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The effJct of four levels of sugar to coconut milk on the qualities of Khaci Niew Kaew was 

found that as slgar increased, the lightness of Khao Niew Kaew decreased. The color of Khao 
•	 I
 

I
 

Niew Kaew wa~ light green. The overall likeness of Khao Niew Kaew were moderately at 30 : 

40 of sugar to ~oconut milk .The study on Khao Niew Kaew with the level at 20 and 30% of 
I 

sticky rice was found that as the sticky rice increased, it was likely that the lightness increased. 

The color of Khko Niew Kaew was yellow~green. The hishest score of the likeness of Khao Niew. 

Kaew was mOdkratelY at the level of 30 %. For the study of shelf-lives of Khao Niew Kaew for 
I	 . 

15, 30 and 45 bays, it was stored in refrigerator (DoC) and Thawing in the room temperature
I	 . 

I	 . 

(30+2°C) for 10 minutes and heat by microwave (with 30% of power) for 45, 50 and 60 

seconds. The SLdY was found that Khao Niew Kaew stored for 30 days with 30% of power from 
I	 . 

microwave for 90 seconds was accepted. Khao Niew Kaew was dark green and increasingly 
. I 

hard. The result of the study was moderately accepted. 
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m~'tjl(;,)~'el-:l'l.lLlJ'l.lm~l"1n~'l~ (;)~).,J'l(;)~~'l'l.l b'l.lm~Y1'l"ll'lrH'VI'l.ltl'J bLn1 'il'l'l.l'J'l.l 3 ~(;)~ ~'J:'JbtJ 

d ~ ... l.al . '" ~", ~ ..ci 

Cl-:ll"1n~'l'el(;)~r~:'l.l~b'VI).,J'l:::~).,J"lI~:'l'Jb'VI~mb"ll~'J~ . ,,'l.l'l~'l~Y1~'ltl LL~::: 'l.l'ln:::Y1 (;)~'el{;J'il'l.l 

~m~t'lm t1m~bn'U~m~n Lb~ :::m~lil'l.l(;)'J "lI'el-:l"ll'l'J b'VI'l.ltl'J bbn1 bb"Jl bb"ll-:l 
• I " 

1. -if'l'Jb'VIilm (~'l.lib;jtl/N) 
• 'Ii 

" 
2. "j,'l(;J'l~Y1~'lt! ((;)~'lii(;)~I:J~) 

3. bn~'el ((;)~'l,JN~~U). 
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d 
'U'VI'VI 2 

1~ '1 t1 ....l Q"I"
2.1 F1';l13-l'-'Yl';l1. bn!l';ln1J'lI1';l

tU 

-ir'l'Jtr.\'''1LrJ'l.l~''ll(;l~~Q~'VI~'l (Graminae) iJ~'el'Vl'l.:Jij'VltJ'l~'l~j;]f~'l Oryza sativa L. 
I ' , 

im~tn.l~"lI'el.:J ~~ LiJ'l.lL~tJ'J"llij(;lY1iJ Ll.J~'eln~'-J L'-J~(;l (Covered caryopsis) Ly.n~l.J~nn'l.l'-J'lnL'l.l
I' OJ 

'Vl~l.JL'elL:ntJ· it(;lm'tly.n~L'l.ll.J~~L'Vl~~'l.l ~'l.lL~tJ L'VltJ L~tJ(;l'l.l'l'-J LL~~YJ~l.Jtl'l.l£f LrJ'l.ltJI'l.l (100:i-ntJ 

,2535) 

It" ~ .,
Q.1.1 Fl'i.:l"''i1.:1't/'eHIL~~ (;l't/1'J 

I CO". 1 "'i' " .J 'I I "* • 1"* " co 
I L'-J~(;l"ll'l'JlJ~~n'el'l.J(;l'JtJ ~FlN~~'l.:J 2 ~'J'l.l ~'VI'1! 1 Fl'el LlJ~'eln~'-JL'-J~(;l (Hull or 
i .. ..l~.... AI" CO" dI

Husk) LL~~,~'J'l.l"ll'el.:J~~ (Caryopsis) "ll.:J L'-J'el"ll~~ Lm~'J'l.l"ll'el.:J L,J~'eln~'-J 1J.J~(;l'el'elmL~'J""l~L'VI~'el 
• I 

, .d I': "" I ...,,:

~'J'l.l~~ "ll.:J~i'J'l.l~~'l.l""l~tJ~~n'el'l.J(;l'JtJ~'J'l.lj;]'l.:J1 (;l.:J'l.l 

i 2.1.1.1 L~'el~'-J~~ (Pericarp) LiJ'l.l~'J'l.l~'el~ti(;l'"l'lml.J~'eln~'-JL'-J~(;l y'h'Vl'W'l~ 
~'el~'-J L'-J~ (;lttJl.J~~n'el'l.J rJf'Jm"ll~\l t~~ LL~~LlIij L"ll~\l t~~~.:J 

I 
I 

2.1.1.2 Ll.J~'eln~'-J~~ (Seed coat) 'eltlti(;l""l'lm~'el~'-J~~L;r'lLl.J
llJ 

LiJ'l.l~~'el L~'el
til q 

., i 

~'el.:J-n'l.lL1tJ.:Jrr'l.l l.J~~n'elurJf'JtJL"lI~'l.l~.:J 
!.. , 

2.1.1.3 -n'l.ltfl~\lt~'l.l (Aleurone layer) LiJ'l.lL"ll~Y1iJ~,r.:J'VI'l.l'l ~tJ.:Jj;]'eln'l.ll.J~~'-J'ln.l .. .,
i 

1-7 oD'l.l ~'-J"fi.:JL'-J~(;1 lJ~~n'el'l.J~l'JtJtlJ~~'l.lLL~~L"lI~'l.l~.:J 
• I OJ 

I 2.1.1.4 L'el'l.lt(;1~Ll.J'elf'-J (Endosperm) LU'l.l~'J'l.l~iJLLil.:J'el~~.:J~.:J~'eltJ~~ 90 L'l.l 

nJ"lI'el.:J L'-J~ (;1 ~Lil.:J (Starch granuIe) ~tfl(;l~'J~'J'-J n'l.lLL'Il'l.l~'J'-Jn'l.lLrJ'l.l~'l~lJ~~n'el'l.JLLil.:J (Starch 
.. . I ., 

compound)1 LL~~L'l.l~'J'l.liJJ.:JiJtlJ~~'l.lLL'Vlm'el~~~'VI~'l.:J Lij (;1LLil.:Jl.J~~'-J'ln.l~'eltJ~~ 8-10 

I 2.1.1.5 ~y.ul~'VI1'elL'el'-J'l.J1t'el (Emberyo) '"l~'eltlrJf'l'l.l~'l.:J"lI'el.:JL'-J~~ LiJ'l.lLL'VI~.:J 
I 0 'i'.I.... ~ ~ ......, OJ 

"lI'el.:J~'l~'el'l'VIr'"l'l'V'-l'Jn ~lJ~(;l'l.l ~"lI'-J'l.l LL~~'J(;l'l'-J'l.l(;l'l.:J 1 

I 

I ..... .,....d'
2.1.21 ~n'l!tW~'t/'el.:l't/1'JL\lI1J~'JL't/!I'J~ , 

" .... ~r .... "'~I" .... ".I~" ~I ... ~" 
."lI1'JL'VI'l.lm'V'-l'l.l~ L"lI~'J~ "ll.:JLlJ'l.l"ll'l'JL'VI'l.lm(;l'l.llJ~n ~(;lL'tl'V'-l'l:::~~'l.l'llJ "ll.:J ~(;l 

I 

l.Jful.JN~'WfirJf'JtJ m~v'i'l L~ Ln (;1m~Ll.J~tJ'l.lLLl.J~.:J'Vl'l.:J~'l.lfim~'-J t(;ltJL-nf.:J~ LLn~~h "lI'l.l'l (;1 20 
. til C1i q
 

i
 

nt~LL~(;1'el'l'l.J ''-J~ (;1~'l.lfi;r 'l'J"lI'l'J (;1'eln'-J:::~ 105 LL~'J,j'l'-J'll.J~n~(;1L~'eln~~m'l.l'Vl (;1~'el.:J-ir'l'J'l.J'l.:J L"lI'l.l 

I · .. 

I 
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n"lJ. 6LL. "~mil", 1••",0;;"," LL~""CU"n ••lJm."".cu,,,,,fil,n',m""",;"'0tilLLri 
~ .v,:J I 

L'-l'fl'J'I..lVl 5 'W~~Jl"H·l'-l 2520 

tlUi'llid'i~Hl1n.il1f'= -.......... _
 
l'll"ln::(r1lJ17I \llc) 

• (:mbryo)
11nli1P" g111fiT<n:: .- ­

(ra(w;ie) 
~... " ..11\1l"J ll!)t1~~.lI:..Jf'l~ 

( r~c::hi1l3) 

_ I" J' cr " 
ll''W'VI 1 L~NM'l.:l'W'I..l3'l'l..lJl'ltl1'I..lL'-lfl ~"1I'l'J 
~ I"'lJ' "'Mf (2543) 

...... i.I I .r=I ..... fr': 
~'-lUIWll'fl.:l"1Jr'JL'VI'I..lm'W'I..l~L"1Im~ 

e.Jfld~j;1i'l'JL'VI\lm~'I..lfiL;m~u~::'-l'ln.l 666 nn.! 11 L~t1;j1::t1::Yl'n~'J"1I'fl.:lL'-l~~ 
.1 . I Go' cv . CII cr iI II 

lJ~::'-l'ln.l 36 'J'I..l flm~"n.l::V1'l.:lmtlJl'l'W'-l b'-lfl~"1I'l'Jm'J 7.23 n'J'l.:l 2.28 '-l'-l 'VI'1..l'l 

1.1 'i'.....- .~", "~,,... 'I"0

1.77 '-l'-l f'l'J'l'-l~.:I lJ~::'-l'ln.l 154 "ll'-l. ~~t1'-lf'ln.l~'-lUj;1b~'I..l ~~bbn V1'1..lbbfl.:l ~~~'W'fl~'-lf'l'J~V1'l ~'V1 

e.Jfl e.J~ j;1hJfll1'I..lq ~m1'Vi'l.:l'l'l..l~ ~'I..l~.:I"ll'J.:I ~n.lJl'l~m~i ~~~bbfl::~n.lJl'l~1 'I..lm1~.:1 ~'-l ~'-l'l nLPi 

i'l'J~ n~'ti'flJti'-l;jn~'I..l'VI'fl'-l ~'l ~'I..lLL;j.:l hi~'-l~'ltl ufu~'J bi'lri'u~Jl'l~ bb'J ~~'fl'-lLPl~ im~,.n.l::~'I..l 
.....1 ''I......... cr 'I " ..
I 

~.:I b'VI'-l'l::nU~Jl'l~'I..l'lfl'-lmmj;1nn'fl'fltl ~'I..lbnn.l"Y1~ ~'J.:Im'J flm~n.l::b'-lfl~m'J ~'VIe.J~e.Jfl(;l~.:I 
'lJ I • 'lJ 'lJ
 

"I . I
 

~'l'l..lVl'l'l..lL~f'l11UIiol~~tl'lj;1'l~ briubnm~'ltl 'I..l'J~~'ltl ~'-l~Pl'fltl d~I'I..l~'I..lfiVlu~nLPlLi1~'l::1'1..lf'l~. 'I..l'l 
~ CI \J -I " 

I'" I

tJ b~'fl.:lIiol'ln;('l'J~'I..lfi\lri'l bil~'-l11iol'lni'l'J b~'l ~'flUfln LU'I..l'l'l..l11iol::nfl'ltl~'I..lfid:I'I..li'l'J L~'l LPl~'ltl hi 
q ".' q. 

. "" II

~'l'l..lVl'l'l..lL~f'l"1J'flU 1ubL,x.:l hJ ~'l'l..lVl 'l'l..lL~~t1 n~:: L~ ~~tl'l j;1'lfl LL~::bb'-l~.:IU'J 

d'AI -.s .., " 2.. 1.f3 'iI~ FllJ 'i~ n'iI 'lJ 'VIl't' F1 'Y '21 'iI~'2I' ';l 

I Ld'fltl'li:'J LU~'fln'-l,'ln::LVI'l::LU~'flnLL~::i ~fld'l'fl'flnLL~'J~~ Lm~,'J'I..l"1l'fl.:lbbnflU 

Iiol::Lr~'l'J~'l~V1;j~i'l'J ~.:I LU'I..l~'J'I..l"1l'fl.:l L'fl'l..lL~~ LU'flf'-lVi L1'lL-Du1''i:Jl f'l ~.:It!'I..l;ht)~.:I~ LLll.:l 

LU'I..l'fl.:l ~u~::n'flu'VIin ~'fl.:l ~.:I'-l'l LPiLLfi LU~~'I..l L"1I2!'I..l Ltl'l LL~::Ltl'fl1t1 
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, 

(;)'l'i1.:1.;j 1 1~'lJ''f)'l'VI'lJ'~ LthJ'f)'':llihh::n'f)UL'W~'l':l"ll'l':l 
1 

~ 'lJ'lh::n'f)u 
I 

I "" f'I':ln~-n'W 

llJ~~" 
l"ll~'W 

'I 

, 1 
Lm'f)LtJ

i 
m':J..:! 

I •..,1 
Ltll1 

I 

m~'lrw (~tJ~::)
 
, 

12.0 

6.7 

0.4 

0.3 

80.1 

0.5 

"' "' 
2,1,3,1	 "1'lflUl'f)Lr;)J'1n "'l::~::~~'f)£1L'WJ'U"lI'f)..:!~In'lf-n LL~::'ll'lIn'l~ J'':l~'''..:! 

'lJ 'lJ 

L"ll~~ t~~ LJijL"ll~~ t~~ LL~::L'Yi'WtlnL"ll'W~":!'f)~L'W~':l'W"lI'f)":! L~'f) LtJ L'Wn'l~-nr;)~~'l':l"'l::'Yi'J'f)..:!fluJ'::n'f)U 
I': "I I.., !,...,. .... ~ .J... '"I OJ..,ff" 

L'VI~'l'W~'ln ~'W"lI'l':ln~'f)":! "lI'l':l~'l~ J''l'VItJ'lU LL~::J''l~::L'f)tJr;) br;)tJ~In'lJ"'ll'VI~'f)~ b'WL~~r;)"lI'l':l. 

tr;)tJv1'':llU'''l ::LJ'::n'f)u~':ltJ'f)::1~t~~UJ'::~'lrw1'f)tJ~::12-35 LL~::'f)::l~t~ LU n ~'W1'f)tJ~~ 65-88 

I 2.1.3.2 tu~~'W 2!n'YiUL'W~':l'W"lI'f)..:!~'Yill~UJ'~~'lrw1'f)tJ~~ 19-27 "lI'f)..:!~'l'VI,rn 
..,..:Ji .J 0II A I ... 

"lI'f)..:! f'I'Yill:: "ll~U~~n'f)U r;)':ltJ mr;)'f)~~t 'W'VI"'l'l LU'W'f)~'VI~'ltJ"ll'Wr;) 

2.1.3.3	 l"ll2!'W LU'W'f)..:!flU1~n'f)U~'Yi'J~'lnL'W~'Yill~ 1'l'VltJ'lU LL~d'l~~L~tJr;) 

In'l~~'l ~U tr;)tJl"ll2!'W~':l'WL'VInJuJ'~n'f)U~':ltJ nJ'r;)l"l12!'Wj;j'l..:! 1 L"ll'W mr;)'Yi'l~ij~n nJ'r;)t'f)L~~f'I 
...~ I... ..!'II'" 

LL~~nJ'r;)~ b'WL~'f)f'I L'J'WIn'W 

~'Yill~	 ~l~f'lnn'lJ'-nr;)~ ~..:!LU'WLL'VI~\Il1'f)..:!';jIn'lij'Wu ,1 ';jln'lij~u 2 LL~~l'W'f)~:]'W 

I 2.1.3.5 Ln~'f)LL1 LU'W'f)..:!fl'J~~n'f)uVl'Yiu~'lnVl,~r;)l'W~':l~"1J'f)..:!LLn~'JJ''f)..:!~..:!~'l~'f) 

1'l'VItJ'lU ~~ll~ LL~d'l~~L~tJr;) 1n'l~~'l~U tr;)mL1fi'llnVl'Yiu~'lnVl~r;) l~LLri yJ'f)~yJ'f)f~
i	 ~ , 
I	 . 

t'YiLL'VI~LiJitJ~ LL~niJiLiltJ~ :]~n'f)'W LL~~LLf'I~LiJitJ~ 

2.1.4	 n1'i~n-61~~'jl'jl'l~1'U-i'il'il.:l~iJ61LLil.:l 

f'I'lflUl~Lr;)J'In~ LU'W'f)..:! fluJ'~n'f)UL 'WL~~ r;)~'l':l"'l::'f)£1L 'WJ'U"1J 'f)..:! L21 r;)LLi1..:!~..:! 
'lJ 'lJ . 

uJ'~n'f)U~':ltllt'Yi~L~'f)f 2 "Jlijr;) ~'f) 'f)~l~t~~LL~~'f)~l~t~Lun~'W tr;)tJ'f)~l~L~~"'l~LU'Wt'Yi~L~ 

ff" ... .J ...~ I "'.!'"I ~ , • I .., ~.J CV.., ••1 ~I CV 

'f)J"'ll'Wr;)'VI~ bf'lr..:!M'l..:!LlJ'W~1tJ b"JllnN lJJ'~n'f)ur;)':ltJn~ ~f'I~ L"Jl'f)~In'f)n'Wr;)':ltJ'Yi'Wfi~LL'f)~Tl'l 1,4 bn~ 

tf'l:]~f'l ~':lJ'f)~1~t~Lun~'W"'l~mf'lN~1'l..:!LU'WLLUU~..:!'VI1'f)~'l"ll'l uJ'::n'f)U~':ltJn~tf'l~ L~'f)~ ~'f)ri'W . 
.	 'lJ 
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Jl'JtJ~\lfi:;LL'fl~yh 1 ,4 '1.n~tlil']~IilL\l"lb-:l~dj\l~'ltJj;]~-:l LL~:;LL'fl~-W'l 1,6 '1.n~tlil']~IilL\l"lb-:l~dJ\l 

~-:l~1'fl~'l"1J'l h~-ntJ , 2536 ) 

I 

1l1~;l2 tlil~-:l~h-:l"1J'fl-:l'fl:;'1.~t~~LL~:;'fl:;'1.~t~Ltln~\l 
..l I... 
'Vl~'l : ~fl1fl~tl.l (2545) 

o	 I
 

I _ a.., _
 

2.1.p F!tuIl1~'VI1.:1LFI~'JI'!J.:IUJ'iH;I'JI1';}L'L'IU!l,;} 

I fOJtl.lfl'lOW L~~(;l;r'l'J'Vl'l-:l Llilij ~~'ltJ~-:l i (;l~'J\lLL~:;'fl-:l fOlu~:;n'fl'IJ'Vl'l-:l LIilSj~ij eJ~ ~'fl 
" I oClI 0 "" ~ I Q diI I J' II 4 II ~ 

fOJtl.lll'l'W "1JT~n t(;ltJ~eJ~'Vl'lL~"1J'l'J~n\l\l ~~ L~\lm ~ffi~'J\l"1J\l~~'fl '.ll-:lfOJtl.l!l'l'W"1J}'J~n\l'"l:; 

~\l'fltJ rl'IJ 1iltl.lfl'l'W L~~ (;l'Vl'l-:l Llilij ~'fli(;l~'J\l"1J'fl-:l'fl:;m~~~ LL~:;'fl:;m~ LOW Iil~\l 1il'J'l~ Iil-:l ~'J"lI'fl-:l Uil-:l 
'" 0 I 

~n 'fltl.l~flrlLLil-:l~n m~U(;l~'J"1J'fl-:lL~~(;l;r'l'J~on tU~~\l n~\l~'fl~ 1il'J'l~~\l LL~:;mnri'IJfn~ 
q ~ ~ I q 

(-:l'l~'.ll\l, 25:36 ) 

2.1.5.1 m~'ltl.l"1J'fl-:l'fl:;'1.~t~~ LL~:; 'fl:;m~L'WIil~\l (Amylose and 

Amylopectic content) 

(stach 

grannule) ~~ll'ltJL\ltIilN~1'l-:l'"l:;u~:;n'fl'IJJl'JtJ'fl:;m~	 LL~:;ijL'W 1il~\lLil\l'fl-:l fOlu~:;n'fl'IJ~in 

'fl:;m~~ Lll\l~-:lfOlu~:;n'fl'IJ~'fl-:l ~j;]~'l~'J\l"1J'fl-:l'fl:;ijt~~ LL~:;'fl:;m~ L'W Iil ~\lLll\liJ'"l4'tJ~'l ~ru~"t1'l H' 

;r'l'J~nijliltl.lb~~LLj;]n~'l-:lrl\l;r'l'J~ij'fl:;m~~~-:l'"l:;(;l(;l~'l LL~:;"1JmtJm~'lj;]~L\l~:;~~'l:m~~-:l 
q q I I CIJ CIJ q 

~~'1.Jl~'lnn~'l;r'l'J'fl:;m~~ ~'l ·l1'lL~;r'l'J~nijinM'tl.l:;Yi'IJLL~-:lhJi'J\l LL~:;;r'l'J~n"llmtl ~'J ~'l~ 
.F.: ~s.. I , ... ..lQ '" I J' s...J ' Q Os.. J' 
lJ~~'l j;]~ ~(;l~rnm'l~~'fl'VlL~tJ nn\l'J'l~-:l"ll\l~~'fl ¥'i'J\lIil'J'l~~~LL~:;Iil'J'l~:~\lm"1J'fl-:l"ll'l'J~n ,,'"l:::"lI\l 

rl'IJi(;lf4'J\l'fl",m~L'W Iil ~\lL\l~j;]'lfn ;r'l'J L~;jm~nij'fl:;m~ L'W rl~\lLn'fl'IJVi'-:l~~ (;l l1'lL~(;l (;l,~n U~:; 

"lImtJ~'J,J'flJn~'l;r'l'JL~'l . ;r'l'J~n~'1.Jl'"l:;L~;jm LL~:;ti~n~'l ~'l~f'IJ;r'l'J L~'lL\lU~:;L'Vl~'1.'Vltl ij 

I ·	 ·
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1 

~'Juu~::n'el'lJ:'1J'el\l~ [;I1f"1l~ij'el::m~~'eltJ~::'Vl~1\lf'eltJ~:: 12-31 t"1tJ-if1'J~ij m1~tl~ L'IlU -if1'J 
'lJ • 

"ll1'J ~'eln~::~ 1105 ij 'el::ijt~~f'eltJ~:: 12 - ,16 4'~ L1JU-if1'J'el::m~~~1 (\l1~=iU, 2536) L;{mJ\l 

U~::lJl'V1-if1'J [;I1~m~1 ru'el::m~~ ~\l [;I1~1\lVl2 
I 

..a I· 0 • I ". F.: "'<j'
1Jl1'l1.:J'VI 2 ry1~'"l1LLUnu~::'lJl'V1"l1'el\l"ll1'J[;I1~u~~1ru'el::~ ~~~ 

1 - 2 

2-9 

9 - 20 

20-25 

25 - 33 

"'" "'1VI~1 :\l1~"1IU (2536) 

2.1.5.2 Fl'J1~Fl\l~'J"ll'fl\lLLt1\l~n (Gel consistency) 
I 

Fl'J1~ Fl\l ~'J"1l'el\l LLU\l ~ n Lt1UeJ~~1~ 1nm~1 ru'jJ'el\l'el:;m~~ LUul1'"l4'tJ • 
, I 

~1 ~'lJ-vl~11~;r1'J~nij FlruJ11'1'i LL[;In t;i1\lr1U 
I • •

'Vi~'elFl'J1~ Fl\l ~'d LL[;In t;i1\l r1U ;r1tj~ij Fl'J1~ Fl\l ~'J'jJ'el\lLLt1\l~n'fl'elU '"l:;~~n~1;r1'Jvruf~ij Fl'J1 ~ Fl\l 
I ' , 

~'J'jJ 'fl\l LLiJ\l1~ t~tJ n'l~~~ 1U~ 1~~ ::~1tJ L'lJ ~ LL~'J~"'11 ~ LtjU-vl'elru'VlJ1ij~'fl\l LL~::.r ~'~::tJ::'V11\l-vl LLi1\l 

L'Vl~ LU L~m~\l'lJU~U~1'lJ~m,ju'ij4'tJ;r1'JU 1U1"111 ~ (VIM: ~ L~4'~LLtJ\lU~::IJ1'V1;r1'J[;I1~25:3) 
I , 

Fl'J1~Fl\l~'J'jJJa\lLLt1\l~n~\l[;l1~1\lVi 3 . 

1Jl1'l1.:J;I 13 n'l;LLtJ\lU~:;IJ1'V1;r1'J [;11~ Fl'J1~Fl\l~'J'jJ'el\l LLt1\l~n 
I 

i ., t1 
1'd1~Fl\l[;l'J"1l'el\lLL \l~n 

.. I 

LL"ll\l I 

"~'I.l~ 1.LL;;. 
U1Un~1\l 1 

'fl'flU 
1 

-vl~1 'V1M~ (2543).... 

~::tJ::'V11\l~ LLt1\lL'Vl~ (~~.)
 

. (LLt1\l 100 ~n. 1u KOH 0.2 N. 2 ~~. )
 

., , 
U'eltJn'J1 35 

36-40 

41-60 

~1nn~1 60 

2.1.5.3 'elru'VlJ1ijLLt1\l~n (Gelatinization temperature) 
• 'lJ • 

, , .. 
'flru'VlJ1iju.t1\l~n'Vl~1tJ ~\l 'elru'VlJ1ij-vlLii~~ [;I1f"1l ~~'I'i'fl\l1 u'W1f'flU LL~::1 

q III q q cu 
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L1J~tJ\l~n ');'ru::l1'lJ LL~\I dj\lt,J1\1 LL~\l1 \l'fln.l'VIflij LLU\I ~ nil fil';l"l'-J i ~ ~\lfin'lJ~::tJ:: L';l rl"l n "I~'VI\I ~~ 
q 'lI q q 

. " 
II '" 1II:lI.Clt,I II I II' QCIl .Q 0 11'1 " 

m"l/"I ';l~'fl n.l'VIfl'-J LLU\I ~ n~\I'"l::~ n"ll"lm"l'lJ"I';l'VI'-J'fln.l'VIfl'-J LLU\I ~ n r;11 LL'-J';l"l~::tJ:: L';l rl"l m ~'VI\I [;I'-J'"l:: 

~\l'fltl n'lJ ~n.l~~ij LLU\I ~ n~ r;]')~,; LLr;1 fil';l"l'-J ntj'"I~ LLrl::OJfil';l"l'-J'VI~"I'lJ'fl\lL'-J ~ (;1-n"l';l nil e.J rl r;1'fl L';l ~"I'VI\I ~'-J 
III q i " q q

,I ' 
~';ltJ -n"I';l VI il'fl n.l'VIfl ij~ m vh n\lLLr;1il L'-J~ U1'V1\l"l n~"I'"l:: 1-n'VI\l ~'-J\l"l\ln ~"I ~"I'VIf'l.J'~h';l L'VIijm'VI1'fl-n"l';l

q III q q 

I I I . II 
1 ...... ~ ~ ,0'" -.'1. I ... "I " " I CO"".... 0

'VI'-J'fl:: L'-J Lrl ~ [;1"1 'VI'fl n.l'VIfl'-J LLlJ\I~ nlJ"I\ln rl"l\l'VI~'fl~\I '"l:: L'VI L';l rl"l'VI\l [;I'-J\l"l\lm "I L'-J rl (;1'lJ"I';l'"l\l (;1 (;J\l"l
I q 'lI q '\I q III 

I II I I 

1~~"I nvh1~-n"l';l~ nil~n~n.l::LL'il.:: ~\I,r\l-n"l';l L'VIijm'VI1'fl-n"l';l'fl::mrl~ ~"I fil';l~il'fln.l'VIflij LLU\I~\I ~"I 
'I q q ~ 'lI 

....... ... 0,.,,, " _~ • I ... ~ I -.Of ,." ~..., 

'"l\l'"l::'-J ~ n.lfl 'ilYl (;1 ~"I'VI~'lJ"l/"I';l L'"l "I 'fl::'-J Lrl ~ lJ"I\ln rl"l~'VI~'fl~\I'"l::L'-J Ln (;llJ 'lJ'VI"I (;l\l n rl"l';l L(;1 LL'lJ\I 

• I "I ,., - .'1 • I ,., ..l
lJ~::Lfl'VI'1J"I';l r;)1"I'-J ~::(;l'lJ'fJn.l'VIJJ'-J LLlJ\I ~ n 3 lJ~:: Lfl'VI (;l\l [;1"1 ~"I\I'VI 4 

.. , • I " ,., - .'1
1JI1~1~'¥I 4 I m~LL'lJ\llJ~::Lfl'VI"1l"l';l [;I"I~~::(;1'lJ'fJn.l'VIJJ~LLlJ\I~n 

I _ U ' ... 
'fln.l'VIll'-JLL ..:J~n ('fl\l~"IL-nrlL-ntJ~) 

q i'LI III 
1J~:: Lfl 'VI ~ n.l'VIflij LLiJ\I ~ n. '" . 

~"In~"I 70 

70-74 

~\ln~"I 75 

0 

r;)"1 

1J"I\lnrl"l\l 

~\1OJ 

VI'-J"I 'VIM! (2543) 

I 2.1".5.4"••100m.;r~.~. LlJ~.lh~M (Elongation ration)
 

. I " ••1oo.i1.;r~.~. ,~~ .;r1~~~ ,ii'Ll".~"." noo.L1l'"~1~ ~'LlL 'Ll
 
~::'VI~"I\I n'[l~'VI\I ~'-J t(;ltJ L'-J~ c;)-n"l';l'"l::"1ItJ1tJ ~';l'fl'fln~'fl'lJ~"I\ltC;)tJ L'il.Yl"l::~l1\ltJ"I';l ~\I ~'lJ1L11 fil'"l::
I'''' 

iltJ'-J-n"l';l~\l€~il~r;)nm~u(;1 ~';l'-J"Inn~"I-n"l';l~\lfi~il~ [;I~"Im~u (;l ~';ll~,j'fltJ (-n"l';l~n~tl (;li';ll~I" .q III

I I II i.I I 

'-J"ImLrl::l~ L~ijtJ';l ~ (;In\l4'(;l Ltl\l-ii1';lVi'VI\l~\l'VI~'fl) \l'fln'"l"lnij m~Vi L'-J~ (;l"1ltJ"ItJ ~';ll~'-J"Invh H' 
.: "I ~.II' ~ ,,., I "I"': J' ,., .."..l... ,., .....,... ~" , ,., ..I I 

L\l'flfl"ltJ L\l LlJN L'-J'fl (;l LL\l\lLLrl::"ll';ltJ L'VI'lJ"I';l\l~'-J1n"1l\l Yl\lfi'1J1';l'VI'-J'fl [;I~1m~tJ(;l [;I';l (;l Lc;)LLn 'W\lfi 
I III iii q 

;r1';l'lJ1~'-J1~ 370 ~\I~"I'-J1~l:lU(;l~';li.~'-J"Inn~"I 2 Lvh '1J'fl\lfil';l"l~m';l'1J'fl\lL'-J~(;l;)1';l~"I~ LLrl:: 

;r"l';l~\lf'1J1';liC;)'fln'-J::~ 105 nilm~tl(;l~';l~vh1~;)1';l~nil"1l\l1(;ltJ1';l'\.hfu1J~::'VI"I\lLLrl::'i'-JLLr;1 

L~'fl\l'"l"l n;)"1 'Jil'fl::mfl~ ~"I ;)"I';l~ n~\1 L'VIijm LLrl::'VI\Ii.~~\l'VI~'fl 
I • • 

. I ~r;)~"Im~u(;l~';l'1J'fl\l L'-J~ (;l'VI"li.~'"l"lni(;l~';l\l"1l'fl\l fil';l1'-JtJ1';l'1J'fl\l;r1';l~nr;1'fl fil';l1~tJ1';l 
... I... ~0 ... 

'1J'fl\l'1J"I';l~"I~I 'VI~'flfil1\l';ln.l L(;l'"l1n~[;I~'fl\l Juliana and Perez (1984) 

,., ... I,., CO" ... ..l ... ' " 
'flr;)~1m~tJ(;1[;1';l'1J'fl\lL'-Jrl(;l"1l"l';l~n = fil';l"l'-JtJ1';lL'il.rltJ'1J'fl\l"1l1';l~n 10 L'-Jrl(;l 

I · fil';l"l'-JtJ1';lL'il.~tJ'1J'fl\lif1';l~1~1 0 L~~(;l 

I 
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,J'e:lmL[;]riijl:J~n~::'Vl'IJ [;]'e:lliln.ul'l~ m~~-:J rJi''-lLL'el::f'IJtJ~::'Vl'l'l.lL·lh.ln'l.l Juliano et. AI. (1965) '1~ 

m'h':l~'lm'-lh ruLtJ~~'l.lij~':l'l'-l~'-l~'l.l~n'IJL':l'el''lL'l.lm~~-:J rJi''-lm'h':l ~'e:l . l1'lL~~::tJ::L':l'el'l~\lrJi''-loih':l 
~n'l.l'l'l.l;'l.l L~'e:lm'-l'lruLtJ~~'l.lL~'-l;'l.l Lti'e:l\l~'ln LtJ~~'l.lLtJ'l.l~':l-n®"lJ':l'l~ m~~'-l~'l'l.l"lJ'e:l\l~'l Loih'1tJ 

L'l.lL'-l~ ® LL~::LtJ~~'l.lir\lij 1iI':l'l'-l-K'-l~'l.lfin'IJm~® ®~'-l~'l"lJ'e:l-:J L'-l~ ® m'l'-l~'-l LL'el::IiI':l'l'-l Lwilm 

,~ 01"1"''' .. ~ '1"'''' '" IIU... .:II
n'el'l':llil'e:l 'Vl'il ~~ L'-l'el ®®®"ll'-l'l.lrl ®'l.l'e:ltJ'el-:J "lJ'l':l~n'-lIil':l'l'-l'l.l'-l LL'el::IiI':l'l'-l L~'l.lm'el ®'el-:J Onate et. 

OJ •• 

AI. (1964) ~'IJ~'loif'l':l~n. '12J~'l~::LtJ'l.l~'ltJ~'l.lfil.®riIn'l'-l~ijLtJ~~'l.l~'l~::ij1iI':l'l'-l'fl'tl'l.l'l.l'-l. 1iI':l'l'-l . 

L~ilm LL'el::ijr~'l.l~~'-l'l nn~'loif'l':l~ijLtJ~~'l.l~-:J n~'l . 

2.1.5.6 m~LtJ~tJ'l.lLLtJ'el-:J~n.l1l'l~oif'l':lL'l.l~::~~'l-:Jm~Lri'IJfn~ 

II mntJ~tJ'l.lLLtJ'el-:J~::Ln ®;'l.lIl'ltJ~~-:J m~Lri'IJ L~tJ':l 3-4 L~'e:l'l.l Lti'e:l\l~'ln 
• F.: .Ii' 0 "I "'...., ..- ",' ~ 0"1 '" '" .. , X '" 
lJ~'-l'lrulil':l'l~1 "ll'l.l'el®'el-:J'Vl'l ~~'-lCJ'elln'e:lflru~'-l'IJln"lJ'l':l~n 1iI'e:l 'Vl'l ~~"1J'l':l~mL"lJ-:JLL'el::~':l'l.l'-l'ln"lJ'l.l "lJ'l':l' 

• F.: '1 '" X.. J' '" .. '" ~ '1 '" X ~ '" "I ,JX "I '" 
~n"lJmtJlJ~'-l'lln~ ®'-l'ln"lJ'l.l~~'tl~-:J"lJ'l.l~'-l'e:l L'-l'el®"lJ'l':l~::®®'l.l'l ®'-l'ln"lJ'l.l 'l.l'l"lJ'l':l~:: ~¥'i"lJ'l.l LL'el::~"ll 
~ I ~ ~ 

L':l'el'l~-:J~'-lL""1~n'l.l'l'l.l~'l.lL~n,J'e:ltJ L~'e:lrJi''-l~n~::'12Jrl'e:lmLlnn~':l'e:l'tln . . 

