ11rl vu ff"m1L11~ru11~u 'Yl1tJ1~ t1't11l i"li1.\J L 1~11 UJ"::r~::vrn~l ., q 

(Lag phase) ~~ eJ eJn'ttl LL~::a~11n11L ~:1J,}1u 1ui1 ~\l :;. .J' J' ' .... " " 
'Yl \l U"lJ UeJ tJ nu ~11 :IJ L "lJ :IJ"ll tl."lJ fl \l 

'1.1 

iinf'UflUL~flflntsnlif fl1mL~::~1U1U11~U'Yl1~L~:IJ~U 11:1Jn\lflni,'VI1li1Lum~Hn'Ufm~1LL~::anii.~ 
q q q ~ 

A Q.; fi"' ... 

"lle.J\lt-~~~.nrn'Vl~1£J (Davies,1995) 
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mfum.t L<il a an L'11~~~11~ L"li~"LTt.Hl.Jn11 5 % "il:::~1~1~t"l ETu~\lnT'H"il~nJ"l.l tl\1 
~ ~ 

LLU~.Yh1E.J ~1u 1 vnli~l11 hidi <ilm~L ti1 Lin 1<ii mu vn:::nfl~L'!f 1~~ hr:iYJn L "ll'u Pseudomonas 
~ q 

sp. L "il~nJ L~~L UfJ1~1~~ L fiu ~ m;u, ~ llii LL "liL flU 1<il E.J,t1 LU LLU ~ fi L1E.J~ dJULLn~~ ~tJ"il::t"l n EJU tf.J 
Ql q ,. \1 

i.~~n1Tvnnun~~u1n 

"il~WY11tf~'t111~di<iin1~L U1L;E.J1 '\.4L da~<ilf ~<il ~1u1 ~nlLiJwvnn~~a.Jm~mmtfiL"i!U 
q ~ 

L"li'U Pseudomonas sp. Acinetobacter sp. LL~::: Moraxel/a sp. t"lnETutf.Ji.~~1E.J 
~ 

mfuauL<iitJe:JnL'!f~ ~1~1uuu~tiL1E.J~'tii)L~tl1~11LU1L;E.J,t1 ~ i.u L"ll'u Micrococcus sp. 

LL~::: Bacillus sp. nLiJwvnn~L1~fJ~1ftJaUL<ilfltJnL'1f~L"Jl't.tL~E.J1nu ~1'\.tLL~n~mLatfi<il 
LLU~ ti L1 E.J ~ ~ 11 ~ ~1 u 'Yl1 u~ a ~1fu au i.~ a an i.'!fl, ~1 n 1<il E.J LU 'V'll::: L~ a "il ~ u 'Yl1 tJ"lfU<il ~ u ~ 

q 

~a \I m~a a ntfiL"ilu~n n1i<il a an i.u LL~n~rmatfi<il LLu~.Yh1E.Jn"il::~ m.1 ~ L"il1ty LL 'YlU ~ m.l1.Ji'1 ~ 
L~a~~1U1'1.t~mn'V'lmi"il:::'ti1L~tl1~11~~nrMrn::~<iilln~ 

1 t.t"l.lrn::~L:5m1Lilt.t"il~U'Yl1£f~~tl\ltn1tJeJntfiL"ilUL um~L"il~rumn bb~:::L1~ a~1111::~~ 
q "' 

mfue:Ju L<ilfl an i.'!fl,~\l ') ~.Jiu~~<ilnnl.'o/lLtJ L n a1~~ aw ~1 1<ii r.Jl.Jn~"il:::L~EJ:JJ L;E.Ji.~L rtEJ\I"il1n 
~ 

L ~tl11 tl1 LntJL UU~1E.J1n1~~ <il LLU~~~ a a1n6DL"i!U~1 n"il:::~ tll E.Jn1~L fiu7m~n E.J11'\.t1'1.ti]t.t LL~ 
q 

~1~1u~~~hfu&nm~tlL"il~rui.<ii1u~ll11:::~1~nEJemtfiL"i!U 
"' 

mfu au L<ilmmi.'!f!li~ ~.Jni1 20 % ~1~TmETu8.Jm~L"il~nJ"llEI\l"il~U'Yl1£fLLn~~~u 
~ "' q 

mh.J~~u1m uan"il1nii'mfu au L<il EJ EJn L'llli~~11~ L "li~"lit.t~\1 'J ~1m1t"l'ti1~1E.J"il~u 'Yl1£f~'ti1 
~ ~ q 

L~Ln<il h~ L"li't.t Staphylococcus aureus1 Salmonella sp, Escherichia coli LL~::: 

Yersinia enterocolitica ll~::~'YlTill1i"lL um1'ti1~1 E.J"il:::L ~:JJ mnitu L!J a Elrn ~llii~<il~1~\l 
q ~ 

~Eirn~ni:J~.Jn11 4 El\l~1L'!f~L~E.J~ ~~"l.J~.J~nfuaui.<iimmi.'Iflli"il::f:l<ilf:l\l LL~::i.~~~~1um~ 
q ~ ~ 

" ' Q..t Q,..o ,;.i A .4111 

£.JUE.J\l'Yl~rn~1J~ 20 f:l\1~1L'!f~L'11E.J~ (Holly et al,1994) 

m~Lfiu1 uu·nmm~~~mfuau 1<il t1 t~ni.'!fl,~\l~\l~UlLilurh.J ~El Cl. botulinum . ~ 

L"il~rui.~ LL~fi~1m1mLnbi.~<iiE.J1iarn~nw~Lnu1m~1~1n-h 3.3 a.J~lL'If~L'ilE.J~ LL~:::~11 
cv q \.1' 

~mm6fiL"i!'l.l.Lt.tlJ1~E.J1m~mh.J'Il'mJ 2 % (Biakistone,1998) 

l\l~U'Yl1tf~rhL~tl1~1~LU1LimL~::'IIhl~di<ii h~ 1<iiE.J~1 ') i.ll ~13J11t"li<iiLLU.Jnfl~<il1~ 
q q 

fl11~~El\ln1~Eian'fiL"ilUL~ ~\l<il111\l~ 4.3 

LL~ f) ~1\IL 1n ~11 ~n11 1 imfu El '1.1. L!il Elan L'!f<i11 'l.tU~:JJl rn~ ~1 n diu i.ll n"il:::th 1 ,XL n <il 

~11m;v~1 r.Jnu~~<iillrn~ 1<ilmU'V'l1:::~~<iillrn~L ii'EJ~<ilf ~<ii~ll Ln<ilitu~1n 'ri1L~Ln<iln~u 
~<iil.Jn ~1 '1.1. J13JULL~::: L "l.JiJU m~::n11L U~ E.JU~LU ~\l ;"lJ El\l ~~<ilrl nb~ tl1~11~<il 
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tltln~L';l'it 
-~~~~~-~-.-rf~<PJ-._ e:J-\J-n11; t:1 ~.R~~;.1~n~~-L~~~------------ -- --
-~-~----,_~---- . ____ ., ________________ _ 
"il ~'it '111 rlfirh L '\X tlTV1TH ttl L; ~ , Pseudomonas sp. 

Acinetobacter sp. LLfl::: Moraxella sp. 

Micrococcus sp. Bacillus sp. 

Mould 

Bacillus cereus 

Yersinia enterocolitica 

____ __ _ ______ Vibrio parahaemolyticus ____ _ 
.... ... .-..! " ~ 'I .... "" ct " 

~a·wn1~'Yl<PJ i:h'lfl11tle:Jn·nL\lU t un1'n~1ru Low~" Lnn\Hl ~ q ., 

';l~U'Yl~rf~ti11'1XtlTVIT'Hti1L;~ -----Lactobacillus sp. , 
';l~U'Yl16~ti1L'!Xdi~ h~ , Campylobacter jejuni 

____________________ u_·s_te_n_·a_m_o_n~ogene~-------------
A Ao6"~ A 1":;'1 .ai.t:::~ 4 11.0C A 

~n"'Y11~'Yl L\l1ru <PJ'Yl\J u5fn11~'Y13J'H1e:J 3J3Jtl t~n~L\lu 
-----M•--=--------'-~~~:_::_____:__:_:_::__:_c..::...:..:_ _ ____::c:_c_:__:_:__ __ ···---------· -----~----- --- -----

Brocothrix thermosphacta 

Shewanella putrifaciens 

Bacillus sp. 

Enterobacteriaceae 

Fermentative yeast 

Salmonella sp. 

Staphylococcus sp. 

\l ~"'Yl~ urf13J ~ tl\J n11t:1 tl niL\lU L un1 1L\l ~OJ (11 n ~ 1J ~ \J'H~e:Jl'h n 1 ~L UGf n11:rf 3j 
~ ., qJ 

tle:JniL\lU) 
-------- -------------

Clostridium perfringens 

Clostridium botulinum 
-------------------------------------------

.. 
'Yl6J1: Parry (1993) 
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Lilun1snLaew laJ~n ~wn~· itmJ~in1sn"t u 1~1L"iiU l'JJ LL 'YlU ~vl'ia l~ e:J an'fiL"iiu ~u rrm 
tl ~l wli v>1··h:I'VI1tl~Y.n'l-b L UEl1'VI11 "1t1 r.JU ~>1 nutJ fifi~m tl tl nOfrL~iu 'VI1El 'JJ 1i n~ ~J1n11L n~; 

'IJ 'IJ q :.J :.J 

J1 ~1 ~ uan"ii1 n drT>1Ul! ~1 in1snl u. t~,-, "ii u.1 u n1~'J.Ji'u a-~~~ 'VI1tl i'n ,y1-:r:~u~11 ~~u 1 u • 
fl1"1fu:u1-:r"ii iJ EJ>1nun1-:r£Ju'V11tl'V1~~1"JJ El'-'u-:r-:r"ii.rl m6Yi' L v-rn:a-1~THl~:fn t1 1 u J1LL~:J13Tu 

q q q 

L~Utl £J (Davies, 1995) 

n1'Il'L 'U, 1 ~db "iJU.L3J ~ ~ ~ 1 u. n1 1rJ1J ff-J"ii ~ 'U, 'Y11 Ef L ~ £.1-'1 LL~ri11 ~L n ~ a'fl11:L3J ~ tll n1 ~ 
q 

~_,,r u~>1-li1 £J"lf:~ EJtJ1imm e:mn'fiL~iu LL~~ rJ'JJ tT-Jm-:rL "ii~ru"JJ tJ-J"ii~u 'Yl~Ef~ ~ EJ.Jm-rtl a n6ftL "iiU ~ :.J OJ q 

~1£J>11um-:rbrtu1~1L"iiU 100% 1u~~~nm6Yi' crusty rolls 11l'V'luL:ffa-:r1Ldmnu 9- 11l'u 

LU~£Ju L Yi t~unuu·nmm~:tln~ 5 - 6 1M 1 u"JJ m::~ Lnu1 uu-:r-:r~nm~mfuau l~ EJ an lsn~ 
60% ·h~nuEJan6fiL"iiu 40% Lnu"t~ 16- 18 1u 

Utlmnnfi'1'Il'~-'1 3 "lfit~~n~11i~1LL~1 rJ-J~n11'\.t1fi'1'Il'~1f1JfJUhmanL'Il'~ fi'1'D' 

·n~L ~aft~uunlsn~ lu~f~aEJnlsn~ ~~EJ1U uL'!:1a1'"num 'limn~1t1 

Lilun1sn~'1.3.1~; n~u 1a- Lil"U.n1sn~ Lilw~,y ~:tl,-:~r~rrn1'V'l1 um~rTu tT-J"ii~u'Y11Efmn 
q 

~-3 LL 1J fl fi L1 £.1 fl a'~ LL~ :11 a'1 ~1 1t1 "lf: L'l (l n 1 'l"L n ~ ~J 1 ~1 ~ 1 '1-b~ nLLL'I:: ~ L'l L3JLd tl L ii1 ~ rl'JJ 

a EJ n 6ft L "ii t.n::~u ~1 uan "iil n UrT-J ~ tJ,-::~r~rrn1 'V'li'n ,y1 ~LL~-J1 udl a a-~ 1~ ll"ii:: di~ L iJ u 

~1-:ru-:r::n El1J~1fu EJnsnl~ 1El1ns:~uu LL~laJ1~1u emru1~ 1 'VIL-fl u 'Y11-'Im-:r~1 L w-:r1::Lilun1'1J~ ~ 
q .. 

f!11milw~,ya--J -:r::LD~l~Ldtl~~11~L"1Y~"lifu 12.5 - 74.2 % LLs:~::rT-JLiJuei'u~11£J~aa-"JJfl1W 
'IJ q 

"JJEJ>1'V'lUn-J1U~~1u~~m-:ru-:r1"ii LL3!11"ii:l~l~1mmru1~ 'l 'VIL"lfL UEJ1'V111 LL~~m1fin,y1'V'lU11 
'IJ • q q41 

LiJuihsn~~u1::~'Ylrrfl1'V'l1 un11rTu tT-JLLU~~ L'1t~n~~"tsn 1~1l vhf LLL'I::~,-::~u~11~ L -n~-nu ~~1 
q 

mnu1::mm 1% n~tJ-:r::~'Ylrrll1'V'lL Unl'rrJ'-!rT-3 LLU~fi L~ti'VIL'Il rJ ') "lfit~ 11~~-Jfla-~LLL'I::11 

dJun1sn~a-1~11nr'i1L'11£J"ii~u'Yl~&l~ ~'JJ,-::~'Ylnnlwmn~ pH ~1n11 4 ~m,-'l"lf1u 
q 

