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1J'YI'YI 6 

nT'Hl'Wl i.l3J i.l1'Vi1 ,-L @l tl n1 ,-.Yh U ~\1 

(Food Preservation by Drying and Dehydration) 

'VI~\l"il1n~ ~1UU'YlitLL~1 un~m2!-1m1'Yl11lJLLfl::L "li11';1 1 U~\l~ ahJd 

• 'VI~nm1rlUEJ3JEl1'VI11L~£JnTj'thmK\l 

0 

6.1 1J't1\f!1 

n11r1Ue:J3JEJ1'VI11Liil £Jn11fi1LL'IX\l LlJU1Tir1Ufl3J El1'V111~ Lri1LLri ii:m LL~~n~1lJ71'Vf L~3J 

~U~·HL~Lri e:Jh '1Jmfi7'Yl11lJ hliin11UUfin 1 1l Uth::l~i'l1~1ilf LL~';11nn11~n12f1';11n 
'VI~ ni1u ~1h1n !JYl El ~';J::n ~11 L~11 nTHJ~ li1 EJ1'V11'HL v;_,tfuij11~'1-nn113J1';11nn11't11 
~\lTI113J L Yl11::EJ1'V111LL Vi'\lLnulft~U1U tb::'VI EJiil~U ~ LLfl::ihi'1'VIUnLlJ1 L 'V\3J1::tl1'VIi'UL iLlJU 

L~ih.J\l1u1::'VI11\l~\lfi713J Llil£Jna\l't1~"1JEJ\leJ\lnt']'l!l-1u~\lfi113JLfi1Lii£.J (~.i'!. 2397 - 2399) 

1~1u~nuVi'\l';11m!1uLnlil LLflu1m~"~mLVi'\lhl EJ\lLLamm 1m u1::'VI11\l~\lfi113JueJf (~.i'!. 
2442- 2445) LLfl::~'VI1!m3J7m~\l~mL'IX\l1h::mru 4500 ~u 1u,-::'VI11\l~\lfl":i13Jlflnfl~\l~ 1 

lJ ~.i'l. 2462Liil£JJ:.J~Iilnru'tf~nLLVi'\l~~~!il~U 1iliLLri t1~UL!i11 n::'VI~1tl~ LLfl":iEllil ~1~nmlil 
iJ11L ~lil'VI11U ~n~ iJu~~\l ~n"llll LLfl::'I!tl J:.J~3J 

q 

~1'VI1u J:.Jfl 13-JLL 'IX\l L~3Jiin11J:.J~~ eJ tl1\l Lllu~1 L lluiu 1 u~'VIi'~EJ L117m ';1Uiim1~~u 1 ... 
lfl~tl\1 tllJ LL 'IX\Iifu 1 iLL 'YlUn171i11n LL 'IX\1~1 £.1 LL~\1 LLiillil Lfl~tl\l tllJ LL Vi'\l LLlJlJ fl n nif\1 fllli'eJULLfl:: LLlJlJ 

'U 

Yiu~ t1 £Jrlm.h::~'l!ti'ifuri e:JU~-\Ifl":i13J Lflnflf\l~ 2 LLfl::i:lm11 inutJ rl1\lni1\l"ll11-\l 1 um,-~~li1U3J 
'U .. 

~-\lbLfl::L'll~" 
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B1V111LL i-l ~ ~ 11 ~.:Bu~1 ~tt1V1 ,xm 1J1 ~1 ~11fiL n UL~\n udJUUV11 B ~1 nn11 ~ 
e:mmn5h.Jn~ u~i1ruV11~1u1 V1 nl"ll e:J-l eJ1V111LL ~-l ~ e:J L~e:rtb Lll~u 1U1til r.Jn11L~~tt1V11mt"litt1 
, \J Ql Ql '\1 

';1::;~~ rn111Vl~ e.J r.Jn11 e:J1V111~tilmn hlt~~1.Jn11r.Je:J~~u';J1n ~u~1n~ m1~';J::'t111 V1L~ e:ll'V111 
q ~ 

,J,;::~ .. Q.,f ~ ~ d J 1 .r 'I ""~ 
'Y1 ~~ m111Vl L V1 ~ e:Junu fl1V111~tilu ULUUL 1rJ-l 'Y1 r.J1n til tJ Lu Vll:::n11~til ~11~"ll'Ue.J1'V111 ~ V1 Wll 

q 

mn GJ ~~dJu~n11::~m'V111aJtnEJm1Lnui'nl!t1~~ u~dJuL~a-l~EJ1nmn~"il:::'rl11ien'V111 • 
,Q .cJ t.J ,d .I 0 I :;. Y( t,.l .... o&::f I 'l "" I ,d j' 

L n WI n11L U i:W ULL U iil-l Ue:l r.J 'Y1 ~WI LLiil ::n1':i'Yl "il ::'1'11 L "Jl'U U U ~til"il::; WI El-l L ~r.J ~1 ~ "Jl'"ill r.J 'Y1 ~-l"lJU 
q ~ 

'<il1Lilu~ B-l~m1fim~1LLiil::~~u1 L '1'1~ 1 u1iil~1um1'rl1LL i~B1V111 1 in11wtX1~e:J tu 

g., 

6.2 cU1L"fl1'ViT1 (Water Content of Foods) 

e:J1V111'Yln"ll'itWiijtt1LUU~1UU1::ne:Ju1uu'1~1rnmnue:J£JLLtiln'ii1MlU ~-lLL<ii 10- 95% 
q 

(1WI tJttlmt'n) e.J1V111~~tt1~1n"il::L~e:J~ L~!JL 11 LL~l.l1m rntt1L v:ltJ-l e:J ci1~L~ r.J1L11~1 m1rt"il:: 

L uu~1 u-l:l'l1 en'V11'nf u"il:: L ~B ~ L~tJL~L ~1V1'1B i1 ~~dL Vl11:: e:J-l ~11,-::n rJ u"lJ B-l m'V111LLtiln ~1" 
flU Ue:Jn"illnd .J1~~eJ ciL UB1V111~~~.J11 U1Utt1 a~1:: LLiil::tt1~~1JrllJ l~ L~n~"ll e:l-l~11~U ') 1 U 

~ ~ q 

mmrn~ LLWin~1~rlU~1 tJ~U1i::~1~ ') '1'11-l Lfl~ ~~11~ LLii-l LL 1~ ~11~mn~1 r.J L Un11~~tt1 eJ e:Jn 

"ill mn V111 LLWI n ~1-l n u Ell V111~ -l L n WI nT'H ~am ~tJ "ill n 1.l ~ n1m'Y11-l L~ ii L e:l u L6JJ ~ LLiil:: 

"il~U'Y11r.JLU1::~u~<ii1MlU , 

... 
1 . ...t15~,-:: (Free or unbound water) 

~a tt1~1u1V1ru~~aci1uLsnfu~-~"Jl' L'l1iil~iW~1 L6JJ1'YIV'liil1~~~ "ltu~11-l1::V111-lL6JJiil~ 'l'iu 
"' ~ 

, ~ , ~- a G."A .- a ~ t=. ,£ A 
~-l'Ul LL~::'Y1Bfl1V111 U1tl~1::~~rn~~UWILLiil::VltlWin11~L Vl~e:JU U11J1~'Yl1i ~1~11fltil-l e:J Bn"illn 

q , 

e:11 V11 -s L ~ ~ 1 tJ ') 1 til tJ 1 i Vl fr -l -l1 u ~ 11 ~ 1 e.J u LL ~ :: LL ~ ~ 1 u "1t 1 ~ n 1 -s e:1 u LL i -l ~ iJ Cil -s 1 L ~ 1 
.d . 

~~'1'1 (Constant drymg rate) (Barbosa-Canovas & Vega-Mercado, 1996) 

J 1 a ~"S:: L il u ttl~ L~ tJ1"li a~nunl"SL ntill.l~n~m LLiil::L tlu ttl~"il ~u 'Yl1rJ~lm"Srt u 1 LUL i 
L~BnTH"il~ruL~u1W~LL~::nTl~u~urr L1£.Jn tt1~1ud11 Available w~ter V11e:J Water activity 
(a w) ~m-snVt1l~~-l~~n11 , 

aw = p/po = E.R.H./100 

aw = Available water 

p = fl"n~~u Le.J"lJ e:J-ltt11 Ue:l1V111 

Po = ~1'-:Jl~~U le:J"lle:J~tt1U~~'Yl~~ e.Jrn'V1Jl3J L~ tJ1rlU 
q q ~ 
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2. J, hHi~,-:; (Bound water) 

~E) J1~L:IJLflnfl LtlLm::b ~ rnnu L:IJLflnfl"lJtl\JR1"jbTJ~VI1tlR17tb::nmJ~U ") 1 Utl1'VI1"j 
' ' 

huJ~UTi::<ih\1') L"li'u ~uTi::Lnhm~u ~uTi::LnUL!IItl11Gf1 (Van der Waals) nTr~'unu1111~ 

~uTi::~1\J 'J ~~fl~EJT111:1JLL-ii-:JLL1\J T111:1J mn~1 ~1 um7't11fl1 ~vruTi::1::vd1-:J L:IJLflnfl"lJ a-:JJ1nu 
q 

L:IJLflnfl"lJtl\JR11~U'J tl\J~fl~eJ~1 a w "1JEJ\JEJ1VI11~\Jd 
' 

2.1. J1~"<ilunu L:IJLflnfl~UEJU1\JLVIU~1LL\iu (Tightly bound water) LIIIVLL1\J~Lfilll 
' 

.., Y} L ~ ' .J' ..., Y} " !'I ~I <' .. t, "" "" 
~1n'VmTi:: bli !111L~U U1R1UU~::~nEJ1VI11~iii&JrlJ b11El1J ') Lu'Unfl:IJ1J1\J ") LYW\J"li"ULIII~l :IJ 

T111:1JT1\J<il1 mn hJ R1:1J11tl~\J a an~1n a1VI11 11i1T;J:: 1 iLL 1-:JVI1a arn Vlflii~ R\1 L ~ ~\! 1111nm:1J 
q 'U 'U 

L "Ifu 'l u n1rn ~J1"<ilunu 1mfln fl"ll a-:J m ~ atsrrL~ ~ :1JLn1111a n tsrr~ V~1a L n ~ aTJ au Lu afsnlil L \AI~~~ • 
mV\11~~J1au1u«myrn::d'~::~~~ a w ua~n11 o.3 

'U 

2.2. J1~"<ilunu L:IJLflnfl~UaU1\J LW0.~1LLUU1hUnfl1\J (Moderately bound water) 
q 

a1V111~~J1 EJ ci1 u«n~rn::U~::ii~1 a w a ci1::VI11\J 0.3 ~\! o. 7 
'U 'U 

2.3. J1~"<ilunu L:IJ Lflnfl ~ua U1\JVI ~l:IJ ") (Loosely bound water) LL 1\J~\Jilliii1::VI11-:J 
q 'U 

L:IJ L~nfl"lJ a-:JJ1nu tm~n~"lJEJ\JR17~u ~taJmninnn't11~1~L~~1~ 1111 t!'li~«\J\!1U~1nLL~\'l 
' ' 'U 

Vl~tlTl11:1Ji'au n~::'t111 'IX~un::1::w:h\J L:IJL~n~J1rllJR11tl1V\1"jV\flill Ele:Jn~1nnu a1VI11~ijJ1 
' . 

aci1u«n~rn::d' ~::~~1 a w mnn11 0.8 
'U 

J1 ta-la R1::';l::~~t"]~n11:1J~LL~~~n ~1\J';J1mi'1u~R'Ylt ~a ~Tl11:1Jiu ta ~1wh LL~::~n11 • 
LTl ~ au~uEJ r.m11J1u~R'Ylt LL~'t111 ~';l!IILuan LL-11-:Jiiliii~1~\JL~:IJ1nn11li'1u~R'Ylt 

q q q 

1u.m1nua:1J a1VI11';l:: 1oXT1113J~1~runu «n1Yrn::~J1"<ilunu L:IJLflnfl"lJEJ\JR11~u., 1 u. ~ q J 

mV111mnn11~::~~11rn1~-:Ju~1.11 rn J,~ij a ci1 ua1VI11 m1~J11 umVI17"<ilunu L1.1Lfln fl"lJ a\! 
'U q 

R11~U. 't111'1Xii~1 a w ~11il\J B-:JEl1VI11iiR11~1il::fn~J11~ L"li'u J11111flV1~EJLn~El:IJ1nL'Yhh 
L:IJLiiln~"lJEJ\JJ1~::rm"<ilumn;ru, ~~a w ';l::B\1~1~\J 

q 'U 

aw "lJ El\1 El1VI11LUUiJ~..ij ~~1 ~'!! L~ ~ 1oV El\JrllJ n11L ~'i'lj LL1il::n11~~ ~ R11~~"1J El\1 

~ ~U Yl'1rJ n11L n 111Uijn1£J1Yl1\J LTlii LLiil::L eJU L&Jr~ n11L U~ £J ULLU fl\J'Yll\Jnl f.JJl1~ L tttl i:IJ cY RLL1il:: 

LT11\JR11\J"lJ El\1 e:JlV\11 illlil tl~~U~\ITl rn~1Yl1\J LJl"li"U1nl1 «n~rn::'Yl1.JU1::R1'Yl i:IJ cr R L "ll'u.n~u. • 
~ ~ Q..o Q,..o .,J ..... .J' 

Vltl:IJ LL1il::n~U1R lblil!:tl1tJn11LnlJ1n'Jy1 iii\Jiii111\J'Yl 6.1 111\JU. 
q 
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1.00 

0.95 ~'U~\1 Pseudomonas sp. Bacillus sp. 
d d. I ,.I !" .:9 

fJ1VI11"l:f\l:lJ~lUu1:::na'U'lJEl\IU1~1~ 40% VI1El 

Clostridium perfringens Lbfil::: na-~'UI\I"JIU~ Ln~El 7 % 1iman~:JJ 'lJU:lJU.:J 

0.90 
aw ~1 ~~fiLL lJ f1 fi t.i I'J ,.-. "l_L_U_\1 __ ::: L-\J-~-ru-1--<;)-t.t.-~-+---El1_VI_1_1....,~-\I iJ-~-, 1_u_tl_1_:::_n_EJU_"ll_El_.:l_~.,...1-~-1-~ _5_5_%_o -VI-~El-

• ~ 

Salmonella sp. Vibrio parahaemolyticus t.n~El 12 % 
.., " d' .I Clostridium botulinum Lactobacillus sp. LLlf:lJVI:JJn L'\.UJLL'll\I'YllJ:lJu1U.n&n\l 

a cr A """ ~ ~.:a ~ .. 1 
r-----+--Lt.~::: I'JH~ "i1U1\I"JIU.~~ni'JUI'J\I El1VI11Yl:lJfl11:lJ"JIUu1UnGn\l (aw=0.90- 0.55) 

rh~·~G("JU.LVIrutlmJurf\1 El1VI11~\IiJG("lutl7:::nEJ'U'lJEl\l'\.hm~ 65% VI~El 0.85 
~ .. 

Ln~EJ 15 % :JJ1miu t.umt.i!\l~t-hu.m,-ll:JJ 
... .. "" 

:lJ1 L ~ :lJY\LL ~ l 

-0.80 aw ~1~~~t..iff'a"i1~"lu.hru\J:::t.\J'iru1<;1 1.1.~::: t.t.ll\1 "li'T:J (~17 %) t.~nc.J~L:JJ u.:JJ"Jiu . ~ ~ 

ih nd';i:lJ"lJ EJ\1 LfJU L"l:faJ G(lu. Staphylococcus wnu. J1t.~El:lJ~~13-Y 
... ~ 

aureus tlm.IUI'J\1 
r-----+--.--~"'~-------------r-----------------------

aw ~~~~fien 1~VJ~mt.uflfit.i£.J\J:::L\J'iru 0.75 LI.I'J:IJ 
~---~ ' ~ 

aw ~1H~~L~fl11Lun~:JJanhVJ~n-;J:::L\J'ity 
q ' 

0.70 

0.55 Deoxyribonucleic acid L~:lJ~~tln~ LL~:::t.llu. 
,-:::~u~1~~~~.:Jii;i'11\J:::~\Iii;i~atl1~ 

f----~--- ' 'II -----+-----~--------,~-----.. ~.~ 
0.50 tl1VI11LLVI.:J (aw = 0 -0.55) Lf11El\IL'Yl~ U:::VI:lJ 

... .. .1"' .. "1 .; 0.30 t.t.mmmr~ t.u~amJu:JJu\1 (~1 3- 5 %) 

0.25 a-tl dt.t.Uf1 fi t.i £.J ii m1 :lJ ~1u m um-1 :JJ-fflu 

0.20 

fim : Fellow (1990) 

176 

U.:lJ~.:JV-~fm,uTut.u£.1 ('1l1 2- 3 %) 

~nt.l.~\1 ('J1 5 %) 

"JiTJ1Y-I~LI.f.JU. (J1 5 %) 
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~~U'Yl~rfrm-.nU~ 13J11~::1.UULLUflriL~tJ ~~~ LL~::"i1 1.~'1r:m~u t~1~~1uff1lTV'ILL1~~a11 
q q ... 

~~J11nn aw ~" L~a aw iil~~1iil" ~~u'Yl~rfn~::Liil1rui1iil" "i::t~::L1iil11u"li1" 
'U q ... 

Logarithmic phase L~:u.:ffu n1"ii.~3J~1U1WIJeN~~U'Yl~rJ~a"1iniil1U1U.:ffu LL!il::Lda a w 
q 

~ A Ql!i' A 0 Q...t or:::. A A .:::::.115" A or:a, ~ 
fl~fl"rl" 0.60 ~flU'Yl"i£J~::VItJ~n11H"illi ff1VI"iUn1"i~i.'l~ff1"iVfl~ ~flU'Yl"i£.Jiil!:~fl~ff11"V'l'IY'Yl a w 

~ , ~ , 
~~"n'i1 a w ~~a"m1~1wfum11.~1ru i"iuff1:l111n1i'VI~nm"i'lla" aw m1..nlum1nUa3J 

'U ... 

El1V111L'ii t~um1iil~tl'1:u1ru. a w n""i::iu~~~U'Yl~rJL3J~1m1m~1ty1i n1"iiil~ aw "nfl" 

El1'V111 1 i~1iil" ~1m1nvh L~L~t1i~m1i"~fl 1tJi:t 

1) n1"i~"J1EJEJmnnfl1VI1"d t~£Jn11'1'hLLi" n1"d'Y111iL"li':u"li'u LL~!:n1"dLL£.Jmi1tJe.Jnt~£J 
' .. ' 

n1"i'V13JUL 'V\1 tl" n11n"iEJ" ~1UL3J1JL1J1U 
q 

2) n1"iL~3Jff1"i~fl::fl1£.JL~iil"Ltl1ua1'VI11LVlafl~ aw 'llehH.l1VI11 LL~il::'lh£Jtl~utl1" 
q 

fl ru.~3J1J~ LL~il!:~ n'l!!l-ru.::'Yl1 "th:: ~1'Yl i11 ~ ff"lJ El\1 Ell'V\17 L "liu nTH~ 3J Ln ~ EJ1 U~~ ~n ru.'l'fL ifEJ LL~il!: 
q 

tl~1 m"iL~3JJ1~1~~"ht~~13Y ~11~L~3J~"Ltl~::'iia"i1flru.~mr~ ~El tliila~.rlv 1~~iil~~ 
q 

f1113JL"li1l"li'U~L'V13J1!:ff3J Ltlnu L'iinu El1'V111 t~ £JL3Ji.tl'Y111 iLn~m7LU~tlU~LLiil::n ~U 

2. n1"iLn~tJ~n1£11'Yl1"Lfli1 LLiil!:LtlU L'nll 

tlljn'1£J1~Ln~~1nLtlUL'n3JLUEJ1'VI1"i~::~mTu~"~ aw ~1nl1 0.75 Ln~911nn11LL"ll"-llu 
"i!:'l·d1" L em i.snlfLL~::iusnL ~1'Yl 1 Uff1l11 ::~ aw ~1 fl113JL "li'1l"li'u"1J fl" iusnL~ 1'Yl ~" LL~Uu 11 

'U 

rruff"LEJU L'l13JL~tJnT~1ifl113Ji'au1u"i::tl:::L1~1iu ') L"liu n11~1n~n 
tlljn1m~ht1~1~~i.3Ji.~di~~1meJu i.snlf L "liu tlljn1m L3J~iil1f~'iil::~ er~111.11~"~~ 1 u 