II _~ _ .Q '" 1.cJ A' II ., I'" I
 
. I ~'IJ1 U' 11iI'IJ'l-:J 1iI'l.l'l.ltJ '-l "lJ'l':l Lm'Vl~-:J"lI'l.l~'-l'e:l LL'el:: ~'-l LL'U::'-l1'ltJ-:J'l'l.l':l'l~'l'-l 'l ~t1
 

L1-:Joif'l':lL~2JL~n'el'ltl LU'l.loif'l':l~~-:J;'l.l~~'e:lLLfl::h.iLL'U::HI L®m~'-lIil':l'l'-l~'e:l'l.lL~oif'l':l~'l~~-:Jti-:J 110· 

~. ~'o,~ @,:j"r ' "u.rn~,,::iI,~o to"'!lJ'1,;.,:"ffi"~ 'lI~o"'bJ ~o ..tlO@,,!'<J";50 - 260 

'e:l\llil'l L"ll'el L;tJ:~-D':llili ~~'e:l'l~ LL"l! L'-l~ ®oif'l':l~'l~L 'l.l~'l~'l.l®'e:ln'Vl'l'l.lln::~'l.lVl 60 'e:l-:J Iil'l L"ll'el L;tJ~ fl'l-:! ~'l.l 

""'';.'0''f~ilm.~.4ro, @"@. m";04ro",u.~n hJ~.'"""":LO@O.f" 1 ,:.,"@,.'o" 
L~ilm"lJ'e:l-:Joifr~n'1,~ Juliano (1 992) '1~L1-:Joif'l':lL~2J ~vr-:Joif'l':lL~ilm :L'el::oif'l':lLr.\''l), L~LU'l.loif'l':l 

Lfht®tJLri1Joifi':lHVl, 2-4 'e:l\lIil'lL"llflL;~~ 'l.l'l'l.ln~'l 4 i':l~-:J ~~-:J~'lmr'l.l~'l'1tJLri'IJVl 42 'e:l-:JIil'l 

.... '" ~ , '" ....~ "'.....Ii' %. '" .. X . 
L"llflL"lltJ~ 'l.l'l'l.l 4 "ll':l b'-l-:J 'Yi'IJ':l'l"lJ'l':l'Vl L®'-lL'l.l'e:l¥'i'-l:.J~LL"lJ-:J"lJ'l.l 

., a ., 
2.1.6 f1~111"''VI1.:J'''1'Un1!1111''''iI'il.:JLJJ'il''''il1';JI q. 

. I' ~n.l1l'l'YiL'-l~®oif'l':l'Vl'l-:Jn;tJll'l~ ~'-l'ltJ~-:J., ~ru~'-lmi[;]'l-:J 1 "lJ'e:l-:JIJJ~®oif'l':l~ 
~'l'-l11t1'-l'e:l-:JL~'l.l'1~~':ltJj;)'lLtJ'Cl'l ~~'e:l -D-:J In':l-:J tj®'1~ L"ll'l.l~'l~,rm'-l~® (grain weight) ~oif'l':l 

nt\'~. (per+rp . color) ."o.,uh.",il. (grain dimension) "m,,,u::>\'~.''; (chalkiness) 

~':l'l'-lL~"lJ'e:l-:J~'-l~® (grain tranlucency) ~':l'l'-l"lJ'l':l"lJ'e:l-:Joif'l':l~'l1(whiteness of milled rice) 
I
 

. I '9
 
LLfl:: ~ n.l1l 'l 'Vir'l~~. ., 

. 2.1.6.1 U11J1UnL)J~'" 

LU'l.l~nMru::~~-:J~'-l'ln~~® LL'el:: 1iI':l'I.J~'-lt®tJ~'l.l~n~1'-lLU'l.l~':l'l.lL~rU 
., ., 
~'l~,rm'-l~®1'11 ::LLtJ1'1tJm'-l"ll'l.l'l®LL'el::::tJ1'l\l"lJ'e:l-:JL'-l~® ~':l'l'-l~'l.l "llU®"lJ'e:l-:J~'l.l m1L~~tJ LL'el:: 

., ., 
~1l'l~JJ;j'e:l'l ~'llilriij I:Jfln~::'Vl'IJ[;]'e:l~'l~,rm'-l~® ~':ltJ ~'l nm~ln1':l~~'e:l'IJ~'l~,rnoif'l':l LtJ~'e:ln 100 



10 

.,
 
L'-J~c;J~'t.lfeif'Y:l1V1U ~'l'l.l':l'l.l 344 ~'l.lf·· .,.nJ~'lil\J'lVlt!nLL1J1U1':l'l.l1~VI~'l~ 1.16 - 4.17 n1'-J 

eif'l':l~'l.l1Wl".ll~~1V1u~1t;'1J'l~~~L~1'-J1~u~n~~il~'lVlt!m'-J~c;J 100 L'-J~c;J1~V1~'l~ 2.25 - 3.67 
• I dJ " 

2.1.6.2 ~eif'l':ln~'el~ 

Ln c;J~'l n~'l1~~ Lm'el~'-J eJ~ (pericarp) ~':l'l.lL~'el1'l.lL'-J~ c;J".ll'el~;r'l':lYJ n"llUc;J 

. il~"1I'l':l L~'-J'ell ~'l n m1~'l1':l~~'l.lfi;r'l':l [;h~ 1 1'l.lfi'l.l'l fDl'ln~'el~'l.lifeif'l':l".ll'el~ fiI'l.lu14'ueif'l':l1JVI'-Jfi'lij
I q ~ 'IJ q 

~'1J~'l eif'l':lrl~'el~il 4 ~ ~'el "1I'l':l ~'l (;]'l~ LLc;J~ LL~~~"1 (~.b~) ~':l'l.l1 Vlt'yil~"1I'l':l eif'l':ln~'El~~il 
~LLc;J~LL~~~':lI~ il~'l1~~':lmL'el'l.lbVl1"llU'lU'l.l (anthocyanin pigment) eif'l':lm\''fl~~il~L;r'-J~'el~1-D 

I I I 

L':l~'l1'l.lm1~c;Jj'l'l.l'l'l.lVl1'fl1-n LLN n c;J'-J'l n LW'flVi'l1~~':l'l.l"1l'fl~1'lVi Lij'l.l~ Leif'-JVI~ c;J'fl'fl n Lij'l.leJ~Vi'"11~ 

;r'l':lVlt!n'-J'l~ ilm'-J'l()J;r'l':l~'l1~'flU ~~t!'l.l '~ih':lm\''fl~~il~'fl'fl'l.l~~Lij'l.l~U~'-J L'1l'l.l· ~".ll'l':l Vl1'fl~ 
., 
o 

'l.l'l(;l'l~ 

I 1~LLf1 fDl':l'l'-JU'l':l fDl':l'l'-Jntj''l~ fDl':l'l'-J'Vl'l.l'l LL~~fDl':l'l'-Ji1'fl'-J 'Vl1'fl~m"1l'fl~ 

L'-J~~ ;r'l':l~':ln~'l.l~rh (Indica) ~~il1Ui'l~L'-J~c;J~U':l f"1'fl'l.l'~ih~i1'el'-J~':ln~'l':l'lUrh (Javanica) 
... CI ... I ,J'" .• 1"....... ... C1;' .
 

'-J L'-J~c;Jm'l~ LL~~'Vl'l.l'l'&'l':l'l.l".ll'l':l~':l n~'lu'el'l.lm (Japonica) '-J L'-J~ c;J'&'l'l.lLL~~n~'-J 

I ~ ... o CI .1'· C1'" ... ~ ...... .: CI 0 

I ~~~'lLL'l.ln".ll'l.l'lc;J L'-J~ c;JLL~~lu1'l~ ~'-J~ c;J".ll'l':l n~'fl~ ~':l c;J~'l.l"1l'l.l'l j;\L'-J~c;J"l'l LL'l.ln (;l'l'-J 
I ., ., . 

fDl':l'llJU'l':l"1l'el:~L'-J~c;JLiI'l.l 4 ~':ln ~~ij~'fl 
I 

fDl':l'l'-JU'l':l (ij~~ L'-J (;]1) 

'-J'lnn~'l 7.50 

6.61 - 7.50 

5.51 - 6.60 

~'flun~'l 5.50 

... 
L1U':l 

u'l'l.ln~'l~ 2.1 -3.0
 

i1'el'-J 
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I
\ 2.1.6.4 ~m~nJ::Vf'fl~l"1l 

I ~m~tnJ::Vf'fl~l"1l H1LLr1 '"l~"ll1':l"1l'l.lrl~'lU"1l'fl~n~Lii~~'l.lt'l.lL~'flL~~~ LU'l.l 
I • •

~m~nJ::~Lnl~'"l1nn1~4''IJ~':l'flEh~\u~':l~ 1 "ll'fl~L~~~(;]1fon ri'JL~~L1J~~'l.l t'l.lL~'flL~~(;) ~n~nJ:: 
.: 'i' I .., ~ s.. .., s.. ~'il ."1'''' , .. ..I , ...
 
'l.lrl':l'IJ liJ~ ~~t1Vl'l.l~n~~~ m~::~~ LL':l~~'fl~ ~ m~tnJ::'Vl'fl~ b"llL 'l.llJ'"l'"ltl'flm~V1'l.l~'Vl'IJ~'IJ'fl mN liJ nJ1l1Vl
 

LL~~~1 rl1"ll'flI~ojf1':l ojf1':l~Lilt.lVf'fl~1"1l~1 L~'flu111J~'"l::ijojf1':l...rn~1 n LL~::hJLil'l.lojf1':l Ln~(;)~~n L-JI'l.l 

s.. .1
I 

.,. a .. ~ s.. s.. ... s.. ~ I~!"l ,... s.. 

~ 

"ll1':l 100 LlJ'fl~L"ll'l.l(;] b~LVl~1::"ll1':lLn~~~~'"l::~'Vl'fl~b"ll b~ b~ Ln'l.l~'fltl~:: 0.5 

I ~ 

I 2.1.6.5 rl':l1~t~"ll'fl~L~~~ 
I rl':l1~t~V11'fl~'l.l"ll'fl~L~~~ V1~1t1t1~ rl':l1~Vi'IJLL~~ (opaque) V1ffi· 

. I "I I 

rl':l1~t~ (tr$nslucence) "ll'fl~L;j'flL~~(;) ~~'"l::i~Ln(;]rl':l1~LL(;]nr;h~lrrL'l.lojf1':lL~1 ~h'l.lt'l.lL~~~ 

-if1':lLVlUm'"l~ij~n~nJ::"1l'l.l'flEh~L~m· i1'"l'"lU'l.lU~1~Vl'IJ~1LVI(;]"ll'fl~rl':l1~t~V11'fl"1l'l.lt'l.lL~'flL~~~
 
I q q ~ . .. . 

-if1':l L~1 LLr;1 ~1~~1'fl1'"l'"l::L;j'fl~'"l1n~~~'l.lfiojf1':l LL~::~'l.l~ LVl1::1J~n . LVl~1::~'l.lfojf1':l"ll1':l ~'fl n~::~ 
..I. I 'I I .., ... ... ~ .. 'I ,..I. I 'I ~. , s..
 

105 'VllJ\1n ~'\Ul1rl(;]::':l'l.l'fl'flm~1tI~LVI'l.l'fl'"l::~L~~~~~ LL(;]'VllJ\1f1 ~'l.lLLt'l'IJ1l1rln~1~'IJ1~LLVI~ "ll1':l~1~
 
I . 

, s.. ,1.5"1 s.. 
'"l::rl'fl'l.l"ll1~"lljl.lLJj'l.l(;]'l.l 

'I 

I 2.1.6.6 rl':l1~"ll1':l"ll'fl~-if1':l~1~ 
J' ..,."1' .... , , .... 9 .. .5"1 

rl':l1~"ll1':l"ll'l.ln'IJlJ'"l'"ltlVl~1t1'flm~ L"ll'l.l ~::~'IJn1~~ "ll~'"l::LlJ'l.l 

I~':lri1'i"'l.l~Ln.r~"ll'fl~-if1':l 'fl1!Jn1nri'J-if1':l L~t1ojf1':l~Lri'IJH'l.l1'l.l 1 '"l::ij~rl~1n~1ojf1':ltVl~ 
II I I .... I 

'l.l'fl n'"l1 ni1'l.l!J~Yi'IJ~1 -if1':l~1~~ijL1J~~'l.l~~'"l::ij~rl~1 n~1ojf1':l L1J~~'l.l~1 (Vl Pl~! 2543)I 

1 ~ ­

I . 2.1.6.7 liJnJll1Vl~ 
~ J,!II'" 9 s.. ~ s.., .1 s.. 

o • ~~'VlLlJ'l.l~~~~(;]'"l1nn1~~"ll1':l b~LLn· LLn~'IJlJ~::~1~~'fltl~:: 20- 24 . 

I11 ~'fltl~:: 18-10 LL~::-if1':l~1~~'fltl~:: 68 -70- "ll'fl~-if1':lL1J~'fln -if1':l~1~~1~";~V1~~'"l1nn1~i~ 

"ll1':l'"l::u111Jt~ LLti mil'l.l-if1':l L~~ L~ ~ ~ ~'l.lojf1':l LL~::-if1':l...rn ~~'"l::1~LLr;1~::~':l'l.l~1 n~'fltl L.wtl~t~ 
I 

~'l.lri'IJ liJ'41Vlojf1~L1J~'flnri'fl'l.l~ i1'"l4't1~ij~~r;1'fl~"ll1l1Vln1~~ l~LLri ~'l.lfojf1':l n1~1JB'IJ~ 
cv , I G ClI .Q,Q a.:J.:J " tvI 

1m:nn 'fl'l.ln11Ln'IJLntl':l ~::t1::L ':l~1 LL~::':lfin1nn'IJ Lnm'Vl LV1~1 ::~~ n1~(;]1 n"ll1':ln'fl'l.l'l.l':l ~ LL~ ::V1~~ 

UO' n1l1.1+"O n,..ii1J:n>n u~.n'~OUn1'~ , 

II ~1V1~'IJojf1':l LVium L~m~iJ~m~tnJ::L1mm':lrl':l,,1~m':l"ll'fl~L~~~L~t1 L'U~t1 

1J~::~1nJ 7'12 n~~L~(;]~ iJrl':l1~n~1~1J~::~1nJ 2.31 n~~~(;]~ UTj)Ii1m~~~ 1000 L~~(;) 

1J~::~1nJ 11.17 n~~ ~~~nlrrL'l.l~nJVlJJn 68'fl~Pl1L"ll~L=itl~ iJm~1nJ'fl::m~~ t'l.lLLU~~1 

~1n 1J~::~1W 8 L1J'flfLoI'l.lr;1 ojf1':l~~~mL~':l'"l::iJrl':l1~~~LVIUtl':l 



12 

I 

2.1or if"'l~!I;lijil'a~'£lfo1Wll'l'W"L'LIn'1'i~.:I~3Jbb'a::n'l'i'l..l1LIlFl,j'l1 

I"J t'Ull'l Yl m~~.:l ~~ LLfl ~~'iJU~~'Vl'l'l.lI"J t'U~UJ 'iJ~ 'Vl'l-UFlil ~Lfl ~'Vl'l.:l mtJll'lYlil f'\';I1~ 

~'l~ru ~'el n'l~'Vl (;l'&ll'el'iJLL~~ U~~Lii'l.lFlt'Ull'lYl n'l~V1.:l ~~ LLfl~ ~'iJU~~'Vl'l'l.lL-n'el.:l'"l'l n Fl';I1~UtJ~L'l.ln'l~ 
~ I •• 

.... 1 " ..•..i'_"I ' .1 ' ""~. 1..1' , "" . " 
~'iJlJ~~'Vl'l'l.l"ll'el-:l e.J'iJ~ IJ IFl ~'l.lLLj;1fl~lJ~~L 'Vl fl\'"l~LLj;1 n j;1'l.:l n'l.l ~lJ"lI'l.l'eltJ n'iJFlt'Ull'lYln'l ~V1.:l j;m LLfl~n'l~ 

I 'tJ 'tJ l1li l1li 

~'iJU~~'Vl'l'l.lJ.:l L"lI'l.l· LLfl~Ln'lVl~ UtJ~-if'l1'll~ LLfl~LVlilm4''iJ~1n'l.lLU'l.ln'el'l.l"Jl'l1nlU'l.l 
. j q q '"Q.I I 

.... I Q .CII.. I " ...... \ .cIlI ...... 
Flt'U'&ll~'iJj;1 'Vl'l.:l LFl~ LLfl~'Vl'l.:ln'ltJll'lYl'Vl~ e.Jfl j;1'elFl t'Ull'lYln1~V1.:l j;1~LLfl~~'iJlJ~~'Vl'l'l.l ~ (;l.:l'l.l• I •• 

i 
2.1.7.1 m~'lt'U'el~mfl'&ll (Amylose contet) 

tr "I .." ......~ ....!"1 tr. 1 0.­
I '&llj;1'l~ ~'l.lL~fl(;l"ll'l';l'"l~~'el~~ ~flLYlFlj;1'l.lLlJ'l.l'el.:lFllJ~~n'el'iJVlflmLfl~ 

I 

il'elimfl'&ll LUi'l.l'el.:l~U~~~'el'iJ~'el.:l L'l.l'&ll1l'l1~L'l.lL~~(;lLL~.:l iln1~4''iJn'l.l"ll'el.:lL~Lfl~fl'el~iiLfl'&ll LLfl~ 

'el~mfl LYll"1~'l.l ~1'l.lVl LtI'l.le.J~ n '"l~LtI'l.l'iJ1L1.t'UVlL~ Lfl~fl"ll'el.:l'tl~mfl~ LLfl~'el~mfl LVil"1 ~'l.l 
I . 1 " 

4'(;ll1tJ.:l ~1n'l.lVl'l.l'l LL'll'l.lLU'l.l~~L;jtJ'iJ Yl'tl.:l ~1tJ'ln ~.:lij e.JflL,xLij (;lLLU.:ll~fl~fl'ltJL'l.l~'l Lii'l.l LL~L'l.l 
, 1 ' . 