.f ... "" 1 'II ... ' ' 'II ... ... .f..- ... "".I 1 (( 
n11~11Jfl~L"lft:l11LL~::LL1J~'Y1L1tl 'U.~L'I ~~ L'!:!U tl>1'U LLL'I::~~ b~LL'VI-J 'U.tln"ii1nUnr.J-J~u1:: tl"lf'l-b 

q q 

1 un1'~~11J ~~ n11L "ii~ru"JJ tl-J"ii~U 'Y11m '1-b J11 ~ L'l L3J LlU n-'! t:l1'VI11'VI ~n~ El\1 LLL'I::LLln1Eln1J1 \1 
q ctl .. q 

"lfit~ ~f1111l L "1J1.1"1JU~1U1:::J.Jl m 25 ppm -:u:::a-11JT'H1rl1L'I1m :ffEl11 LL~n1LUULLU~t'i b'1t~"ii::: 1 i 
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L'Yh.J\1 1 - 2 ppm LL~dhh:::~'YlTI111'Y'l:IJln~mLl.Jrl'rh'i~mn1:JJ~l.J L".lt'U. Escherichia coli LL~:: 

Pseudomonas sp. mnn'i1'Y'l1nLLn1:JJl.J1n L"li'U. Lactobacilli sp. 

l.J1'H.11n1r'l~~ LLth~ tll.J1'HJ1n1r'l~ ~n11~.J'VI'ieJ L~:JJn1'lrL "111 hh111 "'~ ti.J ~th::n tll.J"lJ tl\1 

l.J11tl1 n1r'l ~1 \1 i.u ~1 n lJ 11tJ1n1 r'IU n ~ ~\I ~1 'U, 1 'VI nl n';l::: L U'U.n11~~ tl tl n'U L ';) 'U.LL ~:: L ~ :JJ 
"' 

n11L nu'¥m.~1 El1'VI11 1 'U. lJ 11mn1 r'l~ijn11LU~ tJ'U.LLU~\1 ti\I~U1:::n tll.J"lJ tl\1 l.J11£J1n1r1 ij 

'VI~1£J~m.~rn:: LL~1"U.~d';l::n~11n\ILU'Y'l1:::LL1Jl.J CAS MAS MAP LL~::: VP ~\lij1'!.JLL1Jl.JLL~n~1\l 
'\J 

CAS M~eJ Controlled Atmosphere Storage ~tl n11Lnu!m~1e:J1'V111L'U."'eJ"Lfl"U. 

~ijl.J1'H.J1n1r'ILL~n~1\l LU~1n1J11tl1n1r'!Un~L 'U.~1'U.i~ ~1'U."lJ tl\1 L 'U. 1~1L ~'U. El tln'UL ~'U. LL~:: 
mfuem i.~EJ t~n i.&Jr~ 1~ £J'!.J7u1 i~mm ru.t~t~n'BL';)'U.~1 u~::'!.J~m rnmfuem i.~ mm i.'ll!Pl Ll\ln'i1 

'\J 

mmrn~ii El cit 'U.l.J11tl1fl1r'!Un~ iirn1~~~1:JJLL~:::rl11Jrl:JJL "'ijtf1:JJ1nl.rl\l~~ ~ El~1:: tJ:: L 1~1~ 
'\J q 

"' ... 
Lmnm~n 

MAS M7u Modified Atmosphere Storage ~tl fl11Lnu1~t~£lrn1'!.J'¥ut~\lrlU1:::nt~u 

"IJ EJ\IU11mrnr1n1 tJL wX a-:~Lnu EJ1'V111 1 i~1-:~i.'!.J-;nn'!.Jn~ 1~ tJ'!.J7uLu Y-~1:::"rl1-:J LL 1n 'VI ~-:1~1n,f"U. 
~:::: L n ~ n11L '!.J~ ~.I'U.LLU ~\I El\1 ~'!.J1::: n EllJ"lJ EJ\In1&Jrl11 tJ L 'U. "'El\1 L flu El r.i1-:1 ~ElL ri tl\1 ~ ~ El ~1::: tJ::: L 1 ~1 ~ 
"'.., .~.J'J'.., 1 6' .1..1 .1 "" "" "" 
Ln1J1m.~n LL~'Yl\I'U."IJ'U.n1Jfl11'VI1 tJ ';)"lJ El\1 L '1!~ ~ El1VI11 fl11Lu ~ tJ'U.LLu ~\I'Yl1\l"ll'1 L rl:JJ LL~::: tl nl. 'VIl1 :JJ 

q '\J 

1 "U.fl11Lnu1n~1 

MAP M1u Modified Atmosphere Packaging ~fl nTdLnu1n~1eJ1'V111111tJL'U. 

111"ll''U.::1J11';) 1~ tJ~\1 t~1rnr1111 rJ htEJ t~n LL~:: 5~ fi1'lr~" t~1 ';)';l::LiJ'U.n1'1l"ll'U~ L~ m'VI~t~n1'1! ~ Ll:JJn 
q 

L~L -L'1 i.'!.J LL 'Yl'U. ~ 'VI ~\lfl11U ~ ~Un';l::iirn1LU~ r.J'U.LLU ~\11J11tl1 rn r'l"lJ tl\1 n1'1!111 tJ 1 'U.tl V1\l ~ m rt~ l 
.d ~ IV 1 ~ J'.:f ~ If ~ .al 

~ ~ El~1:: rJ ::L 1 ~1 'Y1 Ln1J1n ~1 LL~ 'Yl\1 'U."lJ 'U.n 1Jfl11VI1 t1 ~ ';)"lJ fl\1 L 'lr~ ~ e:J1'V111 n11L U ~ £..1 'U.LLU ~\I'Yl1\l 

ii'1LrlijLL~::rn1~m.l1'U."lJEl\ln1'lr 1J1\Ir1f-:J~n111i~1'i1 CAP (Controlled Atmosphere 

Packaging) LL 'Yl'U. ~" L u"U.m 11 i~i.1lrm Iii' El\1 L Y-111::rn1L fi u 1 'U.~ n1Yrn:::m1l Ll1 m1n~~::r111J r1 :JJ 
'\J q 

EJ\I~'l.J1::n El1J"lJEJ\11J11tnfl1r'!L 'U.lJ11';lnrn6"f11 "'rl\I~L~ (Biakistone, 1998) 
q 
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VP 111~0 Vacuum Packaging Vl!a nTJ1J11"ilLL1JUCH1JtU1n11'! Luuin~~nTJLi'm 
.. ,QIQI 

UlUbL~1 rle:JU~"il:~m'JLi MAP lTin1'J"lleh1 VP ~fl ~.Je:J1n11'1e:Je:Jn"il1nl11".l5U:1J'J'J"il"ilU'VI11~ 
q 

LL~1iJ~ e-~i!n fl1".l5U:U1'J"il~Li"il:'Yl1"il1n~ G!UJ~ a an~L"ilU~m.hu i.~'ll'e:J£.1111n LL~1 un1'J~.J 
q 

enn11'! e:~ e:~n"il1nfl1".l5U~U11"il"ilUV111~"il:'Yl1LMl11".l5U: Lit11tl d1~m1VI~<il1 i'm·tl L'iia.J"il1 n 
q 'IJ 'IJ 

fi1111~Ufl1 tiL u 'Ita t~n11fi11:J.J~ UU'J'Jtllm 1'1111 t~uan 

(Controlled Atmosphere Storage , CAS) 

n1'JLnui'n~le:JlV11'JLL1J1J CAS ~n11Ul1111i~11lfl1Jnl'JLL"1iL~u ~.JLL~ iJ ~.~'!. 2473 

