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,nw1 4'tJC1~~~'W1lYl rl il rl n1nh::::m'(1 ~ '(1fl1 Vi l~ 'ElPi mj'1~n'tj'ru:::: ~'WeJ'l'lJ'El'l n 'l l 'W ~::::vd 1 '1 n ~ ::::U'l'Wn1 ~ , 
'ElU ll~'l t~tJ1-iin'lltl WI'l'l'El ~h~ll'(1::::'v11 n1~'El1J ll~'lllU1J'(1~~'El'W~'Elruv![1n 50-70 'El'l f'11l'll'(1l'ii m'l n1~'W~'W1lYlrlUrl n1~. , ~ 

'lh :::m'(1~'(1fl1Vi b~~91 n n1~r;i1tJfl1Vi~n'tj'ru::::~'WeJ'l~'l~'ltJn~'El'l~'(1Ylnf'1'111i l~nlil~'El'WllU1J'Cl'El'l m1~ 91ml'W'" 'l mJ'(1'1 

fl1ViIil1Ul1J1J1Vid:J 1l 91)'::::Ii11J~bYl1 (Gray scale) ll~'l~'llltJg'i'l1~dJ'Wfl1VillU1J'lI1'lcii1 (Binary image) cil'ltJn1~ 

n1V!'W~fi1 Threshold ~lV!~1::::~~ 91ml'W~'l'v11mnri1Jfi1ll1J1J'lI1'lcii1'lJ'El'lYl n1 Pixel 1J'W~tJmVi L~ml1mH1.'Wn1~ 
1lrl),1 ::::'lf~n'tj'ru::::n1 ~ ltJ ~m.mtJ'(1'l'll'El'l~'WeJ'l n'l t~tJ'Elfim tJ~n'tj'ru::::'lI'El'l ~'WeJ'l n'lb'W~tJ'lI'El'l bl'l-'l rl LIil'Elfrl'l 1lJ'lI ), 'lI),:::: 

(Roughness factor, R) 91n~'(1m),Pln'tj'1~~'~(hrh R 'lJ'El'l~'1l~~;'Wl~tJl'l'(111'Wm~),'El1Jll~'l'W1 'W~'W llg'i ::::'1lru~ 1J J'j 
'El1Jll~'l~'l~1J. ~'lfi1 R ~'El~rl~'El'ln1Jm),M'(1'l'lJ'El'lmmrurl'l1~~1J.'lI'El'lI'l'l'Elti1'l t~tJfi1 R ~1~1),rll.jlLu'WIi1'll i1LlM'l 

~ 

mntJ~tJ'W lltJl;N~n 'tj'ru ::::~'WeJ'l'lJ'El'l ~'lb'W),::::V!~1'l m~'Eltlll~'11ci1dJ ti'El~h:j ~ 

Abstract 

An image processing technique , which can be used for determination of the surface 

characteristics of shrimp during drying was developed in thi s study, Shrimp was used as a model 

material and was allowed to undergo hot air drying at 50-70°C A series of scanning elec tron 

micrographs of shrimp surface were transformed into grayscale image and further converted into binary 

image based on an appropriate threshold value, The binary value of each pixel was collected and used 

to analyze the change of the surface characteristics of shrimp, The specific surface characteristics were 

described in terms of the roughness factor (R) The results showed that R va lues increased with drying 

time and drying temperature and also correlated wel l with a decrease in the moisture content. The 

roughness factor was found to be a good indicator of the surface changes of the product during drying. 
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f)"l.h 

nlJ''flU m~'I bth.mJ':::u'J'WnlJ'bb U J'~U 'fl1'V1 1 J'~lMuf)'J"uJv' tJ:l.J;'j'ihiltl'l b~tJiJ1I'Ibl UJ':::~ -:Jrlb~'fl nl J''C1~ f)'J 1 :l.J~'W 
nlJ''VI~~J'Iu~1Bm b'fl'Wl'll~ bb'C1:::nln11'C11tJ'1~'W'Yl~tJ1'W'fl l 'V1 1 J' b.y;'1l~~'fl l ~nlJ'bilufm:tleJ~l'I.nru'l'l Hartel and 

Heldman (1999) 'W'fln"nn~~'I'll'JtJ1.~'fll'V11 J'iJ~n1:tru:::'Yl1-:Jnlwn'l'l ~ n~'WJ'~ ~n1:tru:::b~'fl~wr~hibu ~tJ'WbbUMel'W 
btl'fl'I:l.Jl'"l1 n nlJ'b1,.,h b~tJ J''J:l.Ji'ltJ'I bu'W n l J'~I?l-J'W l eJ~l'I.nru'l'l'fl l 'V1 1 J'~n~'JtJ mh-:Jhnl'l l :l.J1.'WJ':::'VI~l'1 m:::u'J'WnlJ' 