~';l'l.lVl LU'l.l'tlt&'t'U'ii'l'l.l "1l'tl.:l Lij (;l LLU.:l LU'l.l~1'l.lVlL~ Lflnfl4'(;ll1mn'l.l'tlth.:lVl'l.l'l LL'll'l.l'"l~ij n~ ~ lfJ (;l~'el n=Bfl 
I <Ill • '. 

~~~~'tl~~'lnI ~.:l'Vi'l1,xYl'tl.:l ~1~'ltJ LLfl~L(;ltJv(11uUtJ~ LLU.:lU~~Ul'Vl;J'l1 L(;ltJL·hff~'ln.l'tl~iiLfl~ dj'l.l 

V1in Ld'el L~~~'lfl.:lL 'l.lLij(;lLLU.:l LLfl~'Vi'lL~~'el'l.l~'l.l L(;lm~~~t'UVI.1JiiVl1'elL~~L1fl'lL 'l.lf11~L~ Fl1'l~ 
I. " 

ffi'l.l Fl1'l~~!eJ'l.l'"l~'Vi'lfl'ltJ~'l.lfi~~~V1~'l.:lL~ 'Vi'lL"IXLij (;l LLU.:l~'l~'l~tlfu~'lLflnflL'l.l'iJ1L1 t'UVl LtI'l.le.J~ n 
I . • 

" ~. 1"1 ... 1 0 "I" ... .:...~ ~. ..1'"1 ...... .... -':': 

L"1l'l ~lJ ~'l.ltJ~L1t'U'el'Cin.l'ii'l'l.l 'Vl'l ~V1'iJn1t'U'l.l~1 ~~ Lflnfl"1l'el.:l'l.l'l~'l Ln1~~'ln"1l'l.l ~'l.l"llt'U~L(;lmn'l.lYl'Wfi~ 

1e1L(;l~L'"l'l.lL'l.l~1L1t'Ue.Jin'"l~~~tln'Vi1fl'ltJ LL~~L~(;lLLu.:l'"l~"1lmtJ'Vi"IL,xLn(;ln1~Vi'tl.:l~1~'l.l '"l'l.lti~(;l
 
." '" q 

Lij(;lLLi~.:l'"l~Yl~-:lL~~~ ~tJn~'l n'ln'"l~~'l~l'l.liL"Jl.r'l.l -if'l1~ij'tl~mfl~~.:lLij(;lLLU.:l'"l~Yl'tl.:l~~1~mn
 
I ~ 

~'el.:l1oilYli.:l.:l~'l.ll"11'l~~'tl'W~'l nLij (;l LLU.:ln.:l'"l~~'tl.:l~1 'Vi'lL~;J'l1~ijm~'lt'U 'el~mfl~~.:lVl.:ltJ'ln 
~ • 

I 1 I I I I 

LL~~;J'l1 ~ nVlU\'"l~i1'l.lLL~~LL'ii.:l LiJ'tl'el t'UVillii~ (;lfl.:l'el~mfl~Vl'elldLn ~n'l.lfi'"l~LFl~'tl'l.lVl~'l~'iJ ~1n'l.l 
• I • ~ \i 

LVI,jL1-tJn~'l n1~~'l.l~1ni'iJ"1l'el.:lLLU.:l -if'l1~il'el~mfl~~'lnri'"l~iln'l~~'l.l~1"1l'el.:lLLU.:l~'ln'Vi'lL"IX~~(;l 
t I I "I 

;J'l1~nVl1~LL'ii-:lL-n'tl.:l'"l'ln~'lVl'el~mfl~(;l(;l:n~Htlnu~'eltJ'el'tln~'l 
q I '" 'tJ 

2.1.7.2 m~'lt'ULU~;\'l.l (Protein content) 

LU~;\'l.l~ LU'l.l'tl.:l ~u~~n'tl'iJL 'l.lLFlN'&ll~'l.:l"1l'el.:l L~~ (;l;J'l1'"l~'tl~L 'l.lin,'rJ"t'U~~ 

LtI'l.ln~~ LL 'Vl~I'el~~'l~ Lij (;lLLU.:l il Fl1'l~V1'l.l'lLL'll'l.l'iJ1L1n:"1l'el'iJ'l.l'eln ~~ (;l LLfl~,",'tltJ'iJ'l.:lfl.:l LiJ'el L;J'llu 

n.:lnfl'l.:l L~~ (;ll LiJ'el~.:l~~-if'l1 LU~;\'l.lL(;lm~~'l~~1'l.lVl'el~'l.l'eln"1l'el.:l L~~ (;l'"l~LtI'l.l~1'iC;]"lI1'l.:lf11 ~~(;l 
" I"" 0 ...'1 0"1"".'1 ... ~" ell.!"1 0"1"""1" "I " 

"Jl'iJ'l.l'l"lJ'tl.:lL~fl'(;lLLu.:l 'Vl'l ~V1L~(;lLLu.:l~'tl.:l(;l1 ~(;ltJ'ln '"l.:lLu'l.le.J~'Vl'l ~V1(;l'el.:l ~"Jl~~tJ~L1fl'l ~'l.ln'l~V1.:l(;l~ 
, . 

..1' l cr II .J.. c:I d ,,-=II .... cr ... I".J 
'l.l'l'l.l"ll'l.l LLfl~ ~fl (;l"ll'l1'Vl~m~'lt'U LU~(;l'l.l~-:l L~'elVl.:l~n "1l'l1'"l~~fln'rJ"t'U~LL"lJ.:l LLfl~LVI'l.lmm'l"ll'l1'Vl

I I • ... III q 

iJm~'lt'ULu~f'l.l~'l (~ll'lll~cl, 2545) 

I
 

I 
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2.1. 7.3	 l"l'J'l3-Jl"l-:l~'J'lJ'El-:lLiOl~ (Gel consistency) 
" , 

l"l'J'l3-J l"l-:l ~'J'lJ'El-:l LiOl~~'lJ'El tJ ri,JW3-J'l f.1.l'El ::m~ ~Ylvl 'lL~e]'l'Jill"l f.1.l11 'l~ 
I	 ~ • 

n'l~'VI-:l ~3-J LL~::~uiJ~::V1'l'lJLLlnn (;]'l-:l ri'lJ ~-:l~Lti'El-:liOl'ln LLU-:l~ n L~'El Lij'lJLL~'Jilin'Mf.1.l::LL;j-:l'VI~'Elill"l'J'l3-J 

l"l-:l~~ LLIn n (;]'lI-:lri'lJ il n'l ~LL'1J-:liJ~::LllVle]'l'JiOl'lnl"l'll"l'J'l3-J l"l-:l ~'J LtI'lJ "llij(;) ~-:l LL~ IML'lJ1n'l~'l-:l~3	 5 

iJ~::LllVl'lJ'El-:l ~LU-:l~n 

I · 

LLU.:I.~mL;j-:l I 

LLU-:l~ niJ'l'lJ~~'l-:l
 
LLU-:l~n'el'el'lJ I
 

~::£J ::V1'l-:lYl LLU-:lL'VI~ (3-J3-J.)
 

(mJ-:l 100 3-Jn. L'lJ KOH 0.2 N (2 3-J~.)
 

26-40
 

41-60
 

61-100
 

2.1.7.4 ~f.1.l'VI1Jii LLU-:l~ n (Gelati nization temperature) 

I Lij'lJ~f.1.l'VI1J ii~yhL'"LLU-:l n ~'l £J Lij'lJLiOl ~ LL~ ::~iJ~ £J'lJiOl'lnin~t:U::Vi'!..! LL~-:l 
LtI'lJLiJi-:lL~~f.1.l'VIllii LLU-:l~nill"l'J'l3-Ji3-J~'lJfiriu~::£J::L'J~'l'VI-:l~3-J L(;)£J"ti-:lLiJ ~'el-:lH' L'J~'l 14-24 'lJ'lYl 

. til 'IJ qq. 

L~'el ~3-J L3-J ~ (;)~'l 'JL~~ n~1'J~il'elf.1.l'VIfl~ LLU-:l~n~-:l ~'el-:l L;'L'J~'l'VI-:l ~3-J'lJ'l'lJn ~'le]'l'J~il'el f.1.l'VIflii LLU-:l 

'lJ'el-:l'lJ'l'J ~(;)£J~'l3-J'l~mLU-:l1J~::LllVl'lJ'fl-:l'lJ'l'J 1n'l3-J ~::(;)U~f.1.l'VI1J3-J 1n'l3-J~::(;)U~ f.1.l'VI.1J3-J LL1J-:l ~n (;)-:l LL~ (;)-:l ~'lJ 

, I. Cl q" 'IJ • Cl 'IJ Cl Cl 'IJ 

~ n ~'l ~ ~'VI.1Jii LLU-:l~ n~'l3-J'l ~C1l"l'l (;) l"l::L'lJLcJiL~£J n'l~~iOl'ln n'l~V1 (;)~'elU roh n'l~~~'l£J L3-J ~ (;)L'lJ~'l-:l 

"'i' I '.1 " .... .... .... -.11 .... 'I 

In'l~'l-:l~ 6 I	 . 

Dl1'i1.:1V1 6 ILL~ (;)-:l roh l"l'J'l3-Ji3-J~'lJfi~::'VI~'l-:ll"l'ln'lt~~'lm3-J~ (;)L'lJ~'l-:lriu~ f.1.l'VI.1JiiLLU-:l~n 
!- U'elf.1.l'VIJil3-JLL -:l~n 0 C• ~ •I 

55-69 

70-74 

r4.5-79 

iJ~::LllVl'el f.1.l'VIllii LLU-:l~ n. ~ . Iihn'l~~~'l£J L3-J~ (;)L'lJ~'l-:l 
, 

0 

In'l 

iJ'l'lJn~'l-:l 

~-:l 
~ 

6-7 

4-5 

2-3 
, 

o=j dll 
'V13-J'l: -:l'l3-J"ll'lJ (2536) 

~I_~ ._,
'!l[;l~n1';j'!Ifl[;l,;)"lJ'!l.:lL~i fl u.1J.:I~n (Elogation ratio) 

I L'lJ~::'VI~:-:ln'l~~-:l ~3-JL3-J~(;)e]'l'JiOl::'lJmtl ~'J L(;)£J~'el'J L(;)m'U~'l::L'lJ,~h'IJm'J L'lJ 

e]'l'JU'l-:l~'lJ' L3-J~ (;)~'l3-J'l~C1~(;)~'JL~3-J'l n ~-:l LtI'lJin~f.1.l::~ LfiI~LtI'lJ~ij£J3-J n'l~~ L3-J~(;)~(;) ~'JL~ 

3-J'l nvl'lL~L3-J~ (;)e]'l'J ~ nhiL'VIilm ~ (;) n'lJl"l f.1.l~3-JU~~"ll'J£J L~e]'l'J,r'lJ~'lJ'VI2J'el ~~-:l~'lJ
I'	 · 
I 
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2.1.7.5 
I 

n~'l.l'Vl'fl~"lI'fl..:li"l'J~n (Aroma)• 
Lri'fl11..:l;J"l'J~nL'Vl~ 11il::l~n~'l.l~..:lLnj;lIil"ln~"l11::L'VlU ~..:liJtJ1::~"ln.! 84 

"llUj;l	 l~~LLr1 ~'flfir~~ll1~ (Formaldehyde) LL'fl~b~LijU (I\JH 3) 111bj;l1LIil'l.lo]~1~~ (H2 s ) 
~<;' I ~.. ., .. I .J &:llI I' ~ .. d .c:S 

n1j;l'fl::~ b'l.l rmino acid) 'Vl~'V'l'l.lfi::-SH LL~::~"l1lJ1::n'fltJ'Vl~'Vl~fll"l1tJ'fl'l.l~ '.l!..:lIil"lnm1Pln~ 

'V'ltJ~"l ~"l11::L'VlUL'l.l;J"l'JLri"ltJ1::n'fltJ~'Ju'fl::~bln'l.l (Acetone) 'fl::~j;j'~~111~ (Acetaldehyde)
I 

I ... ... ...~ ,J '" ... I

L'V'l'Vl"l'l.l'fl~ (Pentanol) LL~::L~'Vlfi~ L'fl'Vlfifll b(;l'l.l (Methyl-ethylketone) ~'J'l.l"ll"l'J'Vl'fl~~::~'V'ltJ'J"l 
I	 . 

..l \.. c.:
L~'fl11..:l~ nL'Vl~ 1 1il::~n~'l.l'Vl'fl~"lJ'fl..:l~111::L'VlU 2-octy-1-pyrrolne 

, 
2.1.7.6 m1LtJ~U'l.lLLtJ~..:l;J"l'JL'l.l1::'Vl~"l..:lm1LntJ1m~t'1 

I 'Vli..:lm1LntJL~mf1"lUL'l.lL~~j;l;h'JiJm1LtJ~U'l.lLLtJ~..:lfl,)n.!~~~j;]"l..:l1 

n1ru."lJ'fl..:l;J"l 'J L~"lIil"ln11U..:l1'l.l"lJ'fl..:l,rntj'Vlm Pl"l~ 1n~..:l1~1'JtJ1'J~ ;J'fl~~ j;]"l..:l 1'V'l'fl~ ftJl~ ~..:l~~'fl . 

fl,)n.!f1"l'V'lL'l.ln~1'i j;l~;J1'J L~~ j;lm'J~ LU'l.li"l'J Lr1"lIil::ii L~~ j;l LLni..:ln~"l;]"l'J~ LntJ L~m L'Vl~~ 'l.l'flnlil"l n~ 
... I	 . I ... 

m1~j;l;~,J"l1(Water absorption) "lJ'fl..:l;]"l'JLr1"lL'l.l1::'Vl~"l..:lm111..:l~~nL~~~'l.l~'Jm"Jl\JL~mri'l.l 

LLj;]~1;]"l'JIil::ij"lJ'fl..:lLL;j..:lLL"lJ'J'l.l~'flU (Total soluble' solid) 'fl~ii'flU~..:l 'Vl1'flL~;'l.l L~"lJn.!::~i"l'J 

L~~ j;li'l.l L"lI~ ;]"l 'J1il "ltJ'fl'l.lfl"l Ln'fl,J"l;]"l'J Lr1"l~ LntJH'l.l"l'l.l~"l'Vl..:lIil'l.l~n lil::iJ fll'J"l~ L'VIijm fll'J1~,*~ 
..: I .., ~, '" ..l ... .,j ~l'"l I .,,J.' ""....1 r 

LL~::fll'J1~ L~'flI~~'l.lIn"lm"l"lJ"l'J'VlLntJLnm bj;l b'VI~ 1 b'l.l~'J'l.l"lJ'fl..:l"lJ"l'J L'Vl'l.lmlil"lnlJ1::~tJm1n.!".lI'fl..:l 

I I	 I I 

~ L;u'l.l;~tJ1~ fll;]"l'J L~iju 'J LrI'l.l'fl"l'VI"l1'Vlin LL~ ::'fl~L'l.lVl'fl..:lC;'l.lVltJ1:;'.l!"ln1tJ1~ fll;]"l'J L'VIij,m'V'ltJ~ "l I 

;]"l'J Lr11V1 LntJH'l.l"l'l.lL~'fl'VI..:l ~~~ nlil::iJ fll'J"l~ L'Vlijm fll'J"l~'I.i~ LL~::fll'J"l~ L~'fl~~'l.l ~"ln~"l;]"l'JVI 

LntJL~mL'VI~ 11 L"Jl'l.lL~U'J~'l.l '. '. . 

I 2.1.7.7 fl,)n.!fil"l'Vl"l..:lL.n"ll'l.l"lmn'fl..:l;]"l'JL'VIijU'J 

. I . ;]"l'J L'VIijm d:I'l.lfi'lJYJ"lI~il fl,)n.!fil'1'Vl'1..:l'fl"l'VI"l1~..:l,~C;}'Jlilj;l'VI~..:l L~LLfll~'fli~..:l 
bc;}UL'l.l;]"l'JL'VI¥m 60 n1~ L~'V'li..:l..:l"l'l.lfll'J"l~1'fl'l.l~..:l 360 m~LLfll~'fl1- ;..:lLrI'l.lW~"ln.!'V'li..:l..:l"l'l.lVll~ 

I , ... 

~"lnn~"l;]"l'J L~"l'VI1'fl LLiJ..:l~"l~V1iJ,J"l'VI,rn Lvhri'l.lL'l.l;]"l'J L'Vlijm~'1'I~'J'l.l 100n1~ 

fll"l 1LtJll1Lc;}11n 

'LtJ1;]'l.l 

1"lJ~'IJ 

l~L1J'flf 
... 

L'Vl~n 

tjln"lij'l.l A
 

tj In"lij'l.l 8 1
 

tj In"lij'l.l 82
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... 
o

2.2 'lJ1[;l1~ 

I 

I - ... .0:01.,3 IV f . 'i" 
2.2.1 flCU"'JJ'lJ (;l'VI1~LflJJ'VI·ft11"1 ru'il'!l~U1 (;l1~'lI bfl'i'". .. ... 

~ ~ ~ I 

m1LLj;Jn ~';l'jJ'fl~~'1 j;J'1rl'lltM~ ~'1 j;J'1rl'lltM~ LtJ\.l~'1 j;J'1rlt~ Lrl~rl ~~~tJ1:;n'fluttJ 
.., . I ..., II I . 

~';ltJ~'1 j;J'1rlt",ILrlnrl L~m 2 ~';l~'el ~'1j;J'1rlnrl tl"1~4'tl~';lri'J~'1 j;J'1rlvJfntY1~ L\.l~ll'1';l:;Vl~I' ~ 
1"1';l'1~~'fl\.l~~~1'el~~'1t1'eltJ . ~1'el~~1l'1'V'ln1r;)/~h~~~iilOl:;~m1LLj;Jn ~';l Lij\.l~'1 j;J'1rl L~tJ';l~~ 

I ~ ~ 

~'el~ JLrl:;iilOl:;~'1 LU\.ltJ~mm LLj;Jnr;h~'el'eln ttJ IOl:;Hr~'11tJ1:;n'elur;h~1 ~rl'1tJ"llUr;) ~\.l'el~ 
., I., !"I' ~...l",J' ., ., r ..: 
nU1:;r;)UI"1';l'1~ LLJ\.ln1r;)/r;)'1~ ~~Y1 Ln r;)'jJ\.l~rl~'"l'1n mnLj;Jn j;J';l'jJ'el~\.l'1j;J'1rlY11'1tJY1 

1 . .1."1 ...11 "'... d '" • 1"'­., 

~j;J~r~m1~'el'1~,'11~~LJ::;~'lJLJry~'1L~~'eln 1"1'el~1l~'V'lm1Ln~~ "ll~ Ln cnlOl'1 nLJ!l n1m"ll'el~ 

U1.rOl~.O ~ 0L'"~ Lil.U1010~1".~ LLO n.~ LU"U1.10>ifn1~~ "o:n~1"~ 

2.2.~ flcu91JJUi'VI1~~im•• 
2.2.2.1 m1L~I"1';l'1~~';l1\.l 

~ , 
\1'1 j;J'1rl'lltI"11~1Ol:;~ ~ ru~ ~~ m1L~1"1';l'1 ~~';l '1\.lVl ~ n ri'1~\.lcn L~Lilulih 

~'1 j;J1~'1U ~~'1LY1'1nU 100 ~\i';ltJ (~'11rl:;rl'1tJ 20%) Ld'elLmtJ'lJ LVltJ'lJri'lJ~'1 j;J'1rl"llij,cn~u1 ~~ 

1"1';l'1~ Li~;r\.lJLrl:;'el(w~llii L~m ri\.llOl:;t~ ~rli'V'lfi~~ j;J'11'1~~ 7. ~ 

~'1 j;J'1rlvJfnt~~ 140-175 

r vJ., ... 1 'i'
~'1j;J'1rl m T~ LLrl:;n~ ~f\~ (Invert sugar) 100-130 

~'1j;J'1rl'lltI"11i 100 

~'1j;J'1rln~tl"1r (Anhydrous) 70-75 
~ I 

~'1j;J'1rlnrltl"1~ (Monohydrous) 
~. ~ I 

. 

. 60-75 

~'1j;J'1rl~'elrl t Y1~ 
I 

r I
\.l'1j;J'1rlLLrlnt~~ . 

30 

15 
~ ~ I 

~'1j;J'1rl~'1 j;J'1FmLLrlntY1~ 58 
...l I 

Y1~'1 : 'jJ1'ryir;ILLrl:;f"!l\.l'1'el1 (2545) 

I 
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" 2.2.2.2 fil'J1~'VI'W1 LL\l'W"lI'el\l£ll1j'Gl:::'Gl1t1,J1 [;)1'Gl'ALfilj£ll 
, "	 . 

fil'J1~'VI'W1 LL\l'W"lI'el\l£ll1j'Gl:::'Gl1t1V1 Ln (;llil1n mjL~~,J1 [;)1'Gl'llL~j£ll'Gl\l11J n 
" 

fil'J1~~1 ~ru~lJ1 n1'Wmj'el'eln LL'lJ'lJ Lfili'el\lij'el~H1. 'Wnj:::'lJ'J'Wmj~~[;) mj~1'W'Jn.l'VI1 mjri1t1 L'Vl 

fil'J1~~'el'W ~~'VI'l!n~1 'VI'Gl eJ1'W"1'Gl"1 ~'el\l'el1 ~t1l"i1 fil'J1~'VI'W1 LL\l'WLU'Wtflil~mr\li'W 
2.2.2.3 Iil(;lL~'el(;l~L~~~'W"lI'el\l£ll1j'Gl:::'Gl1t1 (Boiling Point Elevation, BFE) • 

c::r.cJ .., oC:lII I .e:tl 001I:III .., J' 
LU'W'Vl'Vlj1'lJn'W(;l'J1 L~'el'el1'V11j~~'J'W~£ll~"lI'el\l[;)'J~n'Gl:::'Gl1t1~1n"ll'W 

" 
L(;ltl L'UYl1:::~1 [;)1'Gl ~'Gl'Vl1\l~~ ni~~1 ~ru'elth\l'VI~\l ~'el Iil (;lL~'el (;l"lJ'el\l'el1'V11j~'WIil:::L~~~'W~n 

I	 w, 
I	 . 

fil'J1~~1 ~ry ~'el\l1'W'el'elnLL'lJ'lJnj:::'lJ'J'Wmjmj~~ [;)L(;ltl L'UYl1:::nj:::'lJ'J'Wmj1-iffil'J1~~'el'W 

" 2.2.2.4 mj'Gl:::'Gl1tli'J"lJ'el\l,J1[;)1'Gl 

" 
mj'Gl:::'Gl1t1,J1 [;)1 'Gl Iil:::LU'W\l1'W'VIin"lJ'el\l mnJ~~1 'W~ [;)£ll"l'VI nj~~ 

.J ..,~~ .. I "'"	 Q:.' "Q CII 

L'W'el\llil1nm Ij'lJ"ll'fl'W1 [;)1'Gl1'Wl1J~'Gln n'el'Wmj1'lllil:::[;)'el\l'W1~1'Gl:::'Gl1t1 ~mjL[;)~'W1 LL'Gl:::1'VI1il'J1~ 

"	 " 
~'el'W LLlJ1,J1 [;)i'Gllil :::'Gl:::'Gl1 t11~~~~'eltl,r'Wntflil~ t1~~~ (;l 

2.2.2.5 LLN[;)\l~'J (Surface tension) 

I 
I LLN ~\l ~'J 1'W'el1 'VI1 jLu'Wi'Jmn'h1~ Ln (;l~'el\l LL'Gl:::LU'W~n.lfl~~~~1 ~ry 

1'Wmj'el'elnLLtJ'lJj:::'lJ'lJm'W j:::'lJ'lJ"lJ'Wri1t1lJ11\l1	 . 

2.2.2.6	 1il'J1~'VIil(;l (Viscosity)
 
, "
 

I im~n.l:::Vi L~'W~ (;l"lJ'el\l,J')[;)1'Gl'W'flnlil1n1~~'J1~'VI'J1'WLL~'J ~'fl mj~~1\l 

1il'J1~'VIil(;l1~n'lJm'VI1j 1il'J1~'VIil(;l LL\l'WLLU\l'el'elnLU'W 2 'llij(;l ~'el . 
ell I cal"'..,.., odI	 .4 

1) Dynamic viscosity ~'VI'W'JtI'Vll"nn'WIil'fl centipoise (cP) 'VIj'fl 

'VI\l'JtI SI ~'el Pa.s 

2) Kinematic viscosity (v) nWl.bmu'W centistokes (cSt) 'VI1'fl'VI\l'JtI 

, " 
SI ~'el m 

2
/s mjVl£ll1j'Gl:::'Gl1t1,J1 [;)1'Gln 1il'J1~'VI;j(;l£ll\l~\l'V111 ~mjLLYl1nj:::Iil1t1 i'J"lJ'el\lmm PI'VI1'fl 

I . ~	 I'" 
'el'fln;LIil'WLU'iJ11J1~-if1 ~\l Lu'Wm jil'el\l n'WmjLn (;l'el'eln1"ll ~'VI1'flfl-n~"lJ 'fl\l1l1'll'W:::Vii~ er£ll n'lJ,J1 [;)1 'Gl 

2.2.2.7 1il'J1~£ll1~1j~1'Wmj'VIU(;lmjLIil1ruL~'JL[;)"lJ'fl\l"~'W'Vl~tJ 
• w • 

" I 

I mjL~~~1 [;)1'Gl'Gl\l1'Wm'VI1j'W'fln"1n~L~~LLN~\l~'J LLN~'W'el'el£ll~ ~n 

LL~'J U\lVhnrj'Gl(;l1il'J1~~flj:::"lI'el\l,J1'Gl\l~n ~'JtI 1il'J1~~~j:::"lJ'el\l,J1Vii~nn'W~1'Wl"i1 water activity 

(-: ~\ll"i1 fw 1Jn~"lJ~\l~1,,:::ij:1LVhn,~ 1.00 ~L'Gl:::":::~~'Gl(;l'Gl\lLri'fliji'J'Gl:::'Gl1m~~;'W '~'W'Vl~U 
":::~1il'J1~~1~1j~"1n(;l1.'WmjL[;)'lJL[;)1'W'll'J\l Aw [;)1 . 

I 
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,"nfi:ul~L~~~ 1"'l~'l~·WJ'l'l..l m 'l ~ ~ 'l3.J'l ~,tl 'I..l Iil~ 'flt"W"'Jlm'Vf~ 1"'l~'l~mn~'ltJ• • .. 
" 

(1 ) 
0 °c L'I..lm~l'lnm~£'l:;£'l'ltJ'I..l'l 1 'Vf£'l'fl~ L'Vf£'l~ 

, ...<>I "'SI °cCC Vl'flt"W"'Jl~'Vf'fl\l l:J£'ln
• .. 

I 

(nf~) °c 
:: :, 

'I..l'll'l'l£'l"ll'l..l 

<>I 

Ll1lm 

n£'ltl"'l~ 3 1 86 170 3 .. 
~mtVl~ 1 4 95 110 5 

• 
nrLL£'lntVl~ - - - 170 -

". 
'I..l'l~'l£'l~'fl\l 

" '" "ll'l..l 

2 2 160 170 
4 

1tl"'l~~ 

5 1/5 
1 

LL£'lntVl~ - -

4 1 100 180 
2 

~'fl£'ltVl~ 
, I 

5.~'lL~~~'I..l'fln~'fl\lI:J~I'l~t"W~~~~~tJ 

6. L~~f1t"WI"i'lVl'l\ltn"ll'l..l'lnr~n~'I..l LL£'l:;~~"1J'fl~I:J~I'l~t"Woyf. . 

" " 
7. "Jl~mnUI"'l~'l~;'I..l ~'lL~I:J~j;]~ruoyft.l~'flUl~'I..l'l'l..l L~~1dhL'ihl'lj;]1£'l~1n L'J£'l'l. ..
 

%...J ... ell .... .. J' J" ... I I~<>I SI SI 

'flUIil:;·rl'l..l L'I..l'fl\llil'lmn l1l~ L'Vf£'l'fl\lU'I..lI:J'J"1I'I..l~ L~~~'I..l 1"'l~'l~"ll'l..l'fl'fln'l..l'fltJ ~'I..l~Iil\l'l..l~ LL£'l:;~ l1l'fltJ ~l1l'l..l'l'l..l 
• .. 

I , ... <>I

LLj;]~'I..l~t1\11il:;~ I"'l~'l~ L'Vf'l..lm£'ll1l£'l\l . 

....... ... r

2.2.4 'J fiLiI'il n"1f'il'U'l 911i1 

" I 

1. L~'flml'lj;]'l£'lL,xL'Vf~'l:;~~riU"llill1l"1J'fl\l"1J'I..l~'flU~~'fl\lnr~'ti'l 

2. LL~\I~il'Vl ~:;'fl'll1l hJ~~'I..lI:J\lL~'fltJ'I..l• 
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I ......... t'
 
2.2.5 'Jfi'5'm~1'U1(;\1~ 

I l"1(J.~LnlJL~fl'l-jj'l.l~~ii ~'lU (;l~U'V1 t(;lm'tl'Y'l'l~~'l [;l'l~'V1~'lmL(;l'l~'l.ln~'l~'l [;l'l~ 
'V1~'ltJ'll'l'J Lri~ LU(;lL-nLL~'J~ L~~'fl~nlil ~LL'IX'I LL~~~lJri'l.lLtJ'l.lIl'e)'l.l ('ll~ru~ [;l LL~~fn'l.l'l'fl~, 2545) 

, '" 

.... 
2.3 n~'V1 

I " .... .... 

n~~: ~'fl ~'J'l.lVlL~Iil'lnn'l~~'l.ltl'l~~'Y'I~'l'J'll(;ltl'l~'fl'ln'l~tr'Jn~YiLLYf1 m'"lnlJt(;\tJhJL~~tl'l . 
I .... qJ I .,.... ....dI a a'.::::iIto 0" Q''' "I" .... -._11 01I:III., A_ .... " .­

'Vl~'e)lJ 'l'l'Vtn L[;l'-J'l.l 'llJ'l'l L~ n'l.l'e)tJ LL~'J LL[;lIil~[;l'e)'I n'l~'Vl'J n~'V1'V1'll'l.lL 'Y'I tJ'I ~(;l n::'V1'V1l"1'l.lIil'l n~::'Y'I~'l'J'V1'1 

I I ........ ....
 

Ltj'L,J'l.l'l'l.lnlil tij n ~'l.llJ (;\ tl'l ~'l.l~~ ml'l~'fl'l.l'Vl-;''fl'll'lti'l.ln::YiL 'IXl"1'J 'l~~'e)'l.lLn ~Iil~ L~'fl (;\ n'fl'llillil~ LnlJ 
.... I cu CI I 

....... ~!"1 ", J' a" "" "J'" ~ ..I~" ... ...." ... "
 
n:::'Vl'l.l'l.l~'J ~(;llJ'l'l.l'll'l.lL~n'l.l'fltJ rn[;l~Iil~'ll'l.l'll'l.l rn[;l'l m ~'J'l.l'l'l.ln:::'V1Iil~LL[;ln~'l.l (;l'Jm'Vlf;J'Vl~~'Y'I~'l'J~(;l 

.... I I II 
.. oII::lIl II .. _ ..,.. oIll:5I " .,,,.:s.., I I IIICII" II. Q' 

LL~~n:::'V1L~tJf'ltJlil'l~n'l~~ (;lLL~~l"1'l.ln~'V1L~'fl L'J~'l [;l'fl'ln'l~ ~-jj "ll'l'l.llJ'J'l!J'ItJ'l n 'lln.l~'l.l ~(;l~ n'lnnlJ 
I ........ I
 

n~~t(;ltJ~:::LltJ'll'l'fl'e) n ~'l'l.ln'l~~~!-h L:n'flL~~~'l~ii''l.l\l(;l LL~'JlJ~~'LW1'l-jj'l.l:::YlU (;\~i!'V1 

..a 
I Ji' " 

(;\1 '5'1.:J'VI 9 LL~ (;\'1 fJn.ll"1'l1J'fl'l L'l.l'fl~::'Y'I~'l'J 

.... 
l"1'J'l~"1l'U I 

I 
I 

IL1J~'l.l 

""nlJ1·"T
I

n'ln 

ttJ~~'l.l . I 
... I 

LLl"1~L"lltJ'-J 

yj'fl~yj'flf~ 

a 
L'Vl~n 

ij[;l'lij'l.l 8, 

ij[;l1.ij'l.l 82 

L'l.lm;'l.l· 

ij[;l'lij'l.l C 
,... .... ... .... 

2.3J 1 fin'l!ttu::-k'Jltl"lJ'iI.:Jn::.vi 
i .... .... I . 

"~'fltJ~~ 

II 

II 

II 

II 

ij~~nf~/1 00 nf~ 

II 

II 

II 

" 

II 

II 

51.7 

28.2 . 

16.0 

3.0 

3.2 

23.0 

11.2 

2.5 

0.05 

0.03 

0.6 

3 

. .... 

. 1 n:::YiL~Iil'ln n'l~~'l.lL~'e)~:::'Y'I~'l'JVi~ (;l'e)'e)n~'l LL~:::mlillil:::L~~tl'l'Vl-;''flL,J nL~ L'Y'I ~1:::ij 
.... .... I .... .... 

~n~n.l:::~ij~-i'l.l -jji!(;l'll'l~'l.lL'l.l'll'l ~'I'Vl~'l tJ t1'1~n~n.l:::'ll'fl'l'll'l2T'l.lIil:::n~:::Iil'l tJ'fltn'l.l~1~~:::~1tJ'll'l 
" I .., . I ~ cJ.c:III.4· I Q 'lI. I 

LLfl~~ nfl~"rlJ ~m" ~.nfl1OLn ,,"n.~lJlJ"lJ LLN •••""01."0 (interfacial tension) .""01' 
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- J ,'.. . 
hi L~ n~"1I'el.:lcW'l LL~~1 "1I~'W~'l L'Vi~'l~iJL,j~~'l.lLrJ'l.l~';l~ ~ LLN ~.:I~~'VI~'l.:l~bnd1iJ~ij~~.,.htJ L'el'elfL(;ltJ 

fi~~~~'l~ Ullni ~'el~L~1~tJ~ (Phospholipid) 1~LLfi L~~fi'l.l (Lecithin) LL~~L'll'Vi'l~'l.l (Cephalic) 

'el~1.'l.ln~Yi L~~fi'l.l· LrJ'l.l~~~~~'ltJ L'el'elfonU~'VI~.:I~'l2J'l~tlVi'l1.'\.ffi~~~~'ltJ L'el'elfiJ lil';l'l2J lil.:l ~';l L~2J~'l.l 
1~"1I ru~~~ ~~'l.l'l ~"1I'el.:l Lij ~1"11~'l.l~'l~L'VI~'l~~'l2J'l~tlVi'l1.«l"1I~'l.l1.'l.ln~YiiJ~2JUii LtltJn~'l n~~'"l'ltJ ~';l 

1'VI~1~LL~~~~~'ltJl~ LL(;Jt;.:I LL,j'~'l'"l~iJ L~~fi'l.l1. 'l.ln~Yi!T.:Ihj~'l2J'l~t1Vi'l1. ,xn~Yi'eltJ ~';l1~ Lrl'el.:l"'l'l n n~Yi 
I, ,OJ 

.... ~ I ~ tv, .oM... tv. ~ 'i'. I ... s.. s.. 'i'. I ...... ...I 

2JlJ~2J'lru"1l'el.:lL"1I2J'l.l'eltJ2J'ln L2J'el L'V1tJ'lJmJlJ~2J'l ru LlJ~[;l'l.lm'l2JL"1I2J"1I'l.l"1l'el.:l LlJ~[;l'l.l'V1~~'VI';l'l.:l"1l'el.:l ~';l 

Lij~1"11~'l.lfl'lJP'liJhi2J~n'Vi'el~'"l~iJ'el.:lrl'l.lm~~';l2J~';l (Coalescence) L~tJ~m~~;.JLLtJn~';l"1l'el.:l.r'l.l 
L~'el~.:I~.:IH 5-10 'll.2J. "'l'l.ln~~vt.:lLLtJn.r'l.l~2J\!~ru1'l.lL';l~'l 24 -B'';lL2J.:I tl'lL~'l~ ~~ru'VI.1Jij"1l'el.:lniYi~.:I 

I . ..... I I .... 

2J'lO.:l 10 'el41il'l L'll~L:ntJ~LrJ'l.lL';l~'l30 'l.l'lYi ~'l~~~~'lmn~'elLL~~tl'ln~'l.lL5j'elfh4'~ L,j~;]'l.l tl'l[;l'l~ 
'" .... I I .... I 

i';ln~Yi~';ltJtl'l,j~~,j'l ~'l~~~~'lmn~'elLL~~tl'lfl~'l.l LiJ'eln'l4'~L,j~~'l.l tl'l[;l'l~ Ln~'elLL1 Yi~~~'ltJ'el~ 

'fl'eln1,j~~'lJ'lJI~ij~-B''l.l'''l~L,j~tJ'l.l'"l'ln'llU~~'l~'W1. 'l.l~'l LrJ'l.l~'l1. 'l.l~'l~'l.l ("1I1''kJ~ ~ LLfl~fn'l.l'l'fl~· .• 

2545 ) 

l. a 
2.4 n1'iLL~L!I'2lnLL'D~ 

'el'l'VII'lnL"llLL;.:I 'VI2J'ltJO.:l LrJ'l.l'el'l'VI'l~~ ~'l'l.l"1l'lJ';l'l.lm~Vi'l1.,x~';l'l.l~ LrJ'l.l~'l1.'l.l'el'l'VI'lnL;.:I~';l 
~~ n~'l LLoW.:I L~tJH{'elru'VIJlij ~'ln~'l'"l ~L~'elmL;.:I L"ll'l.l ern ~fll,j' LL"ll LLoW.:I 'el'l'VI'l~'V1~LflLL"ll LL;.:I "1I'l.l2JII 

• OJ • 

'el'lJLL"lILL;.:I 'el'l'VI'l~~'lL~i,jLL"llLL;.:I l'ellillil12J LrJ'l.lI1f'l.l 
I 

2.4'11 f'l'J1J.1.1 ACY'!l'eNI'!l1\l11~Ll."il Ll.;j~ 

I ~[;l~'lmnL;.:I ~';l"1l'el.:l'el'l'VI'l~~(;liJ m'l2J~'l~(jJ (;J'ellil."ruJl'l'Vi'el'l'VI'l~2J'ln tl'l1.~fim~ 

Vi'l1.,x'el'l'VI'l~~L;.:I~';l-D'l·1 (SLOW FREEZING ) "'l~Ln~~~ntl'lLL;.:I"1I'l.l'l~1.'VIqJLL'V1m'el~~~'VI~'l.:l 
I , ., 

L"llfl; iJ~flViI·'l1.~L'llfl~"1I'l~:~ LiJ'elVi~ 1.,x'el'l'VI'lm"llLL;.:Ifl ~fl'ltJ tl'l'"l~1 'VIfl'el'eln"'l'ln'el'l'VI'l~ tl'l L"ll~; 

"1I'l ~~'l'l.l';l'l.l~'lntl'lritj.:l Ln ~~'l.l2J'l n _~.:I LtI'l.l~fl1.,x'el'l'VI'ln~tJ~~'ll'l~ LLfl~ L~tJ ~ru,"h'el'l'VI'l~1~2J'ln 
., I 

~.:I'l!'l.l1.'l.l~[;l1'l'VIm~2J'el.,'l'VI'l~LL"ll LL;.:I~.:IUtJ2J1.~fim~ Vi'l1.,x'el'l'VI'lnL;.:I tJi';l'eltJ'l.:l~';l~ L1';l (au ICK 

FREEZING~ L-DL';lfl'li'l.l ~.:IVi'l1.,xLn~~~ntl'lLLoW.:IL~n 1 Jl'ltJ1.'l.lL'll~;'el'l'VI'l~ L~'elv'h1.,"'el'l'VI'l~LL"ll 
. ., 

LL;.:I~~fl'ltJ 'el'l'VI'l~'"l~(;l ~~2Jtl'ln~tI~'l.l~~Jl'l'Vi L~2Jl~ LtI'l.l~'.l'l.l1. 'VIru 'el'l'VI'l~~.:I!T.:Ilil.:liJ lilt1.lJl'l'Vi~ 
"fU ... " 

., , 
1.'l.lm~~ ~ [;l'el'l'VI'l m"ll LL;.:1 'l!'l.l11f'el.:l L~'el n'el'l'VI"l~YiiJ lilnul'l'Vi ~ • 

hjl~"ll'.ltJ1.,"'el'l'VI'l~iJ lilnul'l'Vi ~~'l.ln~'lL~2J m~tI~~"'l'el'l'VI'lm"ll LL;.:I~'l2J'l~ClVi'l1~~.:I ri'el'l.lLLfl~'VI~.:I 
.... ........ . I
 

m~LL"llLL;.:I ~.:I'il~'l.l'el~ rltllil'.l'l2J L'VI2J'l~~2J1.'l.l~'l'l.lm~'lJ'.l'l.lm~~~ [;l LLfl~m nL"llLL';.:I 'el'l'VI'l~Yi eJ1'l.l 

m~LL"llLL;.:ILL~'.l'"l~ClnLiitlfm~nlrl'l.l,"'fl.:lLU'l.l L~'el~'elm~"1I'l.l~.:I'VI1'elm~~'l'\)I~'ltJ(;J'eli.,j 'elth.:lh[;l'l2J
I OJ 
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i
 

~
 , ,
,4..J'V 10 ... '1 ... .,J"" AI 

~..:I'VI'l.l..:l'VlI'1'el..:lC'l'l.l~ l"l'el fl'l"1l'l.l~Vi1-n'l.Jjjlil'el1'V1'ljLL"llLLi..:l ~..:I ~'el..:l L~'eln1~'l.l~'lj~fll'1'El'l'VI'l~LL.lILL"lJ..:I • 
L'VI'-J'l~~'-J tl nl'1'el..:l L~'el"1l';ltJm~'ll"lrufl'l~'El'l'VI'lj LLfl~~ ~'El'ltl mjLn'l.J1n~'l'el1'V1'lm"ll LLi..:l (~j'l..:l fI 

lU· 'I q q 

11'1'11", 2536.) 

I .. ,.. ~ 
2.4.Q 'VI t}ti£Jn1~U'!i L!I'an U"iI.:J 

m m"ll LU'el n LLi..:lr.r~ LiJ'l.l'VI'll';ltl,jii~mj'VI~..:I~.yh1~'el1'V1'ljii'El ru'VIflij fl ~fl..:l ~'l 
4.J • " 

n~'l" ~ LtI'ElnLLi..:l (freezi ng point) Utl'-JH~~ru'VI1Jij -18 L"llfl L~t1~ 'VI1'el~rln~'l ~..:IIil~tI ~'el'ltJmj 
.. .... I ~ 'V iJ ell ell ~I . ''I ..J 0 . .... 

LmJm~'l'el'lr'lj~~'l.l'l'l.lL 'l.lL~'el'l.l'VIj'el1J ~'VI'lmJjj"'El~ b'l.lfl'l"1l'l.l::;Uj~'VlL'VI'-J'l~~'-J~'l'VInJ'el1'V1'lj~

L"ll'l.l ~nLLil::;~~1~~~ fl'ltl'VI~..:ImnnUL~m!J..:Il"l..:lLiJ'l.lL"ll~~ii=PiI'1'el~ iimj'VI'ltl1IilLn~~'l.l 

I'1fl'el ~ L'J~'lLL~::;ij l"l';l'l'-J1'el'l.l~';l'l.l'VI~..:Il"l1t1'el'Eln'-J'l ~..:I~'l.l1 'l.lmjli'l'VI'l.l~"lJ'l.l'l ~"lJ'El..:l Ll"l~'el..:lij'el~1-n 
I· , " 1,,0 ... ... 'V.J .... e11 .... 'V AI.. 'I

1il::;1'1'el..:ll"l'l'l.l..:ljCl..:ll"l'J'l'-Jj'el'W~';l'l.l'Vl~"1ll"l'ltl'el'eln'-J'l'l.l~'JtI mm"ll LtI'eln LL"lJ..:IIil~'VItJ ~n 'lj'VI'lti blil LL~::;L'-J 

...AI I 'I .,. 
LL'VlU'el~"ll'-Jflntl b'l.lL"ll~~ 

" " 
Fl'J'l'-J 1'el'l.lLL~..:I"lJ'el..:lU 'l"lJru::;n~'lti LiJ'l.l~~nU'l LLi..:lnlil::;tlnIi 'lr.r~'el'el n1,jj~'VI~'l'l m j

" " I" .
Ltl~~~nU'lL(i..:l LU'el..:lIil'lnu'liil"l';l'l'-J1'el'l.l~'lL~'l::;iN (4,200 Iilfl/m~n1'-J/'el..:lfll'lLl"l~'i'l.l) LLfl::;mj

I lU· ... 

1'El'l.l.LL~..:I"lJ'el..:lh'lj fusion n~..:I~';ltl (335 nt~~~/ntfln1'-J) ~..:I~'el..:l1eif~~..:I..:I'l'l.l~'l'l.l';l'l.l'VI~..:I1'WmjVl'l 
I 'J' . ,,,. 

1~'el'l'VI:jLLifr;i'J ~..:IIil~"lJ~'El~nU~'lj1~l"l'J'l'-JL!j'l.l (refrigerant) Y11eifm'-J'lru'lJ'l1'l.l'el1'V1'ljLLfl~"~ 

L~~ n"'.'~r"~ 1ro1.,,,. 
r;)1~1.:J;l1 01lff'-J'lru~'l LL~~~ru'VI1Jij~" ~ LU'elfi LLi..:l"lJ'el..:l'el'l'VI'ljU'l'l"1lU~ 

I 

'a1\l11~ 

I 

% '111'1.'U'a1\l11~ 
.. ~ 

'UIL!I'anu,..:I ('a.:lPl1• 
L"ll~L;!J.) 

I ~n 
I 

l~fl1~ 
dj'elil'1t) 

I·· 
I~fl'l 
r'l'l.l'-J 

1 

10n 

78-92 

87-95 

55-70 

65-81 

87 

74 

AI 

-0.8 Cl..:l -2.8 

AI 

-0.9 Cl..:l -2.7 

AI 

-1.7 Cl..:l -2.2 

... 
-0.6 Cl..:l -2.0 

-0.5 

-0.5 

col I 

'Vl'-J'l : Fellow, 1997 

I ,.... ,
.:51 cr 4:Y c.QClI .cS 0 cr cr Q d ., 0 ClII I 

"~LtI'ElnLL"lJ..:I"lJ'el..:l'el1'V1'lj l"l'el ~ru'VI1J'-J'Vl'-J~~n'l.l'l LL"lJ..:ILfln1 Ln ~"lJ'l.l~'-J f;Jfln'l.J'l.l'l'Vl'el~1'el'l.J1 

I Q I ... 0 CJ "QClIt. <l1:li <;" 0 Q I ... ... _ " '" " 

LLfl~n'el'l.lLn ~~fln'l.l'lLL"lJ..:IIil~I'1'el..:l'-J'l.l';l Ll"l~t1~"lJ'el'l b'-J Lflnfl'l.l'"1 L~t1n'el'l.l 'VIfl..:llil'ln'l.l'l.lIil~Ln ~ nucleation• 
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0" " ... d li' ,. <J J' ...... .:I .I"
'Vl'l bVi Ln (;In'l~M'l'':Il:'J~n'\..l'l LL"1I..:I"1I'\..l nucleation '-I 2 "ll'\..l(;l fD1'el homogeneous nucleation LL~::: 

I '" " "" ....!"l . I'heterogeneCDus nucleation b'\..l'el'lVl'l~~';l'\..l bVlt1''-Intil:::Ln (;l Lu'\..l heterogeneous nuc eat/on 

, 'i' I ,0 ",'. " ... J' " ... ....l
'-I'lnm'l b(;lm'U~'l:::~:::VI';l'l..:ln'l~'Vl'l su percooling m n'l~mm 'Vl fD1';l'l'-l~'el'\..lLn (;l"ll'\..l(;l';ltJ'el [;I~'l'Vl~..:I 

,,,,j1t1\',n"lhUClei -;ouownn ••,rUn1m~ ,i1~m,;j:~!i1.10 ..\'o,~,'ht1\',n""\1 n~1 ~;j.,u"' 

L~n ~iJ'\..l~'l'\..l';l'\..l'-l'ln LL~:::~[;I~'ln'l~L[;I"lI'el..:ln'el'\..l~~nu'l LL~..:Itil:::tJn fD1';lUfDJ'-IL~ ~';ltJ~[;I~'ln'l~n'ltJ L'Vl 

fD1';l'l'-l~'el'\..l L~I L~n~"1I'el..:l~'ltil::: LfD1~'el'\..l~LtJtT..:I ~~ n~'l LL~..:I~ri'l~..:I L[;I~'\..l "lIru:::L~m n'\..lfD1';l'l'-l L;]'-I;]'\..l"ll'el..:l 

~';l[1 n~:::~'ltJ!ntil~L~'-I~'\..l~:::V1~'l..:l n'lm"J! L~'eln LL~..:I· ..1'l1~Ln (;In'l~LtJ~tJ'\..lLLtJ~..:I"lI'el..:lYi L'el L'el"ll f'1';l'l'-l 

V1;j: LL~::: rldox potential "lI'el..:l"ll'el..:lLVI~';l~';l'\..l~U..:lL~LL~..:I~'.l "1Iru:::~~ruVIJJij~(;l~..:I~'eltJ1 ~'.ltJn 
I I.Q .. ~ Go" cr \It Q.J Q 4.- .:::IiI: II ..., 

~:::~'lmL[;I~:::"ll'\..l(;l'tl'ltil[1..:1til (;l'el'-l[;l'.l LL~:::U'l..:l"ll'\..l(;ln'el'ltil [;In ~~n b(;l 'elruVlll'-l'Vl Ln 11l~~n"ll'el..:l f;]'.l [1n
q q ... IIU 

I , , " 
~:::~'ltJ LL~~:::I"llU(;ltil:::~'-If;J~nU"lI'el..:l LVI~'.l~'.l~ViL~ :L~..:I~'.l LL~:::~'.l'\..lVi LiJ'\..lU'l LL~..:I ~tJn~'l eutectic 

temperatur~ ~'.l'elth..:lL"J!'\..l ~'.ltJn~:::~'ltJViLiJ'\..lU'lf;]'l~n\iLfD1~ij eutectic temperature LiJ'\..l -5 

ClI I ~ c;'!l1 ClI c;'.ClI ., "'!l1 oClII 
'el..:lPl'lL"ll~L"lltJl~ '\..l'lf;]'l~1bfD1~~Lu'\..l -14 'el..:lPl'lL"ll~L"lltJ~ b'l!Ll1ltJ'-IfD1~'tl b1l1lLu'\..l -21.13 'el..:lPl'lL'l!~L"1ltJ~ 

... 1 ~r ... I~<J" ,''' .......
 

LL~:::LLfD1~L'jjtJ'-IfD1~'tlb~11l -55 'el..:lPl'lL'jj~L'jjtJ~ 'elm..:l bmf;]'l'-l b'\..lmVl'lnLf;]~:::"ll'\..l(;ltil:::'-I[;I'.ltJn~:::~1tl 

I ... 0""" ...l, ~" ... ~ ...
~~~"1I'el..:l~'l1:l11~'ltl'll'\..l(;l 'Vl'l bVlVl'lfD1'l"ll'el..:l eutectic temperature 'VlLL'\..l'\..l'el'\..l bl1lmn (;l..:l'\..l'\..ltil..:l 

I 

ti1"U'fi1'9~ .final eutectic temperature .~ eutectic temperature ~1~~..~••o~nfl~fl1" 
1'\..l'el'lVl'l1'l!UI1lU'\..l1 L"J!'\..l L'elPlf'11'-1LiJ'\..l -55 'tl..:lPl'lL'l!~L:ntl~ L~'el~[;I1" -50 ~..:I -60 'el..:lPl'lL'Ji~L:ntJ~ LL~::: 

"lI'\..l'-ltr..:l LiJ'\..l 1170 'el..:lPl'lL'jj~ L:ntl~ ~..:I,~'\..l n'l,1Ln (;l~~n~'lLL~..:I'-I'ln~q (;ltil:::Ln 11l;'\..lLri'el'el'lVl'l1ij~~VI.1Jij 
d d 'i' ... ~. I ..J ... <J ~, 0 d ...... d ... 
[1..:1 final eutectic temperature 'jj..:l bl1ltJ'Vl'.l1 bun'l1LL'1ILtI'elnLL"lI..:Itil::: b~Jn~:::'Vl'lIiltJ.[1..:1~ruVl.1J'-I'\..l IiN'-I 

li' ~ ... '1 1 tJ ... ~ ...lL' <J ... iJ ... li' .I <J'\..l'lU'l..:l '.l'\..lLr~'el'el~ '\..l'tl'lVl'l~ '\..ll "1I'el..:lLVI~'.lVl~'el '.l'\..l'Vl '-ILL"1I..:I[;I'.lL '\..l~~n'\..l'lLL"1I..:I 

·~'l,J~~'VltL~'elLL~..:I~'.lIil:::ijW'-l'l [;I1L~'-I~'ln~'\..ltJ1:::'-I'lru 9% ..1'l1~'el'lVl'l1LL"J! L~'tl nLL~..:Iij 
I • 

W'-I'l[;l1L~'-I~'\..l ~[;I1'ln'l~"1ImtJ~'.l"1l'el..:l'el'lVl'l1LL~~:::'llUI1lIil:::er'\..lLLtJ1~'\..l'el~nutrlil~t1j;j'l..:l1 L~LLfi 
J; -I.. J'.eM :: 

1. W'-I'l rufD1 '.l'l'-l'll'\..l1'\..lmVl'l ~ mVl'l1'Vl'-l fD1'.l'l'-l'll'\..l~..:I VI~'elW'-I'lru'\..l'l'-l'lnlil:::"lI 'ltl 

I I I.... 

W'-I'l [;I~"lI'el..:lr'll:LL"J!L~"flnLL~:L~LtJ;tJ'\..lLLtJ~..:I'-I'lnUnL"J!'\..l, ~[;I1'el L'lJ'el?-.1..:1 ~~ LL"J! LL~..:IVi~ruVl.1Jij -2~ 

'el;:j Pl'l L'jj~L:ntj~ '-In'l~"lItI'ltl[;l'.l L~'-I"lI'\..ltJ1:::'-I'lru 3% LL~dj'elU(;l LiJ'\..lL~'elVlmU1 LL~'.l LL"J! L~'elnLL~..:IVi 
I 

...... I ... .... ..: J' • I 
~ruVllJ'-I Ll1ltlr.l n'\..lIil:::"1ItI'l~ [;I'.l L~'-I"lI'\..l:LJ~:::'-I'lru 8.2% 

"'''' Go' "" 0'-'''.tI:llI cI3. fD1'.l'l'-l L"11 '-I "11 '\..l"1l'el..:l [;I'.l Cl n~:::~'ltJ VI'l n '-I fD1'.l 'l'-l L"lI'-I"lI'\..l~..:I"'l:::~ 11l"'l (;l LtI'el nLL"lI..:I bVi 
'lJ 'lJ • 

I .... . I 

~'l~..:I ~..:IU'\..lI~ruVl.1JijVi1ojfLL"J! LU'elri LL~..:I'Vl'l..:l n'l~~h m"'lIil:::..1 r I1~mVl'l~u..:I L~LL;..:I ~'.lVl1'tl"llmtJ ~'.l 

4. 'eln.lVlllij"ll'el..:l~LL"J!L~'elnLL~..:I 
• 'lJ 'lJ 

I 
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I 

. . I ~~'VI~1..:l mm"ll L~'eln LL~\l ,",'J1~1'el\lIil~C1nYnIil1nJl1ul\l'el'eln~~'J\l'eln~'el\l'el1'V11~ 
" " 

LL~~C1nrh4'~iel'eln'hJ~'Ju freezing medium UIil4'u~iJ~Vlfi~~IJi'elm~~1mVl,",'J1~1'el\l1~LLri 
" 

n. ~'J1~~1~1~C11\ln1~~1~'J1~~'el\l~'el\l'el1'V11~ 
II I I . 

~. tJ1L'Jru~\l~~'el\l'el1'V11~~~'lU LVl ~'J1~1'el\l1~ 
..., ... .. 

~. ~~U ~Vl1\lVl ~'J1~ ~'el\lL~\lVl1\l'el'el n~11il1 n'el1'V11~ 

\l. ~'J1~LL(;lnIJi1\l~'e)..:l'elru'VIJl~~~'VI~1\l'el1'V11~nU freezing medium . " . 