~1111::~~f11111:au~1 i:l aw aci\u"li1" 0.65 - 0.75 ff1m"in1ianu1um·nn~~J1~1~1u 
'U 

~~~nru.'l'f tl1VI1"i~'l'h 1 iL oU3JiULL~!:El1VITHb~\l (111~~ 6.1) 

n11tlan<fiL~anU"1Jtl"L"lJ~U1U~1l11::~i:J aw ~1 tlljn'1m~::Ln~.:ffuaci1"i1 ') L~"i1:::n11 
Lfl~eJU~"1Jtl"J1nn~1n~ LL~!:"lJ1~L"i~L~eJf8~1!: ~ aw ~~"n11.ffu:ueJtu eJ~"i1L11"1JEhl 

'U 'U 

tl 11 n'1tJ1 L ~ 3J.:ffu ~"i:l ~1 LVI~ 3J11il1n n1"i~:: ~1 tl"lJ fl"La a t)'U,"lJ tl\1 h'VI::~ LUU~1n"i:::<ilu 1lXLn~ 
;;.) q q 

A 6"A .:t -=:: J' 
L 1~ Lfl fl"ifl ff"i!:3J L ~ 3J mn"lJU 

3. n1"iLU~ tlULLU iil"'Yl1"n1 tJ1l1~ L'd'ai3J ~~LL~ildfl"i"~i'1""1J tl" tl1'VI1"i 

aw ~~~~mdai3J~ff"IJEJ\Im'VI1"i EJTIU1tl~1ni.a 1snL'Yltl3J(1l1~~ 6.2)L~i"ii' u1nru.~ 1 
~ A' CL.I Q.J t,.l f:: A .J Q...< .J" Q..; Q...t 

aw Wl1 LUEJ~3J~~"1Jt:l"t:l1'VI1"i9J::LL'VI" U"lJ\1 n"it:JU U"iL1ru.'Yl 2 aw 1!:~1Jniil1" LUtl~3J~ff"1Jtl" 
..... I A I A d .J"" Q.J Q..o I ~ I 

El1'V11"i9l!:LL'VI" LLUU tl~'VIt!U 1J"iL1ru.'Yl 3 aw ~" LUt:l~3J~~"1Jfl"t:l1VI11~!:LL'il.!: ".n3J'i11 U3J U13J .. cu q q 
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..1 .., ""' .- ' ... • 1..1 • I 
111'W't1 6.1 ~l1:1JLUJWU1i'l::'V\lT\Iaw nun11Lu~ E.JULLuGh,"lJel\le:J1'VI11 
..1 
'Yl:IJ1 : Baker (1997) 

Crispness 

>0.30 
... 

U'Yl 

~m:Bone (1987) e:l1\l~\llU Rahman(1999) 

Chewiness 

<0.40 

<0.50 

<0.65 

Toughness 

>0.50 

<0.30 

Lel 1rnL'Ylel:IJ"lJEl\leJ1'V111 ~El ~l1:1Ji':IJ~Ulh:::wi1\l~1 aw nu tl1:1J1nl>~l13J:A'U"lJEl\l 
€ll'VI11~Elnl>'VI1lii~n1'VIU~ ~13JTHlLL~~\ILU 2 ~n~ru,:: ~El ~l13Ji:IJ~Un1:::Wh\ltl1mru 

~ 'IJ 

m13J:A'unl.J~l13J:A'U~:IJ~'Yln LL~:::~l13J~:IJ~Un1::'V\'J1\lfll aw nummruJ1 LL~UE.J:IJLL~~\ll U 

1U~113J~:IJ~Un1::'VIl1\1~1 aw nu mmruJ1mnn11 {1l1V'-l~ 6.2) Liu1~\ILEl 1rnL'Y1El:IJ"lJEl\l 
'IJ 

EJ1'VI11-:udh~"n~ru::fli1tJ~1Eln~1LEJL'f (S,Sigmoid Shape) LLU>~LUU 3 "1'\.t ~>~if 
"l'\.t~ 1 J11 U"1uif~:::iunu~1LL'VIU>!~LUU t W~Tf"ll eJ\l El1V111 t~ E.JLL 1\ln'l:::fi1LLl.Jl.JJ1 

rllJle:JEJElUVI1e:JJ1nl.JL~ t Wfl ,_i,~:::rmiun1J1:1JLI:lnfle:J1'VI111~ tiLElU'Y11U"lle:J\In11LU~tJU~tl1U::: 
'IJ , 

,nn"ll Eh'J L 'VI fll i.tlLtlufi1rn~\lni1~113Jft:~uLL~>~ 1 um1n~1 E.J Ltlu i.a J11 u"1u dil~rusnJu1i Ltlu 
'IJ , 

"1u VI ii>~"ll EJ>~ e:n'V\11 '1.3-l ~1m 1nfi1 hXJ1 "1uii'LLii\1~1 '13-lii~ ru~:wuGhtlu~1 Yi1 i1l :::fl1 t1 <il au 
~ 
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tl~1 tJ"l.l eh'l ~1tt~ 1 ~:: dJttth~ e:n~l1LL ~~~~~ul.1 dJttW &{3-Jul~ ') L ~ tJ~wrt~.ffu 1m~n ~ 
~ ~ 

(monomolecular layer) LuwJl~~~113JLL-ii~LL1~LLi.'i:::~113J~~~11lln L~~nT~Ul~em~ L~ 
~l3Jl1fl~~eHJn~lne:Jl~l1 LL~::~~UYl~m~~l3J11mllLtJLi'l<li' LU~1ttde:J1~11~::~ aw e:Jci 

~ ~ 

'lw1h~ 0.2 

~1u~ 2 J1 'l u~1ud'LuuJ1~m~1"i~~~uL ~3Jiftt~1n.ffu13J 1 u ~~1 tJ.ffu13JL~n~"lle:J~ 
~ ~ 

J1 ~n11Ln'"l::nue:Jcil~~L'l13J ') 1~tJ~tt1l::L~1~1L~U 1~tJ~~\l~1ULunl1m~Lnl::~f111:JJ 
LL-ii~ LL1\IUeWn":h.ffu 13-J 1 u J11 u.ffu UL~~e:Ju ~L~L ~ tJ.JL~nue:J tJ i.~ uoii~~1 LL~:: i.~ ~1m 1m "111 i.tl 

L~ tJ1ie:J~nutl:Dn1mYll~.:n1L~~"'l~ Le:Jtt Y11U"lle:J~m1Ltl~ tJu~mu:::~ln"l.ltJ\1 L ~ L'l1 i.tl Luufil'U~~ 
n-:11~113-Jfe:JttLL~~'l Unl"inL'lltJLUULeJ"l.ltl~"l.ltl~L ~~1U'i~Yl~L~nt!tJtJ L u~1utle:J1~11~::~ aw tl ci 

~ ~ 

LWlh~ 0.2- 0.65 
---···------------, 

f.il:.Qi.OU I 
{low rn~slot5) 

dry 
hard 

""'P shruniuln 

~ 
(in:etmed,aJe mo:!>I\Jte) 

dry 
form 

fleJuble 

$WOllen 
S10cl<y 

~--~-L--~----~--~~--~ 
0 0.2 0.4 0.6 0.8 1.0 ... 

' 
tim : Rahman (1999) 

J1'lu~1u 1 LLL'l:: 2 ~mmrnL~tJ~ 5% "lleh'!Jl~\l~:JJ~'luen~l"i~~fi11:JJ.:ffu~~ 
~ 

~1u~ 3 LuuJ1~e:Jci~l:JJ-rieJ~11~ 'Ylmt1 '1'le:Jm~11 J1~1uULuuJ1~~1:: L~~e:Ju~i.~ 
~ 

LL-ii~~1i.<li' Lutttl1dtJ"lr,r~e:Jnl1L~'iru"lltJ\l';J~UY1'1u J1'lu~1ud~mnn-:l1 95 % 'lue.n~11~~ " , 
fn1:JJ.:fftt~\l nl11::b~tl"l.lfi\IJ1~1UU"~-;illLUU~fl\lhr~~~\llUL~3Jifum~fluJlLU~1U~ 1 LL~::: 

~ 

2 m1Ltl~ tJULLUL'l~ L WtJ~ L~nueJ tJ"l.le:J\IJl 'l u~1u U.Yh 'l~~l aw Ltl~ tJU ltlmn 

... VJ 1 fl ... J' • 1 ... ... 1 tl.J tl J' 
b~Ubfl 6JJLYle.J:IJ"l.le:l\le.Jl~THlJU"l.lfi3J~~U;)lU'Y11 ~b"l.ll ~nl1L ~m.m ~\lfl1l:IJ"lrU nl"i 

~ ... 

Ltl~ tJULLU L'l\l'Yll\l'illttnl tllll~ nl1LU~ tJUbbU~\l'Yll\l~lUL~ii"ll fl\1 fl\l~tl1:::n au1 tte.J1~11 nl"i 

L~e:J:JJL~mnnm1L';J1ru"lltl\l'iil~tt'Y1'1u uamnndrT.Jh1um1tlflnLLUUn1::U1ttnl1~~<?1 1ll"lrtt:: 
" . 
"' .... U11-;J u~::~1111::n11Lnu1n~l • 
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_______________________________________________ , 

6.2.3 ihn<PI e:J~;i~ (Hysteresis) 

Liu~e:J L"D'L'Ylfl3J~::ii 2 ~n~ru:: ~fl LiULLe:JU"D'ElfY-liu~a L"D'L'Ylfl3J{adsorption isotherm) 

LL~::LiU~"D'afY-liU~e:JL"D'L 'Ylfl3J(desorption isotherm) 

LLflU"D'e:JfY-l'lTu ~e:JL"D'L 'YleJ3JLUULHUle:JL"D'L 'Ylfl3J'llEl-:tm1~~iutt1'lle:J-:t~~~.rlru'l'f fl1,11LL'lK-:t 
'II 

L~1l~fl1 aw = 0 1i't&"1W~-1J~~~11ln11LU~£JULLU~\Ifl111l~U'lJEl-:te:J1"'11~~~f1113J=lu~1£J ll1 
'II 

.... d "" ., d l:: L L ' "" "" !"I l:: .... .. ~ 'l l:: .f 
~::rm~~"D'U'Yl~1,.,U1'lla\lm,.,1'J'Yl".lfU 11 une:Ju t1~1Jl';I\ILuU".nU1l~~ (Multilayer) Ul b'U".n'UU';J:: 

'IJ 'II 

a ci m 11'Yi e:J 'JY-l'JU "lie:J \l';h-:t 1 Ua1,11 LL~:: El ciL U 'JU~11~::~1 t1 LL~n 'iilMlU ~1.] m1l".nU~ LL~:: 
'IJ 'II , 'II 'II 

~n~ru:: Lfl'J-:t ~7'1\l'll u-:t m"'11 

fl111J ll'll e:J-:1 ell "'11LL """Iii fl fl11 :JJ=l'ULL~:: n11~ ~sUlJ tt1 ~11J11t1 ~ ~11ru ll~~l n 
'II 

LLfJtl"D'fJfY-liu La L"D'L 'Yl e:J1J Kaminski & Kudra (2000) LL~~\11tli1\l'll a-:t LLe:JU"D'e:JfY-li'u ltlL'15 
'II 

L'Ylfl1lii 3 LL1JlJ~11l".lfU~'lJEl-:tl~~ ~e.J LLUU~ 1 -J~~~ijm~~3Jl~JL'Un11~~fl111J~U3J1n LLlJlJ~ 
, , , 'IJ 

2 -r~~~iiflru~3Ju~1un11~~fl113J~utl1unel1\l LLuu~ 3 -r~~~iiflru~3Ju~1un11~~ 
, , 'II , , 'II 

" ' ' A o ca.,.. -=il 

flll3J".lf'U~1 ~\lfl1Y-l'Yl 6.3 

L~ EJrY1 ~1.] LL~1 fl1~11~Yh LL ~-:tiJn~~fll13J~UL yj a 1 "'tl\lfl113J;f'U~11~~ 1 Un1ru'1Je:J\I 
'IJ , 

e:n~11LLCl::~~~.rlru'l'i'.:n1n1Y-l tl1mru J1~nn~~sn-u1 u1::~u.ffu L3J 1 ULUU'l::~u~ L "'m::~3J~~:: 
'II 'II 

aw 
ll1'Wfl 6.3 "D'e:JfY-liui.e:J L'15L 'Yle:J3J'llEl\ll ~~~iifl rn~3Ju1i1 um,-~~fl113J.:!u 

1 • 'II 

' 
1) 3J1n 2) thumn" 3) '111 

~3J1:Kaminski & Kudra (2000) 
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~luLiu~eue:~f~iu'ta1euL 'YlmJLiJuLiu'ta1euL 'YlEl3J"ilEl\lm1m mi'1LUe:J1'VI11~n~l13J.;ffu 
~-\! Li3J~rh aw = 1.0 nu1:: 1tJ"llULUn11~~~13Jn1::1JlUn11El1JLLi\l 
'IJ 

1 UEl1'VI11"JJU~ L~ ~.n nuLri El tt 1 LU f)1J LL v;., Ell 'V\11 J lrl n ~\I f) Elmn n e:J1'V111"il un 1::ti'\l 
'IJ 

e:J1'VIl1nrh aw ~13J~~El·Jnl1 L~Liu~eueJf~iu L~ElU1e.Jl'VIl1~Yi1LLi\lm~wnJEll'VI11"iJ::~~ 
'IJ 'IJ 

JlntruL'li'lLlJLmJnrh aw i\ILiULLEJUeuef~"lfu "il::Ll~Ull~rh aw L"t'llrlU e:Jl'VIl':i'J\I~El\1 "il::n 

mm rnwn 3J:fu 't3JL 'Yhnu Liu~eueJf~iu~m3Jl rn~113J:fu~\ln11LiuLLeJi..JeueJf~iuuL'!:: a cl 
'IJ 'IJ 

~1U1JU"il e:J\1 LiULLEJUeue:Jf~iu ~113-l LL~n ~1\l"il El\1 mm ru. J11::'VIll\l L iULLEJUeuEJf~"lfULL~:; L iu 
~euaf~"lfu L1tJn n~L~El1tfl~ {111~~ 6.4) ~\ILL~n~l\lrlULLU\ILUU 3 mi3J ~El El1'VI11~n 

' 
JlmL'ILLL'l::L~n-tiumn L-riu t-IL'IL~ El1'V111~1n LU1~U LLL'l::El1'VI11~1mdJ\I n~L~El~'fi~"il::~ 
1Ui1\ILL~n~l\lrlUi\ITl1~~ 6.5 UEln"il1nttn~L~EJ1tfl~~\ILL~n~1\lrlU~13Je:Jni,'VITlij~L"lffin~1£J 
'IJ ' 'IJ 

L~ e:~ EJ rn'VInij L ~a.J,]u ,)1u 1UJ1~nn~~siruL'!~L'l\l n11~~~11l-l.:ffuL'!~L'l\l tJm 1u1 UEJ1'V111~n 
q 'IJ 'IJ 'IJ 'IJ 

~11u1::neJu L-ri'u J1~1L'! ~11~~,r1'VIun 13JLL'lnL'l~1 ~1m1n~::L'!1FJJ1't~~ ~~~113J:fu't~mn 
q 'IJ 

ifuLd El Ellli'VITlij ~\I,]U rilL v;n~1 aw L ~3J,]U~fl113J.;ffUL "t'hnu ~t-IL'l"t'h L v;'di~nl1L~El3JL~tl 
q 'IJ 'IJ 

(Kaminski & Kudra,2000) 

0 g.. 

6.3 n1":i't'l1 u 'Vi \I 

m1Yi1 LL l-i'\1 L ilun1::111Un11~J1nn~\l e:J EJn"illn El1'V111L ~ El'VI tJ~'VI~ EJ"JJ::L'l El m1L "il1ru"ll e:J\1 
'IJ q ~ 

~~u 'Yl1rJ~'Yl11V:L UlL~FJ L-ri'UL~ rnn1Jn11"11::L'l Elllljffim L~ii 
0 I .t I 0.,...0 ..... A 

m11 dried LLL'l:: dehydration 11~113J'V13J1FJ~1\Inu n1::'Yl11\1Ln1!1-~1"1JEJ\J~'VI1~'EJL3J1n1 

1iUm3JL111 dehydration food ~EJ El1'VI11LLi\1~~~113J.;ffu't3JLnu 2.5 % (Jl'VIUnLLi\1) 

"ilrn::~ dried food 1inut-~~~nrn~El1'V111~~·hun1::ulum1n1i~J1ElEJn ~\JilmmrnJl~\1 
'IJ 

" n-;h 2.5 % (Ul'VIUnLLi\1) 

n11mmL i" El1'VI11 (food drying) 'VIm vn\1 m1Yi1 LL'I,;-,~ 1~ FJ EJ1~tJii113J"ll'1~ L -rlu m1 

mnLL~~ ~1Un11Yi1LLV:\Je:n'VI11(food dehydration) 'VIl-lltJti\1 n11Yi1LLi\J 1~tJEJ1~FJL~~El\lnEl 
LUn11El1JLLi\l L"JiU ~El1J L~~El\JEJ1JLLi\ILL1J1JL'!nnif\l L~~tl\!El1JLLi\!Lb1J1JWU~ElFJ {spray dry) 

'IJ 'IJ 

LL~::5u") Tl1FJL~~Tl11::~iim1~11J~3J (Potter & Hotchkiss, 1995) 
' 
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g 25 

1 2m 

u 

~ 1t 

0.35 

X 0.30 

r:· 0.25 z 
lU 

~ 0.20 
0 
(.) 0:15 
a:: 
w 0 10 

i 
0 

0 

X C.30 · 

~ 0.25 
L1J 
f­z 
0 
(.) 

1-' 
z 
w 

0.20 

0.15 

20 4() Vl Bt; ~~.(} 
.. 

lil'l'l~i\J~mf (~) 
.:1 A A.:tl 

ll1'rt't1 6.4 el'Yll~El1'11'~ 
..J 
'Ylm : Fellow (1990) 

__ .... ~·---...... ·----··· 

• ADSORPTION 
• DESORPTION 

-··•········---------

• ADSORPTION 

"' DESOF<PTION 

0.2 0.4 

!:::l<~:-
~ 0.05 ..... /' 

Q ,AI 

0 0.2 0.4 0.6 0.2 1.(1 

WATER ACTIVITY, a ... 

4 .0. AA _,Q, !" ~ A 

ll1'rt't1 6.5 t1'Y1L~El1'll'~"l.Jeh1 1)El1'V111'Yl1JU1m~LL~:::L'Wn'YJ'I..t1!1n 

2)tn'VI11V·nn hh~u 3)EJ1'V111V·nmdJ-\l 

~m:Kaminski & Kudra (2000) 
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nTrYh LL 'IX\! 1 U '1'11\! e:l~ 11~~';J::LiJUn11~\!J1 e:l e:Jn';J1 n e:l1,11L n e:JU,f\1, 11~111 £J hi' ~1111::~ 
q 

iim1~1U~1I 1~ r/hhh 1 ,X El1,11Lll~n11LU~ tJULLU~\!~ rutl1!1J~,'ie:J di~ua E.J~ tl~ LL~::e:l1,11 
q q , 

';J::ii~11:w:ffue:Jci1wrl1\! 1 - 5 % L-riu L"ll~\! U11~\! n1LLvhrU~"l1\!~::fnm-1wYi u~::J1i11~\! 
'II 

d:Ju~u a1,.,11L,.,~1Uii~1111~\1~1:W1n ~1m1mnui.lluu,-·m1mr~tln~i.~u1t1>n11 1 iJ LL~ 
'lumrn"lle:J\!n11'1'1e:J~ k1 e:JU ci1\! LL~::nT:r'th'liL"JJ11"JJu1~£Jm11::L,.,E.Jti'1ae:Jn L-riu ~u~f\l'l'la~ 
J1u11"JJU":J'::L,£J hii~LU'Un11tlUeJ11e:J1,11L~tJn11'YhLLi\l (Potter & Hotchkiss,1995) 

'l un1":l'vl1 LL lX\! El1,11ii';l ~ tl1:: tl\! ff, ~ n L ~a tl ua 11 tl1,11 LL~Lli1-riL, ~ ~ ~ L~ £J 1 iJ\1 iJ , , 
L ,~ ~~~u 6) ~n tl11111tl~1U';l~1.h::tl\!~1 'Un11tl'Utl11 tl1,T~ 1~EJn11vl1LL'IX\IL~ ~\IU 

• , q 

1. L~El~~tJ~mrutf11UeJ1,11 ·rh'liiJ~1 Aw ~~~1~\! -ri"WUe:J\!rlUn11Lli1L~tJ"lle.J\! 
~ A A fit 

e:Jl,.,T'H Ue:J\!';J1mJ~u 'l'l":l'tJ • 
2. L~El~~J1,.,,rnLL~::"llU1~"lltJ\!tl1,.,1":l' l'l11'1Xtl::~1n~e:Jn11"lJUGf\! c:~~~u~ LL~:: 

'h1i~1£J ~1tlci1\IL-riu J1i11iJ"lJe:J\ILLii\!~c:!::~1tJL~tJciL~£J\! 8% ch~\IJltJtln,f\1,11~tl11111tl 
'II 

~~Jl,.,,rn~\!m~EJL~E.J\1 11-u. 8 L'Yh,.fu, ~\!,.fut.f1i11 237 11~. (8 fl oz.) tl1~\!J1tJEln';l::iJG{1u 
~LUU"lJEl\!LLii\!tJciL~tJ\1 28 nf:w (1 oz.) n11~U1Utl1:W11tlthL~'L~£Jn11L~:wJ1~\!Ltl 207 

'II 'II 

11~ .(7 fl oz.) 1~ £J1nUtl11111tlc:l~,r\IJ1,,rmL~::tl~111~":l' vl1L ifh 1 i~lr.JL Un11"lJ'\.I,~\!LL~:: 
111"ll'U::U1":i';J~~~\I (Potter & Hotchkiss,1995) , 

3. L ~ tl 1 iL n~ ~~Ciln rusn tl1,11"JfitCil L ,1i~iJ~n1!!-ru::LL~::n~u 1~L\Wn:: L -riu ~nLnCil 
'II 

!;1nv·nu ,.,11LLt-lu ,.,11,.,£JEJ\I LL~::nuL:ntJ\1 d:Ju~u 
'II • 'II '\J , 

4. L~a1iLllCil~1111tl::~1nLUn11U~L11~ L-riU "111 n1LLW LL~::~u~f\IUCil~::L~tJCil 
~~Cilnru6J'i'L,~1'd~a\lt-J1Un1::U1Un11,~n n11~11 LL~::n11U~ 3-Jlrltl'U~';l::ElULL'iX\! ~U~L11~ 

'II 

L -w E.J\!tbm L~:WJ1 n1U,'iEl~'\.l, ntl11111tlU~111~ L~L~ £J 

l Un11'Yh LL i\!WJ1 11:ffu ~ L, ~ El El ci'l 'UEl1,11LL i\! LL~~::"lfil~ t~ tJ tl1 ,1":l'Lli L~El11 L~£J';l1n 
'II 

L :ffa';l~wn1£fiitJ~m ru 1.11 L ·rhnu ~~ ~.nrusnL daiCil1 tJ ~1 LL~::~~Cil.rlru6J'lu11 wn11:ffutlCiltll £J , , 
3 % ,.,'ia~1n-h eTmLtX\! L-riu ~~mLtX\! ~u,.,tJmLtX\1 L~!QmamL'IX\1 Llidiu 5 % ~~~.nrusn 

';J1niru"l11~LliLnu 12 % -YJ"lfi1 L-riu 3-Ju.L'I'lfl L~t~n ~u~f" L~hnu 14 % ~~L~LL'IX\! L-riu 
Ql 

El~U n~1E.J 1J::li1\! Llidiu 15- 23% (Rahman & Perera,1999) • 
m1rh,.,u~~1111:ffutl~'Yi1 tJL um1'1'11 LL tX" a1,.,11"11il~~1\! 'J ~umJnu e:J\!flth::n au 

q 'II 

'lJ fl\1 fl1,11 ":iU LLUUn11U~t11~ LLGl::~n1!!-m:::L 'ifai:wertl"lJ e.J\1 El1,11 n~11~ El El1,11~iJJ'1~1 ~ 
'II 
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----------------------------------------------------------

dJU~l'Ul.h~mllJ~\'l l"l!U r.JiilL~ ~1eJ ~n1'~1iJ1miillL!il~Ln~EdlWllJn11rllLL'IX\I ffl:JJ11blrll 
'll 

bb ~\11~ fJ 1 ~~flll3J~Ub ~ ~ eJ eJ ci ff\1 "Yf\lifL 'Y'l1l~J1 ~1 iil LL!il~Ln ~ fl~ L~3J ~\ILU~~t'I.Jiijuf1u 13J Liiln iil 
'll'll , 

"1HJ\IJ1 Yhl'\X~~l aw ~1 LL3J~~~mmntJlEJciff\ln~l3J 
'll'll 

m~11lL~\I~tbmu~1nf11~~~1\11~whl~hunl1~U1Urit~u L-riu r.J~L3.i'LL'IX\I ~n~m~ 
'll 

L de:1 ~mY ff~ ~u~Tn f1 ~ PJ\1 n11 ~ eJ L deJ U3J ~ fll11J~ ciu fll13Jd1 J1 LL!il ~hiLL -ii-J n-.1~~1\1 
'll 1 

~n1!tru~~"n~11:fiunuu~3J1 mJ1 1 un11e:1 u LL ~\l~iil 13.i'LL~:: e11~11~~1 Ltlu~ EJ\1 ~fll13J~u 
L~~eJPJci1uu~mrnff\l ~~1 aw ~~\ln11EJ'lJLL~\IeJci'tu1::~u~'ta.Ju~EJ~rl£J ff1:1Jl1b1iil~ aw 1'\X 

'll 'll 'll 

~1~\1 1~m~1Jff11~iil::~1~J1't~ L-riu J1~1G'I~1mn~EJa-J'tu t~fJn11LL-rl~1J~1EJm1~EJ\IrlEJU 
nTHJ'lJ LL ~\I 

I I ~ 
... ... 0 6l 

6.3.2 111"H~'GHl\-L't1t.leh1'l-L1111U t\-Lfl1Vi1,-

nl1rl1 LL ~\I LU'Un11~\IJ1 E) EJn~1 n EJ1~11 t~ fJnl11::L ~ fJ n111::L ~ mn~:fiwu!nn11 
Lfl~EJU~"lJEJ\Iti'1'tuEJ1~111u 2 1::~u ~EJ n'l1Lfl~e.Ju~~1nn1~'tum~11LU~~1ml'1"1JEJ\1El1~11 

'll 

LL~~~1n ~1wu1'tu ~EJ1n11'1 (1l1'Y'l~6.6) nl1Lfl~ EJU~"ll eJ\I.J1n1 ~1 uEJ1~11Ln~:Bu '1.~1 u 2 
'll 

1. fl1"j1\'i£HlilnLL1J1Jfl"j:::;J1liGl1~3J~h~ (Diffusion flow mechanism) 

I I t gol 

fl1'Wn 6.6 n11Lfl~ElWn"lJEJ\I'\l11::W)1\In11rl1LL~\I .. 
'Yl:JJl : Fellow (1990) 
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2. n1,-1'Vi,Hlunm.Ju'Yim~n C) (Capillary flow mechanism) 

Ln~itttnutn'VIl"i~~Kn'l!tm:: hJ~~ ~1~1wntt1~ 1 mll LL~::dJttn11Lfl~ vtt ~"lHh'lJ'1~ m.J cu q Ql cu 

m3J·~v~i1-1"i::W:h~L'lf~Gf 'l'im~·~J'1 LL~::'I'imLfltJU~l'i 

6.3.3 n~ ln'h~nTnhtt~" 

L Utn'V111'VI'ivff11tJ1::n tliJ~WYJ'irJ~'J 6) LUL tt"Jh~ LL 1n"JJEJ\Inl1'Yl1 LL~~ nT:i"Lfl~ tl\t ~"JJ tl~ 
J'1Tn r.~1. Utn'V111~::dJumJu Capillary flow mechanism J-~ii'L W11::J'1 'l Utn'VIl1rJ~~tJ1mm 
mn LL~:: ell 'VIl1i ~ dJtt ~1n ~ ~"iW"iU3J1 n ~~ J ttd1 tl ~1'111 Ul"JJ tl~ eJ1'VIl1L~i'ufl 113Ji'vtt ~:: L n ~ 

'll • 

m1"1J m r.~~1"1J v~mmf'f di~fl113J LL~mh~"JJEJ~fl113J~tt 1v 'Yl1L ~Ln~ LL 1 "~~~~ 'l ~J1 Lfl~ em~ 
'll 

;t'\.t3J1~13J1~1U fl~lrlrllJll~'l'im~n 6) ~~tlti~1.:11~1tttt'\.t n~vlnlf'f"JJr.Jlr.J~'J3J1nLrl1h n~~ 
'll q 'll 'll q 

LL 1~~~~~ 'l u'l'i tl3J1nituL 'l'i1tttt J1~~3J~,httvtln3J1 bl~1'VIU1"il::nn~3Ji'eJ'Uvr~~1LtJ rh 1 idi~ 
'll 'll 'll 

u1L 1m ~~fll13J~U l.vtt'1 ~1~ ~l'VIU1"1J tl~ EJ1'VI11 LL~::fl113J~'\.t LEJ~ ~~ ~1~~ L n ~"ill n fl113J~\t 
111 r.1 l \tEll 'VIl"HllJ Ellnlf'ILL i~ 'YllL~Ln~ LL 1~"JTu~u l ttm1fhi~J'1 tl Eln"iJ1n tl1'VI11 LriEJJ'l~ El ci 

'll 

~13J1~1'\.t'VI3J~ hJ n~:: LlJUn11Lfl ~ e:J\t ~"JJ ~h'IJ'1111 til UL'lf~ Gf ~~ dJun11Lfl ~ EJU ~ LLlJlJ 
'll q 

Diffusion flow mechanism 'VI1mi~EJ Molecular diffusion 1~r.~n11Lfl~tlU~"lJEJ~J1fnulu"il:: 
L n~"illnn11~3J NlU"JJ tl.:l,f1"il1n L'lf~~'VIi{~ i.tJ ~~n L'lf~ ~'VIii.:~~ El ti ~~ntt LL~::~3J L off1LtJ~L'lf~Gf~ 

'll 'll 'll 

v ci~~nu1~1tt J1"il::1::L'VIvvEJnLtJ'Yl1.:J1~1tt~ u ~~"il::Ln~ LL1~~~~~vi m itEJ~I.tJ L~v v 6J "ilU 'Yl1 
'll 'U q 'll • 'll 

L i tll'VI11LL i~ 

(Drying Characteristic Curve) 

n11tllJLL~~Jl1VLIIi'ff1111::fl~~ ~eJ tllli'V\11~ fl113J~U m~::fl113JL11~3Jfl~~ "il::iim1 
q 'll 

LtJ~ V\tLLtJ ~~3Jl GHL~::tllli'V\Jl~"JJ v~1 ff~ tllJ LL~~m :m::£J::L1~1nl181J LL~~ mJ~ El tlnLUU 3 "lf1~ 
q 'U q 

a..- d Q..o ~ 
~~Jl1~'Yl 6.7 ~.JU 

"lf'l\1~ 1 eJl'V\11~ U 13Jl tllJ LL ~.:I ~mr ffrl iJ L'I3Jf t:JU 'Yll L i El ill 'V\11 ~"JJ El-:1 El1'VI11L ~ 3J~ '\.t 
q 'll 

-:uun~EJlli'VIJl~n"i::LtJ1::LiJvn (Wet bulb temperature) "JJEJ~n1::LLff~3Ji'eJ'U "ll'l~dLllwn·l\I~UGJ 
• 'll 

Ell'V111L~~lJWJ13J1em LLvihli'Jn1"J1::L VI tl"JJ EJ,ni'l L Un11~1U1 lli'V\11::: r.J:::L 1 en l ttnl1tlULL ,X .,'I 

d.Tn-:u::l.~1~fl1lmh~w L~LEJlbl~l"lil.,'!dm~lUlm 
"' 
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2i1\lrf 2 "rl1\l5~·nm·HltJLL'lX\lfl\l~ (Constant rate pefiod) 1u-rl1\ld'J18~-:r:::u::!ln~\l 
'\1 

eJ e:Jmnn e:J1VI1':i 1~ t~ti'1 Lfl~ em ~~1n111 t~1 uenVI1-:rm ~ ~1"ll e:J\l mVI1':ie:J ~1\l ~~1 L~aJ e:J rh 1 '\X~ 1 

"lJ B\l e:n Vl1':iL tJ tJ n:ti'u e:J rn Vl!l ii"ll EJ\l mVI1':i~:: ~ fi1fl\l~ L rhnu e:J rn V111iin1:: L 1.h:: L tJ tJn"ll e:J\l n1:: LL ~ 
q '\1 q '\1 

~ aJ 1 eJ u fl11aJ 1 eJU ~ mVI11L~i'u 1 u "111" d e1 n 1·nhJ1 u n11-:r:: LVI tJ fl11aJ.:fiu L 'Yi1 ,f u 5 ~11th u 
'\1 

fi113J.:fi'ULQ~ tJ"lJfl\JeJ1'VI11~::~~~\lLUU~~~huntJ b 1~1 5~11 b 1'1 1 um·n::L VI tl~~1fl\l~ bb~::~::~ 

I."Wl 

n )Liu~m!f'rn::m vn::"ll f:l\Jn1':ieJtJ LL 'IK\l 

.J A 6" ._, A 

'Ylm :11WVI ~rniYI::vnw'll'n~ LL~:: Taman (2548) 
q q 

eJ~11n118tJLL 'IX\! (R) 'V13J1 tJii\1 fi113J;gU~1::b VI tiEl f:ln LtiL~~m-nbtJYru~~8VIU1£Jb 1~1 
L tlutl vu~hi'1~ eJ ~111\lW~~ t~i1 taJ\1 Vl1fln1~ni'mi'1~ tl~111\J L3J~1~ vok1 taJ\l 

q 

eJ~11b !f11 Un11'YhLL '!X-31 U-ri1\!0~11nTlfltJLL'IX\lfi\J~tt ;funtJfi113J bL~n~1-'l"lJ El\Jfl113J~'U 
LEJ"lJ v-1J 1~ ~1VI 'll'1"lJ EJ-1 EJ1VI11ntJ ~ aJfEJ u UEJ mn n U£1-1~UEJ ~ n1Jfl rn~aJ u~"lJ EJ._'J ~ a~fvu ~a 

'\1 q 

A J' Q..ol a,... I( f:l ..... J' .r. ~Q.,.I 0,... a., .... 

EllliVI!laJ fi113J"ll'U~3J~'Ylti fi113JL ':i1 ~3J1El'U LL~::~U 'Yl!:.J1"lJEl-'!El1VI11'Y1~3Jt·mn1J~aJ':iEl'U 
q '\1 
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enm~~m.hmJ "J eJ1VI11';1::'1'11VIU1~Ltluutnu tleh'lrlUn11Gf.J~lUT111111eJuLL~::i.mi'1 
'II 

t.A fi'~.l' CV ~ ""1"" ~ ~ Yl ~d 
Tl1111VIU1"1J el.J"lf'U VJ~11U WJJUnUT11111 L 11"lJ el.J~11 rn "lff11111 L 11~1111n Lel'Ul'Yl1::L VI tJ eJ eJmnn 

~1VIti'1"1Jel.J fJ1VI11n';J::'U L ~11Tl1111:A'ui11~'Yllf"lleJ'ltl1n1~1fJU "] '1'111 ~Tl1111LL~mi1-J"ll fJ.JT11111 

~u tmf1 ~~~" LL~::a~11n11rJULL ~"~~~" ~~~di~itu';J::T1~1 m1u hl11';J::LtluvrnVI11~"ll eJ.J , 'II 

I I tJ I 

2i1{1fl 3 "li1-Jel~11nT~fJlJLL~.J~~~" (Falling rate period) LUU"li1-Jfh.ft111nttbfi~1 

"lJ fJ\l fJ1VI11~~~-J 1.J'1mntf11111~U 1 Utl1VI11~~~-J ~1 nll T11111ifu1nt)~ (Critical moisture 

content) ~fJ T1111l:A'u~~EJci1umV!T'i rn L1~1~a~11L~11um1fJULL~-IIL~11~~ LUU';J~~~'YiltJ 
'II q q 

"lJ El.J"li1\lel ~11 n11EllJ LL i.J Tl.J~ LL~:: L UWil ~ L~11 ~n11LU~ tJULLU~.J a ~11 n11EJU LL ~.J-;]1 n el~11 m 1 , 
fJULL~.JT1-J~Ltlua~11n11EJULLi.J~~~" (Falling rate period) m1auLLi.Jc;lmnnd'lu'oiJ::~am1 
n11alJLL ~.J~l~\lb~EltJ "] L ~fJ.J'oiJ1mf1~~1"1Jeh'IEl1V!11'oiJ::1::LVItJ,U'oiJUV!11~ n11LTl~fJU~"lJEJ.Jtf1 
'oiJl n111 tJ1 um~~1 b n~itu La.ltl'Un111::L VI tl"ll El\lJl~ ~1 ~'ltt U~1"lJ el.J rJ1V111eJ ci1 U~111~~ LLi.J 

'U 

A ~ -=:t .c:t d A .. J "' "" r::t 
LLGi:: fJ rn VI1111"1J fJ .JEll Vl11'oiJ:: L 111 ~.J"lJUL n a lJ rl.J eJ rn Vl1111 n1:: L u1:: LL VI \l"ll e:J\1 €11 n1 ~1el U Tl 11 :lJ L 11 

• 'II 'U , 'U 

"lJ a\ln11a lJ LL i.J~~ ~\I "lf1\l\f'oiJ::L UU"lf1\l~ tn1Ul'U ~ ~~ 1 Un11ellJ LL i\1 Tl1111 LfftJ'\~1 E.J~ Lfl~rllJ , 
..1 ... ... .. ..f 1 ' .t ..1 .t .. .... ' .t 

ell V11'H 'Utl\l'oiJln fll11J1el'U1lnLn~"lJU U"lf1\IU L:JJ tlfi11:JJ"lf'U~~ ~\lrl\1 eJ ~11 ~l'UT11111"11U~11~ ~ 
q 

(Equilibrium moisture content) ~a T111114u"lleJ\Itl1VI11'oiJ::L'thnuT111:JJ~U"lla.Jn1::LL~~111eJu 
i.a.J~m11::L VI tJJ1Ln~ituan T111114u';J::i.a.J~~~ln11ifLLaJ'oiJ::au LL ~"c;l a i.u t1 e.d1n11e~u LLi.Jttu 

iu~~ LL~ri1~ EJ\In11L ~ t11V!11~T11111:!u~1n11d ';1::~ eJ\1 LU~ £JUfl11114u"lJ a\ln1::LL~Gi:JJ1mt 1 ~ , 
~1 ~.Jan ~"tf UT11111:!u~'il"ri1 E.J"ll EJ.J a1VI11'oiJ:: e~ cit u 1::~u~1 L -w tJ.J 1'ilttu ifue~ cinum1n1V!U'il 

q 'U 'II 

T11111:ffui11oW'Yllf"1J v.J vlmiflfau ~1 -Kl u.nTHJU LL ~" 
1 u.-rl1.J a~11m1au LL ~...,~~ ~" if'oiJir.J~T11UT111a~11m1EJULL i.:~Lu~ tJuLLu~..., i.uitunu , 

a lliVI11 ~"lJ tl\l a1n1 ~feJULL~!:T1111JV!U.1"1J a\I~U.r.11VI11 Tl11 :JJ:!uff':JJ~'Yllf {tlnL l'U 1 U.n11VIl 
, 'II 

Tlll11;ff'U~11~~) ff1U.T11111L~1~11La.l~ ~~~ rJ a~11n11t11J LLi\IL u."lf1-11tf eJlliVI11~"1J rJ-I!tnm~fe~u. 
, , 'U 

J U.'oiJ::~ eJ\Iiin11T111JT111 LLaJllT11111 L~h~:JJLL~::arnVI11~'oiJ::iiT11111~1~lliL W.!i1\lel~11n11rJU LLi-.'1 
q 'I 'U Ql 

"' ' T1-.'!'Ylmnn11 

mVI11~i.a.J L iJ £.m4u Vl1 eJ ~T11111:ffu.~1n'l1 T11111:ffu.1n fl ~ L "llu. L11 ~~~"11 ~-n~1::n ~ 
'U 

rY1 LL~::~-ni1 Liu.Km~rn::LU~l::"lla-.'lm1auLLi\leJ1'oiJLa.l~"lf1\l~ 1 LL~:: 2 L~r.JnL~ 1~r.J'oiJ:: 
L~11~U.L U."lil.J~ 3 ff1U.e.JlVI11~~'ilT11l:JJ;ff'U';J::~~eJ-.'I"lf1\l "1!1-.'ILL 1nmn::L VI E.J';J!:fl ci111 E.J 1 U.tnVI11 

'U 'II 

LL~::J1';J:::OIT:JJ~1U."lJ El\l LL-il\l LL i"hJ V\1 Ellm~i'eJu. LL~::'oiJ:::iu.~~ ~,d e:JnTl"1::L VI tJ L -li1i1" hn~l\l"llEl-.'1 • 
tnVI11 "lil"~~eJ\ILn~itu.LdeJfi11:JJ~u. i.ati'l~1n11fi11:JJ~u. i.EJJI ~:JJ ~1 LL~::m1'1'llLL ~..., 1~ tJn11 
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£~£Gil 88t 

'11.1ltll~l::lLL1kl ::~11'11.U'L'~ M. '11.~ ~11 ~ Lft.'ltl1Lll'I1.Lllklll L~'tl. ft.ll Lll.ll.ttLUJl:: ~U.Il'tl.ll '11. 11 " .., ,!J ,r ,.... I'=" r='" 
~ 

~ :::~11 '11. }~rl,.CCL '11.~ rt.kl ~t L\t1,Us :::~11 M.LL1~U.~::tf1~ L' _:1 1111 ~tLU j1. t L~ L'-_:1 11 f1~tLll Lt~ l3ll ~ 1 
~ ~ 

'11.~~1'11.f11Lll~~ _ll ~~L~L'kl11UL~'11.LL'L'~M.,¥-t ~~ 1 'tl.}_ll ~~L~L'kl11118~L'I1.i'M~tLU~'I1..£t~~J: ll~ 
~ ~ b 

l~11lLl~::~11 jlA.~Il~'tl.f=llLl~ IJL1\t1,'tUG 'tl..f£.1 L'~11L~tLULt~~G~~~(!~Il~~(Lil~I1U~lltLilLkl 
b 

ft\ L' _:1 1111 G L'G ~~12-ttLUL~U ll I!~:; ~tL\t1,LG M. L Ll'ltl ~ :::~'!11 't1. L 't1. L~ l1'11. ~ ~11 L~Z. t~ '11. LL' L' ~ M. 
~ 

L'G ft.'tl.lA. 't1.~'11.L~I1rl~1~k 1!~~~~11L'kl111l l~L'_:111UL~tLU '11.U1.lUlL~l 12-t~L'j\ 11UL~tLUL'Lp1::t 

'11., '11.11.~ U 1 U.ll.lrt, '11. G1 ::~11 ll ~1 LfltUii f1 U L~L'G11. 1 kl'tl.fl ~ f1 1tLU:: ~11 Ull k\tLU ~, r3 L\t1,tLU U L~ ~ r ~ F' ,.g k ,_ vw ., P p f' "' t. 
b b 

llkl1 lli!M1tLU~U 1~LI!tL\t1,LG'tl.UL~UG'11. l~M::~11 f'ltU.'tl.~~ L'G G::t!!'tl.t,;1 L't!!ll11 UL~'tl.Gf!1'11.[1tLLlll 111=11' F' W ,r' ..J fl'tl ,~=:' ~ I ,f' pi' 

~ 

~LULGLfX1.'11.~M.LL1M 11~11., '11.L'tl.L~l1Z0\L'j\11UL~.t.LU~11 '11.~'11.[J1 L'1!::~n U~\t1,L~f11l~L~tA.'tl.g 
b b 

11~M. '11.~1! L'~1t1,:;[1qm_ce 'tl..f£.1 '11.~'11.~'t1.11G~\t1, ~Lll'tl.tUL~ L~ti.U.'tl.~ !J11L!J1.t.LU%~ 

~~11t'»1mt~t'K1HlL~.r..Lu rs·g f15 f15 

'tl.U fs L'L~~I11lkl'tU~ .... . .... 
~~1L\t1,LGI1~\t1,L~:::Lil\t1,1 '11.~ fs L'L~L'j\1111G.t.LUL1~~:;t!J11 M.Lll!lA.~::.t.f1 ~Ltl.rt. ::m?~.U~(! 

,. "' " f\ 
:;~~lJ..I1.:::~~11 L'-_:1 1111GL'G~~1 ~LUUUIUkl 111111 '11.1!.£-L'~UU~fl~l '11.8kllLl~L!LtLUI11111 LM.tLUf'l ~1 

' ... 
't1.G~Ilt!!I11111L'j\1111GL'G~~1 G~ _p.r-~~\ll~U'tl.fJ1L'fL11~~lltllllklL'JI.1111GL'G~~1 (£'9 ~L'LtL~) ~G 

tl\t1,LG'tl.~(!~llkll':l N3 f1.'11.fJ1G~\t1,L'~ 11N~ft.'tl.fJ1 ~tL\t1,LG l1~\t1,L~::Lil \t1, 1 ~lJ..Il.L'LI1~::mrt.'l1. t L'~ 11 L'Grt. 
1'1 I I I ' 

't1.fJ1 ~tL\t1,LGI1~,¥-t m.LilLklft\::~11 t,t!!lfl, 1tl\t1,LG 11_\.!::LJllfl, 1~tlJ1.L'LI1L'j\ 11 11G L'G~~1j:UL~UG'11. L'M. 11 
... b ~ 

L~Lt(!~Jl~'tl.fJ1fU\t1,t'tl.l~L'-~ L't1111..t.ft\ '11.G~~IJ~1::t!!~tLUJl~tL'G~::~~~I':l~L'j\11L~tLU'tl.t't1,.rL'~ 
~ 

L'fl11q,UULil'tl.Gkf~Ll~G~lkll~L_lt::t!!11 L'IJ11L~UL'-M~L~L.t.(!L'~Il~L_lt::LtM.1j:L'~ f1\'11.~L'L~U~11 

::1!-~Z. W·.t.LU%~G~\t1,G \!L'G~~1 L'fl11::~11 L'l':lll~ L!LL'L~\t1,::.t.~tlJ1.L'LI1tL\t1,LG L'j\ 11L~.t.LU r3 L~Z. t L~ 
' . ... 

::t!!11 .t.LUL'G~~MLLl'tU~ tL\t1,LGL'Grt.~UJ1. 1111'11.~ n,r~ti11111L'j\1111GL'G~~1H-tUG~1.t.LU fs'11.~::~11 
~ 

~f11_Ht~\ ~g t!! tv'ti11111L'_:1 11 11G L'G~~1 L'_:1 11 L'~ 11 UG ~ 1jl. 11111111 L'j\ 1111@ N3~~1 ~Uf1~ LUUH.t.11::~11 

"' "' b b ~ 
~LU LIU IUM ~t f'l LlJL'~~L'Ill GG~\t1,~Llli11111L'_:1 1111(3 L'G~~1 118 ~'11.t'AI11111L'_:1 11 11G L'G~~1 'tl.Gk~·~UUt!! 

" I I 1'1 
~ b 

11111H'J1.11 11GL'G~~1 11.jl. 1 ~U.Il.ll L~ \t1,UL~ k\ll LllULilL'JI. 111113 L'G~~1[l'l1.£t~~lJ tl\t1,LG L'G rt.MLLl'tU~ 

L?l.U~::~11L'j\ 1111G.t.LU'I1. t l~ 1 L.t.~~ll~ 1G ~ 1 'tl.)L'-JI., 11G L'G~~1J~~::.t.f1.t.LU[l~\LilG ~ 'tUL.t.l11 
~ ~ 

~11 L'.1Lil'tl._f:llLl~ ~~G ~ 1 ~~11L'~11fl l~ 1:'_:1 11UL~.t.Lllr3 ~ 1 tL\t1,LG llG'tl.lltLUU~k_~?l.'tl.ll 

t'lt1. 11 rT. G IHU. ~1:: ij 11 N1.11rU:U. LUge, S '9 ~ ~ ~ ... ~ 



LtillL~l 

'"' " ti!El'lJ ~El-\IEl'lJ LL'lJ'lJtl1til 
'U 

EllaJ-\Iff , 
' "' Lil £.J'Y'll'ULL'lJ'lJtil m ue:J-:1 

Belt trough 

Air lift 

w~~ti!1~'Jhu~ 
'U 

LL u u u ~·H.n m ~n.J n ~ 

u u u ffru ru1 m"' , "' "' 
~ It<' 

l~"HHJ n u u Vi \I uuu ft ru ru1 n1 f!f ....... 
"' 

iuffrutUlnll"' , "' ... 
ri1 £.JY>ll'Ulll £.J 1~fftUnnm~ , "' "' 

I d. f:t ""' 

LLlJ'lJ LL".lH£.J em LL"l.l-\1 LL ~-\I 
.,J 
'YlaJl : Potter & Hotchkiss (1995) 

" ~'UL~n ") d'Ju~-:~ 
"' .: d "lJEl..JL~~1 n..JLL"lJ-\In-:~m~1 

d .. d 
n..JLL"lh'ln..JL~~1 "lJtl..JL~~1 

d "' d 
n-\ILL"l.l-\ln..Jm~1 "lJtl-\IL~~1 

... d "'d 
~'U n-\ILL"lJ-\In..JL~~1 "1Je:l-\IL~~1 
d .: d 
mLL"l.l-\ln..Jm~1 "lJt!..JLmn 

6.5.2 t~~D\JDtJLL~\JbttJtJt~1t~1 (Kiln Dryer) 

I I I tl iLl 

Lf1'1t~-:~ auu i-:~ii~n~m::LilwtKt~-:~ ~h ~ ~ £.JaJ iiffa-\liu. iu~1\lii Lm ~ ~ til~aJfem ·rh 1 'lXLn~ 

nl~Lfl ~ eH-4> ~"l.l El-\1 ~ aJftl'U L~ £.Jnl~'Y'll ifu~~ El\l~l 'UlJ'U ltil £.Jlili~~aJ"l51 &i~1e:J1 an~~ ~aJ Lth 
'U 

~i..Jrh £.J L 'Ylf111aJfrm 11Xnu m~l~~';l::t~u ui..J ~..., e:J tluutii::LLn~-\l.ffuuu ~ aJfe:Jw;J::Lfl~ t~u ~a an 
'U 

'Y11-:~~1uuu (111w~ 6.8) m~e:JuLL1X-:~mv.l~lJ1-\I-nit~';l::iim~L~1n1aJ::ti'u L ~eJ 1~Ln~i~Lwe:Jf 
' ... ... 

"lf'J E.J~n~1 ff"l.le:J..J e11~1~ 

nl~eJlJ LL i..JinttL "J!L 1 ~l'U1ULL~::nTlfl11JflaJ ffll11:::n1~El1.JLL i..Jrh 1~t.nn L 'Y'l11:::e.J1~11 , 
n El\l riaJrl'U'YllL i 5 ti!1ln1-:la1J LL i\1 hi Li~l LffaJ El ~ El\lfl El £.JW~ n n iu:iut~l'V\11 rh L ~~'ULU~ El-:1 

• 
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LL1.J.J11,b ~bJLtl'!,b~itmJ 1Tim1Ul3J~13J11f:lG'l~T1113J:A'u"lleh1e:J1~11L~~1n11 10 % LL~ir.JT'l.Jii 
m11m'!,bn11eJtJLL~\ILLm.JL1Jl.'l nm.J LL~::3Tut-l~\l (Desrosier,1970) 

• 
i'tfl'lftfu 

. . 
fl1vtfi 6.8 LT'llel.J EJ1J LL ~\I LLtl1J L~1 Lt:.J1 

~m : Desrosier (1970) 

., ILl "'I ILl 

6.5.3 t~,.D\Ul1JUl'i\IU1J1Jll1~Vi·Hl'YiD\I£JtJ (Tray or cabinet dryer) 

LT'l~eJ\1 e:JtJ LL~.J"lfit~U1 ieJtJLL v;.J e:J1~11Ltlwn~ ') 13-1~ e:JL'tie:J.J ~m~ru::Ltlu~uu W"JU iim~ 
q 'IJ q 

LNeJ1~11b ilwffu 61 El ci 111 tJ 1 'U. nw-~ ~ 3J L 1h 1 ~ L'I:IJfeJu~ :IJ'UL 1 F.J'I.l. ~3Ji'e:J'Uf.l1"il';l::LT'l ~ f.l'j.j, ~ m 3J J 'IJ , 

LL '!,b 1'1.l.El'!,b"lJ'U1'1.l.ntJm~ LNf.l1~11~lEIL 'Ubb w~~\lnL~ (111'1-'l~ 6.9) LL ~~.J t:.J~~~:IJfeJu L'ii"il1nn11 

Lt:.J1 L ~ ~ fh'll 1eni'1 ~l e:J"ll~ ~1~ L wvh n11L~ ~ tl'U"ll tl\1 ~ :!Jfe:J 'U111 tiL u'ii El tJ LU'I.l.if"il~ F.J~ ii 
'IJ 

f1113J ~1 f1ru ~ e:J eJ~11n11fltl LL ~\I tl1 nT'Hfl ~ e:J'U~"l.l e:J\1 ~ 3Jfe:JU~1'1.l.t:.J~ ~ll rusnLU'U hJ e:J ci1\l 
OJ 

~J1 L ~:IJ e:J"il:: ij tJ 1:: ~'Yl n 111 'W L Un1 1 eJ tJ Lb ~\I~ .J LL~ el ~11 n11 e:J tJ LL ~\I L fi ~if 'U L3J ~J1 L ~:IJ e:J ~ 
'\J 

<i\1 LL ~ ti.J~1\I ') t:.J~~ll rusn eJ1"'11~ e:J ciLn ~'¥11\1 L "li1"ll e:J\Ir;;J:!Jfe:J'U';] ::LL -J.J L~'Jnl1 t:.J~ ~ll rusn~ e:J ci ~ e:J 'U 
'IJ 'IJ 

tll.'ll F.J"ll e:J.JL'I:!Jfe:J'!,b ~.J"il::i:IJ~~nu~:~Ji'eJu ~iit~ru~11il~1~.J LL~::T1113J:Bu~.J ~.Jtfu 1 u1::~--.l1.Jn11 
q 'IJ 'IJ 

' ' ,.... ""' A GJ o 1 A Q..l A d <£II .., ..... ....., 

eJtJ LL ~.J Iii EJ.J 3Jn11~1.'1 u fill LL ~ u.J"ll a.J r:11~~ 1e:1 n l.'ltJ'Yl~'Yl1.Jn11LT'l ~em 'Yl"ll a.J ~ :IJ1El'!,b iil:IJ1ti'U ~ ~.J 

th F.JL 'Y1~113JfeJ'!,bLL~::ftJf1113J:!U"il1n tl1~11Lb~1 n"il::flmJ~ tl F.J El e:Jmt1J11E.J1n1~ L3JU1n~1J:IJ1 
'IJ 'IJ 

1 i3n ~.J L tlu n11iu L tl~ e:J .J'IAl ~.J.J1'U 1~ tJtl n ~ LL~1 ~ :~Jfe:~u ~ ~\ln11EltJ LL v;.., ir.J T'l.:l ii e:J ru ~11 ii 
q 'IJ 

~flWJJ1.J~.J ~:IJ11flU1n~um1-tl'iiEimYlmiJum1fl~'ii'!,b'Yl'Un11t:.J~fil LL~~:IJi'eJuiiwn:IJ:A'u~.J 
'IJ , 'IJ 
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nTJ';J::'!.bn~um1i~EJ\l~hunTnh~'~~1111.:ffu1~v1i'~1~~~1111:!u L"riu ~~n1L';J~ 'VI1a rh 
'lJ 

1 ~di~m1nku~1LUU'VI v~J11~£J 1i'L~~EJ\l~1ULL '1-iuri EJU ~\l';J::'I-bn~um1 -tl~ ij\t::iu';J::rh 1.X 

th::~'Ylrr1l1v-J 1 un11auLL~\l~~~1~\l 

"" .. " fl1'Wt1 6.9 L~'ltl\l tllJLL'VI"LLUUfl1 ~ .. 
'Yl:lJ1 : Van Arsdel,el.al (1973) 

L~~fl\lfJULLi\l"ll'ii.~d'L 'VIm::Lh'VIi'Un11~~~"1JU1~ L~n ~11m '3.,] LL 'v'J\l ~1 E.J~Eln11rl1'VIU~ 
~.1111:: 1 u m1e.1u u .X\l ~11111n t~u LL .X\l a1'VI111 uLL~~::~f" '~mn 1 -rl~nu~ 11i'e.1u ~~ EJ rn'VInij 

q 'lJ 

50 - 95 EJ\!"'1L 61HHtnE.J~ ~1111.:ffui11~'Yln"l.le.J\l~11i'au 10 - 40 % ~11m~h1um1L~~m.t~ 
"l.le.J\l~11faue.Jci1u"li'1\l 2.5- 5 L11~1nu1fi (Brennan,el ai.1990.,Krokida & Maroulis,2000) 

'lJ 

itrJ111mum1PJ1JLL~\l~n ~~'31 ti'L1~11.h::mrn 10-20 -k11:1J\! 

..; "' f" t{ 6.5.4 t¥l'Hl\lfl1JU\'i\ILLUUeHIJ\I¥l (Tunnel Dryer) 
q 

L~~EJ\1 El1J LL i\l".ll'it~dL iJ UL ~iEJ\1 EJULL i\1~1 rJ ~ 11fe.JULL1J1J ~ElL tte.J\1 t ~ E.J~h ~~ ~.rl ru,,f~';):: 
PJ1JLLi\11~1un1~ 11\luu.ffu1miiu ~\I~'VI~1r.J ') ~u 1miiuu111ilEn'VI11';J::L~~EJU~L"li'11tl1u 

q 

El 111\1~~~ ~11i'EJUL~~EJU~~hu tl1 L 1~1~L "lfL Un11l11J LL~\!IilUn\!'J::~u~·:n:IJ.:ffU ~~El\ln11L oiL 1~1 
q 

10 i1111\l 1rJLenULL~~::~un';J:: Li'L 1~1LUn11L~~fJU~~1UEJ 111\l~LUUL 1~1 10 i1 111\1 m~::~ 
q 

J' ..o • ... 1 r "' 1 ..... "" ..11 "' , .. Wl111"lfUm11'Yln1'VIU~ &UJ1fJU1l1E.J UfJL:IJ\!~nnmmLL1JU 'VI11n11L~~EJU'Yl U~n'Mtu::~1\! ') 11 
, 'lJ 

I Q,oo .... 0..0 .J" 
~ ~~ fJ El ~11n11fJULL 'VI \ILL~::~ rn.flTV'l"lJ El\1 Ell'V\11 ~\IU , 

FD323 191 



t,l d#i A ,¥ ~ Q,..l Q; a.,.. .ell ~ Q..o 

GUJ'HJ'U.'Y13J e:l lli'I·Ul:IJ ff..:J ff~ ~113J".lf'U.~1 ff~ ff3J ~ ffnlJ e:l1~113J~113J".lf'U.ff..:J e:J ~11n11 
~ 'U 'U ~ q 'U 

e:llJLL'IX..:JLU"ri1.JLL''mff..:J (fl1'W~ 6.10 n) L~a.ffue:n'VI11L~~au~!ile:JLU ';1::~3J~ffnlJ~3Jfau~~ 
'U 

mu, 'VInii ~1~..:~ ~113J~Uff\l:ffu e) ~11n11e:JmL 'IX..:~ 'l wrl1..:~'VI ~\1';1::~1 m1~ e:J1'V1Tl~3J ~ ffnu ~ 11fe:m 
q 'U 'U 

~~ arn'VInii~1 'l u-rl1..:~V1 ~" .Yh 1~11l~1m1n~~~1111.:ff'u"IJ a \I ~~~nrn'¥11 ~ e:J ci'l u 1::iu ~1 i.~ 
q 'U 'U 

.r ........ .r... ·t"' "' .. -~ 'l uamnnum1e:JlJLm..:J1tiU£J..:Jfl1';1'Y11 'VIe:l1~11Ln~ Case hardening Ln~n11u1LL~nfl1£J u 

LL~::di m'W~U (Potter & Hotchkiss, 1995) U1..:J~f\ln Li]u ~~ e:J·.1n1~ 'l u~~~.nrn~1J1\I".lfi:t~ 
'U • 

192 

~-'" 

.~ I 1~ 
'U~· ·- --"· . .~ r··- _,.., 

(/-~-------------~-~_··--------- I 

A d ~. 1 d ~ 
(f1) fl11!flnfl'IJYIU1J1J 11J'Yil.:l!~tl'lfl'U 

A .t 
(fl) fl1llflflt1'1Jl11!1J'UHfflJ 

J -........:.~ 

' ... 
'Yl3J1 : Karel (1975) 

FD323 



g., ... ..... ({ .d .d ..... 
2. tUJ'HlOULLa::~aGl1HWl1D1\111':HfliiHl'Wt1ftTWt11\lnou (Countercurrent) 

5 'il11 nT'Hl'UL~ 'IK.J 1 u'ri1-J LL 1n~1 L ~£1-J';Jln £11VI11ii~11~;ffu~.J i~ ~ ~nu ~~i'au ~ ~1u 
'U 

Yl1-Jaanm~iimu'VIniJ~1 ~11~.:ffu~.J (n1w~ 6.10 "ll) L~am'VI11L~~au~<iivl.t.Hi';l::i~~~nu 
q 'U 'U 

'l,.l ~.c:i A J" .4 .::f ~ .d A 1&.1 Cl.oO o.,... 4L<' .... d.c:t 
~3J1aU Yl3J tHU,'\1111 ~~.J"lJUL 1eH.J ') 1'111~"1l"U'i11 ~-'I al'VIT'lmn £lULL Vl\l';l::~W..J ~nu ~ ~'HlU Yl~ 

, 'U 'U 

aru'VIn iJ~.J a1V111iiLan1~L~a~ L;m ~£1.J"Uln~11~fau LL<iiL'il r.Jindm'VI11ii~11~;ffu~Cil'Y11 r.J 
q 'U 'U q 

~1mn LlJum11 iwt.J-.'l1Ua ci1\1~~~1 1.h::V1 £1''il LL~::I.1lrh 1'1K a1VI11Ln'il Case hardening , 
1 um1auLL '!K-.'lm';JrJl Luu~a.J.ffu'il au L'ilr.J 1 '!Kiim1L~~ e:m~LLUUllf1Yl1\l L~ Ennur~3Ji'au 

l U'il aULL 1n LL~1 fill ~~1 EJ LLlJlJ ~1U Yll-'lrlU 1 U'il au~ ~a \I 5 (.Ol"llnl"la lJ LL 'IK-1 ~ \ll U'ri1.J LL 1n 
'U 

~ ~ 'il il rn~ EJl'V\11~~ '\X-.'l';l ::ii~113J.:%u~~1 L ~~a L ~a\l';ll n ii n11 L tl~ EJUllf1Yll.J n11 

~~ ~ EJU ~"ll £1\1 r~~i'EJU'ilrl El'il Ldrll (l11W~ 6.10 ~) LL<ii L~~a-.'liiEJiiL~1\l~i'1\l~oUU6Ji'e:JU "llTll ~LW\1 
L~~::filU11-J-rm~n~"n11 2 L~uu~L"ln 

q 'U 