'flUbb~-:J 'fl1'V1 1 J'iJnlJ'bU~tJ'W bbU'C1'1~:I-J~ I?il'1 1 i'l'Yll'1bf)iJ nlWll'1'1 J''J:l-Jii'lnlJ'bU~tJ'WbbU 'C1-:J bf)J''I~~1'1'l1'fl'l'fl1'V1 1 J' 
~l'V1fu~n1:tru:::'Yll'1 n lWn'l'l'll 'fl'l'fll'V11 J' bu'W~:I-J~ b:n 'I m:I-J 1 ru~iJ eJ'C1I?i'fl nl J'tJ'fl:I-J fu'1I 'fl'l ~U1Lll f) 1.'WJ':::'VI~ 1-:J 

m:::u'J'WnlJ''flUbb~'I 'fl1'V11J''"l:::~ nl J'bU~tJ'WbbU'C1'1~m:tru:::'Yl l '1nltJll1'1'1 b'll'W nl J''VI~I?1'J nlJ'bU~tJ'W~ i'l~bn(i1'"ll nnlJ' 

~ClJ b~tJJl bb'C1:::m:I-J l ruf)'J l :I-J~'W ~'I~-:J eJ'C1 L~tJl'IJ'-:JI?i'fln lJ'blJ~tJ'WbbU 'C1--1 bf)N~~1 --1'11'fl--1'fll'V1 1 J'bb~--1 L~tJ1fi'VItl-:J~~lmnl 
'll'JtJ'fl BU1 tJ nlJ' bU~tJ'WbbU 'C1--1d 1~bbri nl J'~--1 bn 1'1 nlJ'bU~tJ 'W bbU ~Nbf)N~~l --1'"ll nll1'1'1~--11~'"l 1 n n~'fl ,nil tJ J'U n1 ~--1'11mtJ 

~ 

~-:J b'll'W scanning electron microscope (SEM) bb'C1::: confocal scanning light microscope (CLSM) Aguilera 

(2003) 

nlJ'u J'::::I-J'J'C1eJ'C11l1'1'1il11'1 blUJ':::~--1rll?i l --11 n'W ~'W'fl~ nU'lltJ(i1 '11 'fl--11l1 '1'1 bb'C1:::-ii'fl:I;J'C1~ (I]'fl--1 nlJ'~n1:t1 ;--1--11'W;'j~tJ 
~'J'W1.'VICkiUl b'Yl f)uf)n lJ';'j bf)J' l :::1fll1'1'1m 1.oil b~'fl~ n1:tl ~ rull1'1'1'11'fl--1 eJ~l'I.nru'l'l bb'C1:::~ n1:tl nlJ'btl ~tJ'WbbU 'C1--1 Lf)J'--1~¥l--1 
'1I'fl--1'fll'V11J'J':::'VI~1--1nJ':::u'J'WnlJ'eJ~1'I 

Nieto et a/. (2004) ~n1:tlnlJ'bU~tJ'WbbU'C1--1tf)N~¥l--1'l1'fl,! bb'flU L1j'C11.'WJ':::'VI~l'!nlJ''flU bb~,!~'JtJ;'jfi'fl'fl~b:I-J ~ n 

L~tJ ~'! bn 1'1 ~n1:tru:::nlJ''VI~ 1?1'J f)'Jl:I-J bU'W~'I'I~'W f)'Jl:I-J'VI'Wl bbU'W bb'C1 :::Lf)J''!~¥l'! L(i1tJHn~'fl'!-''C1'YlJ'J'V'1,rbbuu bb~'1 (Light 

microscope) bb'C1:::n~'fl'!'1'C1'YlJ'J'V'1,rbbUU~'fl'!ml(i1 (Scanning electron microscope) '"l l neJ'C1nlJ'~,!bnl'l'l'lU~l11l'1'1~ 
l~'"lln n~'fl--1i'!~'fl '!'1lU~~1:I-J1 J'tI~'I bn I'In lJ'bU ~tJ'WbbU'C1,! Al C91'! mil'J1~ bbf1l'fl£.h'lhil I'Il:l.Jll1'1'1~l~'"lln n~'fl--1'1'C1'YmV'1,r 
hJ~l:I-JlnlU'flnf)'Jl:I-J bbl'ln I?il'!l~'Wb:n'ltJhnru 