1~ m.t1111L-tl un11Lnui'n~1 ~n LL~~e-1 ~L111U~e:J.J LflU"llU1~ 1 VI nJ~tJ~~it'Yl ~1111'Hlfi11Jfl11 
~ q 

~~~1U"ll a~n16Jl'aan6ftL"ilULL~::mfuau t~a an L6Jl'~L~fl~~ 1~ t~5~11~1U"ll a~n16Jl'".l5it~'ih~ &J ~ 
1 ':'1 .d ~ .... ' .... ..,D I J' ... ... .... .., ... .f .d tl 

'll' LU1J'J'J£.Jln11'!'Yl Ln1J'Jn~1"il:LL~n~1..JnU tllJ "llUnU'll'U~"lle:J~ e-JnLL~::t:-1~ t11 ~U'Yl L ~1:: ~n 
'IJ 

fi111JLLrl~ e:JU LL~::~fll'"J:: 1 Unl'JLnUfn~l !il~1~111~~ 4.4 

n11Lfl1J ~nLL~:t:-1~ L3YLL1J1J CAS "llh tJD~ Ell tl nl'JL nufn~1 LL~::mU.fl1~"1J e:J~ f.TmL~:: 
q q 

t:.~~ i.11"1~ tJ~~il~11nl'JVI1 t~h r'h 1 ~"1f1..Jrl e:Jll!LL~:m~ .. .,l,fl~LL11m 'Y1 EJ~n"ll tJ1tJe:J an i.tl LL~:~~m'l 
A C)f A#:i ~- 1 AA 1 CV 

e-!~~n16Jl'Le:J'Yl ~ULL~::t:.J~"ll El\l Le:J'Yl ~U~ e:Jn'J::1J1Un1'l'Y11~ L11 LL 'Y11J El ~6Jl'11 ".15:~ Elnl'J~n nl'lEl EJU~1 
q 

"lle:J\l-w'll' 7n~1Lii'mr11~~1~~f11111LLUU f11111~~ n"Jau "lf11d1111nt:.~~"lle:J.Jmfuaui.~Elanl.&)j~ 
q 

'i\mau L6Jl'aJ~~(:.J~'i\ amt.JL6Jl'~Gf Yl1L ~n11~UJL~tln'l~ J1m~ LL~::i~13jufih n~ituue:JtJ111n 
'IJ Ql 

~1:1..111rlfl.Jfllli"l'Y11.J 1n'll'U1n11Lfl~LL~::~~lUI.fll~'Y11\ll.h::~1'Y1~1Jf.T~~~ ~~n1'JLL~n~1"1Je:J\l 
q ~ 

fl~EJ hVJ~Gf ~~n1"JLtl~tJu~n~rn:'Yl1\ln1~fl1~ ~~n11Ln~~n~m~~~tln&i L"lfu EJln11 
~ ~ ~ 

~::'Yi'ltt'VIU11 LUU"il~ Luw;'h i'!.t1m~ LL~:~n~rn::~~tln&i'i!El~LLEJtlLiJ~rTurT.Jm'lL"il~ru"llEJ.J 
q ... 

L.:ffEJ'Jl i.'l~m'lL~El11L~tl1u~~'le:JLUEl'1 L".l5El'1 LL~::(:.JflL~u nl'Jfl~m:m6ftL"ilU~1~\l o- 5 % LUU 

i~~tl1:~'Ylnn1~ 1 unTdf111Jf111 LL11i.'l\l u'i\n~"Jl m~tJ ~a 1 uu"J'ltllnl~'~~~mfu flU t~ e:~ EJn L&)j~ 
q 

~.J LL~::e:~ Eln6ftL11 u ~~1111n "il::Ln~n~u 'J~~ ~ ~lln&i"il1nm'l'VI1 t~L"il LLuui.~'l i'El EJn6ftL -;1u, L "lfu 
'IJ 

~~'J8L1Je:J1-Ln~LLEJL&)j'Y11&iLtl·~ LL~:LLEl~n e:JnElm' n11Ln~~n~w,:;~~tJn&i'Yl1.J~'11: L "lfu 'JEl tl~11 U 

ilut:-l~..J ';l~iJ1~1~1ur.Ynm~'il11 LL~:'JEJtJ~J1~1t'!LULLEltlLiJI.'l r.Yn~1n-w".l5~1LL~:"J1n ~m1 • 
'VI1t1L11L~1lifu 'Yl1L~Ln~~n~m::~~tln&i n7::<i1um"J.JEJn md'L'I.bLitJ LLI.'l::'ll'::l.'le:~nTHL~n'VIuEl • 
~&f ~Q..ol t. ~ IV Q..o.cfA.r~ tJl:'l 

b'W11"1JU entJn1'HnU'Jn~1~Ui.'l\l bb~\lfi11 1!l:VIi.'l1~Eln 'VI1'VIEJ:JJ (:.Jn".l5 1lbUElU:JJ bbEl bu~LLI.'l:: • 
'VI '1-tEJ lir t:-J~~ ~ru L~t~m~ LLEl ~fl Elffln El ~1\!11~ ~~1 

'IJ .. 
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LLeJULU~ 

Vl'l-tai.6Jf.J~-:~ 

3Juf.J~" 
n~'H..IVI fl1J 

LL~.:Jn11 

~nm~VIa1l 

Vlfl1l~11VIru 
' .... 

tn 

"' ~mmuen 

-ir11 t~~ 

' 

"' 

.... 
~:::@ltJ C02 i'f\li'f~ { % ) "' . ----- ------

2 

10 

10 

5 

5 

4 

10 

1 

10 

7 

20 

20 

2 

. 
~:::~tJ 02Gl1'1~ ( % ) 

2 

10 

10 

2 

3 

10 

2 

1 

5 

2 

3 

tim : Fellow (1990 ) 

u~·w1mi'I~~LL11~LL6J·:h~::~l.J~:: LtJ"ln!~.:~~n ~11 11~1 LL~aci1"i. ~fi m11m~~:: 1 iff'~~1u 
"ll f:l.:Jn1&JJL th 1~,!\l. ~1~~1'tl.:Ji1.:Jf..l ~~ LLs:l::f-.1~ LfftJ LL~::tb~ rn~1Ju~1 U~1Ufl111l'YlWYl1U~ fl • 
~1111::~ n f) an'RL ';JU~1 mfu Em t~ f) em L6Jf~ ~""ll a" f..l~ ~.n rn'ti'L -irl mll"l"::n fl'IJ n11~~11rn1 'ill tJ 

'IJ 

(~111"~ 4.5) ~1W¥'1Jt.l1V111~Lli~11l1~fi'YlU~ fl'IJ~~tJ1n11'1~"mh1n~::ih 1 '\Xdi~m~L~tl1l Lffr.J 

fl ci1.:111~ L ~1 LLs:l::~1~VI ~m~ r.J.:J n1~VI1 £J hHL'IJ'IJLli1 "lffl an'ftL~U Vl'1elfl'l11JL;r.JVI1 r.J~ L n ~~1n 
mfu em i.~ tJ f:ln L6Jf~~::~u ~" 

'IJ 

n1~rl1VI U~ ~1111::~1 "lf'Lfiui'm~ntf~ f..l~~ fl t.l1 r.J ~1111:: LL~:: eJ rn Vl11 ij1 Un1~b fiui'm~1 
• • 'IJ 

f..l ~ ~ rl rn'rf ~11lrY.:Jfl111l t1 ~tln ~'Yl'l.:J ~~h::i'Yl r.J1 L "ll'u 1 'IJ ~ nn1 ~VI eJ 1J iJ in ~rn::fl ~1 r.J ~U11 ff 
J' 1 ~ 1 ~ LL eJ U L tJ ~ ii L if eJ 1 U L iJ U ff J' 1 ~ 1 ~ LL ~ :: t1 1 VI ,X 1 ~ 1 L iJ U 1 eJ £J U 1J n 11 ff 1J ~ ~ n 'IJ • 
mfuaui.~a an L6Jf~~"VIi"m1LntJL~ £.niim1tb111L inu LL€111 Ltl ~-wurr golden Delicious LL~:: 

'IJ • 

Mcintosh ih1,Xel'~11n11VI1r.JL';JLL~::n11f..I~~Lflfi~Ui.'l~~" LL~LU'IJ1"~1r.J~UTIL"llu ~urr Red • • 
Delicious Rome Beauty LL~:: Stayman LL~::'IJ1"LLVI~"tl~nniuiif..li.'lYhl,XLn~~'l11JlfftiVI1r.J 

'IJ 

(Gorini et al.1990) ~111JL;r.JVI1tJ~Ln~lillnmfu aui.~tJani.sn~~::di~ifunuf..I~L~~LntJL~r.J1 
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'l u'lnu.::~ u\l11l LLri1~ tJ~::Ln~ifun1 tJUD n 'l U'll rn::~j:.J !ilL31~ Lfiu L~ tJ1i111:: di~ifun1 tJ'l u J_,d 
L ~D\l111mnfu DU L~ DDnL'll'lflil::i.'l1 r/l UL ~fl L fl D'lJ e:J\1~'15 Lblil::L iJui~ G{'"JUrllJTll13JL'2JlJ'liUL U 

u1·anm~ 1~£J~lLULL~lm1Lfiu1m~1LL14ltJ CAS '1w.d1\l 3 L~em 11::L1l-wu~n~rn::~~un~ 
1m ii'D"lJ eJ\l j:.Ji.'l13.i'-;:nnm1"'Yl~i.'l e:J\JL ULLEJu LUi.'l L~i.'l::LL -wf~Lfiu 'l uu11mmf"'~iiT1Tfu eJu 1~ a eJ n 1'11'11 

.. ' ..r .. .. .. "' ... .,: .¥ ~ ... ..~ 
G(\111:: lJ Tll1l.J n 1" fltl Tl11l.J LL U UL Ue:J lJ ~L 'lJ £J"J LLi.'l:: e:J1 £J nTH nt11n 'IS-1 L 'W lJ'lJ U LL lil ::11:: b 'VI j:.j i.'l ~ b U 
~ q 

ad o Q..oO .a t.o ,:;; .-=1 A d .a~ 
n1tu.'Yl'Yl1'YlU'Yl'VI~\ln11LntiLnFJ1 LL!il::~~Dtu.t-"ifll..l~\lth'l 5 eJ\1~1L'llm'l1£JG( (Gorini et al, 1990) 

q 'IJ 

. ' 
m1 'l1" i1 4.5 Tl11 m 'li l..l'liu~h ~~"lJ eJ .. 11i16J1 eJ EJ n ~ L 11 u LLlil ::T111l..l L 'li mYu G( _, G(!il'lJ eJ" ri1'll 

q ~ q 

mfu DU 1~ e:J em L'll~~ ~n LL~::j:.J ~ 13.i'LL~lil::'l5ii.!fi'YlU 'Yl1U 1~ 

0.5 

1.0 

2.0 

3.0 

~\J'1Gl (%) 

Tree nuts ~mL~::j:.J~13.lmr\l 

LLD u L TI i.'l LL&l::LL -wfu1\l G(1 £.J ~uf u~a Tl1T1~ L ~ ~ n'l':: L Vi £.J l..l 
q 

'VI Ell..~ ~nLL6l::j:.jlil13J i~LL~\l 

LLeJULUmL~;:LL'Wf'VICl1£J '] ~1£J~ulf j:.j~fi1 LLElU,TlE.l~ L'l5El 
q 

~ oW'l5 -w~3J Litnt11'iu G(~1EHtleJ~ l..l::i.'l::na iuu::1~ 

l..l:::nEJn LLTliU~1Cltl 'li11 1-wlil'V\11'1-l. L'lle:JL'l'EJ~ ~nn1~'V1Ell..l 
~ 

~ann::'V\~1 n:::'VI~1u~ 
a::T1m 11il l.J:::L~ m 'Ylf"' -w'in LL'il\ln11 mffit "11T1 

-- ----------------~-1"--- ----~~-

LLEJULU~ ( ~uf Golden Delicious) bL'Wf eJ~U \Aj'in'VI11U 
q q 

2.0 

L'llEJL'l'EJ~ ~nm'il'VIEJl..l n:::'V\~11.1~ mffihTl ~UL'Yl~ 
5.0 LbeJU L tJ iii Lblil::: LL -wf'VIlil1 £.J '] ~1 £J~UTI j:.j i.'ln1 LLTlUL 1J EJ~ 

1 

oW'l! -w~l..l Llijn'Yl1'iu e:Jd1m 1~ il..l n~l£.J l..l::lil::na tt1 -w'in 
' ... 0 .... 

l..I:::L'lJEJ ~ann:::'V\~1 j:.Jnm'il'VIeJl..l LLTl'l'D'il 

10.0 edu Li.'ll..IOU 11:::U11 iutl:::'l''ll LL'il\ln11 ui"eHlLT11 
1 

'VIUDL11~~\I ~1'VIfll..l ~U'VIfll..l n'l'::Lfi£.Jl..l ~u~~\1 
15.0 

- A R ,all IIIII .-=1 A 
~'il'l'eJLtleJ'l' 1"1G(L1JeJ1" LL1J~Tlb1Jlld 1J~b1JEJ1 L'l5Eld 1.1:::L'i1D 

'IJ 

LLTlU'i11~U 1lJ11 L 'W'il'V\11'1-l. L ~'il ~n'lJlJ 
.J 
'Yl:IJ1 : Kader LL~::: Tltu.::: (1989) 
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nTHrllJL U1J11E.J1n1~~ijrh&Jl'e:J e:~n.:ftL'<iJU~1 rJlJ ff-ilnTHJ~ ~ ff11~:L ~ tJ L "Jiu LLEJiiln €1 tre:J Gf 

LLe:Jiil~Ltr~ Le:JffL'Yle:Jf ~-ilLfl~'<i11nnTHU~£JUff11~-il<ii'U ~e:J n1~e:J:iilu mfluLtrL~~~ LLiil::Lan1i'u 

'<illnm1~n~1'1le:J-il Forney et al. (2009) ~ui1 ~n~rn:::'Y11-iltl1::ffl'Ylff:m.Yff'lleJ-ilLLe:JtlLill.'l~urr 
~ 

nT~l~LnlJ 24 ff'tJm~1UlJ11FJ1nl~~iin15Jl'e:Je:Jn~L'<ilU~1 ii~rn3Jn1€11J Life:JLLUU d1 LLL'l:::n~u 
1ff~nl1LLtltJLiJL'l~LrllJ L UlJ11E.lln1~ 

ffl Uff~1e:J L 1J e:J~nTnfi lJL U1J11 E.n n1~~ ~ f11f1J t1 u i,~ e:J t~n 'tsn~ 15 % ~ e:J rn ~n ii 
~ 'IJ 

a ~I G.oo .- , .J' "" .. .cf ~ 
7 £1\l~lL&Jl'L'lL&Jl'E.Jff LuUL1L'l1 3-4 lU '<iJ:3Jf1113JLLUULUEJ LLiil::n11LffEJ3JLfftl'<il1nL"1Hl~1LU 

1:::~ll-iln1111\l~1WI-h tJ L n~ituue:J tJ LL~ El ci1\l L ~fi~ti11 if1113JL"li3J"li'Uff-ilitu ~1EJ L n1JU1U n'<iJ:: 
'IJ 

rh1'1XLn~n~u~ff~~~tln~i.<ii1ut~-iunT~1imf1Je:JUL~e:JtlnL&Jl'~ff-iln-il 20- 40% ~e:Jru.~nii 
~ 'IJ ~ 'IJ 

21 tl-il~lL&Jl'iilL6fi't~ffLUULJ!;n 3- 7 1u iil~n11Ln~ stem end rind breakdown LLiil::tllnT~· 

ff:::ll1U~U11 tl1Ln1J~e:Jnl.~1l3j 4- 5 El\l~lL&Jl'iilL6fi'£JffLUULliil1 3 L~EJU (Gorini et al, 1990) 
~ 'IJ 

L"l!tli ~~3J vh ff3J LLL'l:::3J:::L~e:J tl1U13J1LnlJ1UlJ11£nn1~~~mfutJUL~mmL&Jl'~Elth-il 
'ltt~v 20% 1u"lil-iliu') tl~::mrn 1 - 2 1u '<il::'t111~~L'lL~~dlmLtiu ff~ LLiil::L~EJ3JL~£Ji1ni1 
LnlJL UlJ~~rnm~tJn ~ LL~tilm!ll rnmflJ e:JU i.~ tl e:Jn L&Jl'~3Jln i.tJ LLiil:::LnlJU1ULnU 'ttl '<iJ::'t111 ~ 

Ln~n~U1ff~~tln~itu L"'fe:J~'YlUf11f1Jt~ui.~t~EJni.&Jl'~ff"n" 40 % Llluniil1 6 ~tJml{ LL~~ 
'IJ 

mflJtJUL~eJeJni.&Jl'~ 20- 2s% LoWt.J-il~eJ~'<il::iJt~-ilnum~LthL~t.J 

aJ::tiimn~ tJn~LnlJLrhn1u1:r.J:::~~iil~~'lllle:J3J"'f3J~ uiil::Ln1Ji.~1.3JLnu 10 1u ~ 
'IJ 

10 - 13 e:J-il~1L&Jl'L'lL6fi't.Jff 1uu~~mm~tln~ n11LnlJLU1J~~mn1~~~mf1JtJui.~e:JeJni.&Jl'~ff" 
'IJ 

3J::L~eJ L 'Yl~'<il::L1lffn 1.11 Ltl~ t.JuLtluihL~" il1 LnlJ 1 uu·rm1 m~'lleJ-ili. u t~1L'<ilu'<il:::"li1 vfi~ e:J1 r.Jm1 
~ ~ 

Lfi ui'n~1 i.<ilmnn'J1m1Ln1J 1 UlJ11£nm~tln ~ 
' ' 

n~ltl iilnLL~f LLiil::3J::LiiEH'Yl~ Lfi1Jfb::~lJ'1JeJ\le:JEJ1l.:ftL'<ilU~lni1 2% LLL'l::: 
'IJ 

mfueJuL~EJtJnL&Jl'~ff-ilni1 5% n11ffn~~tln~ 
'IJ ~ 

fi~u~::L"nGl1~" Ln1JLU1J11t.Jln1~~~mJnoiL'<iJU 1 % LLL'l::f!TflJe:JUL~tJeJnL&Jl'~ 5% 

LnlJi.<iltJ~::mrn s - 9 ~t1~1~ 

~n i.<ilmi LLme:J~ n::~~l~tJn "li11 t~~~11u wutJi.~~f-il t.Tn'll3J t1~h~m LLiil::t.Tn11J 

Lfiu1uun£nm~~~mf1JtJu'1.~wt~n'1.5Jl'~ s - so % LllunL'l1 1 - 7 1u ~1mfi1J1u 
1J1~mm~'llfl-il i. u l~1L'<ilU ff11111ll L'l~n11LU~ tJULLUiil\l E1-ilfiftl1::n tJ1JlJ11£.nm~ L'l~n11~1 tlL'<il 

nTHU~E.JULLUiil\I~Liim EJ1JFT\Im1LU1L~E.J iil~n11Ln~-;J~~Jl~liil m~Ln~~J1~1iil~~1~U1 
~ 

~~~1\11flu<iiuituu1E.J iil~m~ffnJL~£JJ1miil1u"li111 ~~~11u m~L~mmrnn1~'<il::i1ni1m1 
'IJ ., ~ 

di1JLU1J11£11m~t.Jn~ (Brecht, 2009) 
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uEJmnnd'~\liim~ibi~ cAs m1mfl~mt~m~Lnu1m~,.ur~fLL~::~~~.r1twr1-;nni~f 
~ 

,-::vd1\lm1Lnu1m~nh~.~&r\l~u~1LL~::m,-•J.HI~~\I ~\ld' 

..t .. ~ ..l.. ... 111 111 ... "" .,: ... 
L'I-Ul'VIa.J Lnu bUU~~mm~'YI~~~~uau b~m:m b'D'~ 50- 100% "il::~~m~Ln~mm'VIu ... 

