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Thesis Title Effect of Drying Technique and Packaging Technology on Qualities of

Dried Penaeus spp. Shrimp
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Major Program Chemical Engineering
Academic Year 2010

ABSTRACT

The objectives of this thesis were to investigate combined heat sources for drying
of medium and small size shrimp (150-200 and 300-400 shrimps/kg) and to study change of
physical quality, chemical quality and biological quality of dried shrimp during storage period 0-6
months. In addition, three types of package bag with atmospheric and vacuum packaging were
used for storage of dried shrimps.

To determine drying kinetic of shrimps, the fresh samples with initial moisture
content ranging 270-350 % dry-basis were dried using infrared (IR) heat source, combined
infrared and hot air (HA) and combined hot air and solar energy. The drying temperature was
varied between 69 and 92°C with air flow rate of 1.1£0.1 m/s. the power of IR was fixed at 500
and 1000 W. The results showed that the dried shrimp using combined IR and HA heat sources
was faster than drying with IR source only and combined HA and solar energy. Drying rate
relatively depended on drying temperature compared to initial moisture content of samples. For
mathematical drying model analysis, the experimental data was evaluated using the empirical
method. The simulation concluded that the simulated data using the Oswin model was the best
fitting to the experimental data (R2 = 0.965, RMSE = 0.022). However, the specific energy
consumption of drying using IR source only was slightly lower than drying with combined IR and
HA heating and combined HA and solar energy heating.

After drying, the dried shrimp samples were packed using three different
laminate bag. The packaging was done as follows: Polypropylene bag package, Nylon/LLDPE
bag package, Nylon/AlI/LLDPE bag package, vacuum Nylon/LLDPE bag package and vacuum
Nylon/Al/LLDPE bag package. The physical quality, chemical quality, biological quality and

sensory evaluation was tested during ambient storage period. The results showed that the

)



increasing of moisture content, water activity, yeast and fungi significantly related to duration
period of storage (P < 0.05) especially for dried shrimp packaging with polypropylene bag.
Moreover, the redness value of samples decreased with increasing of storage time. The suitable
storage time of dried shrimp at drying with IR source only and combined IR and HA using
Polypropylene bag and Nylon/LLDPE bag with atmospheric packaging was 1 and 2 months,
respectively. In addition, the suitable storage time of dried shrimp at drying with combined HA
and solar energy using Polypropylene bag with atmospheric packaging was 3 month,
Nylon/LLDPE bag and Nylon/AI/LLDPE bag with atmospheric packaging was 4 month and
Nylon/LLDPE bag and Nylon/Al/LLDPE bag with vacuum packaging was 5 month.

For quality analysis, the results showed that texture analysis and acceptability
has significant relation to shelf-life, type of laminated bag and packaging techniques. The

colorless value, texture and acceptability tended to decrease when the storage time increased.
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Newton MR = exp(-kt) (2.14)
Page (1949) MR = exp(-kt") (2.15)
Henderson and Pabis; MR = a exp(-kt) (2.16)
Logarithmic (1947) MR = a exp(-kt) + ¢ 2.17)
Wang and Singh (1978) MR =1 + at +bt’ (2.18)
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U

Temperature (OC) LiCl | MgCL.6H,0 | Mg(NO,),.6H,0 | NaCl |(NH,),SO,| KNO, | K,SO,
10.0 13.3 34.2 57.8 75.4 81.8 95.5 97.9
322 11.9 32.6 51.9 75.6 80.0 90.0 | 96.5
48.9 11.5 31.6 47.3 74.8 79.1 853 | 95.8
68.3 11.1 30.3 42.2 73.2 78.0 78.0 | 95.0

31: Gustafson (1972)

aum‘;mm‘?uﬁu@a (Equilibrium moisture content equation)
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U a \ dd‘d 1 U U U = d’ a dy
Jagrtaa1s q aumsningufiledluilegiudalitaumslafannsassurennuiuy
Y 1 H
auqa lAvdgndesnanaivesnnusuduintvesemaniinisan aunsidaieunso
a & P A &~ o &
aT118ANNTUANAA IdANeaUAITAD TUMIVRI BET (1938) Faligiluuueumsadl

RH _ 1 +RH (C-1) (2.20)

(I-RH) M, M, C M,C

A A I 1 A @ 1 A
¥\3] C o Lﬂumﬂmmm’mmmamuﬂ
9
A A .
o 9 ANNYUTUAA, % dry-basis

Y
[} [} 4
RH 9 ANU¥UFUNNT, decimal

A & 4 o .
M, e anudugegaluriiaguluana, % dry-basis
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IaZAUMIY8Y Chung & Pfost (1967) Fafiguuuaumsaail
In(RH) = [ 2 exp(-BM,, ) (2.21)
RT a

A A < U A @ 1 a
LU A, B f19 Lﬂumﬂmmmmmmamuﬂ

Y
A9 ANUFUANAA, % dry-basis

eq
Y
A v o J

RH A9 ANUFUTUANT, decimal

)Y

—

q U

flo gauugiiduysal, K
=S

)Y

Av AMAINAINAVEIMY 1D 8.314 kl/kg mol K

=

Y o w A o Y 9 £ =} .
ﬁ]"lﬂﬁllﬂi]”lﬂﬂsllﬂﬂﬁuﬂ"li‘i/lN‘VIE]HQ%Wiﬂuﬂﬁﬁi"lﬂﬁllﬂ"liﬂﬂ‘ﬂq}lg] (Semi

[

.. Ay v . 2 ~ & ad g dve o
Empirical) HAZANMIN 1AINNITNAADI (Empirical) ¥ Tﬂﬂuﬁuﬂwiﬂmqygmﬂumg%ﬂﬂu

A £ A = [ dy
WNNFATUNTHUIAD AUNI1TVUDI Henderson (1952) Tﬂﬂugﬂzmuﬁumimu

1-RH = exp (-kTML, ) (2.22)

A A < 1 ~ @ 1 a dgl (5% a
$\3] k, n o Lﬂumﬂmmmaa@gmamuﬂ VHOYNVYUHY

4
M, B ANUIUANAQ, % dry-basis

[ @

A A 4 .
RH A0 ANUBUTUNNG, decimal

T Av guulduysal, K

Y
=%

Ay & = Ay v a2 =
HUDNVINUIIUALTUDAUNITANUYUTNAQ Glf\'iﬁ’fllﬂ'lﬁ‘ﬂhlﬂ%'lﬂﬂﬂ]ela ﬂ\‘]‘ﬂﬂ‘l&la

U q

HAZINNITNAADIDANAITUNT 1Y

€q

Hasey (1948); RH =exp K%)MB } (2.23)

eq

B
Oswin (1946); M :A(EJ (2.24)
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Y

do RH fe Anududuingena, decimal
T flo gaungiiduysal, K
M, fe mm%‘uﬁu@a, % dry-basis
A B 79 AIAIAIUDITUNST
R fe Ansfianaveaa MR 8.314 ki/kg mol K

2.3.2 anudoudne (Specific heat capacity)
= o Y o o & A A Yy = =
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Y
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Q U
4

an 1 9 o v A 1 Qdd’Q 9 v A an
ATNITHINMAIINIDUIUWISHHUDYH ULV sndenlenuun A 15v09

9 1
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wery uazdsms lguruanudouliih dusuluanuideillesvenay Tuntlaznarimuie
Y
ATUBINANNINY

1NngUeN 1 vosguuwamans
AU = Q+W (2.25)
e AU dAe msnlasuasmdanunely, k
A 9 d' 1 1 Q‘ 9
Q Ao ANYTeuNDI TaUTEHINTZ UL AUNAADY, kI

W A e TeussnIesz UL AUNAdDY, k)

Y 1 9y A ~ a Y =
m”lummuazmmaaumgamﬂaﬂuizummzmumaam LLVYUTUNIT

2.26) 1891 AU = 0 wazluszuuniianusunazlsuiasaan msnasuulasveandau
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melumidunsnlasunlasveaouiiadl (AH) WuAB AH = 0 F1lasna ldudrlumsnaass
1 Y ° an ::? o 9 P 1 A a A o 9 +
1AM oUI NI Tnesvosnanil UnleginsalniFenduaasilinesniniensyiled
Y

Ay 9 1A = ' Y Y 9 o Y o o
NVILPNINHUAIYRUIUDYNA uazmmqummwumwﬁu“lwmnﬂuTﬂﬂmﬂﬂﬂ%mtﬂummu

fundadaainsetaaidesmsmannuiousume Weninrsandunaesdnesaz v nay

9
v A

I o a d = [ 9
Wuszuumames Tulawnind szemnsailouaumsauganasanu lagail
10 AH, +AH +AH =0 (2.26)

1] v 9
iwio AH,, AH uaz AH, fin manfasuudasveveuiatveti Jaq uas

HAADS AT MU, kI
wld mc (T, -T,;)+mc (T, -T )tmc (T, -T,;)=0 (2.27)

¢ = [-me (T,T,)-m,e, (T,T,)]

N30 ;
mp(Teq'Tp,i)
A mccc T -Tci + Cw T -Twi
1350 cp=-[ Iy L)+ m.e, Ty ’)] (2.28)
mp(Teq_Tp,i)

e ¢ fe mnganudeusumzvewnaestines, kikegCC
y A0 fhmmigmm%'@uﬁuwwmmlfw, ki/kg°C

¢ feomanuganuioudunizuesiae, kikeg®C
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—
)%
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O
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—
)%
e

O

a 3’ A A Y (o]
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—
)
e
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—
)
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B

Y
Y
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2.3.3 ANUHUIMUY (density)

1
v ] =4

] I~ a P o a 4 Y £
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[

agaziiunlslumseundalugiuunaie q dae
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WiemaNuMuuiulIIngAumaNNsuvesidgiinazey lugiiFudu (Alwuntas, ef al., 2005;

Kashaninejad, ez al., 2006) Saaunsamewiiuauns 1ddail (Karababa, 2006)

p=aM+b (2.29)
. . . .
Wwe  p Ao ANURU UG, ke/m
M fi0 ANUFUYRIIER, % dry-basis

A 1 (%
a,b 19 PN

2.3.4 $o802¥09219U030 1M (percentage of void fraction)

$08a2%09719U099 107 A0 AT IAIUTEHINTIIATYRIoIMAReUTUINT
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I0YATYOIINVIIDINA Iﬂﬂ“l/]’)ul‘]_]LLﬁ?ﬁ]%‘U‘Ll’f)QﬂUﬂTﬂ’NiJ‘HHSU’EN’Jﬁ@]“NNﬂ%Z
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E=aM+b (2.30)
A Ay ' '
We € A0 $98aLY09719UI0IMNA, %
Y
M A9 ANNTFUVDITAR, % dry-basis
ab A9 AINIA

2.3.5 myrivnanaz 315139993 (Mohsenin, 1970)

=

a 1 3 ] 4 1
avua lidedigdswilunsnan ensomvnaduriugudnaruiisumi’la

U

RNTUNT

mwilszaew 2.1 U auazvnaduiuguinavesfuieumims inay

(Tirawanichakul, et al., 2008)

1
Volume of solid JA (2.31)

Sphericity =
P Y (Volume of circumscribedsphere

_ [Mr = (%J% (2.32)

NS
_ geometric mean diameter _ (eIC)A (2.33)

major diameter e

Y s v Y v v o
Lﬁumuquﬂﬂmwmmm Ti']vlﬂﬁ]WﬂﬁiJﬂ'lﬁ (2.34) aI9U

geometric mean diameter (GMD) = (eic)l/3 (2.34)
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' 9 [
anas uai1e alkali-soluble protein LAY protein loss Uy msasulasves cooking
A R o A a X
loss hardness 18z AFD/FD, BianuduinsodauninfiumslasuuasvesilSuia myofibrilar
. . o Y . a ~
sarcoplasma I8¢ alkali-soluble  protein M7 muscle protein  INANIT wasuudadliain
AL & o o Aa o Aa A 1 > .
553094 Fuduilvdenianudngmwiizioninaanonialasunasues microstructure tag
auianemenmuesisenaIemsanluasazaienao
Tirawanichakul e al, (2008) l@AnEINIOULRING IAeANBINITOULTIAIY
Fedouvsusa wazmIninnuieunauiou NBANYIHANTENUVBIAN1IZMTOLLT DY
2
HaveIgurniaenunINUeINe Iaglddedosuuia Ao 100 LAz 200 AaAen laniu ALYY
A { <
ISUAU 270-350% dry-basis oUNEIIU IAANUFUFANIY 20-25% dry-basis AT IAN 1.0-1.2
a =\ a Y 1 [} le) 9 v Aaa
WAs/AUN gunTounyiaed luy13 40-90°C ANUTNYRITIADdUNI TN 1,785.7-3,571.4
Y Y
v @ [ o v 4
wm’  91nnamsnaassagl1di dasiauanuiuvesdinsdesvuiaiinianauuuend
= A Y A 42’ a Y A dgl =\ 1
Tnuussaliossazna lumss uUnUNNgIUY Taggargil lumssuuiunygauuinadne
J 1 Y o 4 1 U a Q(
lauNamans veInseuLtaazaunImUeIRseditodfey (p<0.05) Mmdulseaninis
' dy Y ZJ a = = 1 Y 3
HWIANNFUVRINITIIFOIVIAN AN TaaTeumeug s avesdautlunnunsanssuendu

[

= -7 2 d‘ 1 W a Q( 1 di’ 4%1 1 Qd‘ Y Y

uA1 107 m’s Tagnmduilss@nsmsunsanusuivuegnugaurginlslumseunis 91nms

a 4 9 9 1 = 9 A Yy 9 v AaAa 1 (% 9 =1

AATIZHAUNINUBINIUNE WD MALAIVBININBULNIAIETITOUNT UTAT WA UANTOUTM

Auasgenmsonuiadisunasnasnudu 9 TashauianmsvaduazAudaliauanaieny
Y = Yy 9 v Aa A v Y A 1

(p<0.05) NNANITMIDVURI VAULNMITDUUNIAIBTITOUNTUIANTATINTOULRINGINT

] Y A9 ' Y v
L!ﬁ%cl“]ﬁ%ﬂgnﬁfluﬂﬁf]‘]J!L‘H\TﬂuﬂElﬂ’)1ﬂ1i'é)ﬂl!1’i\1ﬂ’)ﬂﬁhiﬂu
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Jaq gUnsas uazIsms

3.1 Ingay

4 4 o A g
29117 (1809) MRS Penaeus spp. Tasfaiiludaan 2 vuiafe vua

Y v
150-200 a2 300-400 daen lansy drimanuazein udni lduludundenianududu

a

£ Y
3% Taerhmiin 52821781 3-5 Wi gUNgil 100°C HIANUFUAWNIATFIU AOAC (1995) Haz

U

i leuueauaninzena o

(1) YUIA 300-400 AIABN lan3y (V) VU9 150-200 Aaen lansy
v v & o
mwilsznow 3.1 13917 (NIABI) AWWUT Penaeus spp.
d A A
3.2 qﬂmmuazm‘mm@

A Y 9 g Y o Y ' Y 1 Y ]
3.2.1 Lﬂiﬂﬂ@ﬂllﬂﬂf}ﬂ!ﬂuuﬂﬂi%ﬂﬁ\1\‘]114?]’)']115@143’3“ "lﬂ!,l,ﬂ mﬂﬂsamau
1 v W a o a 4 4 [
'muﬂma?{auw'immmzwawmmmmqmvmﬂ 3']81'6’13!5Uﬂﬂlﬂ\‘llﬂ?ﬂ\iﬂﬂllﬁl\‘lllﬁﬂﬂﬂﬂ

~
mwsznoun 3.2

(1) Hosouuralilsuag 60X80x158.5 cm’ maluynuiuleuda vu1 5 cm
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@) urssuanudeuidlouriudingdmad ieselumsaadusidiivue
32.5X133%X240 cm’ uuuiladrenardanla mishunenidredaingd neluydienuiuin
o ¥ = as Y o o A Y o = @ 1Y
Widre Tnaenaunu 1 em Usznouniudiniosounne 19 B es 14 asmiuLUITZAL

Y = 3 0 a4 A

(3) DAPLURIAUAUIAE HUUIA 44X70X5 om’ $1UIU 3 01a Hluing

PULRITIN 0.308 m” enNsnouuians lallszuna 1 kg Aonta aunmilszneui 3.1
= J A o o
(4) 3AUADIATUVUIA 1,000 W 91UIU 10 A0
4

(5) unese@dunsusAULIA 500 W $1191 10 ua TunuadsnInAuian1ens
lvavoseimauazyiianiaqouui 0.13 m

(6) Waay Hluwauuy TAenT vua 1 hp 919U 1 62

1 @ ] 4 o [
@) “I/I’E]’E)'lﬂ?ﬁllﬁ'ﬂﬂaﬂ Gummﬁumufguaﬂmﬂ 10 cm 91UIU 2 ND

Solar collector

Air inlet: —3
~— Recycle pipe
~— Perspex glass
Butterfly valve 4—@ O 00 -
H
Tray 5—» 0O
Infrared heater )  m— L>
Tray4—» Control unit \
H
Tray3—p J’
ﬁ
Trav2—» < <« Pra—
ﬁ
Travl—p ¢
j—i‘—l Electric heating unit Blower

Drying chamber

4 Y ¥ o o ' )
ﬂTW‘IJigﬂi’)']J 3.2 iiﬂﬁglﬁﬂﬂﬂl@ﬂlﬂ?@ﬂ@ﬂuﬂx‘]f}\ilmﬂWﬁ\i\ﬂﬂﬂ’ﬂlliﬁ]uiﬂlll (ausou

HAI0INASAZDUNIUTA) (Tirawanichakul, ef al., 2008)

4 o o aa 1" W o
322 nTevianaziiufingmmngil 8o YOKOKAWA, Japan Apnumnes lu
[ a) a d‘ [ a Y Y a Y a =
Aulayiia K iivedngargineludeuun gurgluiadey tazgungiinssnizilen
a o w @ J
3.2.3 NaoAduns I YA 500 I 10 iaen