Briones and Agui lera (2005) ~n1:tlnlJ'bU~tJ'WbbU 'C1'!~'1I'fl'!.'fi'fln Lnbb'C1l'1 L~tJloif'luJ'bbm:l.Jf)'fl:I-JYl'J bl'l'flfbb'C1::: 

nlJ'1 bf)J'l :::1f1l1'1'1 '"llnnlJ';'j bf)J'l:::1frn'l'l~lmJ'tI~'1 bn 1'1 bii'WfI'Jl:I-J bU~tJ'WbbU'C1-:J'1I'fl'! ~'J.'fi'fl nLn bb'C1 (Ill'WJ':::'VI~1--1 nlJ'bn ~ 
nlJ'J''J:l-JI?1'J'1I 'fl'! ~'d (Blooming) bb'C1 :::~lmJ'tI~'! bnl'l b ii'W~n1:tru:::'1I'fl'! bij(i11'11~'Wl'WJ':::'VI~1-:J nlJ'bnu fn1:tl~~ru'VIJJi:i 16 

bb'C1::: 28 'fl'!V'11b"1l'C1b~tJ~ 'Wl'W 52 1'W L~tJl?1'J'fl£.Jl--1~nciltJll1'1'11'WJ':::V!'il'!nlJ'bnufn1:tl~~n!V!JJi:iI?1--1n'i'il'J'iJn 1 2 1'W 

bllUrn'l'l'1l'Wl (i11600x 1200 Ylnb"1l'C11'WJ'
~ 

u JPG '"llmr'WUlrn'l'llm bf)J'1:::'VI1(i1tJ1oii Matlab (version 65);'j bflJ'l:::1f~ 
L~tJloif'lUJ'bbnJ':l.JfI'fl:I-JYl'Jbl'l'flf bb'C1:::1(i1~1'WJ' :::uu Hunter Lab system eJ'C1nlJ''Yl~'C1'fl'!'I'IU~l;'jfjnlJ';'jbf)n :::1fll1'1'1t(i1tJH 

LumnJ':l-JfI'fl:I-JYl'd bl'l'flfbb'C1:::nlJ';'j bfln:::1frn'l'ld ~lmJ'tI~l'W'JrunlJ'bU ~tJ'WbbU'C1'!'lI'fl'!~.'fi'flntn bb'C1l'1 1.'WJ':::'VI~1'! nlJ'bnu 

fn1:tl'l~ bL'C1 :::~1 m J'tlUl eJ'C1 nlJ''Yl~ 'C1'fl'!lu dj 'Wm 1'IJ'~1'Wl'Wn lJ'~,! bn 1'1 nlH1rbU ~tJ'WbbU ~--1'11'fl'!~1~ 
'fltJl'!hil I'll :l-Jll1'1'1~l~,x'Whi~1mJ'tI'fl BU1tJ nlJ'bU~tJ'W bbU'C1'!l~'Wb:n'!m:I-Jl ru ;'1 n lJ'Ul nlJ';'j b~J'l:::1fA 1 b:n'! 

m:I-Jlru l~bbri nlJ';'jbf)n:::1fAlbb~J'f1i~ (Fractal dimension) filnlJ'bU~tJ'WbbU'C1--1~n1:tru:::~'d'VIiil (Roughness) Al 

nlJ''VI ~ 1?1'J (Shri nkage) m 1.fl'WnlJ'~ bf) n:::1fnl J'bU ~tJ'W bbU'C1'! dj'W;'jfj~ ul~'Wl '"l 1.'Wn 1 J'Ul:I-J 1 H b~'fl'll'JtJ'flBU1tJ n lJ' 

bU~tJ'WbLU 'C1'! bf)N~ h'!'1I'fl'!1~ ri)'fll'V11 J' 

th-,U'W'!l'W;'j ~tJ~Ul nlJ';'j bfl n ::1fAl b :n'!mm ru'"l 1 n b'Yl f)tJf) n lJ'UJ'::::I-J'J'C1 eJ 'C11l1'1'1:I-J11oii1'W~ (Il~ 1 'VI n J'J':I-J'fl1'V11J' 

tJ'! hi bU'W~ bb'l'li'VI'C11tJ 1.'Wn 1 n11'Wl tJ nlJ'bU~tJ'WbbU 'C1,!~:I-J~ b:n'! nltJll1'1'1'11'fl'!'fllV!1J'bb'C1:::n lJ'f1'JU ~:l.J~ rurn'l'l'1l'fl'!'fll'V1 1 J' 

1'WJ'::: 'VI~ 1'1 n 1 J''flU bb~,! C91'!,x'W'!1'W1~tJdlJ'! bii'W~'"l::: ~ n 1:tl nlJ'bU~tJ'WbbU 'C1'! tflJ''!~h'! ~'J'VIi.iI'll 'fl'l n-:J b~tJ 10iib'Yl f1UfI n 1 J' 
q q 

UJ'::::I-J'J'C1 eJ'C1ll1'1'1 (I mage Processing Technique) 1'WnlJ'Yl'"l l J'rulbb'C1:::~~(Ill:I-J nlJ'bU~tJ'WbbU'C1--1 LflJ''!~¥l'!'1I'fl'!~--1 
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n1~LlJl~mJfr~ cn'J'fl !I'l ..'l LYi'a 'fl tJ LL~~ 
rl'l'llI'd'll'Wll11 80 iil'dI?l'Elilb'i'lnt~r.nn i?l'i'l I V1~l11lX'dlil:::l'if lXnlX'J u'Elmu~'Eln ~'l'lJi'dtJ~I~:::mVl tJl'ltl~)Jl'W~1 

q 

" ...
n1'1'a1JU\Nn~. 
lV'i'4'El'l'ElUl lil'l ~1oii1'Wn'lJ''ElUllil'lrl,'l A'El ~'Elmm~'El'W (Hot air oven) (A'Jl~l~'J'i'l)J 0.5 l)J[7IJ'/~'W1Yl) ~iI'El 