~~~Ehl e:~u ui" L~uu EJL~.J~iinl~'lnTH·J~ 'il ~" LLr~::~~'il 1.~ e:~ rl1"<ii m iie:~" 1 UU';l';JUuiim1 
, 'U q 

tl1::EJn~1i1::uu~1 EJWlUL~ Ylun11 1 i.ffu1mi1u r111 'IK~13JTHl ~~~l.~e:~ rl1-J<ii m lla.J L'il r.Jihm 
q 

m'VI11£l rll.J5~ t u~.jiLuu.ffuul\1 'J uu~1 t.1w1u LLr~::~13J11mnu ~~~il rn~ al'VIl"l~LLi.J LLtl1~ 
tl~1 r.JYll\1 e::J an"ll a.J a t~.J~ ue:Jn';Jlnd£1'-J~l~l"lfl rll'VIU~ n11LT1~e:JU~"ll EJ'Ir~~fau1 u~n ~rn:: 

q 

<iil.J ~ i.~L'riuL~EJ1nun111i.ffu,-m-nu LCilm\tw1::LLUU~~~,Xwrhi.~~1tJ ') LCi!tJL1lc;ie:~"1i 
LTl~EJ.Jii e:J'VI1e:~ EJtlnnl!~ ci.J mn.Uui'EJu L ~ r.J\1 LL<ii~Cilllf1Yll'ln11L~ ~au ~"ll eH ~1 tJW1ULrh,Xu 

..l 
(111WYl 6.11) 

q , 

"' 'Ylm: Barbosa-Canovas & Vega-Mercado(1996) 
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~ .., ~ 
6.5.5 LA"Hl\liltJLLVi\lLLtJtJ~nn~\l't11\ln1"ttJDn (Drum dryer) 

cu 

L~~eJ"~ EJ u LL ~ "~ LL uu ifij ~ m~nu.:: L iJ u~ n n ~ "'i'm.ntl '1'17 _, n 1:::u em f11 tJ 1 uij LL 'VI ~"'rh Lit~ 
\1 \1 

~113Ji'au ~_,fll';JLUU 1mf1 n1'll'i'em 'VI'ieJ"ll~&n~1 v-Jrh ~nn~"'fll';Jij L~tJ"''VI'd,"'~n'VI'im(eJ"'~n 
\1 \1 \1 

'VI am 1 uLm 11-l.eJU 1 i'a u LL ~_, t:-~~~nru'l'fm'VI17~ LUU"ll a~ L 'VI ~1"liu 1~ m.J1~@1 m rta~ n1-rth m 'Yl 
~ 

~11l-1i'auL tluLL'IJ'IJ m1u 1';!1n ~1"11 EJ~ ~n n i~ 1 tJ ~EJ1'VI11 ij ~1 ~l-!tl7:::~'Yl~m7th tJ L 'Yl~11l-1i'EJu 
\1 \1 

' ~ ~ 

~~ eJru'VIniifi~1"11EJ"'~nn~_,~-\ln11 120 eJ-\1~1L'll'mtntJ~ 'IJ1~~r\J';J:::~.J~"~ 150 EJ"'~1L'll'mtntJG( 
'IJ~ \1 'IJ 'IJ \1 

fll'VI11~ij~113J'VIU1L3JLnU 2 ij~~b3J~'! G(13J11rleJ'IJLL~~L~f11tJ1un~1 1 1-1.1fi 'VI'im!atJn11 
J" q... A Ft '1 ~ I ..., ..., .iCII A 
"111-l.n'IJ "lfU~"llEJ"' eJ1'V111LL~::Wl13J L 11 L Un17'V13JU"ll El"'~nn~"' LLt:-!UeJ1'V117';J:::~ tl"' LL'VI~VJ el~ LaJ tl 

~ \1 

~nn j"''VIlJU 1tJ';JU~"'~1 LL 'VI'U"'~ ii1u ij~~~ tl ~ 1uii ~';J:::'t11l'l\t'1~"11~ LL~UEJ1'VI17El eJnri t:JU ~ 
\1 ~ 'IJ 'IJ 

~n n ~-\I';J:::'VIaJU 1tJ rl"' ~1 LL 'VI'U~~ eJ1'VI11L 'VI ~1~ LlJ tJn';J::nniJ flUL "li1l-11 L 'V13J L~~eJ"' eJ'IJ LL ~"' LL'IJU 
'IJ ~ 'IJ 

~nni~u1~-nit~m';J';J:::ijm,.~~~"~tl~ Eh'l L wtlmmni"' L ~ a~~i.mi'1~ a ciL wt'tmmni~ tJ e:m LL~:::ii 
'll 'U '1.1 'll 

11"1L ~ ma~ru t:-~~~n m'l'f~ LL ~., LL~l LL~:::u 1fl em 1tJ ~iu~ eJu~u~ EJ1tl 
'II 

A ..., ~ -=' .-~~::~~ 
L~'!eh'l EJ'IJ LL'VI\JLL'IJ'IJ~nn~~'Yl1~n7:::u eJnl-1 2 "lfU~ ~ EJ 

'II 
~ . ~ 

1. uuun nn~\1 Lahn (Single drum) tl1:::mJu~1 tJ ~nn~\J'Yl'!"'n7:::Uflm ~ tJ\1 1 ~n 
u 'II 'II 

YJ ~ ~"11 fl~ t:-~~~nru'l'f Ell'VIT'j';J::: Lm:::~~ fl ~uutj1"11 eJ.J ~nn i~ 1~ tJ Ld a ~nn ~~~-;) aJ t1 tit ut:-~~~.n m'l'f 
'U 'II 'll ~ 'II 

eJ1'VI1'.H 'VI~1'VIlJU t:-l~~nm'l'f fl1'VI11L 'VI~1fi';J:::Lm:::~~~1~nni.J 'VI'ifl eJ1';J 1-n'~n ~'IJ L~n D) Q~~U 
~ '1.1 'II '1.1 

t:-~~~.rlrn'ri'm'VI11L'VI~11tluu~1"1leJ\J~nn~\J {f11VJ~ 6.12 n) 
'll 

~ ~ J' 
2. uuunnn~"~ tl7:::nt:J'IJ~1tmnn~-\l 2 ~n ii 2 "lfit~~1aJ~m~m:::m-r'I11\J1U<il_,u 

'II u 'U \1 

"" "" "' .., Q, I a... - Q..oo A ca,... I G,..l ._, 

2.1. nnnn\IALLtJtJ!;ltJLUn(;l'i~ (Double drum) ~nn~\J'Yl\J~fl-\111\J~nu 'VIl-!UL"111 
u u 'll 'II ~ 

'V\1 n U iJ El U Ell 'V\1 1 L 'VI ~ 1 '1'11 \1 ~ 1 U 'IJ U ~ 1 \J 'IJ 1 L 1 m ~ ~ n n ~ \1 LL ~ ::: 'VI'i El ~ lJ ~ G( n U 
\1 

(f11VJ~ 6.12 "11) 'lieJ\Jl1~1:::'VI11\J~nni\IG(1lJ17ntl1u L ~flL 'VI1.~~113J'VIU1"11 fl-\1 t:-~~~.rl m'ri'maJ 
'II 

.... A Q..l r~ ..., .... CV .... A Q..o ~ 
~eJ\In11 ~113J'VIU1"11 fl\1 t:-1~~1HU.'Y!Ln tJ1"11 eJ\JntJ eJ~11nl'!tltJ LL 'VI"'LL~::~tu.f11VJ"ll tl\lt:-l~~flni,'Yl , 
'liEJ\Jl1\17:::'VI11.J~nni\J~L'VIm:::~l-1 a~lu'111~ 2.5 x 10 

4 ~\1 3.0 x 10 -
3 LaJ~'! 

'II 'U 

2.2. nnni\I~LLUU'Yli'" {Twin drum) ~nni\I~\IG(EJ\I~mlaJeJti1ut:-~~~.rlru'ri'EJ1'VI11 
u u 'II 'll q \1 

L 'VI~1 m~:::'VIaJu1 u;i~'Yl1\1~7\l"li1l-1nu Ldt:~~nn i\I'VIaJU~~~nm'rf Ell'VI17L 'VI iil1';J:::Lm:::~ ~ ~1"11 a~ 
q 'll q 

~nn~" 'lieJ\111\17:::'VI11\J~nn~"'1lliit:-~~~EJf111l-!'VIU1"1leJ-\I~~aJEJ1'VI17 (f11VJ~ 6.12 ~) n1 
t:-~~ ~.n ru'rf Ell'VI17L 'VI ~1iifl ru~aJu1i13J Lm:::~~l ~1 iilnn ~., f111 'l i~nn ~"~ LLuuiu Lfl~~-¥3..1 

q \1 'II \1 

5~71n17eJ'IJ LL ~-\1~1 £.J~nn~"''Yl1"1n7:::u an .:ffunu f111l-!iu i.mi'1~ Ltlui1 'l ~f1113J 
'II 

i'au ~113JL 111EltJL Unl'!'VIlJU"ll El"'~nn~~ LLiil:::~113J'VI\41"11 tJ.JYJ&faJ El1'VI11 ~1'VI1U~113J'VIU1 
q 'II 
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"lJ tl\1 W ~ :U en Vi l"d,_t U 'iil:::ff U n U"d:: r.J ::vll\l"d:::V\'11 \1 ~ f1 f1 i \1 U1:1Jl ru. "lJ tl\1 LL oV \1 ~ ~ eJ ci1 Utll Vi l"d L Vi~ 1 
~ ~ 

LL~:; LL "d\1~\1 ~1"ll tl\1 ellV!l"d tll tllVIl"d~ LL "d\1~\1 ~1 ~\l'iil:: h!JYJ ~ :U"ll tl\1 tllVil"d~ViU 1 f11"deJU LL i\11 i 
~ 

L 1~1U1U LL~::~nl:UL~1L Uf11"dVi:UU"lJ tl\lfmni\1';):;~ tl\lil~\1 3jQ:;,r-u,";J:L~ ~~~ilru.'ti' tllVil"d~Lll , ~ 

LL i'l m1~~ LL "d\1 ~\I ~1:u::1~w~:u"lle:J\I e:JlVil"dL Vi ~1 ~~~113JV!U 1~~~\1 t1'1w~:u e:JlVIl"d~~n'l!l-ru.:: 
' 

U1\ILL~::~~11:UWt't~~1 ~l:Ul"drl 1iflntVi.n3j~\11 Uf11"de:JULL i\1 TCil r.JL~hfi~nl"dLVIlJ eJ~"dlnl"d 
q ~ ~ 

. ' " 
111'Wfi 6.12 L~1e:J\IflULLi\l LLUUfmn~\I'Yl"d\lf1"d::Ue:Jf1~n'l!l-ru.::~1\l ')rlU 

~ 

d 
'YJ:JJ1 : Baker (1997) 

ell Vil"d~';J:; e:JULL i\1 ~1 r.~inU ~ e:l\1 LlJU"lJ fl\1 LVI ~1Vi1tJ ~l"dLL "ll1U~ tl ~~ ~l:IJl"dri'Yl Ue:l ru. Vi11 3j , ~ 

' " 11 " !'I l:: • I "" .. .. • ~ "' ~ 11 • 
fleJU"lJl\1~\1 bCilbuU"d::r.J::Ld~l~U') u"d:::IJlnt 2-30 1Ul'Yl LL~::Uu"d:Ulnt"lJtl\ILL"lJ\IbU"lJtl\ILVi~1 b:U 

~ 

ue:wn-11 20 - 22 % 't111im1Lm::<il1UU~1iilf1ni\l~ ~~11:uitu~~rllr.!~1LCilr.JL3,hnCilm"d 
~ q 

LVilY 
A G,.o tf 'L' a ,::! Acl ~ 4 ~ 

mHlll nl/o/JeJlVil"dLL Vi\I:U::::u mm~n (Cook flavor) LL~:::u ~~ ~1 L Ufl\J";Jln e:~ru. Vi.n :u ~\I 
q q tU 'll 

fJ1VITY~11i'Yl'U~fJm1.4.l~1l3jff\l':ii:::LnCilf11'H~tl:U~nbill'l"l nT'HLn1"lJ lCil£Jf11"de:JULLi\l~tlnbVi1lij~1 
q ~ ~ q q ~ 

1llr.~1~fi11:U<ilu~~ln11u"d"d~ln1~ 
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m~11~~~m~Hll,::dJUL 'Ylerfl11Yi~1ff~n Lciu J1t-~~ LaJ"lfit~~h\1 'J L~ EJL~1uwn~.rfe:m 
';J::Lfi~~m~rn::LWUr.JdL ~UEJ: Lrl'6J l~L 'VIm:~"il:EJU LL~\1 1~ F.JirrU L Vi11:"il:l~ LL~\1 LL~:EJ\1 l 'VIaJ~~ 
~l"l.JEJ\Jflnn~\1 "JJ~EJEJnL~mn 

'IJ 'IJ 

1TIEJULL ~\I LLlJUflnn~\Ji'EJU itr.J6J L ofl Un11Yl1 LL ~\I U11t-l~ sntJ t-1\1 El1~11L<iin «u~f\JU~ 
'IJ , 

LL~::t-~~~nrn't1~u'J linmTu~f" LL~t-~~~nrn't1u6Jt-~\J~t-~~~ hw1rrd' 1~m111::~"il::\bLtl1mu 
t-~~~nrn~tl1:Lll'Y1L~~EJ\!~11 L ~11:L~1'u~1111i'e:Jummnu 1tl fl:fl1 F.JJ11~'1l'mJ LLfl:~n~uffn , 
LL~ L ~ 111: ~1'VI1'mt11tl1 idJui.'hutl1:n EJU 1 ut-~~~n rn't1 a1~11~L~~ a\! mi E.J~ ntff11U~n11 , 
~::fl1F.J~ff\J L'iU L~n ~nrf LL~:t-J~~nrn't1flnn11~ bUU~U L~11:~~U'Y1U~1 rh~\Jn11t-l~~ff\J 

'IJ q 'IJ , 'IJ 

LL~:~1 6.11-:itl t-1~~ l~ EJV1\J~m rta\1 

.... "" ft.l ... 1 6' 6.5.6 L~"Hl\JillHL'VhHU.J'l.Jni:Ulfl fl'lfL'l.Jfl (Fluidize- bed dryer) 
CIJ 

n11El1JLL~\!~1 F.Jirrif' ti~6Ji'e:Ju~~ri1 ~\1~6.1~\J~ a~"il::~F.J\J~UEJ1'V111L~~Elr.J~l El tiL~ 
'IJ q 'IJ 

~~eJ~1:F.J:Ll~1n11eJULL~\J El1~11LL~~:~wu::~m1L~~EJU~Elr.l1\JLUU~~1: Yl1L~~~u~~l~ 
~6.1 ~ ~nu~6Ji'aumn nTn:L ~ F.JJ1 Ln~L~L ~h ~l111L 11~6Ji'eJu~EJ\!~1U~111 i EJ r.J'l. u 1:c;luri 

q 'IJ 

L ~m:~6J ~a ~116JL11"1J EJ\!~11i'e:Ju~EJ\JL~~1"ilU 1~ ~11111tl"r111 ~~UeJ1'VI11~ a E.J~l LL~:~EJ\JL3J 
~\!Lnu Lu"ilu"r111~i'"m~11u~l~~1tlnu~6Ji'au w.n6JL1l"l.JeJ\!~6Ji'EJ'"~'l.iar.J'l. "U.cn1\J o.o5 -
'IJ 'IJ 

I A oGII ~ q,.. I ~ .J t; 

0.75 L6J ~1~ El1'U.1'Yl "JJ'U.nU "l.JU1~ LL~::~'l111'VIU1 LL U 'U."JJ El\!"15UEJ1'VI11 fi1~11'Yl"il::EllJLL~\Jtln 
'IJ 

tJ~m.JLi16J1'Y11\!~1Wll1F.J"JJEl\JL~~eJ\J (ll1~~ 6.13) Lb~1~eW ') L~~aufiLU'Y11\J"l.Jl1 LLfl::Ln~m-:i 
Lb~n L tl~ F.JU6J1 ~ LL~:~l16Ji'El UTlU ~111' EJU ~ L "li16J1 '1'11\1~1 UG'i1\J"JJ El\1 L~~El\l ~\l ~ ~n ~nb:: L U U 

~:: LLn1"\l~ L iJu 1~1u mm~'VI K>1ti1 F.J L 'Yl~l111i'EJu"il::L~~ EJ'U.EJ an'Y11\!~1'U.UU"JJ EJ\JL~ia\l 
'IJ , 

VIbrator 

1l1Wri6.13 L~iEJ\lfllJLL~\JLLlJUvJ~~~L~'lfLU~ 
'IJ 

.d 
'1'16.11 : Baker (1997) 
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El1~T~~ii"lJU1<il L~niivru ~ ~1~ mi1wun ~~~::Lb i~L 11 tll e.J1~11ii"lJU1<i11 ~ nJ~::~ eJ r.J~1 
~ ... 

L~mn ~1Ue.J1~11~1Je.JlJ1J1~L1J L ~m::~~::e:JlJLLi~~1 r.~inif L W11::e.J1~11~::Ln<iln11'D'U n11 

n1::'Ylum·::LL 'Ylm1u 1 u 1::~11-11nT1e:Ju LL ~-~~ .Yh 1 ~L n<ilm1LL<ilni n m1t~uu ~-11<ii1 r.~1TI-itm.J 1 inu 

La.J~<ili'qj'D'l~ r:t1 1n 1n U~::La.J~<ilnlLLvJ 

5 "" ~ p . 6 .. 7 LA'HhHU.JUVh1U1J1J'W1Vi~~3J ( neumat1c Dryer) 

nTle:JlJ LLi-llinilr-.J~<ilnm'l'f e:J1~11~::Lf1 ~em ~hlnu ~a..~fe.1 u 1 u"lJ m::L~ r.~1nu~::L n<ilm1 

mm L tl~ r.JUf111 a..~fe:JULL~::a.n ~1::~11-11 e.11~11ntJ ~ a..~fm-t di<i1n11i11tr ~e:J ciTJ1n ~'i<i11::~11~ 
e:nwnnu ~ 111m.t Lrl mfl ~ e-m~n-11tl~1 r.J'Yll-11 eJ t~n e:J1~11~::iif1111l~u~1n~1::~u~~u-llm1 
(fl1W~ 6.14) n11e:J1JLL~-111nii~~nm1f! ~1 r.~num1t11JLL ~-IILLlJlJ~'U~ e:JmL~::LLuuvJ~~<il L<ili 

'IJ 

blJ<il LL~ii-li e.J~1rl<il L~El-ll"lJU 1<il"lJ e.J-11 El'Ull1f1 e.J1~11~-II~ ::~ e:J-11 ~1 m1n Lfl~ El'U ~LUrllJ ~ a.JfeJ'UeJ ci1-11 ij 
q 

tl1:::~'Yl~fl1w 1<il r.~i.1lth 1 idi<ilf111a.J L~r.J~1 r.~ L 'riu r-.J~ <ilnm'l'f e:11~11~ii in ~m:: dJur-.J~ La..~ ~<il 

-- _G2, 

. ' 41=1! A ._.. A A 

fl1WYI 6.14 Lflje:J~tllJLm~LL1JlJU1La.J<iln 

1 = Yime:h'l€l1mfl 2 =~<ilmJ 3 = ~mlil-:~n1~'VIil.<ilm13Ji'm.-~o 
~ I ~ A 

4 = 'YI1\Jb'lll'll€l\J€l1'V11~ 5 = ~1'1.t€llJLLVt-'1 6 = Ll'l'J€1\JLLtln 
.d 
'Yim :Van Arsdel u~:::m"U.::: (1973) 
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• g.; '1. lit 
6.5.8 L~~e:hHl1.JU'VhHL1.J1.JtVbHUJ't1 (Foam mat dryer) 

nT'HJ'ULL~~1nUm'VI1'H 'VI~1tm't11L ~~~n~ru.::Li]u1 vh.ni El\1. LL~1 LL~ Ltlwffuu1~ 6) lJ\1. 
'IJ 

"1 r.J~l'U. ~~t n~rn::L tlu1vnu ~ 3J'fEJW;J::Lfl~ au ~~1 n~1U~1~ifuL'f~1UlJUL ULL u1~" r;h m r1 
'IJ ~ 'IJ 

'111 ~f au 1 v; nu EJTV\11 vl a~ a1 n1 ~~a EJ't ua1'V111~ ::vl'n e1 an L'fu11m n1 ~ 't11 'l ~Eli 'VI11~ 
'IJ 'IJ 

tn~rn::Ltluw·n'U. L~n ~::LflrJ~ "1f·w'ti~u-nJ1~L11 (.m~~ 6.15) 
'IJ q 'IJ 

m1't11L~Ell'VI11~tn~rn::Ltlu 1 vl11't111~"1~mb Ell'VI11L 'V1~1m't11'l ~L"li'~"li'u 1~ r.~n11 

1::L'V1mi'1 ~::"lf1r.~'liLn~ 1vl3J~L'VIU!'J1LL~::f1~~1 m'VI111Jl~"lf-a~ L"liu l"ll ~13J11Cl~'t~Ln~Ltlu 
1vl3Jl~ LL~en'VI11U1~"lfit~1~~flrn~3Ju~1un11Ln~Ltlu1vl3J L"liu J1r·H~L~ t:.a~1~u~ LL&=~:: 

q 

ll::L:Umr1~u~ f111L~3J"11"li1F.JnTnn~ 1vl1l L"liu n~L'lreJ1eJ&=~13J 1uRL~'im1~ 1t11~url'1L'VI~El~ . . 
LL~::L"ll"ll11 ~::"li1F.JL~Lii~LD\I.LL~\I.W&=~3J1~~ (Potter & Hotchkiss,1995) Gf1U~11Yl"li1F.JLWll 

mlll'VIu~ l~LLn LllfielL6JlelL'l tL'!" LLL'!::nll"lfit~~l~ iJ 
'IJ 

..I ..I ., 1··1 " 111'Wfl 6.15 Lf11El~ EllJ LL 'VI\ILL1JlJ n3J LLll'Yl 

d . 
'Yl3J1 : Potter & HotchkiSS (1995) 

f!11ll'VIU1 LL ti U"llt:l~ 1 vlllf111El ~1::w;h~ 0.4 - 0.6 n¥3J~Elii~~~~,. ~:: 1~vl a~1ti'Y11~ 
'IJ 'IJ 

nelll "lJU1~LiU~1U~UrJnL'l1\l 0.1 ih~~Lll~7 n7::~1F.JEJ£JLUGf1WlJEl~L'VIG=I1 LL~Ell'VI11LDU'ffu 
'IJ 'IJ 

'!..11~ 'l 'VI'U.ltl7::mrn 2- 3 ii~~Lll~1 el'~11n11E11JLL~~~::~~ tl1Ell'VI11~tn~rn::Ltlwffwul\l ') 
.. .J' "' "' L "' ""'I "' • I .. .. LL~ ::3J L 'U. El Ell'VI11'U.el!'J Cll "lf El rn 'VIll3J L \1. nT'Hl ULL 'VI\! u 1::1J1 rn 80 El \1 "'1 L 'lrfl L 'IT !'.1 ~ El1'V111'iil::: lJ 

q '1.1 

f111lli'u~~~"L'VI~El 2- 3% lllr.JLUL1~1 12 u1fi (Potter & Hotchkiss, 1995) 

m1't11LL v;" 1 utm~nu.::~fl~l F.Jfl~\lnud m'iilL i~1 F.J~lu~1~ Ltlu 1~1-u.fit~ RlF.J~lwu:: 
'1.1 q 

'l ~~~ J' 1 V1 "' ..J ~ 4,.1 "" .d ,Q( • .... 