3.2.4 1950951110 B0 A&D U GF 3000, Japan A1AAZIB0A £0.01
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4 [ <3 { 1
3.2.5105939AANI5 181 310 DIGICON 31 DA-45, Japan AW £0.01
WATADIUIN
3.2.6 N304 Texture analyzer ’:; U TA-XT2i
= A 4 = a A
3.2.7 L’J@iluﬂﬂﬁa‘ﬂlﬂﬂi ANVALIBYA £0.05 UAALUAT
aa J o 9 Y a 9
3.2.8 LIAADTUINDT ‘V]WYJEJ‘VI@QLL@QT!?JQHTJH‘I’T‘LH 3 HUAUUNT LLﬁ%‘VE?JIﬂEJi@‘]J
Y
é’hmmummumﬁmq 1 GF‘L!
Y o a a = ] 9 A [ a
3.2.9 ﬂl?ﬂiﬁmlﬂfl ﬂﬂﬁu‘ﬂ‘llu"lﬂ 2993 Nllﬂuﬂiﬂii’)\ﬂ@]PJHW’E)ﬂﬂﬂﬂuﬂﬁi%LWﬂ
A A o Yo 9 a ~ ¥y A o
VDNIFA1TAZANULNADDUN Llﬁ$ﬁ1ﬂ1§ﬂiﬂfﬂﬂﬂﬂﬂqmﬂﬂuh 40-100 EJ\?ﬁ'll“]faLG]fﬂﬁ']lﬂ NBDNINIT
Y
NARDIMIAINNUFUANAD
r'd d’ 9 Y U a a aa
3.2.10 Q‘]Jﬂiml,ﬂiﬂ\iuﬂﬂl ]lﬂll,ﬂ GU’JﬂﬂiiJWﬁeU‘Lﬂﬂ 100  WAaNT VIALAAID

VUIA 250 VAaanNT NTTUDNANUUIA 100 Haaans Lag 250 Uaaans

Y
aad a

4 o J J Y . 1
3.2.11 1A3943AA1IBINDS LLOANIA IND Novasina 3 Thermoconstanter,

Switzerland

32.12 1a5e9iad 170 Hunter Lab J4 JP7100, Tokyo, Japan lAg3zUL
CIELAB

3.2.13 uHUNSUYTIA Nylon/AV/LLDPE, Nylon/LLDPE 42 Polypropylene

3.2.14 LﬂéﬂﬂaﬂuVlWﬂi ?jﬁ)ﬂ Stomacher Lab Blender Model 400 Type BA 7021,
UK

3.2.15 10504UT TV INA
4 o
3.2.16 1A5993A11n93
FYNP |
3.2.17 1ATDATIN D

9 dy a S o
3.2.18 AOUINIZLITYIAUNTY

Q
¥

3.2.19 n3eaudiainiondn

3.2.20 qawmaaﬂqin%ya

3.2.21 ATLAIYATOY Whatman 105 42
3.2.22 luTasdula

3.2.23 195 DB

3.2.24 aulala T laiimes



38

3.3 M15ad

3.3.1 Sodium hydroxide (A.R. grade, LABSCAN, Israel)

3.3.2 Sodium chloride (A.R. grade, Ajax Finechem, New Zealand)
3.3.3 Potassium sulfate (A.R. grade, J.T. baker, USA)

3.3.4 Concentration Sulfuric acid (A.R. grade, J.T. baker, USA)

3.3.5 Boric (A.R. grade, Ranken, India)

3.3.6 Phenolphthalein (VWR International Ltd., England)

3.3.7 Concentration Hydrochloric acid (A.R. grade, LABSCAN, Israel)
3.3.8 Thiobarbituric acid (Fluka Analytical, Gernamy)

3.3.9 Trichloroacetic acid (Riedel-dehaen, Gernamy)

3.3.10 Alcohol (A.R. grade, VWR International Ltd., England)
a A
3.4 91Mi13LasNLYe

3.4.1 Plate count agar (PCA) (Merck, Germany)

3.4.2 Potato Dextrose Agar (PDA) (Merck, Germany)
=
3.5 35339y
=3 éi" Qd'd J a Jd Y
3.5.1 ANHINAVOINNNTUNAZQUHATN A TADTMINENNUDINI
2
(1) ANNFUTNAAVDINIAY
wiiededuilszaina 1520 nsu lad 3 luazunseginsanszuen udanill
s luaahnnAefiussyasazaeinaedudves LiCl, NaCl, KNO,, MgCL.6H,0 uaz

a

;g @ § v o d a 1
Mg(NO,),6H,0 Fuiludimuquanusuduinsuazaiuauguvgisiedeuluriigumgi

U U U
Y

40-55°C Yashwraldmivieilesiuoimanieuenid T luvae a3l dauqauazm
4
ANUFUANYANIWIATFIU AOAC (1995)
2 mmwumﬁuﬂﬁﬂg (Apparent density, D)
0w Y oy oA & o ' A A
M08 1uNIRuAANNFUA1 9 du mldmruznianszueninulsinas

19 A o <3 o o 3’ o o R VoA Y o [} = [
TﬂEJGlﬁwaazmﬂmmmwuzm"11J61Numuﬂ LlﬁgﬂuﬂﬂﬂTW@'luulﬂ NINMINAADUTULAIINY
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v v Y 9
Tagnlasumednniinnuiuuanaianu Minsnaaesdisgnag 5 ase uaIMIuINAINIIY
(ATRINTSIERTE

3) A5 08z ¥4I INA (Percentage of void fraction, )

o w ' Y

v v 9 ] ' ' v
1dleg1atsaunnIuaNusuiuduey laluaisugnsinszueningiu

Q

]
S v

a 1A @ 3 a 3’ o A [ a 3’ v A Aq Y
Usmas Taeldfiazdrnumaunisuz wminiuiivaslisvaiganed dadSuasiniuiyh s
9 o 1 [ 1 ] 1 o 1 = (% d' (% 1 d’d
1A MUIUAITAAINFDITNV0IINA NI NAaUFUAsINU Taslasudied1and
A 4
AMVFULANANNY HINTNABDIAI0192 2 AT HAIRIBMTATIUFDIINVBIDINIAN
H H 4
AmaiuAazAINTY

4) AR DUTUNE (Specific heat capacity, cp)

Y
o %

o w ' A { 1 @ a oA
Wi0d1NIRNAANUFUA1 9 fu vnadey lunaasslinesinsimin
4 1 oy Q'J $ a Q' 2} Y] 1 a o A
Miveu lhnaunguugiiisudu 65°C min 40 ¢ Tdadl)luuaaeiimes Uarh nauld

Whnulia dunanguugingeduga ndidnnumanudousumne

3.5.2 35mIouniNg

Yy 9 ~

(1) 1Aduan (Mwseua1nve 3.1) Weuurtanan1za q Taelieu lvlunms

Q Q

4
A

Y v A
BULNIANUAD

Yy 9 a A v Aa

anneii 1 euuianadegunninandlresidounsusa Taslesideveesed

q a U

Y
A 9

3 °c awlaanuduganelszum 20-25% dry-

dUNIUIA 500 1Az 1,000 W NQaHgil 70-90

U

basis

Yy 9 a

! & o o
ﬁ'ﬂ73§5‘ﬁ 2 i’)‘]_l!Lﬁﬂﬂ\iﬂaﬂ@mﬁﬂﬂlﬂuﬂluuﬂﬂﬁﬂqmu@@u ﬁf‘] ﬂﬂllﬁﬂﬁjﬂaﬂ

q ] 9
k4

Fousaunused@aunsusa 1,000 W Tagdunaouusnouniidreguugiige 90°C w1 20 way
= a < o) o A Y dy 9
25 Wi nazaaguugiauilu 70°C Tuduneuiiaes sulaanurugamelszuna 20-25%

dry-basis

v v a g A Y
Tudunuuaesliunou AB oULHIAITAN

anneil 3 ouuRaneAIoguUngil
9 1 Y [ a Jd ng; Yy 9 a o) ~
TOUTIUAUNAINULTIDINGY Iﬂﬂﬂlu@@uuiﬂi’]‘ﬂLLWQ@’JEJQ%I!ﬂﬂ?JQ’Q 90"C HIU 30 UIN LA

G

= I 3 { g
angunglauilu 70°C ludunsuideos auldnnusugaiedssunn 20-25% dry-basis

a

= 9 1 31 v 9 = Y
) Tufinwamsnaass laun Wmings gurgiinaznhedlen nsznheuds uay
a Y Y Y
garigiouuiineludosonuis
3) TundFnandsnunlédie Watt-hour meter

@) ﬁWﬂ’JWN%uﬂWNMWﬁijWH AOAC (1995)
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(5) ussgAeAemuan12zi 1 uag 2 Tuns Nylon / LLDPE wag Polypropylene

Tugnnzand wazdimsvssyfaudenmanizi 3 luge Nylon / LLDPE, Nylon / Al / LLDPE
Tuanznd uazgaana uagge Polypropylene luan1izing

Y Y q’j 1 o Y Y v =

(6) NATOUAMNNUBIAWHININDULAZHAIO VIR TALA N1IN18AIN 1]

LATNNYATIINGIVDINWHINN 9 1ADU
v £4
3.6 MINATDUAMNINVYDINANA

3.6.1 UMWMIMYNN

(1) AN (AOAC, 1995) fauaaslumAran A 1.1

) AN awaadlunanuIn a 1.2

idanlenilden Sadvesdalaeldinsessadernns Quk, ju JP7100p,
Tokyo, Japan) lag52UU CIELAB 923ad lumonvedas L*, a*, b* uazfiuipaInig

alasuulasuesdsuauaumsd (3.1)
1
AE' = [(L'-L' Y’ +(a]-a’)’+(b -b")* 3.1)

A * * £ A ' a A A ~ A 9
e L, a,uaz b, AD AINNUAIN, FUAQ LATTINADI NANILITUAY
ANRAL

* * * A v 1 = = A A 9
L., a, uaz b, Ao MANNAIN, FuUAL LAZFABI NAN1ILFANY
AR 1AL

AE* Ao mMInasuulaadsu

(3) MINAA (Shrinkage)

4

$90arMINARIVBINIIZNINMTIAvTUIANININDULAZHAIN TR 1L

P s A 7a 7 a Y o o =
aanosiienisalinles anuazioea 40.05 mm 1AM UIUNNAUNITN (3.2)

%Shrinkage = 2Dt 10 (3.2)

initial
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A
o D.

initial

A 9 ] o a A 9 Ao Y
uag D, A9 LﬁuN'luﬂu‘c’JﬂﬁNLislﬂﬂﬂ!ﬂlﬂﬁﬂﬂl@\‘]ﬂ\‘]'ﬂ?ﬂqﬂﬂﬂuuﬁg

final

NEIM TN U1y

4 M3 AUAD (Rehydration)

a

v o Y Y o ny o ¥ s !
Fogazmsauarvesdeuds M lalasmihgeaudslduminaeangurgl 100°C

U

IS ~ < (;y v 9 [ Y Y lg’ = Y =
Wuaiuu 10 U a2auIeonNINAIN IAVUIATINNDULASHAIUTUUADA AIULIDTIUY

Ia J = Y o o ~
msadies anuazdea 20.05 mm 1AMNMUINAINTUNITN (3.3)

%Rehydration = Daer Distore 100 (3.3)

before

A A 9) ] 4 a =y 9 Ao 9
o D uas D D LﬁuN'luf,fuE’JﬂaNLi“lﬂﬂmﬂmaﬂ‘U@\‘]f}\i“lfl'lﬂllﬂﬂﬂl‘!!,mg

before after

v o 9 1 g’ = o w
waaihne ldugliniudes awdauy

E4
v 4 an v
5) NSHIAIBIABILOAAIA (water activity, aw) aataaslunmaniuin a 1.3

[V

Y
(6) anvaztioduia aaaaslumanuin a 1.4

Y
¥

1%Lﬂ§@ﬂ3lﬂ51$ﬁlﬁ@ﬁuwﬁ (TA-XT2i plus, Stable Micro System, UK) R}

Y ' Y
Useiliudnuazitlodudavesdeudaniinnudurlssuna 20-25% (db.) nagldimagevuriia

Warner Bratzler Meat Shear Compression 1 crosshead speed A 13.5 mm/s HaziuANALLT S
IMPUFIAA (maximum shear force) TuMINAaoIIziIMIIaduuaazdan 3 dumnis (Indin

Y
AANEIN LAZHIY) NAADIETI08 5 5

3.6.2 QUMNMaAi
(1) U5 T15au (AOAC, 1990) AauaaaluninanuIn a 2.1
2) fI1 Thiobarbituric acid-reactive substance (TBARS) (Buege and Aust, 1978)

aataaslumanuan a 2.2

=

a d
3.6.3 AMNNNIYAUNSY
2
(1) Suugaunsdiariua 1ae3t Total viable count LU pour plate (BAM
2001) aguaadlunianuIn A 3.1

2) Sdadiazs (BAM 2001) dauaadlumanuin a 3.2
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3.6.4 MinaaevanyaeMIUssaMauAd (Sensory evaluation)

Yy A

mmanaaounagulszamdudalaslsds uny. Tasn13iiden 1dun

q

v o o & A o Yy 9w K A y v A
V]ﬂﬁf‘)‘]_n/lTQQWUﬂigﬁﬁltﬂﬁﬂJWﬁ“ﬁ\iWﬂ"ﬁﬂnaﬂymgﬂlﬂﬂﬂﬂuﬁﬂ ﬁﬂymglu@l,f]@eﬂf‘]qqquﬁﬂ nau

y_ 9 < v Y s o
VDINLN TAANUDINT UASANUFDUTIV TQEJEI,“BEJGMJ 20-30 AU MUVVTBUDINLASNTDN
AZUUY AEAITUNANUIN A 4

lumsiszdiudiaey svuaazuuulumsaouiinin 5 53au Ao

¥OUUIN 5 ATUUY
110 4 ATUUY
SRR 3 ASUUY
Y

1108 2 ATUUY
Y A

UpeNge 1 AzuUY

o % o d’d dy Aa A A a . a
FrsuRomniem lugsiliasnse luday (Negative) msaanzuuly

HAREToILNAUAUAVITAMIAAALUUUT AL

A ) a 4 [ v A aa
HaN1INAaoIN 1Az NN 121 laep I onanITINITNINETDAYDINMATN
~ A A 9 YY) 9 a 4
NMININ AL a3 uaznealseamdude  Tasldnmsdnaigianuulslsiu
9 a do & = = 1
(ANOVA) a2elsunsy aounamasdniagl SPSS 115 tazfSeumeuanuuanaiaves
ANRAYILHINYANIINAADI1AIT DMRT (Duncan’s New Multiple Range Test) N3£AUAIIN

y o @ 09/‘ o a L4 aa
!Gdlff)‘lll!%}@ﬂag 95 ﬁaﬂ‘ﬂ']ﬂuu*ﬂﬂﬂ1ﬂ']3f,‘ﬁ:‘lJNaﬂﬂaﬂﬂlm$NaﬂTﬁ'JLﬂﬁ'lgﬂﬂ'Nﬁﬂﬂ



Raw shrimps

Boiling with salt water (3 % by wt.) of 3-5 min
Initial moisture content (MC) of 300 - 340% dry-basis

Determination of the physical properties of shrimp
(sizes 100-150 pes/kg) Drying with different strategies
1. Equilibrium moisture content
2. Apparent density

3. Void fraction

4. Specific heat capacity

1-stage drying 2-stage, 2 drying temperature 3-stage, 2 drying temperature
(sizes 150-200 pes/kg) : 70-90°C using infrared (sizes 150-200 pes/kg) : 1st stage : 90°C (20 and 25 min) (sizes 300-400 pcs/kg)
source at 500 and 1,000 W and 2nd stage : 70°C and 1st stage : 90°C (30 min)
(sizes 300-400 pcs/kg) : 80 °C using infrared (sizes 300-400 pcs/kg) : 1st stage : 90°C (20 and 25 min) 2nd stage : 70°C
source at 1,000 W 2nd stage : 70°C using combine electric heat source and Solar energy
using combine electric heat source and infrared source at
1,000 W |
I I Package
Package | | |
- Nylon/LLDPE laminated bag - Nylon/LLDPE laminated bag
- Nylon/LLDPE laminated bag - Nylon/Al/LLDPE Iz.iminated bag - Nonn/AI/LLDPE.Iz.iminated bag
- Polypropylene laminated bag - Polypropylene laminated bag Under vacuum condition

Under atmosphere condition

under atmosphere condition :

Quality analysis; Physical and Microbiological properties Quality analysis; Physical, Chemical and Microbiological properties

@ a L4
mwilsznew 3.3 !LWHPNﬂ'ﬁ%‘U'Juﬂ’l'ﬁ@’ULLﬁj\?ﬁ:ﬂllﬂ$ﬂ133lﬂ'§1$ﬁﬂﬂ!ﬂ1w

(374
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@ < v 1 9 U @ ~q Y !
M1319 3.1 dyanyw ﬂ‘HﬁElﬁ)Lml.lﬂ’JEJLL‘Viﬁ\iWﬁ\‘lﬂuﬂiﬂfﬁluﬂﬁﬂU!m\‘lgﬂLL‘U‘UG]N 9

g

[

o Jd o 1
WANHA/ONHIYD

AITUHNY

IR 500 W

Yy 9 v Aaa
MIDVUNIAGTITOUNITUTA 500 W

IR 1,000 W

Y 9 [YR= P
MIDULUHIATITOUNTUTA 1,000 W

HA+IR 1,000 W 90°C (20 min), 70°C

v A

M3oULRIAITaNi U IR UT @O UTA 1,000 W gairifilge 90°C wu 20 Wi 1dd
2

a g A 9

q

HA+IR 1,000 W 90°C (25 min), 70°C

anguvgiiilu 70°C wuldnnusugaiiodseunm 20-25 % dry-basis
Y

\3

9 v Aaa a

mMsouuiadIsauseus RS Id@aus 1A 1,000 W gaingige 90°C uiu 25 w1di udd

U

Aa o g

HA+IR 1,000 W 90°C (30 min), 70°C

anguugiiiiu 70°C v ldanudugaiionszunm 20-25 % dry-basis
Y

\3

9 a

msouuiadsauseus RS Id@daus 1A 1,000 W gaingige 90°C uu 30 w1di udd

U

a

aagavaiiidlu 70°C wldnnudugaiiorszana 20-25 % dry-basis

Q Y

HA+Solar 90°C (30 min), 70°C

4 a

MIBULRIRITANTOUTINAVLAIINAS guUngiige 90°C UIU 30 WIH udIanguUNYil

Q U

Y
i 70°C wl&nudugaiiedszunal 20-25 % dry-basis
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] o o (] I L a o [V
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1 @ a J 4
1319 4.1 ﬂ’lﬂ\‘l@')sll'ﬂ\clgﬂll'ﬂﬂﬁllﬂ’]ﬁﬂ’l\‘lﬂﬂ!G]ﬁ’lﬁﬁiﬂl'f]\iﬂ')’lﬂ%uﬁuﬂﬁﬂlﬂ\?f]\iellu']ﬂ 150-200