~ 

Memmert i'W ULM 600/11 UJ':::l'YIPHtJ'ElJ'lJ'W ri'El'W'El'Lmil'lVlnAt'liil'El'lJ''Elli1'El(~l-111i1mtJl'W~ii'l''lI11~~'1HdJ'Wl'd'i'l1 30 
"I q q <u 'l..I ~ 

'W1 Vi l'WJ':::l-1~ I '1nlJ''ElUllil'l''l:::'Jl'1~'1U'WC1'lI11 ~ij 'll'Wll11 30x40 i?l 1 J'I'll'Jl'W~l~[7IJ' 91'W'd'W 3 C1'lVl1 'i'l::: 1 i'W 'El ULL~'1~ 
'Qn.m.1J~ 50, 60 ll'i'l::: 70 'El'l Plll'll'i'll~tJ~ 

n1 '1LlJl~mJrK'J'fl!l'l 'l LLa::Pi m~'l n'l'1 L ,j~ I'J 'U Utl 'il..'jan'l!tN:: ~'nnr'lri'l 
q 

lIil1tJ~~'liil'd'Eltil'1l-1~'l'ElUllil'l1i1ii'll'W1V1hJdl 'W 5 i?l1J'1'li1'i'l~ L~IilJ' ll'i'l:::l-1'WlhJln'W 3 i1'i'l~L~[7IJ' tJ l iil'd'El th 'l 

LuwJi1'W 2.5% Glutaraldehyde 1'W 0.1 M Phosphate buffer pH 7.2 ll~ :::l riul'W~L8'W (4-8 'El'lPlll'll~l~tJ~) lU 'W 

l'J~1 24 i'JL~'1 Ll~'d~'1tJ1LU~I '1Ji'dtJ Phosphate buffer 2 At'l Af'l~::: 10 'W'lYl i?l1~Ji'JtJ~ln~'W 1 At'l l-1~'l"llmr'W 
tJ1LU Dehydrate Ji'JtJ Ethanol ~A'Jl~ l-ii~-ii'W 30% , 50%, 70%, 90% Ll~::: 1OO%lill~~liilu .r'WIi1'El'W~::: 10 'W1Yl 

9'l'W'd'W 3 Af'l yhiil'd'Eltl l 'l1i1llil'lJi'dmA1'El'l Critical pOint dryer ll~'d~'1 ~ li1iil'J'Eltil'1U'W L lvi'W'dl'1iil'J'Eltil'1 (stub) Ji'JtJ 

lVlU nI'J~'El'll-1i:i1l-1~'El nl'J l~'EltJl iil'd'Eltll'1LU'U1U'YI'El'l Ji'dmA1'El'l Ion sputter ~'1"l:::LJiiil'd'Eltll'1~"l :::tJ 1 LU~'El'l~Ji'd tJ 
n~'El'l'1~Vl nPl1-Pti l~ n 1ilJ''El'WllUU~'El'lnJ'1111 (SEM) LVltM'rh~'1'l1mtJ 350X 

m'Yi (Micrograph) ~lJi"llnnlnhtJJl'dtJn~'El'l"l'i'lVlnPl'\.Fiil~ni?lJ''El'WllUU~'El'lnJ'Ili1 ~iI'El Jelo iu, JSM­, 

540LV UJ':::lVlPl~~'W "l:::lJnu'WVl ndJ'WL~~~um'YiLLuu BMP (Bitmap image file format) 'lI'Wll11 035 x035 

i1'i'l~ L)J [7IJ' "llnt!'Will m'Yi iil'l n'6'll'dm~ LAJ' I :::vfm'Yi Ji'dmVlAUAn'lJ'UJ':::~'d'i'le.J'i'lm'Yi (I mage Process ing technique) 

LVltJ1fluJ'wlnJ'~ Matlab (Matlab™ Software version 65) 1'Wn'lJ'~mnn'lnU~tJ'WllU~'1~m~r;u:::~'dl-1i:il~'1~ 
'QC1.!l-1 ,Q l'll9il'11 

n 1 J'U J':::~'d ~ e.J~111 'Yi 'Y11LJiLVI tJtJ l111'Yi ~'W llU U"l1 n nlJ'nltJ Ji 'dtJ n ~ 'El'l'11!l'YI J'J'PI,r~ l*i n fflJ''El'W 'lI'Wll11 