Clmll L'V11ElU"lJU ~F..! LEl'lll'Ylfi&=IU~1 LLc:l:::~lnElln1"'1ElU'Ylllfl113JL11R~~1U'JJWlJ El~~ltJ~lU 
'IJ 'IJ 

LL~1 vJlJ Ell'VI11l ~Ltl'U..ff'U.'l..ll\1 ') 'VI'U.ltl1:::mm 0.4 ii&=~~L3J~1 Eln.b'VIllii"ll El~ ~~~.flm~~::~1ni1 
q 'IJ 
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80 el~~lL'lH~LtntJ~ L1~l~1-Kl.~n1'HJ1JLL~.:!l.h::mru 1 tnfi Vl'imt'eltJn'"h eJ~rnm1lilLL~.:I~ 
L ~ln-;hULn~"illn.ff~aTt·n1~1Jl.:l LL~::inn111 ~f111:Ui'fl~ 1~ ~~mi'1n ku~1 Ld e1 ~mt1n ku~1 
~1U~1..1~ ~Yn~n"il:: 1 ~yf.:!Till:Uffl~i:u ~ ~LL~::Till:Ufel~Lb~-:1 1 ~n11Til1JLb U ~ 

n11el1J LL ~.:I 1~ ~iTIU';l::~~~~~rl rusn~iiTI nl.1l1 W~ Ln ~L~ ~.:lf)1Jn11lilLL ~..1111 ~1~ 
q 

fftunJ1n1~ LL~:: LL1J1Jnl1el1JLL~.:Ifl1 ~1~~1111::L~ e.Jn LL-ii-:1 LL~1"lf'n~1 &~ ') LL~::LfftJ~h 1 i~1 ~~1 
q "' "' 

n11mn ~~~~~.rlrusn~iiTI11:UVIU1LL UU~l J1VI'UnL1J1 mm ~1mn lil1 Vli~Lll~ el.:IL d'a~1'" 
nTd1J11"il LL~::nl1"l..~Gi.:l 

q 

II II ..,f II 1 

6.5.9 n1"Hltl U'M\J(9l'HH~"iD\J tltl tt \li\J UtltJ'W\UhHJ (Spray Dryer) 

LTI~ tl-:1 EJ1J LL ~" LL1JlJ 'V'lu~ a~ L iluLTI~ tl-:1 t1 u LL oX.:~~~ Tll1 :u ~1 ~ tu i111:uu~~ EJ1VI11LL ~" 
"' q 

:U1n :JJ1 tJVI ~1nVI ~1 ~"lf'it~ ~~~:U1n LTI~f.l-:1 f.llJ LL ~.:I LLlJlJ'V.JU~El ~ LL~ii,Y tl~ln~~ El Lfl~El-:1 El1JLL .X-:1 

LL1JlJ'V'l~~ El ~1-tl,~nlJ El1VIl1L Vll.'ll~iifll1:UVIU~~1 LL~::~m1t1lil1 ~LL~n El ElnLUU!.'l::El El-:1 L~n ') 
1~tJnl1Q~y.l~ ~~mi Jl'U:U "lf1 nlLL'v'J ~"1) LL~::1l.J1~~~n~:u1n-Yl"lf 

VI~ nm1li1..11WvfW~1U"ll El-:1 Lfl~fl-:1 El1J LL .X-:1 LL1J1J'V.J~~ tl tJ ~ tl ~:U EllVIl'!L VI ~1 L "lll Gi~ tl-:1 tl1J 
~ ~ 

~~uilu~li11oXLilul.'l::v e1-:~~a ~ i:u~~nul.'l:ufa~rliivruVInii~.:~ Ln~m11::L VI ~tt~ f111:u:li~nn 
q ~ ~ ~ 

~"a vnm.i1..11l~L111l1 tJ 1 ~1::tJ::L 1~1&u 'J 1- 1 o 1~1fi ~~Lll"Jt!Ufl1TIL~n '.l <iln l.'l.:~Gi~l~~1..1 
q ~ 

"llt! .:loX El-:1 El1J LL!.'l::nn LL~Jn e:J e:Jn"il1nn1:: LL~l.'l:UfvULL!.'l::tJ"iL 1ru ~1~fll1:Ufmttl ~1..11l~L ~1 li11 ~ 
'U 

~~~nru'J1 El1VI11~.:!hl~~~lJfll1 :U L~tiVIl tl"il1nTI11:Ufa~ VI ~.:lnl1~U 1D"il::3:i~n~ru::LL!.'l:: 
~ 

~ _, ... I V a 1... fj .¥ dl " 
fl run1w m ~ Lfl tJ-:1 fnVI11~~ ~1~e:nm~1e:JU"il::Lu fWULuuenm~'?l'ULL!.'l::nn~.:~ e1 an:u1nV1 fl.:! au 

q ~ 

G1' 1 \i l.J1:: n EllJ "1.1 El .:1 L fl ~ El .:1 El1J LL oX .:1 LL lJ lJ ~ U ~ e:J tJ "il :: 3j fl11 :U LL <il fl ~ 1 .:1 n U U 1 .:1 1 U ~ 1 ~ 
1 fl1 .:1 ~f1 .:1 rf.:~ if.:B ~El ~rllJ"lf'it~"l.. fl .:1 ~~ ~ rl rusn fl ~ tl .:1 n 1 1~ ~ ~ L "15~ 1 U fl1rn "ll El .:1 tl 1 ~:U "il:: 

~ 
~ D n ~ 

ll1::n vlJ~ltJ tl-:11J111l,;bu:u i1:uLL1..1~~~" ~V1~ui1mb~:uL"ll1Gi~ a.:~au ~la~v.JU"l..f.l-:1 L Vll.'ll1 ~ 
q ~ ~ 

LU~l.'l:: El El \1 ~ El tJ LL Vl~\lfh L 'it<i!l.'l :ufem wfa :ULfl~El-:1 Lth l.'l :ui'fl~ 1l1"lfU::1fl-:11lJ ~~ ~.n rusn LL~:: 
Lfl~e:J.:I~~enm~ffl'l.t~;~ LL~ile:J ~1.:!l~·fi~1:UG1'1UD1::fl El1JVI~n ') "llEl-:1 Lfl~El-:1 EllJLL oX--1LLlJlJ'V.JU~ fl tJ 

:u::~EJ\11.l1::nau~1t1G1'1~ll1::na1J~'l~t1! 'J 4 Gi1~ ~EJ 

LLVI~.:In1LU<ill.'l:Ufe:J~ eJ1"ilLU~Lmi'1 n1"1f ma h.Jvh tltu.VIllii"llfl.:ll.'l:Ufm.t~LiiJ~l.'l~El 
q ~ 

fl nt111W LL!.'l::fl11:U:BU"ll El-:1 EnVI11~..1 1 ~m1~~~ ~~~ll ru.sn tnVI11~..1 LL~ l.'l!:'?l''it<i! El fl..b Vlfl ii"ll El-:1 l.'l:U 
q q ~ 

fEJ~"il::LL~nli\1-:lrlU it~EJ~rllJn11'Yl'Ufll1:UfEI~ ~~<ilrl rn'J1~L3J'Yl'l.tfll1:UfEJU L "lf~ tl1~:JJLL~:: 
~ 
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L"li 1ivrnVI1133~3Ji'eJ'u.L"JJ1 150 - 200 v\lfi1L&Jf~L;n£J~ ht"llru::~'7f1LL~::mLL'W'YIU~113Ji'e:Ju~" 
q ~ ~ 

~13J1".Hl1 ivnt.VI1133~3JfflUb "JJ1 ~\ln-\1 200 - 250 El\lfl1 b&Jf~L;n£.1~ 
q ~ ~ 

' ' 0 A A .=t IJ .A oQ...oll 1 .... 

nTm1VI u~'YI fi'YI1\lnTH~ ~ EJ u 'YI"l.l €1-\1 ~3-J~e:Ju 3-J ~1111 ~1 ~ qJ ~ fln1~tl1 £J L 'YI ~ 113-J~fl u 

~ni.111'V'l LL~::u~mru~~~~~ fifi'YI1\ln1~L~~EIU~"l.lfl\l~3JfElU111£J1wtXE1\lEJU5:J 3 ~m~rn:: ~\lif 
q 

..,j ..,jq A .. .... .._. 

1.1. fl1'H~iHl"'YI L"YI~fi1\IL~U1fl"OUMU~'!Hl\lil1M1'H'VIa1 

~3-Jfenu~~ EIU ~Lu1 '\.1, flfi'Yl1\l L~ mnunuVI £.]~ El1VI1~L VI ~1 VI t\ln1~LL~n LU~ £JU~113J 
.... I .... Q.,oo A "" fS' """ .... I 

~El u ~::VI11\l ~ ll'i vum.JVI £J ~ EJ1VI1~L VI ~1 ~ ~ ~11 ru.'Yl EJ1VI1~~" -:u:: fl amn nVI EJ-\1 au '1'11-\1 ~1 u~1" 

~1U~3JfEIUO:U:::L~~ElU ~LU ~\l'i::1JULL£Jn {111'V'l~ 6.16 n) n1'ifhVIU~flfi'Yl1\ln1~L~~ EIU~"l.l El-\1 

~ 3-Jfe:Ju 1 utn1!trn:::d L V13J1::nu EJ1VI1~~L 1~ EJ~113Ji'vu L 'V'l'i1::e:nVI1~L VI ~1~5:1~113-litu~" i3J ~~ 
~ 

nu~ 3-JftiU ~ 5:J Elnt Vl11ij~\l J1~~::L VI £J"il1nVI £.1~ EI1VI11"Yh 1 ~L~Uiil\l"il1nn1"n:: LVI tl VI £.1~ fl1VI1'j' 
q ~ ~ 

LaJL~i'u~113Jfflu ~ i.'i'\lnl1 vruVI1133n::Ltl1::LiJtlmJ v\l~3Jfvu 1~ v~1 i.tl~i~::tl~::mru. 50 EJ\lfl1 
~ q ~ 

,ct A Q...J 6' .:J 1J Q.; Q..o Q..o .... Q..o A I 

L 6Jf Iii b 6Jf rJ i.'i' bb ~ :: ~ ~ ~ 11 fib 'Y1 fl 1 Vl1 ~ 'YI Lb VI -\1 Iii ::: i.'i' 3-J ~ i.'i' n U ~ 3J 'j' e:J U VI ~ -\1 fl m V111 3J Iii ~ Iii -\1 eJ £.1 1 \l3J 1 n 
q ~ 

(Heldman & Harte1,1997) 

' ' '11 'il .... 1 ._, .... A .c:i 1 .... IV 

1ii3J 'if! Ub "l.l1 '1'11 \l ~1 Ulil1\l"l.l El -\lVI El-\1 El1J LL VI -\I b ~Iii El U 'Yl ~~1 '\.tlJ'\.1. ~1 U '1'11 -\1 n lJ VI £.1 ~ El1 Vl1 ~ 
~ 

LVI ~1 VI ~\ln11"LL1iln LU~ £JU~113Jfem 1"::VIl1\llii3JfemnuVI £.] ~ fl1VI1~L 'VIIil1 ~~ ~.n msn El1VI11"~ 
Q.l '1.1 I II ... .... ~ A.ai .J' ""' 

LLVI\l"il:::Eivn'YI1\l~1Uiil1\l"l.lfl\lVIe:J\lEilJ ~3J'iflU"il:::fJfln'YI1\l~1U1JU {111'V'l'Yl 6.16 "l.l) 1!i'\.tlii3J~EI'\.t 

L "JJ1s:J El t\4VI1133fl EIU"JJ1\l ~\llil::i3J ~~ t~ £J~'j'\lrltJ ~~ ~n men~ LL i\l'VI~ElLTlfl1J LL ~-\I Vh l ~~ t\4111'V'l"l.l fl-\1 
q ~ ~ q 

~~ ~n rnsn~11il\l Uflmnnifri11 i~113J L11N3Jfe:JUI.'i'\l ~~~n rnsn El1VI1'i~\l E111illil:::~~ i.tlnU1ii3J 
~ 

fe:~u vh 1 Vl1.~mmrn~lil ~~~~1 m'in1VIU~fifi'YI1\ln11"L~~ EJU ~"l.l EJ-\1 lilllfau 1 utn 1!1-rn:::d'L VIm::: 

~1VIi'U El1VI1~~5:l~ru.i.'i'3J~1 Un11"~~~ 113-J:a'\.t~-\1 
q ~ ~ 

..; ..1 
1.3. fl1"iLAail"'YILLUUN~IJ 

1ii3JfflUL "JJ1'Yl1\l~1'\.t1J'\.t"l.l El\l'\X El\l EllJ VI ~\ln1'iLLfl n L U~ £.1'\.t~113JfEIUrl1JVI lJ ~ El1'V11'iL VI ~1 
LL~1 O:U::LU~ t1Ufifi'YI1\l 1~tJV13JU 1'1-l.LL~::L~~EIU ~ E1 Eln'Yl1\l~1\t1JU ~~~nrusMEJ1VI11"bb ~\l"il::mm 

q 

tl I .... .cJ A -=I .t A .... tJ 0 'l 4<1 

'1'11-\1 ~1Uc:l1.J"l.l ti\IVI eh'l El1J (111'\AI'YI 6.16 ~) 1liUEI ru Vl1l3J"l.l El-\1 ~ 3J1"ElUb "l.l1 ~.J '1'11 ~VI~ nl.1l11"1"l.l tl\1 
q ~ ~ q 

~~~nmsn~~~-\1 bL~5:Jel~'i1n11"1"::LVIti~EIVI'ib£Jmm~1"~\l 
~ 
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' fim : Barbosa-Canovas & Vega-Mercado (1996) 

""' .... 
2. 'Yi1iUl 

'IK15.~'Yl1-vn't1~u~v-lue:n~Tn~~11iLi:Ju~~mh1~ew ih.Ju1~lan~-'lll~ 10 - 200 

L:IJ Lfi~UJ~'l -;l~lllu~1u~1~ru~ &i~'lleJ-'I~fl~eJ-'Iiia ll~::Li:Ju~1mh~u~"lJU1~'ll tJ-'IeJU.n1fl n11 
"' q • 

'1'11-11 U'll a-1'1f1 U<il ~ r.J ~ ~ tJ fl rn.n1Y<l r.J~ ~n rn'l1 tl1~1'lr.J\Ill~::U1~ ~'Ylrr.n 1 V<1 1 U nTHltJ Lb ,_r_, n1 
q 

'lf1U~&i1 3J11tl'Yl11'1X El1~11L ~ fl1 LL~muu~::El El-1 ~tl EJ~~'lJU1~ eJU111fl m\ll~n ~\I~ "lf1 m ~:IJ 
q 

.::f dA dQ.; 0,... Q..o .... Q..O t.- A d" 1 ~ ..:¥ 0 

'r'I'U 'Yl r.Jl'Yl &i:IJ r.J &inu ~:1J1au a~11n11EltJ Lm-11l:: m~'llua m-111~L 11 uamnnun1"I'Yl1-11U'll a-1 

'lf1 Q~ rJ-1 ~ r.J fl ~ €l fl11 :IJ &i~1 ~ &i:IJ mLfl::'lJ U 1 ~'ll El-1 €l Ufl1 fl n1'llU 1 ~'ll eJ \1 a U111 fl hJ &i~l L &i:IJ e:J 
q q 

e:JU111fl'lJU 1~ L~n1l:: LL'iX-'Iri ElU LLfl::L~ftJfl11 :IJfe:J umn LnU i.uri EJU~ €l'!.l.fl1fl'lJU1<ilL ~ nl1l::LL i-1 
q q "' 

'lJU1<il'lJ EJMJU111fl~ r.J fl~ €l tJ~11n11~::fl1 EJ e:JU111fl~~"lJU1~ ll'l nJ~~~:JJL U J1 'llnl,~~ elU111fl 
q q 41 q 

'l!U 1~L~n1l::~ a EJ '1'111 i n11L tJ EJnLLfl::m1~u 11.Jhl &i~1 L &i:JJ a uan1J1nd'au.n1 fl~ ~'llu 1~ L~n~:: 
~ q 

ffru L~t~i.u1<il EJ ~<il Lunuflllfau n11Lw n ~a \I m~r.J Lfl~eJ"ii e:J~ ~u1~~'Ylrr.n1V<J ff-" 
~ "' ~ 

'lf1u~~1 "11L ULfl~€l-1€l1JLL'iX-1LL1JtJv-iU~eW~ 3 "nit<il~ eJ 

2.1. ~1~~el(;IA113J{;}\uLlJ'U~1L~hJ1 (Single fluid Pressure Nozzle) 

tl1~11L 'VI&ntln tJ<il1 iLfi~EJUt:-i1U 1'1f1U~~1tlfi11:1J~Uff-1 El1'VI11L 'VI ~1~:::LL<iln Li:Ju~~e:J e:J-1 
~ ~ ~ 

~ eJ t1 'lJU1<il'll fl-1 eJU111fi~UntJ1:::~1Jfi11:1J~U~Li (111V<l~ 6.17n) n1f111Jfl :1Jfi11:1J~U 1 i 
q q 

~~1l ~:IJ EJ1l::hi' e:JU111fl~ ii'llu 1~ ff~l L~:JJ e:J lL~ n11 1 i'IK1U<i1"11i't<il d'1l::iii1 ruvnn11 fl<il <Plu'll a-11 
q Ql q cu 

i15.<il n15J~U~1U'll El\llli:i\11 Ufl1~11l 'V\~1'V17flfll'VI11l ~~1ln<iln11CilnCil:::n flU ~1-a ln<ill';l~ Lri eJ 

i.~fum1:1Jfau 
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Q.,l .,.. Q,.o Q,oo Q,oo 

2.2. 'H1il.~tl~A113J~'I-UL1Jt.Jft£h1M1 (Two fluid Pressure Nozzle) 

t.h::n e.J1J~1ll ~1Uiil e-nm~~7e.Ji.mi1LLL'I::~1Uiil e.J1~1~L ~L'I1 e.J1n1~~7e.Ji.mi1Lutt!il1 
.Yh 1y;' tn~nn ~L'I1~tlmllil~TI-L 1~1Qiil"ll11i1LU'U.~ lJ!il L~n ') (111~~ 6.17 "ll) ~1Qiil LL1Juif1 "11~1111 

~ ~ 

<iltt~1n'".h~1Qii1LL1J1J~'Wd,\l 'VIlJ!il"llel\IL VIL'I1~"1JU11il L~hd1 LfU.Ie:J LaJUF.J 11L "J5nu El1VI1~ LL~n~n1~ 
1 iu1\IL ttEl1VI11~ij~1111VIUiil&i\l (Baker, 1997) itll11L inuJ:.J~~nrn't1 mLLL'I::L"If~1iJn 

~ 

.... .... . 
2.3. 'H1ii.~LLt.JtJ;J1~'H3J~ (Centrifugal atom1zer) • 
~1Uiil~~n~rn::~~1lJ~1U'V111ULLL'I::~"Jie.J\ILUiilL~n ') 1~W~El1J (111~~ 6.17 ~) V111tt~1ll 

q , 

m111L~1 2,000- 20,000 'Hl1J/U1fi rl1LlXEl1VI11LVIfl1LL~nLUU1il::elel\I~EllJ Eltt111~ij~n~rn:: 
q 

'Yl~\ln1il11 &i~1L~Uiel L3J~e.J\Ie.Jl~lJ~11111ilttLVI!Je.JU~1QiilLL1J1J~ 1 LLfil:: 2 "lltt1~"1JEI\Iel'l.t111~ 
q 

ifttnml1111L 71"11 el\l';llUV111U ~1111VI'ii~ LLfil::LL 1\1~\1 ~1"11 El\1El1VIl1L VI t'l1 1-tl~~rl1J El1VIl~~LaJ 
q 

fl ..¥ .. ... 
Lll'UL UelL!illJ1nU 

... 
1::F.J::LL1n ') "lJEl\ln1~el1JLLVI\I 

~n~rn::th1n11 "1JU1~ ~UiTJ ~1111VIU1LLUU LLt'l::n1~1il::t'l1LI"lJEl\le:JU111~J:.J\I ijJ:.Jt'l111 
~ ~ q 

Q...io Q..<A A A A,::.. -. 

';11 n ~ 1111 ~ U"ll el\IVI1Uiil LL ~ \1 LQEJU ~1111VI Ulil"ll El\l"l.Hh'IL VI fl1 LL ~ \llil\1 Wl LLt'l::lJ~111"1fllil"lJ El \1 

"lJ e.J\1 LLii\1 11illlyt1 LU LL~1 e:JU111 ~ J:.J\I';J1n L~~e.J\1 El1J LL y;'\1 LL1J 1J~UI!J e:JlJ-;J:;~~Ui1\l L UU 'Yl~\ln t'l11 Ln 1i1 
q ~ 

,.¥ ..J.. .., ' "' '1 l:: ., • ., .. "' Vi • I 
~1nL UEl El1VI1~L Vl1il1'Yl11n1~fl Ell! ~1 tlll1\l El &i~:: LL!il U1J1\I ~~ \ltl1nT1'Yl1 LL VI \I L ~1 L nu ~ll ~ lJiil 

El1VI1~L Vlfil1-;J::LL y;'\l'ti'U fi~tJ:.J~~U ~1Q~ i.aJij L 1 L'I1~-;J:; &ii'1\I~Ui1\l~ LlJU 'Yl~\1 n L'l11 <il\ltt Ue.JU111~ 
~ q 

~\lfh::~1Ui1\ILaJ &i~1 L&i11 El\ll'ie:J ~~U i1\l LL1J1J <i1 11 L 1J t'l ~ LL~ tl1 m~'Y11 LL i.J ~ n1~~11J ~11 e:J ci1\l 
~ ~ q 

L V11Jl::&i11 i.mi'1VI'ite:J El n-;J1n~ lJiil tl1'VI1~L ~ L'l1 'Y111 iL n li!"lie:J\I~'ie.J t ~~\1 El1 n1~ rl1L i~~1111 
~tt1LLutt~1 ~~u~tj1111n1un11Ln~t~e.Jn~LIIIiu 
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(n) 

("ll) 

(fl) 

. 
.ct Q..l ll..o .- 1 Q....l a Q.ol Q,.o cv .a 

ll1'WYI 6.17 ll1V'l!il!il"ll11\I'VI1U!ilbb1J1Jiil1\l ') ( n) ~1Uiiltllilfl11~Cil'U.bL1J1J~1L!ilr.J1 
.... .ce """" 0.,. ..., .... .A 

("ll) ~1U!iltl!ilf111~1i!Ubb1J1J~El\IW"J (fl) ~1U!ilbb1J1J';J1U~~U • .J 
'Ylm: Brennan,et.al.(1981) 
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d_ ~A o Q.;~Q..J Q..l Q..o,d 

T\Tvt'Yl 6.18 V11U~ "lllli::'Yil'li'U: {n} V11U~ El~"113J~'ULL1J1JVI1L~ f.Jl 

.., "' 
{"ll} V11U~LL'U1J'i\11'UVI3J'U 

q 

d 
'Y13JI :Fellow (1990) 
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~ ~ 

3. VID\IDUttVI\1 

dJ'Uff1'U ~~ !lfEl'I.I,~!J ~GltllJ\·H.I~ fl1~1'H ~ ~1 L n ~n11'S::L ~ £Jtf1~ ff1l-b if "l..'U1~ LL~:; 
1Di1\l"l.. e:J\li fl\l r:J 1J LL i.J ~ e:J\l r:J e:Jn LL1J1J L iL 'VIm:; Gl!l 5h:: tJ::'\'11\l L ~ tJ \llAl r:J 1 i ~ !~i'fl'U~!l ~ GltllJ'VI tJ ~ 
'IJ 

r:J1~11L mn Ln ~nTm~n Ltl~ tJ'Uf111!~i'r:J 'ULL~:::n111:::L ~ vJ1 "il'U 1~~~~.nru'l1 e:J1~11~\l~LL i.J 
~El~ t~m..t1LULL~1ieJ\lfl1J"il:::ilfl11!1Gl\l#\lLL~ 1- 30 L!l~1 fll'VI11L~~1"il:::e:Jcllt.i,V;'eJ\leJ1J 5 -

'IJ 'IJ 

A .. .. ..t .... I 
100 l'UTYl LL~:::!lfl11!l~'U~~~\l"il1n 60 % L~~flu1:::!11nt 5 - 10 %(Heldman & 

Hartel, 1997) 