. I Iil. ~'J1~LtI\l~\l'J\l (insulating effect) ~'el\l boundary film ~'el\l'el1mM~'eltJl 

m'VI.1~ 'VI1 n'el11'V11~tJ~~''el~1 \lJl1'J1\l~Iil~ij ~'J~\l. (barrier) lJi'elm~~1mVl ~'J1~1'el'UL~~~\l 

2.4.3 1Bn1'iLL"Jiu;t-3 uti-3'el'elm~'U 21B fl'el 
2.5.3.1 Chilling storage LtI\li)fim~LntJC1'U'el~'el1'V11~~'fJru'VIJJ~~..:ln~1'fJru'Vl.1J~ 

L~'elmL~\l (freezing temperature) L~mJ'elU 1Jn~lil~l~'fJru'VIJJ~ 5-10 'el\lfil1L'JI~L~U~ ~'J1~Ltj\l~ . 
I I II II 

v'hl~'elru'VIJln ~1 mlillil~~11il1n~1LL;;\l ~1LL;;..:l L~~Ln;'el 'VI1'elm~v'hl ~Lij\l~'JtJ~1~~1V'l'Jn 
· "I ... .. .. .~ ..: ., .... I...... .... ~ r0 ::. 

refrigerant ~'el\l ~LU\l m~LntJm'VI1~ ~~U chilling \l Vl1 ~'VIlJ!Jn~U1Vl1\lL~~LL~~L'el\l ~'JI~ ~'J)JVl\l 

I ~ ~ ... , 

~ ~~'el\l'~'U1~~ VlIil~L~ ~~\l~tJ'el1'V11 ~Ln;-n1~~ i)fi;jiju~ l-D1'Um~C1\l'el~:1~1 ~~t1\lm~'J~~1'J 

L~m~~1~'el1'V11~~~VlL\l1L~U\l1U L"ll\l L\l'el 1n 'el1'V11~Vl~L~ LL~~~n~~1~ ~1'V1~tJm~LntJm~1 
., ....cJcI I .... ltd. I::lI I ...~ 

~~ ~~Vl~'elru'VIJl~lJ~~~1ru15 'el\lfil1L'JI~L'JIU~ tJ1..:l'"'NL~um1 common 'VI~'el cellar storage 
• I" .. 

I 2.5.3.2 Cold storage' LtI\l';jfim1LntJ~\l'el~m'VI1~ Lr;Jumm"llLL;;..:l (freezing) ~ 

'fJru'VIJJ~~1J1n11Jn~1-n'fJru'VIJJij~1n~1 -10 'el..:lfil1LIJl~L:nU~ L~'ell~~1~ij~~1'U'el1'V11m~1mtl\l 
... ..~ 1 ..J .. J1 ..... ~... . ~ ~I ., ... .. • .. J1 0 ~ ... 

~~n\l1LL~\l 1'V11~LL'1JLL"1I\l\l~1~1~mntJm~1 ~\l'VI'el\lLU\l ~~'ell· ~r;J\l1\lLlJ\llJ1 ~tJ'J\lm~LL"1ILL"1I\l\lVl1

2 ';jfi 

. . 1. m~LL"llLL;;\l'eltJ1\l·jh1 (slow freezing) LtI\lm~v'hl~'el1'V11~Lij\lLL;;\l 
.•. . i ... 

o ... ~ I .,... ... 0 , col., ... .1 ... ~ ...coIco1~"', 

'elU1\l"1l11 ~'U ~"1I'fJru'VI.fJ~(;l1m1 5 'el,\lfil1 LIJl~ L'JIU~ ,LL~~ ~"1IL'J~1lJ~~~1ru 3-72"11'J ~~\l 'Jfi\l ~c;'I LLn 

mm"ll'el1'V11tl\l"ll'el\lLL"lILL;;..:l"1l'el\l~Lij\l~1-n(;l1~,j1\l ;\lij'elru'VIJlij~~'VI~1\l -1 ~..:l -15 'el\lfil1L'JI~L:nU~ 
I '\I q '" 

, ... ~ I .. ..l .. ~., ~ .... .,,~. 1 0 ... r J' x r... ~ ':"l ...... 
~tJ'J1~fln\l'ilLL"1I..:lVl LM1"1l'U ~\lL\l'elm'VI1~~~\l1~ ~'VIru ~lJ(;l1~\l\l L'JI~~~'el\lL\l'el;i(;l'J ~n ~~ ~~ ~'Vl~n 

I •. , , ... 
~1~1~ i..:l~~~IJi'ell"JruJl1~'el1'V11~ 'VI~\l1il1nYl~~n~1LL;;..:lfl~~1UIil\lm'VI1mitJ~~Jl1~L~~ 

... ~. 
I ... .... ... ,0 col..! .,!il ...

(thawing) 'fl1'V11~\l\l1il~~~ n'l3'ru:;L~:;LL~:;"1I~\l1 LLfl~2J;i'J\l~'el\l L'VIfl'JJl1U ~\lL"1Ifl~ ~'VIfl'el'eln~'l m 
· •II I ... II
 

:'1 qj I CII oCIICII O.ell .ell I....:rl ....
 

LlJ\l~'Jm\l'el~'el\lL'VIfl'J~''el'eln~11il~~~LL~\l,",fl11 L~un dripping 'VI~'el bleeding LL(;lmLlJ\l~'Jn~n 

I 
~~1m~~u1~1 leakage 

I 2. mnL"lI.Lij\lLL;;..:l'eltJ1..:l~'J~L1'J (quick freezing) LiJ\lm~v'hl~'el'l'Vl'l~ 

Lij\lLL;;..:l'eltJ11~'J~L1'J L'J~'l~Hl~Ln\l 30 ';j\l1Yl ';jfielil~1~~~n~1LL;;..:l~\l1~L~n 1~~1~1UL"1!~i 
I 

I 
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~..•~~ 1~t n",ij.u'ifiLL1n Lilu'ifi~ilm,,~ u~ .~~"n,,~m """ uil",ju ';1,tIi"fl1"'" 

"lI'1.l'el'J n'lJ"ll'l.l~"lI'el\lm~')~ LLf'l~m~'el'elmL'lJ'lJL~~'el\l LL"ll LL":lI\lL"ll'l.l m~LL"ll LL;j\l ~'JtJ m~r.l~ L~tJ [;IN 

(dir~ct im~erSiOn) i3fi~Hn'lJm~'l~~iJ~iJi'l\lhJ~\I~ LL~~~'l~~1"IX~'J'l~LU'l.lI1f'el\ll~iJ-w~Vi1'fl·

I	 ~. 

iJiiffi'tJ'l n'lJ~'l~'l~,r'l.l ~'l~~~~'ltJ~1"IX~'J'l~ LU'I.lLrJ'I.l~'l~~~~'ltJL~~'elLL~~~'l[;I'l~ ifiOliOl,j'l.liltJ ~H 
:w I • 

"r'l'Jnm'el'el'l.l1 (freom) L"r'l~'l~m~~'lm'Vlm'l~~'el'l.liOl'ln'el'l~'l~Ln~~'I.l~'J~L~'Jn~'lmm"llLL:n\lL~tJH 

~~LU'I.lLth~J'lJ'I.lm~'l~ (air blast) YhL~tJm~LthmmfllLU'I.l~\I'lJ'I.lm~'l~ ~n.l~1JijiJ~~~')ru ­

I. a . ~ CJ .._':.cS - . ..I	 .cdI 

34.1	 'el\lfll'l Lf1l~ L"lltJ~ ~'J'l~ L~'J":lI'el\l~~'el'liOl~\I~'ln 'el'l~'l~VI LL"ll LL":lI\I'JD'I.liOl\l~'J~'lJ~~iOll1'l"ll'l.l~~ffi~'lJ
 
I ~ ~ . q
 

vi'el1"IX~tJ'lJ~®tJ L"r'l~'l~ij'U~'I!'I.liOl~Ln~ freezer burn 1~ m~LL"llLL:n\lL~tJm~i~~~n'lJ~'l~1"IX~'J'l~ 
I .
 

. I
 

LU'I.lL~tJ'Vl'l\l~'el~ L~tJ1"lXm~'l~~1'el~'lJvi'el":ll'el\lm~'l~i~ ~~n'lJv1'el":ll'el\l~'l~1"IX ~'J'l~ LU'I.l 'elru~l1ij1"IX 
.	 • ~ 

IcI ~ I"	 oClII 
~[;I\lLL[;I -17.8 t1\1 -45.6 'el\lfll'lL"ll~L'lltJ~ 

I 

I	 oJ .. c:I,
2.4.~ e.lfi"ll'a~n1'LL'IJ L!I'an LL"lI~j;\'iI'il1\111' 

I n1m"JlLU'elmL:n\liJtJ~n~~'Vl'J~'elliJn.ll1'l"r'l":ll'el\lm~'l~L~tJ[;IN ~'el yh1"IX L'll~;":lI'el\l 
J'.oI 1.01 ...... ~ CI 'I oJ'.oI .<II <:I... J' , " 00

L'I.l'tl LtJ'fl LL[;In L'I.l'el\liOl'lmn(;ltJ~n'l.l'lLL":lI\I"1J'I.l'l (;l ~~'lJ":lI'I.lL~'el m~LL"llLtJ'elmL":lI\I Ln (;l"ll'l.l'tltJ'l\l'll'l1 m~LL'll 

LU'el ~ LL;j\liOl ~~ tJ~,J'eltJ~ 'l n ~'el n1~LiJ~tJ'I.lLLiJ~\I"lI'tl\l ~'l~~ ~~"ll'l ~ LL~~~rulii'l'Vl'l\l L.n"ll'l.l'l m~"1J'el\l 
I '. 

. 'el'l~'l ~ Ii\I LM''ll'liOliJm ~~ 'lJ L~tJU'l\l~;~~ 'l\l m~L[;I1-tJ~~[;ItJ~'lJ~1'el~~~~ 'l\l mnri'lJ~m~n'el'l~'l~LL"ll 

I	 . I " 

m~'l~Yi'el~1'1.lpJ~ar~-n'l.lLSj'el,j'lltl LL"ll LU'eln LL;j\liOl~Vi'l 1"IX~'J'l~~\lr;1'J~(;l~\I 'lJ'l\l ~f\l 

" 
'el'liOlVi'l1miJ~~'I.l[;ln [;I::n'el'l.l'el'elniOl'ln~'l~~::~'ltJ r;1'J'elth\l L"ll'l.l m~LL"li LU'elmL;j\l,j'l'l.l~ Vi'lH'd~I'I.l 

~.41 n~,unl",HlJ,"~"~,r" n~'11lJ ~1"fu.~ .J1nJ,"~U~.1J'" mhhJ LL~ ,ii.nLL•• til••,; 

~ [;I'lnVliJii~'J'I.l":ll'el\l'el~~L~ L"r'ln~'I.l~\I LoW'elU'el\ln'l.lhJ1"IX~[;I'lfJlLn(;l retrogradation ~\liOl::iJtJ~ 

Vi'l1"IX":lI'I.l~if\l LL"IX\I LL;\I ~::~~'l\l mm"ll LU'el n LL;\I'tl~ 'l\l-]'l1 ~1'el~::~~'l\lm~Lri'lJfn~ 
I .01 0 , .. CI .. ~, .<11.1 ' 
I ~'el'l.l'l'el~~~~LL"llLtJ'eln LL"lJ\I~'l~~'el~~::~'ltJ L'll~~~:: ~~~'l~'l~t1~'I.llLl LL~::L[;I\I 

L~Sj'el'l.lL~~ m~'l~iOl::iJ Lij'elil~ iJ"lJ'el\l L~~'JiOl'l nl1'ltJ1'I.lL'll~;'el'eln~'l Lij'el\liOl'lntJ'I!\I L"llfl;t1 nVi'l~'ltJ .
I.	 ~ 

'elth\lhri [;I'l~ ~'lnn~::'lJ'J'I.ln1~LL"liLU'eln LL;j\l Ln (;l~'I.l'tlth\l~'J (;l L~'J tJ~n~'lLL;j\l~ Ln (;l~'I.l11'ltJ1 'I.lL".ll~; 
I 

LL~::"ll'el\l~'l\l1::~~'l\l L'll~;iOl::iJ":lI'I.l'l ~~~n iOl::iJ tJ~ L~tJ~'ltJ~'el tJ'I!\I L'll~;,J'lltJ~'ln . LL~::hJ Ln (;lfO}'J'l3J 
. .. I " I " 

LL[;In ~'l\l~::~r'l\l ~'J'l~ ~'\;ll'el,j'l~'JtJ . L'll~~1"J L~tJ'J~\I ~1'eliJm~~'lJ L~tJ,j'l'el'elniOl'lm".ll~;LYltJ\I 

L~n~'eltJL'Vh~I"'I.l ~m~tn.l::L~'el"lJ'el\l'el1~'lm"liLU'elmL;\liOl::U\lI"l\lL~Sj'el'l.lL~~~'ln Vi'l1"IX'el1~'lm"liLU'eln 
CI "'1 "... .....<11 0 liJ CI ... '" iJ ...... " LL"lJ\lVI (;l3JliJ~l1'l"r'll'1 LL~::L~'el'l.l"1 ~~'el~~::~'ltJniOl::~~ n'Mn.l:: ~'ln!J'Vl (;l(;l'JtJ 
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I 

I c:; ..., I CII c:;; 
2.4.9 1:J~"lJ'a·m1'ibntJ'im~n'a1'Vl1'Hb'!fbtl'anbb"lJ.:I 

n11Lf;'J1m~1m~11LL"ll L!hm LL~.:I~.:Ifl c;)TJru~.Qij1 ~ ~1~.:I~.:I~ C;)tB~11 n1 LU~tJ'WLLUfl.:l 
Lti'el.:l1Ol1 n,~Jvi;'ULL~:::uBmm'Vl1.:1~';l LfDlij1~-W'eltJ~.:I L~11:::n1:::'lJ';l'Wn11LL"ll LU'eln LL~.:I LL~:::n11Ln'lJ 
1m~1 hlL~hhllfl1tJ activity "lJ'el.:l L'el'WL'1l~ LL~:::~~ j;j'elIOl~'W'Vl'1unij fDl';l1~ ~'WLLU1LU ~1~'elru~Jlij ~';ltJ. . " 
no'iri1J.n>nr~ iu"'ljj,""o,. ,-4 11. -1, 0 ~. ~, .." L;j"~ ""ij"",;,.,xLn. lethaI effect oi~ 
'~'W'Vl'1tJ~.J1nn~1n11Ln'lJ1m~1VlTJru~.Qij~1n~1il(1:::~~1.:1 -15 ~.:I -30 'el.:lPl1 L"lI~ L;ntJ~) 

" I , 

'W'el nlOl1 nil~.:Iij,~'W'Vl '1U'lJ1.:1"llUc;)Vl'Vl'W'Vl1'Wj;j'elTJ ru~.Qij ~1 tJ n L~'W' ~'W'Vl'1UU1::: LJl'Vl 

u~j;f 11 LL'lJrolfL1tJ (gram ~'lJ L"ll'W Coliforms LLfl::: Salmonella species) ~';l'W1~qjQn~1fl1tJL~ . 

Ln'el'lJ~.:I~~c;)1 ~';l'WLL'lJfDlVlL1tJ (gram 'lJ';ln L"ll'W Stapbylococcus aureus LL~,::: Enterococci) 

~U'elf"lJ'el.:l11~'el'W;r1.:1'Vl'W'Vl1'Wj;j'eln11LL"llLU'tlmL;j.:l Bacillus species LL~::: Clostridium species 
t' " 

L"ll'W C.bot~linum liil:::hjL~1'lJ ~~n1:::'Vl'lJ1Ol1n n11LL"llLU'elmL~.:I LfltJ ;J.:I,r'W~'tl.:lfl';l'lJ rol~ ~';ltJrl1"l1 

~ 

'el.:l Pl1 L"lIfl L"lItJ~ 1Ol:::~ n11~'U L~tJflCWl1~'Vl.:l'VlLn c;)1Ol1n n11LU~tJ'WLLUfl.:l'Vl1.:1 Lrol~ LL~:::m~11'lJ1.:1"ll'l..lC;) 

... I .!"I
'el'eln"llLIOl'W !n';l:::fDl';l1~LlJ'Wmc;) 

..." I'l/ .... ..I!'l '" 
~1'el1~C;)';ltJn1"ll"llflLTl'el1 ~c;)'el'eln ~'1lc;)) 

• 

I ~1~1'lJf,]ru~.Qij~1.ojfLn'lJ1n~1'el1~11LL"llLU'elmL;j.:lLr;)m~·';l1 LU ~'el U1:::~1ru 
4CIlI!.. ... ~~.- ..l .. .­

i lIJ .. q 

... I ~ .. " • I...J • I ... I ... ~".. A' ..I
mlOlLn(;l1Ol1n I activity "lJ'el.:lL'el'W ~"lI~(;l';ltJ LLfl:::n11LlJ~tJ'WLLlJ~.:I(;l.:ln~1';lIOl:::Ln(;l ~r;)L1'd"lJ'W L~'elm1~ 

I A' " 
L;r~;r'W"lJ'el.:l~~Qn~,:::~1tJ~.:I"lJ'W1'el'lJ1 ~~ml1LL~.:I ~11.~ water activity ~(;l~.:I (L"ll'W L~~'elU1:::~1ru 

0.82 ~'elru~~ij -20 'el.:lfll1L"lI~L~tJ~ 1.'Wm~11~ij~1LtI'W'el.:lP)U1:::n'el'lJ) 'W'elnIOl1n~~.:Iijn11LU~tJ'W. "" 
P11Yl L'el"llLL~::: redox potential ~';ltJ L'lJ1'Wt1n~1~1tJ~';ltJtl1 L'el'WL"lI~1~t1n~1~1tJ"lJru:::~L"lI~~L~~.. ..
 
~~n~1LL~.:I '7l:::~11.~L'el'WL'1l~L;r1Luunmmri'lJ~';lt1n~:::fl1tJ~~tl!11tJ1.'WLL~:::ijfDl';l1~L;r~;r'W~1n~'W

I OJ.... 
~';l'eltl1.:1n11JU~tJ'WLLU~.:I~Ln(;l~'Wj;j'el'el1~11LL"llLU'elmL~.:I1:::~~1.:1n11LntJ1n~ij;J.:I~ 

. ! 2.5.5.1 n11L~'el~"lJ'el.:l~fl1tJ"lJ'el.:l~11~ 1:::~~1.:1n11Ln'lJ1n~m~11LL·.IlLtl'eln 
LL~.:IU1:::LJl'Vltn~L~m ~'el ~11~L~m~1'elfl~'el b1YJ~~IOl:::P1'eltJ1 ~~1tJ~';l'eltl1.:1ojf11 :~LtI'W~~1(;11fl 

"lJ'el.:lYJb'elLyJ~~~.:I LL~ ~nlOl:::~1'Wn11fl';ln LL~';l n ~1~ fl';l'W1'W~~ L~'el1IOlij n11L,J~tJ'WLLU~.:IYl L'el"ll 

A I " ..... "" A' ...I......... ... ...
L'W'el.:l1Ol1 n"lJ'el~ L~fl.:l!11tJ ~'WL"lI~~~ fl';l1~L"lJ~"lJ'W~1 n"lJ'W L~'el LtJ'WlOl (;l Ln~'tl"lJ'el.:l£ll11'lJ1.:1"ll'W(;lIOl:::~ n11 

~:::~1tJ~(;lfl.:lILL~:::~n~:::n'el'W . L~'elYl L'el"ll"lJ'el.:l L"lI~~YJ"lI LU~tJ'WLUIOl:::~11~~"lJ'el.:lLL'el'Wb 'VlL"lImU'W 

.I..l I~.I"
LlJ~tJ'W ~lJ(;l';lr 

I 2.5.5.2 n11~'YL~tJ':)~1ij'W ':)~1ij'W~~:::~1tJL~~1.'W~1 L"ll'W ':),~1ij'W;nLL~:::n1C;) 

LL~'Wb'VlViUn1:::~'YL~tJL~.:ILL~'tJru~.Qij~1n~1'C;)LU'elnLL;.:In~1~ ~1n'tJruWJijLW~~.:I~'WIOl:::~n11 

~'Y L~tJ':)~1in'W~L~~~'W 6-20 L'Vhl.'W~n LL~::: 30-70 Lvhl.'W~~L~ fl'd'Wn11~'Y L~tJ':)~1ij'W"llU~~'W1 
A. " ' I. ...J~ ~ _ J' ~.. J'. I• I
~';l'W ~~C1JIOl:::m(;l1Ol1n"lJ'el.:lL~~';l'Vl ~~~'el'eln~1 lJ"lm'U~1:::m~11lJ1:::LJl'VlL'W'el'rl~';lLL~:::L'W'ellJ~1 

'" I 

-18 
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..... I CIl.Q.Q.Q I I c:I'" I" c:I 

m'elm-:Jm~~ 'k! L~m lW1~'W"ll'W(;lIWl-:J1 ~::'VI'J'l-:Jm~LmJ~m~n'el1'V1'l~LL"ll LU'eln LL"lI-:J 

'lJ'l-:J"lloW(;l LL~I::LL~(;l-:JC;)-:JL'W[;I'l~'l-:J~ 11 

CIl.Q _.QI 1 c:I., ,""I .. .......a 
J;J1'i1.:J'VI 11 m ~~ t)J L~ m [;I'l~'W"ll'W(;l [;I 'l-:J1 ~::'VI'J'l-:J m nn'lJm'ft'l'el1'V1 'l~LL"ll LU'eln LL"lI~'lJ'N"ll'W(;l 

% n1'l'6'fr;ULi!l'l~'lIItj1.:Jn1nfftJi'n~1v1'!1{lA'lIIllij -18 '!I.:Jpf1L'lf~L=a!l'6'f 'U1'U 12 cu., 4· CU ... 
'!I'l'lll1'l LlJI'!I'U 

1lJl1 i3u=i 
.... .... .. .... .... .. 

tU'£l:::au 
.... ...... 

LLPlt~;jU'';)lJl1a.lU1J ';)lJl1a.lU1J ';)lJl1a.lU1J n~lJlLL"'U 

..I t'r);jun'VIU~ f4'£l~ 'VIn 

'" I 52 0-32 0 0 0-21 53 0-23mLL"lIn 
,
'" ... 11 0-16 0-8 0-8 7 29 0-4m~'WL[;I'l 

e.J~L~ 0-50 0-66 0-67 0-33 - - 0-78 
... ... 

..... ""1 

8 9 0 24 22"ll'WL'W'el - -

~L~n* 
I... ... 

.... ""I 
0-18 0-37 0-5 0-8 18"ll'WL'W'el - -

'VI~*.. 
cr .... I ... 
~'lJm'ft1'W116 L(;l'el'W 

'VI~'l : FeilDI' 1997 

. 2.5.5.3 Activity "lI'el-:JL'el'WL'1imlL'VI~'el'el~ ej'n'VI1'ele.J~L~~eJ'l'Wm~~'JnhjL~U-:J"t'i'el 

,,::u-:J lil-:Jij L'el'rLIJl~"t'i'el~Yj'W'tl~'tl'elniiL(;l~ L'VI~'el'tl~ ~-:Jvh L,xlin.lJl'l"t'i"ll'el-:Jej'n LL~::e.J~ L2J~(;l~-:J L~'el-:J~'ln 

l.J~mmm+n (;l~~'l 1JI'l~~ Li-:J ~'JU L'el'WL'1i2J 'VI'l nU-:Jij L'el'WL"ll~t"t'i'el'elnii~ L'W~,,::vh L,xLn (;ln~'WLL~:: 
I I I " 

~~"ll'l ~Vi~ (;l1.Jn~"1 n~~ (;l ~'J'WL'el'WL'1i2JVi[]'elU~~'lU tl.J~~'WLL~::~~ (;lL'WLtl'ellIJItJ 'tl'l"vi'lL,xLn (;l m~ 
• l..l • I I ....... J'........l cr... ~ ... ~I
 
LlJ~U'WLLlJ~-:J,"!I'el-:J~~"ll'l IJILL~::~nMN::L'W'el~~e.J~ ~'tlLn'lJm'ft1 ~'J LlJ'WL'J~'l'W'l'W 

! ... J' ' 
I 2.5.5.4 'eltfJnii L(;l-r'W"!I'el-:J~~ (;l l.J~mm~~'l~'l~C1 Ln (;l"!l'WL~'el[]'l-:J-n'l1 Vi~ NWJiJ 

-18 'el-:Jfll'lLIJl~Li]EJ~ (oWfim ,2544) 

11'l"ll'W::'lJ~~"~'l'VIf'lJ e.J~ [;InNon 'el'l'VI 'lnL"ll LL~-:J lil'J ~"::~'el~ij lilN~~'lJ"iiiJ'tl-:J ri''Wm~. .. ... " 

~ q,tL~ Ulil'J 'l~;'W LL~ ::~::(;l'J n1Ji'el n'l ~"lI'W~~ t(;lUVI'JLl.J m~'lJ ~~"'tl'l'VI'l ~LL-n LL;;~ lil'J ~~'lU~ ii-:J;J'eln 'l'VI'Wt'I 

" 
IJi'elLl.JU 

" 2.5.6.1 ,x'el~'lJ~~"~'el~~::'el1(;l ~'l~'l~mJ'el,:jri''Wm~l.J'I.lLtI'el'WL~• 
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I
 

I
 

, 

-t';lt~.:l 

2.5.6. 3 f,pJn~nr~1.fl'\..ln11'IJ~~~bb~::V'l'lrn.:l1'1..l'IJ~~~lJf'fl.:l~::'fl1lJl bb~::~:;tj.:ln1~ 

, ~ 

2.5.6.4 I"lCW~~m"1J'fl.:ltj~ lJlV11.on dJ'I..lf11"ll'l..l:;'IJ~~1Ol eJ~ j;lJ1CWov1bb'll bb'7i.:lil ~.:l~ 

1. b1J'I..ltj~lJl~I"l.:l~';l1.'I..l~f11~'flCW'VIf1ij~1Hl~ 
• • OJ 

I I II II II 

2. b1J'I..ltj~/;lV1hJtJ'fl~1.~~.:lj;J'flhJileJ1'1..l1~~::lJl';ln'l.l11'fl'l.l1 'fl'fln=.hlOl'l..l ~1~• 

~ 

~f11';l::1Ol1n"1J'fl.:l b'VI~';l b1J'I..l'l.l1 bb'7i.:l 1.'I..ln~Niln1~'IA'fleJ~ j;lJ1CWov1rl'fl'l..lbb'll bb;i.:l 

4. LrJ'I..ltj~ lJl~tJ'fl~1.~n1~~1tJ b'Vlm1~~'fl'l..l'fl'fln.1Ol1n eJ~ j;l.nCWov1 btl'l..lhJL~• 
" .. ".tI:lII fV r I "crA. I 

lJl';ltJlJlm~n1I~'IJ~~eJ~j;lJ1CW"Vln'fl'l..lLL"llbL'Jl.:l 

5. hJLrJ'I..ltj~~~iln~'I..lbb~::~~bb1J~mJ~'fl~hJbtl'l..l~Mj;J'fleJ~j;l.nn.lov1'fl1'Vn~ 

6. L1J'I..ltj~~~'Vl'l..l~'fl1"l';l1~~'fl'l..l rl11.onn'IJ'fl1'V11~~'"lb1IOlltl~ ~'fl.:l~'I..l'fl1'V!1~ 

7. btl'l..ltji'l ~~'Vl'l..l'Vl1tJbb~::~:;lJl';ln j;J'fln1~"1J'I..lU1tJ 

~';l~th.:lb'll'l..l 1n1~'IJ~~~bn'flij;l1"~1'V1f'IJn1~bb"llbb'7i.:lm~tJ~m~.:lj;J'fllUe 
...., ... 1. "......J " ~ PI ¥ r ,J ..J 

n1~'IJ~~~'VI'IJ'VI'flI"l';l~b~'fln "ll';l~ ~ 'Vl b'VI~1::i'l~ j;l'fl.:l bbtJn'IJ~~~ b'l..l'fl blJ'I..lrl j;l';l 1 rl';l'l..l'Vl 

ill'Jl~'I..l~1 n 1"l';l~'IJ~~~ 1.'\.J[\1"ll'l..l::~i:l1"l';l1~'VI'I..l1~'fl~IOl::n'l..lhJ1. ~eJ~ j;l.nCWov1 i~ eTi'l n'IJ'fl1n1 fll bL~:: 

f11"ll'l..l::I"l';l~·tIOl1ntji'l ~~ bl"l~'fl'IJ1"1J (grease proof) n1~'IJ~~~'IJ'IA'fliim1~~1 ~qj j;J'fl~::tJ::b';lfl1~ 

1.fl'l..ln1~bb"llbb'7i.:l ~';l'flth.:lb'll'l..l bn'fl"1J'I..l1lJl 1 U'fl'l..lr;1 bt'llbb'7i~~'fln.l'VIf1ij -10 0 F ti1'IJ~~IOl~'J'IA'flIOl::1.on 
, • OJ , • 

I
b';l~1bb"llbb'7i.:l'l..l1'1..l4-7 -n';lt~.:l ti1'IA'fl~';lmbeJ'I..l~~~~~1~~nlOl::HL';l~1n.:l 6-4 -n';lt~.:l LL~::ti1'IA'fl~';ltJ 

I 

b"ll~t~b~'I..l (cleIIOPhane) bl"l~'fl'IJ1"1J1Ol::1.onb';l~11.'I..ln1~bb'llLLi.:l~1n~'I..l 

2.4'1 n1'i"lJ'U.~i11\l11'iU."U.';~ 

. I n1~"1J'I..l~.:l biJ'I..l~'I..lj;l'fl'l..l~1~tlJ~,IOl::~'fl.:lfn~~::~'IJ~CW'V!JJij"1J'fl.:l'fl1'V11~bb"ll bbi.:lhJ1.~ 

~.:l~'I..l ~.:lj;ll'" 'fl.:l"1J'I..l~.:l~';ltJ~Cl"1J'I..l~.:l~'fl.:l bU'I..lV1il'flcw'VIf1ij~1n~1 -20 0 C tlJlm'tl~1::'fl1tJn1nn'IJ 
~ q ~ q 

fnM1U~1bb"llllb'7i.:l~'I..l'fltJ.' n'lJ'flCW'VIJ1ij~1.fl'l..ln1nn'I.J ('flCW'VIf1ij"1J'fl.:l~'fl.:l bU'I..l) b"ll'l..l u~1~4''IJ~11~ 
" q 'U q ... 

1.'VI~ 1 bn'IJf1m~~CW'VI1Jij -20 0 C lOl::bn'I.Jl~ 'I..l1'1..l 8 b~'fl'l..l 1.'I..l"1Jn.l::~rl1bn'I.J~ 15 'fl.:lfll1L"ll~b:ntJ~ 

IOl ::bn'I.Jl~ boWtJi.:l 1 L~~'I..l b';l ~1'1..l1'1..lbyh hlOl::biJ'I..leJ~ j;J'fl f'lCW1l1~n1 ~~CW'VI1Jij~.:l~'I..l1~~11Ol::b1J'I..l"ll';l.:l

"1J'fl.:l eJ~ j;l.nCWeY1 ~.:l'l.!'I..ln1~"1J'I..l~.:l eJ~j;l.n CWov1bb"ll bb'7i.:l1Ol1rltN.:l1'1..l~'fl.:l bU'I..ln~ vi"II3-'fln~ lutr.:l~1'1..l 

"1J1tJu~n ,rnliiifru'VI1 ~'fl.:l'fln.l'VIf1ij bi'l~'fl
w • OJ 
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L(;1tJ-i'JhJ m~'lJ'l.l~.:l ~'JtJ~C1,"'el.:l Lth.l'l.l1'l.l~~ (;1iJ~:::~'Hl.l 30 -F'JL~.:l m~:::L~'eliJ~1tJ'Vl1.:l 

'elnJ~Jlij'lJ'el.:l~'el'l.lL'Vl'l.lL'l.l'f)f hJf'1'J~Ln'l.l -18 0 C f'1~~LiJ'l.l -20 0 C ~1'el~1n~1 
q "I I I I " 

'f)thbhn(;l1~ L~'el~~nL~tJ.:lmn~'el~~JlTI·~~:::~~1.:lm~'lJ'l.l~.:l f'1'J~iJ~Ui~.:l\l 
. .11 I 

1)~:::tJ:::L'J~1'lJ'l.l~.:l~'l.l~1f'1'J~i'l.l~~(;1 
., 

2) f'1'J~~.:l~:::tJ:::'\..h.:l~:::~~1.:l~ ~ (;lJlnJevlntl ~'l1.:l f'1'el'l.lL'Vl'\..lL'\..l'elf 

3) L~f'1'J~iJ~:::~6(;1~'el.:l~'\..l'J'l.l 

4) m~tl (;1 Ltl (;1iJ~::t:lli'1~1 LiJ'\..l'l,"~'IJ'fltJ~~ (;1. (~~1~'Vlm~tJ~ L"ll'VitJn~~1fi~1"ll 

2539 ) 

i ~.,j a... "I t ..... , ... .., d'r:J
. 2.4.8 "",~'VIfl,;)'ifl"l'U~ ..'\.In''l'iCl'\.l'£l~'il''l'lll''l'i j;I!I,;)fiLL1fLL'!J~ ~j;I~'U 

m~L(;l1tJ~'el1~1~ri'el'\..lm~LL"llLL;j.:l mn~'eln"llij(;1m~1~~'*l::HLL"llLL;j.:l L"ll'\..l LiJ'l.le1n 
., ., 

e.J~L3Jf'1'J~~1::l LL~:::~(;1LL~.:l'l,"~tJ'l.J1'eltJ e1nf'1'J~'*l::: scalding ~1'el blanching rA''JtJin1'fl'\..l~1'elL'f)'ll1 
I . 

. I 

ri'fl'l.l L~'tl~(;1U~mm"ll'fl.:lL'el'\..lL"1l,r(;l~'tl(;1'*l'\..l"ll'JtJvi1~1tJ'~'\..l'Vl1tJ 

m~LL"llLL;j.:l'l,"L~'fln'loDtSfim~LL"llLL;j.:lm~f'1'J1~L~~1:::~~ ~ijtJ~'l-n'\..lt1Iil',j'\..l f.1'el 

quick freezing L'Vi~1:::'l~e.J~~n~1 slow freezing mh'J~'tl quick freezing 

1. vi1'l~e.J~nm~LL;j.:l~'lJ'\..l1(;1L~n ~fivi1~1m"1l~6"ll'fl.:l'tl1~1~LrA''IJ~tJn~1 

2. 'l-nL'J~1Ln'l.Jm~1~!i.:lf'1.:l~Jl1'ViL~~~1nn~1 

3. {J'el.:ln'l.lmnIil1'1!"ll'tl.:l'i~'\..l'Vl1tJ1~e.J~n~1 
I 

4. {J'fl.:lri'\..lm~vi1.:l1'\..l"ll'el.:lL'tl'\..lL"1l~1'\..l'el1~1~L~L1'Jn~1 'el1~1~~L~1il1n quick 

freezing Ld'el thawing LLft'J~.:l~f'1'J1~'ln~L~tJ.:ln'l.J'el1~1~~(;1~1nn~1 slow freezing m~ 
I 

LiJ~tJ'I.lLLiJ~j~'fl11il Ln (;1~'l.lL~ "llnJ:::~ Ln'l.J'tl1~1~L(;1tJ m~LL"ll LL;j.:l· ~:::~~1.:ln1~Ln'l.Jfn~1'tl1~1~ L(;1tJ 

m~LL"ll LL;j.:l I iJ~mm'Vl1.:l Lf'1ij LL~:::L'el'\..lL"1l,r"ll'el.:lm~1~!i.:l Ln (;1~'\..l'elth.:l-n11 f'1'J~ijm~f'1'J'l.J ~~ L~'el 
!l1 ""... I .
;J'el.:ln'l.lLn(;1 freeze burn 

I I I I II 

m~LiJ~tJ'\..lLLiJ~.:l~:::~~1.:l thawing m~LiJ~tJ'\..lLLiJ~.:l~~~.:l1il1nVle.J~n'll1LL;j.:l~:::~1tJ 

lil'\..lm~1~n~'l.J~~Jl1'ViL~~ 21nije.J~~11il1n~m~LL"llLL;j.:lLL~:::n1nn'l.Jfn~ thawing f'1'J~~1~ 
I I " 

~nJ~.1Jij~11~1 10 'tl.:lfll1L"1l~L~tJ~ LL~:::f'1'J~vi1'flth.:l~'J~L1'J L~'fl{J'el.:ln~~1~1tJ Lil'el.:l1il1n'~'\..l'Vl1tJ 

m~1~~~.:lTn thawing LL~'Jf'1'J~~1m~ process 'Vi'\..lVlL~f'1'J~Ln'l.JHVI~nJ~.1Jij~'tl.:lLiJ'\..lL'J~1'l.l1'\..l 

Precooke friOzen foods 

1'l.lt1'*l'*l,j'l.lijm~LL".rlLL;j.:l'el1~1~~.:l~1L~'*l~iJ~1ifl'el1~1~~1L11il~tl L"ll'\..l e.J~ (;lJlnJevllil1n. ~ ~ ., 
Lil'el ~~ Lri ~.:l iJ~1 mVl1~'Vi'Jn,iJ f'11~ ~t:I 'Vi1tJ LL~::'lJ'\..l~U.:l(;h.:l1 'l'\..lmn(;l1tJ~'el1~1~ri'tl'l.!n1~ . 