@aeen lansy
Model name A B R’ RMSE
Modified Chung & Pfost (1967)
ma. 1 7,345.911 0.088 0.971 2.963
qu - lnl:’Al/RTahsi ’Bx
Modified Henderson (1952)
-5
(i, )5 6.847x10 1.264 0.980 2.059
Modified Halsey (1948)
/ 52,712.939 -1.283 0.982 2.936
In ay B,
M = {-A‘/RTW}
Modified Oswin (1946)
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Mo = Ay 1-:

1 [ 1 g 1 1 { 2]
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S (Data 2
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predicted, i experiment , i )
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[ = [ 2L A 9 ~ A o 1 Y] o 9
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S Ay vo v o Aq v )
Gumuwl”lm‘ummiaumnmnmwiﬂumsammq

50 - . Experiment ) 50 . Experiment
— — — Modified Chung and Pfost model, — — — Modified Chung and Pfost model
PR Modified Henderson model "¢ | | | .- Modified Henderson model /
‘@ 40 4 — - — - Modified Halsey model / ) 40 1 — . — - Modified Halsey model ‘
©n : . .
B Modified Oswin model o3 E Modified Oswin model %/, %
> 30 - >, 30 1 ’
g 5
N o
Z\j 20 - < 20
Q
= =
=10 A m 10 4
O T T T T 1 0
0.00 020 040 0.60 0.80 1.00 0.00 020 040 0.60 0.80 1.00
water activity (decimal) water activity (decimal)
(@) O
(N 40°C (W) 45°C
50 - L4 Experiment 50 - . Experiment
— — — — Modified Chung and Pfost model s — — — Modified Chung and Pfost model
E 404 "7 Modified Henderson model s a 40 4 " Modified Henderson model
£ — - — - Modificd Halsey model  / g — - — - Modified Halsey model
_g\ 30 Modified Oswin model :y’ g 30 4 Modified Oswin model
o 201 320
= =
M 10 A =0 4
- =
0 T T T T 1 0 . . . . .
0.00 020 040 0.60 0.80 1.00 0.00 020 040 060 080 1.00
water activity (decimal) water activity (decimal)
O o
(M) 50°C (¥ 55°C

§ o 1 4 aa Y
mwiszneu 4.1 Lﬂ%mﬁaumm%uauﬂaﬂ‘ummmasuaﬂmﬁmmwamsma’omazwamﬂ

HUDF1809INANAMTASVDIRIUIA 150-200 Aad0N laniu

4.1.2 anurvsdulIng
1 1 a 4 a
HaN1INAaedHIMANNHU LN INguazINIzHauMInA008 1A87T

fdsaesdosngauosdavuia 150-200 Aaden laniy wulinuvnuiwulsingi
v o Jdo di’ Y v 1A [ a = [
ANUFUHUTAVANNFUVRINIVIA 150-200 fadonTansulugtunuanmsInaludioa A

aums (4.1) waznmilsznen 4.2 Anudusuduoglura 62.1-321.3% dry-basis

P =0.0039M" +0.5212M + 111.31 R'=0999 RMSE=1.814 (4.1)
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e P A AnunuinlsINgUens, kg/m’
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M Ao ANUFUVDIRY, % dry-basis
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100 200 300 400
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200 A90n lansy

4.1.3 Soaz¥99319U090 1A

HANITNAADINIAISDIAZFDII19UDIDINIAYDINIVUIA 150200 AIAD

o

Y
Aa o 1 ] ] 1 @ o o
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a 9 a9 1 1 A dy 9 A tﬁg} a L4
IHUTUY IﬂEJ?Jﬂ”Ii@EJﬁ35]1@\1’JN’f]1ﬂ1f”fﬁﬂa\illl’t’)ﬂ’l"mslfusll’ﬂﬂfNLWﬂJ"Uu HAZINNNITUAIICH
Aadl o W { 4 v o 1 1 1 o

ﬁ'llﬂTiﬂﬂﬂfJfJIﬂﬂ?%ﬂ?ﬁﬂﬁ@\iﬁj@ﬂﬁqmﬁﬂﬂ1ﬂ313Jﬁ§J°WL!TJi$‘H’JN%IE’)EJﬁSGIf@Q’JNﬁUﬂQ’O"IﬂWﬂﬂ‘]J

{ < a @ { A '
ANUFY ﬂzhlﬁjgﬂugﬂgmuauﬂmwzﬁju AaFuMs (4.2) agmwilszno 4.3 mm%mméfnag

1199 21.1-316.7% dry-basis

100 Ao Experiment

§ 80 ~ Model

£ 60 -

3

H 40

S

2 20 -

0 T T T T T T 1
0 50 100 150 200 250 300 350
Moisture content (% dry-basis)

Y
muisznew 4.3 ANNFNIUT 52111930802 5999199 1MANUAINFUVDIRIVUIA 150-200 612

fon lanjy
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€ =78.591-0.0936M R’=0.998 RMSE =0.261 4.2)

A Ay ' ' v
$\3)] E Mo fl"t’]ﬂagalf@\‘n'l\?%’f]\iﬂ'lﬂ'lﬁellﬂﬂf]\?

4
Y .
M A9 ANUFUVDNN, % dry-basis

4.1.4 MANNIOUDMINY

4

11A1981979U1IA 150200 faden lansy unadou lasldunassines

o ' Y o v A dy Y A A 492} 1 9 o a A d%'
MUIUAINNUTOUTUNIE WU IHBANUFUVDINILAUNNTUAIANNT DUT UM IS TAUNDAY
[ a a 4 a o w ! y
TudnvuziFudu uazannsiAsIgHaun1sonnee laglsnasdosdoongatiionl
v o ' 9y o Y & Y < a Y v
ANuANIUSIznINaNuToudumzduaNusu vz lailugduuvaumsiFadudsduns

(4.3) wazmwilsznou 4.4 ANuFWETNAUDE 1 UTI9 29.8-331.2% dry-basis
¢, =0.0036M +0.0176 R°=0.998 RMSE=0.015 (4.3)

4 Y o v
o ¢, Ao AWTOUTUMZYDINY, kikg“C

4
Y .
M A9 ANUFUVDNN, % dry-basis

1.4
1.2
1.0 -
0.8
0.6
0.4
0.2

0.0 T T T T T T 1
0 50 100 150 200 250 300 350
Moisture content (% dry-basis)

A Experiment Model

Specific heat (kJ/kg.°C)

v
v o 7 J Y o o Y v
ﬂ]Wﬂi%ﬂi’]‘U 4.4 ﬂ’Jnlﬁllwu"ﬁi&‘ﬂ’ﬂ\‘lﬂ’Jnli@uiﬂ!,‘w13ﬂﬂﬂ31ﬂ%ﬂﬂl@\if}wu1ﬂ 150-200 991D
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Fegunsamnudoudumizl annsosarelinsudnnuansalumsy
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AITHIBDUUVBITNNATA NV UAN <] uaz11ﬂ'i3Tﬂ%ummiamﬁwwmﬂizmum’mwiaumm

Y Yy
Foulnna
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¢ o A d o
4.2 "l]i‘l‘HWﬁﬂ1ﬁﬂ§!!ﬁ$!!ﬂﬂ‘%1ﬁf’)ﬂﬂ’lﬂﬂﬂ!ﬂﬂ1ﬁﬂ‘§"llf’Nﬂ1§®ﬂ!!ﬁlﬂﬁﬁllﬂﬂ‘ﬂuﬂ1ﬁﬁlﬂﬂ

ansoutazSITduUNIUIAMAT 500 W

¢ &
4.2.1 JAUNAFAATVBINTOUVUHITULNS
4 9 3 A 9 Y % 1T A 1Y)
vauNamaaTUeINITouLiIFuLIulo 190euia 150200  @rnenlansu

9 '
AN UAUVOIRI0E 1UTI9 300-330% dry-basis TaelFausou quugiiounis 60-93°C

< a = 9 Yo Aa d' o w a
ANMUIZIAN 0.5+0.2 1AT/AUN tazmMIouura lasl¥Ssasunsusantiaavesdunsusa 500
W aungilounie 61-92°C naasdinmiliznou 4.5 uag 4.6 WU iegurglouniauny

d? Y Y 9 9 v aa 1
gauuszezna lumsounisanadlagnmsounrenlsansoutaz SIFouNI1IIA 500 W Wi
Y 9 9 9 2 1 Y Yo A

myovurialaglyansousz lyszoznarlumsevurannniimseunsia lagl¥se@ounsusa

[ a <3 [ [
Tagsadounsusamusaouuie 1§51 ssuniadreandeumiig 40%

—x— Hot air 60.4°C
0.8 - —e— Hot air 72.9°C
—a— Hot air 82.7°C
—a— Hot air 92.6°C

Moisture ratio

2.3
Drying time (h)

k4
mnilsznou 4.5 WANINAABIDULRIFUVIUBINIVUIA 150-200 Adpn laniu Areausou
(] a 9 [e) A I =} dy A 9
Fgunglanson 60-93°C AT IaN 0.5:0.2 WAT/HH ANNTUITUAN

300-320% dry-basis
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1.0 «

——]R 500 W 61.1°C
—e—]R 500 W 71.8°C
——]R 500 W 82.1°C
—=—]R 500 W 91.8°C

0.8

0.6

0.4 -

Moisture ratio

0.2 4

00 T T T 1
0 1

2
Drying time (h)

a o 4 o

v
mwilsznew 4.6 Wan13NAABILULRIFUUIVBINIVUIA 150-200 Arden lansy Adesed
a o w a Y (@] dy A g
aUNIUTANAT 500 W UV HUO UL 61-927C ANUBULITUAU 325-330%

dry-basis

o a J :3

4.2.2 AUMIHVUIADINIANAFAATUDINTOUUHIF UL

4.2.2.1 auMSOUNING

v 9 o 1 a o A 2 9 Y
INNMINAABIDVUAINVUIA 150-200 AIADN 1aNTH ANUFUTUAUVDINIDE
[ a <
Tua9 300-330% dry-basis Tag1daudon gauvglounna 60-93°C A5 IaN 0.5£0.2 1WAS/
a = Y Yo Aa d‘ o w a a 9y
9 nagmyavurelaglF3aadunsUIANi1a1ve D UNIUIA 500 W QKo NN 61-
1 2
92°C iilpthdeyamsp Ui uNMUIAISATIEIUANUFUEINTOUEAIANNFNRUT Y11
] 1 g Y] { a 4 [ @ 4 1 @ 1 g @
F9I1AIUANUFUNUIAT WO UATIZHANUFUNUT TEHIeATIdMANVFUA VN Tagld
WS suMEUNaNITNARDINUANNITNNANARNTASUULIBUNIAG 4 aNNIT AD ANAT
Handerson and Pabis (1961) #4N15 Newton (1985) «¥UN15 Page (1949) 1ag N5 Logarithmic
TAglgUnUDTUMIAINITIN 4.2 1Az 4.3
Y =S 9 %
1INAITN 4.2 waz 4.3 aumsvesmsouuieansadou 1a lugduouilsisu
o =S [ A 9 Y A o 1 @ [
msanaauueny lhuwdssanunain 1y lumssuusa werhmasdivesaumsununan lu
° A S o Y o ~ ~ a '

HUUIIADINNAUAFAATNUAAIAIAIT N 4.2 1ag 4.3 uariwuveunslseumeuss g

Namsmamuazwammmm‘imm”lﬁ’waﬁqmwﬂizﬂau 4.7 uoy 4.8 ﬁm%”umsamﬁ'ﬁ’mau

Y v Aa Ao o o
FOULAZSIFaUNTUTANNIAY 500 W aua 19y
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M1519 4.2 JUHDVAUMS VNI AaNEAIAIAIVBIRIULIA 150-200 Adden Tan5y suuiede
9 a 9 o < a ~ L A g
ANIOU QUUYNOULHN 60-93°C ANWTIAN 0.5£0.2  1NAT/AUIN ANVFUGTUAY

300-320% dry-basis

Model Constant R’ RMSE
Handerson and Pabis (1961) | k, = 1.88x10_sexp(0.019T)
0.977 0.044
MR = a exp(-k,t) a=0915
Newton (1985) s
k,=6.28x10 T™-0.420T+70.918 0.963 0.053
MR = exp(-k,t)
Page (1949) k, =3.82x10" T™-0.253T+42.682
) . 0998 | 0.010
MR = exp(-k,t) n =-2.46x10 T+1.594
Logarithmic k, =2.41x10 exp(0.019T)
0.985 0.031
MR = b exp(-k,t)+c b=0.871,c=0.077

A o ' & . A 9 . A a
MR 18 89518IUANFY (decimal), t 1D 1IA11UNITOVLUNA (min), T 7D U U (K); a, b LAy

A J g
¢ 19 ATANAA

an o 1 %] 9 v 1A [ Yy 9
M99 4.3 EﬂlL‘]J‘]J’ﬁiJﬂ1iLE]MWiﬂﬁLLﬁgﬂ'lﬂ\iﬁ'JeUﬂ\?f;l\ﬁlu'lﬂ 150-200 G]'Wlﬁlﬂiﬁﬂiﬂ DULNINIY

v A

Sadouvlsusamas 500 W gurgiieunia 61-92°C ANUFWTUAY 325-330% dry-

basis
Model Constant R’ RMSE
Handerson and Pabis (1956) | k, = 2.82x10_3exp(0.017T)
0.988 0.031
MR = a exp(-k,t) a=0.946
Newton (1985) s
k,=2.41x10 T-0.146T+22.780 0.983 0.035
MR = exp(-k,t)
Page (1949) k, = 1.77x10 "T*-0.105T+16.518
. 0.998 0.014
MR = exp(-k,t) n =0.799
Logarithmic k, =3.56x10exp(0.017T)
0.994 0.022
MR =b exp(-k,t)+c b=0.903, c =0.065

A o ' & . A 9 . A a
MR 18 89518IUANNFY (decimal), t 1D IA11UNITOVLNA (min), T 7D U U (K); a, b L1y

A J g
¢ 19 ATANAA
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4 a 4 091}
HeNTUINAUNAMEASVDINITOUURIFULI9DINIRITaNTOU TUNIT U

sUnUV§1a99U09 Page DFUBHANMINAAD IdANEA TiA1 R’ 1ag A1 RMSE 11111 0.998 1az
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0.014 mudwuudednu Tashamasivesaumseuniaduiledduiugumgi
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u

1.0 ¢ Experiment 1.0 ¢ Experiment
— - — - Handerson and Pabis model — - — - Handerson and Pabis model
0.8 — — — Newton model o 0.8 1 — — — Newton model
'% Page model b= Page model
=064 W ..... Logarithmi = 0.6 .
) ogarithmic model &5) ------ Logarithmic model
=} e
204 - 8 0.4 -
= =
0.2 0.2
0.0 ‘ 0.0 ‘ ‘ ‘ —
0 6 0 1 2 3 4 5
Drying time (h) Drying time (h)
. (o] . (o]
(M) Hot air 60.4 " C (V) Hot air 72.9°C
1.0 . Experiment 1.0 ¢ Experiment .
\ — - — - Handerson and Pabis model — - — - Handerson and Pabis model
08 1\ 08 - — — — Newton model
o : \ — — — Newton model o . Page model
ué Page model R A VR Logarithmic model
0067 N\ ------ Logarithmic model 5 0.6 -
E 5
204 - g
= =
0.2 4
0.0 T T T ‘
Drying time (h) Drying time (h)

() Hot air 82.7°C

(1) Hot air 92.6°C

Y
mwilseneu 4.7 é’mmmmm%umﬂwamimam WSsuNeuran1sNAaeINULUUI A0

Aa o an o Y Y 9 Y a
‘V]'l\?ﬂmﬂﬁ']ﬁ@ﬂlﬂ‘ﬂlﬂllwiﬂaﬂlﬂﬁf}ﬂﬂuuﬂﬁﬂﬂ]ﬂﬁiﬁ@u U 60-930C

ANIS AN 0.5£0.2 AT/ ANUFUTUAY 300-320% dry-basis
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1.0 -4 e  Experiment 1.0 -4 e  Experiment
————— Handerson and Pabis model — - — - — Handerson Pabis model
0.8 - — — — — Newton model 0.8 - — — — — Newton model
o Page model o Page model
06 N\ vvoC Logarithmic model 06| & ------- Logarithmic model
g g
2 2
204 2 0.4 -
= =
0.2 4 0.2
0-0 T T T : 1 0‘0 T T T 1
0 1 2 3 4 0 1 2 3 4
Drying time (h) Drying time (h)
o o
(M) IR 500 W 61.8°C (V) IR 500 W 71.8°C
1.0 *\ . Experiment 1.0 4 ¢ Experiment
L Handerson and Pabis model 08 — - — - — Handerson and Pabis model
o — — — — Newton model | \ — — — — Newton model
2 2
%06 1 Page model £06 | Page model
g N\ - Logarithmic model % N e Logarithmic model
204 4 2 0.4 -
= =
0.2 4 0.2
0.0 ‘ | ‘ 0.0 ‘ - ‘
0 1 2 3 0 1 2 3
Drying time (h) Drying time (h)
(@) (0]
(M) IR 500 W 82.1°C Q) IR 500 W91.87C

Y
mundszneu 4.8 é’mwmumm%umﬂwamsmam wWFsuineuran1snaaeIn LU U809
a 4 an o @ a o w
ﬂ?ﬂﬂﬂlﬁﬁ?ﬁ’ﬂﬁLL‘]J‘]J!?J?J“INiﬂﬁﬂlﬂﬂfﬁﬂﬂﬂllﬁjﬂﬁjﬂﬂiﬂﬁ’f)u‘ll‘li"ll,iﬂfﬂEN 500 W

gunloULN 61-92°C ANNFUSUAY 325-330% dry-basis

4.2.1.2 AUMIOUIRININGBI)
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IR 1,000 W

9, IR 500 W

Specific Energy Consumption
(MlJ/kg water evap.)