0.35 x035 i1~~l~li1J' mutu1i1m'Yiii'll'Wll11 520x520 Y1 m 'll'i'l l-11'El 0.23xO.23 i1'i'l~l~Iil J''lI'El'lm 'Yi''l1''1 ll~'dn~U~ 

m'Yi"llnmV-HtUUI91"nt:\ (Index image) dJ'Wm'YilLum:::iilu~lVll (Gray scale image) l~'El~'El'lnlJ''Y111i1A'd l ~loif~ 
'lI'El'l LlJJ~1'Wm'YiiiJ':::iilu l~m n'W (I ntensity tra nsformation) "l:::lJlm'YiJ':::iilu~l'YI1~iI ~1 ~~'1lll9i 0-255 ri tJ'WtJl~1 
nJ''El 'IKblJ blJ1r;um n'd'W Ji'dtJiil'dn J''El'lllUU lnl~l~tJ'W (Gaussian filter) l~tJ'lIr.rI11KblJ 'lJ1C1.!mn'd'Wll'i'l :::l~ ~A'dl~I9i'El Ld'El'l 

'lI'El'l-ii 'El ~'i'l "l1 nt!'Willm'Yi~ ~1'Wn'I J'nJ''El'lKrunnn.JJ'U n'd'Wm'Y11 nlJ'1lA J'1 :::vfl?l'El Jl'dtJ nlJ'~¥I'1m'Yi lll'Wm'Yi UU U'lIl'd 
~ ~ ~ 

C?l1 (Binary) LI11 tJL.n l'YIAUA n 1 J''Y11 Threshold .ff''WIil'El'W ~'Y11l~'Ell L tJ n ~'1~ ~tJ'I nlJ''El'El n"ll n~'W l-1~'1'l1'El'lm'Yi 
(Bac kground) m'Yi~lJl":::'Jnutul~lll'Wm'Yi~iiJ':::iilUA'dlwoif)Jl~tJ'I 2 J':::iilu A'El 0 ll~ ::: 1 Ll11tJ 0 l-1 ~ l tJ ti..'j '1l11m'Yi 
~ L1j'W ~i?11 ll'i'l::: 1 l-1mtJii'l'1l11m'Yi~ dJ'W~'lIl'd ~'1 nlJ'rlll-1 'W111 ~1'l11'dC?lliil'ln'6'lI'd"l:::m:::'Y11 Lli1tJnlnu~tJUlYltJU n'W 

J':::l-1~I'1'1 li1m'YiL~~iil'W (Gray sca le) nwoh Threshold Ll11 tJ~1 Th reshold ~ ll-1~I:::~~~Il-1tUnlJ'UJ':::~'d~e.J~l'W 
'11 'W~ r.rtJ d A'El 0.35-0.60 ; '1 1Ji"lnmJ'utu~I'l1'El'l'li'd'l Thres hold1'WJ':::l-1~1'1 ',) lAJ'I:::l-11I11tJ1fluJ'~um~ Matlab 

(Matlab™ Software version 6.5) Ji'dtJ~finlJ'~~ l~'El1mJim'Yi~ilA'dl~iI11 l"'W'lI'El'lA'd l~ lllil n I?Il'1'l1'El'l~1~'lI 1 'd ll'i'l:::~ 
C?ll~iVl L , , ll'i'l:::mn~~VlA'El 1 ~1'l11'dC?l1 (Binary value) ~lJi"l:::iI~ILJl~'1 lll9i 0-255 ;'1"l'W~ ~VI Ll11tJ~ l ~l~~VlA'El 0 , 

~lmJ'n~I'W'dr;uLJlLVltJtJl~l Threshold ~ll-1m:::~~Ar;unu91'W'd'W~1~l'YI1~'1l-1~ VI (0-255) lvilnu 256 ~1 l1tJn 

Al~lJi~~l Target va lue ll~'d~'1,:nAI Target va lue 

~ 

mlmtJUlYltJunUA1~l'YI11'Wlll?l'i'l::: Pixel l~'El1i1m'Yi~lJldJ'W 
m'YillUU'lIl'd C?ll~ii~ l~lvil nu 1 ll~::: 0 n'6'lI'd A'ElmnAl'l1'El'l Pixel iiAli:i'EltJn~IAl Target va lue 1i1 Pixel iiAI 
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bvilnu 0 bb~~'\,nnril'lJ'tl-1 Pixel ~lnn11 ril Target value 1~ Pixe l ,1'WririlbU'W 1 r.nn,1'WVll n1 :i"t1U'1l11~'lJl'J (ilril 

bVi1ri'U 1) ~ bnl11~'W ~'i bb'i'1l11-1~-1riln1ntJ~tJ'WbbtJ~'1~m~ru~~'JVlih~-1 (Roughness factor) bb~~'i'11~I'j'blf11'W'Jruril 
nI ntJ ~tJ'WbbtJ~-1 ~m~ru~~'JVlil1 ~'11 'W 'j'~Vl11-1 nI'j''ilU bb~'i 

m'V'l~'WbbUU ('lJ'Wll11 520x520 ~m'l!~) 