., , 

LL"llLL;j.:l ~in1~\l1~f'1'J~vh~1tJ'~'\..l'Vl1tJ'el'eln'l~~1nVl~(;1 L~f'1'J~~'~'\..l'Vl1tJ'el~Ln'\..l 100,000 

I 
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" " 
colonies j;]'flmVl'l~V1;j,:mf3J indicator bacteria Vi"·ii\rh...l~':l ~~':l'"lVl'l~~'lJhJ'l~n'l~LL"ll LL;i.:l"v'vmil

I .. 

H . Enterrobocci L°;'Wl:::'Vlt.lFl':l'l3J~'flt.ll~~n~'l Coliform V1~.:l'"l'lnn'ln~·hJ3JmVl'l~ lOl':l~ij 

~1.ffi1'1Jflf ri"n1..11"~1'fl."O"L~fll." "ffi~"",,;"'1...":"fl1:""lJ L~fll,":"o"'::1'.;;fl 
StaphylocoGcusaureus LL~::: Clostridium botulinum (3JVI'l':l'VltJ'l~mm~t~~P\'l~~~.2535) 

, 
2.4.9 ,j'e1~ LL~~,j'eui!l"ll'e1~'e11~1'lU,jLL:n~· . 

1. 'fl1V11 nL"ll LL;i.:lij I"J t1.l1i11'Vl1;:jL.n'llt.l1 n'l~3J'l n n~ 1'fl1V11~~ tlt.l'fl3JL{;ltJ n'l~HlfJn.l'VI.1:Jij 

~.:l LVi~1:::Fl':l13J ~'flt.l'"l:::vh ~1 tJ';j ~1ijt.l" t.lmVI1~Ln'fl'JVl3J {;l
'" 

2. mVl'l~LL"ll LL;i.:lij~n~n.l:::Fl~1tJ'fl1V11~~ {;l3J1nn~1 mVl1~~ tlt.l'fl3JL{;lfJ';jfi~t.l 1 ~.:l 

vh"~~1 Fl1~'fl.:l~~~.nn.l"'~.:l~13J1tJ~':ltJ LL2J~1'"l:::~'fl.:lL~tJf11Hrol'ltJ"t.ln'l~~~ ~~~.:l n ~'l3J LLj;]n~)J 
I I ~ ~ . q 

nU~~ViL~fUI ,., 

3. mVl'l~LL"llLL;j.:l ij'fl'ltJn'l~Lnufn~1V1it.ln~'lmVl'l~LL~.:lVlffi 'fl'lVl1m~:::U'fl.:l 2-.nn.. 
" 

4. ~'fl~Vl1'fl ~LfhJfn~~~ [J\.nn.l"'~':l3J11.:l n'l~~t.l~.:l'"l:::~'fl.:l"-n~'fl.:l LL"ll LL~.:l '"l:::LnU"t.l 
'" 

'fln.lVl.nijtln~LVlij'flt.l~~~.nn.l";t.l1 'WL~ 
.. '" I 

. I 5. .~~~.nn.l"'LL"ll LL;j.:l'fl1'"l~'lJ L~tJL.n'llt.l:::'ttlVi~'fl3J nu ~~n~1 LL;j.:l~~:::~'ltJ't~ L{;ltJ 

L'!lVi'l:::"-]i3fiL~'llLL;j.:lVihlihJ~:::~'Vlfi.n1Vi (~1~~U, 2542) . . 

........ ... ....... '''' Gill .

2.5 n1'fl~61'J-n'il~~a61llnl'VI~~lIJI~!I'ilnw!J~ (Thawing of ~rozen Products) 

n'l~~t.l~':l~'fl.:l ~~~.nt1.l"'LL"ll LU'iln LL;i.:l Vl3J1tJt1.:l n~:::u':lt.ln'l~VI ~Nrit.l;r'l2-Jnun'lm"ll LU'fln 

CI ".l"f I "I"'" ,......... ,.. CI ..I 0"1"" ~ .. 
LL~.:l'"l {;l LlJt.ln~:::U':lt.ln'l~ ~VI Fl':l'l2-J~'ilt.lLLn ~~ ~.nt1.l'VILL'll LtJ'fln LL~.:l LVi'fl'Vl'l ~ VI ~~nt.l'l LL~.:l~:::~'ltJ 

I 

n~u Rt.l~~.nrVi L~~ ~.:lr.r{;l LlIt.l.:l1t.l~t.l~ {;lVi'1tJ~'fl.:ln'lm'll LU'ilfi LL;j.:l ri'flt.l~'"l:::tl'l 'ttlU1'L.nFlVl1'ilLLtl~ 
~tl LlIt.l~~ Vl.nt1.l-mlt.lj;]'il'ttlVl12-Jlln ~~~~1 n'l~f1lt.l~':l~'flt1.lVl.nSj~'il.:l'"l:::"-nL':l ~'lt.l'lt.l2-J'l nL{;ltJ L'!lOW'l::: 
'" I., .. '"
 
'fl1V111~5J~J'l {;l"Villi ~t.lVlt.l1 vh"'\.\'L~m':l~1 LL~:::L,J~'il.:l~t.l~~ ~'fl.:l" -nL~'fl n1~Rt.lnJ ~.:ln ~1':l


I .. .... 

I " , 
'L{;ltJ L'!lVi1:::".w~:::~U'fl 

'II 
~~'l'VI n ~~2-J t.l'fln'"l1 nil~.:lij ~~ n ~:::'VlU j;]'fl Fl t1.l.n'l Vi~'fl~ Vltl ~uVlu'l2-J'l~t.lnJ'II..... 

, "I
~':ltJ LVi ~'l :::Lij'fl"-nL':l ~'lt.l1U'"l:::Ltl {;l'L'iln'l ~"'\.\''"l ~t.l'Vl1UL'"l1'ru L~U 'LVl't~Vicht.l'fl n~'fl.:l'fl1V11 ~~.:l'"l:::fit.l 
. I ... 

~':l ri'ilt.lLlIt.l~~"""ij~1t.l':lt.l'"l~t.l'Vl1U~2-J~t.l~.:l;t.l ~.:l n~:::'Vlu~'il n'lnLtl~~tl"t.l~t.l~'il'ttlLL~ :::~.:l'fl'llil 

vh"~1"Jt1.lJ11~ll~'lt.ln~t.l~~"L~'ili2-Jej~ LL~:::~ Ltl~tJt.l'ttl~':ltJ L{;lm'UVi1:::~~~.nt1.l"'Vi':lm~'fliVltJLLfl::: 

tlfl1 L~'fll LntlqjVl'l~.:ln~1':l~.:lFl':l~'Vl~'lu';jfin'l~Li.:l~Vl~1·n'l~f1lt.l~':l" ~.:l~12-J'l~tlVh 't~'\.\'L~':l~t.l 
SI I.Jo • 

VI~1tJijfi~.:lil (Fln.l1'"l1~U.n'l Fl';j'll'l';j'VltJ'l P\1~VlfLL~:::L'Vl Fl'Lt.l'L~ti n'lffi1V11~, 2539) 

I 
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2.5.1 fi'J'J3J~1~"ll'!l.:m1'Jfh.l'lUl1'Vi'!l1~1'H~,j ~ii'!ln ~~;j.:J (Nature of Thawing) 
... 

m1~h.l~1l1Ylvi1'fln11'Cl:::'Cl1UU1 LL~..:I ~'fl m1L'IX1"l';l13J1'flULLn'fl1VI11LL-rl LL~..:I 
I , '" . , ....	 .... 

L~'flL'lXU1LL~-Il'Cl:::'Cl1U ~';l'l.lmm-rlLL~..:IU'l.l ~'fl m1~..:I1"l';l13J1'fl'l.lL'l.l'fl1'V111'fl'flnL'lXLn~HJ~nU1LL~..:I 
I '" II II	 II I 

L'l.l'fl1'V111 f..:lU'l.lm:::U';l'l.lmn1..:1~'fl..:l;j ~'fl m1u'fluniun'l.lU'l.lL'fl..:l ~..:I~:::ijl"l';l13Ji3J~'l.lfi"ll'fl~ 

~ru'VI.1Jij'fl1"'11nUL';l'Cl1 ·L~mr';lllJm1'Cl:::'Cl1U'fl1'V111LL-rlLL~..:IL-DL';l'Cl1'l.l1'l.ln~1m1LL-rlLLojj..:l ~'l.lnu 
I II '"	 II II 

fi113J"ll1~"ll'fl~U1U'l.lL'fl..:l n1:::U';l'l.lm1LL-rlLL~..:InUm1'Cl:::'Cl1UU1LLojj..:lU'l.lu'fl'l.lniun'l.lL'l.lLL~"ll'fl..:lm1L'IX 

.oil I... %. ... r .. ... 'I .1" ..- ..J CI 

LL'Cl:::m1~..:Il"lr13J1'fl'l.l 1"l';l13J'Ci3JYl'l.lfi"ll'fl..:l~ru'VI.1J3J 'fl 1 'VI 11 nUL';l'Cl1 ~'l.lm1lJ!JU(;l"ll'fl..:lm1LL-lILL"ll..:l 

nun 11~'l.l~Jil1Yl"ll 'fl..:l'fl1'V111LL-rl LL~..:I~..:I (;J1..:1 n'l.l 
... ...	 ... 

U1LL~..:I,r'l.lijl"lru~3Jm;L'l.lm1LU'l.l~';lU11"l';l13J1'fl'l.l1IMln~1'll1~..:I 4 L'VJr1 LL'Cl:::~..:Iij• 
.... II I	 I 

I"lru~3Jm;Lt.lmm1:::~1UI"l';l13J1'fl'l.l~n~1U1~..:I 9· L'V11 ~..:I,r'l.lLij'fl~~LmUULVluuL'l.l~Jl1YlVl 
q	 I . I I II II II 

~ru'VI.1JijL'Vhf'l.lLL'Cl:::L'l.l~~1YlVlhJijmiLI"l~'fl'l.lU1U"ll'fl..:l31 L'l.l'fl1W11 Yl'fl~~lrJl~1 'll1LL;j..:lU'l.l~::: 

~..:I ~1'l.l1"l';l13J1'fl'l.lLLfl:::L,J~U'l.lLLlJ 'Cl..:l~ru'VI.1JijlrJl L1';l n~1'll1 
'"	 I"''''

nl1fl:;fllt1U1LL;j~lill'-Jfi11'-J-nl~ rcq:;Ln",nl1~:;~It1ii1rJ'JVI,Jl'f)IV111rifltJ ~~,ru 
,...	 I 

L'l.l~'l.lVlVl'fl1~11LU'l.l'll1LL;j..:l'VI3J~ 1"l';l13J1'fl'l.l,~:::~..:I~1'l.lLL'Cl,:::LlJ~U'l.l~ru'VI~~1~'flU1..:11';l~L1';l~..:I~nn!J 

m1'Cl:::'Cl1uVl~';l'VIU1'fl1'V111'flU1..:1 Lh LL(;JLij'flehwW1 LlJ~U'l.l~1l1Yl LU'l.lU1 'll1n~:::'VItl';l..:l L'VIi1m n11 
I·	 I...... .. 

,J I	 JI I.... • I .. 'I ...... .. I ~. I'" 0 CI .oil 
'Ci..:leJ1'l.lLLfl:::LlJ'ClU'l.lLLlJfl..:l'flru'VI1l3J"ll'fl..:l'fl1'V111 ~ 'VI"ll1 'Cl..:l U..:I L';l'Cl1eJ1'l.l ~lJ "ll'l.l"ll'fl..:l'l.l1n~:::'VI'l.l13J1n"ll'l.l 

,.:ri.,:atit.~. ~1"AO~,,~ti~ yj111l'n1.a:a1~ ~".j'1a. 

I ...... ... 

2.5.12 ';lfin1'JFlU'lUl1'Vi 
.. .. 

I m1Vi1L'IX'll1 LL;j..:lL'l.l'fl1'V111LL-rl LL~..:I'Cl::'Cl1u~~il1Yl L~3JU'l.l~'fl..:l ~1;j,..:I~..:I 
.. I Q. Q. I Q._~ .. 'I 1111 '1 I 0 ., _...­

lJ1::~'VIfi1l1'~'fl..:l';lfi'VI~::L'Cl'fln~"ll(;l'fl..:l ~3J'VI1'Cl1UliJru1l1YlLL'Cl:::'Cln'Mru:::"ll'fl..:l'fl1'V111';lfim11"l'l.l~Jl1Yl3J . 

'VIfl1U'ii~ ~..:II''''' (3J'VI1'ii'VImiu~L"ll~Ufi113J1fi11~, 2539) 

'I"	 - 0 cr2.5.2.1 ~"llm1'V13J'l.lL';lU'l.l"ll'fl..:l'l.l1LU'l.l• 
n1:::.yhlrJlL~um1'll1eJ~(;lJiru"V1~~1'l.lmm-rlL~'flnLL;j..:l 3J1LL-rl'Cl..:lL'l.l 

I '"	 • '" '" 

111"ll'l.l::;iijU'1lLU'l.l'flru'VIllijlJ1::3J1ru 20 'fl..:l1"l1L"1I'ClL:.dU~ L~uL'IX'll1,r'l.lijm1'V13J'l.lL~U'l.l(;l'Cl'fl~L';l'Cl1. ..	 .

1 

L~'fl-rl'JU L'IXnt1~ 1UL'VII"l';l13J 1'fl'l.lLU'l.lllJlrJl~~ 'l.lLL'Cl::-rl';lU1n'M1~ru'VI.1Jij~'fl..:l Ej';l'VIU1'fl1'V111hJL'IX~..:I 

~~~llJ LL~lfi,il~~~1L'lXLn~",n1:~;~~U~:1",'fl1'V111U1..:1"llil~Vlfl:::'Cl1u'll11rJl 'flu1..:111n(;l13J'iifiilLU'l.l 

';lfi'VIlJ 1::'VIU ·1"l1L"ll~1U LLfl:::m LU'l.l'VI'l.lU3JL"lln'l.lL'l.lLN..:I1'l.l~ (;l~1'V1 n 113J'fl1'V111 

2.5.2.2	 L-DL(;l1'flU
 
... ,
 

'ii~ililu3JL-DnueJ~(;lJiru,m~'fl..:leJ1'l.l,;)fin11'V1..:1~3JL~un11'flut'IX~nllJ

Yl1'fl3J n'l.lnU~11~'l.l~';l LL~';lYl1'fl3J~~::'ll11lJ1UlJ1::'VI1 'l.llrJlLflU' 

I 
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- ~ 

I 2.5.2.3 m~H'n~~LL~lyHhch'l.!LLcJ'l.!o]'Jl~Yh 

\111~(;)tJn "W~ lm'WI~~ cJl'l.!m~LL"JI LU'el n LL;i\lhJ LL"JII:N1.'l.!"lJ'el\l L'VI~'J ~ Li'J'l.!
,I

I 
~ ~ ,

~'Jn.~I\1~\I~r"'l~Ll1'W~1 L(;)mLcJ'l.!o]'Jl~Yh 2 LLcJ~~)J'el~ r;i'elrlu'J\I"'l~l~yhn~~LL~~~UV1ilFl'Jl)J 

~I\1~mr 380 L'J~(;] il~~(;ltl(;)Ltl(;)l~~j;JL'l.!~LVJ'ell"1'Jul"1)JhJN\ii(;)l"1'Jl)J~'el'l.!~\ILii'l.!hJ 'l!u~1 
, I . ,I II q lIJ 

~ CII"CIII* I11I:II Q.clII .. .., 4 ..... c;' c._* c:r I _4... I 
LlJ'l.!'Jfi'V1L'VI)J1~~)J'elmfi'VI'l.!\1 L'V'l~I~'el (;l~1 m~l"1'l.!(;l'J b(;)mfi'l.!"'l~L~'Jml'JfiLL~m)\1 3 L'V11 

I 

~ ~ , 
1.'l.!~~~Ul)JLl"1~L'Jmfi;j"'l~1J~~'VI~(;)L'J~ILL~~LU'elV11~)JlnLL~~~I)JI~C1~(;)\1ldj'l.!n~~u'J'l.!m~ 

, I ~ ..I ~ . , 

LLUU r;i'el LU~\I1~~ m~~'1! L~tJ1. 'l.!l1J"lJ'el\l~1'V11 ~~ L!j)J'el'elmJl'lJ''eltJV1~ (;) CJ~ (;l.rln.l'Yl12J ~'el\li'-J c1£'l rlU 

"lJ'el\l L'VI~'Jrei'l.!Y1.yh 1.~~'1! L~tJli:ln.ll"l1 LL~ dj'l.!~fiV1 ~'il\l~\IVJ'l.!~\1 

.~ 

3. ~~~~12J1.~m'VI1~Lii(;)m~~'1!L~tJ~I'-Jlmii'l.!11J (ijl~. 2545) 
, 

2.5.3 ~fim~~'l.!~fll'V'lViL'VI)JI~~'-J 

I m~~'l.!~fll'V'l"lJ'el'lm'VI1~LL"JILL;i\lLLU\l'el'elmi'J'l.! ~fi (;l1)JL'J~I~H'~'el m1~'l.!2 

~fll'V'lLLUUL~~ (Fast thawing) LL~~m~~'l.!~fll'V'lLLUiJeDl (Slow thawing) "'llm~~mil'V'lU~1 
I II" I I I 

nr~~'l.!~fll'V'liV1~'J (;)L~'J'I!'l.! "'l~1.~m'VI1~~'l.!~fll'V'lV1 L'VI)JI~~)J~'el ~fiV1 L~'JV1~(;) LL(;]f,)n.l'VI.1Jm2J~\1 

,ii"'ltJ.,,'~~rlh""miijO,,"" ".~ 'l"~""".~"lJ".n "''Ii'lIf~'h'fi~, "0 tr.,,j,,'l"."~~ 
l"1f'J ~'el'l.! tltm1.eD L(;11'elUl)JLl"1~L'J~~I'V1fu ~'l.!~fll'V'l"ll'el\lm'VI1~LL"JILL;i\l LU'el\l"'l1 m(;l11)JLl"1n'J~'l!'l.! 

II I I' ... 

1.~l"1~'l.!LL2J L'VI~ n l~yhV1 LL'V'liL;rl~m'VI1~11J1.~l"1'Jl)J~'el'l.!LLriL)J L~n~"lJ'el\l~1 LL~ ~'tJl'V111L(;)tJ (;IN ~'J tJ . 
~ . " 

~ ~ 

1(;)~ L~ n'V11n 5~\1 (Dieiectic heating) L'-J L~n~"lI'el\l~1 LL-]\I't1\1flltJ1.'l.!LL~~tj'J'VI'lJ'lm'VI1~1~f'lJ m~
" . 

" 1."';' '1 ",.t '" ... t' cr.d J' crQ Q, II 

n~~(;l'l.! 'VI~'l.! b'VI'J Ln (;) l"1'Jl)J~'el'l.!"lJ'l.!'V'l~'el)Jn'l.! nl~~~~1tJ'l.!~1 LL"lI\I"'l\l Ln (;)"lI'l.!'eltJ1\11'J (;) L~'J LL~~" I . .. , 
£'l)JU~n.ln'Jl 

~ 

_.~I 
I 

"ll'l.!(;)'V1\1m 'VII ~l"11'J LL~ ~m'VIl ~'VI'JI'l.! 

~n"'l~~~u1.~~'l.!~fll'V'l~'JtJl)JLML'J~ 3-5 'l.!1V1 LL~~LLn\l L~m'VI'JI'l.!lri1. ~~'l.!~fll'V'l ~'JtJ~ Ll"1~L'J~ 

5-6 'l.!1V1" LL~!~"llI~IL1J1LL"JILL;j\l' ~\ILL'l.!~~I1.~~\I1.'l.!~IL~'el(;)'l.!I'l.! 8 'l.!1V1 

2.5. 3.2 n1~~'l.!~fll'V'l"ll'el\lm'VI1~~\I~1 L~"'l~1J LL"JI LL;i\l 
~ 
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'el'l'VI1~~.:l~1 L~Iil~U LL"ll LL;i.:l Lij'Wn~~'el'l'VI1~1"l1'J LL"ll LL ;i.:l~nu~::u,'Vl'VI~.:l ~ 
. ~ . 

, >­

L~~Um ~tJ'fliJ~U1'\JlMl1 (;1~'J LU LL~::~h.:lUj::L'Vl1i\ Lij'W'elth~~1n L"ll'W rl.:l"llU LL,J.:l LL"ll LL;i.:l ~ n:n'W"llU q q cu q 

LL,J.:l LL"ll LL;j.:l U~1'U LL,J.:l ~'W~,lm"ll LL;j.:l LL~::~'W 1 ~.:lIil::iJ ~1 LL'W::,J1u'W'U~1n1,x,J1LU'Vl'el (;11'W 

" ." 
,J1 ~'WL~'el (;l1il'WL'VI~ 'el.:l n ~'flU L(;ltJhl ~'el.:l ~'W~Jl1'W'VI~'el~::~1tJ,J1LL;i.:l ri 'el'W 

I 

(~'VI1i3'Vlm~tJ~L~~tJfi~~~1fi~1"ll, 2539) . 

. I · m~u~::n'elU'el1'V11m"llLtl'elmL;i.:l ijfim~u~::n'elU'el'l'VI1~LL"llLtl'elmL;i.:lnl"l~1tJl"l~.:l 
nU'el'l'VI1~~ ~ . LYJtJ.:l LLj;J~1 ~'el.:l~::;~1tJ ri'el'WLLj;Jnhl~1 Lij'WL~~'elLU ijfi~~~~ (;l~1'V1~U~.:l ~~'W'Jn ejn 

I" " I " 

LL"llLtl'flmL;i.:lr-U VhL(;ltJ1~,J.1,J'eltJ 1 L;)'el(;l'W~1'W ~.:lVlu.:lLL;i.:l 1 'el~ tl(;l~1 hil"l'J:Vi.:l1,x~:::~1tJ 

ri'fl'W~.:l~~ L'W~1::;Iil::;vh1,x~'lJL~tJi31J11ij'W LL~::;L"hL~tJL~ tJmtJ'WejmYJtJ.:lhJfl'flth.:l L"ll'W 

" ". . 
-if1'JL'W (;l~.:l ~n tl1hJvh1,x~::;~~tJri'el'WIil::;vh1,xLn~(;l,J1LL;i.:lJl1tJ1'W'VI1'el'el'lIilIil::;vh1,x~n Ln'WLuejn1u 

U1.:l'flth.:l L"ll'W ~tJLL'W1"l ~.:l~m~tnJ::;I"l~1tJejnu.:l'VI1'flejnu~.:l 1"l'J~vi11,x~::;~1mYJtJ.:l1,xejmLtJn.
 . 
" " 

'fl'flnIil1nn'W m~~'.l n ejn LL~::;LL"J!Ltl'fln LL;i.:l ejnlil::;iJ~~j;J'fl L~'W}tJejn ~.:l,r'WL'J~1~.:l ~~~.:li'Wn'h ejn 

~ (;l Lti'fl.:l1il1n m~~'J nri'fl'WLL"ll LtJ'fln LL;i.:lijL~vi11,x'fl1'V11iu~1Ii\ril1 n L~'flIil~'W'Vl1tl ~.:l,r'Wm~ 
.... • I I......" ", ."" D.........I • ". a
 
~UlJ~::;'Vl1'W~~'el"ll~Iil::lJ1tl.:l~.:lIJ1~ ntl'W m ~~.:l1J1~1il::;1J1'fl.:l'Vl1'Vl'W'Vl'Vl Ltl1'fl'flnIil1 n ~ LtJ'W 

~~ L~ LL"J! LtJ'fl n LL;i.:l~~1tJ"ll'l(;l~L,j ~tl.:l'VI.:l ~~ ri'el'WulLnI"l L-WtJ.:l LLj;Jvi11,x~ ::;~1tJ• 
" .:J I" " 

ritl'WLyh,r'W~~L~U1.:l"ll'l(;l L"ll'W ~ 1J1~'el LUtl~ 1"l'J~tJ1LnI"l Lij'fl Ln~ (;l,J1 LL;i.:l~::;~1tJLUU1.:l L'vh,r'W 

I I " 

~~bJ1J1.:l'elth.:l L"ll'W oW"ll 'VI~.:l1il1 n~::;~1mt~'JIil::;Lu~tJ'WLiI'W~ 1"l~11~'elth.:l~'J (;l L~'J ~~ L~LL"ll LtI'eln 

a ~ D I .1 odI,' D 1" J' ...... ·1".J
LL~.:l'VlIil::;'W12-J1lJ~::;n'eltJ'el1'V11~'el'WL"ll'W. Yi1tJ LLtJ~ 1il::'Vl1 'VI~::;(;l'Jn~'WmL'Wm 'VI~::~1tJU1.:l~'J'W 

J' ". t ., 0 '" 1.cII II::' cr cr.,,, '" 
L'W'elilJ1'J ~'J~'Vl.:lU~1 LL~::; ~n 

I 
1il::;'Vl11'V1~::;~1tJn'el'W'VI~'el~.:lIJ1~'Vl.:lLL"1J.:l1 n ~(;l m 

U.:lhl~::;~1tJl ~::;tJ::;L'J~1m~~.:l~~~'el.:l'W1'W~'W iJ~'Vl(;l~'el~L~mnU~'el~eU~1niJ~1m~~::~1tJtil::;iJ 

~~ j;J'fl1"ln.lll1Yi~'fl.:l L~'el~ n~'fltJ~1 n L,j~11il::;vi11,x~::;~1tJL(;ltJ~.:l111'W'elnJ'VIJlij~'el.:l 1'W~ Lti'W 1'W 
q q q 'I lU 

" "" 
'el'l'VI1 ~~1 L~1il ~UIil ::;Vi.:l1,x~ :::~1tJri'tl'WtJ lLnI"l'VI~'tl'fl'W~ n I"l~.:l nL~ 'el'llilL(;ltJ ~.:lU'WLIJ11 . 

~ . 
" hJ H''VI~'tlt9lI:'W 1-illvJ'ei'el'W 1 'tltJnL~LL~'JLLj;J"ll'l(;l'el'l'VI1~ 'el'l'VI1~U1.:l'tlth.:ltl1~'W~nl"l~.:lIil::;vi11,xiJ 

" "'I.... l' J'
1"l'J1~1"l~1tJfI~.:lnU~tl.:l 'VI~ 1 ~'W (Yi~Yi~, 2542) 

2.6. 1.3Jtfl~L,;)yJ 

L~t~~L'JvJ ~'fl 1"l~'WLL,jL'VI~nLvJvh~iJl"l'J1~5~.:l L~nn::L~flJ1'fltlL'W"jl'J.:l 300 - 300,000 

~ LL"fl~n1L~~~","n,.fl~ ~ LUJnil.ffiU ft1~~'~ L.~~uiLi1ULtI'U,.'. LLfl "ft1~1'~""~.1U 
~~1~~.:liJl"lt1J~~1J"iiLU1.:l1~L~ ~1'V1~tJl"l'J1~~~'el.:lI"l~'WhILI"l~L'JvJVI'fl'Wru11J11~;n'W'fl1J1~1'V1n~~~ 

q I q ... q 

'el'l'VI1~LL~::;1'W~::;~tJl"l~'J~'el'W~'fl 915 LL~:: 2540 L~nn::;L~flJ1 1J11~~1~U 
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2.6.1 P1tu14)J'U'1ivl-i1~ru'll'il.:l\3JLPliL'JorJ
• w 

, , 0­

Harlfinger (1992) L~'elfi'lJ1tJil\l ~(U~~~Vi~1~'lJ"lJ'el\lPl~'WL~LPI~L';lyjL~~\I~ 

2.6.1.1 n1~~\I~1'W (Transmission) 
I I I II 

PI~'WL~LPI ~L';lyj iJ PI (U~ ~~ViYl :;fl~1'Wtj ~ ~VIffiJl1 'll'W:;Vi LrJ'WLLfl'J m:::LU'el\l 

L"ll~1ijn m:t~1'ft L~ LLfl:;~fl1~~n'lJ1\1'llil~L~ L~tJhJiJn1~~~-n1J~i\l\l1'W~\IhJvi"LtXLn~PI'J1~ 
I ~ . 

~'el'W~'W~1 n PlI(U~~ ~dr.j\l ~1 ~1 n)'u.1tj~ ~ LVI ~1d~1L-n'lJ ~~~'el1V11 ~ L~'elL-D1'WL[;I1 L~ LPln';lyjL~ 
'1 . . . • • 

I 2.6.1.2 n;~~:;V1'fl'W (Reflection) , 

PI~'WL2JLPI~L';lyj~:;hJ~1~'11t'1Y1:;~~1'Wtj~~Vl1'flJl1'll'W:;ViLtI'WLflVl:; L"ll'W 

a
LVlfln 

I .. col 
LLfl:;F:;~~ L'WtJ~ 

I " .,

LL[;I~:;~:;Y1'el'Wnfl'lJ 
" col'i'.c ~ I 0 "I !I't 0 I 
~';ltJ LVI ~'W~flVl:;~\1 ~~ PI';l~'W1~1 ~'ll ~'Wn1~lJ~:;n'fl'lJ 

'fl1V11~ L'WL[;I:!L2JLPI~L';lyj LL[;\,j~:;LtJ'll,'\!"lJ'el\l n1~~ :;V1'fl'W"lJ'fl\lLflVl :;L~ 'J mJ.12J1Hvi1 ~'l!\I"lJ'fl\lL[;)')'fl'lJI 

L~ LPln';lyj LVl'eli1'el\ln'Wn1~1';lLVlfl"lJ'fl\l PI~'W'fl'eln~Jl1tJ'W'fln LLfl:;U\lLtXLn ~n1~~:;V1'fl'W~1n ~1'W;J1\1 
I ~ 

LLfl:;~1'W~1\11 ~\Ivi1L~'W'el1V11~ L~f'lJPI~'W"*';lYln~1'W 
I .' 

I 2.6.1.3 n~~~~n~'W (Absorption) .,., ."
 

I PI~'WL2JLPI~L';lyj~~n~'WL~~L'WL~ Lfl~fl"lJ'elU1 U1~'W LLfl:;U1[;11fl~\1 LrJ'W
 

!..JoG.' .-0 ", ....... ClII .... .cII 1.tdI
 

~';l'W'J~:;n'fl'JMI~1 PI 'lJ"lJ'fl\l'el1WW'Vjn'll'W~Y11L 'VI Ln ~n1n ~~ n'WL'W'el\l~1 n n1~'ll'WLLfl:;n1~i'W~:;LYI'fl'W 

'i'"I -" J' .. "I ...: ., ..J"I " ~o I0

"lJ'el\l b2JLfln~ ~'W'fl1'V11~~'WLn~PI';l12J~'el'W"lJ'W ~\IY11 ~VI'll'W'fl1V11~~n LL~:;~~\I\11'WYI ~'ll~:;VI~~ ~lJ 
q II. I CI '" , 

~i\l~1 n n1~f'W~:; LVI'el'W"lJ'el\lL2J L~,~ fl ~\1 hJVI~\1LVI~'elPl~'W'el~Jl1tJL'W~'W'fl1V11~ LLfl:;L~iJ~\1 [;In ~1\1 

Vi LtI'W,g'W[;I~1mVlij'el'Wn1 ~L-nf\l~vr';l L,j (~Jl1Jl~nr, 2546)• 

2.6.2 n1'lLn flPl'J13Ji'ilU~'J!I\3JLPI'lL'JorJ 

I Lri'elPl~'WL~ LPI~L';lyjt'1n ~~-r'lJ L;J1~i'W'fl1V11~~:;Ln ~ PI';l1~~'fl'WL~'W~'el\lLL'lJ'lJ
 
I ~ ~ ~ 

i';l~n'W~\IL~mi 
I 

I , I· 2.6.2.1 Ionic ,polarization LrJ'Wn1~Ln~PI'J1~~'el'W L~'fl\l~1n~~"lJ'fl\ln1~ 
LPI~'el'WVi"lJ'el\lLr'el'fl'WL 'W~1~fl:;fl1tJ LiJ'el L;J1 L,,j'el~: 'W~'W1~L yjvh LL[;\fl:;L'el'el'el'W~\IiJ,j~:;,:yJ-rl1 

,j~~1~'J~:;~nn~:;~'WLL~:;L1\1LtXiJ n11LPI~'fl'WVi .~\Ivi1LtX Ln~n1n~tJ ~in'W~'Wn'lJL'el'el'el'W:a'W 1 
col 01..J1., tr.f'l" " " ... col " ~ol..l..l

LLfl:;~ n11LlJ ~tJ'W~fl\l\l1'W~ fl'W2J1 LlJ'W~ ~\I\11'WPI';l1~ 1'el'W LLfl';l~\I~ n11n 1:;~1tJPI'J1~1'el'W ~lJ~l:'l';l'W 
1 . . 'IJ 

~'W 1 [;\'flL,j h1~Ln ~PI';l1iJ~'el'WLL'lJ'lJd Ln ~L~'W"lJ'fl~ L'VIfl';lJl1tJL'WL'll~fl~\I'eltJL'W1,j"lJ'el\l~1~fl:;~1tJ 
I '" II"U 

., ,I 2.6.2.2 Dipole Rotation LiJ~n1nn ~PI'J1~~'el'Wn'lJ~1~,j1:;n'el'lJiJi';l (poria) 

L~LLfi U1'l!'WL'el\l L'W~Jl1~,j n ~~1~,j 1:;n'fl'lJ'l!'W~ :;~tJ\I ~';l,j~:;~'lJ';l n LL~:;fl'lJ'eltJ1\1 L~iJ 1:;LU tJ'lJ 
I • 
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(random Jriented) L~'flL'jhhJ'fl~1'l.l~'l.l1~LvHh U~:;~'l.J'J mL~:;U~:;~~'l.J"lJ'fl-:l~1~t!'l.ltil:;Lrl~'fl'l.l~ 
LU~tJ'l.lVi ralVl1'N L~'fl ~tJ-:I ~'J'fltJ1-:1iJ~:;LUtJ'l.J 

mnrl~'fl'l.l~ ~'JtJ m~~~'l.l~'J ni'l.JLUni'l.J~1til:;Ln ~'fltJ1-:1~'J ~ L~'J j;n~~:;~'l.J rl'J1~~• 
, ",


"lJ'fl-:lrl~'l.lL~trl~L'J~~'fl 915 - 2450 ~1'l.lrlf-:l(;]'fl 1 'l.l1Vi S]-:leJ~"lJ'flrl'J1~L~'J1'l.lm~~~'l.l~'JLL~:;
 
I	 . • 

m~L~tJ ~~rr'l.lvi11~ Ln ~ rl'J1~~'fl'l.l~'l.lLL~:;Ltl'l.l~ n~n.l:;m~Ln ~ rl'J1~~'fl'l.l~~1 ~C1J 

rl'J1~~'fl'l.l~Ln~~'l.ltil1n~-:I~'fl-:l~ULL'l.J'l.J~-:lnfl1'J~til~~-:I'fl1~1~~2,I~~n'l.JL~trln'JYI. 
, , 

~ 

" 
LL~'J~-:I n~:;til1tJ~'J'fl'fln LU~-:I~'J'l.l~'l.iL~'fl-:ltil1 n eJ~"1I'fl-:l m~L~'fl ~"lJ'fl-:l~1 t~tJm~~1 rl'J1~~'fl'l.l~'JtJ LLf'l:;

I 

Ltl'l.lLU'fltJ1J (;]'fl Lti'fl-:l ~-:lm~Ln ~ rl'J1~~'fl'l.ltil1 n~1 L~CfJ (;]1-:1 1 ~-:lnfl1'J;j vi11\\'Ln ~ L~'flth-:l~'J ~ L1'J 

L~'fl LVitJ'l.Jn~~fim~~-:I. ~~tj;)tJrl'J1~~'fl'l.lLL'l.J'l.J ~-:I L~~. 

2.6.3	 ~!I~Fl,;)1~;nvlFli'Ul~tFl~L,;)-W~1'U~'U'il1\'11~ 

II 'fl1~1~til:;Ln~rl'J1~~'fl'l.lL~L~'flm:;Vl'l.Jn'l.Jrl~'l.lL~trln'JvJ ~\lt!'l.lm~~L~LI'l~L'JvJ 
til :;Vl:;~ ~ 1'l.lLeif'"ILu1'l.l~'l.l'fl1~1 ~L~~1 n ri,r'l.J~'"1 LrJ'l.lm~~~til:;vi11~Ln j;) rl'J1~ ~'fl'l.lL~'fltJ 1-:1vY'J~,mr;i 

fi~~~"Jl~ ~"lJ~ L~ LI'l~L 'JYlt!'l.lL~'fl n ~:;Vl un'l.J~ 1~U ~:;n'fl'l.J . Lj;)~ L~ n'Vi~ntil :;Ln j;) rl'J12,J~'fl'l.l~'l.lLL~ 'J 
I 

~~-:I-:l1'l.ltil:;~~~-:I~-:I'fl1~1~Uj;)1j;)iJl"h loss factor ~~ritil:;1~rl'J1~~'fl'l.l~-:I LL(;]"lIn.l:;L~tJ'Jn'l.l 
I '"	 " .