Specific Energy Consumption
(MIJ/kg water evap.)
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Drying temperature (°C) Drying temperature (°C)
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Drying condition Moisture content (% dry-basis)| Water activity
A9UUIA 150-200 AA0N Tan5y
O cA dc
IR 500 W 69.9°C 19.32+0.99 0.601+0.01
IR 500 W 80.8°C 19.22+0.40* 0.58620.01""
IR 500 W 92.5°C 19.54+0.19° 0.542+0.01™
IR 1,000 W 69.8°C 20.34+0.04™ 0.634+0.01°
IR 1,000 W 78.2°C 19.98+0.21°* 0.575+0.01™"

IR 1,000 W 89.2°C

20.110.05"

0.533+0.01"*

HA+IR 1,000 W 90.8°C (20 min), 72.0°C

20.65+0.14"

0.586£0.01""

HA+IR 1,000 W 90.8°C (25 min), 72.4°C

21.11+0.22%*

0.556+0.01"*

A9U11A 300-400 AIADN Tan5y

IR 1,000 W 79.3°C 16.70+1.45" 0.340+0.01""
HA+IR 1,000 W 89.3°C (30 min), 69.8°C 16.91+0.80™" 0.333+0.01"*"
HA+Solar 90.4°C, (30 min), 70.2°C 18.53+0.04™* 0.324+0.01"
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color

Drying condition

L*

a*

b*

AE*

Aau11a 150-200 Aaen lansu mdGuduneumseunds L, =51.60, a, = 16.30, b, = 15.10

IR 500 W 69.9°C 54.48+0.37°[32.53+0.32"34.30+0.21""{15.89+0.29""
IR 500 W 80.8°C 52.44+0.31"°134.33+0.25""35.67+0.18°"(17.48+0.25"
IR 500 W 92.5°C 50.56+0.32"(35.5940.41°[36.670.31"(18.75+0.41°
IR 1,000 W 69.8°C 49.23+0.19°41.24+0.20*146.24+0.21*"124.42+0.20°

IR 1,000 W 78.2°C

48.36+0.26"

38.08+0.72™

47.3040.32™

21.28+0.73%

IR 1,000 W 89.2°C

42.41+0.30™

38.47+0.25"

47.60+0.20"™

23.31+0.24"

HA+IR 1,000 W 90.8°C (20 min), 72.0°C

46.29+0.11"

43.65+0.12™

47.44+0.52™

27.27+0.11™

HA+IR 1,000 W 90.8°C (25 min), 72.4°C

48.68+0.18"

44.79+0.14"

48.33+0.25"

28.05+0.13"

Aau11a 300-400 AAen lansy mdGudUReUMIOUNRS L, =53.26, a) = 14.34, b;, = 14.40

IR 1000 W 79.3°C 50.28+0.09™(37.55+0.16°44.21+0.10"[20.59+0.18"
HA-+IR 1000 W 89.3°C (30 min), 69.8°C [51.3420.12°°36.21+0.07""42.26+0.08°"|18.030.08""
HA+Solar 90.4°C, (30 min), 70.2°C 52.42+0.19"132.49+0.27*"(33.49+0.27"26.35+0.37°
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1INMINATOUAUNNATUNMTHARD LAZMIAUAD VDINIVUIA 150-200 LA

300-400 f@0n lansy NHUMTOULFINANILA 9] UAAIAINITIN 4.7

M319 4.7 $08azMIHARI LazMIAUAIUBININo LRI NAN1IZA1N 9

Drying condition Shrinkage (%) Rehydration (%)
A9UUIA 150-200 AAon Tansy
IR 500 W 69.9°C 12.67+1.59™ 5.95+0.78"
IR 500 W 80.8°C 13.13+1.18""" 5.73+0.89"
IR 500 W 92.5°C 13.61+1.38" 5.43+1 39"
[e) cA bB
IR 1,000 W 69.8°C 13.27+1.44 5.4240.66
(o] cA aA
IR 1,000 W 78.2°C 13.49+1.48 4.51+0.82
IR 1,000 W 89.2°C 14.20+1.36" 4.88+0.91°"
O . (0] bB aA
HA-+IR 1,000 W 90.8°C (20 min), 72.0°C 12.26+1.17 4.61+0.73
O . o] aA bB
HA-+IR 1,000 W 90.8°C (25 min), 72.4°C 9.71+0.73 5.12+41.07
Solar 12.46+1.27° 5.80+0.66"
A9ULIA 300-400 A2ADN Tan3u
IR 1,000 W 79.3°C 13.07+0.75"* 5.79+0.54™
HA-+IR 1,000 W 89.3°C (30 min), 69.8°C 12.14+0.67"* 5.81+0.55™

HA+Solar 90.4°C, (30 min), 70.2°C

23.31£0.60"

12.57+0.15%

Solar

17.9441.17°"

8.03+0.87%
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Overall
Drying condition color Appearance | Texture Odor Taste
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IR 500 W 80.8°C 3.20+0.52"°| 2.85+0.59°" [3.30+0.57""(2.45+0.51"*| 2.85+0.49" | 3.45+0.51""
IR 500 W 92.5°C 3.2040.62""| 2.85+0.67"3.30+0.66 " |2.40+0.50"*| 2.60+0.50"" |3.50+0.51""
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HA+Solar 90.4°C, (30 min), 70.2°C 3.27+0.74™"(2.93+0.74""  3.40+0.67°" | 3.03£0.61°" | 2.97+0.49°" | 3.70+0.47"
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o o W Y Y A Y v 1 3 o A
M1919 4.10 ﬂmaﬂymzmqﬂizamauwmmqummamm&mﬂﬁm’;zma q NUINEIN

gauniides I9davua 150-200 Aaden Tansu

- Aadnyaznlsramdua
a11Ems | A | ~ — 7
v DU - ANHUS ANHUSIUD 2 A o AU
aUUNY | 99 Gl o nauHy FENAN
IERNE) dura R}V
0 |3.00£0.65" |2.70£0.66"| 3.20+0.70"" | 2.50£0.61*" | 2.75+0.55"" | 3.35+0.49"
1 ]2.90+0.72" |2.65+0.59™| 3.10£0.72"* |2.70+0.57"*" | 2.70£0.73"* | 3.15+0.59"*"
N
2 [2.80£0.62" |2.65+0.59"| 3.00£0.73"" |2.90+0.64"" | 2.70+0.73*" | 3.00+0.56"*"
IR 500 W abA aA abA aB aA aA
. 3 [2.65£0.57"|2.55+0.60™| 2.90£0.72"* | 3.00£0.73" | 2.65+0.67" | 2.80+0.52
699 C aB aA aB aA aA aB
0 |3.0040.65" |2.70+0.66™| 3.20+0.70" | 2.50£0.61"" | 2.75+0.55"* | 3.35+0.49
1 {2.70£0.57**% [2.60+£0.50™| 2.95+0.69""" | 2.85+0.49"" | 2.65+0.59"" | 3.05+0.69"""
PP
2 12.5540.51%"%[2.50+£0.51"| 2.85+0.67"*" | 3.05+0.60"" | 2.55+0.51*" | 2.85+0.75"
3 | 2.40£0.50"" |2.45+0.51"| 2.70£0.57" | 3.25+0.55' | 2.45+0.51"" | 2.70+0.57""
0 |3.20+0.52" |2.85+0.59"| 3.30+0.57"" | 2.45+0.51*" | 2.85+0.49™ | 3.45+0.51"
1 {3.05+0.60™"" [2.75+0.64"| 3.20+0.52"" | 2.55+0.51""*" | 2.80+0.41"" | 3.30+0.47"""
N
2 [2.90+0.72*%|2.65+0.59"| 3.05+0.60"" |2.60+0.50"*" | 2.70+0.47"" |3.15+0.49""*"
IR 500 W 3| 2.75+0.44" [2.55+0.60"| 3.00+0.46™" | 2.90+0.64" | 2.60+0.50"" | 3.00+0.65"
80.8°C 0 |3.20+0.52" |2.85+0.59"| 3.30+0.57" | 2.45+0.51"" | 2.85+0.49™ | 3.45+0.51"
1 {2.90+0.55""[2.65+0.59"| 3.05+0.51"*" | 2.70+0.47"" | 2.70+0.47"" | 3.15+0.49"""
PP
2 [2.70+0.57%|2.60+0.60™| 2.95+0.69"*" | 2.95+0.39™ | 2.65+0.50"" | 3.00+0.56""
3| 2.60£0.60" [2.55+0.51""| 2.85+0.59"" | 3.15+0.75" | 2.60+0.50"" | 2.80+0.52""
0 |3.20+0.62" |2.85£0.67"| 3.30+0.66"" | 2.40+0.50™" | 2.60+0.50"" | 3.50+0.51"
1 |3.10£0.55" |2.85+0.58"| 3.15+0.67" |2.55+0.51"*" | 2.60+0.50"" | 3.35+0.49™""
N
2 13.0040.65™" |2.80+£0.62""| 3.10+0.72"" [2.65+0.59"*"| 2.50+0.51*" | 3.20+0.52"*"
IR 500 W 3 [2.85+0.59™" |2.75+0.64"| 3.05£0.60"" | 2.80+0.62"" | 2.45+0.51" | 3.10+£0.64™"
92.5°C 0 |[3.20+0.62" |2.85+0.67"| 3.30£0.66" | 2.40£0.50"* | 2.60+0.50"" | 3.50+£0.51°
1 {2.95+0.60™"" [2.75£0.55™( 3.05+0.60""" | 2.65+0.49""" | 2.55+0.51™" | 3.15+0.49"
PP
2| 2.7540.64" |2.70£0.57"| 2.90+0.55"" | 2.80+0.62"° | 2.45+0.51*" | 2.85+0.59™*"
3 [2.60£0.50"" |2.70+0.47"| 2.80+0.52"" | 3.05+0.76' | 2.45+0.51"" | 2.65+0.49""
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M1319 4.10 (G]?J) ﬂmaﬂHmZﬂNﬂig’ﬁT]/]’ﬁ‘JJN’ﬁGIJENf]QUMQ%’t’]‘lJLLWW]’JEJﬁﬂTJ%G]N ) MNUINEIN

gaurigiites I9deuuna 150-200 Aaen Tansu

- Aadnyaznlsramdura
a11Ems | A | ~ ~ 7
v U - ANYUL ANHUSIUD 2 A o AITUYOU
DULLYN N a NAUNU TALAN
IERNE) dure 39U

0 |3.35£0.49" |2.65£0.49"" | 3.15+0.67"" |2.30+0.66" | 2.65+0.59™" | 3.35+0.59"
1| 3.2540.44™ | 2.50£0.51"" | 3.00+0.56"" | 2.50+0.51*" | 2.50+0.51"" | 3.20+0.62"""
N 2 3.20£0.41™(2.50+0.51"" | 2.85+0.75™" [2.70+£0.47"""| 2.45+0.51"" |3.00+0.46"""
IR 1,000 W 3 ]3.10£0.45™ | 2.40+0.50™ | 2.75+0.64"" | 2.95+0.76" | 2.45+0.51"" | 2.85+0.49""
69.5°C 0 |3.3540.49" |2.65+0.49" | 3.15+0.67° |2.30+0.66" | 2.65+0.59™" | 3.35+0.59™
1 |3.1540.59"| 2.40+0.50"" | 2.85+0.59" | 2.70+0.66" | 2.45+0.51"" | 3.05+0.60"
o 2 [2.95+0.60""|2.35+0.49"" | 2.60+0.50""" 3.00+£0.65"" | 2.45+0.51"" | 2.80+0.62"""
3| 2.75+0.44" | 2.35+0.49" | 2.45+0.51"" | 3.20+0.52 | 2.40+0.50™" | 2.60+0.50""
0 |3.3540.49" |2.60+0.50"" | 3.20+0.77"" | 2.40+0.50"" | 2.50+0.51"" | 3.35+0.49"
1 |3.25+0.55"%|2.50£0.51"" | 3.15+0.75"" [2.55+0.51"""| 2.45+0.51"" | 3.25+0.55"
N 2 [3.1540.37""%|2.45+0.51™"| 2.90+0.45™" [2.70+0.47""" 2.40+0.50"" |3.05+0.60"""
IR 1,000 W 3 2.9540.51" |2.35£0.59™"| 2.80+0.52" | 2.90+0.72"" | 2.35+0.49"" | 2.85+0.49™
79.5°C 0 |3.35£0.49" |2.60+0.50™ | 3.20+0.77" |2.40+0.50"" | 2.50+0.51"" | 3.35+0.49"
1 |3.15£0.37" |2.3520.59""%| 2.90+0.45™ |2.65+0.49"""| 2.40+0.50"" | 3.15+0.59"
o 2 {2.90+0.31"""|2.2040.52"" | 2.65+0.49""" |2.85+0.59""| 2.40+0.50"" | 2.95+0.60"""
3| 2.70£0.47" | 2.1020.45"" | 2.45£0.51" | 3.10+0.45" | 2.30£0.47"" | 2.75+0.44™
0 |3.40+0.50" {2.50+0.51""| 3.15+0.59" |2.35+0.49" | 2.55+0.51"" | 3.40+0.50"
1 |3.2540.44"" | 2.45+0.51" | 3.00+0.46" | 2.4540.51"" | 2.50+0.51"" |3.20+0.52"""
N 2 3.15+0.59""%| 2.45+0.51"" |2.80+0.52"" .65+0.49"™"" 2.45+0.51"" |3.10+0.45"""
IR 1,000 W 3 |3.00£0.46" [2.40£0.50™"| 2.65+0.49"" | 2.80+0.52"" | 2.40+0.50™" | 3.00+0.46™"
89.1°C 0 |3.4040.50" |2.50+0.51""| 3.15+0.59 |2.35+0.49" | 2.55+0.51"" | 3.40+0.50"
1 |3.1540.59" |2.40+0.50"""| 2.85+0.59" [2.70+0.66"""| 2.45+0.51"" | 3.05+0.60"
o 2 [2.95+0.60""|2.35+0.49"""| 2.60+0.50""" 3.00+£0.65"" | 2.45+0.51"" | 2.80+0.62"""
3| 2.75+0.44" [2.35£0.49"""| 2.45+0.51"" | 3.20+0.52™ | 2.40+0.50"" | 2.60+0.50""
weweg : ab uaz A-C fe luaedulidersuianuuandsuediifed iy iisequanu
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o Yy v A Yy v 1 2 o {
ﬂi$ﬁ11/]ﬁ3JNﬁﬂl@ﬂﬂﬂllﬂﬂﬁi’]‘lJL!WQ@]’JEJ?fﬂTJ%G]N 9 Lﬂ‘]Jiﬂ‘kﬂﬁ

- Aadnyaznlsramdura
a11ems | sua | ~ ~ 7
v DU - ANHUS ANHUSIUD 2 A o ANUYDU
aUUNY | 99 Gl o nauHY FEAL
15109 dura e}
0 |3.55+0.51" |2.55+0.51"" | 3.25+0.55" | 2.25+0.44" | 2.50+0.51"" |3.55+0.60""
1 |3.45£0.51*"2.50£0.51" | 3.1540.37" D.45+0.51™" 2.45+0.51** |3.45+0.51""
HA+IR N abAB| aA abAB aBC aA abA
2 B.300..47" 2.40£0.50"" | 3.00+0.46""" |2.65+0.49"°| 2.40+0.50"" |3.35+0.49
1,000 W
o 3 13.20£0.41°" | 2.40£0.50" | 2.80+0.41"" | 2.80£0.41° | 2.40+0.50"" |3.25+0.44"
90.8°C
( ) 0 |3.55+0.51° | 2.5540.51"" | 3.25+0.55 | 2.25+0.44™" | 2.50+0.51"" |3.55+0.60°
20 min),
o 1 13.30+0.57 | 2.35+0.49"" | 3.00+0.46" | 2.60+0.50" | 2.40+0.50"" |3.30+0.47"°
71.7°C | pp
2 13.15+0.37*"%[2.30+0.47"" | 2.80+0.41"*" |2.75+0.44"°| 2.35+0.49"" [3.15+0.49"""
3 [2.95+0.51" | 2.30£0.47* | 2.60£0.50"" | 2.90+£0.31° | 2.35+0.49"" |2.85+0.49""
0 |3.60£0.50" |2.65+0.49™ | 3.30+0.47" | 2.30+0.47" | 2.60+0.50"" |3.60+0.50"
1 13.50£0.51"%[2.55+0.51" | 3.20£0.41" 2.50+0.51™"" 2.50+0.51"" [3.45+0.51""
HA+IR N abAB aA abAB aBC aA aAB
2 [3.35+0.49""%| 2.45£0.51"" | 3.05+0.39""" |2.70+0.47"| 2.40+0.50"* [3.30+0.47
1,000 W
o 3| 3.2540.44" | 2.4040.40™ | 2.90+0.31"" | 2.85+0.37° | 2.35+0.49™ |3.05+0.51""
90.6°C
_ 0 [3.60+0.50™ | 2.65+0.49" | 3.30+0.47 |2.30£0.47" | 2.60+0.50"" | 3.60+0.50"
(25 mm)’ aAB aA aBC aB aA aB
oc | 1 [3.35£0.49"% [ 2.45+0.51" | 3.10£0.45"™ | 2.65+0.49" | 2.45+0.51™* |3.25+0.44
722
2 ]3.20+0.52" | 2.35£0.49"" | 2.85+0.49™" |2.80+0.41""| 2.40+0.50" [3.15+0.37"*"
3 ]3.10£0.55" | 2.35+0.49™ | 2.70+0.47"" | 2.95+0.22 | 2.35+0.49™ |2.95+0.39""
[ 4 % 1 @ ] v o @ d' (%
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[ a o J
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@ v @ Y Y A Y 9 ! 3 o {
1919 4.11 ﬁ]maﬂymz‘i/]%‘]ﬂizﬁﬂ/lﬁmNﬁﬂl@\‘]f}umQﬁﬁ]ﬂ!t‘ﬂﬂﬂl&lﬁﬂﬂ%ﬂﬁ 9 Lﬂ‘]Jiﬂ]sﬂﬁ

gauniides I9davua 300-400 Aaden Tansu

- Aaanyuznelszamaure
a11Ems | A | ~ ~ 7
v DU “ ANHUS ANHUSIUD 2 A o ANUYDU
aUUNY | 99 Gl o nauHY FENAL
51ng dure e}
0 |3.45+0.51" [2.65+0.49™ | 2.85+0.59" | 2.55+0.51" | 2.60+0.50"" |3.40+0.50"
1 13.30+0.57*"% | 2.60£0.50"" | 2.65+0.49™* |2.65+0.49"*"| 2.55+0.51"* [3.30+0.57"*"
N
2 [3.20£0.62""% 2.55+0.51"" [2.55+0.51°*" £.80+0.62"™"" 2.50+0.51"* [3.15+0.59"""
IR 1,000 W 3 13.05£0.60™" | 2.45+0.51"" | 2.45+0.51" | 3.00£0.56" | 2.40+0.50"" |3.00+0.46""
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9 v o A Y v 9 ' 9 ) a ¢ 4d
M1919 4.12 ﬂﬂ!ﬁﬂ‘]elmgﬂTQﬂiZﬁWﬂﬁNNﬁﬁ@ULLWQﬂ'Jfl'ﬁMi@uiﬁhﬂﬂWﬁQﬂ’luuﬁﬂﬂ’lﬂ@EJ Ny