UeJn"il1nii' '1'11\l f) e:Jn"l.. fl\l EJ1~11~\l1 'U v; fl\l f)lJ LL i\l <ii fl\l f) v1 'U<ii1 LL WU\l~ L 'VIm::: Gl!l L ~f) 1 i 
'IJ 

~~~n ru'l1eJ1~11~LL i.JLL~1 Gl1!l11n Lfl~ fl'U ~ eJ fln"illni eJ \l r:JlJ LL i.JLfii'Gl::~1 n11~ L ~1 hJ ~~ r:J V 
'IJ 

111 t1 1 'U i e:J\l flU LL i.J L U'UL 1 ~1'U 1'U iju:::Ju~~~.n ruif'l.eJ1'VI11~\l"il:::i:lfl nt111'1Al ~1 L iieJ\l"il1n L~~u , 
fl11!~i'eJ"Ummnu l.tl 

u~eJ V1\lL 1'n~1!J"il:::i:lm1eJ eJn LLuu1 i eJ'U111fl eJ v111 tJL "U i e:~.Je:~mtluL 1~1'U1'U L ~ e:~rh 1 i 
q 'IJ 

e:JU111flilfi113Jitue:~v1 "U 1::cKu~1 Vl'1eJeJU111flil"l..u1~ t~ruii'u t~ t~a"U111fl~ LL i.J"Imnu r:J'U111fl~ 
q 'IJ q ... , q 

LLi.JueJtJn11LL~::~un"ULlluneJ"U LiJuinwd..Jt "Un1::u1un11LLe:Jn tnaJm 1~~-i'~nnu~ 'Yi11 iLn~ 
'IJ 

"lia\l mnwr111 tJL 'UeJ'U111fl ~::~1 mi'11~~n11 eJU111fl~\l~L'ii"il1 n m1~'U~ r:1 tJ~1 'J Ltl~i:l"l..ul~ 
q q 

L~n ~fl tJ fl ci~ ~1J1 LL~::'Yi11 iLiJtJmnn 
'IJ 

eJ'U111fl ~\l~ii"l..'U1~ 1~ru"il::rln LLtJn e:~ e:Jn"il1nn1:::LLGl~!~i'e:J'U t~tJ"il::~n~\l ff111~U:::1a.Ji'u 
, 01 \1 cu 

~ e:J ci'ii1'U~1\l"l.. fl\l~ r:J\l f) 1J ff1'Ufll-b111fl"l..l-b 1~ L~n"il::~~ Ltl nu L'l !~i'EJ'U LL~:::nmwn f) f) n t~ tJL i 
'IJ , 'IJ 

L6Jf bf'IL'l'U LflieNn1a\l LLL'l::L flieJ.J-:ilu eJ'U111 fl ~\l t~ tJ 1 i"l.. EhH ~ L'll 
q 

n11'Yi1\l1 'U"l.. e:J\lL6Jf bfl L'l 'UL ~ eJ LL E.Jn eJ 'U111 A ~\l fl eJ n "illn n1::LLGlL'l !lfeJ 'U L~ e:JL'l !~i'Ell-b ~ij 
q 

r:J\t111 fl ~\l Lfl~ e:J'UL i1 ffl6Jf 1ml'U'ii1 tJ fl11 !I L 11 Gl\l di~ LL 1\l L ~~ E.l\l 'tl1L i L'l !~i'El'ULL~::: fl'U111 fl ~\l 
q 'IJ 'IJ q 

bfl~ El'U ~ LU'U 1\ln~:U1EJ'lJ bbn un L'l1\l"l.. El\l L6Jf t A L'l'U ~ ii ~ms-ru::: dJun11 tJ fl'U111 fl ~\l"il::n1::LL 'Y1 n nu 
q 

m!\l"l..El\lL6Jf bfl~'U 'Yi11 iiifl11!1 L 11~~~\l LL~:::~n~\lff'iil'U~l\1 1~ E.ILL 1\11 umh\l~'1enhvl1!n"l.. El\l 
'IJ 

Ell-b111A ~\l Le:J\l LL~::nmn1J111J11!1L i1 'U111~'U:::1El\l~1J~£J r.l~1'U~1\l"l.. El\lL'l11A~'U ff1Un1::LLGl 
q 'IJ 'IJ 

0 0 • 

~!~i'El'U ~ &r\l LLtJ n Ell-b111A ~\l El ElnLL~1 ';]:;~!Il-l> 1'ULL~!:LA~ El 'U fi El an'Y11\lfii'1WUU (111'1Alfi 6.19 n) 
q q 

tl .. ... 1 ~ 1 £ ... " .. 
1!:Gl'Yl1l111~ 'Un11LbtJn"l..El.J L'l! fi~'U"l..Un'lJ"lJ'U1~"1.1El\le:JU111fl~.J tl1El'U111fl~\l3J"l..'U1~ 

q q 

1 ~ run11 30 L!J bfi1L3J ~1 ';):; LLtJn El El n L~ii\l 99 % Lb'il tl1 Ell-1>111 fl ~\l i:l"l..'U 1 ~ L~ n wh 5 
... q 

i.aJ1mL3J~1 L'll1fiL'lU"il::Gl1!111mLtJnL'iiL~EJ\l so% {Gl:u'lJ1i "l..a'Yl11~u1,2529) 
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nT~ 1 "lflsn1fl fl UL ~a LLtm e.JU1l1fl t-J\1 a eJ mnnn~:: LLffs:l :!Ji'a u L~i'u fl11 :IJUr.J :IJ 'lsn1fl s:~u , 
ff1:1J1~tHLr.JneJU1l1flt-l-\IEle:JnL~ti\l 95- 98 % "lJEl\l"l.JeJ\lLL-jj\l n1~El\ln1~l'hl,_,"t~ti.:~ 100 % Iii:: 

1 

L~r.J~h1"J5~1r.Jff.:l 
'IJ 

aci1-:~L ~n(;)1:1Jmm~~ aamnn 'lsn1fls:~u tfu rJ..:Ifl-lil au1l1fl~ ~::L~ tJ(;)1.11n 'J tlu 'lu~1 r.1 
q 

~1 dju~a-:~1 i~1tilnliju-nu~~u~~ L 1Lwrta tsn1f!s:~u L "liu fl\ltiJnliju,.,1amlun~EJ\1(1l1~~ 6.19"JJ) 
q 

ri em~ ';J::u~ m.J a an tiu-nr.11n1~ aufl1fl~s:~::: L~ r.J(;)d'';J:: £1'-l fl\1 a ~111 r.JL Ufl\1 Lilunfl1U1U LLs:~:: 
'II q 'II q 

~:1Jrrffnuenn1~i'au~tl~ e:w a e.ln:IJ1(;)s:l EJ(;) L'"ls:l1 v111 ,.,1,~i'lJf111:1J L~r.J,.,1r.J';J1nfi11:1Ji'EJu m'l::il 

206 

!l1n1fli'!ll< 

+!l'ttnfltl~ 

/' , ..... 

d tl ,. ... ... n1wn 6.19 e:J n1rnLL£mm.t1l1flt-J.:Is:~::Le:JtJ~e:Je:Jmnne:J1m~~e:Ju 
q 1 

n) tsn1m~u "JJ) LL~un-Hl\1 
d 
'Yl:IJ1 : Heldman & Hartel (1997) 
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"""" "UlUUJ U (;I '21 th'l tl1 'H11 • 
Ell VI 1 1~\1 :r'i1 LL .X \I ~1 ~ L ~~ El\1 EJU LL .X \ILL 1J Uvl 'il.~ El ~ ~ El\1 L U 'il. "1J El \1 LVI~ 1 ~ ii"ll El \1 LL ij \1 ~ 

~:~1~L~e:lci1\loXfl~ 40- 60% (Heldman & Hartel, 1997) ii~1111wil~~1 tl1fl1VI11ii~1111 
L -ffmju~l ~ EJ\1~: LVI m.h EJ EJmi EJU L<iW flT'il~: LVI~ 111 ~ 'l~ H"ru ru1n1 ~ L vl EJ'¥m~n n ~u ~H""ll fl\1 

q ... "' 

EnVI1~ EJ1VI11~iimn~v\ln7EJ\ILEJ1mnEJtJn L vlviJ a\lnum~EJ<;'l~tl."llel\11~1U<;'l 
q 'IJ 

n11flU LL .Xl1rr-trl.11 LVI m::nu fl1VI1~~ ii ~1Uth:n ElU"lJ e:l\1 L"1J3JUH"\! b Vol~l :el1VI11~ \!\I: 111 
'IJ 

LL ~" H"il 'Yl LL~:: 111 LVI 111: ~lVI -¥u ~ ~ L~LL~: ~~ ~ .tl ru.'t111 ::L ~ m 'Yl ~ L Y-l71:: iiti' 11i11 ~ n~li1 LL~:: 
"1J El\!LL-ii\1~ ~::~1 ~L~H'\1 Lria1~'¥1J~1111i'Elt!.\l!:L n~~m!l-nt:LUtl.L'Yl vft11Y-l~1H'~n ~U~<;'lnu~-x\1 

'IJ 

~El\!Elu LL~n~lm7mm1"1l1~VI~1~in~";:r 
1) e:1 vmLu u.X EJ\1 au 'l.Xii ~1111 r.J11 m nit u L vl e:1 'l.X EJ1VI17fl ci'l t1. .X EJ" EJUL iJ un ~1 'il.ltl. 

'IJ 

1~~1i~11i'EJt~.~iivru.VInii~1 L~~e:l\IElULL.X\1-nil<ilil'f~nnt~.'lu~a BIRS spray dryer r'i1LL.X\I L<iltJ 
q 'IJ 'IJ 

1ialm~~iiaru.VInii 30 EJ\lmLsn~Lifi~H" ~1111;ff'u~m~"'Ylrr 3 % VltJ~v'il.ll1~L'VIf'niin,naci 
q 'IJ q 'IJ 

lll tJ L 'il. .X El \l EJU 'il.1 'il. LoW ~\I Vol El \1 ULL ~ \1 ~ El ru. VI ll ij ~1 .X El\1 EJU ij ~1111 ~\Iii\! 67 L111i1~ L ~tl.~·h '\..!, 
q 'IJ 'IJ 

~UrJn~1\l 15 L11~~ LriEJVW~"lJEl\ILVI~11i1n~\1111\l::Lin~lU1tl.ii\l 90 iu1fi ~\1\l::LL~\! <;]\!J''\..1,~\1 
'IJ 

H"11111fl 'l-Kl t~.m~EJu LL ~" ~~ii1.tlru.'t1~ii~ ru.~11u~ LUtl.L 'YIEJft11v.l~1~&imL~::m'VI1~~11~ EJ~1111 
q 

fElU L'7fU J'1~11 J'111::U11 LL~::J111::L~EJL'Yl~ LL~n~:U1Un11iiL11L~YhLVILEllilVIUEJEln\11n 
EJ un1~ EJ ci1\171<;1 L ~1 <;]\llf't~.~~~.tl ru't1~L~\l:iin1~Y-l El\l ~1,J;EJ u LL~::ii~1111VItl.1 LL uu111nwh 

q 

~~<ilnru.'t1~EJU Lb .X\1~1tlb~~fl\l fl1J LL ,X\ILLUU'V'ltl.~fl r.J~L inUEl ci..t1Ltl LL~nTJ 1 iaru.VIllii~1rl"il:: 
'IJ q 'IJ 

"lhtJfm~nn~u~~1fl~~n11 
I t,.l ... I 

2) 1 ,Y,X fl\l auf\ ii ~'It\! H'fl\!iU LL~:iim~VI 11t~.Li tltl."lJ fl\IUlb~tl. VI1El mn1~LVU f1 ~'It\! 
q 

~1 U~1 \!"lJ fl\1~ fl\1 e:l u L vl e:l 1 ~ ~U\IU'1L 1 ru ~ fltl.ll1 ~~\I Ln1::~ ~ Vl1a H'::H'11 El ci Lfjt~. iJ e:l\lnU n1~ 
q 'IJ ... ... ... 

VI~ El11L VI~1V\1e:l~1111i11nU 

3) L~11H'17Uv\lnt~.m~~u<;i'1 Lit~. n~ 1~H"LVI~1 1tl~~u LL~::Y-lv~L11vf 
'IJ 

~ ~ <iln ru. 't1 Ell VI 11 ~ U tJ 11 flU LL .X \1 ~ 1 tJ L ~ ~ e:l \1 EJU Lb ~ \! bb U U y.l '\..!, ~ El tJ 1 ~ LL fi tl.11 LL ~ :: 
~ ~ <iln ru. 't1 tl.11 'n 1 n 1 LL ~ ~ 111 L Ll n 1 LL ~ Llh ~ U L "ll ~ \1 L El tl.L&Jf aJ Lb ~ :: L ;ff' El "iJ ~ U 'Yl1 rJ ~ \1 

q 

~~ <il.tl ru.'t1 ~<;'l'Yll r.Jii~1111;ffu~1 hhnt~. 5 % a un1~ii ~n1!1-ru.::LiJu 7Y-l~u m1L~a11 L~r.J"il1n 
q q 'IJ q 

enm~femuv tJ LL~ ~~<ilnrn't1EJ1VI11~\Iii"llu1<il EJUlll~~L~mnn r'i1'l.Xm1n~::"il1 r.J~1 111~ 
q 

1 UU"il"iluuiim1Yr~u1 L~~El\1 EJU LL .x_, LLuuvlt~.~ a r.J LUtl.LLUU GHl\lVI1EJ ~111.fft~.<il em L<il m ~EJ11~ EJ 
q 

niJL~~a\lr'l11 ~m.~ll1~~\1~111<;11nuii"1Ju1<;1 'l 'VIqjitu (Agglomerate) L '7ft~. L~~a\I~~EJ<ilL<il'lfLu<il 
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"" g., 'l .... r;: 6.5.10 t~"Hl\ID1Jtt11i\ID11111'H~Ufll1'1~LUDnW11\I (Freeze dryer) 

nTHllJ LL ~\linUnn~~U1if\.H vJ eHLnUlli'VI1 nTH~'lli L~F.J ~111h::n El1J~1 in~U 1~1 U 
\1 Ql cu Ill 

EJ1 Vl11 ~ iJ n ~ru L ~tl' 111 U 1!:'VIi1\l n11e:J 1J LL i \1 t~ tiL ~~El\1 e:J 1J LL '\X \I~ ~i' El U n11e:J1J LL '\X \lind 
'II "' 

LL'iln~1\l-;nnnTHJ1JLL~-ilin~u ') ~EJ m,-a~~11~;§uLn~"il1nm,-"1111 '!XJ1~ e:J ci1 u~rnu::Li:Ju 
'II 

J1 LLii-iiLn~m,.,-::L ~~n~1 mil u LEJ111 £J 1~~11 ~'ilu~ EJ ruV111ij~1 (111w~ 6.20) EJ1V111i.~~ EJ\1 
q 'IJ 

~~ ~ ~nu t:1 ru~11 ii ~\I n11L11~ £JULL11 ~\I fl ru~~U~'Yl1\l Lfi3:J n1 tJ 111'W u~:n~u 1~"1J e:J\1 e:J1VI1 1 
q 'IJ 'IJ q 

di ~ifu Ue:J r.1~1 n ~~ 'il n ru'l-1 e:J1VI11~.Yh LL 'IX"~ 1 r.Jiidii~ ru111w~ ~ ni1 m1"111 LL 'IX\! ~1 r.Jiim ,-
q 

~U') LL~3:J~U'YlUnTr~m'il~\l ~\ln';hn11tl1JLLi\ILL1J1Jy.JU~eWtl\l 5 L'Yh L~e:JLYlr.J1Jrl1J~nt111W 
q 'IJ 'II q 

LL~1 ~u'1111fiL '\X nTm eJ ~i'u LL3Jl111~1"il!:~\ln11fi 'il1~ 
'IJ 'IJ 

mle:J1JLLi,ind11l::ne:Ju~1E.J.ffuCileJu~Gt1~tl! 4 .ffu'ile:Ju ~eJ I.. fit 
1. fl1"iLL~L!HlnLL'lh'l 

~m'ilrl ru'lf tl1VI11~"il!:'l'h LL '\X \I ~1 r.Ji]"U ~ El\1 ~hUn11LL 'iL fl eln LLii\1~1rl flU inm1LL~: 
eJ'il11n11LL "liLfi e:JnLLii\I~Lfie:Jn Li 3:J ~~ ~ e:Jfl rufi1W"1J tl\1 ~~'ilrl ru'l'f e:J1VI11LL ~\I 'il-ilif 

q 

t111 i e) Cil11 L 111 un11 LL 'i L fi e:JnLL ii\1~-il "il!:L~ ~~nJ'1 LL ii.J"lJU 1 'ilL~ n n1:"il1 £J t:1 ci e:J ci1 \1 
'II 'II 

~~1L~~a VI~.Jm1t11 LLi.J"il:Ln~ Lllu'rla-il11-l"llU1'ilL~nn1 r.1 1 u~ue:J1VI11 'rlEl\111\IL~n 'J L VI~TU 
"il:'rl1 mfiunnn~u,-~"11EJ\1El1VI11L~1~,.:L VI £Ji.111 u1:VIi1\ln11tl1LLi" "li1 E.Ji'm~1 t~,-,~1'1-il LL~: 
L;{tl~~~~ Vl~\ln11~U1111~£i~m~ru:Ln~L~£.h'I"1JEJ\IL~~ LL~LiL1~1U1ULUn11tl1JLL~-:JLL~:m1 

'II 

~U 111L rtt:J\I"il1n"liEJ\IrJ1\1~3:J"lJU1~L~n UEJn"il1 nUm1LL'iLfi eln LLii\1~1 ia'il11n11LL'iLfl t:Jn LLii\1~ 
'IJ 

~\lmn"i1U"I11L iXLn'ilnTi11'1LL<ilnLn'il t W1\l~~e:Jcie:J\Ii1\lifu fi"il: L 'IX~~ L U 'Yl1\l<il1\lnU"li1:lJ n11 
'IJ 

1!:L ~Cil"il:Ln'il '~L 11 LL~"il:3:J ~~L~£J ~ e:J 1~1\1 ~Tl\l"lle:J\1 ~~<ilrl ru'lf'VI ~\ln11tl1LL i-l 
t111 ia Ci111 L ~1 L Un11LL 'iLfi e:Jn LLii\1~1';J!:L~~~nJ'1LLii\1"1JU1CilL ~ ru111 r.JUt:Jn L'lf~~ dj r.J'il 

Ql 

LL~::"111~1 m'lf~~ 'rla-ili1-l'VI~\In111!:L ~Ci13:l"JJU1'il1 'VIlli rhm 'Yl~1~~11~:'il1n L 1~1~li'lum-r 
Ql 

t:J1JLLiX\ILL~!:n11~U111~Cil~\l Lnui'm~nn~Ul~L~L~~ 
'II 

'il-ii~Ufi11L~ t:JnEl'il11L!f1L Un11LL'iLflt:JmLii-ii1~L ~m:~~ L vJEJL~L~~~n"lJU1<il'r-le:JL VIm: 

i.~L~nVI~EJ1VIruLnu i.11 
Ql 

UEJn-;J1n L~ EJninm1LL "liLfi Eln LL'iJ\IL ~LVI m:::~:lJ LL~1 El tu.VI11iiL Un11LL"liLfi tln LL -iJ\1-;J::~e:J-:1 
q 'IJ 

~~ 1 i~1ii\l"il~H.JL 'Ylfl~nVI'ieJ i.~,-teJ Lv'il'1n ~~'ildJ1.J\I~:JJCil-;J:Lll~£Ju~n1u:LuuJ1LL-ii.J L vl eJL ~ 
, 'IJ q 

J'1 L 11~ r.JU~t11U!: L UU L eJ1Cil E.J n111!:L ~~ L 'Yll ~U 1 un11"111 LL 'IX\1~1 r.Jiid't11J1 LL-iJ\1 L n'iln11 

VI fl El :lJ LVI fl1 Vl'it:J n11LL 'i L fl E1 n LL 'ii-il L n ~;tu L~ ~:lJ 1J 1m "il:tl1L Vl1~ ~ ~ 'ilrl m'l'f tl1'VI11LL ~\I~ ij 
'IJ . 

..., .... 4 ... • 

fln~tu.:::~~1 £..1 £..11\I'YlL V1Ur.J1~U~ 
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.... 
2. n1"ia@IA113J@l"U 

b ~Ell ~J l bb -iJ" ~l JJl"Jfl"J~b ~ ~ mn FJ L uu LEJ 1~ FJ i1 f1 1l JJ iJJ.Wmh~VI 1l-1 EJ rn V\Jl il Lb~ ~ 
q 'IJ 

€11lJJ~'I-t ~';l~tlll ~Jl bb-iJ-1 Ln~nl'J'J::b ~~ t)~lJl FJL~1~ m w~1~ t"l~bbn'JJJ f11lJJ~U~~~ El-1 ilfil~l 
n1lmlJJ~U~-;J~'r11thtJ~ ~-1i1fil~ln1l 4.58 il~~bJJ~"JU"Jt"l'r'l 

q 

rim : Barbosa-Canovas & Vega-Mercado (1996) 
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3. nT-a'l-M'~113J~e:J'-' 

L ~elL iLn~n111::L ~~"'J el\IJ1L '\.tel1'V\.11~ el r.J1 UfftnU::J1LLoV\l ~t\ln1"H~~~11:lJiU~\ltl\l 
'IJ 

"l::iu~L~m::H:lJLL~1 ~el\ILi~113Ji'elUL~BLiLn~n11"l::L~~ n11"Lif1113Ji'elul11L~~\ln11"'\.b 
~~eln11"LL~~\li LL<fi~:;~ el\11"::1\ll3JL iel nl\~11 ~"'J el\l el1~11"~1U~ L UU J1 LLii\1 ff\l~UL n ~ n11" 

q 'IJ 'IJ 

~::~1~ ~\l~::l111~1~1\IHi'1.J"lJel\lel1~11Li~lu i1~i'uel1~11"-k1'J 111 elm~n~H\lff~~th 
q 'IJ 'IJ q 

al ,cd o.,..r 6'! A .CII6" Cl.o',::A'l"" 
u"S::mrn. 37 - 82 el\l~1L'll'~L'lHJH ~1~16.J~U 0.1 - 2.0 'Ylel"S ff1U~~U'Yl1"mL~::1~'ll'U b"ll' 

q 

4. n1·nh~1t1"i::uut'lfrunnn1~ 
~ ., ... 

Lrie:JEJ1~11ij~113J:!U~~~\ltl\11::iu~c;iel\ln11" n1'Jl'Ld.eHJ L"lfU LU1~1L~U 
mfu ell!. L~ el eln L'll'~ ~::{lnU ~ el£JL -ll'1LU L ~~,1~1tJ"S::uu Hrunnn1~ n1'll'Ld.ew~l.Ja BEJL "1Y1L11 cu ".., Q,l 

:::""" ... .. ... ... ~ :::.r ~ ... 
U U 3J ~~~~ elflnl.ll1'1·~m11L ntJ1n'I~1"1J el\lel1~11~ Gi\ln11el1J LL ~\l 'Yl\JUL Y-111::el1~11e:JlJ Lm\1~1 tJ 

q 

.,. .. .r '"1 ... 1tl ' .. "" .d ... .., ·' ' .r ' ~ ... 
11iU~::3J ~1\lff11\l 1"\1 3J"SY-11U n1'll'LQe:JtJ~::L"lJ1 LuLL'Yl1n~13J1'YflUL'VI~1U "ll'1~uel\lnU 

'IJ , 'IJ , 

m'VI11LLi'l~1n11iJn1mEJEJn;nL~iu 

m-sl11LL i'lind'Limi1Li~1 t.lff\1 Li'L1i:i1U1U L 'V13J1::i1~~1J El1~11~ij11mLLY-l\l n~u, 
'IJ 

1HLL~::iL1<fielf1113Ji'EJU ~EJ'In11~n1!1-1n~U1H i L d'aiaJ~ff LL~::tn1!1-rn.::l.J"S1n!J"llel\JEJ1'VI11L i 
Lm~\~ tl\l El1'VI11ff~ inn11l11 LL i-'1 LL'lJtJl.Jn~-A-1 ') L6.J ff13JTHll11Lc;i L "Jiu ff~"SEJL tJ e:J1ij L d'e:J~:lJ 
lJEllJ'lJ1'1 LL~::ijJ1LUU~'"JUl.J"S::neltJ3J1n n1L"lfinn11l11LLi\l-k1 ') Ll.J ~::Lc;i'H~1EJL1Jv1~ij 
tn1!1-rn::L~tl1 fl~LfltJ1 LL~::HruLim\!aiaJ~ff LriEJtbLl.J~u-sl.JH~·HlLtJEJ1~::iji n~U"SH LL~:: 

'IJ ~ 'IJ 

~113J L<fi\1 16.lL ~ijau"'J EJ\JH~ LL<ti~::~~1 mi'uf;{~"SmuEJ~~Lfiui'n1!1-1'VI~EJ~ v r.Jt uLLtJaJ i.'f1uEJ1'V111 
'IJ 

~dJU"lJ EJ-'1 L 'VI ~1 L "Jiu n1 LL v-J J1 ~Gi La!n ff13J11{ll11Lb ~\lc;j1 tJind LL<fi~11~~1J1m fit J1~Mi EJU 

1~ m~ Elnin~L 'V13J1::H3J L ~EJLUUn11Gi~~1Li,)1t.J L Un11"l11LL i\1 

n11"l11 LLi'liD'ifl ie:Jni.'VIll3j~1 L6.ll11L Wl~13jULLGi::mlJ.~1'Yl1'1 EJ1'VI11fHULi£JLtl L6.J Ln~ 
q 4U q IIJGI 

n11L;e:J6.J LitJ~1nl.Jl)mm L~nLL~::LEJU L'll'a.f m-s~qJLitJ [;{111::L ~ tl~L in ~u jff 1 UEI1'V111L n~UEJ tJ 
mn ~~~1lrn.'l'ie:J1'VI11LLi'IL6.lLn~ Case hardening LUEJ\1~1nnT1L~~EJU~"llfl\1"1JEJ\ILLoV\I~ 
~::~1 ~L~Ln~ituuEJtJ ~~~nrn'l'i EJ1'VI11LL i4l ff1m1n~u1tlL~flr.l1\111~L11 L UEJ\1~1nn~n1!1-rn:: 

'IJ 

1 "' "' .. 1 .~ .., "" • I '" .., 1 "" .f .., .., ~ "' '" m-'1 H11-:J~Gi1 £Jr~ EJ\11-1.1 'VIGi\1~'\.t 1u~::3J~n1!1-rn.::: ~'d\IH11\ILLt'l::L ua H3J ~ H mGi L~ £J\I tn~11H~ 'IJ . 
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~ eJ LL~\Ull'¥'HLG(~.Jf1113J iaJ~'t.tn"lle:J·H~'G(1~Vi'1e:J1 ~n~ ii&(n1U:::LL~ nlii1\lrlU L~n\l 3 , 
AI ~ no t.~.r:f IV A Q..o 

G(nlU:: fle:J "lle:J\JLL"ll\l "lle:J\ILVi~1 LL~:::nl'D' 'Yl.JU "IJUnlJ e:Jnl,Vill3JLL~::f1113J~U 
, 'IJ 

fl113J iaJWUTI~:::wh.J G(tl1U:::"ll e:J.J.J1~ L UU"ll e:J\1 LL il\1 "lJ e:J\l L Vi ~1 LL~:::ih'D' L~ tJlaV e:J.J nu 

n~::u1unTmu~·a.JmVi1~Vi~1 tJ~it~ L "Ifu m~~.J1 LU~ tJUG(mu:::~1n"lle:J.JL Vi~1n~1 muu Le:J 1 u 
'IJ 

nl~'Yh 1 ~LiaJ"lJULL~:::nld"e:JlJ LL y;_, nl~LU~ tJUG(tl1U:::~1n"IJ e:J.J L Vi ~ln~1rJ dju.J1 LLiJ.J1 Un1~LL"If 
L n eJ nLL iJ" nld"L u~ tJUG(tllU::~1 n .J1 LL il\ln ~1m uu Ltl t~ E.Jnl'n::L ~ ~ 1 u Freeze dry 

f1113J iaJwulfd~1m~n e:JRu1 tJi.~i:~ mL~Ull1~1!Jll1f1"ll e:J.J.J1u~~'Yllf (111~~ 6.21) ~" LL~~" 
fl113JiULL~::: am Vill3j"ll e:J\Jl11111fl"ll a.J.Jl LiULL~~:: Liu~::: LL~~\ln\lf1113Ji ULL~:: a ru, Vill3j~yh 1 \X 

, 'IJ :.I , 'IJ 

"' .... .t 
m~~mu:::~aJ~~ ~.Ju 

q 

4.58 

VID~ 

c 

B 

o''lf ~ll4111Jii 

ll1'Wif 6.21 Phase diagram "lleN.J1 
...1 
'Yl3J1 : Barbosa-Canovas & Vega-Mercado (1996) 

Liu AB LUULiu~aJ~~d":.:Wil.J ~n1u::"IJ e:J.J.J1~ LUU"ll a.J L Vi ~l LL~:.:Le:J t~ t1.J1~ eJ ~ m11 
, 'IJ 

LL U lLiwd'~:.:LUU Li~.J ~e:J\1 ~tl1U::: Ldae:J mV!ll3j L vjaJifu Vi'1mn13J~U~~~\l .J1~:.:ii ~mu:.: L ~ tJ\1 
• 'IJ 

~mu:.:L~hn fie:J ffmu::i.a L~tJmiu AB d·;h Liu~~L~e:J~ (Boiling point curve) Vi'1miu , 
fi113J~ULe:J (Vapour pressure curve) u1nmfiL~r.r;nn~~ B L~N13J1d"n~:::ue:Jn~mu:.:"lle:J\l • 
J1 i.~ ~~ s UL~tJn11 ~~int'J~"ll e:J.JJ1 ii~1 L vhnu 37 4 e:J\l~1 L'D'~ LsntJ~ 

q • 
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L ~u AC L iluL ~'U.t'UJ~H~7~'VI-h:nnnu~"l.. eh'!J1~ L UW'll El\1 L 'VI fl1 LLfl~"ll eh'lLL ojj" hHJJ1~ EJ ci , ~ 

IU .cf ~I Vi Q.o ~ dl .-=. _.: -f :" .- a ~ 
'il1 :JJLL'U. 1 L ~'U. 'U. ~~ L u 'U. LWI'Yl\1 ~El\1 ~fl1'U.~ L3J El El tu, 'VI1UJ L "v'UJ"ll'U. 'U.1~~3J ~tll'U.~L VH..J\1 ~fi1'U.~ LWI tJ1 , ~ 

£1 .a ~ -=f. ""' . . A' • 

~El "llel\IL'VIfl1 L1£JnL~'U. AC 'U.11 LM'U.~WI'VIflel3JL'VIfl1 (Melting point curve) ~1n11TV'i~~L'VI'U.11 , 
L~'U. AC ~~Ln £1\1 L'l.J'U.~1nLL 'U.1~\IU1nL1JL~mtEJ £.J LL~WI\I'lln1iin17L ~3..1~113..1~\l. ~~YhL~~WI , 

' 
'VI flam 'VI fl1 fl WI ~1 fl\1 

L ~u AD L tluL~'U.~3JWI fi1~Wl1\ltffi1'U.~"ll El\1 J1~ LUU"ll El\1 LL ojj\1 LLiil~ La 1W~ tJJ 1~ EJ cl m 3..1 , ~ 

1&1 .:f ~~ \1 ..., ~ -.1 A .::!. ,J" A Q.,o A r R A 

LL 'U.1 b~'U. 'U. ~~ L u'U. LWI'Yl\1 ~El\1 ~tl1'U.~ L3J El Elnl, 'V\11 3J L "v'l3J"ll'U. 'VI1El~ 113JW1Uf!WI fl\1 1-i> 1 LL "1.1\l'il~ L nW~n17 
~ ~ 

1~L~Winfi1£.JLU'U.LEl L1£.Jm~u AD if11 L~'U.~W11~L~WI (Sublimation curve) , 
\I ""' CLoo ...... ~ 14 .::J.c11 A Q..oo 1 CLoo 

L~'U.'YlnLG('U.3J1WIWinWYJ~WI A ~El ~WI'Yl3JElni,'VI.f13JLLfi~~113JWI'U. L'Yl1n1J 0.0099 El\1~1 , , , ~ ~ 

... A A • I ... .¥ • -. I l:"l ..1 .¥ :' 
LSUf!L6lW~ LLfl:: 4.579 3JfliilL3J~1"l..El\lu1El'Yl ~1~Jn~~'U.11 ~WI'Yl1uLufl (Triple point) 'Yl"ilWI'U.'U.1'il~ , ~ , 
Luu1~J\I 3 ~mu~ 

e) Wl'nnT~EllJ LL ~ \11WI tl~1 ') LU~ ::'V\3..11 tJ n\1 5~11 n111::L 'VI tl"ll El\1 J1'VI~ElU'11J1 rn J 1L u 

El1'VI11~fiW~iil\I~El'VIlbm1iil1 (LW~tJ,r1'VIun) 'lum1a'l.JLLi\lal'VI11~1 ') 11.1 51i111n11EJULL1X\1Ln~ 
t~i1V1'1a L 11 itunu 1.11:: ~'Yln111"v'l1 um1tt\l r.J1u~111Ji'au11.1 ~-:~13..1 Lflml"ll El\IJ1 t um'V111 LLiil:: 

~ 

~113..1 ~13J11fiL 'U.n11L~ ~ El'U. ~"1.1 El\IJ11l1Gf~ ~1'VIth'l1El\l t.l1'V111LLfl::1:: L 'VI m:mn Gf1J11tlln1 ~ 1W~ tJ ii 
~ ~ 

."f"-'d" ..1 ... ..-.¥ 
u'iil'iiltl'YlL"ll13J1LnE.J1"l..El\l ~\1\l. 

A 

6.6.1 fi1'Uitf1 fi'2J th1 il1\'111 

a1 'VI17LL ~ iil::"ll'il.W~ u an 'iill n'iil ~ ii &11 u 1.11~ n EJU 'Yll \1 L" ii LLiil:: 1 fl1 \1 G(i'l \1 'Yl1 \1 n1 tJ 111 "v'l ~ 
LL~n~1\lrl'U.LL~1 ~\I ii~113JsU'l.JeUrJ'U.LLiil::El1'iil L fl'iln11L U~ tJ 'U.LLU iil\IL 'U. 1::VrJ1\In11EllJ LL i.;~ ii ~ iil~ El 
.... ... .... .¥ 
Elm1n11EllJLL'VI\I Wl\1\l. 

EJ1 'VIl 1~ ii1"v'l1'U. ii &r n lYrn:: 11.11\1 'VI1 mil UL ~ El 1 tJ n 11 L ~~em ~"1.1 El .:t J 1 ~1 n 111 tJ 1 u &1 
~ ~ ~ 

~1'VIU1"1.1El\lfl1'V111LiluLLlJ'l.J Capillary flow ~\IL~~El'U.~L~L71n11LL'l.J'l.J Diffusion flow 'lu 
d.c:t .¥ I 

Ell Wl1'Yl1l m mm u 
El1'VI11ii El\1 ~ U1~n EllJ ~i.1l ~J1 L ~1] El i.1l L U'U.L dm~ tJ 1 n \1, tY\I'VIll WI 

.. I .., tt WI Q.,o .r 4. A .... ... I Q.,o I ..:1 :tl i. .... ... .... 
u1::n El'l.J~1 £.J"ll''U."l.. El\1 L"ll3J'U.LLiil:: b 'U.EJSU\1 :IJ El 'i1'11n11El'l.J LL 'VI\1~1\In'U. ~1\l. 'Y1 Lu'U. "1.1 3J 'U.~~3J El ~11n11 

El'l.J LL i\1 L ~1nl1Gf1'U. ~ Lii'U.L ttu 'U.Eln'il1nifEJ1'VI11~LU'U.EhJ iili'U.LL'l.J'l.JJlL 'U. J1iJU"il::ii rJW111n11 

EllJ LL ~\I L 11n11 El1'VI11~Lilu~iJ iil"lY'U.LL'l.J'l.JJ1lU'U.L 'U. J1 
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e:JTVI11~ ~ LLU\1 b ilu~-;n,n.h::n e:JlJ "\I Ld f) L~~lJ fl116Jfe:JUb n~ L ~~ bn1::nuL 'VI UrJJ'VIU~ d]u 
'IJ 

t.b~U tl1 b n~:ffu ~ ~h'VI U1"1J eJ\1 El1'VI1".in~:: e:J~'li El\I'V1'7El7'Vfo~·u ~ ~1'VI ,r 1 oyh 1 'IX ,r1 b f)~ e:JU ~ e:J El n ~ 
' 'IJ ' 'IJ 

ll1tJUe:JnL~r.nn 

m'VI17~~fl116J~u"_, ~mmrn"lle:J-lLLi'i-1~1 ~J1a "".i::mn m11::L'VI tJ"lle:J-l,r1Ln~ '~~ 
'IJ 

Ell'V117~~"17hn~n~L~n ') b"liU bbU\1 1u"l"~U rl6J J1~1~ Ln~El LL~::bLiTI1~~U ') 
' q 

~::~1t1t1 ci"" hn~n ~"ll e:~-1J1~::iu t1 cinu tm~n~"ll e:J\I£f1"l"b V1~1U £Ju ~"m"l"Lfl~ em ~"lle:J-1J1 ~_, 
'IJ 'IJ ' 'IJ q 

El e:Jn mn LL~:~~~ L~ El~L ~6JG1'-1:ffu 'Yh L'iXeJ~11nl".ie:JlJ LL'!X-1i1n'J1 Ell'VI17~SJ G1'11L 'VI ~~U~::~1tl El ci 
q 'IJ 'IJ 

ue:~ u 1~ moU. Y-~1:: e:J ci1-1 ~_, t u'li1-1V1 ~\l"ll tl\lf11"l"fllJ Lb i-1 "1"l"L 'VI G'i1 'it~::~_,~ f1116J b "1i' 6J"li' UL ~ 6J £f-l:ff u 
'IJ 

!'I ~ "' .., .., ~ • I .r o .J' "' ..f ~ o ._. 'l 
LuUL 'VI~ b 'VI fl~':llf11"l"fl'l.JLL 'VI\1"1516J1f1 u"l"1 f1!Jnl"l"nl.b 'VI ~1U~::bn~"lJU b U"l51\lnl"l"fl'l.J LL 'VI\1~~~-l b U 

El1'VIl".i'VI ~~ E.J"l5il~ 

m'VI1"l"~ t:-hum1~1n~: LL 'IX-1 L ~1n'l1 fll'VI11~L3J ~1um1,nn L Y-111:m1~1 n LU'Y11 ~1 £J 

.f d o'\~ <r' 'l'-':'..t o \'It; ..f 
L Uti W tJ tl1'VI11 LL~::'Yll b 'VI L'D'~~ Lm.J LlJ"l"UtJ fl6J L'VIU1'D'6J tnU b~ 6J1f1"1JU 

fl1'VI1"l"~i'J"lJU1~ LL~:7Ui1-lLL~nc;h\lnU ~:~ eJ ~11f1T~fllJ LL 'iX-1~1\InU ~\!if~ G1'1 L 'VI ~6J1 
'IJ q 

"il1n t.Jl'VI11~i'J"lJU1~L~nLL~::~UlJ1\I iJYru~ ~16J1f1f1l1 tl1'VI17~iJ"lJU1~ L 'VI nJ bLfi:I:'VIU1 f11"l" 
"' 

1:L 'VI tJ"lJ e.J\I.J'11 Ufl1'VI17~i'J"lJUl~b~nLL~:lJ1\I "il:Ln~ifuL ~1n'J1 fll'V111~ii"lJU1~ 1 'VI nJ LL~:'VIU1 
"' .Cil&f d.A tdQ.,.o Q..o G-1 ~ ,f ..:J.J tk al 1 

b Yn1:6J W U Yl t:-J1YI Gf6J t:-J Gff1lJ ~ 6J1e:JULL~:Y-lU YIYI fl116J"l5U ~::'VI UeJ eJ n~1 n e:Jl'VI116Jl nn11 1: E.J: 

Yll\lnl1Lfl~ flU ~"ll El\1 fi:I6JfflUL "li'1 ~L~n fi:l1\l El1'VI11~~ ~-1 LL~:"l": tJ:Yil-lf11"l"Lfl~ e:JU ~"ll e:J\Iti'l"ill n 
'IJ 

111£.11 U~~1Wl!1"1J fl\1 Ell'VIl"l"~::#un'Jl ~_,,! Ue:Jl'VIl".i~UL~n LL~::'l.Jl\l"il::LL i'l b~1f1l1 Ell'VI11~U 1 'VI nJ 
'IJ "' 

El1'VIl"l"~ dJWlJ El\1 LL -ii-1 ri e:JU \t1m El'l.Jbb i-1 tl1U16Jl~U 'VI1e:J t.hubiJ U~U'l.Jl\1 ') ri E!Uf117 

e:J'l.JLLi-1 L"lfu n~·nJ~ln t1'1\t1m~miluLdu'J ~:Lilum1L~3JYru~~1~iaJtr£fnu~aJfe:~u LLi" 

L~·m11n11eJ'l.Jf1~1tJ~\It:-J~ ~1Ue:Jl'VI11~bUU"lle:J\Ib'VIfi:l1 L"liu ".151 mLLW ti'1t:-J~L3! nl'le:J'l.JLLi-1 

~1 mfl~e:J\1 e:JlJ LL ,x_, bbuuv-lu~ mJ i1Q~"il::rh 1 'IX e:J1'V111bb~milu~ :e:~ e:J\1 ~a tJ 'li1 m ~6J~u ~ ~1 
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er~11 m·H1uu lX"'111 £J 1 u<il enJLn~4'u 11ltl~1 Ltlll eJ ifunu "JJii.~ 1h::~'Ylfi111W"llfl"'<il au 
~ ~ 

LL~::'f1f'I'Yl1"'n11Lfl~ au ~"11 EJ_,~lli'em <il1 EJ ~1_, L "ll'u <il e:JULLU1Jr11~ ~lli'e:Ju~ L'i1m1 u~ EJULL 1n ii 
~ 

f1'111l~U~1 LL~::a m'VI11 iitl_, "il::i'u.Jl"illn fl1'VI11~ u ~ ~ au<ilu 1<il~n11~ auu ~1 £J L w11::11 , ~ ~ ~ 

d I ILool Q..f 'io' ~A A ~ .f ,f IJ 
1 

e:J1'VI11'Yl El r.J ~ uUU ~1 £!';):: tlll t.J tl~ 111e:JU 'Ylll Pl m 'VI111l ~1 ~_, LL~::f1'1111"11Utl_,"lJU <iJ_,,X Ue:J1'V111Vl fl ci 
~ 1 ~ ~ ~ 

6.6.4 U~3J1 OUl1M1'iil t~if'l-Lrf (Loading) 

U~111llifl1'VI11 1 u<il e:J1Jiif1'111li1lWUrrnu~u~ ~'1~"il::i1l ~ tlrllJ ~lli'EJU n11El1J LL"'"' 
~ 

e:n'V\11 1~ £J 1G(m'VI11L "1i1 1u1 u<il EJUfl f_, ~::mn 'J rh 1 "'nT:iEJULL "'"''Yh hfl11,i'1ii_, 1~ mu w1::·1h_, 
~ 

mn"' 'J m'VI11"il::6JYEJu l'lunu .J1"il::1::L 'VIllDtJn 1~111~ ~1111i'uuL"li1 h111lti_, 

uam:nndm1~~ L~£J_, e:J1'VI11L ~ m.b 1u flu LL "''11iii t.J ~til fl 5 ~11 n1":ifl1J LL "'"' n11~~ ~r.J-:1 
eJ1'VI11 1lXLL~n1::"il1 £J u ci1"' tl~1 L tlll EJ 1116JYeJu l'lunu m'VI11"il ::i11 ~tlnm~lli'e:Ju 1<il EJ r.i1-:~,i'1n.:~ 
LL~::tl~1Ltl1l El 'tll 1lX El~":i1n11fllJLL lX_,tl_, 

~ 

ti1 EJ1n1f'lii t.J ~ tii1_,1::'VIl1_, eJ m'V\11 ~n1:: L u1 ::L iJ lin LLa::EJ m 'V\11 iin":i::L th:: LL "'., tl_, LLtl~ _, , ~ , ~ ~ 

11 EJ1n1f'lii1mi'1uEJ £J tl11lT:irli'u1EJ~,lL<il111n er~11n11uULLlX_,"U::L~1 LLtiltllt.J~till_,"lle:J.:~ 
eJ m 'V\11 iin1::LU1 ::LU £Jn-LL lX_, ij ~1 ~~ R_, LLfl::L -iJ1L n ~f'IUEJ El~11 nT:ie:JlJ Lb lX_,"il::fl<tl a_, fl ~1_,1'1~ L ~'1 , ~ ~ 

LL~::m":ie:JULL ,x_,"il::~utl~ L1liim11::L 'VI £J"ll e:1~J1 eJ e:Jn"il1nm'V1118n , 

A 

6.6.6 t~mM1l3Jtle:J\te:J1n1ff 
q ou 

tl1 b ~1lfllli'VI11ii"ll e:J_,~llfEJUL Yhnu1uL ~llt.JfltiJl_,"ll fl_, ulli'VI11iin1::LU1::LU £Jn-LL lX_, 'VI1e:J , ~ , ~ 