"illnU ~n1 tl1 fJ e:Jn'BL~itt LL~:: ~ ~ n11L~e:J ~ L ~tl"illn ~~ U 'YI1Ef LL~ ~"1.1 e:J\1 L 'ife:J e:Jl"il L U~ ~ttL iJu~ 
J1m~ L rta\l"il1mn~L1J'YI~~ 1EJ1n~uttLL~::LJJ'Yin1~ 1n~uu LLaT-·hmfuem 1~e:~ an1on~~i1~1~~ 
L"li~"liu 25- 50 % '\1::~1m1r1ihl\lnun11Li"il'1ru"lleJ\I'\I~tt'YI1Ef LL~~3J~~,h~~~m1Ln~n~u~u 

"' ~ 

m~LimfueJU~~mm1'll~~~11~L"Ji~"Jittmlnn:h 15% itu~tl n~\lthL~Ln~nl~LU~~ULLU~\1 

.. ..l .. .. 'I ..l... ... 111 111 ... 
LUGlle:J~ mummt'VImJ 5 EJ\1~1L'D'~IL<nr.J~ bttU~~mm~'YI~m1UElttb~EleJn L'D'~100% 

~ 'II 

"il::iia•~nTanuL~~Lilu 2 Lth"lla.Jm~Lnu1uu~~mm~lln~ 
~ 

..... ~. .. 'I ... 111 111 .-..l.. ., ... ..1 .. 
ft<A1un Lnu bUU~~mm~"l..e:J\Im~tJe:Ju b~e:Je:Jn L'D'~'YI~~11~L"l..~"l..tt 25 % "il::L~am~r.J 

1~ tJ"il~tt'YI1Efi1whn1'nnu1 uu11£nn1~lln~ LL~~-:u::Lll~ EJtt LtlLL~::iin~u~~lln~iLn~~u 
~ 

LL~11"il::~~mmrnmfuauL~m:m1sn~~\l LL~tl1hf'Lull1mru.~\ln11 15 % ituttl rl~\1~\ltll 
'II 

1 ~Ln~m1Lll~ tJtt~LL~::Ln~n~u~~lln~ 

thn Lnu1uu~1mn1~~i1~1fuenu1~aan~on~ so - 100 % "il::iim£Jm'lLfiuL~~ 

Lilu 2 Lth J\ldL~11::mfue:JuL~e:Jt.mL1~~~~nwh 20 % 

'\l~tt'YI1V~b~tJ1"Jia\lnuL~e:J~L~tJ"l..e:J\IU~1~~ 
~ 

~ 

.. .f ... ... ... ... ... """' ... 111 .., ... ... 
n11Ln1JbUe:J~~1LL~::~~~flfii,'Y1LL1J~ CAS 'YI~~11Ue:JU b~t.le:Jn b'D'~~\1 LL~-;J::~~n11 

'II 

L~El ~ L ~tJ"il1n'\I~U'YI1 VLL~::nmu~~ll n ~ LL~ ~"il:: L ll~ ~JU ~ll f)1-;Jii~~ il-:uUn\1 ~J~~~~ tY.Jd 
~ 

Lrta\l"il1n1\1~1~t1~L'V1~1uLd'e:~ ~a~~ 1a 1n~uu"iJ::e:~cilu 3 ,-1.] ~e:J 1~1'1fl~ 1e:J tn~uu (Mb-) llX 
~ 'II 'II 

~3-11\1 eJEJnrn~~1EJ1n~uu {Mb02) L'VI~LL~..,,~~ LL~::L~'YIL~1EJtn~uu (Mb+) 1lX~J~~~~ m1~ 
•'I • I 1 ,t .f "' • ~ "" ~ " "iJ::eltJ bU1uLL1JlJ ~UU"l..ttn1Ju1~1fil,eJ Eln"UL"ilUb U~ll1~LL1~~e:Jll 

'II 'II 

irni 'YI m ~~ ~~f'VI ~~ r.J ') thu i.~fim~1 LL~::L~ttmL u:: ~1111::'VI~El EJ \!Tl ll1::n EJU"l.. a.:~ 

u,-·m•m~~liLnuL dEJ11LL~::L dt.m~ L ~Ell~L 'ii'a~~n;~1 tJ n~u,-~~ LL~::iim t~nTnnu1m!i-1 
'II ~ 

.,: .,f .... ..r 
L~~"iiU ~\IU 
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Georgala LLfl:: Davidson (1970) LLU::tl1h'l1ii~f4"1U'lleh'lnl6Jf€le:Jn"D'L"il'IUW:: 

fnfu em I,~ eJ e:Jn L6Jf~1 unTnnui'n~lL da LL~\1 ff~ ~l~i'u"ln r.Jll~mL~::Lfiuff41eJnL 1~"if ~ eJ 

fil6JfeJeJn"D'L"ilU 60- ao% LLfl:: mfueJuL~eJan16Jflli' 20- 40% 

0 1"'"' .f VJ ~ ' VJ.,..t Fennema (1975) LLU::Ul ~LnlJLUtlff~ nLUlJ11£Jlnlf'i~t:l LuU 

1. lJ11r.Jlnl~'llEJ\ILU1Cil1L"ilUlJ'iff'Ylt iimm"D'L"ilUUt:lr.Jnil 0.5 % 
q 

2. lJ11t.nm~~tJ,-::nau~-wmfuEJuL~e:JEJnL6Jflli' 70 % LLfl::EJlm~ 30 % 

3. u.,-·n..nm~~tJ.,-::nau~1r.JLu1til1L"ilU 90% LL~::mfuau1~Elt:JnL6Jflli' 10% 

m1Lnu1utY" 3 1111r.Jlm~til"ml11 "il::11X~~~nilm1Lnu1uunmmf'ltln&i LifmL~\1 
Ld El"l..l.J.~\1 1 l.J.lJ1'H.J1nlf'l'll tl\IL U 1~1L -;JUlJ1ff'Yl~"il::L~En.JL~r.J"li'ln'ilnl1L n lJ 1 U1J1'Wlnlf'!tln &i LL~ 

q 

n11LnlJ 1 'j..blJjjr.Jlnl~"l..tl\IL 'j..b 1Cil1L '<iJUL ~ tl\ltl ~l\1 L~ tl1';J::Vl1J-;J~'j..b 'Yl~tlVl1n L6Jf 1f11L v.Jd'~t\IL nu11 
q 

' ' 
18 ll.J. fie:m.n'll13j- 1 tl\lf'llL6Jf~L:n£Jff LLfl:: 14 lU fiEllliVIl13j 4 El\lf'I1L6Jf~L:nr.J~ LL~::Lfi~nl'l 

q 'IJ q 'IJ 

L ti1 L~r.J ~1l.J.1 uu11mnlf'l~iimfue:Jl.J. L~e:J EJnL6Jflli'aci~1 t1 -;J~U'Yl~tJ"il::L'<iJ1rut~iln'il ~"tfu 
'IJ q v 

n11LnlJ 1 UlJ11tllnlf'l~iimfu ElU'IIL~tl an L6Jflli' '<iJ::'Yh 1 ~il ell tln11LnlJi'n~l~ tll1 Ull.J.nilnl'l 
q 

LfilJ 1 UlJ11r.Jlnlf'!~iJL l.J.1Cil1L"ilUL ~ r.J\It:l ~1-:IL~r.J"J 
... ' ' 

1th1\1Lt.l~nn Lilmnu1wu11tllnlf'lriilfllfue:m1Ci!Elt:JnL6Jflli' 0.55 % '<iJ::fl\lf111:J.J~~ 

11l~~n'ilnl1L fiu 1 UlJ11mm~tln&i 

f1 nt.IllVl"l.. El\1 Ell~ 11~ L fi lJ 1~ tllTI CAS l.J. tl n'<iJl n"il::if unutl1:J.Jl mEl tl n&ft L '<iJULLfl:: 
q 

mfu EJu 1~ El Eln L6Jflli'~ LVI m::ff:J.Jnu"l.fu~"l.. El\1 mVIl1LL~1 r.J-:~ilu'<iJi r.1~il m1~ ElflrnnlVl El1VIl1 

1. ~ El-:1 L fllJ ~ El-:1 ~l :J...Il'lrl U El-:1 nun11~1~11"1.1 El-:1 ell nl f'l 

mfu eJu i,~ EJ EJn ~hlli'LL~::EJ El n"D'L "ilU 1 ~fl>~~ tilfl EJ~"Ih-:tm1Lnui'n ~l 
2. EJrnVInn"l..EJ\11XEJ-:tLnu!ii'EJ\Ifl>'~~ i,a.JLtl~t~uLLtl~"Lnu ± o.5 

q 'IJ 

LUl.J.El rn V11lij ~11::~u LL "Ihflu ~LVI m::ff:J.J ~1~i'u m~l'lLL~ ~::"llitCil 
q 'II 

q 

3. fl"Jl:J.JiJl.J.tl:J.J~'Yltf~El\IL~Eln1~L~:J.Jl::ff:J.JnlJ"l.fU~'lJEl\!Ell~11 L"li'U LLEl'I.JL1J~ fl1111iJu 
Q.,.O a... (i".c:J a .a J' Q,.l Q,.l e'.d 4 

ff:J.JVl'Ylli'YlL~:J.Jl::ff:J.J f!El 90 % Vl"l.ffl"Jl:J.J"l.f'j..bff:IJVl'Ylti'YlL~:J.Jl::ff:IJ fltl 90- 95 % 

m1Lnu LLuu CAS fflm1n1if111:J.J:ll.J.i1l~mf'ff>~n'ilm1Lnu1 uunmnlf'!tln~ ~" 
'II 

l.J.eJm:nn"il::"li1£.J1n~lf11l:J.Jn1au fl1l:J.Jff~'lla\l~nu~::~flL3JLL~1 rJ\l"Ihr.J~Cilm'lffnJL~mi'lwun 
'II v 

L1liitr ru'l-nm1L~eJ:u L~tl"illn';J~U 'Yl~tl 
v q 
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4. n11V13JltLi £.J'U."llth'lel1n1~~L'I.UJ!l::ti3J 1l1£.JL U~ eh'l L nu~rniifl~11n11Vt3JUL1 £.JU"lJ eh'l 
q q 

enmi'tlh::mrn 1 - 1.5 ~u.~~/u1Yi1i:Hir.J LvleJL~El1VI11~1l1mLnuiiEJrnVInii~~~MJci1\l 
q '\1 q '\1 

11!il b ~1 bb~::~ El\1 b nui:J El rn Vl1lii LL~::El\l~lh:m EllJ"lJ El\lel1n1~1ll £.1 L Uti~1 L ti3J El 
q '\1 

5. n11n1i ~ ti111:: LVI £.1 ~ ~ n LL&'It~ ~ 13Ju ~ El f.J El El n 3J1L tt"lf1\ln ElU L~ ~ LL3Jn L 'Yl El'in 

(Preclimacteric) 

n1,-~TUAIJU~IJ1 me:J e:J niL :a" 
' 

• VI "'l: t """' '"' """'.,I'll , :'I .. .., J' 
ti13J11rl'Yl1 LCii'Yl\1 ~£.11lili113J"l!'1~LL~::1li'Yl L3JbuUli113J"l!'1~ ~\1'\.l, 

1fili,.,.IJ'lf1~ ih 1~1Cilmh mv.1~L "ll11ll1u~El\1Lnu LL~1ll ~ew1 ~L dm~ EJV\1 £.JL-,) 'li 

... tt VI VI If'. 1"" ... ..s "' .J "' d 
t~e:Jn~L-,)U m rJm71JEltt LCilfleJn L~~ u-:imtlke:Je:Jn~L-,)'U.-,)::~~~\J-,)ttfl\l-:i::~u'Yl~El\lnl7 L3JEJL1t'l1 

~1U L ll ll'i1l1 rneJ eJ n sn L-,) 'U,-,):: ~ ~ ~1 ~\I LL~I::tl'i3J1 rn~1fu eJU L~ eJ Eln '~~ L vj 11 ti\lnl11::~1J ~ 
'\1 