~ 

n~u~biJ'Wm'V'l'j':;(i)UbVl1 (Gray scale) 

~ 

'lJ9111~C)JC)Jlru'j'um'Wcil'JtJ~'Jm'il-1bbUUbnl'iMm.! (Gau ssian filter) 

~ .. Intensity map 

'i'1~''1m'V'l Binary cil'JtJnI'j'1.jfbVl>P1Qr1nl'j'Vll 

Threshold Threshold == [0.35-0.60]; Threshold x256 :=. Target value 


rilr1'Jl~b.jJ~ bVll > Target value lcil'1l11m'V'l~il~'lJl'J ril r1'Jl~b.jJ~bVll ~ Target value lcil'1l91m'V'l~ri~C;)1 


~ ':! '" ~d ~ =" 
'WU~I9IJ11'V'lt,<l'lJl'J bb'i'1I91'imr1'Jl~'lJ'{'lJ'j'~ VI'j''ilnl'j'V1l11IWd'lJ'il'HJ'J~'i (Rough ness) 

~ 

- ~ -Fo

Roughness (R) -
Fo 

Figure 1 Step of Image Processing 

... of 

m 'i'el'eln LL U 'U n1'iYl{;l~'el~U~ :; 'J Lfl ';)I:;'"~am 'i '¥l {;l~ 'el.:J 

'il'W19tJl11l1l mbuum'j'VlI9I~1l'i bbUUbbyj >P1Vl1l b1EJ~ (General full factonal design) 1.jf1tJ'j'bbm~ SPSS 
I , , 'L< 

version 11 ~'V1~UnI'j'1b>P1'j'I~'lfr1'J'~bbfflnf?i'-1Vl''i'i'1~~'lJ1l'l.jJ1l~~ Yl'j':;Iii'Ur1'Jl~b~'il~'W 95% Vlln1'j'VlI9I~1l 'l 3 ~' bb~:; 
~ 

1 br1'j'I:;'If.jJm;i~r.n n ~~ nI'j'VlI9I~ 1l'i~ bb'i'1l11'i1l~l'W~tJ ril b'!l.~tJ (Mean) bb~:;ril b~tJ'i bu'Wm ffI'j'Jl'W (S tandard deviation) 

~~"lI'el~'elCl.l"'ll il'elU LI.~..:I 1Ji'el m 'ibtJ ~!.IOU u. tJa.:Jtfl'i.,:j~i',.,:j"ll 'el ..:l ~ 'Jt.1 'IX'1 n..:l. .. . 
Figure 2, 3 bb~:; 4 bb'i'1I91'im'V'l~,tJ SEM ~nl~'i'lJmtJ 350 bVl1 'lJ1l'i~'JVlUl~.:Jl'W'j':;Vl11'im'j'1lUbb~'1~ 

1lruVlJliJ 50 60 bb~:; 70 'il'il'llb'l!~b~tJ'i'1 1111tJ9Um'V'l!?l'J1lrh'l'lJ'W1191 520x520 ~m'l!~ 'V'lU11~n't'l'ru~m'j'VlI9I!?l'J'lJ1l'l
q 'U 

1ii''J'Elth'i bu'WltJl 'WYl V'lVll 'i b~ m n'W ,1'Wf11l nI'j'VI 191 !?l'd b~~;'Wbi11l1lUbb~'i bu'Wn~I'Wl'W;'W 1191 EJ~n't'l'ru:;ti'dVlUI ~'i n1l'W 

1lU bb,x'i ri >P1'J 1~ b1tJu b~'i1LYl tJu nu ~n't'l'ru:;ti'JVlUI n'i~1l'L' bb,x'i1 'W-D '.1 'I b'J~1 ~'W VI ~'i "l1 n1lU bb,x'l'Wl'W;'W~n't'l'ru~~'JVlUIn'i 
q q 

"l:; bn 191 n1 ntJ~ tJ'WbbtJ ~'i1l9ltJ b'l!~ ~~ 'i bn 191 n 1 'j'VI 191 !?l'J bti1l'i "lln~'J1'EJ1'WL'l!~ '6'1~'1 'j':; bVltJ 1l1l nVll1,x~ C1.J b~tJ >P1 '.11 ~~~\!'j'bW 
'lJ1l'i b'l!~'6'1rl'l bb~:;1lUbb,x'i'Wl'W~ln;'W"l:;bi1'Wn1'j'VlI9I~'J'lJ1l'i b'l!~'6'1n'i hl'-Dl9lb"l'W;'W ~'V1~U rl'i1lU bb~'i~1lruVlJl~ 60 bb~:;