[ A a9 vy v 1A o
INHINYUNHUNON bl“lﬁ]‘\isll‘lﬂﬂ 300-400 @]’Jﬁﬂﬂiﬁﬂiﬂ

o - Nylot/LLDPE | Nylon/LLDPE | Nylon/Al/LLDPE | Nylon/A/LLDPE | Polypropylene
naANYUY DY R R -
(na) (Y IMA) (n@) (Y INA) @na)
0 | 3.27+0.74° | 3.27+0.74" 3.27+0.74™ 3.27+0.74™ 3.27+0.74"
1| 3.1020.55"¢ | 3.25+0.72" 3.25+0.63" 3.30+0.80" | 2.95+0.83"C
2 12.95+0.60*" | 3.1520.67"*" | 3.20+0.52" 3254055 | 2.80+0.52**"
a 3| 2.75+0.55™"" | 3.05£0.69°*" | 3.15+0.59™" 3.2040.52" | 2.65+0.49™"
4 | 2.70+0.66™"" | 2.90£0.72"*" | 3.00+£0.65™ 3.10£0.64™" | 2.50£0.51™
5 | 2.60+0.68" | 2.75+0.55" 2.90+0.72* 3.00+0.56™ -
6 - 2.70+0.66"" - 2.85+0.75" -
0 | 2.93+0.74" | 2.93+0.74" 2.93+0.74™ 2.93+0.74™ 2.93+0.74™
1 | 2.80+0.83" | 2.90+0.72" 2.95+0.83" 3.00+0.73"* 2.75+0.64™
3 2 | 2.70:0.66" | 2.80+0.52" | 2.90+0.79" | 2.90+0.85" | 2.70+0.57"
ANHUY
3| 2.70+0.66 | 2.75+0.64™ 2.80+0.62"" 2.80+0.70"* 2.60+0.60""
ij']ﬂa aA aA aA aA aA
4 | 2.60+0.60 2.65+0.59 2.70+0.66 2.75+0.72 2.50+0.61
5 | 2.50+0.61" | 2.65+0.59™ 2.65+0.67" 2.70+0.73" -
6 - 2.55+0.69"" - 2.60+0.50™ -
0 | 3.40£0.67C | 3.40+0.67" 3.40+0.67" 3.40+0.67" 3.40+0.67"
1 | 3.1520.81°° | 3.25+0.72°" | 3.25+0.85"" 3.30£0.73° | 3.05+0.76""
3 2 | 2.90+0.64™" | 3.15£0.67"" | 3.20+0.70"" | 3.20£0.77"° | 2.90+0.55"
ANHUY
2 . .| 3 | 2.80£0.70"" |2.95:0.76""" | 3.10+0.64"" | 3.10£0.64"" | 2.80+0.70"
Lu E] ﬁj\l N ﬁ aA aABC aAB aABC aA
4 | 2.65+0.49 2.80+0.70 2.95+0.69 2.95+0.69 2.70+0.73
5 | 2.50+0.51" | 2.70£0.66"" | 2.80+0.62"" 2.80+0.62"*" -
6 - 2.60+0.60"" - 2.65+0.67" -
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1 o v o A Yy v Y ' @ @ a J
919 4.12 (¢19) ﬂmaﬂymz‘wwﬂizﬁmﬁuNﬁ‘ﬁammQmﬂauiﬁ]ui’guﬂuwawmumamm

3 o ~ a 9 Jyy v 1A [
INUINEINYUN YUY 1“1@\‘]6]]1!1@ 300-400 ﬁlﬁlﬂﬂiﬁﬂiil

. - Nylot/LLDPE | Nylon/LLDPE | Nylon/AI/LLDPE | Nylon/AI/LLDPE | Polypropylene
AUANYMUY| 1ADU - - -
1na) (Y INA) 1na) (Y INA) 1na)
0 | 3.03x0.61" | 3.03x0.61" 3.03+0.61" 3.03+0.61" 3.03+0.61"
1| 3.1020.72"*" | 3.05+0.69™ 3.00+0.79"* 3.0540.83" | 3.20£0.77**"
2 | 3.25+0.72*" | 3.1520.67"" | 3.20£0.77*" 3.10£0.55" | 3.35+0.88"""
paunu | 3 |3.35+0.67"% | 3.25+0.64"° | 3.30+0.57" 3.20+0.62" | 3.50+0.83"*"
4 | 3.50£0.61"°° | 3.35+0.75"" | 3.40+0.75" 3.25+0.91* 3.65+0.75"
5 | 3.60£0.60" | 3.45:0.69"" | 3.45:0.60" | 3.35:0.88" -
6 - 3.55+0.83" - 3.45+0.76™ -
0 | 2.97+0.49" | 2.97+0.49™ 2.97+0.49™* 2.97+0.49™ 2.97+0.49™
1 | 2.90+0.85" | 2.90+0.55" 2.90+0.72"* 2.90+0.45™ 2.80+0.62"
2 | 2.85+0.67" | 2.90+0.64" | 2.85+0.75" 2.90£0.79" | 2.85+0.67"
<3 aA aA aA aA aA
SAAY | 3 | 2.80+0.70 2.85+0.59 2.85+0.67 2.85+0.81 2.80+0.62
4 | 2.75+0.72"" | 2.80+0.52" 2.85+0.59** 2.80+0.62" 2.75+0.64"
5 | 2.75+0.64" | 2.75+0.64™ 2.80+0.62" 2.80+0.62" -
6 - 2.75+0.71" - 2.80+0.70™* -
0 | 3.70£0.47° | 3.70+0.47" 3.70+0.47" 3.70+0.47" 3.70+0.47"
1 | 3.40£0.60™° | 3.50£0.51°" | 3.60+0.75" 3.55+0.51°°C | 3.30+0.86"°
2 | 3.3020.57"" | 3.35+0.59"°" | 3.40+0.60"*" | 3.45+0.51°*" | 3.15+0.75"
ﬂ ’) ’] 1] (’]fﬂ U aAB aBC aAB aABC aAB
3 | 3.20+0.52 3.30+0.47 3.30:0.57 3.35+0.75 2.95+0.69
33U
4 | 3.05£0.69"" | 3.15+0.67"*° | 3.20+0.52" 3.2540.72"*% | 2.70+0.57"
5 | 2.95+0.60" | 3.00+0.73""® | 3.10+0.72" 3.15+0.67""" -
6 - 2.9+0.64™ - 3.05+0.60™" -
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a

o Y = 9 3’ 1
4. asazaonauiigurigianad Tas T lvaru
= A~ < ' S g =
5. AN NANNGITOU 5,500 FOUADUT 1TUa1 20 WA
6. vhaulan lduiasimsganauuasianuenaau 532 nTuwas thams
qanau uan 14 luSeuifeusnnsvuiasg1u malonaldehyde
7. ¥ Blank Tagm3ld@red1anauny arsazate Blank 1dainisnaans

A UAYINVUAIDEN

manseunvinnsg

1. 9AA1582810 malonaldehyde i9udu 10 luTasniudeiiaaans Um0 10
50 100 150 1Az 200 TuTnsans Usl5iasdaeriinguli1d 1000 TuTnsans

2. 1hasazans malonaldehyde 11070 1 fiaNuIT USRI 9 1191181 TBARS 151

1Re7 NUAIDE
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v o 1
3. L%fJuﬂﬁ’W\lL!ﬁ'ﬂ\?ﬂ')’]llﬁﬂJWu‘ﬁ5$°H’J’]\Tﬂ’)’]ul%ﬂeﬁjumﬂ\iﬁ'ﬁagﬁﬁl malonaldehyde
AU AMsgAnauLaIinLeIAaY 532 W1 Tuwas A1 TBARS Muam Iasihainisganau

HaINANUEIAAY 532 W Tuwas unua luaunsueIns1WNIATI U malonaldehyde

MIAIUIN
1. AuMSIFUATIVDINTINUIATFIU malonaldehyde, y = 0.0921a+0.013

2. TBARS (mg malonaldehyde/kg sample) = A191nn3 1 (mg/kg) x 0.5 (g) x 5 (ml)
15110559 (ml) x nInA19619 (2)

a d A a Aa
3. MIAUAZHAMUANTANINYATIINN
o a G'gs

3.1 NUIUYAUNIENINNA (BAM, 2001)

1a875 Total viable count L1V pour plate

v o 1 [ [ dy dy A dy Y 9 an tﬂy
1. ¥382081991%115 25 51 laluawdsuyenaniendr are331s Ao
o w ] 4 o

2. 1deg o msazansazas Infounan lsaudus osas 0.85 911U 225
A Aaa a 4 ' 4 1 < v o I
nanaasnluganaaaniedludianiosdtulvih Taoldausszaudr fuszezina 1
U @2196190 111392 TZAUANVDDD 1:10

A 9 = J Y 9 Y a

3. 19 9esaleasazats lamennas lsauiuiesas 0.85 YS9
a Aaa YA @ =) d’ﬁ)
Janans 1HUszAUAUR0919NAD9MS (1:100, 1:1000, 1:10000)

4. Unladiegaemsneanszay 10°,10°, 10,107 11 1 Hadans szdvas

3’ dy d‘ 1 ] dy 9

3 41 asluaumz¥e NFumMI N uFoLA

5. MNUA89IMT PCA U521l 20 diaaans

£ Yy o 2 yyq v d o ~
6. HUMIUINIZITOIL 1AAee A lRomsudedadsgana 15 uii

a =

' { A o o {
7. dunumzyengurgl 35 eswaden Tudnvuzaimumiziyey

U

szezNa 48 ¥ 139

Y

8. asuduIalatiluanuwizenuduaulssuia 30-300 Ialail

IS o . . v W '
a2 310UHa U8 14U Colony Forming Unit (CFU/RSNAI0E19)

MIAIUIN

v
o Jd o

a A =} [ w 1 1 d' o =
Suuganignaua (Ialall/nsudioe19) = Aundsvesiiuiulalail
FEAUANUT AU
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o d
3.2 udanuazsi (BAM, 2001)
v o 1 [ [ dy 49/ A dy 9 9 an dy
1. ¥9491981991115 25 N5 lalunuaesursenanrseondl Ae35151a01n%0
o @ [l = s Y 9 9 o
2. hdedeemsuazasazans laeunas lsavudusosas 0.85 $119U 225
a aa a \ 1 4 1 I~ v o I
iaaaas mlugawaraaniediludeniesdtlu Il Taeldanusaszaud flusvezina 1
U FI981901115LHTLAVANNDIG 1:10
4 a
3. AevoMmsdleasazans TwAsunae lsadudusesas 0.85 YS9
Aa aa Y @ A Ay
Jaaans 1NTLAUANNIIR1INADINT (1:100, 1:1000, 1:10000)
4. YlaemsRenanseay 10,107, 107, 10° 11 0.1 Hadans 42 Spread plate
Y Y Y
UUOMIT (89130 Potato Dextrose Agar (PDA) 111 3 160 1 32AUANIID
oA a gy I )
5. Unngungiieuiluszezial 48 41 1u9

v o = dy d’d o =~
6. asrtuuuIalad luanumizdenusviualszuia 30-300 Ialadl

< o . . v W '
Hags 1N UNa UIIUIU Colony Forming Unit (CFU/NTNR19813)

MIATUIN

o =y 4 = v W 1 ] d' o =
Nundaauazs (Ialail/nsuae619) = Aunasvesdiuiualall

[ Yy 9
TTAUANUVUVU

4. msnagaumseansulumsuilan aaullaininitvesnaga (2543)

HUUNATIUMITN

9
@ 1 d v

muvz 185 uAednanfuinnuatazrnemuveR e vo ldiungan

v 9
A1 A o d a A

a a <] 1 @ J
HU uamﬁmﬂammmuﬁmmweuGummmqmawaﬂﬂmmwﬂu Tﬂﬂ"lﬁ’ﬂ:uuumﬁ

9 ]
) A

WaIINhmInaaeuaazA19819 njanaminiehauazetathnuaziu

%29 0619198 1 U NUMMINAToUAI08190a 1
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A0819
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5 AuAa
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A
1 dauviaog

o Y Y A0 <
ANHUSVONINUMNNINIUINY

5 a1la 19 RS

4 a2 la vagAs e

@ 3 Y Y '
3 ﬁjiﬁlaﬂu@ﬂl!agllﬁquq\iﬁju

2 @junazuiaundIu

1 futazuidann

C 4 Y

3
AnyaZ YU DA VA AN

9

P
A

a v A 9 ~ 3 v
5 w:mmuaﬂuazmmﬂamulumummﬂuaﬂ

a 9 ~ < 9 ldy A 9 ]
4 mmuuaﬂmummﬂuaaumumaamuiuuu

a g )=} [ dy A 9 ]
3 mmuuﬂﬂmumtmmawamuﬁluun

a g =\ ltﬂy A 9 1
2 mmuuﬂﬂmummmmmﬂw@muﬁluuu

a g dy A 9 ~
1 mmuuaﬂuazmaw@ﬂm’lumumum

a Yy
NANYBIININN

a %
5 ﬁﬂauﬂnmmqumm

a A Y
4 UNAUATIVBIN

A A Yy < Y
3 UNAUANVDINLANUDY

A A )
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M0819

< v
TEANVONNN

5 fsenfaannnuly

= <]
4 UTAANNIN

= <
3 ysaauiunans

=~ 3 I 9
2 YIdpNanioy

= <3
1 lusisauay

=
anunanela

5 ¥OUNIN

4 wouiunana

4 v
3 ¥oULaNUDY

2 liiwou

1 liseuun

Horauouu

VDUDUA
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1. ANNFUANGE

Y
MSMANUIN 1 ANUFUTUAAVDIRIVUIA 150-200 AIf0N TanTu

MARNUHIN N

MSHIMAMANTANIINNNFDUIAZNIINENW

=

q

Ngangi 40°C

s Jomesuenadn | minGududs ininauaads | anwiuds
A1592a18INADDNAD
(a,) (2) (2) (% db.)

LiCl 0.12 1.76 1.66 6.12

LiCl 0.12 1.71 1.61 6.21

MgCl, .6H,0 0.32 1.69 1.53 10.46

MgCl, .6H,0 0.32 1.72 1.55 10.97

Mg(NO,), .6H,0 0.50 1.69 1.46 15.75

Mg(NO,), .6H,0 0.50 1.71 1.48 15.54

NaCl 0.75 1.66 1.30 27.95

NaCl 0.75 1.70 1.34 26.78

KNO, 0.88 175 1.22 43.44

KNO, 0.88 1.73 1.21 42.98

AIMANUIN 2 mm%yuﬁuﬂammﬁ’wum 150-200 fadenlansu Agaimgi 45°C
. Jemodeniin ﬁmﬁﬂﬁm?fuﬁ:q Yim Inauqans mm%uﬁq
A1592a18INADDNAD
(a,) (®) (®) (% d.b.)

LiCl 0.12 2.06 1.95 5.64

LiCl 0.12 2.03 1.91 6.18

MgCl, .6H,0 0.32 2.04 1.86 9.68

MgCl, .6H,0 0.32 2.12 1.97 7.84
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Mg(NO,), .6H,0 0.48 2.01 1.77 13.56
Mg(NO,), .6H,0 0.48 2.10 1.83 14.51
NaCl 0.75 2.22 1.78 27.59

NaCl 0.75 225 1.77 27.12

KNO, 0.86 2.15 1.54 39.71

KNO, 0.86 2.39 1.73 38.15

MIMANNIN 3 AT UAUAAVEIRIVIA 150-200 FadeR Taniu Hgainigdl 50°C
s Jeimesuenadn | inisududs | iinaugade|  anmdude
A15AZA10INH0DNA)
(a,) (2 (®) (% d.b.)