~ EJ\1 nTi n11-,)::L ~3Jll1m rne1 EJnSUL-,)ULL~::~ ~ll'i1l1rnmfu e1u LCil e1 e1n lan~iirh L~ LCil rm11 

ll~ EJ E.J mm~tVta.hoff1m 1u~EJ\I Lnu LL~1~d'i:loffm~£.J ~EJ 1iL 1~1u1u.ni1~1::~ummsnL-,]tt-,]:: 
"" .., ..~... t "" .J :f. "' "'"' 'I ' ..r., q ~~~\I rl\11::Cii1J'Yl~ EJ\In11 ~ mu vn::w"l!''YlLWUL 11 LL~::1l e1 ~11n11v.1 fJ L-,) <ih uEJn-,)1nuv. EJ\1 L n u 

~ El\1 tii'l\1 El tll\1~ ti13J1"irlU EJ.:IflUn11~1sn~"lJ el\1 e:nnl~ bbfl::-,)::Lil ~ LaJL~-,)'U.nll-,)::n\1 L 1 fl1\t1 
... .., If' 

~~Cil1llli6YIEJEJn 

1fiff1:~hi'l"1fili,.,.IJ'lf1~ (Artificial method) ih llflt~ E.Jn11'V.Jurilanl u 1~-:iL-,) u 

u'iti'YliL on1LUL u~ El\1 Vt~EJL iEJl m~~ ~1'\il>n11n1iCil eJ tJnSUL ~ 'U, LCil r.Jn11~U~1llnun1~ih 'Yl u 
q 

VI~El n1'1fLU"iLUU (C3Ha +502---)- 3C02r+-4H20) 1rrd'i:JonEJ~n-h1rrli"i13J"l!'1~ ~Elti13J11rlfl~ 
uhn rnEJ EJntftL ~U-,)U n\1-:i::~u~ ~ El\lnl"iel ci"l\111 Ci1 L l".l 1~ r.Jun ~ ~~mm rnEJ ElnSUL -,)'U.l>Nn\l"i::~ 1J 

6- 8 % tina1 24 i'1L1l\l n11~~lfi1l'Hl.bEltJnSUL~UVI«\1~1nd'-,)uii\11::~u~~El\lnl"iL~diCil 
lil1nn11VI1r.Jh (Gorini et al, 1990) UElfl~1nd'~EJ\ILnul3Jo;ij1LUU~El\JUEJ\IrlUnl-:i~1LVI~"lJEl\l 
EJlm~mJ1\1~3Ju1rn LL~:: 1 u 1::v.11\ln11Lnu ~1m1mil~-tl" Vt1EJ \t1 EJ1VI11L"1T1 e1 EJn-,)1n~El" 

'\1 

Ln UL~ ~ fl El Cil L 1 fll L W-:il:: ti13J11m vi 3J'V11~ fl ~U'i3JllliEl ElntftL~U L~Yi'ufi LL~irrn11d'-,]::Yh L ~ 
~u 'Y1um1~~ Ci!L ~3J~u LLfl::iliJruVtlL u~1'U.!Tl113Jllfl e1 CilnmL~::n1-:iL~l 1 Vt3Tn1~ 1ll1Ltlu 1aJVt3JCil 

q ~ 

U~U';l iru 1~i:l n11\t 1 L 'Yl~ it~ 1 u. n11Lwn e11!n1 ~ dJunl'lHJ EJ n tftL ~ULLa::fhan1 u 1~,-L ~u L!il r.JL i 
q 

'VI«nm1"lJEJ\IL3J3JL1J"i'U. (HFM,Hollow fiber membrane) LL~::m-:i~~snu(PSA,pressure swing 
'II 

adsorber) m1i 
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1 u 1::Vd1\ln11L nuL iteJ LfleJ¥1"113:in11'V\1 tJ11il1 i'a eJn~L"il'ULL~::tl~ eJ mnfu eJU 1~ eJ eJn L5JJ~ 
th 1:iXtl~m rue1 eJn~L"ilU~l~\1 LJ.~::tl~m rumfu e1u 1~ e1 e1n 15JJ~L ~!1~\lifuL~m.J G) "ilUn\11::~u~ 

'II 

€l11lth 1 iL n ~Tl11 !I l.;r.J'V\1 mi'u e:J1'V\11 n11Tl1lJT1!1U~!11 rumfu e:JU 1~ eJ e:Jn L5JJ~'Yi1L~~ r.Jn11 
~ 

1!:lJ1£.J €l1n1~ (Ventilation) tl~ eJtlL ~eJln1~fllE.JU€lm "li'1m ~1€1 n1~~mfueJU L~e:J eJn L5JJ~ 

~mmnu 1~£.J1~thtl~n~mnu~11Lf!i:iu1\1"11it~ 1.-rlu ~Wll11LLi\l (dry lime, cao) 

~11~::~1mLT~m.ifir.J!!LeJ~1e:Jn15JJ~ ~11~::~1r.J L6JJL~r.J!I1r.r<il1e:Jnl5JJ~ thun!l~u~ LL~::~T"s~::~1£.J 

LeJ'rn1 u~1i:iu (ethanolamines) LL~irr~Ur.J!!L"lY ~ e:J U1UU"ll11L~tl\ILLtr1t-bl!I111\IL1E.J\IL1l u 
'II ~ 

ieJ\ILflu 'VI1eJ1irhun!I~U~'VI1mi1LUU~1~~'1Tu (Absorption) ~\ILUuiTI-m1~~1r.J ~::~1n 
'U 

LL~::laJ~.n~m1n<iln'ieJu 

~ 'l ... ft.~ 
4. 5 nTH n u b lPl EJ aJ n T:i u "i'lJ u "i'U.I1 n 1 A 

(Modified Atmosphere Storage, MAS) 

n111. nut~ r.~i:im1tli'u €l\l~tl1::n e:JU"ll e:J\IU11£.Jln1ill 1 u ~ El\1 1. nu 1 ,X ~1\ILU"ill nu11mm ill 

Un~ L~ r.Jtl1ULU 'r"l1::"Ji1\l LL1n fl1'VI11~ 1.5JJ~~ tJ\Iii~i~ iim'.l'V\1 tJh YhL ~€1\I~U'.l!:nf.llJ"lJ e:J\1 

e:J1 m ii!L U ~ eJ \1 I. flu Ln~n1'.1Ltl~ r.JULLU~\1 'VI t\1 I. nu d]u 1: tJ:: L 1 ~1U 1Ue:J f.l n~L"ilU"il::rtn L "111tl11'U 
'II 

'VI!!~ tl1m rueJ e1n~ L"il'U"il::~~ ~\l"il'U~\1 o % ~1utl1!!1 rumfue1u 1~ eJ e1n 15JJ~"il: L ~!lit'U"il'Uii 
mmrumnn11 20% ~1l11!:b"liuttit£J!!L-rl'Um1LrllJL:IJ~~-w"11 L'r"l11::mfueJ'U1~eJe:JnL6JJ~~ij 

(Modified Atmosphere Packaging, MAP) 

ifin11 ~€) u11"ile:J1'V\1"SLufl1"11u:: ~\leJ1mil!fl1£.J1ufl1"11u::u'.l'.l"ile:JeJn LLtr18~fl16JJ 
~ ~ 

u1~'Yit'V11eJn15JJ ~ ~!1~3:i ~~ ~1w11 e:J\In15JJ~1\I 'J ~1!1~ eJ·:tn1'.lL "li'1ltl 111 mfu~\ltl~~ilnfl1"11u:: 
1J 'Jd';) 1 ~~it 'YI 

~ 

nl'.ll.rllJLI.lJlJ MAP "il::~'J\IrlU"li'l!!rllJLLUl.J CAS L~r.JLLUlJ CAS 1l:~eJ\IT11lJT1!1'J::~l.J 
q 

"1Jfl\ln15JJL'\XI'l\l~<il~€l<il 1 '1-l."lllli::~ MAP dJULL'l.JlJ'l.J'J".lt.l1n1~~!1<il~~ Ln<il-;nneJ<il'.l1n1".l'VI1 £.J l"iJLL~:: 
~ 

Tl lli~!IU~"ll €1\ll ~<il~L i'Y11lJn"ilJllli't1L U~1Un1'J£J e:J !11 i n15JJSU:IJ r-l1'U "1JU1<il u~::vfu ~ ~1"11 f) \I 
q q q 

fl1"1l'u::'l.J-s'J';J J,'VIumLfl::tl1!!1 ru"lJ e:J\1 t:-J~ <ilnm'lf~ud"".l"il tl'1!!1run15JJ~u,-,-"il 1. "li'1lu1 u<i~ e:m 
• q • 
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L~6J Lb"m f.lni,'VI11ij LL~~~ll11~ L Un1~Lfi11fnlY1 L "ll'u LL~\1 LL~~f.l1"iliiU"il,Jtrf16J~'U ') ~ml1 tJ hw 
q 'II 

tln~LL~1a~-r1n11'VI1 t~h"lJe.J\Ic-J~~!l m't1"il~lh 'lV;',-~~11"1Jf.l\lf.l e.Jn~L"ilU~~~\i~1ni1 8 % LL~~ 
mfll e.Ju i.~f.le.JnL'lf~L ~1J~.,.;fu1J1nni1 1 o/o 1 u"1Jrn~~,.~~uri1'1f~rif.l 'lV;'Lfi~tl,-dt~"ll'u ~ f.l 

'II 

e.Je.Jn~L"il'U 2- 4 % LL~~mf11e.JUL~f.lf.lni.~~ 3 - 10 % (O'Beirne,1990) LU'Y11\Itl~u~111\l 

~~~!lm't1m"il"il~ 1 if.l\l~tl,-~n f.l11"1J 0\1111'HJ1n1~~ii f.lEJn~L"ilU 1 - 2 % mfuf.lu '1.~ mm '1'11~ 
10 - 20 % n11~1'1\11111r.nm~~~LLU1111rJLU111"1fU~1111"ilLV;'iii~~1U~16J~~e.J\In11,fuii • 
2 1n~1rJnu '1.~LLn 

1. Active modification ~f.l n111LL'Yl'U~f.l1n1~111t.IL'U111"1l'U~1111"il~"Wri1'11~~6J~ii 
q 

0,., I .,.. I A .... 

~~ ~1'U"1J f.l\ln16J1LL~~~"ll''U~~16J~ f.l\ln11 

2. Passive modification ~f.l nT~·ti~rn~6J11~"1Je.J\IYJ~af'V'l~1~~n~'li'Y11111"1l''l.t::1111"il 
q q 

LUU~1n1'VIu~i~Li1U"1JeNri1'11 1~£JYJ~af'V'l~n~~niimu.~6J11~rJf.l6JLirin'lf"1l'U~~1\I ')~1J~1u'1.~ 
q 

L uam1~ LL~n ~1\lrl'U ~\l,f 'U~ f.l\IL~eln"ll'U~tl f.l-'JYJ ~aJ'V'l ~1 ~~n~~6J11rl 1 V;',-~~11 f.l f.ln~L"il'ULL~:: 
... 'I) 'I) ... ..... 1 ..1 ... ~~ 1 .. 

m111 e.JU b~f.le.Jn b'lf~~16J'Yl~eJ\InTJ ~ tJ'YleJEJn'lfL"ilUrln b"ll' b"Un1::111Un11'VI1 rJ "il~16J!f116J"1l'1~ 
'II 

"1J f.l\1 ~n c-J~ i.ii'LL~::tl ~~tit'! f.l t.1mf11 au i.~ eJ eJn "l.m~ f.l f.lnm 

"il~U'Yl~~~'l'h 1 iLn~nn1L~mH~tJ1u MAP "il~U'I'l1~~~a\ln11eJ an~L"ilU '11~f.l 
q q 

mf11f.l'l.t '1~ ae.Jn L'lf~1 it um1~111~6Jn11L 'l.b L~rJ LLn16Jf111~1u 1 'VIuJL1~ eJmfu em i.~ eJ eJn L'lf~ 
q ~ 

1J1nni1Lm~mnn 'lum'VI11~Luu1tl,-~u L'!du LUm~·~-r LL~::tl~11~rJ,i'1'1tliic-J~'lun11irurT\I 
LLn16J~11 Pseudomonas. ,Enterobacteriacfflae, Acinetobacter sp.,Moraxe/la, "1Jrn~~LLn16J 
1J1n L"ll'u LL~n~nLLf.l~~LLllf1'rh~rJ LL~~ Broc:othrix thermosphacta LUU"il~WYl~~~ii-;11U1U 

q 

,d .J" ... A .JA a ..:f ¥:: IV 1 

6J1 n 'Yl ~~ L "1l' El11 ~ eJ\In1 ~ eJ f.l n6J1L "il'U f.l1 Wl'J'YlL ~el 6J L ~t.l~1 nL "1l'El11 L tJ 'U~1 L 'VI ~'VI~ n L "1l'U 
q q 

~~~nm't1LULnel~ L'UtJLL~\1 n111111"ilLU MAP W16J11rl"1l'::~eJn11LtbL~rJ , 
MAP Ut.16JLinu~mL~~~~LiJ~iJ11fl1LL'V'l\l L"lfU ~~1eJL1Jf.l~ ~nLL~~~~LiJ~~LL~\1 "1l'1t.1 

fl~ f.l1 rJn1~LfillfnlY1 1~ rJf1~n11'V11 rJh n1~1J1Un11L6JLL 'Yl11 el ~~6J n1'Jc-J~~n16J1Le:JTI~'U n11 
q 

" ' .. 0 ... 