~~~-:l1'l.l1'l.lm~Ltil1:;Vl:;~ Leif1Lu1'l.l:n'l.l'fl1~1~ri~-:lf'l ~f'l-:l ~-:lvi11 ~'VI:;f'l ~1'l.lLeif1LU1 'l.l:n'l.l'fl1~1~L~~:;tJ:; 

~ .1. ri'''''I1~~ .~u'tlJ,t.;L111~;j .11"~ MH7.""~q" 1'L1L~11tJ1 'LI:j'LI~1"~.1;';;n n11.~'LI9,15 

L~ Lrln'JvJViiJ rl'J1~i1 2450 MHz ~-:li1til~tJViiJeJ~ (;]'flm~Vl:;f'l ~1'l.lLeif1LU1'l.l:n'l.l'fl1~1~,r'l.J~1ii 

1'l'J1~~1~~(;]'flm~'fl'flnLL'l.J'l.J~'i'flL~'flnH1~L~~1:;~~n'l.J~n~n.l:;'fl~~1n-n'l.l ,h~'U'fl1~1~til:: 
LLU~l,J ~'JtJ~~Lrln'JvJLLr;iii rl'J1~~'l.l1~1 n ri rl'J~til:;L~'fln rl~'l.lL~Lrl~L'JvJ~~1 n~1 

I

2'1.4	 'il'1U·1'l.h::n'il'l..l'il1\'11~n'l..ll~tFl~L,;)-W 
'fl1~1~(;]1-:1 1 iJ~:'l.lu~:;n~'J~LLj;] n (;]1-:1n'l.l~1 m'J~~-:I~'J'l.lu~:;n'fl'l.J~.~,"1 LiI'l.l~'fl-:lH' 

1'l.ln'WUtLLf-:l'fl~~1~L-n'l.l Ln~'fl ~1~1f'l ~1~'l.l LLil-:l ~'J'l.lLL(;]iieJ~LLj;]n(;]1-:1n'l.lLU Lij'fl~1~1~-:I~~ 

~:tJL~Lrl,~Lr~~-:I ~'J~,til:;~'fl-:l ~n~1 L~'fl~1~1~tl1-iii.~'fltJ1-:1\l n~'fl-:l : 'l.lmru."1I'fl-:l'fl1~1~LU~~'l.ltil1n 

L~'fl~j;]1'ViiJ·U'fl Lm'fl Lnm-A''l.l'fltJ Ltl'l.lm~1n.l~-:ltil:;ii rl'J1~ L~i'lm~1 n Lij'fl,j1~1~-:I ~~ ~'JtJL~ trl~L'J~ r
 ~ ~
 . 
-	 II I I I 

.L~~1:;Ltl'i.l~1~1 \\'rl'J1~~'fl'l.l'fltJ1-:1~'J j;) L~'J Ln'l.lLUtil'l.l"lf'Jn L~'fl Lm'fl Lnm-A''l.lhJiiL'fl m~Vitil:;~~1tJ ~'J L~ 

Lf'ltJ~-:I~ntil~L~i'ltJ"J n~1 m~1.jfijfi1\\'rl'J1~~'fl'l.lLL'l.J'l.J ~-:I L~~ 'fl1~1 ~U ~:;LJ1VlL')~ n::LVl1:: LU~'fl n'fl'iJn 
I 

LL~'Jtil:;~~~L ~'JtJL~ Lrln'JyJL~'fltJ1-:1~'Jj;)L~'J L-n'l.l m~vi1L ,)~'l.l L')~'Jn ~-:I"lJmtil:; 1-iii.~ Lrln'JyJL~~
," !'; ~ I. :.:. ..1 "'''"1 " ........ ~ '..l"l ". I ,... 

LLj;JmLlJ'l.l~"lJVl-:ll'j'fl-:lLL~'J~1~ ~"JlL~n:;til:;~m~~:;L'l.Jj;) 'l.l1j;J1~Vl ~"JllJNLLj;J-:I~~"Jl1j;J'fl1~1~ mnrltJ'J 

~1L~." t~ n1""h~ nm1.~ n.".~1lJ;jilry""'~Li\ ••11"ffi~1~.1.L1'1 ~1~ 1"tML111 uoi 

..l 



I 

I 

~ 
J• '" .... 'I .1-* 'I • I ...., , ,. "" r 

~1'V1~ULn~'flLLM LL~~Ln~tl b'\.lilJ'fl'\.l b'\.lilJ"lI'fl~Ln~'flLL~j;J1~ 1 L"ll'\.l LLlil~L"llt..l~lil1~U'flL'\.lj;J 

LL~n~L:.ot..l~lil1fu'flL'\.lj;J ~'fl~1'\.l~1LL~~'fl1'V11~Iil~vl11~n1~~(;)arulil~'\.l1~Llil~L'JyJ1rJi'~1 ij~~1~Ln(;)
 
lil'J1~~'fl'\.l1~·ih 

2.,6.5 1l'"llU~'U"~~,,,,r'Ul~bfl'L'JvJ 

,I m~'U~tJ.".h olftitJL~ l"m~,rtJ11;jtJ~tJ1 ~d1"'Y~1 nI."L!l,,"~m~". 
~1 L~liljlJVl!Yl~'fl~ fulJ ~~'Vl1'\.l;~LVi t..I~-W 1~ 11~lil'J1~ ~'fl'\.l~b t..I1~ Llil~L 'JyJnfulJ~~'Vl1'\.l1~'l!'\.l ~ 1 LrJ'\.l 

• OJ ' , 1 

" .... 'I'''''' 'I. 'I " 4 • I '" 'I "" '" ...
j;J'fl~L~'fln b"1l'J~(;) b'\.ln1~'Vl1111"ll'\.l~U~~1il b'VIL'VI~1~~~~'J~(l~"lI'\.l1(;)LL~~~lJLLU'J 'J~(;) b(;)'Vl(;)(;),]Ulil~'\.l 

<II iii 'IJ • iii 'IJ 

I ... I I I 

1~ Llil~L 'JyJ1~~'l!'\.lhJ L'VI~1~~ ~ Vllil ~1eD L~ ~1~liltLLU~fu~ ~~~1'\.l1lJIil1 n'fl1'V11 ~VlU~~Iil'fl~ ~'J'\.ltj~ (;)Vl 
J I' ~ III 

~~Vi''fl'\.llil~i'\.l1~ Llil~L 'JyJ nhJ L'VI~ 1~~~ L"ll'\.l,n'\.l L~ ~1 ~1il~~1'V1t~hVl L'VIrJ'fl'\.lLrJ'\.lL~~1~U~'fl1'V11~1.~1~ 
'" ~ 'i' •• 111 " ..J "". "'i' '" II ' "" 'I " , 'I""

n~~'VlUnUib~blil~L'Jl1 bj;)L'1I'\.l 111"ll'\.l~'Vl'Vl1(;)'Jt..I b~'VI~'Vl~'VI~1t..1 b~L'VI~1~~~'VlIil~ b"ll'fl11il1il~n'fl b'VILn(;)
III I • • I 
4• I 11 ••11 ... "" " '" • 'I ".. ... ~ ~ "" 'I " 

lJ~~n1t..1 m"ll'\.l LL~~lil~'\.l'Vl~~'Vl'fl'\.ln~UIil~'Vl1 b'VILL~n'\.lj;J~'fl'\.l"lltl~ Llilffi~L~'fl~L~t..I~'fl1~"lItl~ n1~ b"ll 
I I I II I 

;~ lil'J~~~2!(;)~~tj~n1~1-n1l1"ll'\.l~Vl LiJ'\.lL~'VI~ ~'J'\.ltj~ (;)Vl L'VI~1~~~'l!'\.l lil'J~LiJ'\.l"llU(;)Vl• 
I I I II I 

t..I'fl~1~ lil~~1~Llil~L'JyJ'VI~~ eJ1'\.l1rJi'~ ~'fl tj~ ~Vlij ~1 loss tangent ~1'l!'\.lL'fl~;~1lA'LLr1 n~~(;l1'M' 

.." 1 ..I ..... ... .. '" • I .. "" .!"I II. III " 'I
LLnfJ ~~1~j;Jn Llilffi~Llil~'flU (;)'\.lLJ:J1'V1~'flL"Jl~1~n 'J~ (;)lJ~~Lll'Vl~~1~lJ1n~lil'J1~LlJ'\.l blJ b(;l~~~1n b\.l 

L~n"ll'fl~L'Vl~L'\.lL~Utllil'U'\.l "llU(;)~1-nLL~'J~~1lJL~t..I1rJi':Lr1 "llUj;)~Li1'\.lLyJ~ ijlil'J1~Ut..I~~~:1n LLv1 

" • I 'I ""''' II 'i' ••1 '" -* ""II '" , " 'I " " 
mlil~'\.l'l~~ b"llnU~tlU b~ bliln'Jl1 lil'J~~~'J~IJJ'fl~ b"ll~'\.l'fl~(;)'Jt..I "lIn.l~ b'VIlil'J1~~'fl'\.lIil~'VI~'fl~ L'VI~'J 

LL~~Uj;)LU~'J~1t..1 ~'J'\.l~~1~~n"llil(;)~'\.l 1 ij'VI~1t..1"llU(;) LL~~LLv1~~"llU(;)ij~~t~"lItl~'~1 loss 

1...1 '''''I..J 4 ... ...I,cI II'" J' 
tarn.gentrLLj;Jnj;J1~n'\.lb'\.l'1l'J~ 0.0001 (l~ 0.04"ll'\.l(;)'Vllil1j;J1~j;)b(;)LLn polystyrene LL~~~~"lI'\.l 

~'flt..l 1 1fLLr1 P,olypropylene, polyethylene. polysulfone, POIYC,arbonate LL~~~~~~~tl 

mylon ~~~Vl~'fl~YlIil1~n.l1~n~tl lil'J1~lil~'Vl'\.lv1tllil'J1~~'fl'\.l"lln.l~Vl~'fl~i~er~nu'fl1'V1'l~~'fl'\.l 

'" , • ..,] 'I .... 'I"" " II" ...I ..
'\.lU'J1~1lilru b'\.ln1~L~tln b"ll ~U'J1 polysulfone 1il~'Vl'\.llil'J1~~'fl'\.lbj;)~~'Vl~(;)(l~ 400 OF ~'l~1~(lI" 'IJ q 

~1~ LL~~f1~1 ~-n'VI2J1rJi' LLv1ij~'llil1 ~'fl~eih~LL~~ llJ11~"lI'fl~1l1"ll'\.l~U~~,nij J:J~U1~ v1'fln1~vl11 ~ 

~'fl'\.lL~'J'VI1'fl-D1LrJ'fl1-n~ Llil~L'JyJ 111"ll'\.l~Vlij~lJ11~n~~ lJ1 nn~1~ LL~~ij~~ L~t..I~ Leif1'V11~'J'\.lrl'\.lVl 
i OJ • 

I ' I I I I I 

LLlilUn~'l1il~1~J:J~~n~1111"ll'\.l~Vlij~lJ11~LrJ'\.l~L'VI~t..I~ L~~1~ij~~'eluVlIil~fUlil~'\.l~Llil~L'JyJ1.~-W'flt..l 
I OJ • . 

2.6.6 n,i'L"ll'~bfl'L'JTl'I.un"LLtI"t1'el'''''' 
. I III I " I 

" , I ' n1~1-nlJ~~Lt..I"llUIil'ln1.~ILlil~L'JyJV\lJ~~~n~~.J1lJ~~~'M'iLi1'\.lLlil1'fl~rJ'flLlil1'fl~1-n '\.l~ lil 

1'V12J~1rJi'G~LrJ'fl ~. fll. 2438 Lj;)t..In~~~fll'Jm"lltl~U11ff1 Raytheon LL~~~1~1~(lJ:J~j;J~tl'J 
" OJI, , 

1~Llil~L'JyJ~ULLm~1L~IilLrJ'fltJ ~. fll .. 2488 L(;)t..ILjt..ln:ntl~'l "Radarange" LL~~1rJi'vl1n1~~00J'\.l1 

~"~",+"~"mh"1.i""dj'Um.lh'l'U,u•••~.tJL~I"m~ 
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I 

. I 2.6.6.1 m. tempering e. m.11l'~O"lJ .."nU.""",,,"~1i.nU;~L~.1""" 
n~tJ~ll'l~L~~LL(;jhJ~~~:;~tJn'l~ thaw L~~'l:;~:;~~~'e)nlVlllm~'e)UL'l.l~:;v1tJ'VimVl'l~,r'l.lir~~~nJ 

I CI III " 'IJ 

~~:;~!ltJ'l,u'li'l.l~ (;1~1'e)tJ(;11~~'e)uL'l.l~:;~tJU~:;~'lnl -4 0 
-]1 vl'lL~·lbtJU'l.l~:;tJ:;LrHn~'l.l~ 'l n~~'e) 

'" . 
I I '1'" . I I t
 

.Qf ... I Cj" Q,ClI" .GI,q,Q,., ~ IV II1:II ClI,q

~'VltJtJntJm~ tempering ~(;1mfi'e)'l.l Lr1~'e)~'l.l'l.ltJ~~"ll ~'l.l~:;(;1tJr1~'l.l~,;)'l~Cl'Vl 915 MHz ~~~'l:;'"l:; 

I .• 

I ~ li.'''' ., "'d ..... .c:J" ~ .. IV I " QI I

'Vl:;~ J:J'l'l.l"ll'UlmVl'ln~'l ~U ~(;1~ n ~~~~'l'l.l'VlL"ll L~~'e)nlVlll ~ (;1~n~'l,;) r1'e)'l.l~'l~'l.ltJ~~'ln 
• • OJ 

2.6.6.2 n'l~vi'l~~~~ t(;1tJH~~~~'l'l.ll~tr1~~,;)yJ l~~'l~ij'l.ln'lm~';)L'l.l~:;~U 

'e) (;I ~'lVln~~~ L"ll'l.ltl'l.l LL~:; LU'l.l~fi~"ll,;)tJ~ OOJ'l.l 'l~fin'l ~vl'l LL~~ LLtJtJ Lr1 'l~L en~ ~ ~'e)'l.lL,~h L~ ~'l:;"ll';) tJU'l.l 
• I . , 

~:;tJ:; L,;)~'l L'l.l"ll';)~V1~~~'e)~n'l ~vl'l LL~~'e)'lVl'l~V1 ~ 'ltJ"ll'l(;1t(;1tJ LU~tJ'l.l~'l n ~:;tJtJ ~,;)'l~~'fl'l.lLLtJtJLen 
. , I ~ ~ 

LLN~~:n\l~rLn(;l casehardening L~~'l:;"ll,;)\IV1~\I~'e)\In'l~vl'lLL~~,r'l.l ti(;l~'lm~~:;L,mtJ'l'"l'ln 

~ I ".., "," ~ ~ "" ,,~ " Ill'ltJL'l.l"ll'l.l'e)rVl'l~Iil:;"ll'l~~L'l.l'e)~Iil'lnr1';)'l~~'e)'l.lJ:J'l'l.lL~'l~U ~(;l"ll'l m 1"ll ~~ tliWL';)yJ L~'l"ll';)tJlil:;J:J'l'l.l 'Vl:;~ 

L;r'llul~~ n!~'l~\Ivi'l1~~'l!ntJL'l.l~'fl'l.lLL~:;~:; LVltJ'e)'e)n l~\I~tJ~'l n'l~1-DUJtr1n';)YJ L;f'l"ll ';) tJ~dj'l.lJ:J ~;i 
ov I " .. " ... ..... r.. ..l'l ~ '!'"I ov' 
ntJPJn.l!1'l~I'e)\I'e)'l,V1'l~LLVI\lVI~'ltJ"ll'l.l(;l(;l';)tJ~'l.lJ:J~ (;Illn.l"Vl"ll'l.l(;1 LLm'Vl ~"ll ~(;1 ~'l.l1:;(;1tJf.J(;I~'lVln~~~ LL~:; 

1~J:J~~~'fl I ~'l.l~f\l'Vl'fl~n~'fl'J 'l.l'e)n'"l'lnijir\l1-n1'l.ln'l~vl'lLL~\IJ:J~(;I.nn.l"'Iil'l nLLi1\1 L"ll'l.l ~:;n:;t~ij 

V1'e)~ LL~\1 11;1.'l.ln'l~vi'l LL~\I1,j LL(;1\1~ cJ'l'l.ln'l ~vi"11~q n1~LU'l.l'flU'l\l~ 'l.l'e) n~'l nn'l1vi'l LL~\I1'l.l LL~tJ 

fi~1~ (;1'lir\l~ n'l~tJ'll~ t~~L ';)yJlu"ll';)tJ L~1~L 'l.l1:;tJtJ n'l~vi'l LL~\I11'ltJ 1~~ t1J tlJ'l n'l fl\~'lVlf'lJmVl'l~Vi 

L~'e)~~'lm~~~nr1,;)'l~~'e)'l.l1';)~lU~\In'l~vi'lLL~\I~';)tJn'lm"llLu'e)mL;j\l(freeze drying) ~\I,rtJ~'l 
I ~ ,I 

dj'l.ln'l1~OOJ~'l Vi'\I~:;tJtJ Lr11'fl\l~'fl LL~:;~fin'l1LLU1lulutln1:;v1tJVltl\l L'l.l~,;) 'l~ rl'l';)V1'U'l'Vl'l\l 

L'Vl ~t'l.lt~m (l"1n.l'lIil'l~!J!1'lr1~"1l'l~'VltJ'lfl\'l~ (;If, 2543) 

I 2.6.6.3 n'l11-n~tr1~L';)yJ1'l.ln'l~\I~~ n'l~1-n~t~~L';)yJ1'l.ln'l1~\I~~LY1'flViIil:: 
fm~nPJn.lphl'Vl'l\l'fl'lVl'l~ n'l1L-DUJtr1n';)yJlil::~'l~'l~Clfn'ft'l~'l~mVl'w(;j'l\l1 l!Jl;in~'lm~~\1~~ 

fi11~~'l vr~~L~1'l::~'ln'lm1:;'"l'ltJr1,;)'l~~'e)'l.l1'l.lmVl'lnu'l.llu'e)u'l\l~~'lL~~'e) 'l.l'flnlil'lneI 
I 

1~ tr1~L';)yJu1"ll';)tJ~ (;1n 'l ~~::~'ltJ~'e)\I~'l1'e)'lVl'l~'e)'fln~'ltln~,;)tJ 1~ t~~L';)YJ ir\l1-n1'l.ln'l1~:;~ 'ltJ~ 'l~ 

'e)'lVl'l~~'l L~1uLL"l!LU'flmL;\I~\I~tJ~'l%e"ll,;)tJ~ (;1 ph1enr.l'ltJ~'e)~1:;'lJtJn'l~4'(;lm1'e)'lVl'l~1'l.l 

tHv~mtJ'l~ I'" LL~:;ir\l~'l~'l1ClfnM''lmVl'l~'e)t11 'l.l~!1'l~Cl n~~~nM'nl:;l~~n~'l 'l.l'flnr.l'l n~
'" '" . 

1~tr11L';)yJU\I:"l!';)f.] fnM"l n ~'l.l1~~'e)\I'fl'lVl'l1V1i\l1il 'In n'l~\1~~tln~';)f.] 

I 2.6.6.4 n'l11-n~tl"11L';)yJl'l.l~m'l.ltJ1n'l1'e)'lVl'l1 Lti'e)\I'"l'ln~m'l.ltJ1n'l1mVl'l1 
I ... I 'i'. 0, 'I '''' ...."1' 'I _ I ... 

L"ll'l.l ll(;l(;l'lT1 ~N~tJ~tJ'l~ ~m'l.lIil'lVl'l.l'lf.]mVl'l~~'l.l'l(;l~V1t1J ~nlil::~tJntJ1JqjVl'l~'l.ln'l~1JtVl~'e) 

~'l.l'e)'lVl'l1~'lr';)'l.l~'ln LVl'e)~1n; 11~Vi''l.ltltJ~ n A''l n'l1L~fi~\1 ~~ LLtJtJ Lr1'lU'fl~ ~'e)\1 HL,;)~'li.l'l'l.lLL~:; 

1~r1 nlPl'l'Vl 'l~'e)'lVl'l1~ (;l~\I~::,r'l.ln'l1~ (;l L,;)~'ll 'l.ln'l1V1\1 ~~~'l L~tJ\I LL(;j fn ,);,'lr1n.lPl'l'Vl 'l\lmVl'lm~ ';) .• I' •• 
I' I I 

ir\lu'e)\Itl'l.lhjr~LLtJ~V1~mIil1t1J~m~~'l.lfL'l.l"ll,;)\IV1mVl'l1'e)~Yi 25 - 50 'e)\Ifl\'lL"1l~L;tJ~ LU'l.l 

,... "..... J' ......~ 'i' ••I.!"I'" " ..l.. J' 'I'" 
L,;)~'l'l.l'l'l.l ~~\I\1'l'l.l~,;)'l~~'fl'l.l'VlLn ~~ ~r11L';)Tl L1J'l.l~ nM'n.l::~,;)'l~1'e)'l.l'VlLn (;1~'l.l!l'ltJ ~'l.l,;) (;It)(;l~'l.llil'lmfi 
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1~L'.rlLiJ'\.,lin~ru::m~,J'lPl';l'l~~'fl'\.,l'"l'lnl1'ltJ'\.,l'flnLojhhjiJ..:lI1'ltJL'\.,l1J~::LtJ'll'\.,l1'\.,ln1~L-n.~LPl~L';lyJL'\.,l 

~~1"";n1' tlJ,;;",~oi~. LO.1 n1'I1l'""'~' ~ftJ";n1,!T, ~1~ 1,n,~~."" 0"t1\''';01'"" 
I"lf..:l ~ (;}m~~'1J L~tJ'Wi..:l..:l'l'\.,l;iH LL~::1~.yhL~n~'\.,l~~ L~tJ11J 

I 2.6. 6.5 

1 

n1~L-n.~LI"l~L';lyJL'\.,ln~::'lJ';l'\.,ln1~'fl'lJLL~..:l LL'lJ1J LL'.rl LU'flnLL;j..:l n1~H'Wi..:l..:l'l'\.,l 
'i' ••1'1 I II' .... co '. F.: J' 'I II J'.., ... 

~ ~Pl~L';l-n ~'Wn~::'lJ';l'\.,lm ffi'lJ LL'VI..:l LL'lJ'lJ LL'll LtJ'flnLL"lf..:l 'W'lJ';l'l lJ~~'l ruPl';l'l~'ll'\.,l ~'\.,ln'fl'\.,lL'\.,l'fl~ (;]';l~ (;) 
... 

'"l'ln~'fltJ~:: 60 L~L'VI~'flLn'fl'lJ'"l::Pl'\.,lU,r'\.,l ll1L-Dr3fin1~L~Pl';l'l~~'fl'\.,lLL'lJ'lJLLeJf..:l~Pl';l'l~~'fl'\.,l'"l::H 
OJ 

L';l~'l~..:l 22 2.5.r';lL~..:l L'\.,l"lfru::~m~H'Wi..:l..:l'l'\.,lPl';l'l~~'fl'\.,l'"l'ln1~LPl~L';lyJ'"l::LonL';l~'lL~tJ..:l .r~L~..:l 
'i' 'I' II • F.:J' ,... 'I • F.: J'. 
~(;}m'U'W'l::~·Wll';l..:l~ (;}'Vl'ltJ'1l~..:lm~~(;}lJ~~'lruPl';l'l~'ll'\.,l n~'l';lPl'fl ~'\.,ln1~~(;}lJ~~'lruPl';l'l~'ll'\.,l'"l'ln 

10% '''fl"IS% ••~"'101-.0.1 2 oi'oUN ~."'ifi~1'11l' .~"~ffi"~"~ ~"f,; m1 ~ffi" ""~1 
L-Dr3fi1~LPl~L~yJ'"l::LoD'L';l~'lL~tJ..:l 8 '\.,l'l;i Lvh,r'\.,l Pl~'\.,lPl';l'l~~1~LPl~L';l~;iLon1J~::~'lru 915 \'~n:: 

1'll Lii~ 1JI'fl';)'\.,l!'l;i . n1~LonPl~'\.,lPl';l'l~ ~ ~'l1~ L~tJ..:l LLlJlihJ ~::~'Vl fil1'l'W n1 ~'Vl::~eJ'l'\.,l"lf'fl..:l'W i..:l..:l'l'\.,l 

hILPl~L';lyJLL~';l iJ..:l'.rl';ltJ~ (;}~'\.,l'Vl'\.,lL'\.,lL1'fl..:l LI"l1'fl..:lij'fl~n c:l';ltJ 

! 2.6.6.6 n'l~~-n.~LPl~L';lyJL'\.,ln~::'lJ';l'\.,ln1m1J~l1Jc:l';ltJm'l~ffi'\.,liJm~~n~'lm~ 
L-n.~LPl~L';l~L~'fl,j'lLf'flLL'lJPlV1L1tJ·L'\.,ln~::'lJ';l'\.,ln1~LL1J~l1Jc:l';ltJPl';l'l~~'fl'\.,l~..:lL'\.,l'W.Pl. 2487· 1c:liJ 

11..,1 ..,~ctl .J''I 1I1.-.l ctl ..l 1'" "1~lIco,
n1~L'll'W~\Ij\l1'\.,lN~L'W'fl'-l'lL'll'fl~'\.,lL'VI~'l ';l'\.,l'VlPl~'\.,lm'l~f:1 26-34 ~n:: 'llLn~ 'll..:l (;l'llL'VIL'VI'\.,l';l'ln1~ 

H1~ LPl~L ';l 1'\.,ln~::'lJ';l'\.,lm~,j'l Lf'fl,r'\.,l LiJ'\.,l'i)fi~'"l::vi'l L~Pl';l'l~ ~'fl'\.,lL~'l11JL'I.ll1'l'll'\.,l::'lJ ~~"'l1~'flth..:l• 
. cr'" 0" ....... _ I J' "'" .. ." I


~';l (;) L~';l Pl'fl'VlrL'VI'f,] ru'VIJJ~ rwf,] ru'VIJJ ~"J.l'l L'll'flL'\.,l~::tJ::L';l~'li'\.,l LL~::~ n1 ~n~::'"l'ltJm'l~~'fl'\.,l'fltJ'l..:l 

~~'lL~~'fl ~'lI1'l'll'\.,l::'lJ~~iJ'1l'\.,l'l(;}L'VIqJPl~'\.,lPl';l'l~~~LonmrLiJ'\.,l L~n::1'llLii~IJI'fl'i)'\.,l'lV1 ~..:l~::915 
1 . 

vi'lL~m~'Vl~~eJ'l'\.,l"lf'fl..:l'Wi..:l..:l'l'\.,l'fltJ'l..:lL~tJ..:l'W'fl '\.,l'fln'"l'ln~U..:l'Vl(;}~'fl..:lm~L-n.~LPl~L';lyJL'\.,ln1~~'lLf~ 
. I II I I 

\'LtJ~ Yi'lJ~r 1c:l1J~::~'lJPl';l'l~~'lL1'"lUj'flL-n~LPl~L';lyJV1iJri'li..:l 4 iiL~.rlJl[;] L';l~'l 5-15 'i)'\.,l'lV1 

~..:l~~'\.,l'fl~ ~'lJ'f,]ru'VIJJij ~~ ~'\.,l"lf'fl..:l LLtJ~ ~'fl 1c:lLmtJ'lJ n1 ~L-n.~ LPl~L';lyJ,j'l L~'flL'\.,lLLtJ ~ ~'fl 1~vi 'lL~ 

Plru~~1~n~~'flti ~~"lf'fl..:l LLtJ~ L1J~tJ'\.,l11J LL~::1~vi'l L~L~'fl~~ 1~~'fltJ ~';l
• ,OJ 

. I 2.6.6.7 011101'';"'01~ ~~'d1"ru"~O~ O1Ji""'''~''~.''""' 1 oil~Ji"'" 
'1l'\.,l~'fl'lJ'';..:l'VI~'ltJ~'l~'l~f:1L~m'l~~~'\.,lL(;}tJ'i)fi1(;}~L~n(;]1nV1Pl~'\.,lI"l';l'l~~ L~n::1'llLii~IJI'fl':)'\.,l'lV1100
 

.c!II " ~ .11 ...; CIlI eM.J

'VIffi'"l::L'lll"li'\.,lr1';l'l~tl ~Lr1~L';lyJ'Vl 900 L~n::1'llLii~j;j'fl'i)'\.,l'l'Vl 'VI~'fl'Vl 2450 L~n::1'llLii~(;]~'i)'\.,l'lV1 

1c:l (1Yi'lJ~tii 2532)
OJ 

, .. ..., ........ "
 
2.7 r.ltH1r'l"ll!l~Ln!J'l'll'il~ 

. ri~f'lil (2545) n1~~n'M'lm~vi'l1J::r.h..:l~L'.rlLL;j..:l Pl:'\.,lL(;ltJ~n~'ln1~~~~f'lJ'1l'fl..:l~'lJ1'LrJ


~~(;]JirueyftJ::r./'l..:lLL'.rlLL;j..:l .r(;}fi.!rul1'lYi'Vl'l..:lc:l'l'\.,l1J~::~'l'Vli~er~ c:l'l'\.,l~ n~'\.,l ~~'ll'l~ LL~::L;j'fl
 



• • 

.. , 
fil'J'UJ LL;i"-:I LL~::m~1 j;J~fil'J1~'Vi'tl-:l ~'J"1l'tl-:l LLU-:I~~ L'Vi'i;q (;il~~'l'fl'lJVl~::tJ::L'J~1 2-8 itJ(;11~1~ 

LtJ~m.lLLtJ~-:I LLr;] l"l1 fil'J1~ LL;i-:l"'l::ill"l1'i;q-:l~'l..lLL~::m~1 j;J~n1~'Vi'tl-:l ~'J~ (;l~-:I ~ n1~LL"llLL ;i-:l~::tJ::L'J ~1 
OJ.., .. 

%, 1 I r .s., '"',.1 .....J Clf ~ , .... ... ... '.s., '"',./ .... .... Clf ~ ," .

1~-12 'Ci~(;lr~ LL~::LLu-:l'Vil1 L'Vi'i;q (;]m"n LL"1l-:l ~~~n~'l.l~'l.lLL'i;q (;l'l'J1LLu-:l'Vi 11 L'Vi'i;q (;]~~'tl1!Jn1~Ln'lJ ~~'l.l'tltJ 

m1 3 L(;l'tl1l..l . 

. qJ1iJ1ml (2545) n1~~n~1n1~tJfutJ~-:ll"Jru.n1'Vi;r1'J~-:lq m~'J t(;1tJL~~n1m"ll L!j'tln 

LL;i-:l1'J~ri'lJn1~Hlt~tfil~L'J~L'l.ln1~e.J~(;] ~-:I"'l::~m~n;r1'J'i;q'tl-:l~'l.l~'fl ;r1'J"1l1'J(;l'fln~::~ 105 LL~:: 

;r1'J"1l1'J(;]1LJ~-:I Vi'lL~;r1'JLii(;lL"'l~~1~1'l.li~'JtJ~ t;J-:ll"i1'tl~1~~~~lJij LL~:: 105 j;J1~~1~'lJ100 

dj'l.l·L'J~1 3~ 'l.l1Vl "'l1mr'l.l':111tJLL"llL!j'tlmL;i-:l~~t"U~lJ~ - 20 'tl'l Pl1 L'll~ L8]tJ'i;q LU'l.lL'J~1 oil)t~-:I6 
I 

LLt\''J~1LL~-:I~'JtJ'tlt~-:I,il~tfil~L'J~ 32 'l.l1Vl 'i;q(;lVi'1tJ'tl'lJ~'JtJ~'tl'lJ~~1'fl'l.l 90 'fl-:lPl1LlIJl~LiEtJ'i;q LU'l.l 

.L'J~1 J1Vl' ~~-:I"'l1mr'l.l,j1;r1'J~-:I'i;qm~'J~1n;r1'J"1l1'J(;l'tl~~::~ 105 ~1~'l.lru~'JtJl~tfil1L'J~30 
I • • OJ 

LL~::wm~~It' 1L~'tl(;l"'l::H'~::tJ::L'J~1 3 LL~:: 4 'l.l1Vl (;]1~~1~'lJ L'l.l"1lt"U::~;r1'J~-:I'i;qm~'J~e.J~j;J

"'l1n;r1'J"1l1'J'(;]1LL~-:lH~::tJ::L'J~1L'l.ln1~~'l.l~tJ 5 LL~:: 8 'l.l1Vl j;J1~~1~'lJ 
OJ 

,r'l.l'Vl'Vi~ (2546) n1~~(;JJ'l.l1eJ~(;].tit"U'Y11(;l,r'VlLLU-:I;r1'J~'fl~~::~'Vl(;lLL'Vl'l.lLLU-:I'i;q1~~U1 

;;'.1LL. L1i+LL'. "u11~1~1:n101'LLll.i1~"~~~~fl'" LL""LLll.i1~~ 1fl1"'¥~Vfl~ 40 .;j~ 
~1~1~m~nf1~n1~Lri'lJfmt1"1l'tl-:l eJ~IJJJit"U.,r t(;l,r'Vl~U1~lIJl"ll1'i;q1~11C1 Ln'lJfnM'lt(;ltJ LL"ll L!j'tln LL;i-:l

f8Vi~t"U~lJ~ 'tl:Pl1L'll~L8]tJ'i;q n1~~'l.lltJclf'JtJl~tfil~L'J~Vifil'J1~1'tl'l.l~::~'lJ~-:lHfL'J~1. 2 'l.l1~ r;]'fl 

~1'l.l'J'l.l~'ll'Jl'il 2 ;'l.l 'Viu;heJ'lJltnfilL~n1~tJ'tl~f'lJeJ~j;JJit"U'Y11'l.l~::~'lJ"ll'tl'lJtJ1'l.ln~1-:1t(;ltJ'i;q1~1~C1 

Ln'lJfnM'lt(;l'l.lII'"''Vl~UTVillJl'Jl1~~t"U~J1~ -18 'tl-:l Pl1 L"ll~L~tJ'i;q ~1nn';j1 8 itJ(;l1\f
• OJ 

. n~iVi'Viu (2542) ~mt1n1~~(;lLLtJN'i;qj;J1f1!t~LLU-:I;r1'JL~'fl~1LLU-:le.J'i;q~~1~f'lJtJ~::n'tl'lJ 

'tl1~1~'Vl'tl (;lLL"li LU'tln LL;i'l 'i;q1~1~C1Loif LLU-:I;r1'J L~1 LL~::LLU-:I;r1'J L~\lmL'l.ln1~~1 LLU-:I"ll'lJ'Vl'tl(;l L'l.l~j;J~1 
,J .s." It" 'i' .~, 1 ' • ,... Clf' " 

'Ci'J'l.l LLu-:lIMl'l.l1 1 :1.75 LL~:: 1:1.425 ~(;ltJ'l.l1 ~lJWi'l.ln1nL"llLtJ'tlmL"1l-:l~::~1tJ 4 ~'tl'lJ LL~'J 
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~'l11JL~ ~'J'll ~'El'W~'JtJ hJL~ 1L'J~. 'Y'fU~'l eJ~ (;IIi'n.lOY)~L 0]mJ~~'l'J L~'l LL~::: LLil~~'l'J L~~mihlh.n n.l 

il'l~'WLL~:::~'i1 n'l5'LL(;I n,rnhJ LL(;In j;h~ n'W 
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..... 
'U'VI'VI 3 

IV ...

3.1 .1 ';) (;l CI (;l'IJ
• 

. " t- .... .... 

1. 'lI1':lL'VI'I..ltJ':lL'lItJ'J..:l 

21 ~1n::Yi (~:"~11""1) 
3, Ln~~tl'l..l ([;l~1Ut..:l~~U) 

4 1. ~1[;l1flV1~1tJ ([;l~1ij[;l~~fl) 
" 

5 il1~'I..lt1l 

" 6 U1ttJL~~ 

1 
3.1.12 'a1Jn'lN• 

~1tJ12J

J L~tJ..:l 
1 

4. )jc;) 

1" :1~~1.~fi.LL1l'. 
l :~'I..l[;l':l..:l.


l ~':ltJ[;l':l..:l'll~..:lL'VIfl':l
 

i' m..:l~1l).J
 

l' m~ I , 

1d. LfOl1~..:lif'l..l~1l).Ju~~ Mulinex 

111. ~1'l11':l'J1.:1 
1j­I ... d"t- . • I .... "I ...
 

~).J~mtJllJ'VI':l ~~~fl11l[;ln 

1l L[;l~~u~).J1fOl~L':lyJ ....SHARP !'I..l ~3R77BPX 

14. LfOl~~.:I"1l..:lLLUUfl~L~tJ~ HG Series
 
I ......
 