LiCl 0.12 1.72 1.64 4.88

LiCl 0.12 1.73 1.65 4.85

MgCl, .6H,0 0.32 1.75 1.61 8.70
MgCl, .6H,0 0.32 1.71 1.57 8.92
Mg(NO,), .6H,0 0.47 176 1.57 12.10
Mg(NO,), .6H,0 0.47 1.73 1.54 12.34
NaCl 0.75 1.72 138 24.64

NaCl 0.75 1.75 1.41 24.11

KNO, 0.85 1.75 127 32.58

KNO, 0.85 1.71 1.25 33.59

Y v
MSMARUIN 4 ANUFUTUHAVDIRIVUIA 150-200 AIADN Tan5y fig

=

q

UKL 55°C

Y 2 L | ewesuenddn hminsudude| diminaugade | anududa %
A15AZA10INA0DNA)
(a,) (2) (2) d.b.)
LiCl 0.1 2.11 2.02 4.46
LiCl 0.11 2.04 1.96 4.08
MgCl, .6H,0 031 2.17 1.98 9.90
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MgCl,.6H,0 0.31 2.19 2.03 7.83
Mg(NO,), .6H,0 0.46 2.04 1.82 12.27
Mg(NO,), .6H,0 0.46 2.04 1.80 13.68

NaCl 0.74 2.08 1.67 2435
NaCl 0.74 2.06 1.64 25.62
KNO, 0.83 2.02 1.52 32.66
KNO, 0.83 2.12 1.58 34.27

2. anurv Ul Ing

MINMANYIN 5 ANUHUIHUYTINUEINIVUIA 150-200 Aaden lanTy

AN (% db) ﬁymﬁ’ﬂﬁ’q (@ | Ysmasnsug (cm”) | anurumiuilsing (kgm’)
66.54 23.30 250 93.20
66.54 23.25 250 93.00
66.54 23.21 250 92.84
108.67 25.13 250 100.52
108.67 25.19 250 100.76
108.67 25.08 250 100.32
159.65 3222 250 128.88
159.65 3231 250 129.24
159.65 32.45 250 129.80
215.65 44.83 250 179.32
215.65 44.86 250 179.44
215.65 44.78 250 179.12
251.11 55.87 250 223.48
251.11 55.78 250 223.12
251.11 55.82 250 223.28
275.63 65.29 250 261.16
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275.63 65.25 250 261.00
275.63 65.31 250 261.24
321.33 86.47 250 345.88
321.33 86.38 250 345.52
321.33 86.56 250 346.24

3. $o8azY03919v990 1A

MINNANUIN 6 30002 FITNVBIOINAVDINIVUIA 150-200 AadpN lanTy

AN (% db) | Usunasmaue (cm) USmasiisi (cm) | $08az¥939319 (%)
21.11 50 36.85 73.70
21.11 50 36.68 73.36
21.11 50 36.75 73.50
63.43 50 35.65 71.30
63.43 50 35.55 71.10
63.43 50 35.70 71.40
104.76 50 34.30 68.67
104.76 50 34.15 68.34
104.76 50 34.25 69.03
145.33 50 32.35 64.67
145.33 50 32.55 65.12
145.33 50 32.65 65.31
197.23 50 30.20 60.45
197.23 50 30.05 60.13
197.23 50 30.30 60.58
232.43 50 28.20 56.43
232.43 50 28.40 56.78
232.43 50 28.30 56.57
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271.32 50 26.70 53.44
271.32 50 26.50 53.01
271.32 50 26.60 53.26
311.33 50 24.60 49.27
311.33 50 24.65 49.33
311.33 50 24.80 49.67

4. ANNTOUI UM

9 o 9 v 1A @
MINNMANUIN 7 ﬂ’JﬂJiE]H%WLWW%’ENQQ"UHM150-200 ﬁj@ﬂﬂiaﬂju

MC (% d.b)| W () | Wiy (@) | T, (O) | Ty CO| Thpasions (O) | Tryga (C) | C, (KI/kg'C)
35.67 40.01 | 70.02 | 652 | 27.5 28.4 42.2 0.327
35.67 39.99 | 70.01 | 650 | 272 28.3 42.1 0.305
94.00 39.98 | 70.02 | 653 | 28.1 28.8 41.9 0.599
93.42 39.99 | 69.99 | 65.1 27.8 28.6 41.8 0.548
165.34 | 40.01 | 70.00 | 652 | 27.8 28.3 41.3 0.731
16534 | 40.00 | 6998 | 649 | 27.6 28.6 41.2 0.796
256.78 | 40.02 | 69.99 | 652 | 28.0 28.4 40.7 1.091
256.78 | 39.98 | 70.01 | 648 | 27.7 28.3 40.4 1.125
33123 | 40.02 | 69.97 | 650 | 282 28.5 40.2 1.397
331.23 | 40.01 | 70.00 | 64.8 | 28.0 28.3 40.1 1.332

WminuAReIiiAes = 276.27 g, Cpj, (T=54.44-65.55°C) = 4.18 kl/kg'C, Cpy,,, (NBIUAI T=20

°C) = 0.3831 kl/kg'C, CP,nziinndsminoy = 0-9207 kl/kg
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1 g { 1 S o A a
M3MANYUIN 8 AANUFUVDIRIE oV IR IEaN1IZAN ) INUSNENgUTYIRDY

FJ ]
AU (% dry-basis) 1HoUN

ANNITMIOVUNA
0 1 2 3
ANULIA 150-200 fAden Tansu
IR 500 W 69.9°C, N 19.32+0.99™ | 23.41+0.57" | 24.53+0.32°" | 25.60+0.38""
IR 500 W 69.9°C, PP 19.32+0.99" | 25.05+1.14" | 26.00+0.79" | 27.59+0.48"
IR 500 W 80.8°C, N 19.22+0.40™ | 20.39+0.30" | 22.19+0.42°C | 24.71+0.51""
IR 500 W 80.8°C, PP 19.2240.40" | 22.60+0.36™ | 25.56+0.69° | 27.02+0.25"
IR 500 W 92.5°C, N 19.54+0.19" | 20.61+0.29" | 21.99+0.31°° | 23.53+0.64""

IR 500 W 92.5°C, PP

19.54+0.19™

21.32+0.32"

23.56+0.23"

25.54+0.47"

IR 1,000 W 69.5°C, N 20.34+0.04" | 22.16+0.17" | 24.40+0.31°° | 26.95+0.28""
IR 1,000 W 69.5°C, PP 20.34+0.04" | 26.91+0.48" | 29.66+0.33° | 31.34+0.21""
IR 1,000 W 79.5°C, N 19.97+0.21*" | 20.33+0.42™" | 21.57+0.30" | 24.56+0.48"
IR 1,000 W 79.5°C, PP 19.97+0.21*" | 22.66+0.39" | 26.82+0.42° | 28.81+0.23"
IR 1,000 W 89.1°C, N 20.11+0.05" | 20.95+0.18" | 23.00+0.23° | 24.46+0.26"
IR 1,000 W 89.1°C, PP 20.1140.05" | 22.17+0.09" | 24.68+0.38" | 27.39+0.22"
HA+IR 1,000 W 90.8°C (20 min), 71.7°C,N | 20.65+0.14" | 22.15+0.32"" | 24.42+0.23* | 26.01+0.26"

HA-+IR 1,000 W 90.8°C (20 min), 71.7°C, PP

20.65+0.14™

25.25+0.13"

27.38+0.29°

29.01+0.12""

HA+IR 1,000 W 90.6°C (25 min), 72.2°C, N

21.11+0.22™

22.11+0.38™

23.77+0.32°

25.62+0.32"

HA-+IR 1,000 W 90.6°C (25 min), 72.2°C, PP

21.11+0.22"

25.17+0.17"

26.98+0.30°

29.03+0.36"

AULIA 300-400 Fdpn Tansu

IR 1,000 W 79.3°C, N

16.70+1.45™

18.65+0.14"

19.91+0.14*

21.63+0.12"

IR 1,000 W 79.3°C, PP

16.70+1.45™

19.16+0.08™

21.45+0.12"

23.210.07"

HA-+IR 1,000 W 89.3°C (30 min), 69.8°C, N

16.91+0.80™"

18.17+0.07"

19.39+0.15*

20.8240.17%

HA+IR 1,000 W 89.3°C (30 min), 69.8°C, PP

16.91+0.80™

18.96+0.02"

21.090.06°

23.000.06"

A v I v A
HUYINE - a-b 1D luneduienuilanuue

T
v A

HOAAITULANVIANANAURENNTId AN

A o

AN U819

' '
%

sEAUANUIFONY 9

o v A o A o A
YANAYNITTAUANUIYDONU 95% , A-D D Tu

5% YDAAAZHN1IZNMITNAADY
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' ¢ and ¥y v 4 ) ! 4 o A
AT NNANUIN 9 ANIDINDILD NN IR (aw) GU'OQQQLLW\TVIE]‘ULLWQﬂ')flﬁ'ﬂ’l')gﬁ'l\i q NUINEIN

guNiiios
' I Aas A A
9 ANIDIADILUDNAIN IADUN
ANNTNMIDULHN
0 1 2 3

A9UIA 150-200 fden lansu
IR 500 W 69.9°C, N 0.601£0.01"* | 0.649+0.02" | 0.689+0.01°° | 0.718+0.01"
IR 500 W 69.9°C, PP 0.601+0.01"" | 0.693+0.02"° | 0.726+0.01°° | 0.768+0.01"
IR 500 W 80.8°C, N 0.586+0.01"* | 0.615£0.01"" | 0.63620.01°° | 0.690+0.01""
IR 500 W 80.8°C, PP 0.586+0.01"" | 0.652+0.01" | 0.698+0.01° | 0.789+0.02""
IR 500 W 92.5°C, N 0.542+0.01" | 0.582+0.01" | 0.604£0.01° | 0.688+0.01""
IR 500 W 92.5°C, PP 0.542+0.01"* | 0.628+0.01™ | 0.660+0.01° | 0.744+0.01"
IR 1,000 W 69.5°C, N 0.634+0.01"* | 0.659+0.01"" | 0.697+0.01°° | 0.716+0.01""
IR 1,000 W 69.5°C, PP 0.634+0.01"" | 0.736+0.02"° | 0.802+0.01°° | 0.865+0.02"
IR 1,000 W 79.5°C, N 0.575+0.01"* | 0.60620.02" | 0.644+0.02°° | 0.677+0.01"°
IR 1,000 W 79.5°C, PP 0.575+0.01"" | 0.655+0.01" | 0.752+0.02°° | 0.782+0.02™
IR 1,000 W 89.1°C, N 0.533+0.01"" | 0.582+0.01" | 0.606+0.01°° | 0.636+0.01""
IR 1,000 W 89.1°C, PP 0.533+0.01"* | 0.623+0.01™ | 0.672+0.01° | 0.717+0.01"
HA+IR 1,000 W 90.8°C (20 min), 71.7°C, N | 0.585+0.01"" | 0.658+0.02"" | 0.679+0.01°° | 0.704+0.01""
HA+IR 1,000 W 90.8°C (20 min), 71.7°C, PP | 0.533£0.01" | 0.779+0.02"" | 0.834+0.02°C | 0.874+0.01"
HA+IR 1,000 W 90.6°C (25 min), 72.2°C,N | 0.556+0.01" | 0.643+0.01”° | 0.659+0.01°° | 0.686+0.01""
HA+IR 1,000 W 90.6°C (25 min), 72.2°C, PP | 0.556+0.01*" | 0.769+0.02"" | 0.829+0.01°° | 0.864+0.02"

A9UUIA 300-400 FApN Tansw
IR 1,000 W 79.3°C, N 0.340+£0.01"* | 0.367+0.01" | 0.391£0.01°° | 0.423+0.01°
IR 1,000 W 79.3°C, PP 0.340+£0.01"* | 0.380+£0.01™ | 0.420£0.01° | 0.449+0.01"
HA+IR 1,000 W 89.3°C (30 min), 69.8°C, N | 0.333£0.01" | 0.358+0.01° | 0.387+0.01°° | 0.414%0.01""
HA+IR 1,000 W 89.3°C (30 min), 69.8°C, PP | 0.333£0.01" | 0.369+0.01"" | 0.411£0.01°" | 0.438+0.01"

]
o v A

Winemg : a-b e luaeduiiRerduinnuuanasiuediitiod Ay hszaunnudoiu 95%, A-D fe lu

HOARLINUNANNLANAINUBE N BE

@

YNITA
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@

ANUFOUU 95% VOILADLANIZNTNAADY
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= Y Y A Y 9 ' 3 o A Ay vy
MINNNANHIN 10 ﬂTﬁ"’llENQQLLWQVI@ULLWG@’JEJ?(E‘ITJ%@N 9 Lﬂﬂiﬂﬂ?ﬂqmﬁgi\lﬂ@ﬂ Gl“]ff]ﬂ

VA 150-200 AI9100 lansuy

ANITMI “Iff!ﬂi}ﬂ Nylon/LLDPE (N) Polypropylene (PP)
U | ifou L a b AE* L a b AE*
0 |54.48+0.37*"|32.53+0.32°°| 34.30+0.21° 0 54.4840.37" | 32.5320.32° | 34.30£0.21° 0
IR 500 W 1 |54.16+0.40™ | 32.78+0.50™ | 34.83+0.37° | 0.84+0.50"" | 56.33+0.24" | 30.55+0.37" | 34.38+0.67" | 2.80+0.26™
69.9°C 2 |54.61+0.42" | 32.33+0.24" | 34.46+0.44™ | 0.68+0.08"" | 58.22+0.15° | 29.04+0.13" | 30.25+0.23" | 6.53+0.12"
3 | 57.39£0.55" | 30.27+0.22"* | 33.600.17 | 3.76+0.55"% | 59.44+0.13"| 27.82+0.23"* | 29.83+0.10"* | 8.17+0.13°°
0 |52.44+031" | 34.33+0.25" | 35.67+0.18" 0 52.44+0.31*" | 34.33+0.25" | 35.67+0.18" 0
IR 500 W 1 [52.54+0.25" | 34.07+0.14™ | 35.71£0.22" | 0.52+0.22"" | 53.88+0.48" | 33.70+£0.32° | 34.94+0.33° | 1.840.44"
80.8°C 2 | 54.3620.28" | 33.55+0.46™ | 34.72+0.19™ | 2.38+0.12"% | 55.18+0.12°°| 31.94+0.21"" | 33.13+0.33"% | 4.3420.31"®
3 [55.28+0.21° [ 31.93+0.12™ | 33.1740.13" | 4.39+0.17°° | 57.10£0.17°"| 30.39+0.13** | 31.73+0.54"" | 7.20+0.24"
0 [50.56+0.32" |35.59+0.41" | 36.67+0.31"C 0 50.56+0.32" | 35.59+0.41"” | 36.67+0.31"" 0
IR 500 W 1 |51.39+0.42" | 35.17+0.23° | 36.83+0.16° | 0.96+0.44" | 52.56+0.36" | 34.2120.38° | 35.17+0.56" | 2.87+0.70™
92.5°C 2 |52.66+0.37° | 34.44+0.35™ | 35.89+0.27™ | 2.57+0.23"" | 54.02+0.23° | 32.51+0.21"" | 33.94+0.34"" | 5.39+0.12"
3153784037 | 32.95+0.21™ | 34.43+0.26™ | 4.75+0.29° | 55.27+0.15"°| 31.16+0.24™* | 32.17+0.21*" | 7.88+0.22"
0 |49.23+0.19" | 41.24+0.20° | 46.24+0.21°° 0 49.23+0.19" | 41.24+0.20™ | 46.24+0.21° 0
IR1,000W | 1 |[50.77+0.48" | 41.00+0.10™ | 45.67+0.40° | 1.73+0.34""| 52.66+0.39" | 39.36+0.43"" | 45.33+0.38"" | 4.02+0.59"*
69.5°C 2 [52.7140.19° | 40.04+0.19™ | 43.27+0.16™ | 4.73+0.24" | 54.03+0.18° | 37.54+0.39" | 42.330.13" | 7.22+0.31"
3 |54.16£0.20" | 38.5540.46™ | 41.61+0.43" | 7.30+0.23"° | 56.16+0.24" | 35.96+0.14** | 41.09+0.82** | 10.140.52"
0 |48.36+0.26™ |38.08+0.22*"%| 47.30+0.32°° 0 48.36+0.26" | 38.08+0.22"" | 47.30+0.32"" 0
IR1,000W | 1 |49.31+0.28"39.00+0.14™ | 45.32+0.36™ | 2.97+0.57"*| 50.38+0.21" | 36.48+0.17° | 43.67+0.39° | 4.46+0.29**
79.5°C 2 [50.7240.43% | 36.73+0.43™ | 43.44+0.59™ | 4.73+0.81"" | 52.49+0.30° | 34.11+£0.08" | 41.67+0.48" | 8.05+0.21"
3 [52.62+0.42" | 36.26+0.32™ | 41.93+0.44™ | 7.09+0.65' | 54.83+0.34""| 32.89+0.19" | 39.50+0.24"" | 11.39+0.29"
0 |42.41+030™ | 38.47+0.25" | 47.60+0.20" 0 42.41+0.30"" | 38.47+0.25" | 47.60+0.20™ 0
IR1,00W | 1 |43.8120.18" | 38.16+0.12° | 45.28+0.44™ | 2.73+0.45"" | 45.84+0.20" | 37.40+0.30°° | 43.49+0.42° | 5.47+0.25™
89.1°C 2 | 45.0040.14% | 37.20+£0.25™ | 43.67+0.48™ | 4.89+0.40" | 47.77+0.49° | 35.54+0.19" | 41.81+0.40"" | 8.44+0.08"
3 47.27+0.34™ | 35.50+0.41™ | 41.89+0.71"" | 8.10+0.48" | 50.70+0.54""| 33.18+0.41*" | 37.98+0.20"* | 13.77+0.39°°
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' A v Y A Y v 1 3 o A Ay Y
MINTNMANUIN 10 (G]E]) ﬂ'l’ﬁell’ENQQLLWQW@ULLWQ@’JS’L’(J‘ITJ%@N 9 !ﬂ“lJﬁﬂ‘leH‘V]QiLlWQﬂJﬂﬂ\i bl"]f