"ll'::~f.ln11~n n1~~ruL~tJU1 LL~~n11L~el6J~~ll1'V'l 
q 'II "' q 

~~~nrn't1~mL~~~a i.il~~ LL~\1Uru~1'VI &rn ~ e:l n1'JL n~ ~,r1 ~1 ~ dlt:l\l"il1nLel'U L"J13f 
~ 

111t.1'lu 1 - 3-Ju ~e:Jm'VInij 5 e:J\1~1L"11aL:rrrJa- 'Yl1L'VIL1!Wlm'Jrl11\l-;11wt.btJ~e:Ji.tli.tti LLili1"il~ 
q 'II 

a., '1.1! L~eJ6J L ~tJ'Yl1\l ~~1~i'Yl rJ1'VI1f.l L '1-L1 L~rJ1"il1 n"il~wn~~ ~116J1ULL ,-.,1 un11Ln~ ~J1~1 ~ 
, q 

L rteJ\1~1 me:Ju L"J13fitunutl11!1 rnLe:JU L"11aJ'V'l e1 ~VlueJ~ mmtrrL~ ~ ill"11L~1'1'1 (Substrates) ~ 
~1'VI tt'1 ~~ ~1111 L "li'6J"li'U"1J EJ\1 e.J e:JntrrL ~u LL~::e:J tu.'VI1lij1 'Un11L fiufnlY1 m1~11J~1l'VI1e:J"ll'::~ e1n11 

q 'II q 

Ln~ ~J 1~1~fl1 L~"t~ t.1~11J~ 6J1::~1J eJE!ntUL"il'\.lill1 tJ L 'U1l1"1l''U::U11"il 1 i~1Lbfl::L flU~ e:l ni,'V\11 ij~1 
, q q 'II 
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~1111:: 1 Unl1Lnui'mY1r.r n ~ ~ L1f ~<il ~ f1111J LL<iln 'ill\! nu:fi UrlUn11'YlU 'Y11U'il El ~1111::~ ~ 
f1111Jb ,r 11-llwn e:J\1 EJ EJn6fi'L '<ilULL~::mfu e:Ju L<il El e:J n L'lJ'~ ~" m1l\l ~ 4.5 ~" L tlwn·1" ~rh 1.XL11<il 

"" "" .r .... J' .... "' 1 ...... 
f1111J L~t!VI1 r.J'Yl1\1"151111'V'4 UEln'<il1nUr.J\I"lJUnUElntVI111JbL~::1::tJ::L 1~1 Unl1Lnu·m'l!f1 nl1 

q 'IJ 

Vl1 t~ h LL uu 1 iEJ EJ n6fi'L '<ilU'<il:: L ~ 11i1'uL~ El El ru Vl11 ii ~.,;t u "lJ rn::~ n11L n <il rnfu e:J u L<il El Eln L'1f~n 
q 'IJ 'IJ 

L -rluL~ r.11nu LL~n11~::~1 t~'<il::~<il~\1 ~\lttUf11fu e:JU L<il f.l e:Jn L'lJ'<ilL UL -d'm ti f.l'<il::L ~ 11i1'u Vl'1e:J ~<il~\1 
~uri'um~m11ii n11'Y1U'Y11U'ilt~mfu e:~u L<ilaan L'lJ'~L ~1li1'uL~ml<ilf.lan6fi'L';JU L -rluL~ r.11num-s 

q 'IJ 

'YlU 'YllU~ a t1 an6fi'L';JU~<il~\1Lrif.lmfuau L<i!El eJnL'lJ'~L ~11~u 

nTi1i'EleJn6fi'L'<iJU1::~u~\ln\l 70-100% ~11J11rltJ'lJff\l Y.enterocolitica 
'IJ 

Pseudomonas ,Enterobacteriaceae n11U111l LL uu MAP Yii1 El El n6ft L '<ilU~\I'W 'lJll 31 
q 'IJ 

u1::~'YlTII'nw 1 um1£Ju tf.,., LeJu L'lJ';f~rh 1 iLu~ t~u~ iJ eJ\Inum1VI1Tn 'l u~111'Y'l~hl~ enm~ LL~:: 
5utf\lm1L';J1ru"lle:h'l"il~U'Yl~u ~m1'li'lun11~<ilEl1tJ~~<ilnrnsne:nVITi~<il L-riu Ldm¥<ilf r.rnm<il 

~ q q 

n 11 eJ eJ n LL 'lJ 'lJ MAP ~ El \l L n <il f1111J ~ 1J <il ~ 1:: VI 11 \1 El a n 6ft L 'oil U ~ rl n L ,Yi, tJ bb ~ :: 
q 'IJ 

.- 111 111 .-.,I "' J' . I .,I • I "' t. "' "' 111 "' ""' .J' 
f111'1J€JU b<ilfJeln L'lJ'<il'Yl~~<il"lJU nl1LufHJULbu~\l"lJeJ\In16Jl''Yl\l~eJ\1"15U<ilLn<il b<ilVI~1tJ~lb'VI<il<il\lU , 
n 1 j ~ :: ~ 1 tJ "lJ f) \l n 1 6JJ' a f) n 6ft b ';) u ~ :: ~ l tJ 1 u J 1 Lb ~ :: L "lJ if u L 41 f\ f) u ,r 1 \l 'IX f) tJ "lJ ru :: ~ 
m fu eJ u L<il t1 El n L'lJ'~ ~:: ~l t~1 u J 1 l.$~1 <il t~ LU w1 ::~a ru VI 11 ii ~1 ~" tfu t11111 rna t1 n6ft L '<il u ~ 

q 'IJ 

-rieJ\lll\1 L V1Ua111"15u::u-s111 i.llfl e:J r.J Ltl~ t~uuu ~\lmnun LL~m1L'lJ~ t~ULLU~\I"ll a\l a an6D'L'<ilULn<il , 
';11nm1~1Jt.hu 1 ~<il~\l:nunu aru'VI11ii f11111itu LL~::n1-si'1 i. Vl~"lJ€J\l'lJ11'<ilnrn~ ~\lium1 

, q 'IJ q 

tlEJnLL'lJ'lJ MAP ~€l\I'YI11'lJ'liEI1l~n11V11tl1'<il nld"~1JI!J1U"lJ€J\In1"15 €lnt'VI11ihL~::fi111Jifu 
'IJ , 'IJ 

m11Yl<i1 u€Jmtl~eln mJ"iu 1 wffu<ile.mn1J"~~<il ~~<ilnrnsri'r.rmL~::~~ 1.1f~<ilwfa1ltl"J\l 
q 

u~::'Wft11JU1111 f) .Yh 'l.XL n<il ~b VI~ El\ltl1<ill~';J uii\1~~1 Ln<il~UEl ~1\111<il L 11 u~tl Bn1tJ1 ;i 
$ €J\Inl1€J an6D'L'<ilU m1il EJ\lnum"JLn<il~J1<il1~·.-h L<i!L<il tJ ~<il EJ e:~nsnL'<ilu n11tbr.rmL~::~~ l.lY~<il 
LL~\l'lJ"d"d'<il L U111"15U::'lJ11';1 tJi'uu·nmm~LL'lJ'lJ MAP LL~::Ln'lJ~ ElntVI11ii~1 ';J::"Jil tJLLtlUlli'V\1 

q q Cl 'U Ql 

m"JLn<il~Jl<ill ~';J1n LElU L'1f1l141 L -rlu m1 1 inu~nw1f~Uw LL~::r.rnm<il'VI t111iu nTd'lJ"J"J'<il LLuu 
q 

~ru n11 nl ~"15::~ Eln11Ln<il~tll<ill~ 1 uifut-Jf\1 n11Ui''lJ'lJ11tllnl~~1VIi''lJLLfl"dEl'Yl LL~::~nm<iliu 
q .... "I! 

Uti mn nd' MAP tJ\l-rl1 tJ U'lJ ff\ln1 1L tl~ tJ ULLU ~\l 'Yl1\! ~~"d::"lJ El\1 r.r n ~ ~ l.lT ~<il~Yl <il LL~\! ~ L n <il111n 

wti~u ~ ~n~~ i.lT~fl\I~UL~ElL dm~ EJr1n'Y11~1 tJ111nm"J~<ilLL~\! ~uiu Vl1tJ"JEl tJ-%1 
'IJ 

Lee et al. (1996) 'Yl<il~a.:~Lnu~~<il~n"J11l'Wfa1lu1111f1 6fi\ltln~'<il::L~tJ1lf1ru111'WEl~1\! 
q 

"d1<i!L11 1<ilmnuLL'lJ'lJ MAP 'W'lJ11 nTiLn'lJLU'lJ"ddtl1nl~"lJ€J\!n1'1:f€Jtln6fi'L'<iJU 2.0- 2.1 % LL~:: 

mfutJUL<iltJElnL'If~ 5.5- 5.7% ';1::~1J1"Jrli'ntt1Arn11l'W"llfl\l~~<il~n"J11JL$~~~<il 
q q 
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~ n ~ ~ ~ ~ ~ LL ~ \l 1J 'l'l1il 'l u r1 \1 VH~ 1 ~ ~ n "lf it~ T eJ L ~ £J u r1 'V'l eJ ~ T 'V'l 'l ~ ~ u (Oriented 
q q 

polypropylene) L~ £JL~iin1'lL~:IJihrn L~£J:IJ LL~:1J'l'l1il~flt"U.'VI113j~1 iJ fl\lrl'U.n1'lUUdJeJULL~: 
q q 'IJ 

Tl11JT1:1Jmmrn1il~wrl~£J 'ltX eJ ~'l u 1:~u~1 1il~ii e11 vnTnnu-rm~n~eJrn 'VIn3j 5 ~h'l"'1 Lrn~ L~r.J ~ 
q q 'IJ q q 'IJ 

.... """' ..... ~ -5-7 1U U1J1il1n1U'Ylf.J~~ 

~nn:'VI~1~~LL~.JLL~:'*u 1J'l'l';l'lum~~ri1rn:n:1J~-hul~l~ L~:IJn1'lreJeJnsnL';JU 2- 5% 
q 

mfueJuL~eJeJnL'll'~ 5 % u~:u-ru~:IJ~~~~1£Jri1rnlut~,-L1i!U 1J~f.Jiln~1£J'V'l~1~~n PVC 
q 

'VI~\l1il1mtu1il:di~u'l'l£J1n1"' MAP ~~:IJ~~t~£Jiiri1'li'EleJnsnL1ilU 1 - 3 % mfueJUL~EJElnL'll'~ 
q 

0 'l I ,J'..., ~ Pil..... .f ~ ..... ..: ~.c::i 1/t 

2- 3 % 'V'l1J11 u~1111:L"lfUUf.Jnn:'VI~T~::IJ~n1Yrn::u'l1nlJ Lua~11f.J~ LL~:n~u'la-'Yl~ Li:lu 

n~1 3 - 4 iu~1~ 

e:l ci1\l hn m :IJT111 :IJ ~ ULLU'l'l:::'V\ ·;h ~ a-1 £J ~ wrr J 1'VI un 1J 'l'l';J Tl11 :IJ'VI u 1"1.1 eJ\l LL ~ u ~ ~ ~ 
q q 

LL~:m'lLU~£JULLUfl\1"1Hl\le:lt"U'VI113j iif.Jfl~El~:IJ~fl"lJeJ\l MP tl11:::~1J"lJEJ\laanCUL';JU~1Wh 1 % 
q 'IJ , 

'lu~1111:::~iimfuaul~aanlrn~ 2 - 6 % ';J:::rh'ltXdi~ foul off - odours ~",f-u,~~1111:: 
MP ~:IJ~~ Tl1'liiaansnL1ilULWrl1\l 3- 5% 

q 

f.J~~.rlrn~3Ju~~\lLL~:LLEJthiJfl m1\mn MAP L~£J\IEl~1\lL~£J1 L1J~1:1J1'lr11il:::U€l\lrl'U. 
nTnn~ ~J1m fl';J1mEJu L'li':IJL~ sUflL v.J af1.~1eJ an L'll'~1~1u auru1~ 'l'VIi. "lf'l um,-tTurT.Jn1'lLn~; , "' 

J1~1 ~ LL~:il e:J\lnu1il~u 'Yl~6 LL~ ~u11nT11J11\ln~:IJ eJ1';Jiiuru'VI11il1nm'l 'l isn~ L 'W e:Jfl~ e:J e:Jn lrn~ .. ,. .. " 

~ \l LL U::: U 1 L 'VIL in 'l ~ LL e:J ~ Tl e:J f U n i 1 :1J n l.J n 'l ~ an ~ 1 n LL 'Yl U n 1 'l L i sU fl L v.J eJ fl ~ e:J e:J n L 'If ~ 

(Beirne, 1990) pH ~L'VI:IJ1::a'1ltfl'V111JLemL'U~YJue:J~Lfl~ L~£JrY1LUe:J~'l:::W:l1\l 5 ~\1 7 n1'lfl~ 
'IJ 

pH ~"~1n11 4L~£J'lin,-~sn~1mL~:::LLeJ~TleJfun "lf:::mm1'lLn~;J1~1flL~L~£Jm'lfl~ pH LL~:: 
nTHn~ ~'lU'l:::n e:JlJ L :a\lsne:JU"lJ El\ITl e:JU L u flf~i\1-;)1 dJuth'V111Jn1'l'Yll-'!1W'lJ fl\l Le:l'U. L'll'~ 

1lur.J~"~'*ud:JuLL'Yl\l U'l'l1i!LUr11~ 'INuri1'll'eJeJnsnL';JU 5% mfueJuL~eJani.'ll'~ 10 % 
q 

lu1~'lL1ilu 85 % V1&r\11i11n,!utJ~~--w~mf~'t11';J1n'V'l~1a-~n"lfu~ LOP (25L:IJTJ'lau) ~\lri1rn 
;n:IJ~1UL-li1LUL~L~ Ln~~1l11: MP a'~~~ L~£Jij1.J1:1J1t"Ue:Je:JnfBL';J'U. 1 2 % 

q 

mfue:JUL~e:Je:Jnlrn~ 3 - 4 % tl1tt13Tu~~\ILU-;i:IJLU~'lfl:fl1£Jn'l~LLaa-Tle:JfunTJ1111L-li:IJ-liu 
q 

10 % rleJUlJ'l'l';J ';J:a'1:1J1'lrl£l1Jff\lm'lLn~ia'J:1~1~LUUL1fl1 1 iu~1~ ~e:Jt"U'VI113j 5 e:J\l"'1 
q q 'IJ 

L'll'~ L~r.Ja- LL~tl1tbli'u~f\ILU'Yl e:J~';J:Ln~ ;t(1~1fl L -li:IJnl1llU~-t\l~L1JL~~:IJ 1 Uff1'lfl:tn r.Jn'l~ • ..... 
LLe:J~TleJ'llJn 

f.J~~.rlrn~~"lfLii a.Ji'e:Ju"lJ a\lu'l:L 'Yl"'L 'Yl r.J~ ~\llu-;J1'VIt.i1 £JL Ur.J t 1u 1J'l'l1il 1 ur11 ~ 
q q 

'V'l fl1 a-~ n/1 v.J :IJ LL~ 1U ~ill r.JW fl ~ 'V'l ~1 a-~ F1~ e:l1 n1 "'SU:IJ t.l1 u ""L~ Yi1L '~XL n ~ 1J'l'l r.J1 n1"' LLlJ 1J 

Passive MAP 1J'l'l£J1m"'1 uo.da\ll1\IL 'V\Ue:J.n1"lfU:::1J'l'l';J LU~ r.JULLU~\l';J1nn1'l'VI1 r.JL';J 1i!Un'l:::ri'\l 