~~~1f1'111l~uim4'mf "ll'1 m ~:uwn11 tl111'11r1L um11'ute:JJ1 L ~11LL1_,anu<ilu J1'VI1e:J f1'1111:!'u 

ae:Jmnn~'1'VIlh'lie:J_,en'V111 ~.:~~ut111 ie:Jm'V111iitl_,1 un11e:11J LL'IX.:~ hn~n~"ll e:J_,Jl"il::Lfl ~ e:Ju~1<il , ~ ~ , 
r:;t ,J" Q...<O .... ..¥ t. '\ I ..., ~ I -.,. t,.l I 

L 11"1JU El ~11n11fl1J LL 'VI\1-;J:::tl\l"lJU 'Yl-:1 b U"15'1-:J:n11El1J LL 'VI .:If!_, 'YlLL~:::"111-Hl <1111n11e:J1J LL 'VI\! ~~fl\1 LL<tl 
~ 

a ci1.:~ 1 ,-fi~11l e1 m'V\11 ii~1 i<il e:J.:~L1ltl\l';lu'Yh t lX en'VI11L'V13! 'VI1a ~n~f1'111l L~£J'V11 £J-;J1m..ll)n~£J1 , ~ ~ 
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m':inTvlu~mu.VInii'lJeJ.JEnm~fe:m~'lmtunu~n~rn::m':i'Lfi~EJU~'lJEJ\IEJ1m~fe:JuLL~:: 
, 'IJ 

1!£J::L 1~11 Unl':ie:JlJLLi\1 t~ £JrY1 '1.111 Unl':iellJLL i.J~nLL~!t:.J~ L~Elnb'VI11ii~L V\1J1::~3J 'oil::el ~1 Wrll\1 
q 'IJ 'IJ 

45- 70 eJ\1~1L6JrG'lL6fi£J~ Lb~tl1Elnb'VI1lii~\lnl1 70 El\1~1L6Jrm6fi£J~ tl1'oil!':i!LVI£JL~1LfiUL11 LL~:: 
, 'IJ 'IJ 

El1'oilii11 iLn~nTn 11~ £JULLU~\I L .:n\l'lleJWYn\1 Lfl~ -m £.1111W~ ~1VIU 1 ~1VIU1 L n~ LU~ e:Jn LL i.J LL;j\1 

n1::~1\l tl1sn3Jr.hu.L3JL~ L'i't~ntl11nlJm1mii'i1 Case hardening 5~11n11EllJLLi.J~~~1~\I 
LL~:: t:.J~~n nlitf~f1113J;)UEJ ~111 £.11 'U.~\1 L~ El LnlJ~~~nrn'Y11 l"il:Lfi~m1L '!.h L~£.1 LL~::di~ ~"il::f!J1 

'IJ 'IJ 

~1u v·nn51 (nut) "J5it~~1\l ') 'oil: 1iarn Vl1lii~ ~.Jii.J 232 EJ\1~1 L6Jrt'l L:fi£.1 ~1 ULfl~eJ\IEilJ 
, 'IJ 'IJ 

LLumfu.~emL~tn LL~LLU\1 16Jl'u'lum1ii1LLi\ILUUV1~1£J ') tsnu. (Barbosa-Canovas & Vega-

Mercado, 1996) 

,.: 
6.6.7 ~113JL116UJ 

1 um1au LL i.J t'l3Jfau ii1 V1'l.t1~(]1 £J L 'Y1 f1113JfEJu 1 i nu EJ1VI11LL~:w1f1113Ji1u.EJ e:Jn Ltl 

rl11 ifl113Jb~'JG'l3J ~\I n'oii::W1 Le:Jtl1 LU"il1n~1VI'I.t1'1JEI\I eJ1VI11~1l1 £JUEJn L~L 11 El1VI11'oii::LLi\IL 11 
'IJ 'IJ 

~u bL~::~\I"lfJ £JUEl\lrlUn11Ln~~1111::~3J~1LUlJ11£.11n1~L WilEI~1VI'I.t1'1Jel\l En'V\11 ".ri1 £J~~L 1~1 
'l u".rl1 \1 e) ~11 n11 e1 u LL i" f1 \1 ~ LL ~1 wli1 \ITI1 £J'lJ tl \1 n11e:J u u i \1 VI ~\l'oil1 n fl113J ifu 1:: LVI t1 L tl 

2/3 bb~1 f!l13JL~1t'l3JL:iJfi EJ£.1~~~~ E1 el~11n11EilJLLi\l 

I I ,. L' Q,.,.o ft .... Q.,.l 4 I ILt Q..; 

f1113J LL~n ~1\l':i::V\11 \1 f1113J"JJU~3JW'Ylli'lJ El\1 ~ 3J ':ie:JUn lJ El1VI11'oil ::3J ~ ~ ~ El LL 1\l'lJlJ ~U 

f1113JifumJmnn e:J1VI11 1 um':ie:JlJ LL i.J£'l3Jfe:mfl.J~f1113J.:ffu~1 5~11nTnJuu i.J fl.J~\1 Lb~tl1 
'IJ 

~3Jfe:Ju~fl113JifuL"li1 'lmr"il~~3J~1 'oi1::1u'te:Jtl1 't~'l.te:w 5 ~11m1e:Ju LLi\1~1 LL~ e:J~1.Jhnm3J 
q 

nT:i~~f1113J.:ffu~m4'mr'lJ e:J\1 ~3J1EJ u L:iJ~ ~ ~~ e:Jm1auu i.J 'l w.d1.Jam1m1e:JmL i.J~~t'l\1 L w11:: 

nn~'Hl~ t~£Jn11Lf!~ElU~"lJEJ\Itl1111£JLU 
'IJ 

f1113JifU"lJ El\1 Ell n1~"il:: L tJ U~l fl1VI u~ i1"il:: ~13J11b1 G'l ~ f1113JifU'lJ El\1 E11 V\111 u 

n1:lJ1Un11Ell.ILL'lX\I'l i~1~\IL~Lrhh 111w~ 6.22 Ltlu~sne:Jfw"lfu 'ta 16Jl'L'Ylt:J3JL um':iEJl.ILLi.J 

3J'I.H.J~\I~\I"il!Lv;UL~l1~t:lnb'V11lii 100 fl\1~1LfJJG'lL6fitl~ f1113J.:ffU~3J~'YllY 40 % ~13J11bl~~ 
, 'IJ 

f1113J;)U'1Jt:J\13Ju~~\I~\ILVI~El 4 % LL~rl1~€1\ln11~~f1113Jifu'liLVI~tJ 2 % ~EI\IL"lfmn1~~~ 
fill :1Ji1ui:IJ'I4"'Yl'rr'lh:m rn 15 % 
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.d"' a.,. Q..<l ft lot :1 Q...o 0 ~ 'U A Q...< fi' 0..0 ~ ~ 
fl111.1"1l'U~3JW'Y11J"1J fl\l G=l3J":iflWil::LlJ1il>~ldn1'V\U~fi113J"ll'U~~'Y11 tl"ll fl\l t-l ~ ~11 rusvt YlU 'Yl'Yl 

~ 

m'V111LL~::mn1~1au~\l"iJ~~1.1~G=l n111::b 'VI m1'1"iJ::Llldi~~uan ~\l~wnafwiu 1~ 1'lfL 'Ylfl1.1 
q q 

1"" ,:5I: A .f 4.ot "-' t( _, d 1 ... 
u an 'VI 'Y111'l.Jfl\l arn'V\111.1 LLs:l::fi113J"ll'U~1.1w'Y!t1J"1J a\lmn1~'Yl L 'V\111::~3-J'Yl ~~ um ":i"ElULL'VI\l 

q 'IJ ~ 

'lfafwiu ta 1'1JL 'Y1 El3J"ll ~\lJ11 ut-J~~J1rn'Pf El1'VI11"1l'it~~1\l "J "iJ::il~m!frn::~mr1 tlfl~\lnu 
LL~ t-11 L iJut-J~ ~.n rn'Pf m'V\11~ Ln~"iJ1nn11t-J ~1.1 ~11El1'VI11~1\l "J L 'rlu 'lJtl ~ mLG=l::t-J ~ l:iJ"ll'it~ 

~ 

~1\l "J ~1 LUU';J::Cil El\l'Yl~s:~ El\l'V11'lfafwiu 1a1'1JL 'Y1 u111 'VI 1l 

o~~~~~~~~~~~/r. 

0.281-l--il---l---l---f-t-t-+:
1
H+t1H 

0.241-1-if--.-IH--t-+-+-t'f.ffltt-; 

- 0.22f-ll--l--+-+-+--+--t-lftfl-H,lt-i 1 0.201--11---1---+-- ...... +-+-+/h'f'H-Hit--1 

l 0.18 /'/ 1/ 

1 ::~: ~ / ~ J .j j.-
0.12 ,. / / ··+--1----1 

o.1o - Vifr ./' /I 
o.oa /v'~ // ./ 
o.06 r ~~......,; ..,.-=-+-+--+--4 

;V:V ~--:t.. _,.., 

20 40 60 80 100 
"'~~~(~) 

n1wrf 6.22 'lfufwfu 1a 1'lfL 'Y1~1.l"1JEI·rJ'11 unT~'Yi1LL"'\l~u~f\l 
~m : Potter & Hotchkiss (1995) 

""' 6.6.9 ~'l13J~'l-L 

"' ' 
fi113J~U'l.J11tl1m~'!Jn~ (760 ijs:~~L1.1~1'!J"Ja'Y1) 'll1L~a~riarn'VI.nij 100 a\l~1 

q 'IJ 

Q '1J ca,.. ~ A : ~ .t=i a.J .._. ~ 
L'lJs:!L'lJ£..1~ rt1fi113J~Us:l~~1s:!\l "il~ L~ El~"lJEl\lU1';J::~1L'l\l 'Y1 EICU.'V\111.1fl\l'Yln11G=l~fi111.1~U"il:L Yl1.1 

q ~ 'lJ 

a~11n111:::L 'VI t1 ~\l~Un11El'l.J LL 'IX\l111tiLCii'f!~n11~U~~1ni1'l.J11t11n1~ 1\1:::~13J11fln1::rh L~~ 
arn'VI.nij~1ni1 'VI1a iia~·nn11aULL ~ .. n1·mi1nTHJ'l.JLL~\lL uu·nmm~uJn~ L 'VIm::thwru 
q 'II 

EI1'VI11~L1~tlfi113J1'Elu t~ tiEl'l.J LL"'\l~~rn'VI{]ij~1s:!\l'V11a 'l"lfL 1s:!1L Un11tl'l.JLL~\lUEl tls:!\l 
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~ i.-1 Q..l I 

6.7.1. nTnt.hUJ\ULth~"<Pl'l'L-L6Wti-fiU: ii'L-L'l<Pl U~~"iU"i1" cu 

1 UnTH:JlJ LL i.:~ a1~11'i!::Lfi~n11LU~ tiULLUG'l\IL U~1U L~1\l fff1\l'ii::L ~U 1~1 wnrn::~J1 
1::L VI t~1tl U'i!~ t~~L~ m-il a.:~ ~a iTim1tJULLi\ILL~::fffl11:: 1 um1eJULL i.:~ 

1) n1"iV1~Gl'1 

L"llG'l ~"11 eJ \1 ~\I ii~1 ~ L~ £.1 TI113J"n1 ~'i!::ii ~m~ru,:: L~\1 ~-J'l!\1 L "llG'l ~ii~113J£i ~~ rJ U LLG'l:: 
q 

ff13J11rl ~1U 'Yl1ULL1\11~h::~UVI it.:~ LL~tl1 LL 1\l~l~1u 3J1n LnUnl1 ~ ~'1!\1 L "ll~ ~"il::1uL~ ~,_r\1 L"llG'l~ 
"il::LL\iln L"llG'l~~~1ULUn11tlULLi\IL~tlJ11::LV1t/ltJ "il::Ln~"litl\ll1\I~U 'Yh L iL"llG'l~"lJEl\1 a1VI11~\I 

'IJ 

L ~a 3J L£.1\1~\ilnu r1n~.:~1 iL "111 ttlu 'YlU ~"11 a.:~11.:~ttu L"ll~ ~VI~~1 LL~L3Jff13J11rl~\91~1 L"li1 LtlL~ 
'IJ 

L'Yh 6) rlU'Yln~1U ~1U~~~~1L3JL~fi"iJ:::Ln\9ln11~~~1EJan 'Yh1iLn~LL1\I~\I ~'1!\IL"ll~~'YlU~tl 
q 

LL1\I~\I (Tensile strength) L~1::~uVIrt\l tl1LL1\I~L~1u3Jlmnun11~~u\IL"ll~~"il::i'u1~ 'Yh1i 

L n ~ n11Un"l11~ U11n!J n11mii'31n b n ~nu tl1V111~ ii1~1\l fffl\1 bboll-\1 LL 1-\1~1an11tllJ LL i.:~~ L 11 

Lnui.tl 

n11VI ~ ~1 L n ~"ill n n11L tl~ tJULLU G'l\1 U~3J1 ~11::VI11\I n1::U1Un11'Yh LL i.:~~ L n ~"illn n11 

ffru L~£.1~ 111J.:ffu 1::VIl1\ln11't'h LL i.:~ Lf11\l fffl\1 ffru L~t~J1 'Yl a ff\IJ1LLI>'l::mVI11ri aum1EJULL 'IX.:~ 
~ ~ ~ w 

fll £.11 U 'Yl a-;J::ii"l1 El\1 LVI G'l1 El rln1 tiL ULL~::1::L VI tJLtl1 Un11EJU LL i.:~ rh 1 ~13J ff13J11rli'uJ1~'1!n L~ 
'IJ 

b n~n11'VI~ LL~::'Yl1\91 ~1 
q 

n11~~ ~ 1 d:J utl11 n nm,-n! ~ ~1~ ru ii ~ ~ ~ a~rnnlY-~"11 a.:~~~ ~.n rn~ m'VI11LL i.:~ 1~ £J ~>'~ ~ 
~ ., q 

m1Lllt~nJ1 Ltl~ t~uLLtlG'l.\JL d'ai1J ~ff LL~::~~m1~~s.nuJ1"1Ja.:~~~~nrn~ 
'IJ 

~1tlci1\ln11flULLi-\13JU~~\I~iuLlJU1tl~m~h1lllAI~ 6.23 n dJU1UaJUt-J~\Irlt:JUn11 
'IJ 'IJ 'IJ 

' ' ' C1.<' ~ d """' .c=IA t,; A + A A 

El1HL 'VI \I llllAI'Yl 6.23 "lJ LLff~\lrl\ln11VI~ ~1'Yl ~1~Ul"lJ rn::'Yl"lJtllJ LLG'l::3J3J"lJ a\l~nLmrln~\I'Yl~:: 
q 'IJ 'IJ 

ue-HJ .Yh 1 'IX~m~·hii~m~rn::nG'l3J3JU-;Jlnm1ii~~1 mm ~\I Ln~~u 1 um1aULLi.\J"li1.:~~u LLG'l::L~ e:J 
'IJ 

m1aULL~\I~'hLil.u~uLtl Jl~arl1u.ffu1u') "il::rln~.:~aam~atJ 'J 'i!U~\I,r1~El~~hmn.:~ Lllu 
'IJ 'IJ 'IJ 

ff1 L ~~ 1 iLn\9lm1~~~1 L"li1 ~hnm.:~ LL~::aTut-l~.:~'i!::ii~m~l'rn:: 1~.:~ L 11~\lfl1lAI~ 6.23 r1 
q 'IJ 

n11tlU LL i.:~ El rl1\111~ L 11 t~ tiL iu m~ll iJ ff \1 ~1~U1'i!:: LL ~\I LLoll\lrl e:J U ~ e:llVI11~1U ~a cll-;J 
q 'IJ 'IJ 'IJ 

n G'l1\l"il::Lbi\l ~\I~UL~rJU~L 1rnl"iJnG'll\ILL i\ILLI>'l::~~~1 ~\1~1U~ ~1~U1'Yh L idl~n11U~LL\9ln 
111£11 u di~"lie:J.:~11.:~ LL~:: 1i~~~nrn~~ii~nMrn::~~ltJf.:~~.:~ "il:::L~~~~nrn~~ii~nMrn::LLii.:~ ii 
~1'VI u1 ~Tfi'.:~ L~n UEHJ ii ~nMrn:: L ~ tJ11Jlnn11 LLG'l::ii"lia.:~11\13Jl n LL~ n11au LL i\l a rh .:~'111 ') 
~1VIU1"il::: lfl\lmnn l1 LL~dj L if aLL UU ~~~Jl rn~ El1~11LL i\I~L~1!lnn11El1J Lb i.:~-rt\1 fftl\1 LLUU"il:: 
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iiireJ~u~::irmffmL~n~1\11lU mh1~EJ ~~~nrn'l'l~ii~11:U'VIU1 LL uu '!Xf.l r.r;,::~~'1TuJ1 LL~::~u ,-tJ 
'IJ 'IJ 

L~~ni1 LL~::ii~n1!1-rn:: 'ln~"L~~._niueJ1'V111~C)>l i.~1'um1~t1:u1'mnn~u11n~mnni1 LL~';l::Lfftl 
'IJ 

~h 'l "1!~1 ~1 u~1Un1'~U11~~u~ t1 ~" L ~·n::iitJ1m~1~ fl'VI'\.h ~J1mtn:u1nni1 'l wn ru::~ 
, 'IJ 

~~ ~il rn'l'l~ii ~11 :U'VIU 1 LL u u:u1n m1~u 1'u~::~1nn -:h LL~ ~~~~~tfltl Lu dju 1~tl~ u 'l um1 
'IJ 'IJ , 

~~~tll'VITl~::"!!t!Umnni1 L ~11:Lff~~1L "lf1~1 ~L Un111J11~ n11"1JUG{~ LL~:n11Lfiu1'n1!1-1Ufl t1 , 
ni1 tt1'V11'um1~u ,-tJJu L3JLiluuru'VI1tt1wi'u~~~~ L ~11::~1m1t1 'l 'IKT111~ft~ulum,-~u,-tJ 

'IJ "' 'IJ 'IJ 

'fl) 

fl1'Wri 6.23 n11LU~ tl'ULLU~,ntJi1\1"1Jtl~iJu~{'\l1::'VI':h\lm1fllJ LL'IK\l 
'IJ 

~m : Potter & Hotchkiss (1995) 

2) n11Ln@!Lt1ihlmL;1\I (Case hardening) 

n1 jf) 1J LL 'IK \l tl1 J 11:: L 'VI F.J LU ~~ n ~~J 'VI 1X1"1J f)-\) fl1 'V\11 tl th-.111 ~ L 11 L3J ~:lj ~ ~ nu n11 , 
L~~m~~"lJfl\lJ1~1n111F.Jh~m~~1 ~1'VIU1Ln~~n1!1-rn::LL'IK\l LL~\l n1::~1..1 LL~::LUULLt-lurM:uiJ~ 
~u 'Y1 J 1111 F.JL um'V\11 rr.., ii t1 rJ ~1n LL~L~ ~~~11m~~ t1 u ~ t1 t1 n Gi~ 1'VI '1X1"1J t~-.1 t~1'VI11L~ 

'IJ 'IJ 

~n1!1-rn::L"rlwd L~r.m n11Lf1Cil Case hardening 'VI1EJf~nnu'lu~e:J n11LnCilLU~e:JmL~\l (Crust 
'IJ 

formation) ~1 L 'VI~ L n ~~1nn11 L"J!tlru 'V111tJL UnTle:JlJLL 'IK\l ~\l el~11n11fl1J LL 'IK-.1 ~\l J1111 ~L U 
, , 'IJ 'IJ 'IJ 

m'VI11L~~ e:Ju ~ t~ e:m~1fi~1'V1'1X1 L3Jnu LL~::tn~ifunu en'V\11~ ii L dmL uu L ~11::n11L~~ EJu ~ 
'IJ 

"lJ EJ\lJ1 m Gi~1'VIU1"1J EJ\l EJ1'VI11~::i1 L3Jnum11::L 'VI F.J~~1'VIU1 
'IJ 

EJ1'V111~ii&{1'\Uh::nf.JlJ"lJEJ\lJ1~1~ !LLU\l LU1~U~~::~1t1J1 LL~::~11~~1m1mn~L~~ 
'l u 1:::'VI11 \lnl':iEJU LL 'IK\l';} ::iin1 1L~ ~flU ~"JJ 8\l ~11L 'VI ~~.u~1 n uJ 1 ~1 El ci ~ ~1'VI U1"1J El \l El1'VI11 

'IJ 

LnCil LtluLLt-lu YJ~~'VI1m ~mri a L~1'u~11~fm~ .Yh 1 'IK~1"ll t~-.1 EJ1'V111Ln~n11EJCil ~u J1tn:u t-l1u L~ , 
mn innTmn1"ll 1~F.J L~ EJne:Jru'VIniJl um,-uwL'IK-.1'l'IKmm::~:unum1L~~ au~"JJEJ-.1J1 

, 'IJ 

tt1'VIi'UEJ1'VI11VnmLiJ\l EJ1'V111~ih~mLuu L-ri'u n~1tl iru~-¥" L~~l'l1..1 ~11~~"l..U1~ 
t>~Mi EJUn11fllJ LL 'IK\l L ~ f.J ~ Cil1:: F.J::'Y11\lL un11L~ ~ ElU~"l.. El\lJ1 'VI1El EIULL 'IK\lL~ F..IL it>~ ~fEIU ~ ii 
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urnV\11~~1 LL~~ 1 ~m·n·::L VI r.JJlLth.t LtleJ r.h"lil ') 1~ r.Jnl<seJu LL 'IK"l1 uu-s-smm~~iiw.n1J:fi'1-H'i"l 
~ ~ ~ 

L'riU nl1fl1JLL~"l ~nYl1'1-b fftllLnlil~ LL~~1J~n~hii, LlJU~U 
~ . 

fi11Jfi1J eJ iinlnl1fJ1J LL '\K"l t~ r.Jfi11Jfi1Jfl1l1J:fi'U"lJ fJ"l fJlnl~1'ElU ~1 <J1eJ1J • • 
1 um1eJ1J LL 'IK~ eJl Vll"SL tl~ e1 n LLii~ ~ Ln~ifuiitY~~ ~ a~nTm~::11l ~ e1~n11 1 ~Ln~ifu ri'1 

ellV\l"SLL '\K~ ~ eN1-b Ltl~u -stJri mt 1-b LtJ1•lfhJ~ v~m,-1 '\KtnW~LtJ~ eJn LL ii"l t:-1~ li!Jl rnsn alV\l"H il~ln 
~ 

TI"ty"15l~~v"lnTl&rn'1!!-rn::~LiluLtl~eJnLLii"l Gf1U~l11in~u-s~~ microencapsulation ~e:J~nl1 
1~tn~Ltl~amLii"lmh~71~L11LviaiJa~num-sffruL~r.Jn~u-s~ (Rahman & Perera, 1999) 

~ ., 

EllV\l1LL~~L~mbm~u-stl1~rml1LL'riJl ~::~~Jln&ru~ui.~11lii"l 100 % LL~~1i 
~ 'IJ 

L 1 ~lUlU t:-~~W~nrn~EllV\l1V\ ~"l ~U 1tli:J dlm V\U£11 ~ru L~r.Jfl1l1JU1J fi111JdlJ1 LL~::fl1l1J 
1.1 CUQ.t q 

~ .r ... tld tl ' "" ... .r n1e)1J 't1~Uell~1Jff1LV\~1Jl~lnnl1L ii!E.IULL ~"l't1l"lnlEJ11l'V'l L"15U nl1V\~~1 nl11J~L1J£J1 nl1 • 
5, n"lJl ~"lJ a"l b'll'~ GfLL~ ::'1'1 e:J bbfltltJ ii11'1 UE:l n~1 n ttal~ b fi ~~1nn11L tJ~ E.IULLtJ iii "l't11~ Lfl iiVI1a 

.Q,:i.Q g... t.Jt.J ~..J..-::.J" d ~ VI 
nlr.J11l'V'l-Lfi1J 6Jl'"l1J l!-liii1Jl~1nfi111J1ElULL~:;f1111JL"lJ1J"lJU"lJ tl"lLn~ El't1L 'V'l1J"lJUL1JE!Ul1~L V\ r.J b tJ~1n 

eJlV\l'l .Yh 1V11tl-s~U1J1"lti1UL~r.Jff11l'V'l1Jjj1J"J51~ i.1J ~11Jl7fl~~~1JVI1a~unmi'1 i.~ l!-JU~ L'll'~~ 
~ 

~ru L~r.Jfi111J~1m-sr~1 un11ei'mt1 fi111JV~VI ~u LLU"lLL~~n1Jiifl1l1J~lm1r~1 un1-s'<ilunuJ1 i.~ 
~ ., . . 
UE! E.l~~ ~ru L~tlfi111J~11J11fl1 Un17'V'lEl-\1~1 J1mGm'1mn~EJ~ii a cihtL'll'ii!Gf~ flnthiill r.J~~ cu lll '\1 'U 

~ru L; r.J i.tJt~ r.J iii~ iill r.J L tlnu J1~1 iLL 'ri ~~LVI~~ l"l ~ LVI~~ ttL lJUt:-1 ii11 '\KL if a ffru L ;r.J fl1l1JU3J 
~ lll 1 J ~ ~ q 

fi111JdlJ, L'll'~~ffruL~EJf11l1JL~"l m-s~~iuJ,n&rui.~uewn1TJl~ii1uenV\11~~ 
'II"' 'II 

eJiil1ln1'J~U 7tl en~ l "11\iJ U~"15U:ft'fl lli11l'V'l"lJ a -\I eJlV\11 n1 EllV\l'Jfln'tll LL ~-\1111 Ell~ 
~ • 'IJ 

611111~~ L V\1Jl::ff1J~::L~r.JV\1 mt'a £J ~U nJL~L 11 Lbiil::ff1J1J 1rnn-:J1 f.l1V\11~Yh LL i-11L1J L V\1Jl::ff1J 
'IJ ~ 

(Fellow, 1993) 
' .c:ll I .... A c,.d ., A I 

nl1L~1r.J1J tllV\11ntJUnT'Ja1J LL V\"l LLiil~nl"SL~ eJn1Tin11a1JLL'VI-\I't1L V\1Jl::ff1J "151 r.J~~m1 

b~r.Jf1111J ff11J11fll um1~u -stl L 'riu ~n~ ~·hun1111 1 £Ji'-\l~ V\~e.J nl<sLL 'riL li an wn-11ri aum-s 
~ 

El1JLL ~-\I n11~~'JluJ1Ln~L~~ ~U 1tlL~L11 l!-l~~.tlrn~ eJlV\11~ e:J1JLL ~-\I t~rl1~nT'J'I'llLL 'IK"ll U 
~ ~ 

~n11::Lli e:JnLLii-11 i:Jf!rn~1Ju'1im1~ u1tl~ LLs:~::a1V\11ii~n'l!l-rn:: 1n~L~ r.J-\I"lHh'l~~ . ~ 
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;"ll th'l t11VI1'lVI~\I n11t11J LL i\I~::Ltl~ £JULLU~\ILU L tta.J~1nn11t11J LL i\l't11L i~n'!Yru::~ 
~1VIU1"ll tl\1 t11VI17LU~ £JULLU ~\I 't11L i n'l7~::'Y1 e:J'I,UL~\1 LLG'l::;Ltl~ £J'!.l. uan~1nd'rJ'\I ii ~ ~\11 n 

tJ~ n~m tl an6ftL~"J1\t"lJ fl\11\lfli' ~~ fl G'l tl hw~Gf LL~::LLfl1tlYl'!.l.tl £J'if~ L n~iiu hn::'V\l1\ln1 1fl ULL i-ll 

;"ll eh'l e:nV111~ii1" fl1 ~ trrn n LLfl1e:J Y1 ua £J@i' LL~:: LL aut 'Yl L6J1 t.nihl.\1::~~~1\1 ~\I trl a i.~7u fll11l 
q 

fa u t ~ £J LU '1"11:: Lrl a1 i a ru Vlfl ij ~\ILL~:: L 1 f11 "1 u ua mn nd';LLe:J "t 'Yl L6J1 m U" rJ\1 ~~ lil1\l ~" 
q 'IJ 'IJ 

L iia\llil1nm,-1 ii'~L 't'J t~fl~aan L6Jlm um,.iJa.Jnum,-Ln~~,r1~1~ 
;L ~ £J lL '\.l,~ n LL~:: ~ ~ LaJL n~~1 n fl ~ El t 1W ~ ffL tl LLG'l::U ;L ~ £Jllil:: iifll13J fl\1 ~'"Hl1 ii 

LL3J nitL~ tJ3J a ~1 "13J LG>~n G'l LL~ LL3JnitL~ £J 3Jr,J ::VI~~ eJ an Lrl a 1~7u~n13Jfau 't11'l ifl~ t.lL1W ~ Gf 
'IJ q q 

LU~tl'\.l, i.tl LiJ'\.1. vJta i.l-'J~'\.1. 't11L ~~~lil1\IVI'i'e:J LiJ\l.;,r1~1G'l n11G'llntrn;L ~ FJl 1 uJ1fe:JUVI~rm".rl 
L '\.1.~1&'1::~1 FJ~1\Iri e:J\l.n11t11J LL i\1-;J::"lh E.JUEJ,lnum,-~ruL;tl LL3JnUL~tJ1l't11L Vl'ifi\I'Yl'\.1. 

'IJ ., 

5m1n11Ln~~J1~1~ LL1J1JL3J~~1f1il 'l u~~~nru'l'l\1.3JLL~::~G'l LaJLL i\1 ifunmh aw "lJ tl\1 

a1VI11LLG'l:: a ru'VIniJ'l '!.l.m1tnu7n"~Y1 5 ~'l1n11tn~ ;J1~1s:~lil::L ~ 3Jif'l-l.a r.i1\l L ~u 1~"11'~ trl a'l i 
q 'IJ 

tlnl.VIIliJe:JULLi\1~\1 LL~::fll13J;1\l."llel\l~~~n'rusn3J1nnl1 4 - 5 % LL~::Elnl.VIfliJL'!.l.n11LTl1J 
q 'IJ 'IJ q 'IJ 

... ' ... 
1n"M-1~\Ifi11 38 El\lf'I1L6Jl~L6J1t.J~ 

'IJ 

tl1VI111J1\1"1ftl.~Ln~;J1~1s:!;j'l-l. Ltte:J\I-;J1nt1Dffit.l1m1Ln~;J1ms:~~.J ii 2 LLUU fia 

1. ufin1u1nT'Hfl(;liht1Cil1~~ihm~l'l1afaJ1Lflt11;u" (Enzymatic browning 

reaction) 

Lei \I. L6J131~ L ~ tJ 1"11 tl\1 nun11Ln ~ ;,r., ~1 ~ L iJ\l.~el'\.l, L6J13J1 \l.n ~ 3JW\l.tl ~ L ~ ~ (Phenolase) 
q 

L~LLri W'I-I.El~e:Je:JnlfiL~~ (phenoloxidase) 1Nti~W'I-I.t.l~t.lEJnlfiL~~ (Polyphenol oxidase) LLs:l:: 

LLfi'Ylrl1fl LG'l~ (Catecholase) L iJ'!-1.~'1-1. Elfi.I.VIIliJL 'l-l.n11El1J LL i\IL~ ~..'1'1"1 t.l~li!::'t11 ~1m El'\.1. L6J131 
q 'IJ 'IJ 

i.~ Ltl'!.l. L6J131~13J11tl'Yl'!.l.~ tlfll13Jfe:J\l.L '!.l.n11itl1J LLi.J~\Iil\1 400 eJ\11'11 L'll's:IL~tl~ LLG'l::'Yl'!-1.~ tlfi113J 
'IJ 

fa\l.:Eu J1ft1'!.l. Vl~el Lmi'1 ~ El nl.VIIliJ 100 !EJ\1 1'11 L'll'G'IL;af.J~ L1G'l1 1 \1.1Yl ~\li'!.l.tl1VI11fi tl'!.l.n11 
q 'IJ 

au LL i" f111£Tu 8..1 LEJ'\.1. i.'1131 ri t~u t~ £J t ifll1 :~~1i'au:E\l. VI~EJ ~11Lflih ~ EJiJ EJ\Inutl~n1mnTnn~ ~ 

2. tlfin1u1n1'Hnt;lftJ1&l1~vtliitim"1'11aJ (Non-enzymatic browning) 

'hu'l'VIqJLn~lil1ntl~n~mL3JG'lt=nf@1 (Maillard reaction) ~Ln~lil1ntl~n~m,-::VIl1.J 
J1 m G>~1~llfi\l LLG>~::n'l~ a::ijl u 1 i ~11iJ1~·1 s:~ L1£Jnl1 Lmn\l.EJ £J ~'" (Melanoidin) L iJu~11~ 
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11.Jm m.b hJH1aJ1~ ~rn11TI··m~::~H-u~1''lleh'l h.h~u~eJ v~.J e)c;rnm1Ln~~J1 ~1~Ln~ 1~~~ 
q q 

' " ' 
fl ru ~ 11 iJ ~,HL~:: l 'U ~ 1111 ::fi fl1 ~11~ ~11 :IJL "JJ11"1J'U ~ \1 eJ ~ 11 n11 b n ~ ~'\.b ~1 ~ ':il:: ~.,'J ~~ Li:i fl 
q 'If 'If 'If 'If q 

~11aJ;ffu~~~\Jtl.,"J1::<ii'u 20- 15 % (aw 0.7- 0.6) <il"tfum1EJULL'IX"'twnru::~m~11ii aw mJ 
'If 

'tu-ri1.J 0.6- 0.7 l3J~111iflrn~nii~"1um1flULLi.J 
q 'If 'If 

n11£ll.J LL '!X.J fl1~11 1~ vii n11 1 i&Jl~ L 'W flfl~fJ e:Jn L'l1~ u~n~£J1n11L n~ ~J1~1~ 1~ £J 

LrJ1.tL'l13f~::~mTurT.J ~1'UU~n~£J1L11~~1f~-:u::~n"jj::~e:l LL~tl1~1111~'U~1nl1 1 % u~n~£J1 
If' VJ•..,.J' ' .J' ~.t o~., 

LaJ~~11~Lb'Yll.J';J:: b11Ln~"ll'l,.l,L~t.J LL~n11~~~11Wll''U"lJfl.,'Jfl1~11~\1~1rJ.,'J 1 % ';l::'\'11 b~e:l1~11 

1~1uwnaJL ff£J~1 £J';J1n~11111e:Ju m1iJ fl.,"Jnun11Ln~u ~n~v1 1.11~~1f~ 1 um~11LL'!X.J 'Yl1 1~ 

1~ v1i~11~~T11111:!u L -riu LL~ ~ Ltnvmnm L'l1~1~'t U111"ll'U::U11';l ~~ ~.nru~EJ1~11 L -riu 1 u 
'If q 

n1rn"lle:J.JJ1i11~"~iiwnaJ~u 3% u11~1utnonu::u11~~1~~11~~~1111;ffu~.JLu ~::~1m1r1 
q q 'If 