" 'I 'I ~ 'IJ 
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70 'fl'l¥,\ll'1lfH'lltJ ~ nln1J ~tltJlltJi.N~n'l"rru ::: thvl1:h~'ll1J 'W1tJ1'W~n'l"rru:::l~tJ'lnU~ 50 'fl'lf"lll'1l~l~tJi.'1 b~tJl'l'dm.h'l~ 
tltJ ll,x'l~'dtJ'flruViJliJi.'1'l n~Il:J~l9lnnld'\!l~I'l'dm n n~ 1 i'lCldtl 'l"l1 n'El ru'\!lJliJ~H''ElU ll,x'l!.'i'l ~~b~tJl9ld'lI?i'fl~n'l"rru:;nlJ'

q 'U 'U 'I '1..1 

'\!I~I'l'd'lJ'El'l ~~I9lJlru'Vl 1'WJ':::wh'lnlJ'Yl ~~'fl'l~'l In 19l1~~1'li'd'l LLm'lJ'El'l nlJ''ElU bb,x'l nlntJ~mmtJ~'lbY'l:T'li.'1¥I'l'lJ'El'l rl'd'\!lih 

(nlJ'Vi~I'l'd) 'lI'El'lI'l'dm.h'll~~~'W'Elth'l:T'd~ b~'d "llmr'Wb~~~'W'Eltll'l.jf11 "l'WY'l'l~ b~mojfl~i.'1m'd:;i.'1~~~ ~'lm:T'ElU bl,x'i~ 
flru'\!l1JiJ~'l~'W'I111,xbil ~~'dI~ bbl9lnl?il'l'1J'El'l~'dI~~'W ru ~~1?i1'11 mtJ1'W~~I9lJlru'Vl~'l~'W 1'l'd'Eltll'l ~'i~ mJ''\!I~I'l'dl~ ~ 
mn;1'WVI1~~I,I'lU bil'El bmtJU b~tJU nlntJ~tJ'WbbtJ~-:)~n'l"rru:;~'d'\!ltJl~'l'ElU b b,x'l~fl ru'\!l1J~I?iI 'l 1 ru b'd~1 b~tJ'l n~ 
~u~II'l'dm.hl'VI ~1'WmJ''ElU LL,x'lVl m UViJliJ 50 'El'i f"Il b'll~ biit:J~ l:JmJ'Vi ~ l'l'dtJ'El tJ n~1 1'l'd'Eltll'1Vl'il tJ bb,x'l~'dtJ'El1m f'l 1tl'WVi. ~ 

b 

Figure 2 SEM images (350 x ) of shrimp surface during drying at 50 °c At (a) 0, (b) 4, (c) 8, (d) 12, (e) 16 

and (f) 20 h 

Figure 3 SEM images (350 x ) of shrimp surface during drying at 60 ·C At (a) 0, (b) 4, (c) 8, (d) 12, (e) 16 and 

(f) 20 h 
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Figure 4 SEM images (350x ) of shrimp surface during drying at 70 "C At (a) 0, (b) 4, (c) 8, (d) 12, (e) 16 

and (f) 20 h 

\ ~ .. , ) 

'I... · I 
 . "..., 

Figure 5 Representative of Intensity map obtained from SEM images of Figure 2 
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Figure 6 Roughness of shrimp undergoing hot air drying at 50( - ), 60(~) and 70(+) °c 
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Figure 7 Roughness vs, moisture ratio of shrimp undergoing hot air drying at 50( -) , 60(~) and 70(+ ) °c 

b~m.l,lmYHhtJ91n SEM ~1'111n1Hb1J'i'l'lbil'Wrh Gray scale 9~f,'11mnH~tJ'Wn:nyj Intensity map (i)--1 

bb~ I1i'l1"i.\ Figure 5 ~,mnyj intensity map (i)--1ntil'lf,'11m~nHbilw;j''lbb'Yl'Wm'Y'l SEM 1~bil'W'Elth'i~ 'Y'I1J~l~'i~ jj 
~m~ru~E1'l ~1t11J "l::; .yh1~~'El--1b~Wll'Y'1ri'El'W~1'i~1 ~'W~ 'ElR l Gray scale ~1 bbl9ib~'El'El1Jbb~'i'Wl'W~'W~'l~ihl--1"'H;)I?l'l, 

~ 0 1" a .~ '!l ~ , .. J'" <;' •• 1 ~ ,
~1n'1I 1.J 'Yll ~ ~'El--1m 'WJll'Y'1bu 1..\'tl '1l 1'l~1 n'l1'W f11 Gray scale 9--1~--1'l1'Wi?1'ltJ bi?1 tJnnn Intensity map i?1'ln'i'll'l 

f,'1'Eli?1f1~'El--1n'Un l~b1J~ tJ'W bb1J'i'l--1~n~ru~~'l~i,(l~'i 
~l~f'U nl~'Elfi'U 1 tJ nl~ b1J~mHb1J 'i'l'i~n ~ru~~'l~i,(1 11--11 'W ~~~~1'i'El'U bb~--11~'Elfi'U1tJ11.J~1J'lI'El'i rll R , " 