q 
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~ .J A~ A 0..0 6"0..0 I ,:;II " Q.J ~ Q.<l 

fh'lU'd'Hnm~~~~G1'YHlrn"'n~m ~G1~11rn'YI~-:JnG1TJ:JJEJ1£.Jm'dLnu'dn'l!t1bUiiHJ 10- 14 1u 
q q ~ q 

~.wrunl'dLnu ~Gj 'aJ£.J1nn-h ~n L ~EJ-:I';Jin a~'d1n1'd"'1 v1:u~ El-:1 ~Gj LaJ~-:Jn'h ~n 1~ £JLQ vn~ 
~ 

1 wlh'lm'd~n LL~:;~~ l.a.Jfi rJ'ILLU'I LUULLUUL~fl LL~m 'Yl EJ'1mL~:;ueJu 1~ flLL:um 'YleJ1n itunurh'lf 
q 

Lflfl~U ~~~~ifu LL~:;~'"JI:JJL '"J~flfi1'11Lflfl~U 1 UU'd'dEnm~~ LfiU ~~ LaJii~'"J1:JJL '"J~ B B rn"'nij1 u 
q ~ 

m'dLfiu7n'l!t1 ~~ l,aj'Lii eJ'Ii'EJu L 1~Eln1'dLn~tnm'd~:;li'1u "'u11 u.eJn:u1nd~ fl 1.3! rJ'I~~~~1'd 1 ~ 
n~u,,-~~~~un~1uu'd'dmm~i'lmh1 ~fll,aj~l.JEJmu~e:m iu. ';l:;ii~q~n'd'd:JJLL~n~1'1Lu:u1n 
~~,aj'~EJ£J1u'dutf'l~~ i'"JEJ£l1'1L'riU n~'"J£1 LLEJUbUfl n1 ~UEJmuflBn LLfl::iuiia~'d1n1'd"'1EJ1:u 

'U 'U 

~'ln-h,r'~ ~~ ~ rn:;~ LL~u.~1~uiu. '3-ibu~ EJULLUG1\I 1 wn1 U.B'IL~ v1nu.n1'd~~~ LEJfi~u'l un~1 EJ 
'U 'U 

LbeJUbUfl n1~iu iia~'d1~\ln'h~'l~fl 4- 5 L'Yh (Ooraikul, 2003) 
'U 

El1 EJn1'dL fiui"n 1Y1~ El\1 ~~ 'il1lrn'J1 ~ n Lbfl:: ~ fl l,aj~ t·h'U.n1'db~"iEJ~ bLfl:;U d'd:U LLUU MAP 
q q 

~ A .A A A .A6' .olo ~ .J" 114 7 8 6"1 ~ ~ 
:U:: ~U~IiHh1 b:IJ El :1Jn1'JL ';)'dill~ El\I:U ~'U, 'Yl'dEJ';l'I.UJ:U1U '"JUL ~ :IJ~Utl'l 1 0 ~ 1 0 L'lfG1 fl 'ilEln'd:IJ ';l::L WU. 

q " q 

nTn ti1 L;mn~ifu. m';liim1 1 "lf'in:~:IJ ~mLfl::~~ L:IJL uJ1flfl EJ"iUfi'"J1:1JL "li'11"llu 1 oo ppm Ltlu 
q 

b'"J~1 5 'U.1Yl L ~ Elfl~'4l1'U.'"J'U.';l~'U. 'Yl"irJL~:IJ~U Lb~EI rJ1-:~hfi~1mJnm1~ ~1Tl ru~ El\ln1'dLfi1JLL1J1J 
q ~ " 

MAP ~El m'dL';Ji"nJLLG1~n1'd~~~~1'd~~EJ\I Clostridium botulinum ~-:JEJ1';lLn~ifu,~1u ., 

~1111~~1.aJiiaEJn6£-L:u'U. LLG1::~arn"'11ij~\ln'l1 4 - 5 EJ'I~1L'lfflL:firm 1~EJii~1L"'~:IJ1';J1nm'd 
1 'U 'U q 

~1 EJh~ EJ\1 ~~~nrum1~ EJ Lu vn::L~ EJ EJrn"'niJ LLU'dU'd'"Jtt. m'd~~fi'"J1:1J LtlEJ\1 ~1:1J1'Jtlv'hl.!ilt~ EJ 
1 'U 

L~an 1 i1~~~1 i'Yl11J'd'J:Unrn~~L "'m::~:IJ iim'd~'"JUfi:IJEJrn"'niJ~EJ\1 ~~~.nrn~ eJ r.l1\l~ Lbfl:; 1 ,X 
1 1 1 q 'U 

fl'"J1:1Jfnu ~u11n~n\1~11:1J-;i1 Lilu.1 unTnfiu7n1Y1 ~~~.n rn'YI1 n 'U.~Lfl'U. LL~:; 1 "11111 EJ1 'U, 1u~ 
'U 'U 'U 

n1'd 1i MAP n'lJ ~~~.nrn~d!a~~f D~El1£.Jn11Lfiu7n1Y1L~11i~ L ri1m'dLTl1JLL1J1J 
1 

~ruru1mT'! La.l';hn1JL1JflEJULL~~LLe'l':IJ~iu.LiJWiu bL~n111"1f MAP nudfEJ~~f~ituiJu.:ffu 
q "' ... 

~1 :IJ1'dtl LLEJ n E1 EJn';l1 n rl'U. L~~1 EJ n11 LL~ n ~ n bbEJtft~ Lb 1J flrl L1tJ L iJ 'Uo';l~ u 'Yl1rJ"' ~n~~'lJ1 u 
1 

~~ ~n rn~LifEJ i~fLL1J1J MAP Lbfl:;'Yl11 ~b n~n1'dLiEl :IJLffV~~\1 L fi'lJ Lb".libflu.~ fl1 EJ ~U~1,.{ Lrl Elii 

-;i1u'"Jub~:IJitun\l 10
8

- 10
9 L'lffl~~ani"11 1uL'd'a~uu1~1rnaan6£-L';lu~1~~~-rlEJ\Il1\ILWilEJ 

q 

a1~1'd-;i1 L tluL ~ EJ7n1Y1 itu~\1 ~~ LLfl~fi11:1JL~£.J\I';l1n 1u'Yl~~:IJ LL~'l udlEJ ~ ~1um·:;u1un1'dit 
~ 

LL~\1 ~~ l.aJ1 'riL~EJ" ~1fi' ru LL~ ~~11 11 L ;V\1';11 n 1u 'Y1 ~~:IJ iit!EJ v 1~ EJ L\t ~1:; L~ EJ ii LL ~ n ~ n LL e16B'~ 
" 'U 

LL1J~ Yl L"i EJ L UU';l~'U, 'Yl1rJ~ ~n LL~rt1Ui":IJ1 rna El n6£-L ';) 'U,~\1 LU'Uo~1 b ~ ~"1.1 El\1 n1'dL n ~ n ~'U. ~'Uo 
1 'U 1 

t~muvn:n1iiL~ilua£J~-:~ Mooller et ai.(2000) ~u11 LLe!:IJLLt-ht~1~L';JEJ,'dsrr~-:~iLL~~n~ui.!ii 
~~ 

~1u~fl11::~iiaEJn6£-L';l'UoUeJEJn11 0.1 % 
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n1~1J~~\U tJ ~1 LL~:::: t-1~ !ilJl rn~tJ ~1LL1J1J MAP ~ f1113J L~th'l ~\I L 'W~1::::&n 3J1~r1LLE.Jn 
q ~ 

Clostridium botulinum "nU!il E LL~:::: nonproteolytic "nU!il B, F 1~\U1n~111'WLL11il~eJ3JLU'Yl::::L~ 
'1.1 .... Cl.• A df/ I J" Ad A~d 

(Davies,1995) !il eJ\1~:::: 3J lil1::::1\l Low 11 ::::\U ~ 'U.'Yl1 £.J n ~ 3J U~13J11rl L \U1ru 'Yl eJ fl.b'V1113J !il1 rl \1 3. 3 
q q "' q ~ 

El\11'11 L'llii1Ltn£.J ~ Ue:Jn\U1nUrJ\I L UU\U ~U 'Yl1£f~13JL -fltJ1~ULL~::::l1J ~ 3J11rl tl\1 L n!il L ~ Un11L ~mJ L ~£.J 
q 

~ Li11il~u 1~ e1 ~1-J1 ~n m 3..1~ EJrn'VInn~1n"11L~eJ3J L~£.J'Yl1\IU1::::~1'Yl imr~dim\ eJun11t-~~ !il 
q 'II 

~TJ\~:1!1 £.JnLlULUUii11fleJ!il~Ln1J~elfl.b'VI11ij 4- 12 el\11'11L'll~Ltfimi ~\ILUeJ1n1~ tHlHU1n11'1 
q cu "Q,IQI 

LL&:~::::f11f1l eJU llil eJ eJn 1'1l<il m~t-~~ !il ~11'Wl!!Lfilil~uri eJum·n~mJ L~£.J'Yl1\IU1::::~1'Yl tl3J ~ ~ 1mJ~ 
~~!iln rn~ rJ'.J LiJu ~ tJ eJdJ11JLL~\U::::~~11'W:1!119l'Yl~tfidJ e:1 Milil13J irrn11~\U::::fh 1 tX~~!iln rnGt"itJ~1 

'II 'II 

tJ~eJ!ilJl£.J\U1n Clostridium botulinum 11ilt . .nmtJLL!il~Ltfi£J3J'1leJfLu!il 1'1lL~tldJf'l~eJ11<ii' LL~::::m1 
a.,.. -=I I a.,.. 

U1tJ1\1~113JnlJ MAP 

~~!ilnrnGt"i'Ll.lLneJ'i L-riu "l.JU3JU\I "l.lttdJU\I'VI11U LL&:~::::L~n (crumpet) ~l11\U1mdJ.J~1~ 
fl~<iJ ~\IW ~ pH d]un&:~1\l f1113J~U~\I 1f11-J~i'1-JLUU1Vnu ~1L'VI!il'VIan"l.leJ\In1~L~eJ3JL~mn!ll 

'II 'II 'U q q 

J" A ..f t=tca.... ,::.a;(( .A Qll A 

\U1nL "nel11 L UeJ\I\U1nf1113J"nU~\I n1~Ln1J1n1t1t-liil!il11fl.b'l'lL1JLn el1LL1J1J MAP eJ1"<il3Jn11L"<il1qj"l.JeJ\I 

LL~n~nLLtllft!il LL1Jf1Yi Li£1 Li1tt~1 L 'VI !ill 'lXL n!lln~u ~ ~!iltJn~ LLiii::::Lnlilm11J13J"l.J tl\1111"ntt::::lJ11\U 
q q 

~1Ut.J~!i1Jlfl.b~L1J Ln EJ'i~~~1ttU1:tn fl1J'VIiil1n'VI~1 tl~\!Ld]\1~1~ J1q]1 ~ J1u3..1 L Utl 

LUmLil\1 f11dJ Uiil::::t-~iiiL~ ij pH Lllttmn\l~\!1~1 f1113J~U~\I Aw ~_, ijLtJ~rm~J1!i11iii~1Un1tllJ 
'II 'II 

L"lftt 3Jv.JYJtt L~n LLiii::::'W1tl ~1L'VIIiln11L~EllJLih.Jtn\ULnlill~~\I\U1nL~el11 m~~ LLiii::::LLl.Jf'lfiL'itJ 
q 

~111~\lm~LtJ~ tlttLLU ~\I'Yl1\l Lfl ~ fl1 tl111'W ~\ltfum1ih'VIttlil1U LL1Jl.J MAP ~ El\I'W';l11fl.b1~\l 
'U 

~L 'VIIil"l.J tl\ln1'dLffeJ:I-.JL~tJritJU ~eJ\IL~eJn Lil.JI'd'd"<UJlfl.b~ eJ\I~U1::::fieJl.J"l.J tl\lel1n1~ LL~::::EJ1-;J l "lflq]fl 
q q q 

Q..o .c:f t.l I 1.1 

nuL~m "l.l13J1113Jiil1 £J 

n11L \U'iru"l.J el\1 L ~ el~1~ ~1'VI'U1"1J el\1 t-1~ !ilJl rnGt"i'Ll.J L n El1L nlil~U L~L~ tl ij tl anlftL \ij UL VI~ tl tl tl 
"' 'U "' ' ' 1 I a I 6"~ A ,.l ~ I1J OJ A QJ 6' .cl ~ 

L 'VIUtl"nEl\111'1 U111"nU::::l.J'd'd~dJ1nn11 0.5 % u11nlJn1~fl.bUL r.lil"l.JU hlilnl.J ~iil!il11 fl.b'l'l LlHn tl'd'Yl 

mm·\1~11\ILUUW-11\4 Lori'U •lmmJ\1 LL~l.J1Hfl16_lff11fuauL!IltltlnL6Jl'<iJ60 % LLiil::::n1'1! 
'II q q 

LU1q]'dL';JU 40 % nlil1dJ L'W11::::13J~3J11rlrl'1l~lilmm~~LL'Yl1n!i113J1'V-11UEJtlnL1.JL~ aan~L"ilU~ 
'II q 

"' ' "' d "" 1 "' • I 15' ..t .,. Yl .., ..., ~ .,. ..., 15' ' .J' t 1 , "-' 
L'VIiiltltltJL'WtJ'l'V'W'Yl"il::::n'd::::!ilU Vl~ue:l'dL"ntl~1~';l'Hl.J hlil lil\IU'I-tt-liil!il11fl.b'1'1L'VIii11Uf1171J'd1'<il liltJ ~!il1 

'\1 Ill 1&1 .. 

filii] tl tln~L '<il'l-t ~\l"il::~tJ1::::ii'Ylrr111'V-13J1 nn11n11L in16_lff11f1J Eltt llil tl eJn L'1l<il 60 % LLiil::::n1'11 
'II 

luLmL-;JU 40 % El~1\IL~tJ1 

'lu"l.Jrn::::~m,-L"il1ru"llEJ\Im~~3Tmnlil1uN~!ilnrnGt"f~ijJ1!il1iiiLLiil::::t-~iiiL~ MAP LliltJ1in1'11 
"' 

mfut~UL!iltlfJnL'l!~ 60% LLiil::::n1'1!LULqJ7Lr;JU 40% El~1'1L~tJ'J~13J11rlti!llt11tJn17Lnl.Ji'm~n 
q 
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1~L'~~~ 1 - 2 ~i.Jm\{ L'W11::flG{~-;J::~~1~nuLL~n~mLatft~LLu~.YiL'ivff1m1n'Yl11'1XLn~n~u1ff 
~~i.Jn ~ LL~::m1u111"1J a\l111'll'u::u11';11. rta\J-;J1nm1~~ ~n1'11'~1fu a 'l.l. 1~ m:m 1'11'~ m1 1 ii'~ n 

q q 

nuLft'~ b"liU 'W111LUU ~~a Natamycin 1111nUm11"1f MAP ~::i:ii.J1::~'Y(rrn1w1um1~1U~11 

n11L';l1ru"1Ja\lflff~L~~n111n~iJiJ1::~'YlTI111W111nni1 ~a n111J11~i-:Hl1Lit~La'YI1\ttl~ L"li'l.l. 
~ q 

' ~ 

Ethicap ~1111 L "li'11"1iu Ltl"lJ a\l La'Yl1Ue:J ~ 1 u "lia\li1\l L 'VI ilan1'll'\t:::U11~ri 2 % ff11111tl rJWJ\l n11 