~~~11aJ~U~.,'JL ~~ e:l 1% 1~£JL3J'Yl11ifl1~11L n~~1111L~£J~1 £J";J1n~1111~m.m~::u~n1m 
"' Ld-1~~11~ 

1 um-rn~1 i&JY~ L v.JEJft~e:J r.m L'l1~L Yl e:JUfl.,'Jrl'Un11Ln~~J1~1flrT" 1 un1::u1Un11~~~ LLfl:: 

1::~"l1.Jn11Lnu1'm~1 er~11n111.n~~m~·1-:u:: tilu~~~1un~unummrusn~ 1. 'W EJfl~ e:~ e:~n L'l1~~ 
L ~~e:J au LL~ a Ul.,'JL 1n~111'l1~ 1. 'We:1fl~e:J fln L'l1~~::dJu<ii'1Wfln~LLe:Ju 1 '1'1L6J1mitu LL~::&Jl&l L v.J EJfl~ 

'IJ 

f) f) n L'l1~~ b ~~f) f) cl-:u::L U'U~ b ~~"ll fl.,'Jn1d'L~e:l11 L~£.J~1'1,.l,~"ll e:J.,'J ~n m~::~&l L~~ L nu1nM1 L l 
'If q 

n11L n~ ~J 1m &l1 UfJ1~11LL '\X\J'Ue:Jmnnu ~n~mrT\1 ~e:l\J LL~1 1rrm1EJULL '\X \I ij~ fl ~ e:l ~ 
I 0,... ............. I .::I J ,;:II(~~ .d' 

'1JfJ\Jfl1~11LL~nm.Jn'U n1d'fJl.JLL~\J~1£J&l111fl'U~1 a (~LL~\J)LL&l::Tl1b (~b~&le:l\J) LVl11111n"llU 

L~ fJ 1 "JiEJ ru ~11 iJ1 'Unld'fll.J LL 'IX\! ~.Jni1 70 fl\1 ~1 L6J1~ L~t.J ~ 1fl\J&l\J 111 ~ EJn1d'e:ll.J bb ~\I ~1 £1 
q 'If 'If 

L11 1 ~':i'L 1 'W LL~::fnJ..nm n1 ~ ~1un11e:1 u LL '!X.J ~1 v fl e:J ~ 111 ~ nLL&l ::n11LL "li'L ~em LL ii.J LL 'IX .J f\1 b 
q "' "' 

~ rnfi1'1'11..J e:11~11~ L ~~ EJ eJ ci1 Ufl1Vi11LL '!X..J~::~~1111 LL~n~1..Jnu111 n rT..J-d't tlu~ ~1111i11 n 
q 'If 

lTin1d'L~1£JaJ anm11iJ 1::£J::L1~1L Un11ll1LL'IX..J LL~::~1111:: 1 'Un11Lnui'm~n 1 'U~nLL~::~&ll~ 
q 'IJ 

m1~ruL~tJ~ rnfi1'1'11..J m'VI11';l::Ln~~u1 u.ffum11.~~£J11mnni11 u.ffum1't11LL '!X..J ~1 a ci1..J L-riu 
'If "' q 

m1~ru L~vi m iJ u~1::~i1..Jm11. ~1E.J 11 LL e:1 u L tJ ~ LL~u lil::~ru L~t~ 1u1 u 1::~i1\J m1~u1. uuLL~ u 
~ ~ ~ ~ 

B % n11&l1n 62 % m1u~ 10% Lbfl::n11ll1LL'IX\J L~E.Jflnni..Jf:l11fe:Ju 5% 
'IJ 

i ~1 iiu~ f:l:: f:l1 v.J1 aTnlil::: ~ru L~vhJ1 u 1:::~-:il..Jnld'b~~ mJ n11fl1n I.Lf:l :::n11 fYu tT.J 
'If "' 

bfl'j.j, L"ll'3f maJ1ffin1';I~ru L~E.J itunu lTin11~H1 'Un1'dL~'1£J11 lTin11fJUI.I. '!X.J LL&l::~1111:: 1 Unld' 
'If QJ 
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.. ... 
Lnu·m"M1 

imiiusum~::LL~~afiue:J£J~rm'Y11 ~n ~ t~ rJnT~aantfrL~iu 11 tuvhniuii~113J1 1 ~a 
'U 

LL~\l &hu 1 'Y!a1iiu hl'Ylu~a~113Ji'e:JULLfl::sU't'lL Y-Jafl~aan lan~ ~Ht um~iJa\lnutl~n1mm,-
Ln~~,i1~1~ m~'Y11LLlX\l1 UL1~1iu ') n1~ 11JmU.'VI1li1~11 Un11'Y11LL ~\I n11Lnu1n"M11 u~1111:: 

~ 'U 

~ii~113J~ULL~:: a e:JnifiL~U~1 dJuin~"lf1 rl'~~n11~ru L~E.Jl~1iJUL 'VI~Ttrl~3J1n thuimiJu ~ 
'lJ ... 

~::fl1 ~J1 ~1~ u~::tm~ a~113Ji'EJULL~::m7a an:nL~i'u 1~3J1nn11 ~\liu~::ii m1~ru L~EJ1 u 
'lJ "' 

1::'VI11\lm1'Y11LL~\l13JLnu 5- 10% (E.Jmiu m1~tyL~~~1nm1~1n) 

~11 al'V\1 1~ fl:: ~1 E.J 1 U ,i 1lJU L "lfu n 1~ 1 "1.J lJ U ~,)1 L UU LL ~ ::1 ~1 iJUL a ~ iJ LL~:: L f1 

~\I L 'VI~ a a ~1 um'VI11LL lX\l Ln auJ\l'VI3J ~ a cl1\l hn m3JJ1 Lllu~1'Y11~::~1 E.J t~'VI::wXn ~\I Lllu 
'U 

~1 L 1\ltl~mma an:nL~-E'wila\11 "J.JlJU ~13J~t~iil'1 "l.Jrn::th LL ~\JJ11::L 'VI E.J a an1l.J ~1d\l~::ii~113J 
L "li'3J"llu:%uLL~::1 a\11 1fl\l:%u L 1\15 ~11n11Ln~a anifiL~i'u 1~L~1:%u i~1iiu~fl::fl1 E.J1 u J11Ju~:: 
~ruL ~~1l.J-;]1 n n11'Y11tlnfi'1E.J1n1J L 'l"l afe:J an 1an~~ L n ~:Bw;nn n11a a n:nL~iU"l.J El\11 "J.JlJU n11 
"'"' ;.I 

~ru L ~~ 1 u 1::'VI11\lnT~Lnu1n "M1 ~13J11f1 ~ ~ 1~1~ r1n11~ ~ f1113J L "li'3J"li'u"l.J a" a antfrL ~ULL~:: 
'lJ "' 

Elnt'VI1lii1um~Lfi1J1m~1 LL~::LnlJ t~rJhJiiLL~\1 
~ 'U 

uan~1nd'm1au Lb ~"~~ 13J1~ r1iin11a1JLL lX\1~1\1 61 ii ~~ ~ am1~ru L~r1i~1iiu 1 u J 'lJ ... 

l.J1mrn~1\J61 nu m~mmL1t\l t~E.JLL~\JLL~.~ LL~1ElfiU~nJL~FJ1l.Jmn LL~tl1fi11El1JLLlX\l~1~ J 'lJ ... 

Lf1~EJ\l auLL ~\ILLuu'V'lut-laE.J LL~1afiu~::~ru Lir/ltlL .W ~" L~nua E.J ~1ui~1iiusnm1mn LLlX\1~1~ 
'lJ ... 

LL~\1 LL~ ~~::~ru L ~E.Jll.J L n a uJ\I'VI3J ~ LL~t~ ~Jinn11'Y11 LL lX\11 U~1l11::L~ an LL-li\1 ~13JTH11n 'M1 
'lJ ... 

1~1 iJu~1u 1 'VI ru1 11.~ n11~1n LL lX\1 t~ FJ1 ofLL~\1 LL~~ii11 'V\1~1 iiu~ruL~rJll.J 3J1nn11n11Li 
... 'lJ ... 

d 4 #l 
LT11e:J\13JEJEJU ') 

fi1 biological value LL~::T1113J~13J11f1L un11£Ja FJ"l.Je:J\1 1l.J1~ULUtl1'VI11~1U1'VIqjhl 

Ll.J~ r!ULLUfl\l 1l.Jmm!n e:J £11\11 1fi~13J 11.11~'\1. U3J LiE.J~1l1'1"l1i113J"151 ~1l.JU1\I ~1U~1nm1'Y11 LL 'tX.J 

~1E.Jin~nni\l~3Ji'au th1iu3J~\l~::~1rJ1~1Xe:JE.J~\l ~unuLllunau fi1 biological value ~~~\1 
'lJ 

1 u-rl1\l 8 - 30 % :Bunu am 'VI1liiLL~::n~·l n11'Y11 LL lX\ILLUu'V'lutJ a r1 13-lii~~~ e:J'h biological 
~ 'U 

value "l.JEJ\1 tl.J,.~uu:JJ 1um1Lnu1nM1~Elnt'VI1lii~\JLLiil::~f1113J~U~\In11 5 % fi1 biological 
~ 'lJ 'lJ 'lJ 

value fl ~ ~\1~1 ntll)n'1FJ1 L:JJ~ a1f~1::'V111\l'~;aunu LL~ n t 'Yl ~ t~;au ,Xu 11 ~ ElT1113Ji'auLL~:: 
~GJLirJLl.JLU'J'1U3J'I"li'El3JlJULUEJ 3- 10% t~E.Jn11'YhLLi\JLL1J1J'V'lUtJarJ LL~:: 5- 40 % t~FJ 

" 0 '-' A ..., 

n1':i'Yl1LL 'VI \I LL1J1J~nn~\11e:JU 
'U 
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l 'UnT~'Yll LL i-'l fl113J'~'e:m L11 L Vl £1-'l LLc;i,-::; LVI £JJ1 tl amnn e:JlVIl'j LLc;i~::vn Len ~111:: LVI £J 

~d]u~11 in~u ,-~ufl::n~uVI EJ:1JLtl~1 tJ ~111::L VI £J~::~ruL~£J'1.tlmnVI1m!EJ £J i1unu e1 rn Vl.n~ 
'IJ "' ~ 'IJ 

mmrn"lleJ-'lLL~-'l~~eJ ci'l. 'UellVIl'j LLG~!fl11:1J~'U LEJ"ll el-'l~1'j'j!b VIEJ ~111::L VI EJ~~fl rn~mr~t 'Unl"i 
'IJ ~ 

n fll £J d]u LEJ ~_., ~::~ruL~£Ji.tl1 Wlh-'lLL "in') "1.1 EJ-'l m1't11 LL i-'l ~~1,-,-::L VI £JUEJ £J"ll'il~~ ~ruL~£J'1.tl 
~ ~ ~ ~ ~ 

1 W'li1-'l'l'i1 £J ') "1.1 EJ-'lnl,-'l'il LL i -'l nT~fl'dU fl :IJ ~.fill:: L Wli1-'l LL "in"ll El-'l n11Yh LL i-'l ~::"lh rJ fl~ nl"i 
~ 

,cl .JAI. I .:f Q..o ~ I ,d 
~ru L ~£1 ~1"i"i! LVI £J El1VIl"iYl:IJ :IJ ~ m ~-'l "i1 fll"l.l'U n 1J n fl 'U 1~LLfl! fl11 :IJVI EJ :IJ L "ll''U Lfl1el-'l L i'lf'l Lbfl:: 
'IJ"' 'IJ 'IJ 

~m1. '1. vn WJ"i';J:: EJULL ~ _.,~ eJ rn Vl.fl ~ ~1 'UEJ mn n if~ u ~ c:i1"ll a_., EJ1VI11fhtlu ~1 LVI ~"1.1 EJ·-1n1"i 
~ ~ 'IJ ~ 

~ru L~£Jn~'U1~ n1,-El1J Lt i-'lbL1J1Jvj'U~ El £J EllVI11~~'U~ th:JJlnbL ~_., b ~1 LLc;iL 'U"l.l rn:: L~ tl1rl'Unl'j 
'IJ "' 

~ru L ~EJ ~111!b VI £Jih n ~i1um m "liuL~ £J1rl'U til b VI ~"iEl-'l~'Yl1L ~ n~u VI El :IJ «rub ~EJLtl ~ eJ m "j 
cu Q,l " c:u Ql 

El eJ n'frL~i'U"ll El-'l1 -'l fll ~ r1 i ~1 ~'U bbiil! L "l.laJ'U 1 'U 1!VIll-'l nl1L n ufnti1 ~_,if~ ~1 LVI~ :IJ1';11 n . ~ 

mVI11LL i-'liilfl1-'l ~fl-'l~dJu1'V'l1'U a a n6frL"ii'ULLi'11n e:J cit~ e)~,-1m1L~EJ:IJL~£Ji1unu e1 rn Vl.n~'l. u 
'IJ • 'IJ ~ 'IJ .. "" ' 

nl1Ln1J1m~n Lbiil:: m aw "l..EJ-:JEI1VI11 

n1'jU El-'l nun1'j ~ru b;EJ til1"i::L VI £JL unl1El1J LL ~"' eJlVI11tJ\J't11 '1.11'1.~ irrm1~~ ::fnNl 
'IJ "' 

n~u1~Le:n '1. i'Y11 t~~"d 
1. nl1~niU~11!bVI£J~Ln~i1u1 'U1!VIl1-:Jnl1eJ1JLLi\!LL~::'t111 ~Lfl~nl1fi11JLLU'U LL~1 

L~:IJn~u'1.tl1 u~~~!l rn'ti' mVI11VI~-:Jm"i'l'i1 mX\l 

2. ~«:IJ«111::L VI £J~~n:ilu'1. 1nu~11tl"i:::n EJu~'l'ilVIUl~ ~'1"n~u1~ Vl1a1 i~Ti 1 ~ n~u 
"iiln LL VI ~-:J~'Ub~:IJ fl-:JLtll U~~~nrn'tf EllVI11VI ~\Jnl1'Yll LL ~\I 

3. L ~ :IJ n :IJ Vl1 eJ ~11 tJ ,-:: n eJ 1J 'V'l1 n fll -fl 1J L e1 b ~ 1 !i1 iii-:! L Ul 'U eJ 1 V111 LVI ii11 ri El 'U n 1 ,­

e:JU LL~\1 1mflnfl"l..EJ\!~1,-L Vl~lii"ii::"li1 mm::L~£J1Lnunn«11,-::L VI tJ'1.1'.n1 £J'l. u "li1 £J fl!ilm"i~ru L~£J 
~ 'IJ "' 

"1JEJ\!~111!L VI£J 

4. L~ :IJ Lau L6JS~V11an1::~'ULEJU L6JS~~'t11V1'!!1~ ~~ !il ~111 in~u "i~~ ii e:J ci'l. umVI11!ill:IJ 
~ 'IJ 

li11:1J"ll'l~ L "liu VI EJ:IJ LLfl:::n1::L 'Yi £J:IJ"ii::EJULL i\l'l. u~.n11::~ ~1:1Jl1rlfnN1 Lau L6JS~~ LU'U~1 'l. in~u 
"j~ 

L 'Unl1'Yll LL i\J'Ue:Jn~1nn11~ru L ~£J ~111!L VI £J LL~1n~::L n!iln~'U"l.l e:J-:1 ~111::L VI £JL V111~ln 
'IJ "' 

nl111:1J~11il1ntl~n1m Lflii L "liu 1 un1rum1'Y11 LL ~-:~ bell pepper ~l'l'1::L VI r.J~ii e1 ci1::: LVI v'ttl 
'IJ 

LLiii:::Ln!iln~u1~1 Vla.iifu 
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6. 7 .5. n11tt.J~ tiUUU~\J!I il\J ii1.Hl1M11 

~ " ..1 • y VI , I • I"" ..I "' '~ " 1. b U nTHl lJ LL ~ .J L :JJ eJ ~ 11!TV\ £J ~ ~u u1:JJ1 ru~11El1 ~~ 1'1'1 L ~ &HHHJ b UEJ1 ~11LL ~ .J 
'IJ 

(Lm£JuL fi£Ju~EJ~lb mi'1wun) ~~~i'111:JJL"lT:JJ-liuL ~:JJifu 
2. m1LU~£JULLU~.J"lleJ.J 1u7~u1 UEJ'1~111u1~u 1~i'lli>111 :JJi'mt~.J Lilun~1u1u ') :u:: 

'IJ 

~n1 L ~£J ~111w li11:JJ'n1 ~ i"ltu111W"ll EJ.J 1 U'l~ u:u~~ eJ £J fl.J ci eJ £J £J1n ·rh hH1..1n1 £JU1 1u'l i 'IJ"ti , 

u1~ 1£J-ntr'1~1Xa £J~.J n11~~ eJ rn ~nij'l u m1au LL ~.J"lh £J 1. ~'1u1~uci eJ £J1~mnif"t.t 
, 'IJ 

3. m1LU~£JuLL'Llfl.J"lleJ.JL "ll3T"t.t L we:d'mm 1'1J'ii'Ln~:u1nu~n1m1::w-h.JL "llaJunu 1u,-~"t.t 
~ 1 eJ i ~ 1 3j u L "1J ar u eJ 1 :u LL ~ n 411 L iJ u 1 :JJ L ~ n fl ~ L ~ n ~ ., L ~ ., n 1 d L n ~ n ~ u d ~ ~ ~ ~ tJ n ~ , 
1"1JaJULUEl1~11LUUtil1n11'YhL ~El1~11L ~ijw~u ~.JL"ll3JU~.J e:~rn~nij~.J n11~ULn~L 11ifu 

'IJ , 'IJ 'IJ 

~.Jttu1. unTHJULL~.J EJ1~11~~L "ll3Tu~.Ji'111\l\ ~n L~ £J.Jn11 'lie:J rn ~nij~.JL 1fl1U1U 1~ £J eJlJLL ~"~~ 
'IJ , 'IJ 'IJ 

~lli'VI1Jij~1~'1eJEllJLL~.JT11£JL~~qjqJ1n1~~!a1"11'~11Li"l~ BHA (Butyrated hydroxy anisole) 

LL~~ BHT (Butyrated hydroxy toluene) 

"' .,. "II •VI "' "' ..t ~ .., "" ' "" ..1 "' VI " .ol L 
n11L~:JJU~U b:JJ ~~Ln~"llUbU'YlU'Yl LL!il:U~Ln~L:JJeJLnlJeJ1'V117 t.11~£J~~U.J ~ £JLUW1~ 

ICII .... J .... 1 ""' .... CL.or ..... .4 

n11L ~ 1£1 :JJ l!·Jn L WElL "111 ~n1::11 1 U n11e:1 lJ LL Y\..1 :U:: i'1 fl1 E.Jn lJ n11t1 U eJ :JJ El1~111liEl U ') i'1 El 
'IJ 

u1~n t:1u~1 £J .ffu~ EJUn11tl1i'111:JJ ~~Ell~ dt:~mu~ em 'il~ LL~.J Lt:11'il1~ile:J e:Jn fl~"llU1~ 1~£Jiu 
.... I I .... 

LiJuLL1u tilu~m~h L ilwiu LL~~L YJ e:1il eJ1lnuifqJ~1n11L 'Ll~ EJULLU ~.J"ll eh'l~ ~~~a.J iru iJ..1 

LflUL'lJ:JJ1~£Jm1fl1n1uJ1i't:~u~EJrn~nijtJ,-=:mrn 98 - 100 El.J~1L'lf~Ltn£J~ ~m.t1 ') tu'li' 
, 'II 

I I I I 
,ci( Q...io CL.I iiCII. Aft IIIII A Fl .:II A 

L1~1 1 - 3 U1'Yl tl1tiUL~1 1.5 - 3 U1'Yl LL~::LWeJ~~1~"1JU"JJ:JJLL~::nflUL~:JJUL"ll£J1 TI11L~:JJ 

L'lJL~£J:JJi"l~Elh~ 1 - 2 % ~1El L~:JJL'lJL~U:JJmfumu~'luJ1~'lifl1n L~El"lf1£Jfm~ni~'Liim 
LL~n11rnn~1 E.Ji'111:JJftlU:U~Yh~1 E.J L de:Ji:JJ~·~"lJEl.J~n ~\l~Ui"lTHL"Ji~n L U~THi~~1EJLLI'l~L'fitJ:JJ 
i"l~EJL ,-c;lne:Jum1~1n L ~EJ"li1 t1i'm~1 L i!EJ i:JJ~fl' 

i~n11t1 11 LL ~" ~ n ~it £J :JJ 'l "li ~ eJ n11·El 11 LL ~" ~ 1 tl ~ EllJ LL 1111 tl1~ LLlJlJ eJ 11l.J?i' LL~:: LLlJ u 
'IJ , 

~eJ£J4J1LU~:JJi'ElU Ellli~1lijt'l:JJi'tlu~'lmun11EllJLL~\l t1 74 eJ.J~1L'lJiiHtUE.J~ LLi'11eJIJl 68 
q 'IJ 
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€h'llii1L"lH'lL6fitJ~ "li'11L~'il 71 e:J-\Jiii1L"1HH6fitJ~ LLfl:V!e:J11 57 e:J-\Jiii1L"llflL6fir.J~ ~n;t111.J "] 
ll1:mrn. 60 - 63 e:J-\Jii!1L-n~L6fiv~ ~1uern~..'l1rrm1e:JWL'IX\1~1i fie.1 m1e:JULL'IX\1~1m~~e:J\I 
e:JlJLL'iX\ILllJUflnni\1 LLUUYiU~e:J tJ ~1W~ .. lJn11EllJLL~\1~1 £.JiTin11'YhLL'iX..'l1 U~l111::L~e:JmLajj\11~ 