(Roughness factor) ~'i'El~11.J~1J'lI'El'ltimln1H1J~tJWb1J'i'l'iril R b.y]tJ'Un'Urllb1~!ii'W Figure 6 b b~i?1--1n1n1J ~tJtJbL1J'i'l--1 
rll R uj 'El'El'Ubb~'i~b'l'i'llbb'i'l~'tlru~JJijl9il--111/?)tJ'Y'I'U~lrll R 9~b~~~'W'Eltil--1~'li?1b~'l1Wn1~'El1Jbb~'i'll'l'ibbm bb'i'l~9~'i'li?1'i'l'i 
'Eltil--1-ii11 ri'ElWb~l~"lM--1~ ~--1~~~Wlrn1Jn1~'i'li?1'i'l'i'll'El--1tR~lruf1'll~~W (F igure 7) ntil'l~'Eln1~~/?)~'l'll'El'l~'l~i,(l 
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~'l "l:; llU ~er'UlPlllJilhn rufl '"l1 lJ;'Ul(?J tJ n1 ~VI (?J C?l'"l"l:; In n'll'"J.-l IIJ'n'll!l 'I n1~!1 U ll':''1 l ti!l'l "l1 nJ1111 tJ l'U l'l! ~~~'l~:; lVI tJ 

!I!1n !l£h'l~'d (?J l~'"l l~!I!1U ll':''llU'Wl'd~I'Ul'U:n'U n1~VI(?JC?l'd'll!l'le1'"lVli.h~'l"l :;~(?J ~'l!l ~1'I'ih 1 ll~ :;fl'l ~l'W~~(?J~'llU 'U'lh'l 
~mmrufl'"lllJ;'Wloih~~m'"l:;'i'llJ(?J~ 

'W!I n"ll n~tJ'l'\1U~I~n1j-ru:;fl'dllJ ~lJ~'Ulf~1~~:;W-jl'l f11 R flumm rufl'dl lJ;'W'i'l!l (?Jfl~!I'l flU m ~~ n1j-l rl!l'U 

VI~le ~'1!1jjtJ1tJ fl'dllJ~lJ~'Ujh:;VI~I'l f11 Volumetric shrinkage flummrufl'dllJ;'U l(?J tJ~n1j-ru::;l~'Wnnyhu'U1u 
l'W~V'lvml~tl'Jfl'W Hatamipour and Mowla (2002) ~'lll'i'l(?J 'l~1f11 R ~1~"llnm~',)bfl~I::;'\.f111'\1'i'llmmtlllJl1'iilu'U 
(I)'l!Ul'Wn 1~ 1?1 J''"l''l',) bfl n::;'\.f m J' lU~tJ'WbbU~'1~n1j-ru::;e1'dVl~I'll !I 'l-1'i'l (?JmVll J'1'W J'::;YI~I'l mJ'!1 U ll':''l1~ 

e-J~'lI!1'l!l ruYlfl 
~ 
~!IU ll':''l l?i!l m J'bU~tJ'WlbU~'llflN'i'lh'l'll!l'l e1'dVl~1 rl'l '\1U~1 m J'bU~ tJ'UbbU~'1~n1j-ru::: e1'"lVl~1, , 

rl'l:n'W!ItJflU b'd ~1 bb~::;!1 ruVlJl ~~1oifl'UmJ'!Iu bb':''l mJ'bU ~tJ'U lbU~'1"l :;b~lJ~'U!ltJl'l J''"l (?J b~'d1'UmJ'!Iu bb':''l'li'"l'l bbJ'n ll~::;
q 'U q 'U 

"l::;~(?J ~'1!1tJwjh1 rl !l'Uboih~'i'l111 '"l:::'i'llJ(?J~ 'W!I n"ll ne~ b'"l ~11'U mJ'!I1J bb':''1 bvil fl'W ~'l~!IU bb':''l~'dtJ~ ruVl1J~~'l n~liJ 
'fl1Pl n lU ~ tJ'U bbU ~'1 ~n 1j-ru::; ~'dVl~1 m n n ~1 ~'1ebti!l'l "l1 n!l ruVlJl~~H'n1 J'!IU bb':''l ~'1 C-J~ l(?J tJ (?I N~!1 m J'bU ~tJ'WbbU ~'l, ~ 

(1)'1 m-il'd'll!l'l C-J~(?IJlru'Y'l l(?J tJ nn~ fl'"lllJ boiilJ bYl1 (I ntensity map) 'i'lllJl~n!ljjtJ1 tJ mJ'bU~tJ'UbbU ~'l~n1j-ru:::e1 'dm!I~'l 
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