~~~n nt.onLULn a'i~1 iMAP iJ-;)1~\bE.Jn'l.l.a ~1\l LL wi~fnE.Jl 'l.l.U1:::L 'YI~~1\l 6) ~1 hn 

~ ~ (j]n rnonL 'VI ~1-d'l.~-;)1 L U'U,~ a\l L fiu 1 'U,~Lflu LL~ a ~1\l hfi 111111 tl1 a rn. ~[) ii ff._'j ni1 25 a\l ~1 
'\J q '\J '\J 

1. '11'~ LSU~ ff m~'Y111 'IX m ~ n11Lfiufm~n iu LL~:::iii1ru~11 u~1m i!e:J ~11 tr ff L "li'l.l. LU~ an'W1 ~ii11 
q " 

~~m wtlm~~1~u11 'l.l. 'Yl1._'1<fij\JflWU111 mu~nii~1 LUUff1L ~111"11 EJ\ln11LL<fin LL ,x._, -;J1nn11'1T 'YI1 
q \1 q 

A Ll £/ ~--- .A' ~ '1 A. "" ~ .... fj' t-J~<finrn'Yl LU Lml'm11~1111'll'\tff._'ILL~::mu b 'l.l.U11mm~i.Jn111 tl1U'I.l.LU EJ'I.l.~1 E.Jffi.J e:J1"lla\l 
\1 

~ ~ e1 ff<111L~ £111 e:n~Ti a 1 iLn~ eJ'I.l.<l111 vi.~ i",f'l.l.ff"llKn~ru:::"lJ a"n11~~111 n1nh:::n'l.l.~ rn.n1w~ 
q q 

1."1i11,n~ dJUU';J~E.Jff1Aru1 'l.l.~~<llnnt.onLULn a1 MAP u'i11'1.l.~1UL 'VI<IlN~"1Ja"~1111UGia~nE.Jm1 
v q 

"fiu 1 u~L flu~.uui"-;J1 "tlu 1 u~~111.rl rn.onLuLn e:J1 MAP 
\1 

~ ~ 6'.d 
N~IJ'Inmrne:J'" ') 

n11u11-;J LLUU ffruru1 n1 ~'VI~ a MAP ~" eJ an SftL -;J unnih~~ a an I. '1.1 ff11111n fn ~1 
q qllllll \J 

~ rn.n1'W u"' ::li~ a1 ~ n11 L fi ufn ~1"ll a"~~ 111n rn.on a1'V111~ ~hun11LL'!J11'!J ""~::ili1ru'VI 1~1 u 
q q 't.l Ill 

-;J~'I.l.'Yl1rJLLGi:::n11e:JantftL~iu EJ1'V\11 IMF L"liU e1nN~L3JL~a11Lft'~-;J1nliff~ 11 LLfl::n11Lfl~~ 
q 

J1 (j]1"' LLuu1~ ilLa'l.l. 1'11'~ ~n LLGi:::~ "'13JLL 'IX"~ ii G{1u'!J1:::n au"lJ a>1l. "lJ ir'l.l. ~1~~ 11 i 1 'VI~a il1>1~i' ~n 
q 

L"liu ~~a hYJ"'~ LL~ hriuav~ 'VI~ a ~Gi1T1uav~ irmn~m1LU~E.JULLUfl>l-;J1nn11e:mnsrrL~i'l.l. 
'l.l.em~1ndrT"iin11 1 i'm11Jj111 LLUU ffru ru1n1~~'1a L~11n1'1l'L 'l.l.L <111L-;J'I.l.nu~mi1~ii11~1LL w" 

q q Cll " 

L i-u, ~~<fin nt.on LL i L £i a fiLL ij >1 LL ,X \l n1 LL ~ lJ ~ U 'Yl 'U,11 ~ >1 'W1 a 11 aJ 'U, L UE.J iJ 'U,~ ~>1 LL ~ 'U, LL fl ::"ll U11 
.J' 

"1JlJ~E.J1 

n11~CUJ'I.l.l MAP LU'I.l.L'!J1u 2 1ULLuu~a 1:::uun11ih~~aansrrL-;JuT~v1G{mu11~ff11 
\1 q q 

~~a an&ftL-;J\l.Gi>lLt.J LLGi::n11~~111YJ Gi~~ij~ lliff11lMfh~~El antftL~'U,~>liJ ffeh'J'll'it~ ~a LLlJlJ~LLff>l 
\1 q 

~El" ~1 u 1~L ~an 1::: ~'l.l. 1 i a an 6ft L -;JUSU11 f.J1 wne:J"i1>1 L 'VI ilan1'll'U::u11';l'W fl1 ff~ n LLGi ::rh~ ~ 
q q 

EJ an l.u LL1J1J~REJ\JR13JTH1nr:::~'l.l. t(j] E.JL3J~EJ.J EJ1~ mLR.J 
q 

n111ii1~~.nuaan6ftL-;JUL~1-rl~ieJ\l1'VI~ 1'1.l.tl~.~.1989 i1111~-iu ~a'Y11>1n11~1 

Ageless (~~'l.l.} 
FD323 

'\J '\J 

ilmJ~';)1'VI'l.i1~ 7 ~1U'll'El\l~aiJ LLGi:::iimmrnL~11~'1.l. 20 % !1ieJiJ L'W11:::"11a~ 
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~affi1J11tl'il'il aan'ftL~'I.HJamnn ~~'ilrlnt'lf~~1Vffl~ ium1~1 ~ ~'ilnl11"lf-J'~tltl'l.H~~ 1m~n 
'IJ 'IJ ~ q 

~Tl11!:~~a ansnL~U~lLL~::~i-nitu an L'il mil hl~ a ansnL~U(0.1% ~7e:l'Xa ~n11 )1 U1J11Vln1~ 
:u::~~"11~'Y'l LL~::~~J1L~Utl1 hJ~a eJn'ftL-;JU(Q.5% ~'1a1J1nn11 )1 U1J11Vln1~ 

'IJ 

n111 "lfi1 'il 'il a a n'ft L -;J U~l1J11tl 'l"Ji!l un11~~Ul ~~~ rl nt'l'11 'il ~nTH~ 'ilJ1'il1 ~ L n~ tJ 
'IJ 

-JqmnuL;~ LL~::1J1\If1~\l ~1m1t1 L ~~Tl111J:fu 1 'IX ~\l;fu l~ 1 uiJ~~uu~m1l in.JU11~~1'il'iliu 
q 'IJ q q q 'IJ 

mm'ftL-;JULU~~'ilrlnt'ti'1Jln1J1~ L-ri'U "1JU1l1tf\l f1nrf 'W'lf'151 Ut:Jn-;J1nd'~m1~~~~q)1~'ilsTIULi 
q 'IJ 

~11J11tl'il'iliu~1a ~~~mfu rm L'il a an L'lf~ ~~~ LL~:m1'il'ilsnua ansnL-;JU J\l~'il a an~L ~~LL~: 
'IJ 'IJ 'IJ 

TllfuEJuL'ilEJanl'lfqf L-ri'~~1inu Lii'iln1lLW~'ilk1u'il ~a1~n11Lnu1'm~1~1nni1 3 Lrh 
q 

111JJ'\Ii:Jm11im~~'l'Y'l1U1J11-;JLn~u LLG'l:~~Ll~;i1~"1Je:l\ltl1'ilLLri!U~~1~'Y'lrl1~~n grid pad 
q 'IJ q q .. 

r1nn1:~u L'il ~Le:JJ1~ Ln'il-;Jln m1~1 t~h"ll £1\1 ~mLr~::(:.Jr~ laY ~'il~1e:J"ll a.J L ~ ~'l~Lwni1 EJ e:Jn-;Jln 
'IJ q 

grid 

~~ 'il rl rn'ti' El1~11 L ~ 1U MAP ~Tl111J~ e:l\1 nl1L ~lJ{'U.e:l ~1\1 qi ElL tta.J LL~::"ll m ~ 'il G'll 'il 
'IJ 

a ~1\lhn'i11~i atl._'l'lL'H~ ~1rl1JT1111JU~ El'ilrl ~"ll a._, MAP rl\!Tl.J~ El ~ n11Tl11Jfl3Jarn~.nih ~ ~._, 
'IJ q q 'IJ 

a ~l._'IL~ ~1 1111-rl~\1~ L ~m:~3J L 'v'l11::L11 ~13J"l1tlTl11JTl1J~'il~u~a'iln~l~ 1~ mu 'V'Il::~~'ilnrn'ti' 
q ~ 

~~Ell £Jn11L fiu1n~l3J1n n11 1 o 1u LLf!::la.i~nl'lL if1113Ji'au 1 unT~'th ~~ ~ ~u af"ll a" 
q 

Clostridium botulinum -;hLiJ'U.~eJ"1mnm'l~'U.i11J~1~ L-ri'~ pH aw m1u1~1'"~ ~11Lf1~ 
~1i111JJ'\I 1uLLrHn'fi~3J'lfe:JfLu~ 'V'Ie:J~y.le:J~LW'il L'lfL~~3JmH.Jhqf ~1u~~n LL~:lusnu 
Ue:ln~lnd'~f1113J-;)1LUULUnl1Li3J\11~rl1Jn'11"1Jl~U~mL"'!Lm·._,~f1._,nl1n'l:-;J1~~U~1LL-ri'Lfl'U. 
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