A9UUIA 150-200 Adon Tan5y

aN1ILMT “Bﬁﬂq& Nylon/LLDPE (N) Polypropylene (PP)
pUMRY | iflou L a b AE L a b AE*
HA+IR 0 [46.29+0.11" | 43.65+0.12" | 47.44+0.52" 0 46.29+0.11°* | 43.65+0.12"" | 47.4420.52°" 0
1,000 W 1 |47.6240.42" | 42.58+0.43% | 46.73+0.31" | 1.92+0.41*" | 49.00+0.07"" | 41.68+0.25" | 44.28+0.88" | 4.67+0.49™
90.8°C (20 | 2 |48.84+0.13° | 40.43+0.26™ | 44.79+0.31" | 4.9120.13" | 50.72+0.53" | 39.25+0.35" | 41.62+0.43" | 8.5720.17"
min),71.7°C| 3 [50.06£0.23" | 38.84:0.25" | 40.45+0.81"" [9.29:0.08° | 52.73+0.55"°| 37.21+0.35" | 38.95£0.30"" | 12.47+0.28"
HA+IR 0 |48.68+0.18" | 44.79+0.14" | 48.33+0.25" 0 48.68+0.18™ | 44.79+0.14" | 48.330.25" 0
1,000 W 1 |49.62+0.43" | 43.05+0.09™ | 46.32+0.47" | 2.85+0.51" | 51.17+0.09"" | 41.33+0.34° | 44.16+0.20™ | 5.96+0.30™
90.6°C (25 | 2 |50.54+035" | 41.2940.29™ | 44.48+0.54" | 5.56:0.31" | 52.71+0.31°C| 39.26+0.31" | 41.77£0.60°° | 9.50+0.18"
min),72.2°C| 3 | 51.45:0.35™ | 39.36:20.30" | 41.74+0.66™" | 8.98+0.75" | 53.71+0.42°"| 37.38+0.23" | 39.41£0.39" | 12.65+0.41*
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MIWNNANHIN 11 ﬂWﬁ"UfNQQ!L“YNV]?J‘ULL“I/NWJEI?(I‘ITJ%GIN QNUINHINYUNHUTID Gl“IffN

V119 300-400 HI900 lanTy

7a1ems pHaga Nylon/LLDPE (N) Polypropylene (PP)
PULKY | 1fou L a b AE* L a b AE*
0 |50.28+0.09" |37.550.16"" | 44.21+0.10™ 0 50.28+0.09"* | 37.55+0.16" | 44.21£0.10™ 0
IR1,000W | 1 |51.17¢0.21" | 36.7420.31° | 44.97£0.11°® | 1.43£0.34"* | 51.67+0.19" | 36.22+0.10°° | 44.68+0.17" | 1.99+0.18**
79.3°C 2 [52.02£0.25 | 35.93+0.43% | 45.60+0.26" | 2.77+0.49" | 52.66+0.18" | 34.74+0.11°° | 46.19+0.36° | 4.19+0.22"
3 |53.16£0.34" | 34.73+0.40™ | 46.55+0.29"" | 4.67+0.46" | 54.07£0.20° | 33.13+0.35" | 47.33+0.60"™ | 6.62+0.61"
0 |51.34£0.12**|36.21+0.07" | 42.26+0.08** 0 51.3440.12"*|36.2120.07" | 42.26£0.08™* 0
HA+IR 1,000 B bC B A bB C B bA
o 1 |51.91+0.12" | 35.77+0.16 " | 42.95+0.17" | 1.00+0.22"" | 52.35+0.13" | 35.31+0.17" | 42.50+0.11"" | 1.38+0.16
W 89.3°C (3 - - -
J605° 2| 5239+0.13" | 34.56+0.25™ | 43.69+0.19" | 2.43+0.22" | 53.32+0.17" | 33.90+0.14"" | 44.02+0.15" | 3.52+0.10"
min),69.8 " C
3 [53.39+0.37" [ 33.39+0.14"* | 44.7320.12"" | 4.28+0.18" | 55.04+0.19°" | 32.41£0.20"" | 45.47+0.31°° | 6.220.11™
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o a 7 o Y Y A Y 9 1 3 o {
MINNANUIN 12 %11&’31!1]&1!‘1/]?fJ‘VN'Hllﬂ‘U?Nf]\‘ILL“HQﬁﬂﬂ!tﬁﬂﬂ’)&lﬁﬂYJ%@N 9 Lﬂ’]JiﬂH1ﬁ
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o a =4 :JI =1 (% A d‘
) Tvgaunsdiarue (Ialaii/nsy) weun

ANITNITDULINN

0 1 2 3

A9UUIA 150-200 Aaden Tansy
IR 500 W 69.9°C, N 7.33x10" | 8.05x10" | 9.03x10" | 2.60x10’
IR 500 W 69.9°C, PP 733x10" | 8.48x10" | 1.37x10° | 4.40x10°
IR 500 W 80.8°C, N 5.93x10" | 6.43x10° | 7.90x10" | 2.27x10°
IR 500 W 80.8°C, PP 5.93x10" | 7.12x10" | 1.11x10° | 7.62x10°
IR 500 W 92.5°C, N 2.31x10° | 4.34x10" | 9.03x10" | 5.32x10°
IR 500 W 92.5°C, PP 2.31x10" | 4.48x10° | 1.22x10° | 8.82x10°
IR 1,000 W 69.5°C, N 527x10" | 6.52x10" | 7.45x10" | 1.80x10°
IR 1,000 W 69.5°C, PP 527x10" | 8.78x10" | 3.43x10° | 5.40x10°
IR 1,000 W 79.5°C, N 1.42x10" | 2.49x10* | 3.32x10" | 1.27x10°
IR 1,000 W 79.5°C, PP 1.42x10" | 6.5010"° | 2.24x10° | 5.23x10°
IR 1,000 W 89.1°C, N 8.90x10° | 1.07x10" | 1.37x10" | 1.18x10°
IR 1,000 W 89.1°C, PP 8.90x10° | 5.53x10" | 1.33x10° | 4.48x10°
HA+IR 1,000 W 90.8°C (20 min), 71.7°C, N | 4.73x10" | 5.37x10" | 6.45x10" | 9.53x10"
HA-+IR 1,000 W 90.8°C (20 min), 71.7°C, PP | 4.73x10" | 7.50x10" | 8.72x10" | 3.28x10
HA+IR 1,000 W 90.6°C (25 min), 72.2°C, N | 3.57x10" | 4.37x10" | 5.60x10" | 8.60x10"
HA+IR 1,000 W 90.6°C (25 min), 72.2°C, PP | 3.57x10" | 6.63x10" | 7.45x10" | 1.32x10’

A9ULIA 300-400 AIADN Tan5y
IR 1,000 W 79.3°C, N 3.13x10° | 9.68x10° | 1.43x10" | 4.15x10
IR 1,000 W 79.3°C, PP 3.13x10° | 1.38x10" | 3.55x10" | 7.32x10"
HA-+IR 1,000 W 89.3°C (30 min), 69.8°C, N | 3.57x10° | 8.62x10° | 1.25x10" | 3.78x10’
HA-+IR 1,000 W 89.3°C (30 min), 69.8°C, PP | 3.57x10° | 1.06x10° | 3.40x10" | 6.77x10"
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o a2 Y Y A Yy 9 ' 3 o A
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gunYiiios
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ANEMIDUUNA
0 1 2 3

A9ULIA 150-200 Aaden Tansy
IR 500 W 69.9°C, N 45 95 326 641
IR 500 W 69.9°C, PP 45 346 531 735
IR 500 W 80.8°C, N 41 90 159 600
IR 500 W 80.8°C, PP 41 316 578 758
IR 500 W 92.5°C, N 36 82 145 535
IR 500 W 92.5°C, PP 36 254 525 676
IR 1,000 W 69.5°C, N 45 87 318 626
IR 1,000 W 69.5°C, PP 45 140 528 728
IR 1,000 W 79.5°C, N 52 124 236 638
IR 1,000 W 79.5°C, PP 52 338 551 771
IR 1,000 W 89.1°C, N 48 108 230 575
IR 1,000 W 89.1°C, PP 48 279 541 713
HA+IR 1,000 W 90.8°C (20 min), 71.7°C, N 32 67 133 331
HA+IR 1,000 W 90.8°C (20 min), 71.7°C, PP | 32 191 550 690
HA+IR 1,000 W 90.6°C (25 min), 72.2°C, N 30 59 157 403
HA+IR 1,000 W 90.6°C (25 min), 72.2°C,PP | 30 214 516 668
ANUUIA 300-400 AIADN Tansu
IR 1,000 W 79.3°C, N 52 98 165 275
IR 1,000 W 79.3°C, PP 52 126 252 397
HA+IR 1,000 W 89.3°C (30 min), 69.8°C, N 30 88 150 222
HA+IR 1,000 W 89.3°C (30 min), 69.8°C, PP 30 106 237 380
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' £ vy v A v v ) Ve w A ¢ d o
ﬂ']ﬂ'J']iJG]fu"Uf]QQ\un’iQﬂﬂﬂllﬁ\iﬂ'\]ﬂauﬁﬂuﬁ?uﬂuwaﬁ\j']ullﬁ\?ﬂ’]ﬂﬁﬂ NUINHI

mméﬁu (% dry-basis)
%11A94| Nylon/LLDPE | Nylon/LLDPE | Nylon/AVLLDPE |Nylon/AVLLDPE | Polypropylene
Hou @na) (g Inf) (na) (YR INIA) (na)
0 | 18.53+0.04" | 18.53+0.04™" 18.53+0.04" | 18.53+0.04" | 18.53+0.04""
1| 19.4240.29™ | 19.00£0.16" | 19.16+0.07"" 18.97+0.06™ | 19.78+0.19”
2| 21124046 | 18.99£0.13" | 19.7240.25™ 19.00+0.21"° | 21.24+0.16°
3| 21.88+0.107 | 19.32+0.03° | 20.80+0.13" 19.2240.06 | 23.79+0.24"”
4 | 23.10£0.17" | 20.0840.07" | 21.90+0.05" 19.94+0.02" | 25.03+0.07"
5 | 25.59+0.26" | 22.9040.27" | 24.77+0.21" 22.72+0.13" -
6 - 25.31+0.06" - 24.97+0.07" -
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MAMIWNNANUIN 15 ANIDIADITLUDNAIN (aw) EIJ'E]\'1f;l\ulfﬁQVI'E]‘]JLL‘W\1ﬂ’JfJaNj@ui')uﬂuwa\‘]\ﬂuuﬁ\inglﬁﬂ [$351]

o Ad o Ay vy v 1 a o
INHINUNUINYIYUNHUTID Glblff]\islliﬂﬂ 300-400 Gl’mﬂﬂiﬁﬂﬁll

feIMDTUeNATA
Gb’ﬁﬂ’q\‘] Nylot/LLDPE | Nylon/LLDPE | Nylon/AI/LLDPE | Nylon/AV/LLDPE | Polypropylene
hou (na) (Y INA) (na) (g Inf) (na)

0 | 0.324+0.01" | 0.324+0.01" | 0.324+0.01" 0.324+0.01" | 0.324+0.01""
1 | 0.351£0.01" | 0.337£0.01" | 0.339+0.01" 0.330£0.01° | 0.373+0.01"
2 | 0.35940.01° | 0.343+0.01" | 0.346+0.01 0.336£0.01° | 0.392+0.01°
3| 0.38840.01° | 0.361£0.01" | 0.364+0.01" | 0.347+0.01° | 0.403+0.01
4 | 0.421+0.01" | 0.380£0.01" | 0.391+0.01° 0.35940.01" | 0.461+0.01
5 | 0.485+0.01" | 0.432+£0.01" | 0.467£0.01° 0.418+0.01" -
6 - 0.490+0.01" - 0.470+0.01° -
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A Y Y A Y v ] ' 9 o a ¢ d o A
MINNMANUIN 16 ﬂ'l’ﬁell@\‘lf]\ulﬂ\‘lﬂﬁlﬂ!l,ﬂ\?ﬂ'JﬂaiJi'ﬂ“L!i')llﬂ‘]JWﬁ\i\TlH!Lﬁ\TE]TVW]fJ NUINEIN

gauriniivos 1Heuua 300-400 Aaen Tansu

Vo ¥l Nylon/LLDPE | Nylon/LLDPE | Nylon/AVLLDPE | Nylon/AI/LLDPE | Polypropylene
ma wou|  (Und) (Y INIA) (na) (Y INIA) @na)
0 | 52.4240.19" | 52.4240.19" | 52.42+0.19"* 52.42+0.19"" | 52.42+0.19"
1 | 54.06£0.38°" | 53.5140.50" | 52.50+0.36" 52.5540.45" | 54.58+0.24"
2 | 55.02£0.37° | 54.17+0.35°C | 53.48+0.37" 53.6540.68" | 55.77+0.26"
L* | 3 |554940.42" | 54.7440.51" | 54.66+0.18" | 54.86+0.69"C |56.60+0.19°
4 | 56.37+0.17" | 56.04+0.57" | 55.66£0.08" | 55.78+0.44"" |57.91+0.10"
5 | 57.96£0.27" | 57.3120.09" | 56.57+0.17" 56.87+0.12" -
6 - 58.37+0.15" : 57.47+0.13" -
0 | 32.49+0.29" | 32.4940.29" | 32.49+0.29" 32.49+0.29" | 32.49+0.29"
1| 30.66£0.33" | 30.88+0.15™ | 31.16£0.12°" | 31.35+0.35" |29.24+0.54"
2 | 28.0540.49™ | 29.01+0.28 | 30.14+0.21" 30.6340.48" | 26.67+0.31°
a* | 3 | 2644036 | 27.9940.46" | 29.30+0.20 29.62+0.30 | 25.68+0.09""
4 | 25.02+0.38" | 26.85+0.30° | 28.49+0.15" 28.8940.34° | 24.28+0.10"
5 | 23.64+0.16" | 25.5540.34" | 27.35+0.14 28.27+0.18" -
6 : 24.62+0.11% : 27.80+0.21"" -
0 | 33.49+027" | 33.49+0.27"" | 33.49+0.27" 33.49+0.27" | 33.49+0.27"
1 | 34.81£0.24° | 34.994025% | 34.15+0.34" 33.85+0.18" | 34.94+0.40"
2 | 37.2040.47° | 35.77+0.14° | 34.85+0.47°C 35.2040.13 | 36.86+0.26"
b* | 3 | 37.98+0.64" | 36.35+0.32" | 35.70+0.23" 36.4040.26" | 37.26+0.87°C
4 | 40.05£0.10" | 37.54+0.15% | 36.40+0.15" 36.90+0.10" | 38.69+0.15"
5 | 41.4640.20" | 38.81£0.20" | 37.47+0.08" 38.06+0.22"" -
6 - 39.49+0.11% - 38.59+0.29" -
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' A v Y A Yy v Y} ' o o A ¢ g
MINNANUIN 16 (G]E]) ﬂ'lﬁGUENQQLH’TQ‘VI’E]‘]JLL‘HQWJ‘(’JmJi@ui’JJJﬂ“lJWﬁ\‘lﬂuLl,ﬁ'\‘IEﬂ‘l/W]EJ 1Ny

[ A a 9 yy v 1A o
INHINYUNYUITON GL“Iff]\‘]“]JLﬂﬂ 300-400 Glﬁﬁﬂﬂiﬁﬂill

¥ila Nylon/LLDPE | Nylon/LLDPE | Nylon/AI/LLDPE | Nylon/AI/LLDPE | Polypropylene

i ” R - -
Aou (1néd) (YR INIA) 1néd) (YR INIA) 1nd)
0 0 0 0 0 0
1| 2.83+0.17 | 2.49+0.30™ 1.54+0.23" 1.30£0.30" | 4.16+0.65"
2 | 6342074 | 4.53+£0.18" 2.96+0.19" 2.87+0.55" | 7.5120.43"
AE*| 3 | 813x0.77° | 5.85+0.24° 4.49+0.09° 4.80£0.37° | 8.87+0.34°

D

4 | 10.70£0.28" | 7.85+0.15" 5.90+0.07" 5994043 | 11.16x0.12"

5 | 13.1440.14" | 10.02+0.18" |  7.71+0.07"" 7.64+0.06" -

6 - 11.5420.08" - 8.58+0.12" -
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AN NNNIANUIN 17 ﬂ”lﬁ@ﬂag’lﬂTﬁﬂu@jmi’)QQQLLW\11/]'E]‘]JLLWQﬂ')ﬂﬁlli'ﬂui:]llﬂllWﬁQQTu

a J a3 [ A a 9 9 9 v 1A I
HENDINAY INUINHINYUNHNYID 1¥n9u119 300-400 daaen lansu

U q

AMITAUA (%)

“]fﬁm).\i Nylon/LLDPE | Nylon/LLDPE | Nylon/AI/LLDPE | Nylon/AVLLDPE | Polypropylene

nou nd) (yIMA) (1né) (Y INA) 1nd)
0 12.5740.15" | 12.57+0.15" 12.57+0.15" 12.57+0.15" 12.57+0.15"
1 | 10.36£0.08"™ | 10.67+0.15™ 10.58+0.13" 10.44+0.39" 9.76+0.17"
2 9.23£0.16"" | 9.55+0.21" 9.4240.16" 9.52+0.39" 8.81+0.12°
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Abstract

The objective of this research was fo investigate effect of
thermo-physical parameters on  shrimp during drying (an
equilibrium moisture content, apparent density, percentage of void
fraction, specific heat capacity and effective diffusion coefficient).
For determining the equilibrium moisture content (EMC) equation,
the experimental data were determined and formulated in five
different EMC models by non-linear regression analysis. The best
fitting equation was comparative determined by determination of
two error values as follows the coefficient of determination (Rg)
and the root mean square error (RMSE). The results showed that
simulated results using the Henderson equation (1952) had a
good relationship to the experimental result. For evaluation the
thermo-physical parameters, the results found that apparent
density and specific heat capacity were function of moisture
content. Consequently, the percentage of void fraction of shrimp
has inverse relation to moisture content. However an empirical

model is the best model to describe the drying phenomenon.

Keywords: Equilibriurn Moisture Content, Drying kinetic, Shrimp,
Thin-layer drying

1. Introduction

Drying is one of the oldest and most important food
processing operations. The purposes of drying are mainly to
extend the shelf life and maintain the high quality of product. The
moisture reduction mechanism involves heat and mass transfer
incidence between the product and air surrounding.