'II 

~~~n rn.'rl~~ ~ rn.tn~~ ~u11l~1t1 LL'ilfi11-l1'-;J1 v ~\I A1111.:ffu~m11 £.J"ll e:J\I~~~nrn.'tf~n e:Ju LL 'IX\! 
q 'II 'II q 

~e:J\Ihllnu 4% 

uiilla.J n11L'il~tJ11~ fll~L ~ Eln11EllJLL~\I~.ffu~EJU.LL'iln'il1\lnu.'il1~"15it~"lJ e:J\1 ~flL~i\ld 
~e:J m1'1'11~11~~:m'il ~'il"lJU1'il lle:Jmll~e:Jn L\l1:Lmu LL~:L3J~~ lkuLuw:iuL~n "l ~fl~~U1\I 
"15it'il~e:J\Ibe:J1Ll.J~e:Jne:Jeln L"JiU n~1tl ~:3.11\1 ~:fl:::ne:J llfl:::"lJU.U LL~~~fl1aJlJ1\1"15it'ii~1~T'Hl~1n 

q 

LL'\-i'\1~\!Ll.J~e:Jn L"liU El~U iilnWm LLfl:3J:tJ~ LlJ'U~'U ~~1V!~ml.J~e:Jn"1Je:J\I~fll~LV!i;hif"il::iiL"lJGfl\l 
q 'II q 

L uu.~1':ill':i:::Ll1 'Yl L ~nriut~ ~ e:JlJ tJ ri'I'11L ~J1 L~~ EJWJ e:Jn ri~1V!U1 hi'mn Ln'il ~n '!Yrn::L ~ m riu 
'II 'II 

m':iLL"li'1u~11fl:::ii11£.JL-nL~tJ3Jlu~1ElnL-nlii"1% ~e:JrnV!l1iJ 60 e:J\IIii1L"lliill~£.J~ l1iil1 1 u.1f\ \1::: 
q 'II 

' VJ ~ "" o L ""' 1'1 " !'I • :' VJ ., .. .f 
"15l~.m:::fl1r.J b"llbbiii::L~n'Yl'!.l.'Yl1 V!WJr-Jiil L~bL'ilmuU':ie:J\1 ') U11:LV!tl b'il'il"lJ'U 

n11e:Jtm ~\I r-JflL3J~i1ruY~1nTnn'il ;J1 m iii L rte:J\I\l1nwu 1-n3f m1f1u ~\I te:m 1-n~1~ dti ... 
W)1~i'e:Ju. ~3J ii.:J LLiil:::iil1n '1'111~dlm~e:J~m.t~1la.iLuu.~ittJ~ ~111"lfjrrLL"li'r-JflL~1wnii1Ll'JtJf 
L'ile:Je:JnL"151if~11~L"li'~"llull1:mrn 2000 - 3000 ri1u1u~1uri1u. V!~e:J111~1£.J~1uonfltl'Je:Jfl~ 

mm l"l5'i11 u ':i:::W:h\ln11e:JU LL ~\I n11t.llJLL ~\I r-JiiiL~ittJ~U"li'r-JflL111 u J1 L ~e:J11Gfl\l\l:"li1 tliil'illl1m rn 

J11 Ur-Jfll~L'il £.JV!~nm':ie:J e:J~13J;n~ "li1tJiil'il aw '1'11LY~1infl1L Um':ie:JlJLL~\IUe:JtJiil\1 r-Jfll~LL'IX\1~ 
.:' Q.,.o a...o da 

LUe:J~3Jt-l~'Yl'il 

1 i5n1'Hl1J LL '"" LLe:Jl.J LiJ fl e:JlJ Lb ~\IL~ tJ fii' e:JU LblJlJ L'il1 Lt-11 LLe:Jl.J'i~ e:J'YlLLiii::Yh ~13J11t1'1'11 
'II 

LLri'\IL'ii£.Jn11'il1mL'il'il ~e:JULLUUt11'il LLUUe:J 1~\1~ LLiil:::~e:JULLuu~ruru1mlil 
cu q " oq Cll Ql 

.J,irmtiii::.J1uii11a! m':ir-J~'iltl1~nLLiii:::J1r-JiiiL3Tr-J\I"il:::~m1L~~niil1~~i."15~1lfl\ILll1u 
'II 

,r 1 ern Lbiil::,r 1 t-1 fl i.~L ~ e:J L ~ ~ll'13J1 nl,"lJ e:J\1 LL ajj\1 '1'111 ~~ ~113J"li'U. Vi U'il~ b Vi 111:::~111 u.n1'Je:J ULL ri'\1 

nl':ie:J lJ Lb ~\I 1"151,~~\1 b~~ e:J \1 e:JlJ bb ~\I bblJ lJ iii n ni\1 LLU UYiU ~ e:J £.1 LblJU ~ru ru1n11i! LL UlJ L l'J 11 L£i'Yl cu q Ql Q.l 

LLiil::: Freeze dry LL~i.3.lit£.J~ e:JlJLL ~\1~1 m~~e:J\1 e:JU LL ri''l'lLLlJUiilnnrl'..'l L ~11:::~11~fe:JU.~..'l't11 fl1tlff 
'II 'II 

n~u1~ LLiil:::~u.':illmn 
'II 

m1r-J~'ilt-~~'ilnrn'tfllii11LL~..'l itt~~1illfl1~~i."1J3Ju.~rn1l 2 % n1':iL~~tJ3Jllii11Lyje:J 
e.JlJLLri'..'l 1~£.Ji1\l'l'1l~113J~:::m~ ~~~1 ~1ni.Lt' e:J1"ile:JlJLL~-\I~..'l~1 'V17e:Jtl1LUUUfl1~1Lmlltbm ... 
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~~~'illlnt'tllJ~1LLi\l~':i~"lf1~LaJ~ Ln~n~U'~U ff dfeJi3J~~bU~rm bb~::m1fiU':iULll~ ti1L"lf 
'II 

1nnTnh LLi-:~1 u~n11::LneJnuii-:~,::i.~11~1LL~\I~~flrn.rn~~ LL~I'l11i~h r.J~\1 i.aJ L ~3.11:: 1 um 1 
q 'II 

th bb ~\IU~1~~11fl1tln n11L fiutl~1 LLi-:~lutJ11£.11n1t'l"ll EJ\In1'1H~a £.1-;J!:"lhtJiJ a\lnttn~tt~tt 
'II 

LL~::n11LU~ m.ULU~'Ilff 

6.8.3. lti~\J 

t-J~Iil';l1n i,,)~\1 ~ a\1~1mwmtlu L"ll1ll11 t-J\ILL~::i."ll LL!il\1 t-J\InL~ m3J1nt"ll a \I LLii\IL tt i. "ll~\1 
~a-:~a£1LwJ.h\l 25- 27% ~1ttLttL,)LLiil\lacl1wrl1\l 45- 48% LL~riatt';l::l.bLUiltJLLi\l~il\l~lil 

'II 'II 

tn3J1rnn~ Lfl ~riau Llil r.JliLau L'lfaJn~ Lfl~a anrnL~~ b YleJiJ a-:~nun11Lnliltl1in'i£J1b3J~~1f~ 
'II 'II :w 

';11nn~ Lfl ~.Yhtl ~n'iEJ1 nun11il EJ::ii1 WYh'l it-J~Iilll rnsn1,) t-J\Iiifffl J1 bL~:: LU';i~ttLi£.1~111~ 
1i113J"lf1~ m1L~mhlil1~~djuueJui-~16ft..:~,::"lh£J~m!l-1flrn~3JtJ~m1~~u~LL~::m1Ln~~a" 

, 'II 

~~-:~-.;nmfwil1i.tl~1~L,aL':i'll~arn~nii 64- 66 a\lt'I1L'lf~L:fi£J~ LYla"r11~1miteJ'lf1~ 1mum~1 
, 'II 

LL~::,~wni-rf~u 6J ~i.aJ~a-:~n11 LL~1~\I'\.h i.tl awL ~\I i."ll"ll11t-J\1~13J11tl au LL ~-:~ hw1neJmL ~.., , 
LLtJtJYl u~ a £J ~au LL~'Il LLtJtJtl11il ~1EJ LLtJU~J Lll\11'1 (Desrosier, 1970) ~1u L"ll(:.l'll~Yi1-;J1n i. ,)~" 

'II , 

~a \I 'il£J3JatJLLi-:~11il mfl1a-:~auLL~'IlLLuuYlu~mJ1ianmnii~3JfauLi1111::3J1rn 120 - 165 
, 'II 

a\lt'I1L6Jl'~Ltn£J~ LL~::e:Jm~nii~3Jfe:Jue:JEJntl1~3J1rn 50- 65 e:J\It'I1L'lf~L'firm 
, 'II 

~ VI I .:J ... A .... II \1 ...... _. Q..oA'f -~ 
flnt~3J1.Jiil"llil\l L"lJ(:.I\J'Yllila\ln11 fle:J ';li!:lile:l\1~!:~1m.f.1 Llil~ 3Jfltu~3Jtllil L'Un111il"lltt~ nT1 

, , 'II 

~unummt'l m1Lnlil~e:J\I m1LnlilFhT~i'u~~ tteJn,1nd'rT-:~fl11iii n~u1~~ LL~fl113Ji'Eltt';l:: 
Yi1~1 £J~3JU~L ~thd' ~\ltfu~a\11::3T!i11::1\IL ttn11Lifl113JfeJu n11L~3Jn1~~d'Ju Chelating 

agent L"li'U a~fiLa (EDTA) L-JJL~lr.J3JLeJn'll1~a~L~Iil "li1r.J~~n11~1'\.l.'Y11'Ufl113Ji'EJU"llel\IL~el 
'111~ hJL u~~1'lwffum1~1~L,EJL1'lf n11f..l~'lilL,)"ll11(:-l'llfl11L~1l L'lfL~r.J3J~a1~6Jfm ~lil (Sodium 

lauryl sulfate) 'lum3J1rn 0.1 % "li1r.1n11~;1'u~ Llilr.J-;J::"li1r.J~~t-J~n1::'YltJ';l1nn11Lifl113JfeJu 
'II 

'l wffum1~1 ~L, a i.'lfLL~::m':ie:JtJ LL ~\I 

..t A 11:46' 
6.8.4. t'21n~~·wn·n.J~\I 

q 

m1e:J'l.l LL ~\I LLtJfl'fi Li-r.J Llil r.J Lfl~EJ\1 au LL i-:~ LLuuvlu~ e:J r.JL it u L!i11L';lttLUU~1n~1\IL un11" 

Yi1LL~\I 1ifi113JL"li3J"liu"IJa\IL~a(1~1u111"llahm;i\l) 6 % arn~nii~1n~1-:1~1ni1 95 a\lt'l1 
'II , 'II 

,:;I A A ..... t( 1~ a .r ..., Q.ol I 

L'lf~L'lfr.J~ arn'V11l3J"lJEI\If..l~lil1ltu6}'lar.J'Yl 50 ~\lt'l1b'lf~L-JJ£J~ fl113J"lftt~lil'Y11£J 4 % lil'"Ja£.11\l"lla\1 
, 'II 'II , 

LL u fl ri L i- £J ~ '1'11 LL ~ \1 ~ 1 r.J 1 n n 11 au Lb i \1 LL 1.l 1.l Yl u ~ a v i. ~ Lb ri Escherichia coli 

Lactobacillus casei Streptococcus lactis Bacillus subtilis LL~:: Serratia marcescens 
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.:fA e" A .ell) 6' 
1 tl~"l!l ~"lJ El \ll'lrl.'ll.'l"lJ tl\l';l l.'l 'U, 'Yl1 tJ 1!-J\l 

q 

m ~~I!-J\l'Yi11 ~LL ~\!1~ E.JL~~El\l ti1J LL ~\! LLUU'V'iU~ El r.J ~1V!1'1Jn11Yi1Ll ~\! Toluropsis uti/is 

';J::1"If~1~l.'l!:l.'l1tlm~c;]~~fll13JL"li:IJ"Ji'U 22 % ("lJe:J\lLL-li\1) e:Jt"U.V!1liiEI1n1~i'€lUL"li1 300 - 350 
q 'IJ 

El\!~1L'lrl.'lL6fir.J~ ElrnV!1liie:J1m~i'€lUEIEln 100 El\l~1L'!rGU6fir.J~ Saccharomyces cerevisiae 1i 
q 'IJ 

~11l.'l::l.'l1 t.~m~~~~~l1m"li':JJ"liu 5o % ("lJ a\lLLii\l) LL<;i 1!-J~~nrn'tfm ~c;ii!-J_,~i,~';J:::~~~l1:1J:ffu~1 £J 
'IJ 

i\!JU~l1 1 i~1l1l:::~ LUULLl.'l::~~l1:1J:A'ui:JJvr'Yllr~1rl1J 1!-J~~n-rn~m ~c;i 1!-J\l 

6.8.5. ben-L l'ZS:tf ~\I 

IV A 1.J 1.J ..:::11. A ..... A 

nu eJf:I.I,V!ll:IJEI1n1~1ElUL"lJ1 143 El\1~1L'lrl.'lL'lrE.J~ e:Jf:I.I,V!1l3JEl1n1~1ElU€HJn 71 El\lmL'lrl.'lL'lrtJ~ 
q 'IJ q 'IJ 

e:Jf:I.I,VJllii"lJ el\!1!-J~~nrnsn~ e:J Eln';l1n~ e:J\l El1J1h:::m rn 55 El\!~1L'!rGH6fiE.J ~ fll1:1J:ffU"l..e:J\li!-J~~nrn'tf 
q 'IJ 

El ci1 U"lfl\l 10 - 20 % LLl.'l::: 1im1El1J LL ~\!LL1J1J~El\l.ffu~ e:JU\l:::Yi1L~LEIU l'lr:IJLaJ~ru L~E.Jn"iln11:1J 
'IJ 'IJ v 

~111\l~ 6.4 LL~~\l"l!U~"l..El\1 Le:m L'!r3!1!-J\l~ 1!-J~~ 1 u 1:::~um~~11~ m~~eJ\l eJULL'IK\l LLuuviu~m.J 

' 
"lJU:IJEI1J brewing ~\l'YleJ Amylase 

Protease Brewing m~VJ3Tn1,..;\i.:JJ m~I!-J~~Lutm-li\l tanning ~\lsnnv-lan 
q 

Glucose oxidase 

Pectinase 

Lipase 

Trypsin 

Rennin 

Lactase 

Cellulase 
.J 
'Yl3J1 :Masters (1991) 

FD323 

... ... 
L~1El\!~3J 

El1V!11V!3Tn m1Yi1J1~l.'li.mVJ'1~ 
~\l'l1nv-!an 

Wound debridement 
... .. 

m~~l.'l~L Ur.JLL"l.J\1 

i.a~n1:JJ 

n1~LL~ncill"lJEl\!L'lrl.'ll.'l1l.'l~ 
'II 
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R1'jRfl~n1LL~~~tl73J1nt'll~~LLii~ 15 - 30 % tt1Ltlrh1'\XL"Ji3J"ll'!.l.'11'!.l.n~ 60 % L~£1 
Lfl~~~'j::m mLtJtJ falling film Vl1mfl~~~.Yh 1 v;\ "ll3J"ll'!.l.LL1JtJVI3J'!.l. t~ £J rotary thin film 111 v1'il , 
RUJtU1n11'1 tb Ltl ~tJLL i~fil1 £1 Lfl~~~ ~tJ LL '\X~ ~lJtJV'l'!.l.~€1 tJ j:.j~~nrn'l'f~ LLi~'11::~El'!.l.1l1?1LUU YJ'j~ 
q Ill Ql , 

n~3J 'llU1~tl'j::3J1nt 300 L3Jfl'j~U ~~ bulk density 0.22 n13J!iiEJi.'ltJ.&J53J. 

R1'jRfl~'111fiLtJ"1!1~tl7mrn'lJ~~LLii~ 5 - 20 % tt1Ltl'YhLiL"Ji3J"Ji'!.l.'1!Un~ 40 % L~tl 

Lfl~EJ~'j::L VI £1 LLtJtJ falling film "l!U~~~'j::tJ'l.J~~n~U 'jRfi~tJ~U3J1 Lfil U 1Ltl ~tJLL '\X~fi11 tJL?l~EJ~ 
e:JtJ LL i~ LLtJtJV'lu~ EJ t1 t~ v1 imfu EJU 1.~ ~ ~n L&J5til"lt1 tlfl1tJfl3J bulk density '71 e:J~ j:.J~ ~.n rn'l-1 , 
Rlil'Yi'1tJ ElntV11li1~1n11'1fElUL"ll1 200- 250 t)~I'!1L&J5~L~t1R LLi.'l::EJ1n11'1~~'!.l.Lfl~EJ'!.l.~LU'ni'!Yl1~ 
, , 'II 

... .... 
L'il tl1fitJ EJ1V11'jL VI ~1 

6.8.8. "3J ~\) 

nl'jj:.j~~'!.l.3J j:.j~ R1 3Jl'jt1 ~~~ hirf~ Lf!~,~-\1 e:llJ LL '\X-\1 LLlJtJ ~nn i-\IV11e:JLLtJtJV'lU~ eJ tJ LL <1\um.J-\1 
'II 

~ j:.j~~~1 tiL?l~El~ e:llJLL '\X-\1 bLtJtJ~nni-\ILfilftJ?l113JfeJUR~ i.'l::i.'l1 t1.J'1 L~UeJ tJ bLi.'l::~::~1 tJ bU Yn:: L '!.l. 
'II 'II 

J1 ~El U ~ n ~ U 'jR '11:: ~ EJ tlfi'J1 U3J j:.j ~ ~ eJ lHL '\X~ t ~ tJ Lfl~EJ ~ EllJLL '\X~ LLtJ tJ V'l U~ ~ tl~ ~ ~n1 'j 
LU~r.J'I.tLLUi.'l~Ue:Jf.J ~::~1£JJ1i.~~ ~U'jtlLLtt1~tfm!l-nt:: 1n~L~tl~'!.l.3JR~ 

'II 

nl'jj:.j~~VI1-\I'!.l.3JC.J-\I L~ tiLfl~EJ~~tJ LLi~L~tJtJ LLtJtJV'lU~ EJ £1 n'j::tJ1Un1'jj:.j~~ LLR~~1 U1l1'W~ 
6.24 1~ £J'J,bJ1U3J~tJtl'i'u1 i~?llli1l1'W~13J3JI~'j~1U Vn RL'11 EJ L 'jBJfL ~el'Yhiil1 ti'1J~'!.l.Yl1rJ~'t11L'.X , ~ . 
Ln'il hfl '1'111 iL "Ji3J"llw~1u 1~ r.JnTn::L VI t~'i11 mtl~tJ~'j::L VI mLtJtJ falling film 1'\X~tl~mrn'll eJ-\ILLii-\1 

~~::fn£JL~eJci1u"lf1-\l 45- 55% rl1?1113JL"li~"lluR-\ILnui.tlJ1m~'11::~nj:.J~n tbl.tlh·13J~Lu'lf 
'II 'II 

LL~1 L oU1 Gffi1'jeJlJ LLi~~1 £1 Lfl~eJ-\IeltJ LL i-\1 LLtJtJ'V'lu~ E) tl~ ~ Lfl~e:J-\1'1'-J ~a~ L~BJfLtJ~~~ eJ ~~~1U 't11 
'II 'II 'II ~ 

VIU1 ~1 i ~'!.l.1l1fl j:.J-\J L~Ui.'l~ VI 1m ~~3JntJ c;i'1 ~~L~ U-\1 tJU1l1fl11il m::uu~3J . , 
ff1l11:: 1 Ufi1'jeJtJLL i-\IU3J j:.j~~ ~fl ntff3JU~1 Ufi1'j~:;~1 r.JtlWn mn11'1f~u~~~eJ EJn~ 

, 'II 

~ ru Vlnn~ ~Wll1-\1~1 ~n1'jitJ~1 LiJwi' au'll H-1'1-1.3-J j:.J-\J~ii fl113J:fi'UR-\I Lria eJ amnmfl~EJ-\IEllJ LL i-1 
, 'II 'II 

LLtJtJV'lU~ e:l tJ fi1'j't11 LL '\X-\I.ff'!.l.R~'I'i1 r.J'11::Ln~iftt1l1 r.J 1 UL?l~e:J-\I'V'J~ El ~ L~snLtJ ~ e:JU1l1?l~~::L El £! ~'11:: 
, 'II , 

U1fi~tJ L "ll1 GfL?l~e:l-\1 E)tJ LL i~ LLtJtJV'lu~ Elm~ EltLEln 1 n 3J m 'j~ anfl #-\IVI-ct-\1 bb~L '!.l.tJ1-'!?l~>ln1'j 
'II 
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' Q.,.lo .c:::ll.=l.a 

s:l!: G'1l £J'Yl U 'Yl 'Yl WI 

nl1~~Wi'U1J~-\1Yl'i'EJ1l~'ULU£J 1~t~m~t~~mJJlU1l~iJfl1l1JL"JhJ"JiU 40 - 50 % Elnl.~lliJ 
q 'IJ 

e:nm~'i'auL"li'lL'Yhnu 150 - 170 a\lmL"IIG1L'fiml iifl1l1!;J'u~~t~'Yil£J 2 - 5 % EJ'lJLLi..l1u 
q 

;m~n1.1.:: L~ £J1n'I.J~l-\IU1! ~\I LL!ii';l:: 1i~BU£Jl\1Lfl1::~u-\l"l.IEJ\Iia\l EJ'I.JL tlu 1::£J:: GJ L vla iJa-\lnu m1 

Lm::~1"ll a \I EJU1llfiU1! ~\I~ ii ~1L ~ 1111!1';)1 m..l1m m L "1.1 ~u1 u J1u11 .Yh 1 iau111flii;n~m:: 
q q q 

D 

.d 
'Ylm : Barbosa-Canovas & Vega-Mercado (1996) 
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nTH U~ E.J 'IHJ'Ufll ~ L~ £!1 ") L U LlJ'l-Hl 'Ufll~~-.fi'u ~1 rl'ULU'U n ~ 11 LL~ dh'Y'I"l"'U L'iE.J n 
1 q q 'IJ q 

n1'::1J1Unl1'if:h lnstantizing process 'll\1a mm tn 111L~'il 
LLe:Jn Ln 111L~'il ~ t1 nl"l"'th 1 "'Lf)'i1Wl1'-.fi'1J ~1rl'U"l.l El-11 e:J'Ufl1~"1J'U1'il L~nLU'UEl'Ufl1~~ij 

q , 

onul'iiL '11\ulitu L'il £JU'il~u J li'e:Ju '1.e:1J1 '11\'iEJ e:Jl'll\l7L 'II\ ~1~i'au~-1!1J'Ufll'll\11'~-ll ·rh L "'~1Ltlvn 
"' 

iu ~1 nu iion 'U 1 'ilL 'II\ nl~u LLi 1 U1 '1.u EllJ LLi -II ~::"111m~ 11"1J 'U l 'il LL ~ ::"lia-1111-ll"ll tl-\1 Ellnl filL 'U ... 
El1'11\11'~-ll Ld EJL~11J1 ")~::LL ·mnill11 L ,r, LULL 'l'l'U ~ EJ1nlfi'le:J£ll-1171'il L 11 LU £Jn~1 n-Il LL~::n1::';Jl [J 

~1~ n-rme:Jn t n L11L~'il"li1 vu1uu1'-ll~ ru.cnJUi1 u~1un11'LU E.Jn LL~::nT7n1::';J1 mi'1on tJ-11 tJUfll~ 
q q , 

.. 
~El 

1. ~113Ja'1aJ1"illLltln1'niJum.fl (Wet ability) 

~ 1111 ~1111 1'rl"l1 tJ -II El1'11\11'~ -IlL 'U nlT'il 'il J 1 ~ ~ 1 '11\"i tJ rilL "'L tJ tJ n ~ 1 E.J"l! El-11 L 'II\ fl1 L iJ 'U 
'IJ 

~'i1L~11~u L um,-~u,-u fl1l11~l1111'rl1 um,-Lil vnJ1on e:J-IIe:JUfl1 fl ~-~~ ~unu "l.JU1'il"l.Je:J-II aunlfl 
q 'IJ , q 

Q..IA ,=lA dA r:l Cll .::f ~A 1 :' Q..l :--

~-~~ LL~::~ru.~11tJ 'ii'Yl ~1on a-11 EJ'Ufllfl~-11 aufl'l~ ~-II'Yl11"ll'U1'il L~n 11'Y'IU'Yl~1'il EJU1'11\Un11ln u1 
q , q 

Ltl vn '1.aJ~1'Yln a Ufll~ Gt1u ~'1.aJ L iJ £Jn';J::-.ilu L~lun au L'il vii.ffu"l.J eJ-11 ~1~ Lil E.J ni111nu(Ciumping) 
, q 

Yi1 htJ1LL 'Y11niJl11L "JJ1 '1.tJn1 tJ 1 umn EJ'Ufl1 fll ~-~~~i'l"l.Ju l'il L~n n-:\1 0.2 ii ~~ L11 'il1 ';J::'1.aJii 
q 

flrn~11u~1 un11~::~1 tJ 'ti'u fi LLfl::EJUfll~ ~-~~~iift1UU":i::n EJU"l.J EJ-11 L"l!aJU~ ~1'11\\h;~::'1.aJ1'111~1 
, q 

nuJ1 ~El-IIL~11~11'~'iiLL'H~-11~1 L"Ji'U L~snfiu"JJhr/l'll\,"lJaJ'U1'111~1rl1JJ1L~~~'U 
2. ~113Ja'1aJ1"illLUn1"f;JaJ (Sink ability) 

d 1 t .... d ::'I :' " .....,. " J' 
~1111~11Jl1'rl'Yl Ell'II\11~-\I';J::~11iil-ll 'U '\..1.1 'll\iil-\1';11n'YltJUfl1~ Lu tJnUlLL~1 fln.b~111J'il"l.Je:J'U 

, q 

itunu•uu1'i1 LLiil::fl1111'11\U 1 LL u u tl1'11\11't:-~-ll~ii'!llu 1'i11 'II\ uJ LLiil::iifl1111'11\ u1 LL u u111 m1 11 L~L i-1 n-:\1 ... 

LlJ1 fl1111'11\U1LLU'UUtltJ11::';111i1 

3. ~113J a'13J1"ill 'l" n1"ifl"it;J1 ui1 (Dispersibility) 

~1111 ~11111rl"l1 EJ-11 tJ1'11\11'(:.J-IIL un11'fl1::';J1 EJ~11 uJ1 hi~t'il E.J~aJ,Junudjuri'au ti'1 
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4. A113J~111J1'Hl1,..,n1"Hi::a1tl (Solubility) 

1 .... ... '" 1 .r ... ..... 
Y111~~13..111tl U.n11~:~1tl"lleJ..:IeJ1~11f.J-:1~7elel~11L11 Un11~::~1tl "lJU.m.J ~~11~'¥11..:1 

LY)n"lJeJ\1 eJ1~11~..:1 L 'liu. eJ1~11~\l~nJ1~1~ LUU.~lm.h:n eJ1J~1n"il:~:~1 mh'l~~ LL~::EJ\1 
ifu.nlJ fi~lJ~'¥11\IVi~mf"ll eJ\1 eJU.rt1~ L 'liu. ~n ~m:LL~:1tli1\l"ll eJ.J r.J~m~ t11"1i eJ\1 nlJ Y111 ~ ~1 m1tt 

q 'U 

6.9.1. 1111"t1-i'ut.J,-"n1'~~::~1!.l'llfl\Jfl1~1'Hh1 
q 

El1~11~ \1~ ~~ ~ifu t~ t~1"J11nn11eJ1J LL i\1 LL~: fi.1l11:: 1 U n11El1J LL i\1 <i\1\1 ') rlU."il:: n 

~11~~1~11ttLUn11~::~1tJJ1i.~~L~1nu. ~1a1~11~\I~~~~L~~:~1tlJ1L~~ n11U~1JUd"\l 
q 

n11~:; L'l1 tl"ll el-:1 el1 ~11f.J -:I f11 L~L~ tl n11L tJ~ tl ULL tJ Gl \l ~ .1111 :~L "J11 U n11 eJ 1J LL i \1 L 'liu 

Elnt~.nij ~11m11a~ ~11~~u. ~11m"liaJ"liu LLL'!::a\l~tl1:neJ1J"lleJ\IeJ1~11 n11Li~11~~LL1.J~\I 
q 'U 

~1 nTn~~J1~1Gl LL~:::1nn11eJ1JLLi\l n11el1JLLi\lLL1J1J'VlU~Dtl LL~:: Freeze dry "iJ::1i 

m~11~-:~~nnTJ"~::~1 r.J~~whinm1~u 'J ~ i\lm1tl1'1Jtl1" ~1111:::m1a1J LL i..:~ LLGt1 m,.,11~..:~ 
EJ\Ifl::~1 t!L~1~~ ~::~a..:~~"il11nt1~"llU1~"lleJ\IEJU.n1~~\l "llU1~"l.lflMJUrt1~~\l~ L~ndiu 1tJ t1:: 

q q 

Ltlu.1Jru~1<il eJm1a::a1 r.J~-:~1~mh1LLGt1 3Tn~1J 1 u.m1t11 LLi\l LL1J1Jvlu~ eltl m1tl1'1Jtl1-:~t11 i.~ v q 

t~ tln11LLeJn tn t~LL'l~ (Agglomerate) 1~ tlL "J1L~~El\lYla Ei~ L~'J!LlJ~L ~El ~<;\ eJrllJ L~~El\I'Y11 LL i\1 
'U 

LL1J1Jvltt~eltl {.111~~ 6.25) 

.. 
'¥13..11 :Tetra pak (1995) 
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~ CL.oo g.. 

6.9.2. OTH01.J'lO'!t1il1'ViT'HLVh1 

En~T~LL ~\ILL1il1~::ii~113J:ffU~1 eJ cit U 1::~1J~U&'IB~rl tJ~1n~~ U'Yl~£fn ~13J LL~ LriB L111J 
~ q 

~m~n L1n~::Ln~n11L;B3JLfftJL U~1U~1\16) L "Jiu i n~U1~ L ii'Bi3J~~ ~rnfi1'Yl1\11ll"ll'U1n11 
q 

~lil EJ~:UUEJ1~Ln~nT~L tb Lim rlB\1~1nn11L:uiiru"lJEJ\I~~u 'Y1~6 m·n;Bmih.JJ'u~1u 1 ~ nJ Ln~~ln 
~ q u 

~1111:: L Un11LnlJ~n1~1 hJL ~an::ti3J rh L ~El1~11LL i\l~1e.J B1~11t-J\l di~n11L;B3J LfftJ~1n 
' ... .J' 

~1L~@l@l1\16) ~\IU 
q 

1. 11~n1mEJBn~L~i'u 

El1~11LLi\lii1~1\l~i'1\l~ij1~1'1.tB V~i Btti1\l3J1nYh 1 i~ B e.Jn~L 'ilULL 'Yl1n B ci riB L ~L n@l 
~ q ~ ~ 

n11BBnsrrL~i'u"lJEJ\l~11eJ1~11 L'lfu L Ut-J~tllrlrn'l'fu3J t-J\ln11e.J EJn~L~i'U"lJB\lL"lJ3JWn11 ~Ln~ 

nriu~u~1n o -LL~n 1 'YlU~Ln@litu ~nLL~::t-J~lL1i~1u1~ nlLL1i';h~::iiL"lJ3JUUEltJ3J1n LL~niJ\lLn~ ., 

m1t1 EJn~L@li'u 1~~1nn1@lL"lJ3Ju~taJ~:JJ~1 'l ~~111.h::ne.JuLr~ 1~1L ~ Bfe.J Bn L'lf~ ~\l~::Ln~m,. 

~El~3JeJft1sn~e:JLULiJULLfl&'I~Lr!~ ~1'Ylu Lbt'l::ln1~ LiJU~1L~~LiLn~nriw~u nriuv-h\l LL~::nriu 
q 

~US) ~LaJ~\IU1::~\lTl ~nlJ1\lBU1\l"ll"ii~ L"liU LL~1El@l :U::Ln~nriu~N~11n~:u1nn11flfln~L~i'u 
"l..EJ\ILLfl1BfluL11Lilu ~- LeJ 1B 1uu m1BeJn~~~iu"l..eJ\l1\1~1ml L'lfu f!lile.J hVJfl~ LLfl1e:Jilua£J~ 

q 

~11 ~~L tl~ tJULLU &'1\1 m1a an~L~iu"l.. fl\ll@l11iitt6.aLL&'I::L 'Yl e:niiu ~11 ~l@l1 iiu~ru Lff£JL11 
~ ., 

m1UEJ\InunTnnliteJBn~L~iu'lufl1'~T'm~" ~1i.'ii'l:~um1u11~LL1J1J~ruru1m~~1a , q til 1111 

fll'lfL.\ia tJ L fiu i'nM1~ EJrn ~llii ~1 L ~ B n 1 i,n1'D'U::lJ11~~ ~13J11r1U EJ\IrlUn11~3J ~1U"l.. EJ\l 
q ~ q 

EJ EJn'ftL lilU L~3J ~1Lf!iiiJ EJ\lrlUnT'Hnlil EJ e:JnSftLjfiiU ~\I L U 1U~1i\l Lfl11::~~~fl~11i113J"ll"1~ 
~ 

n11th L 'Ylf!Ufl'Yl1\1~1uLeJu L'lfaJ:JJ1 'litlB\lnum~11LLi\l'il1n11~mm eJ Bn'frLiilitt 1~ EJ 

1~LemL'!f3Jnfl1~ ~afln6ftL~~1 Ull1"ll"U::lJ11'ilfl1~11LL~\I~ iinfl1~ ~Lilu~1u1l1::n BlJ LLfl::lll"ll"U:: 
'U q ~ 

lJj.f;Jij~ rn~3JlJ1i £J fl3J L i EJ EJn'ftL lilU~3J ~1'1.tLL~~1113J:ffU~1U LaJL'Ii' fl EJn'frL lilU';J!:rlnTh;)~ EJ EJn';J1n 
q q ~ 

'lfB\ll1\lll1 tJ 1 Ul11"ll"'U!:lJjj~ 
q 

U3J t-J\l L nu'l 'j.j,lJjjtJ1n1~"1J EJ\IL u 1iit1LiilU~iifl1flJ EJ'I.t Llil f) Bn L'lf~ E) El 10 % 
'U 

.. .., .., .. ... .¥ • ... 
m1l.JflU b~ flEJn b'!f~:u::~11\l~l111::~ruru1mfl"l..UlJ1\1~1u EJ1n1~';J::rJn"l..u EJ Bn:u1n BU111~ r..J\l 

q til ~ ~ q 

LLfl:::nmhilil eJEJn 1.tl~~\lm1L~lln1'lf 24 -k1111" B1~11LLi\l~u1u~m~n 1un1"ll"u::un';J~tl~ 
~ q 

~il'YlbLfl::L~ 3JL u 11i11L~ULoV1L11 LL 'YlU~BEJn~L'<il1U~1m1mnuL il~u1un11 1 tl (Rahman & 

Perera,1999) 

m1i1 EJ\Inum1L tl~ £JULLUlil\lnriu,.~:u·ln11l)n'1EJ1 e1 EJn'frL~iu 1~ £JLn 1~,.h~mE.Ju L'lfaJ 

~11.~1~£Jm1'lii'lilLl'Je:Jft~EJEJnL'lf~ n1~LLeJ~~lEJffln LLlil::n1~6ft@l1nnw:.Jfli.2! n11~l~L';JeJhsn 

J1U3J~1mi1r..JlilL21 LLfl::1~£Jn11fl1n~n 
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2. u~n~~.nn11Lfl~ ~J1~1~~i.3Ji.~di~-;nm au L'll'~ fl1~11~~ ttlUU1::n mJ"ll f)\! 

J'1m~LLL'l::n1~El::ii1 UthL~Ln~tlm{1 LL-iJ--1 Ln~n11~tlJL~tJ 1tJ1~U L"liU L U~~~lltWnLttm~·~-f 
'IJ ., 

~~1iln m~11'r1::L~ LL~::~~'la! Li:Ju~u 

3. n11LU~tJULLU~--1L~El--1"il1nLTl1J~flrn~Ilii~\JW.h 28 fl--1~1b'll'l.'lb6fitJ~ L3J11"il::~ 
~ 'IJ 'IJ 

.... VJ ' """" ... .t 
mm111~1El b~ e:J1~11"il::1l~L"ll~"llu 

' .f 
4. n11LU~tJULLUL'l\l~11~"JJU 

m~11LL~ l.'l::"JJ'it~~ ~~~ ~"ll El\l~11~:fu~~~'r1 fim vn::~1 (Equilibrium moisture 
q 

da~ ..l'.J .:::. A.d "l'Q..o A ~ J""l..,,_. 
content) '11\ln~f.l ~11~"1rU'r1eJnb~1UJ~U\l'r1eJ1~11"il:: b~11JWHJ~tuL~tJ~11~"1rU ~nu , ~ ~ ~ 

u1·n.nn11111~tJun~m'VITHL~\l~1eJm'VI11~\l"il::~~111J:fu~1 Ldmnu1uu·rnnmlilun~~~ 
.f ' .f t. .... .... .f"" .f ~.t 

~11~"1r'U~--1n11~11~"1r'U~~~i.'l"llfl--1 fl1~11UU '] Ln~nT'jWil'l11J~l1~"1r'U L~ e:Jfll1~"1rUL 'V'I~"lJU 
'IJ • 'IJ 

rh1iLn~m1L~fl~L~D'r11--1mtJ1l1'V'I L"liu Life:n~·~~~U1l 13Jn1flu iu~lLuunem 1~mu'V'11:: 
m~11LLi--1~~J1m~ Ln~e:J m~::n1~ d1utt1uu1::ne:Ju "il::~~~l1~:fui.~~~.:Jitu LL~::n1 

'IJ 

w.n~:fuLYi~~\lifU"ilU~-n::~U~"il~U'r11£fL"il1tuL~n"il::rhLiLn~m1Lli1LitJ 
'IJ q ... 

n11'V11~~~~~11~:fu~~~'r1TI"llfl--1 e:J1~11~ tlnb~Ilii~1..1 '] ~1 m1nYh L~L~ mnu 
• • 'IJ 

m'V1Tmi--1i.1luu11mmlil~~w:n~:fu~~~'Ylf~1::~u~1\l ') LUUL1~1~~1D '] i11~., LLLtli\! 
~ ... .f ... d d VJ ... .... .... "" .f ~ ....... u 1vm n"ll a-1 a1~11 ~11 ~"lrWYl"il ~'VIU\1 '11\l e:11 ~11 Lmm111u~ 1 e:J ~ru L ~D ~ 11 ~".lru b 'VI n u 

• 'IJ ... 

A ~ CLoo' Q.l 6' ~ A~ 
U"J"1mmlil flEl ~1J~~fl11~"1rU~~'V'I'r1:IT"lJe:J\!fl1'V111'r1e:Jrn'VIIl~UU (Potter & Hotchkiss, 1995) 

q • 'IJ 

~11a.1 ~1J~urr1::'VI11\l~l1~:fwy;m'VI11~~iunufll1~:fu~~~'r1£l uu11m m~ ?1 e:J 'll'e:Jf'V'I 
'IJ 

i'uLe:J 1'11L'r1e:J~ (Sorption isotherms) 
... ..r .. ... ..s ... R VJn .. 

fl1'V'I'Yl 6.26 LL~~\!~11:JJ".lrU~:JJ~~"lle:J\!El1~11'r1f.lnb~Il1J'VIU\! L:JJmnu n UU11tl1n11i!'r1 
• • 'IJ 

~~11~:fu~1\l '] ~1e:JU1\!L"llu e:J1'V111~~fl11:JJ:fu 20 % U1:JJ1Lnu1uu11mmli1~~~11:JJ:fu 
~~~Ylf 75% ~11:JJ:fU"llEl\!e:J1'V111"il::L3JLU~tJULLU~\l LL~tl1fl1~11~~111J.:ffu~1n11 20 % 
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Q,.l Q..l tf' A Q..l tf' ._, Ft 0 •t V ..f ~ .ct A Q..oo 

Gl3JVfYlli"l.le:J~~~~11tll.srl e:J1~1'HL VI','! n';l:::'Yl1 ~ EJ1~T'i~l11~113J"l!'U.L ~3J"lJ'U. E:l1~17e:J1';) Ln~n17';11J 
'1.1 

nudJ 'U.rl E:l'U. ~1EJ Ln~n11L~EJ3JL~£J'Yl1~n1 tJ111~ L~iJ LL~::';l~'U.'tTirJ • 

M .. '* M .... 
• 

••• ... .... ,.. .:1'. .... ... , ... ... 
ll1'Wfi 6.26 LiuLLm.J'1l'uf~"lfu1E:J l'll'L 'YleJ3J"l.leh'le:J1~11 
~m : Potter & Hotchkiss (1995) 

~~ ttul 'U. n11~ ~ El1 £Jn11L fi ui'm~n E11~ 11LL ~~ ";J:: ~a" ~11J ~3JU';J~£J ~ L ~ t11"1J El" ~a 
q q 

t tit Q..o I - ~ a,.... .... fj" A t. ,.'1 Q,.o 

Gl1111::: 'U.n11Ln1J1n~1 L"l!'U. e:Jtli.~113J ~Tl3J"l!'U.Gl3JW'Ylli eJe:Jn'Jl'L';J'U. LLGl" 713J'Yl~ua~n'U.n11 
q 'IJ 

U'U.Lfl e:J'U.';J1n i~{ LL3J ~~ LL~:::';lm'U.'Yl1rJ ~~ Cf13J11tl'rll 1~"'['il tJL~ e:Jn 1 ill1"11'U.::U11';l~ L ~3J1::Gl3J 
q q 

.11 ... .t ... :-1 ... tJ II ... "' 1 
~13J11tluEJ~n'U.LL~" Wl13J"lr'U. e:JEJn'Jl'L';J'U. LL~:::uE:J~nun1":i 'U.Lue:J'U. ~1e:JLn1J 'U.~ll1'W 

~tlHU1 n1f'l ~1EJ 1 'U.1J11£J1n1fll"l.IEJ~L U t~1L';JU LL~:::LnlJL U~Lfl'U. UEJ n";J1niteJ1';JL "J!~1'Hl1~~ 
q "' "' 

e:Jt~n~L ";JU 'VI1t~ ~11~~~113J:§u t~~"1tl1u111"11U::1J11';lri m~ ~';J::tJ~ ~-tin nlil::'lh tJU e:J~num1 
'IJ q 

L~e:J3J L;£)"1.1 tl" EJ1'V111L~ 

(Intermediate moisture foods, Semi-moist foods) 

I 0,... 'VI 1-' .cf Q,..l tf' I I ,l' 'I A 4.o' f( "' .cJa .::f 
L"Jl'U. ~n ~~ b3J LL~::L'U.a~~1 LL~~"n11~113J"ll'Ub'U.~~~11tli.'Yle:J1~11LL~~ fl1'VI11'Yl3J~113J"l!'U. 

'IJ 
VI ., l ~ .:f .:J A Ll ti' ~ d#OII I !"' 

tl1un~1" L~LLn u1~~ LL£.J3J LtJ~lil ~~~m~'YI"l.I'U.3J"l.IULmn'Yl3J~1Utl7:::nE.Ju"l.IEJ~U1~1fl~" 
'IJ 

A ....... ..r ..f .... " A .... ... ..1 A ... f( '!_,"' 
~~~11tli.'Yl L 'U.flbL~:::L 'U.E.J~3Jn 'U.3J"lJ'U.'VI11U ~~6111 tli.'YlL1JLntl1 LL~::~~~11rn'Yl~~ L3J LL~" 

~113JL "111 1';) L~ £J1rl1J E.J1~11~ii~113J~Utl1una1~~1 LUUiil::~ El~L i1 h L ~ £J1Tl1J ~1 aw 

EJ1'V111~eJ~"l!U'il~ahnmmJ1L'Yhnum';J£ifi1 aw ~1~nu ~"it~unu··hJ1ttud]uJ1~~1::'V11tJ 
~unu l3JL~n~~u ')1 UeJ1~11 

q 
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~.:J~~1~ru~~~~1'VIi'Utn'V11':i~ii~1111:fUu1Umn.:J ~tl aw "lJ tl.:Jtl1'VI1':i~.:J Lfi£J1-liEl.:JrlU ... , 
mwili"UJ"ll tl.:J"il~'l-t 'Yl~Ef LU'I-t ~'Yl':i1UrlU~bbGf111LLU~rrib~F.J~ ~1~UJL 'l-ttl1'V111"il::1~L"iJ1UJ~ aw ~1 

1U q Ql CU 

n11 0.9 LL~"il::iin11~v.!~mLmrriL~m"ili"ty1~~ aw ~1n.:J 0.75 LL~::iiam~111Y-I~nfl~~L"ili"GJL~ 
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