18. fl..:ltN 
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17. L(W1LLri~ 

n ....s ......... ..

3.1.3 'ell.Jn'ia.l·1l1111'i\J'J~fI'i'::1IIf1a.1ll'Vi

, 
Ll"11'el.:lt)lJll"h~ (HNNDY COLORIMETERi'l.l NR-3000) 

2. ~I•Um,nr~1'V11tJ~Ll"111~';l"1t'W11~• 

LL'JtJfl'fltJm~ .
 
,
 

&II .... .. 

Ll"11'fl.:ll"1'tl~WHJ;I'el1 

LUmm'~~'L1~1U(SPSS 10)
'II 

Id. Q

3.2 iUllU'VI611LUU~IU 

" .,L..- 'i'_............ .. ..

'VI'el.:llJ!ltJj;)n11'el1'V111LL~~ul"ll'l.l1n11-~lijJ'I.l1~~J;lJlt'l..l'Yl (524). l"1t'l..l~l"1'VIn11~fll1~J;l1 

I . 

lJ""~Y1m"rLYI_'U'ft~l1~lJ. _ft"':UM. ~Y1" 1,"00'~ MLO~ 

3.3 'i::!.I~L';Ja'lt un'l,6i'"ILUU.:J'lU . 

L~'el'l.l~qfll~mtJ'I.l L~'el'l.l~~·1l"l~2547 - 2548 
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....... 1·0	 ....

3.4 'Hin1ji~1~UUn1'i'VI~~il~ 

I 

k JI' 'I 0'" ... .... 'i' 0 ... ... ... 0 

1. I"Im~t'l~ j;1~'Vfl.l~'l'l.!b'l.lm~'Vl'l":ll'l':lL'VI'l.!m LLn'J ~(iltl'l.!'l~ j;1~"lI'l':l L'VI'l.!mLLn'JIOl'l'l.!':l'l.! 3 'Gl j;1~I .. 4Jl	 ... .. 

~.:JLL~ (il.:JL'l.!l1l'lI"ll:J'l.!':ln ~'l';hm~'Vl (il2'l'a.:J LL~':l'lJ'l~'ltj (il~'l'Vl'l.:J ~'l'l.!mtll1'l~ ~'l~ L(iltlH\I"l~'a.:J 

COlorimetej LL2'l:::1J~:::L5~'l.!'"Jrul1'l~'Vl'l.:J~'l'l.!1J~:::~'l'Vl~~er L(ilm'l.:J LLl:J'l.!n:~'Vl (il2'l'a.:J LLUU .,RCBD~ 

(Randomized Complete Block Design) L(ilm(ilI"l:::LL'l.!'l.!I"l':l'l~"Jl'auL"Jl~Ln2'l 9 ~:::(ilU ( 9­

Point Hedo~ic Scale) L'l.!~'l'l.!~ n~'l.! ~~"Jl'l~ 1"l':l'l~~'l.!L.:J'l LL2'l:::I"l':l'l~"Jl'atlL(iltl~':l~ L(iltlH'~ 
.., "~~lJ'; 1'+' 30 '" ';1n1l'>1""~.,\'."'lJ" 3 ~1 Fi1milfU1lJ1'i '.l'1:"{~~"'" 1.~ aOil". 
HlllmnnT '''',u SPSS 

~1..,,cJ "..': ~	 '" 
2.	 I"In,\;,'l'aj;1~'l~':l'l.!'VlL'VI~'l:::~~"lI'el.:J"lI'l'JL'VI'l.!mL"lIm~ 'l.!'lm2'l'Vl~'lti LL2'l::: 'lJ'ln:::Vi 

, ... ... 
2.1 ~n'\;"l~j;1~'l~':l'l.!VlL'VI~'l:::~~"lI'a.:J'lJ'lm2'l'Vl~'lti : 'lJ'ln:::Vi L(ilm'l.:JLLl:J'l.!m~ 

... 
'Vl(il2'l'a.:JLLUU Factorial in RCBD l1'lm~~n'\;"l";.:J'VI~(il 4 ~j;1~ 1~LLri 30 : 30. 30 : 40 , . .. 

...	 I 

40	 : 30 L2'l::: 40 : 40 "lI'a.:J~':l'l.!e.J~~";.:J'VI~(il ~.:JLL~(il.:JL'l.!j;1'l~'l.:JVl13 LL~':l'lJ'l~'ltj(il~'l 
I	 I 

'Vl'l.:J ~'l'l.!mtJl1'l~ l"h~ L(iltlH\1"l1'a.:J Colorimeter LLfl:::1J~:::Ln'l.!I"lru.n'l~'Vl'l.:J~'l'l.!1J~:::~'l'Vl 
! 

~~er~ Lc;)~tj(ilI"l:::LL'l.!'l.!I"l':l'l~"Jl'auLoif£llLnfl 9. ~:::~u ( 9-Point Hedonic Scale) L'l.!~'l'l.!~ n~'l.! 
... I., 'i' 'i' 'I ...... 0 0 

~~"Jl'lj;1 fil':lr~~'l.!L.:J'l LL2'l:::I"l':l'l~"Jl'elU ~(iltl~':l~ ~(iltl ~"Jl~'Vl(il~'elUIOl'l'l.!':l'l.! 30 I"l'l.! 'Vl'lm~'Vl(ilflfJ.:J 

'" ~ I	 . 

";.:J'VI~(il 3 l"hVl1~'lJ'l~'l~Lfil~'l:::'\.Hf'a~fl'Vl'l.:J£llCi~L(iltiL-nL1JnLn~~~'l1'l	 L~,,~1J SPSS..	 .. 
I	 ... ... 

2.2 ~n'\;"l~j;1~'l~':l'l.!VlL'VI~'l:::£ll~"lI'a.:J;r'l':lL'VIi1mL;]m~ L(iltllOl:::~n'\;"l";.:J'VI~C;) 2 
...	 I 

~:::~u ~'el 20 % LLfl::: 30 % "lI'tl.:J~':l'l.!l:J£ll~";.:J'VI~ (il ~.:J j;1'l~'l.:JVl 14 L(ilm'l.:J LLe.J'l.!m~'Vl C;)fl'tl.:J 

... 0 ....	 ,''' I'" 'i' '1.....1 • I ... 
LLUU t - test LL2'l':l'l.!'l~'l':l(ilfil'l'Vl'l.:J(il'l'l.!mtll1'l~ I"l'l~ ~(iltl b"JlLfil~'el.:J ColorimeterLLfl:::lJ~:::L~'l.! 

I 

'"Jrul1'l~'Vl'l.:Ji~h'l.!'J~:::£ll,'l 'Vl~~ er£ll L(iltl~(ilI"l:::LL'l.!'l.!fil':l'l~"Jl'a'JH'£llLnfl 9 ~:::~u ( 9-Point Hedonic 

Scale) L'l.!1'l'l.!~ n~'l.! ...~£ll"Jl'l~ fil':l'l~~'l.!L.:J'l LLfl:::I"l':l'l~"Jl'aUL(iltl~':l~ L(iltiLoifeJ'Vl (il£ll'aU~'l'l.!':l'l.!.. 
30 I"l'l.! l111'lm~'Vl (ilfl'a.:J";.:J'VI~(il 3 ~'l l"i'l~1~'lJ'l~'l~ LI"l~'l:::~;r'a~fl'Vl'l.:J£llCi~L(iltiL-nL1J~LLn~ 

~'lL11Ol~1J SPSS.. 

3. IL~'a~n'\;"l'a'l~ m~Lnufn'\;"l LL2'l:::m~~'l.!~':l ~(iltl'lJ'l;r'l':l L'VIi1m LLn':l~~ [;J.J'l.!'l1~ ~'l 

':l'l.:JLLe.J'l.!m~Vi(ilfl'a.:JLLUU Factorial in RCBD 11JLL"llLL;i.:JVJ'aru'VIl1n - 1 fJ.:Jfil'lL"JlflL~t1£ll ~n~'l 
I • .. 

~:::t1:::L':lfl'lLJm~Lnufn'\;''l~ 15 ,30 LLfl::: 45 ~'l.! LL~':l'lJ'l~'ll1'lm~2'l:::fl'lti (Thrawing) ~ 

~ru'VI~n~'a.:J 10 'l.!'lVJ L~I"l':l'l~~'el'l.!~':ltl1~~L':lyJ~~:::~UI"l':l'l~~'a'l.! 30% LU'l.!L':lfl'l 40 ,50 

~": 60 'ir"~ ~t\'~U"lJ"i"Fi"",".,/f"1.Ln1.1l1" Fi1~ 1".H,.jl". Colorimeter .": 

I 



I 

! 
I 

lJ'"L~"_rul""~".;h,,lJ:::~"~.~.r~ t'."'_"LL""_01~,~"H'~Lni.. 9 

~ 

'"0" (9-Point 

He~OniC' S~ale) L",h,,; ni" :1\'"" "01~.r"L.1· LL.""01~~~"t,.:o~ t,.H' 
~ L;m"ll'l'1J1t.lm~'V1 (;l~'fltJ~'l'W'J'W 10 ~t.l ro\'l~1~il'l~'l~ L~~'l~",;r'fl~~'V1'l~~Ci~L(;l[J1-nLtJmn~~ 

~'lL~'"lltJ SrSS . 
.. I .....1 ~ ~ ... 

(;l171~'V1 13 LL~(;l~'flj;J~'l¥'l'Jt.l~'fl~ t.l'lj;J'l~'V1~'l[J : t.l'ln::'V1 
I . 

" " 
il'l j;J'l~'V1~'l[J : il'ln~Vi 

" " 
il'lj;J'l~'V1~'l[J :il'ln~Vi 

30: 30 

30: 40 

40: 30 

40: 40 

186: 200 

186 :236 

277: 200 

277: 236 

... I " " " 
(;l1'i1.::l'VI 14 LL~(;l~~j;J~'l~'Jt.l~'fl~il'lj;J'l~'V1~'l[J : il'ln::Vi : ;r'l'JL'VIi1mL~[J'J~ . ~! 

~lJ1~'l~'Jt.lLtlt.l (%) ~'fl~ 

" " 0 0 ... 
t.l'l j;J'l~'V1~'l[J : t.l'l n~'V1 

~j;J~'l~'Jt.lLtlt.l (n1~) ~'tN 

" " 0 0 ... 
t.lrl j;J'l~'V1 ~'l [J :t.l'l n~'V1 

30 : 40 : 20 186 :236 : 130 

30 : 40 : 30 186 : 236 : 180 . 
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~
. I· ­3.5 tJ~ n1'i'VI11l~'!l~ bb~~';J~1'ir;u tJ~ n1'i'VI11l~'!l~ 

1. n1JIj'~ m~1'Zl [;lnn [;lj'fi1'W"lI'El\li1'J LVl-Wm LLff'J LL"J! LL~\l
'lJ d$ 

~ , 
. il1"l11'JLVl-wmLLn'J'"l1nn1j'~m~t1'Zl[;lj'Yl'Wfi1'W 3 'Zl[;lj' 2-J11'j;!1"l1~ YfiJ~1'Zl[;lj'~ 3 '"l:;~~

-I 'lJ d$ 'lJ 'lJ 

L~m'El2-JLVl~'El~2-J1nn~1~\l 2 ~[;lj' Lj;!tJ~1"l11O)'J1~'Zl~1\lL~nil'EltJ (L*= 36.07), ~L~m (a*= ­

6.47) LL~:; ~lVl~'El\l ( b*=10.64) L~'Elil12-J1'Ylj;!'Zl'El1J'Yl1\l~1'WiJj':;'Zl1'Yli~e!'ZlYi1J~1'Zl[;lj'~ 3 '"l:;~ 
IO):;LL'W'Wm1~~'El1J L'U~tJ'Yl n~1'W'Zl\l'Zl j;! LL~:;;:j 1O)'J1~ LL(;Jn [;]1\l'"l1 n'Zl [;lj'~ 1 LL~:; 2 ~'Yl j;!'Zl:1JL~ IO):;LL'W'W

'I q... q ..... IlJ , 

10) 'J12-J"ll'El1J'Yl 1-:1 ~1'W~ IO)'J 12-J,r'WL\l1 LL~:; 1O)'J12-J"ll'El1JL~ m'J2-JL'Wj':;~1J IO)'J 12-J"ll'El1J2-J1 n Lj;!tJ 1~ 
, , 

1"l1L'U~tJ 8.07 , 8.07 ,8.17 [;l12-J~1~1J n~'W j''Zl"ll1~ 'El~L'Wj':;~1J1O)'J12-J"ll'El1JiJ1'Wn~1\lLj;!!.11~ 

1"l1L'U~~ 7.871, 7.90 (;J,12-J~1~1J ;:j1O)'J12-JLL(;Jn~1\ln'W'El!l1\lii1!tJ~1..rtlJ'Yl1\l'ZlCi~ (p < 0.05) ~\l 

[;l1j'1\l~ 15 ~\lil1'Zl[;lj'~ 3 Ltl'W'Zl(;Jj'2-J1[;lj'fi1'WL'Wn1j'~mn~'El1iJ 
'lJ 'lJ <II 

... 
LL'Zl j;!\l1"l1'Yl1\l ~1'Wn1tJ1l1Yi LL~:;,Jj':;'Zl1'Yli2-J e!'ZlL'Wn1j'~n~'Zl (;Jj'2-J1 (;Jj'fi1'Wj;J1'i1..:1'V1 14 

'lJ d$, 
I .... ., ~[;lj'~l0.lJl1',y,OO 'lJ 

1 2 3 

~ 
~1'W~1O)~1Yi'Yl1\l~1'Wn1tJ1l1Yi• 

L* 37.10
a 31.21 a 36.07 

a 

a* -7.10 
a -4.34 a -6.47 a 

I b* 12.93 a 7.85
c 

10.64
b 

~ 
fiJ ~1Yi'Yl1\l ~1'WtJj':;~1'Yli2-J e!~ 

.... 
7.17 

b 
6.37 

c 
8.07 

a 
~ 

,... 
6.87 

b 
6.20 

c 
7.87 

a 
n~'W 

... b 
6:27 

c 
7.90 

aj''Zl"ll 1[;l 6.67 
., 

7.00 
b 

6.40 
c 

8.07 
a

IO)'J 12-J 2-J 'W L\l 1 

IO)'J 1~"ll'El1J Lj;! j''J 2-J 7.03 
b 

6.30 
c 8.17 a 

,J. ~ 

(p ~ 0.05) 
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2. nl '1~~m~'1~ j;]n~fJtJ~ L'\.u.n::~~1 ~m~vh~hfJ L~lJ~fJ LLrlfJ " 

I 2.1 ,"'l'ln~m:1~j;]~'1~fJtJvh~~,,'1::~~"lJ'fl'lll'lj;]'1~OM'ILJ ll'ln::~ 'ViU~'1~ 

Vl~~'flu1~nJ~LJ'fl~fuvh::~u ll'lj;]'1~Vl~'1LJ : ll'ln::~ ~'fl 30: 40 "lJ'fl'l~fJtJ~~~~'1~~~ 

L~LJ~'1fJ L~t1t!1fJLLrlfJiJ~L;m'fl~ L~~'fl'l ~~::~ulihl"l')'1~~~'1'1 (L*= 35.42), ~ L;m (a*= - 5.97) 

.... ..., .. ... '''''"I "........ J' ..J " "I " ......: o·
 
LL~:: ~ L~~'fl'l (b*= 10.38) "1I'I~lil'l~ bn~ LlilLJ'InU~ j;]~'VitJti'ltJVl ~Vl ~~'flU b~m~ml~~U L~'eltJ'I~'1 

I I "U .... " I 

Vl ~~'flUVl'l'l f'ltJlJ~::~'1Vli~er~'ViU~'1~j;]~'1~fJtJVI 30 : 40 iJlil::LLtJtJlilfJ'I~"1I'fl~L'U~m:ln~'1tJ 

~'1~lf1 LL~::illil'J'I~LLj;]n~'1'1"'l'ln~j;]~V1 1 . 3 LL~:: 4· ~m~C1.l::"lJ'fl'len'lfJL~t1mLLrlfJVlL~"'l::iJ~L~m 
'II • 'III· 

'el'fltJ1~ iJ i~tJ~'fl~1U Lj;]LJ LL;i'l L~n,J'flLJ iJ lilfJ'I~~tJL'I'I~'1 n eJVllf1~'flU1~lil::LLtJtJlilfJ'I~-n'elU 
'II 

Vl'l'l~'1tJ ~ n~tJ ~~"1I'I~ LL~::lil'J'I~~tJL'I'I ~~~~U lilfJ'I~"1I'flulJ'ItJn~'1'1 Llf1LJL~l"l'lL'U~LJ 

7.67 , 7.43 ,7.90 ,7.83 lil'l~~'1~U LL~::lilfJ'I~"1I'flUt~LJ~'J~'flf.h::~UlilfJ'I~"1I'flU~'1ntlf1LJL~ 

l"l'l L'U~LJ 8.1 fiJ lilfJ'I~ LL~n ~'1'1ritJ'fl,th'liJ,rtl~'1 ~C]JVl'l'l~ n~ (p < 
'II

O. 05) ~'1lil'l~'1'1~ 16 ~'1ll'l 

~ lil~V1L~~'1~''1m~~ nM'I~lil~'1~fJtJVI L~~'1::~~"iJ'el'l~'1fJ L~t1m ~'fl LlJ 
'II 

. " " 
j;J1'i1.:J'V115 LL~ ~'1l"l'lVl'l'l ~'1tJmLJ!l'l'Vi LL~::lJ~::~'1Vli~ er~"lJ'fl'l~ j;]~'1~fJtJll'l lil'l~Vl~'1LJ : ll'l n::~ 

. I .telIcv .... ~:: 0 .. 

fClUl'l'ViVl'J ~ 'fl j;]~'1 'JtJ tJ'I j;]'1~Vl~'1LJ : tJ'I n:::Vl 

I 30 : 30 30 : 40 40 : 30 40 : 40 

8 c31.11 b 35.42 25.33 C 22.50L* 

8-6.588 b -5.978 b -7.82 b -4.57 

8 b 

a* 

8.428 b 10.38 6.15 b 5.39b* 

lil C1.l!l'l'ViVl'l\l:~'1 tJlJ~::~'1Vl i ~ er~ 
• I 

b 8 cI~ 6.97 7.67 5.20 5.13 c 

I

8 bQ 

n~tJ 6.17 b 7.43 6.63 6.17 b 

Q b 8 c c 
~~-n'l lil 6.43 7.90 5.73 5.73 

b 8 b
lil'J'I~~tJL'I'I 6.37 7.83 6.17 b 6.17 

I b 8 c c
l"l')'1~-n'flU t~LJ~'J~ 6.67 8.10 5.73 5.70 

I 

I ,qCl! I ... I .. ., 0 ... ....A ... 

\nJ1m~~. ~'J'fin1;'T1'WLL'W'J'Wtl'W LLj;!n j;11 \I ri'W~).J1tJ n\l 1il1V1).J1il'J1).J LL~nm'ln'Wtlm'l).J'WtJfll11ilC1J V11'1fllt1~V1 

(p ~ 0.05) 
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,, . " ... ... 
2.2 ~1 nn1~~n'M1~1'1~1~':l'WV1LVI~1::~~'lI'El\leii1':lL'VIilmL~U,)~. 'Vl~::~'l.J 20% 

Sf I • ~ 

W~::: 30% ~'l.J~1~'Vl~~'El'l.J1~n1~U'El~f'l.J~1'1~1~':l'W'lI'El\leii1':lL'VIilmL~m\lV1~:::~'l.J 30% ~1n'Vl~~ 

t~Ueii1':lL~iltJl':lLLn':l'lJ~~m~C\.l::~~~~1'W~ ~::~~L~m'El~L~~'El\l ~~::~'l.Jr\1'"l':l1~~~1\l • 

(L;'=25.62) , ~L~m (a*= - 8.26) LL~:; ~L~~'El\l (b*=12.65) L~'El'\.J1'Vl~~'El'l.J'Vl1\l~1'W1J~:;~1'Vl 
" , ,ev ev I.... I _ oCIIl..... '"I;' .c::lII oCIIl .c::lII 

~~tJ~ ~'l.J':l1®(;l~1~':l'W'lI1':lL'VI'WU':lL'lIm\l'Vl~:::~'l.J 30 % ~'"l:::LL'W'W'"l':l1~"1l'El'l.JL'UrlU'Vln~1'W~\l~~ ~ 

e01~ LL. n""1,"n'10'~ U" OL;m;~'~~lJ 20 % "n",(U~~'l.~~ ""0••111~ n~~~fl~1:,~" il 
F1':l1~~'WL\l1 1~~"1l~1~~':l1'W ~'Vl~~'El'l.J1~F1:::LL'W'WF1':l1~"1l'El'l.J ~ ,n~'W ~~"1l1~ F1':l'1~~'WL\l1 LLrl::: 

F1':l1~"1l'El'l.Jt~tJ~':l~~h:::~'l.JF1':l1~"1l'El'l.J1J1'Wn~1\l t~ul~r\1L'U~U 7.56 , 7.53 , 7.80 , 7.40 , 7.90 

1'11~~1~'l.J 1~F1':l1~LLl'1n[;\1\lri'W'ElU1\l~,rU~1~'1!'Vl1\l~(i~ (p < 0.05) LL~~\l~1m~1C\.l-if1':l 
L~ilm~ L~~~'W.yh1~r\1F1':l1~~~1\l~ LL'W':lt,j'~ L~~~'W~\l (;l1~1\l~ 17 ~\l,j1~ (;l~~l~~1'vhn1~~m~t1 

I 'lJ 

'El1~n1~Lri'l.Jrjn'M1LLrl:::n1~~'W~':l(;]'Ell1J 

j;J1~1~;11 . LL~ ~\lr\1'Vl1\l~1'Wn1Ufl1~LLrl:::1J~::~1'Vli~~~n1~~n'M1~(;l~1~':l'Weii1'JL'VIilmL;U':l\l . 
I 

I .......
 
Wl C\.lfl1~ 'Vl ':l ~ • 

I " 
F1rufl1~'Vl1\l~1'Wn1Ufl1~• 

L* 

" ... 
~1'W~ 

a* 

b* 

I "1J 1: ....F1C\.lfl1~'Vl1\l~1'W ~::~1'Vl ~tJ~ 

. I ... . 

~ 
, 

co 

I nrl'W 

co 
~~"1l11'1 

.... 
F1':l1~~'WL\l1 

i'1':l1~"1l'El'l.Jt~U~':l~ 

'I-l2-J1tlL'I-l[;J I ~':J!i'n1;'11tJLLtJ':JtJ'fltJLLl1ln11l1\lntJ'I-l2-J1Hi1\l 
.. . I 

i'l (p:::;; 0.05) 

'lJ 

~(;l~1~'J'W-if1'JL~ilmL~m\l 

20%
 

24.94
a 

-7.64 a 

11.09 a 

b
6.93

6.60 
b 

6.80 
b 

6.66 
b 

7.03 
b 

'lJ 

30% 

25.62 a 

-8.26 
a 

12.65 a 

7.56 
a 

7.53 a 

7.80 
a 

7.40 
a 

7.90 
a 



__ 

I 46 

I~. g~ 'd~ 
3. 11~l4n~1~~tJ~L'J~1n1~LmJ~m~1LL~~n'WI"1'IJIWJ . 

'"Ifnn1~~n~1~~tJ:;L~~ 1 n1~Li:hJfn~1 LL~~n1~~'IJ~'J"1I'f)-:loii1'J L'I!Ii1mLLrl'J LL"ll LL~-:l W1J~1 

~:;tJ~L~1n1~tii1JLL~:;n1~~'lJif'JVl 15 , 30 LL~~ 45 ~'IJ ·bJill"1'J1~LLr;]n[;\1-:ln'IJ1.'lJYJn(~i1'IJ ~-:l 

~'"l1~nnL~'f),n~~~tJ~L'J~1n1~Lii1J 30 tj''IJ 1.,xm1~~'f)'IJ~'JtJ1~LI"WL'J~~~:;(;)1J 1"1'J1~~'f)'IJ 30 % 

L'J~1 50 ~'lJ1IVl L(;ltJoii1'J L'I!Ii1mLLn'Jil~n~ru~~1' (;l 'l~'Vl1~ ~1'IJ~ '"l~il~ L;m'f)~ L'I!I~'f)-:l ~~~(;)1Jf011 
, 

1"1'J1~fl~1-:l (L"= 28.92) , ~ L~m (a"= -2.67) LL~~ ~ L'I!I~'f)-:l (b"= 5.84) L~'f)-W1'Vl(;lfl'f)1J 
, 0­

'Vl1-:l~1'IJtJ~~fl1'Vli~erfl ~'Vl(;lfl'fl1J1.~~~(;)1J1"1'J1~".ll'fl1J'Vl1-:l~1'IJ ~ n~'IJ ~fl".ll1~ L;:l'f)i~erfl 
. I ~ I 

1"1'J1~~'lJL-:l1 I LL~~1"l'J1~".ll'f)1JL(;ltJ~~~~'IJ~:;(;)1J 1"l'J1~".ll'f)1JL'tltJ 1 L(;ltJ1.~f'1~LL'IJ'lJL'tl~tJ 5.92 , 

5.50 :5.5~8 , 1~.6: ~.303 ,~5.33 :~~1:1J ~ L~'fl-W1~1~Ll"ln~"Lfl:J~'Vl1-:lflt1(;lLLfl(;l-:l~1 1~ill"1'J1~ 
LLr;]n(;l1-:ln'IJ'f)m-:l~'lJtJfl11"1'1J'Vl1~flCl(;l 'Vl~~(;l1J (p > 0.05) (;)-:lLLfl(;l-:l1.'IJ(;l1~1-:l~ 18 '"l:;L~'lJl~ 
1.J I. c:s J'.- ......... I" . ~ I a cv
I 

'J 1'Vl ~:;tJ:; L'Jfol~ n1nnU'lJ1 'I..l"1J'I..leJ~(;ll1ru'YI~1"l11"l 'J 1~fl 'J 1'1 ~ (;lfol-:l L'IJ'f)-:l'"l1 m:;'I!I'J1'1m ~LnUm'M'1 

'fl1'1!11nL~Lm'f)hLL~-:lfl1~~L;m'l!l1'f)1"l~'f)L~VJ~~'"l:;~'fltJ 1 fl~1tl~'J'f)th-:l-n11 1~LiI'IJ~~1(;l1~"1I'fl.:l 
:11'i' ~ ••1'" ~ I::. ... ~ ..... . "" ... g 4 ""'::I "" ... ..rI . 
11 ~'fl mr;]'IJ (;l-:l'IJ'lJl:J~r;]l1ru"'"1J1'JL'I!I'lJmLLn'JLL".llLL"1J-:l'"l-:l~¥'lL"1JmL'1I~"1I'IJ 

0­

I")ruJl1~Y11~~1'l.! 

mElm~ 15 30 45 

40 50 60 40 50 60 40 50 .. ... 4 _ ... _ ... ...... ... ... ... _ 
... ... .. 
'J'l.!I'Vl 'J'l.!IY! 'J'l.!1'Vl 'J'l.!1Y! 'J'l.!1'Vl 'J'l.!1Y! 'J'l.!IY! 'JU1Y! 'J'l.!IY! 

L" 31.61 a 29.76 ab 27.21 
ab 

27.10ab 2S.92ab 31.26a 2S.Sab 26.17a 24.73b 

a" _4.69be -4.50 be -6.74 be -3.99 be -2.67 ab _3.96ab -5.47 be -4.30 be -5.64 be 

b" 10.65 a 9.31 ab 9.65 ab 6.07 ab 5.S4d 7.0Sed 9.31 ab 7.63 abc 7.97 be 

I")rum~vn~~h'l.! 40 50 60 40 50 60 40 50 60 

lh~~1Y!~).Jcr~ 
... .. 
'J'l.!1Y! 

... __ <GIl 

'J'l.!1'Vl 'J'l.!I'Vl 
_ .......... <GIl 

'J'l.!1Y! 'J'l.!1'Vl 'J'l.!1Y! 
__ 

'J'l.!1Y! 
....... 

'J'l.!IY! 
... .. 
'J'l.!1Y! 

5.5S abc 5.S3 
ab 

5.5S 
abe 

5.50
abe 

5.92 a 5.0S ed 5.42 abe 5.00d 5. 33bed 

, 
n~'l.! 6.00 a 5.33 abe 5.00 ed 5.41 abc 5.50 abc 5.0Sbed 5.S3 ab 4.50d 5.12bed 

1~"ll1~ 5.75 ab 5.33 abe 5.25 be 5.92 ab 5.5S abe 5.75ab 6.00 a 5.00 a 5.25be 

L;1'fl~).Jcr~ 6.17 
a 5.75 abe 5.75 abc 5.33 bdC 5.67 ab 5.92 ab 6.0S a 4.92 a 

5.12 cd 

F1':lI).J~'l.!L~1 6.00 
a 5.25 a 5.67 a 5.42 a 5.33 a 5.25 a 5.S3 a 5.00 a 5.33 a 

F1'Jl).J"ll'flLJL~E11'J).J 5.92 a 5.5S abe ·5.S3 ab 5.50 abc 5.33 abc 5.S3 ab 6.00 a 5.0S e 
5.25be 

~'J'fin~lrl'l.!LL'l.!'J'l.!'fl'l.!LL~nIJi1~n'l.!'I-I).J1E1ti~ 

(p ~ 0.05) 

I 

60 
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(1 )
 

(2)
 

(3)
 

1l1"~ 3 LL(q~'1flm~tn.l:~fl'l;r1,)LmlfJ,) LLn') LL'rl LL~'1 

..	 " "" J!...I or ...l ...1.	 "fl m')mt.!fJ,)LLr,,)LL1JLL~'1'Vl1:fJ:L,)fl115 ')t.! 

<oil" "" J!...Ior...l ...2.	 "fl m')mt.!mLLr,,)LL"DLL~'1'Vl1:fJ:L,)fl130 ')t.! 

3.	 r;fl ofi'1,)L~i1mLLn,)LL'rlLL;j'l~1:fJ:L,)fl145 t)t.! 
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(1 )
 

(2)
 

(3) 

n,,..i! 4 LL*,~\I-ff1'J L'l-rOm LLn'J LL"llLL~\I~1::£J::L 'J~1 15 1'Ul~I'l'J1;J~fll..l~'J£J~tPl1L'JyJ 

1. ~tl 1::£J::L'J~1lum1LL"llLL~\1 15 1'u 1::~UI'l'J1;Jffiu 30% L'J~1 40 (jU1V1 

2. ~tl 1::£J::L'J~1lum1LL"llLL~\1 15 1'u 1::~UI'l'J1;Jffiu 30% L'J~1 50 'iU1V1 

3. ~tl 1::£J::L'J~1lt.ln11LL"llLL~\1 15 1'u 1::~lJl'l'J1;J1tlU 30% L'J~1 60 'iU1V1 
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(1)
 

(2)
 

(3)
 

tl1"~ 6 LL ~-1tr'lf)LmltJf)LLr'ff) LL"Il LL;j-1~'1~tJ~Lf)fl'l 45 1''ULL~f)ll'l~nl,xr1f)'l~ffi'L.ll'ff)tJ'1JJY,1'1Lf)vJ 

1. ~t'l '1:;tJ~Lf)fl'll'Un'l'1LL"IlLL;j-1 451''1.1 '1~~Ur1f)'l~1t'l'U 30% Lf)fl'l 40 ti'U'lYi 

2. ~t'l '1~tJ~Lf)fl'll'Un'l'1LL"IlLL;j-1 45 1''1.1 '1~~Ur1f)'l~ffi'U 30% Lf)fl'l 50 ti'U'lYi 

3. ~t'l '1~tJ~Lf)fl'll'Un'l'1LL"IlLL;j-1 451''1.1 '1~~Uf"If)'l~1t'l'U 30% Lf)fl'l 60 ti'U'lYi 
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d 
'UVlVl 4 

~~tJ ~~ n1 ~vt (;l ~'£l{l 
q 

" " 
. . 1. ,rnn'l1~m~n~j;J1~'lj;J1~'l'l.l"ll'el.:l~'l~LVI~mLLn'J Ll1ltl~n~'l~j;J1~'l.l~'l'l.lVl.:lVl~11l 3 ~j;J1 

"r'l'lJ~'l~j;J1V1r~J'lJ~'l1t1'el~f'l.J'.nn~Vll1l~'el'lJ~'lnV1~11l~'el ~j;J1V1 3 "lI'el.:l~11'l111nr tJ'l'l.lil~ 

"lJ,'l~'lt)l1ll"lnJll'l"r'lVl.:lVl'l.:l ~'l'l.ln'ltlll'l"r'l LL~~tJ1~Lij'l.ll"lnJll'l"r'lVl'l.:l ~'l'l.ltJ1~~'lVl~~~~ cJVll1l~'el'lJL~ 
• I • OJ 

n'l1t1'el~f'lJ1l'l.l1~~'lJl"l'J'l~"ll'el'lJ~'ln (8.1) Vhn'l1~Ll"l1'l~ifil'J'l3JLLj;Jnj;J'l.:lLl1ltlLojfijfi LSD (Least 

Sienificant \ Difference) '"l~"r'l'lJ~'lVl'l.:l~'l'l.l~ n~'l.l 1~"ll'l~ fil'J'l~~'l.lL.:l'l LL~:::l"l'J'l~"ll'el'lJ 
""""lJ jj+"lJLL.n'h.~Ii".;:hrmh"tlI~".~li. (P < 0.05) 

I ~ ... ,J...l "I 0" .... " 
2. ry'l1I"1mn'el~1'l·Cl'J'l.lVlLVI~'l:::~~ ~'l.ln'l1V1'l"ll'l'JLVI'l.lmLLm 

I 2.1 '"l'lnn'l1~m~nt1j;J1'l~'J'l.l~LVI~'l:::~~"lI'f).:l~'lj;J'l~Vl1'lti : ~'ln:::~ "r'l'lJ~'l~j;J1 
,I ,,, " 
V11~f'lJn'l1t11'el2Jf'lJ'"l'ln~Vll1l~'el'lJ~'lnV1~11l~'el "lJ,'lj;J'l~Vl1'lti 30 % : "lJ,'ln~Vi 40 % "lJ,'l2J'lt)11l 

I" .1 ",,' ".1 %. ... " "I" ...
l"lnJll'l"r'lVl'l.:ll1l'l'l.ln'ltll1'l"r'l LL~:::lJ 1::: L~'l.lfilru11'l"r'lVl'l.:l11l'l'l.llJ1~~'lV\'Cl~ t:J~ t:JVll11~'el'lJ ~ V1n'l1t1'el ~ 1'lJ 

·L~1~~'lJfil'J~2J"1l'f)'lJtJ'l'l.ln~'l.:l ~'ln'l1~Lfil~'l~ifil'J'l~LLj;Jnj;J'l.:lLl1ltlLeiMfi LS; (Least Sienificant 
I . 