Dried shrimp is an important fishery product both for domestic
consumption and export of Thailand. Its price depends on quality
of dried shrimp for examples: dryness, color and size [11, 17].
Normally, process for dry shrimp production can be divided to 3
stages. The first stage is a boiling of shrimp in salt solution 2-3%
(wiv) a few minute for micro-organisms control. The second stage
is natural drying for 3-6 h by solar radiation, depending on solar

intensity and the final stage is packaging, respectively. The main

process of three stages is the drying process that reduces
moisture content for safe storage and maintains quality of dried
shrimp. There are many types of dryer that used in shrimp drying
for example jet spout bed dryer [11], fluidized dryer [17], etc. The
suitable management of boiled shrimp is necessary. This is
because it has high moisture content and it is easy fo
deterioration. Thus understanding the drying process and
mathematical model for prediction moisture transfer of shrimp
should be considered, especially on thermo-physical parameters.
Thus the main objectives of this study were to determine the
equilibriun  moisture content, drying rate and the physical

parameter affecting to shrimp.

2. Experimental set-up
2.1 Materials

The material tested in the present study was white shrimp of
the genus Penaeus spp. Raw shrimp was washed and boiled in
3% (wiv) of salt water for 3 min in order to deactivate
microorganisms before drying. The initial moisture content of
samples was in range of 300-400 % dry-basis and final moisture

content was about 30% dry-basis.

2.2 Methods

The physical properties of the bolled shrimps were
determined in terms of equilibrium moisture content, bulk density,
percentages of void fraction and specific heat capacity as listed

below:

(a) Equilibrium moisture content (EMC)

For determining equilibium moisture content, the five
saturated salt solutions for achieving an equilibrium moisture
content stage used in this experiments as follows:- KNOs, NaCl,
Ma(NO;)*6H,0, MgCl*6H,0 and LICl. These saturated salt
solutions provide water activity of 0.10-0.90 [1, 5] and then they
were put in the airtight vials. To avoid disruption the results from

direct contact of the solutions, the boiled shrimp samples were



put in small stainless steel mesh basket which hold samples
above the salt solution. The vials was placed into incubator at
controlled temperatures of 40-65°C to obtain final dry weight.
The surrounding temperature and ambient air temperature were
measured by K-typed thermocouple connected to a data logger.
After a few weeks, the sample was in the equilibrial state with
ambient air surrounding, then the sample was taken off the vials
and take fo determine moisture content following the
standardized AOAC method [2]. Equilibrium state was
acknowledged when three consecutive weight measurements
showing a difference lower than 0.001 g. The sample was taken
by means of friplicate measurements. Finally, the four isotherm
models for predicting EMC equation were chosen fto fit the
experimental data, surrounding temperature (T) and water activity
(a,) such as the modified Chung-Pfost [4], modified Henderson
[13], modified Halsey [7] and Oswin [3] equations which were

listed as below

Modified Chung and Pfost (1967) model

- 1
'In a, /g (1)
M=l

- '%{T

Modified Henderson (1952) model
(12, ) /8 )
M, =l %

'“- | -AT

Modified Halsey (1948) model!
Tlas ]}é ?)
W

M, =In
2

Modified Oswin (1946) model

la 77 @)
Where T, is absolute temperature in Kelvin; Mg, is an mean
equilibrium moisture content, decimal (d.b.); M, is moisture
content of molecular layer; a,, is water activity in decimal; A, B
and C are arbitrary coefficients; T is drying temperature (GC)

The constant values in these models were determined by
the non-linear regression analysis from the experimental data.
The coefficient of determination (Rz) and root mean square error
(RMSE) values were used as the primary criterion for selecting
the best equation to describe the experimental data. The latter

parametar was formulated as follows:
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Where M,

and M, ., are the equilibrium moisture content for the

iexp =

im sample with subscripts exp and est denote an experimental

and predicted value in decimal (dry-basis), respectively.

(b) Apparent density (P)

The apparent density is the ratio of the mass sample of the
shrimp to its fofal volume. For determining an apparent density,
the mass of samples were welighted by an electronic balance with
an accuracy of +0.01 g and volume was measured using a
volumetric flask. Then the apparent density was calculated by
dividing mass by volume of samples. The moisture content of

shrimp was varied between 30 and 310% dry-basis.

(c) Percentage of void fraction (€)

The true density is the ratio of mass of the sample to its
volume. The porosity of shrimp is the fraction of the space in the
bulk shrimp. The paorosity was calculated by using the following
relationship [15]:

e= Vo x 100 (6)

Where € = percentage of void fraction, %

' ) 3
v_,. v, = oil and container of volume, m

(d) Specific heat capacity (cp)

The specific heat capacity of the sample was determined
using a colorimeter at moisture contents of 40-350% dry-basis.
The equilibrium temperature was recorded by data logger and the

specific heat of sample was calculated as follows [16]:

[me, (T,T,)m,e, (T T,)] )
E my, [T T, }

&q

Where G, = the spacific heat (k./kg®C)
m = the mass (kg)
T = temperature (°C)
And subscripts ¢, w, p, i, eq mean calorimeter, water, sample,

initial, equilibrium, respectively.

(e) Drying equation and diffusion coefficient
To study the drying kinetic of boiled shrimp, the sample with

initial moisture content of 300-350% dry-basis was thin-layer dried



by drying air temperatures ranging from 60 to 90°C at intervals
of 10°C and inlet air flow rate of 0.5 m/s. Fig. 1 shows the
schematic diagram of a thindayer dryer which comprises of a
drying chamber with dimension of 0.2 m in diameter and 0.80 m
in height, a 1.2x2 kW electrical heater and & backward curved-
blade centrifugal fan driven by a 1.5 kW motor. The inlet drying
air temperature was controlled by a PID contraller with an
accuracy of t1GC‘

Drying chamboer § 0.20 m

Electric heater 1.2 kW x 2

Blower 1.0 hp Bypass duct

Fig. 1 lllustrative of thin-layer drying system

The sample was weighted during drying time. Drying curves
were fitted to the experimental data using empirical and semi-

theoretical model.

Empirical model

Empirical models were developad using non-linear
regression. The four models [6, 9, 12, 14] which were listed as
follows:
Newton (1985)

MR = exp(-kt) (8)
Page (1949)

MR = exp(-kt") (9)
Logarithmic

MR = A exp(-kt)+B (10)
Handerson

MR = A axp(-kt) (11)

Where: MR is predicted value of moisture ratio at the ith drying
time, dimensionless and is defined as (Mi-Mgg)/(M;-Mzq) where M,
M, and M., are an predicted, initial and equilibriurm moisture
content, respectively, decimal (dry-basis); A, B, k and n are

arbitrary coefficients; t is drying time in s
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Semi-theoretical model.

It is assumed that moisture is transferred by liquid diffusion
and the shrinkage of material is negligible during drying. The
general solution of diffusion model for sphere shape and finite
cylinder are written as follow:

Sphere shape
1 22’ (12)
—p m
2w )
P
Where t is drying time in sec
I, is the radius of dried shrimp (0.0735 m)
The effective diffusion coefficient is described by the
Arrhenius type equation as follows:
-E (13)
— a
Dy = Doexp( RT,, )
Where D, s the Arrhenius factor
R s universal gas constant 8.314 kJ/kmol-K
Tape is absolute temperature in Kelvin

E. is the activated energy in kJ/kmaol.

3. RESULTS AND DISCUSSION
3.1 Equilibrium meisture content

Fig. 2 illustrates the relationship between the equilibrium
moisture content and water activity of boiled shrimp samples at
surrounding temperature of 50°C. The result showed that an
equilibrium moisture content increased when the water activity
increase. The EMC equations were used for determining EMC of
shrimp and it showed that EMC equation was a function of water
activity and absolute temperature. Consequently, the Oswin's
equation has good relation to the experimental values (FE2 =
0.965), comresponding to its low sum of square error and the

lowest RMSE value compared to the others.

¥  Experiment
15 = = = Chung and Pfost

WA === Henderson
= Halsey
Oswin

EMC (% dry-hasis)

0.00 020 040 0.60 0.80 1.00)

water activity (decimal)

Fig. 2 Comparison of the equilibrium moisture content of shrimp

among water activity.



Chung and Pfost (1967) model

[tna i 14
M, =In W 1 (14)
= |-A/ -B
L /RT
7031974 B = 8724738
R° = 0956 RMSE =  0.0321

Henderson (1952) model

_ln{l—a“ ' %;

(15)
M, =
|7 AT
L
A = 0022487 B = 1.22631
R° = 0967 RMSE =  0.0239
kgfm3
Halsey (1848) model
1
Ina_ s (16)
My = | —F—
_%T
= 1441636 B = -1.2533
R = 0971 RMSE =  0.0354
Madified Oswin (1946) model
(7)
M,
= 0.140154 B = 0.540319
R° = 0965 RMSE =  0.0217

where T is absolute temperature in Kelvin

3.2 Apparent density (D)

The results showed that the apparent density of the dried
boiled shrimp linearly related to the moisture content increased
from 23 to 311.3% dry-basis. The equation can be expressed by
the following equation:

Moisture contents of 23-311% dry-basis
D = 0.2269+0.0002M-3x10"M* (18)
where M is moisture content, %dry-basis

with values for R2 and RMSE of 0.977 and 0.006, respectively.
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Fig. 3 Relationship between apparent density and moisture

content of shrimp.

3.3 Percentage of void fraction (€)

The porosity of the dried shrimp was observed to decrease
linearly from 84 to 50% as the moisture content increased from
23 to 311.3% dry-basis.

50
80
70
=2 60
.50 .
z ¢ Experimen
7 40
= t
S0
o
20 Model
10
0
] s 100 150 200 250 300 354
Moisture content (% dry-basis)

Fig. 4 Relationship between porosity and moisture content of

shrimp.

The relationship can be expressed by the following equation:

Moisture content of 23-311% dry-basis

€ = 86.411-0.1149M (19)
where M is moisture content, %dry-basis

with values for R2 and RMSE of 0.998 and 0.422, respectively.

3.4 Specific heat capacity {cp}

The results showed that the specific heat in kJ/kg K of dried
shrimp increased with increasing of molsture content. The
equation show the relationship between specific heat and the
moisture content are as follow:

Moisture content of 23-311% dry-basis
Cp = 1.0879+0.0086M-0.000006M (20)

where M is moisture content, %dry-basis



with values for Rz and RMSE of 0.992 and 0.077, respectively.

Specific heat (k)/kg °C)
=

13 & Experiment

10

05 —Model

00+ T T T 1
0 100 200 300 400}

Moisture content (% dry-basis)

Fig. 5 Relationship between specific heat and moisture content of

shrimp.

3.5 Thin-layer drying and mathematical model

The moisture ratio and drying time of thin-layer drying for
three temperatures 60.4, 72.9, 82.7 and 93.0°C were shown in
Fig. 6.

Lol X 60.4°C
08 4 O 72.9°C
=) AR27°C
LY )
; 0s2.6°C
ERYS
2 %
z 0l -]
= 02 ] a g 5 g 6
00 8 -
0 1 2 3 4 5
Drying Time (h)

Fig. 6 Influence of air drying temperature on the moisture ratio of

shrimp drying.

The result showed that a moisture ratio decreased with time
and increased with drying temperature. The experimental data of

the moisture ratio were fitted to models there are shown in Fig. 7.

Lo 4  Experimental
e 08 = = m Nodel (Page)
B .
5 0.6 Model (Sphere)
2
Z 04
[=3
=

02

0.0 4 T T T T d

0 1 2 3 4 3
Drying Time (h)

Fig. 7 Comparison of the moisture ratio of shrimp at temperature

72.9°C fitted by sami-theoretical and empirical models.
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The fitting of the moisture ratio was found to be exponential
form and has function of the temperatures there are shown as

follow

Page (1949)

MR = axp(-kt") (1)
Where k = 0.00003T - 0.0035T + 0.1237 R’ =0.999

n = 0.00003T - 0.0077T + 1.1742 R’=0.999
Newton (1985)
MR = exp(kit) (22)
Where k, = 0.00001T> - 0.0015T + 0.0597 R’ =0.098
Logarithmic
MR = A exp(-kit)+B (23)
Where A = 0.00007T - 0.0121T + 1.3758 R’ = 0.984

ks = -0.000005T + 0.002T - 0.0494 R’ = 0.994

B = 0.00002T - 0.0022T + 0.0834 R’=0.993
Handerson
MR = A exp(-ki) (24)
Where A = 0.00006T - 0.0105T + 1.3283 R = 0.965

k = 0.00001T" - 0.0016T + 0.0622 R’=0.006

where T is absolute temperature in Kelvin

It was found that empirical Page models were good fit model
to describe the moisture ratio with drying time of shrimp that gives
the lowest RMSE and the highest R,

The effective moisture diffusivity, Der of dried shrimp
increased from 2.082x10°, 2.322x10°, 2.808x10° and 3.876x10°
m 25'1 as drying air temperature increased from 60.4, 72.9, 82.7
and 92.6°C. The result of Arrhenius equation there the diffusivity
constant (Do) and the activation energy (E) were calculated as
4.618x10° mfs and 21676.99 klkmol, respectively, having a
correlation coefficient of R = 0.956 and RMSE = 0.0603.



45 .
. A Experiment
- A
2 as Model
E 3
& oa2s a
— —
w 2 A
BNt
£
'z
= 0§
= 0
- 50 60 70 30 90 100
Drying temperature (°C)

Fig. 8 Relationship between the effective diffusion coefficient and

drying temperature of shrimp

4. CONCLUSION

The result showed that an equilibrium moisture content
decreased with temperature and increased with relative humidity.
The best fitted model representing equilibrium moisture content
of shrimp was the Oswin model. The apparent density and
specific heat of the dried shrimp increased linearly as the
moisture content increased. The porosity of the dried shrimp
decreased linearly as the moisture content increased. The
moisture ratio decreased with time and increased with drying
temperature. The Page model was the best fit model to describe

the moisture ratio of shrimp.

5. ACKNOWLEDGEMENTS

The authors would like to thank the Department of Chermical
Engineering, Faculty of Engineering, Department of Physics,
Faculty of Science and Graduate School Prince of Songkla
University, Thailand for financial support and testing quality of

dries shrimp.

6. REFERENCES

[1] A. Jamali, M. Kouhila, L. Ait Mohamed, A. ldlimam and A.
Lamharrar, “Moisture adsorption-desorption isotherms of
Citrus reticulate leaves at three temperatures”, Journal of
Food Engineering, 2006, Val. 77, pp. 71-78.

[2] AOAC. Officlal Method of Analysis. 16" ed., Arlington,
Verginia. USA: The Association of Official Analytical
Chemists, Inc., 1995

[3] C.R. Oswin, “The kinetics of package life.lll. Isotherm”, 1946,
Journal of the Society of Chemical Industy, Vol. 65, pp. 419-
421,

[4] D.S. Chung and H.B. Pfost, “Adsorption and Desarption of
Water Vapor by Cereal Grain and Their Products”,
Transaction of ASAE, 1967, Vol. 10, pp. 549-557.

152

= o o . " o
ngtlss 'QM’J'I]’NTTELF“I'EG’H’WU WEIIT H-LL'VNIJ‘E::LH?IINJQTJ n5

29 g - 1 WOeMay 2552 4nINgNau TS ﬁunﬂaﬂ

[5] D.8. Cordeiro, G.S.\V. Raghavan and W.P. Oliveira,
“Equilibrium moisture content Models for Maytenus ilicifolia
leaves”, Biosystems Engineering, 2008, Vol. 94, No 2, pp.
221-228.

[6] G. E. Page, “Factors Influencing the Maximum Rate of Drying
Shell Corn in Layers” M.Sc.Thesis, Purdue University, West
Lafeyette, Indiana, USA, 1949.

[7]1 G. Halsey, “Physical Adsorption on Non-uniform Surface”
Journal of Chemical Physics, 1948, Vol. 16, pp. 83-92.

[8] J. Crank, Mathematics of Diffusion, 21‘J ed., London, Oxford
University Press.

[9] J. Waewsak, S Chindaruksa and C Punlek, “A Mathematical
Modeling Study of Hot Air Drying for Some Agricultural
Products”, Thammasat Int. J. Sc. Tech., 2006, Vol. 11, No. 1,
pp. 14-20.

[10] S. Brunauer, P.H. Emmett and E. Teller, “Adsorption of
Gases in Multi-molecular Layers”, Journal of American
Chemisiry Society, 1938, Vol. 60, pp. 309-319.

[11] S. Devahastin, R. Tapaneyasin and A. Tansakul,
“Hydrodynamic behavior of a jet spouted bed of shrimp”,
Journal of Food Engineering, 2006, Vol. 74, pp. 345-351.

[12] S. J. Babalis and V.G. Belessiotis, “Influence of the drying
conditions on the drying constants”, Journal of Food
Engineering, 2004, Vol. 65, pp. 449-458.

[13] S.M. Henderson, “A Basic Concept of Equilibrium Moisture”,
Agricultural Engineering Journal, 1952, Vol. 3, pp. 29-32.

[14] S.M. Henderson and S. Pabis, “Grain drying theory I
Temperature effect on drying coefficients”, Journal of
Agricultural Engineering Research, 1956, Vol. 6, pp. 169-
174.

[158] S. Soponronnarit, "Drying Grains and Some Types of Foods",
?'h edition, King Mongkut's University of Technology
Thonburi, Bangkok, 338 pages, (1997). (in Thai)

[16] Y. Namsanguan, W. Tia, S. Devahastin and S.
Soponronnarit, “Drying kinetics and quality of shrimp
undergoing different two-stage drying processes”, Drying
Technology, 2004, Vol. 22, pp. 759-778.



AMIAATUUNA

(AIgAAIMNITY)

NOMIANY

Lt A
sz Ingiveu

WUResARAT unIundns s

5110120102

& )
voaouu

= @ a 4
UHIINUIYTIVATUATUNG

153

a0 g <
Unausomsnmn

2551

nuAnYIreAIIATNIIMIguaynaIns neuvailaail ednurszaulSygiln

moludseme Insdnwn 2551

9 "> a 4
VOYAUNYUNWIINGIUWUD

Kwaenkasikam K., Tirawanichakul S. and Tirawanichakul Y. 2551. Analysis of Parameters for

Shrimp Drying. 5" E-NETT Conference on Energy Network of Thailand, Phitsanulok,

Thailand, April 29 — May 1, 2009, 48.




	ab.pdf
	บทคัดย่อ