. I ,,, ~..: ""... 'i''''
Difference ~ '"l:::"r'l'lJ'J'lVl'l.:ll11'l'l.l~ n~'l.l 1~"ll'l j;J fil'J'l~~'l.lL.:l'l LL~:::fil'J'l~"ll'el'lJ ~l1ltl1'J~ ~ fil'J'l~ 

I 
LLj;Jnj;J'l.:l'f)tii.:lil'l!t1~'l~C1JVI'l.:l~t1~ (P < 0.05) , '" 

II 2.2 '"l'lnn'l1~n~nt1j;J1'l~'J'l.lVlLVI~'l~~~"lI'el.:l~'l'JL~~mL;lm~ "r'l'lJ~'l~j;J1~1~f'lJ 

n'l1t1'f)2Jf'lJ'"l'lncJVll1l~'f)'lJ~'lnV1~11l~'f) lli'~'lnJ~'l'JLVI~mL;lm.:lV11:::~'lJ 30 % ,j'l~'lt)11l 

I" OJ '"" ".1 %.: 'i''' "I" ...
filrul1'l"r'lVl 'l.:ll1l'l'l.ln'ltll1'l"r'l LL~ ~L2J'l.lfilnJll'l"r'lVl'l.:l11l'l'l.llJ1~~'lVl'Cl~t:J ~ ~l1ltlt:JVll1l~'el'lJ ~V1n'l1t1'el~1'lJ 

q I . q. lIJ 

~1:::~'lJfil'J'l~"1l'el'lJtJ'l'l.ln~'l.:l ~'ln'l1~Lfil1'l:::ifil'J'l~LLj;Jnj;J'l.:l"ll'el.:lfi'lLil~t1 ~'JtI~fi LSD (Least . 
Sienificant Difference) n~'l.l 1~"ll'l~ fil'J'l~~'l.lL.:l'l 

Ll1ltl1'J~ ilf1'J'l~LLj;Jnj;J'l.:l'f)ti'l.:lil'l!t1~'l~ruVl'l.:l~t1~ (P < 0.05)
 
I ~
 

3. '"l'lnn'l1~n~'l'f)'ltl n'lnn'lJfn~ LL~~n'l1~'l.l~'J "r'l'lJ~'lcJVll1l~'el'lJL ~n'l1t1'f)~f'lJ~1:::t1::: 
• OJ 

L'J~'ln'l1Ln'l..J 30 t)'l.l "lJ,'lltJL~fil'J'l~ffi'l.l~'Jmj;J'l'el'lJ12JLl"l1L'JyJ~1~~'lJl"l'J'l~~'f)'l.l 30% L'J~'l 50 
I , 

~'l.l'lV1 Ll1ltlll'l2J'lt)l11fiJn.l1l'l"r'lVl'l.:l ~'l'l.ln'ltll1'l"r'l LL~:::VI'l.:l ~'l'l.ltJ1~~'lVl~2J~~ "r'l'lJ~'l ~L;m"ll'lryL't.l 

n'l1V111l~'el'lJ IL~n'l1t1tl2Jf'lJL'l.l1:::~'lJfil:::LL'l.l'l.lfil'J'l~"ll'el'lJLilti1 Vhn'l1~ Lfil1'l~ifil'J'l~LL~nj;J'l.:l"ll'el.:l 
, I 'J' 

fi'lLil~t1~'JtI'ijfi LSD (Least Sienifican Differenc) "r'l'lJ~'l n~'l.l ~ 1~"ll'l~ L'l.l'el~2J~~ 

l"l'J'l~~'l.lL.:l'l LL~~fil'J'l~"ll'f)'lJLl1ltl1'J2J 1~i:J fil'J'l~LLj;J n j;J'l.:lri'l.ltlti'l.:lil'l!t1~'l ~fkJVI'l.:l~ t1~ (p > 0.05) 
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, ~
 

. 1. LoW'fl.:lIil'1 nhln'1~~ n~'1L-ifi3fim~LL"J! LtJreJn LL;i.:l LLtitI-D'1 ~.:l"r1'1 L~ Ln (;1 eJ~ n'lJ'1 LL-!i.:l"lJ'l.l'1 (;1LVl'lJ
 
,I ~ .
 

.cSt ,J I ~I cr '" .. 'l.... .cI .... ~'l"" 
"1i.:lIil~·I.'l.:l eJ~ (;lrl"1';l'1~ LLI'l.ll~~'l.l"ll'fl.:l L~~C;]"lI'1';l LVl'l.ltl';l b'l.l"ll'l.l(;l'fl'l.lm~l"1'l.l(;l';l Yl'1 bVll"1~LL'l.l'l.ll"1';l'1~-n'fltl 

LC;]t1~';l~"lI'fl.:l;J'1';l LVl;j,t1';l LLrl';lVli.:l Lntl'flUL'l.l~~~t1m'1~-n'fltlL~ n'lJ'fltl LL~Iil'1 n m~P1m:!'1~t1~'1 ij
~ 

II .J~ cr... ~ J' .. ~. ::. 1.c5t _ II
I

LL'l.l';lL'l.l~Yl~rtJm~Lntl~~~'1L~~"lI'l.l(;1.:l'l.l~L'l.lm~~n~l"1N(;l'flhJ:.:ll"1';l~Iil~~m~~n~'1m~L-nm~ 

LL"J! LtJ'tJnLL;i.:l L~tIti L~';l' L~'fl"r1'1 L~Ln C;]eJ~ n'lJ'1 LL;i.:l"ll'l.l'1 C;]L~ n'flu'1.:J~ih L~~'fl LL~~l"1';l~~n~'1111-n'l.l~ 

t1~~~LVl~'1~~~LL~~~·'1~'1HltJ(;1mtlm~Lntlfn~'1;J'1';lLVl;j,mLLrl';lLL"J!LL;i.:lL~'l.l'1'l.l~'l.l

2. m~~ ~~'1t1J'1LL;i.:J"lI'fl.:J;J'1';l LVl;j,m LLrl';l LL'1l LL;i.:Jr1'fl'l.l"J.'1LtJH m~';l'1.:JH~fJnJVl.1Jij~'fi.:J 
... . I I 

'flU'1.:J'IJ'fltl 10 'l.l'1Yl Vl'1n'IJ'fltln~''1;j, ~t1~'1;J'1';l LVl;j,m LLrl';l LL"ll LL'2i.:ltl'1.:l~';l'l.lYlU.:J LL~.:J LiJ'fl"J.'1LtJL~ 

" "I ~ ~ ..1 0" "".... ,,~~ ,,' ~.. ... , 0 " 

l"1';l'1~~'fl'l.l(;1';lr b~ bl"1~L';lnlil~Yl'1 bVl"ll'1';lLVl'l.ltl';lLLm bVl~ b(;1 L~~'1~'l.l'1LL"lI.:J~mm~'l.l'1l"1';l'1~~'fl'l.l~'1n 

n~'). J'1 LL~~'1';l'1.:J;J'1';lLVl;j,mLLrl';lH'l.l'1'l.ln~'110 'l.l'1YlhJ~t1;J'flL~t1Lc;] 1 
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... ... Jx .~.. ''i'.c... ., " ' ........
 
n~m'l.l "1l~~'l'1J LL~::: lJ'JN1 ~'Wfi'l.l1filL'l'l.l.2545. tJ::...1..:1bb'1lLb'!HI. fil~m'nJji\1~[;l1UN"Yl[;l
 

~1'1J1i3"1l1'fl1~1 m~:::'i:!l"ll'l.l1 n11~mU'l.lL'Vl fil L'l.lL~~11"ll~'lfil~~'Vlm L~I ~L"1l~ L'J"1l. 

'" (J"" J' t _Ai ".r:J
n~1NNfil ji\11'fl[;l LL~::: Ln'flQ~ t1U:::fo;j'fl~'JJtj'lJ. 2543. b'VIFlt'l.l ftii"lJ'eHlbLIHI. Yi~-A"fil;:-'l'Vl 2. 

~~1 ~1'VlmLm~t[;l1ji\1~[;lf. 

'1Jtj'lJ~[;l ~'1JLfo;j1CjJ LL~::: fl'l.l1'fl1 ~1'l.l'W~1. 2545. "lJ'I.lJJr;\1ftbL"bL;f.:l. filv.n11~ji\1~[;lfuN~1Jl 
,J 'i'_ ., 'i' 'i' ... ... 'i' ... 
~1'1J1'J"ll1m~1nL~::: u ,"1l'l.l1n11~mU'l.lL'V1 fil ~'l.l ~~m1"1l~'lfil~'J'VlmL'1J ~ ~"1lIJlL'J"1l. 

fil N1fo;j116~ 1 fil~"1l1~'Vl U1 ji\1 ~ ~fLL~:::L 'Vl filL'l.lL~~'fl1~11.~'VI!J1 Pl1'M r;\ibLft:: b'VI Fit'I.lt ftii n1''il1\1l1'. 

2539. ~~1~'Vlmimmt~1ji\1~~f. 

filN1fo;j11!J 1 fil~"1l1~'Vlt.n ji\1~ ~fLL~::: L'VlfilL'l.lL~Um~11. ~'VI!J1pf1'M r;\iLbft::b'VIFit 'I.ltftiin1'il1\l11'. 

2543. ~~1~'Vlmimm~~1ji\1~[;lf. 
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ci ""'... .... ........1 .¥ .J "t iL "..1 "'"
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L'VlfilLJ~;u~mU'l.l11"1l.ri{]'l.lfil111"11~~1. " ,
I·' ., .,

'1'WU~!J n1~;:-IJlU,)1~ n. 2532. n"JJ~fin1'bLU"U'il1\l11'l. nN L'Vl'W~ :LIf). L'fl~. 'W1'I.l~'l. Le11tf 
~ I lU ~ 
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~'1~ ;:-'l~1~r'fl'l. 254:, b'VIFlt'l.ltfiiin''lbLU'l~U'il1\l11'l.Yi~-A"fil;:-'lVl2. n~'lL'Vl~~: LVinof LL'fl'l.l~ 

..... 1 ... Q ... 0 ... 

"~"'1 ""fl'"'" .1no. 
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1003-ntl 'W11fn'l;'1. 2535. ~'VlAt'lJt'iliifiry,"ll. 1111"l';j"ll1'rJ[9J£q1'l!lnj'j'~JLm~t[9Jj' I"lnJ:::b'VlI"lL'WLflU 

Ln'l;'[9Ji£q mU'Wb'Vll"lt 'Wtfltly.jj':::IOl'e}~ bn~1 b~1 liJnJ'Vl'l!l1j'fl1[9Jnj':::U..:I. 

':l~-ntl 'W1I"lfm~t1. 2536. FI1fi:'l...IlrJ~j;l'ij;)"I.'lJ'!l1~1'i. 1111"l';j"ll11l[9J£q1'l!lnj'j'~Ln'l;'[9Jj' I"lnJ:::b'Vll"l , I	 ,
I .
 

t'Wtfltll Ln~[9Jj' £qCl1U'Wb'Vll"lL'Wtfltly.jj':::IOl'e}~ Ln~1 b~1 liJnJ'Vl'l!l1j'fl1 [9Jnj':::u..:I.
 

£q11111j'nJfi'1! ru:::'J1U"ll.	 2545. n1'itlf'l...l tl 'i.:JAtl.l.n1'ni1';1~.:J.m;';Itj;l!l~fin1'iU,j ~ii'!lm~';.:J 

, ~';IIJ #'l...In~'i"l.ll'lJtA'i~';I...n'lJn1'i~i 'iI." ';j~t11Uy.j'Wfi £q1~1~"ll1';j'Vlm 13l1£q [9J1mj't11'l!l1j' 

... 1	 'i' 'i' ... '" '" . ..."..... 

I"lnJ:::'JiVltl113l1£q [9Jj'. £q mU'Wb'Vll"l ~'W ~fltly.jj':::IOlt1~ bn fl1 blOl1 liJnJ'Vl'l!l1j'fl1 [9Jm:::'l.N. 

£q11111j'nJ U1'WUfl. n'il.lJiii1.:JAf';l. ~UU. nNb'Vly.j~ :U'Jj'£q1m1j'-W~-W. , " , 

~j'1..:1f01f[9J'l! n'1!~113l. 2536. .n11l'lJ~'l...I'i'i"'!l1~1'i. ~'Wm4'mbfl:::~oo.J'W11l1~'J~n~ 

. nj'~'e}1~'J~n~1. 

FeliowsIP.~. 1990. Food processing technology: principle and practice. West Sussex 

Englal,d : Ellis Horwood. 

I . 
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3/4 
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1/2 on'el t.lUi:: 
" U'1~'eltJlJl'flnl~~lJl 1/4 tl'J tJ lJl'J ~ 

" "" " " 
U'11'lJ LlJltJ ~t.l LL~::U'1lJl'fln~'Y-nt.l~t.lLlJltJhJ1onU'1 

..... 0 

,;)fi"" 

" 
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Ln'lJ1'lUl'1"1l'LJ.::LL~~~::'fl'1lJl tllJl~ilVi Ln'lJHt.l'1t.lU1::~'1nJ 1 iUlJl'1t.f (1il11tJ'1 
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~';l'HaUI 
a­s- .. s- ..

I "1I1'J ~ 'wLVI 'lJm LLVI.:l L"1I tJ'N 112 
OJ 

s­
3/4 mww'J..:l 

a­

'Il1tn1~Vl11tJ"1I1'J 1% tl'JtJtn'J..:l 

Ln~'iltl'IJ 1/4+1/8 ''fl'IJ'lI1 
a­

'Il1~'lJ1~~'lI~~~1'IJn~1.:l 
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I III ~ 
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'l4'J~1 eJ'l4~ ~.oj 

"

~'Jn:::Vi"lJ'l'J "

"lJ'l'J L'VI'Wm L"lJm~ mt..llm~ 

mUj;]'J.:I 
0­

,J'l j;]'l ~ 'Vl~'lU"JJ'l'J mUj;]'J~"

"Ln~'flll\.l 1/4 "ll'fl\.l"ll'l 

1/3 li''JtJ j;]'J~ 

" "ll'fl\.lto>'j;]::: 

'lfT 
1. LL"Jl;J'l'JL~;jm 30 \.l'lV1 ,J'lhJ~.:I 20 \.l'lV1 ~\.l;J'l'JL'VI'i1m~n~ 

" " " II 

I 2. ,J'l,J'ln:::Vi ,J'lL1JLj;]tJ ,J'l~\.lL~ Ln~'fl ~~~fil\.lL\~\;J'ln\.l L~;J'l'JL'VI;jmV1n.:l 

~n~.:IhJLL"Jl h5 \.l'lVl• 
0­

3. ~~~,J'l j;]'l~'VlntJnU;J'l'J L'VI;jm fil\.lLU'l 1 L~ L;J'ln\.l 

4. L'Vl1.~n:::'Vl:::'Vl'fl.:lfil\.lLU'l 1 ~\.l;J'l'J L'VIi1m LL~.:I L1tJ.:I Uj ~n\.l L'VlL~f1'l"ll\.l:::'J'l.:lH 

L~Lij\.l (~f111f1~N u'l\.lil~, ~uu.) 



l( Q"or Q"or tl .. a'L.I1'1!1'L.1n (n'ltl) L 'tl'lL'Jl'L.I 

" II .... .... 
'll1: L'VIklmL"lIm.:l 180 30.00
I· ~ 

i':lr~Vi"ll1':l 236 40.00 

~1r1fl'Vlntl"ll1':l 186 30.00 

Ln~'fltJkl 1.4 0.19 

~"I{tJLI'1t1 90 12.80 

" I

tl'l~kl1~ 10 1.40 

.... 0 

'UiVl1 

-lll.... .... 0 ~.I" .... II .... ....
1. LLiI"lI'l':lL'VIklm 30 kl'l'Vl kl'l ~l.Jkl.:l 20 kl'l'Vl Iilkl"ll'l':lL'VIklm~n~• 
2. tl'l~'ln~Vi ~11tJL(;ltJ ~'l~kl1~ Ln~'fl ~~~rlkl1"'L;hrikl 1~;)'l':lL'VIiltJ':l~~.:I 

~n~.:Ill.JLL"ll 15 kl'lVl• 

... CI....'L.,l IJ "... 'L.,l "I"
4. L'Vl ~l'i n~'Vl~'Vl'fl.:l rlklLtJ'l 1 Iilkl"ll'l':l L'VIklm LL'VI.:I L1tJ.:I L~~ n'L.I L'Vl ~l'iJl'l"llkl~':l1.:1 ~':l 

1",Liikl (~Jll1Jl1nr l.J'lklU~ ~l.Jl.J.)I 

.. 
LVlfl'L.Ifl 

1. tl'l;)'l':l L'VIilm Ltlkl;)'l':l1'V1~rl':l1LL"ll1~ Lnkl 10 -15 
.... 

kl1'Y1 

L'VIilm LLri':ll~LL~~ 

2. "lItl.l~rlkl;r1':l L'VIilm rl':l1rlklLLtJtJ nitJl~'YntJll.J~'l L~'fll~1 "'~~~;)'l':l L'VIilm 

in 
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.11' Q .QII 

LL"Il"ll'l'J L'l!I'I..ltJ'J 20 'I..l'l'Vl 

~'l1UL(;ltJ ~'l~'I..l1~ Ln~'el eJ~~1"l'l..l1,xL;r'lri'l..l 1~;r'l'JL'l!IUtJ'J~~.:l~n~.:lLtJLL"li 

15 'I..l'lV1 

I " I CII • 

I~~~:f1JtJ:::>I"IJ""{"0 L"il~o LUI'0r01....1~ ~1ll"1J1l1l'~. 1a 1J1~ 

, 
l,xI"l'J'l~1'el'l..l~'JtJL~Ll"ln'J~V11~~UI"l'J'l~1'el'l..l 30 % LiI'I..lL'J~'l 50 'ij'l..l'lV1 
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ll1P1t:JU'Jn " 

LL'J1JU'i~LijUVl1~U'i~~1V1ft 3J cr~ 
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t)'\..lVl ... ..I. .... ./..... 

.... Q,oI"" '" ·AI II I G 

1:J~j;J.ntu" "lJ'l/Hvt'WmLLmLL"nLL"lJ~ 
, 
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3 I01:;J'\..l'\..l hJ"n'fl1Jth'\..ln~1~ 
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CI1.- ..r 
n1'Pln~1~j;J''''fU~1'U 3 ~j;J' 

Post Hob, Tes: · 
TRT 
Homogeneous Subsets 

COLOUR 

Duncan la,b 

TRT N 
Subset 

1 2 3 
2.00 
1.00 
3.00 
Siq. 

I 

I 

! 
I 

30 
30 
30 

6.3667 

1.000 

7.1667 

1.000 
8.0667 

1.000 

Means fori groups in homogeneous subsets are displayed.
 
Based on jrype III Sum of Squares
 
The error ~erm is Mean Square(Error) = .700.
 

a.	 Uses Harmonic Mean sample Size = 30.000. 
I

b. AI~ha = .05. 

FLAVER 

Duncan 1,b 

TRT I N 
Subset 

1 2 3 
2.00 
1.00 
3.00 
Sig. 

30 
30 
30 

6.2000 

1.000 

6.8667 

1.000 
7.8667 
1.000 

Means for Igroups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) = .513.
 

a. uJs Harmonic Mean Sample Size = 30.000. 
I	 -

b. Alp a = .05. 
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Duncan a,b 

I 

TRT 
2.00 
1.00 

I N 
30 
30 

3.00 
Sig. 

30 

TASTE 

1 
6.2667 

1.000 

Subset 
2 

6.6667 

1.000 

3 

7.9000 
1.000 

Means f9r groups in homogeneous subsets are displayed.
 
Based oil Type III Sum of Squares
 
The errot term is Mean Square(Error) = .561.
 

a. Uses Harmonic Mean Sample Size = 30.000.I . 
b. A!Pha = .05. 

OIL 

Duncan Ia,b 

TRT I NI 

Subset 
1 2 3 

2.00 30 6.4000 
1.00 30 7.0000 
3.00 30 8.0667 
Sig. 1.000 1.000 1.000 
Means for groups in homogeneous subsets are displayed.
 
Based onl Type III Sum of Squares .
 
The errori term is Mea~ Square(Error) = .527.
 

a. Uses Harmonic Mean Sample Size = 30.000. 
Ib. Afha =.05. 

OVERALL 

Duncan fIb 

TRT I N 
Subset 

1 2 3 
2.00 
1.00 
3.00 
Sig. 

30 
30 
30 

6.3000 

1.000 

7.0333 

1.000 
.8.1667 

1.000 
Means fO~1 groups in homogeneous subsets are displayed.
 
Based on rype III Sum of Squares
 
The error term is Mean Square(Error) = .637.
 

a. Uses Harmonic Mean Sample Size =30.000. 

b. AlJha = .05. . 
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I 9 Id' 
F11~~j;'li'W'lJ!1'lJ . 

. General Linear Model 
.Between!-SUbjects Factors 

I N 
TRT 

REP 

1 100 
2]00 

3jOO 
1.00 

21
00 

3.,00 

3 
3 
3 
3 
3 
3 

I 

Post Hori Tests . 
TRT 

HomJ~eOULS.Subsets 

I'Duncan 

TRT 
2.00 
3.00 
1.00 
Sig. 

I 

I N 

" 
3 
3 
3 

Subset 

1 
31.2133 
36.0700 
37.0967 

.051 

Means fori groups in homogeneous subsets are displayed.
 
Based on iT"Ype III Sum of Squares
 
The error ferm is Mean Square(Error) = 6.545.
 

a. Uses Harmonic Mean Sample Size = 3.000. 
I . 

b. Alpha = .05. 

A 

Duncan la,b 

TRT N. 
Subset 

1 
1.00 3 -7.1000 
2.00 3 -4.3400 
3.00 3 -1.4667 
Sig. . .152 

Means fo~ groups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) = 14.683..
 

a. Uies Harmonic Mean Sample Size =3.000. 

b. Alpha = .05. 
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B 

TRT I N 

Subset 

1 2 ·3 

2.00 
3.00 
1.00 
Sig. 

3 
3 
3 

7.8867 

1.000 

10.6367 

1.000 
12.9267 

1.000 

Means for Igroups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) = .611.
 

a. use~ Harmonic Mean Sample Size =3.000. 

b. Alph = .05. 
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.Post Hole Tests . . 
TRT 

l

Homog,neous Subsets 

I SUGAR 

Duncan ajb 

TRT 
I 

I N 

Subset 
1 2 3 4 

1.00 
2.00 
3.00 
4.00 
SiQ. 

30 
30 
30 
30 

30.0000 

1.000 

30.0000 

1.000 

40.0000 

1.000 
40.0000 

1.000 

Means forl19roups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) == .000.
 

a. use1s Harmonic Mean sample Size =30.000. 
I.	 . 

b. AIPhla =.05. 

COCONUT 

Duncan a'l 

TRT I N 
Subset 

1 2 3 4 
1.00 30 30.0000 
3.00 30 30.0000 
2.00 30 40.0000 
4.00 30 40.0000 
Sig. 1.000 1.000 1.000 1.000· 
Means for igrouPS in homogeneous subsets are displayed. 
Based on Type III Sum of Squares . 
The error term is Mean Square(Error) = .000. 

a.	 use~ Harmonic Mean sample Size = 30.000. 
I

b. Alp	 a =.05. 
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COLOUR 

Duncan a,b 

I 
Subset 

TRT I N 1 2 3 
4.00 30 5.1333 
3.00 30 5.2000 
1.00 30 6.9667 
2.00 30 7.6667 
Sig. .777 1.000 1.000 

Means fo~ groups in homogeneous subsets are displayed. 
Based onlType III Sum of Squares 
The errorl term is Mean Square(Error) = .824. 

a. Uses Harmonic Mean Sample Size = 30.000. 
I

b. Alpha = .05. 

FLAVER 

Duncan 
a,b· 

Subset 
TRT N 1 2 
1.00 30 6.1667 
4.00 30 6.5000 
3.00 30 6.6333 
2.00 30 7.4333 
Sig. .055 1.000 
Means fori groups in homogeneous subsets are displayed.
 
Based on rrype III Sum of Squares
 
The error Iterm is Mean Square(Error) = .782.
 

a. U:1.s Harmonic Mean Sample Size =30.000. 

b. Alli'ha = .05. 
I 

TASTE 

Duncana,b 
I Subset 

TRT N 1 2 3 
3.00 30 5.7333 
4.00 30 5.7333 
1.00 30 6.4333 
2.00 30 7.9000 
Sig. 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed.
 
Based on Trpe III Sum of Squares
 
The errqr trrm is Mean Square(Error) = .455.
 

a. Uses Harmonic Mean Sample Size = 30.000. 

b. AlP' = .05.· .. 
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Duncan a,b 

TRT 
3.00 
4.00 
1.00 
2.00 
Sig. 

I N 

30 
30 
30 
30 

OIL 

Subset 
1 
6.1667 
6.2667 
6.3667 

.338 

2 

7.8333 
1.000 

Means fot groups in homogeneous subsets are displayed.
 
Based OnlType III Sum of Squares
 
The error\ term is Mean Square(Error) = .568.
 

a. Uses Harmonic Mean Sample Size = 30.000. 

b. A pha = .05. 

a,bDuncan 

TRT I N 
4.00 30 
3.00 30 
1.00 30 
2.00 30 
Sig. 

OVERALL
 

Subset 
1 2 3 
5.7000 
5.7333 

6.6667 

8.1000 
.856 1.000 1.000 

Means fO~ groups in homogeneous subsets ?Ire displayed.
 
Based On\TYpe III Sum of Squares .
 
The error term is Mean Square(Error) = .504.
 

a. UjS Harmonic Mean Sample Size = 30.000. 

b. Alpha = .05. 
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.~..., I .aI ::. r 4. 

F11l't'il (;I'5"1~'n.l'VI LV11J1~"UJlIjJ'il.:lU1 j;J1fi'VI '5"'UI : U1n~'VI 

I . 

Generali Linear Model 
~tween-Sllbjects Factors 

I N 
TRT 

REP 

1.00 
2.00 
3.00 
4.00 
1.00 
2.00 
3.00 

3 
3 
3 
3 
4 
4 
4 

Post HJ Tests 
TRY I . 

Homogeneous Subsets 

I L 

Duncana,b I 

TRT 
4.00 
3.00 
1.00 
2.00 
Sig. 

I N, 

3 
3 
3 
3 

1 
22.5000 
25.3267 

.072 

Subset 
2 

31.1267 

1.000 

3 

35.4167 
1.000 

Means for groups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) = 2.518.
 

a. Uses ~armonic Mean sample Size = 3.000.. 

b. Alpha = .05. 
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A 

Duncan f,b 

TRT 
3.00 
1.00 
2.00 
4.00 
Sig. 

I 

I N 
3 
3 
3 
3 

Subset 
1 2 

-7.8167· 
-6.5833 -6.5833 
-5.9700 -5.9700 

-4.5700 

.133 .108 

Means fO~ groups in homogeneous subsets are displayed.,
 
Based on ITYpe III Sum of Squares
 
The error term is Mean Square(Error) = 1.586.
 

a. Uses Harmonic Mean sample Size = 3.000. 
II 

b. AIRha = .05. 

B 

Duncan "b 

TRT I N 
Subset 

1 2 
4.00 3 5.3867 
3.00 3 6.1467 
1.00 3 . 8.5433 8.5433 
2.00 3 10.3767 
Sjo. .110 .303 

Means fori groups in homogeneous subsets are displayed.
 
Based on fype IIi Sum of Squares
 
The error ~erm is Mean Square(Error) = 3.965. .
 

a.	 Uses Harmonic Mean sample Size = 3.000.
 
I


b. AlP, =.05. 
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n1iPim~1i'j;] 'i1~';lU"'£I{J,r1';l'L'VIU!1';l L;f!I';l{J 

I 

T-Test 

I 
Pair COLOURl 
1 90LOUR2 
Pair FLAVERl 
2 FLAVER2 
Pair T~STEl 
3 

. I 
,TASTE2 

Pair 9IL1 
4 0IL2 
Pair dVERALLl 
5 dVERALL2 

Pair 1 ~OLOURl & COLOUR2 
Pair 2 ILAVERl & FLAVER2 
Pair 3 T~El & TASTE2 
Pair 4 qILl & 0IL2 

I 

Pair 5 QVERALL1 & OVERALL2 

Std. 
Mean Deviation 

Pair 1 COL{i)UR1 - COLOU -.6667 1.0283
I 

Pair 2 FLA~ER1 - FLAVER -.6667 1.3730 . 

Pair 3 TiEl - TASTE2 -.4000 1.1017 
Pair 4 OILl - OIL2 -.1333 1.1666 
Pair 5 OVERALL1 - OVERA -.8000 .8052 

~ 

Paired Samples Statistics 

Std. ErrorStd. 
Deviation MeanMean N 

.9499 
7.5000 
6.8333 30 

30 1.0422 
6.7667 30 1.1351 
7.4333 30 .8584 

7.1000 30 .8030 
7.5000 30 1.0086 
7.0333 30 .9279 
7.1667 30 1.4404 
7.0667 .7849 
7.8667 

30 
30 .8604 

Paired Samples Correlations 

N Correlation 
30 .470 
30 .072 
30 .277 
30 .589 
30 .524 

Paired Samples Test 

Paired Differences 

Std. Error
 
Mean
 
.1877
 
.2507
 
.2011'
 
.2130
 
.1470
 

.1734 

.1903 

.2072 

.1567 

.1466 

.1841 

.1694 

.2630 

.1433 

.1571 

Sia. 
.009 
.706 
.139 
.001 
.003 

.95% Confidence 
Interval of the 

Difference 
Lower 

-1.0507 
-1.1793 
-.8114 
-.5689 

-1.1007 

Upper 
-.2827 
-.1540 

.14E-02 
.3023 

-.4993 

t df 
-3.551 29 
-2.660 29 
-1.989 29 
-.626 29 

-5.442 29 

--' 

~iCl. (2-tailed 
.001 
.013 
.056 
.536 
.000 
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-~ 
n1~f1n~11 

~ ~ 
~!I~~'J~1n1~~mJ~~~tn1~flt.l[;'\'J 

-
15 ,30 ~~iil~ 45 

General Linear Model . 
oBetweetsUbjects Factors , 

I N 
TRT ~.OO 30 

~.OO 30 

1.00 30 
.00 30 

REP lJ.OO 12 
{OO 12 
I 

lOO 12 

1. 00 12 

lOO 12 

~.OO 12 

~.OO 12 

,.00 12 

lOO 12 
~O.OO 12 

Post H1 Tests 
TRT' I 

Homogeneous Subsets 
DAY~j .. 

TRT I N 
Subset 

1 2 3 4 
1.00 
2.00 
3.00 
4,00 

Sig. 

30 
30 
30 
30 

..0000 

. 1.000 

15.0000 

1.000 

30.0000 

1.000 
45.0000 

1.000 

Means fOIT' groups in homogeneous subsets are displayed. 
IBased on Type III Sum of Squares
 

The errorIterm is Mean Square(Error). = .000. .
 

a. Uses Harmonic Mean Sample Size =30.000. 
I

b. Alra = .05. 
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TIME 

Duncan a,b 

TRT 

I 
I 
I 

N 1 
Subset 

2 
1.00 30 .0000 
2.00 30 50.0000 
3.00 30 50.0000 
4.00 30 50.0000 
Sig. 1.000 1.000 

Means fOr groups in homogeneous subsets are displayed. 
Based onlType III Sum of Squares
 
The errorl term is Mean Square(Error) = 56.075.
 

a. ules Harmonic Mean Sample Size =30.000. 

b. Alpha =.05. 

abDuncan 
I 

TRT NI 

1.00 30 
4.00 30 
3.00 30 
2.00 30 
SiQ. 

COLOUR 

1 
.0000 

1.000 

Subset 
2 

6.8667 

1.000 

3 

7.4000 
7.5667 

.286 

Means for !groups in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term is Mean Square(Error) =.363.
 

a. use~ Harmonic M.ean sample Size =30.000. 

b. Alp~a =.05. 

FLAVER 

Duncan a,p 

TRT I N 
Subset 

1 2 3 
1.00 
4.00 
2.00 
3.00 
SiQ. 

30 
30 
30 
30 

.0000 

1.000 

6.7333 
7.0000 

.244 

7.0000 
7.4333 

.060 

Means for ~roups in homogeneous subsets are displayed.
 
Based on Trpe III Sum of Squares .
 
The error term is Mean Square(Error) =.777.
 

a. useJ Harmonic Mean sample Size =30.000. 

b. AIPh6 = .05. 
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TEST 

TRT I N 
Subset 

1 2 
1.00 
2.00 
4.00 
3.00 
Sig. 

30 
30 
30 
30 

.0000 

1.000 

7.1333 
7.3667 
7.5333 

.063 

Means fo~ groups in homogeneous subsets are displayed.
 
Based on IType III Sum of Squares
 
The error ,term is Mean Square(Error) = .614.
 

a.	 Uses Harmonic Mean Sample Size = 30.000.
 
I


b. A1Pia =.05. 

I OIL 
Duncan la,b 

TRT N 
Subset 

1 2 3 
1.00 
4.00 
2.00 
3.00 
Sig. 

30 
30 
30 
30 

.0000 

1.000 

7.0000 
7.0667 

.821 

7.0667 
7.6333 

;056 

Means fo~t groups in homogeneous subsets are displayed.
 
Based on Type III Sum Of Squares
 
The error term is Mean Square(Error) = 1.292.
 

a. U s Harmonic Mean sample Size = 30.000.I . 
b. AI~ha = .05. 

t TEXTURE 

Duncan I' 

TRT I N 
Subset 

1 2 
1.00 30 .0000 
3.00 30 7.4667 
4.00 30 7.4667 
2.00 30 7.5667 
Siq. 1.000 .633 

Means for! groups in homogeneous subsets are displayed.
 
Based on fype III Sum of Squares
 
The error term is Mean Square(Error) = .571.
 

a. uS4s Harmonic Mean Sample Size = 30.000. 

b. Alpha = .05. 
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Duncan 

TRT 
1.00 
4.00 
2.00 
3.00 
Sig. 

OVERALL 

"b 
I 

N
 
30
 
30
 
30
 
30
 

I 

Subset 
1 2 
.0000 

7.2333 
7.3667 
7.5667 

1.000 .097 

Means fO~ groups in homogeneous subsets are displayed.
 
Based on ~ype III Sum of Squares
 
The error Iterm is Mean Square(Error) = .531.
 

a.	 Uses Harmonic Mean Sample Size = 30.000. 
Ib. AI	 ha = .05. 

•
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'9 9 .' ~ 4 ..., 

f11 \'t n 1 '5' ~ m~1 '5'::: !I::: b,;) ',nn1 '5' bn 'U bb'~::: n 1 '5' fI 'I.l (;I ';) 
1 . 

General Linear Model 

Betwee~-SUbjectsFactors 
I 

I N 
TRT 

REP 

~.OO 
i'OO 

3 
1 

,00 

4 
1 

.00 

5\,00 

~,OO 

1:9.00 

1 .00 

11,00 
2 

1 

.00 

3.00 

3 
3. 
3 
3 
3 
3 
3 
3 
3 
3 

10 

10 

10 

Post Hob Tests 
TRT I 

Homog~neous Subsets 

DAY 

Duncana,b 

NI 
Subset , 

TRT 1 2 3 4 5 6 7 8 9 10 
1.00 3 .0000 
2.00 3 15.0000 ! 
3.00 3 15.0000 i 

i 

4.00 3 15.0000 I 

5.00 3 30.0000 
6.00 3 30.0000 
7.00 3 30.0000 i 
8.00 3 45.0000 
9.00 3 45.0000 
10.00 3 45.0000 I 

Si9. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 , 

Means for grou~s in homogeneous subsets are displayed.
 
Based on Type III Sum of Squares
 
The error term Is Mean Square(Error) = .000.
 

a. Uses Ha~oniC Mean sample Size = 3.000. 

b. Alpha = .05. 
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TIME 

Duncana,b 

I 
TRT N 1 2 3 

Subset 
4 5 6 7 8 9 10 

1.00 3 .0000 
2.00 3 40.0000 
5.00 3 ·40.0000 
8.00 3 40.0000 
3.00 3 50.0000 
6.00 3 50.0000 
9.00 3 50.0000 
4.00 3 60.0000 
7.00 3 60.0000 
10.00 3 60.00Ot 
Sic. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 LOOl 

Means for groubs in homogeneous subsets are displayed. 
Based on Type Im.Sum of Squares 
The ,error term liS Mean Square(Error) = .000. 

a. Uses HanroniC Mean sample Size = 3.000. 

'Alp",= r 
L 

Duncan ~,b 

TRT N 
Subset 

1 2 3 
1.00 
10.00 
9.00 
5.00 
4.00 
8.00 
6.00 
3.00 
7.00 
2.00 
Sig. 

i 

3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

.0000 

1.000 

24.7300 
26.1733 
27.1000 
27.2067 
28.8233 
28.9233 
29.7600 

.094 

26.1733 
27.1000 
27~2067 

28.8233 
28.9233 
29.7600 
31.2567 
31.6133 

.074 
Means for !groups in homogeneous subsets are displayed.
 
Based on type III Sum of Squares
 
The error term is Mean Square(Error) =9,467. '
 

a. usJs Harmonic Mean Sample Size = 3.000.
I ' 

b. 
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A 

Duncan I,b 

TRT N 

Subset 

1 2 3 
4.00 
10.00 
8.00 
2.00 
3.00 

9.00 
5.00. 
7.00 
6.00 
1.00 

Sio. 

3 
3 
3 
3 
3 

3 

3 
3 
3 

3 

-6.7367 
-5.6367 
-5.4700 

-4.6867 
-4.5000 

-4.2967 
-3.9833 

-3.9600 

.140 

-5.6367 
-5.4700 
-4.6867 
-4.5000 

-4.2967 
-3.9833. 

-3.9600 
-2.6667 

.116 

-2.6667 

.0000 

.108 

Means fori groups in homogeneous subsets are displayed.
 
Based on fype III Sum of Squares
 
The error term is Mean Square(Error) =3.740.
 

a.	 uJs Harmonic Mean sample Size =3.000. 
I

b. AI~ha = .05. 

a 
Duncana,b 

TRT 
1.00 
6.00 

I N 
3 
3 

1 
.0000 

2 

5.8400 

Subset 

3 4 5 

5.00 
7.00 

9.00 

10.00 

3.00 

8.00 

4.00 

2.00 
Sig. 

3 
3 

3 
3 

3 

3 
3 

3 

1.000 

6.0733 

7.0800 
7.6233 

.078 

6.0733 

7.0800 
7.6233 

7.9667 

.062 

7.6233 
7.9667 

9.3133 

9.3600 
9.6467 

.052 

9.3133 

9.3600 

9.6467 
10.6467 

.181 

Means for droups in homogeneous subsets are displayed.
 
Based on Tvpe III Sum of Squares
 
The error tt!!rm is Mean Square(Error) = 1.165.
 

I 
a. Uses Harmonic Mean Sample Size = 3.000. 

b. AIPhal = .05. 
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