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Introduction: Cakes by appropriate organoleptic characteristics are considered the most commonly used
flour products all over the world. According to the role of dietary fiber on health and its ability to prevent some
types of cancer and diabetes, fans of high-fiber foods is increasing. Pumpkin is a good source of carotene, water-
soluble vitamins and amino acids. Pumpkin can be converted to powder with longer shelf-life. Pumpkin flour is
used because of its highly-desirable flavor, sweetness and deep yellow orange —red color. In this study, kinetic
modeling of pumpkin drying in an infrared-hot air dryer was investigated. Malting is a result of biochemical
processes that includes steeping, germination and kilning of cereal in controlled environment in which hydrolytic
enzymes are synthesized and cell wall, protein and starch of endosperm are largely digested. The aim of this
study was to determine the physico-chemical, textural and sensory properties of sponge cake supplemented with
four different levels (0, 10, 20 and 30 %) of pumpkin and malt powder

Materials and methods: Fresh pumpkins (Cucurbita moschata) were obtained from local market. Slices of
pumpkin with 5 mm thickness were prepared with the aid of a steel cutter and were immediately placed into the
dryer. The pumpkin slices were dried in a hot air dryer (65°C). The effect of pumpkin and malt powder
replacement with wheat flour on physicochemical and sensory properties of sponge cake including pH, fat,
protein, moisture, ash, fiber, B-carotene, mineral, carbohydrate, texture and color were evaluated. The ingredients
used in the sponge cakes formulation were cake wheat flour, sucrose, sunflower oil, fresh eggs, whey, baking
powder, vanilla, water and nonfat milk powder. In this study pumpkin and malt powders at four levels of 0, 10,
20 and 30 % as wheat flour replacer were used. For each cake, 40 g of cake batter was poured into a cake pan
and baked at 180-200°C for 20-25 min in an oven. Cakes were then allowed to cool for 40 min, and removed
from the pans. The cooled cakes were packed in polypropylene bags at room temperature before performing
physico-chemical and sensory evaluation s. Moisture content of the samples was determined in an oven at 105°C
for 4 h (AOAC, method no. 934.06). For measuring § — Carotene content 1 gram of cake was dried and then
crushed in 10-15 ml of acetone with the help of pestle and mortar and few crystals of anhydrous sodium sulphate
were added. The supernatant was decanted into a beaker. The process was repeated twice and combined
supernatant was transferred to a separating funnel, then 10-15 ml of petroleum ether was added and mixed
thoroughly. Two layers separated out on standing. The lower layer was discarded and upper layer was collected
in 100 ml volumetric flask. The volume was made to 100 ml with petroleum ether and optical density was
recorded at 452 nm using petroleum ether as blank. The crumb color determinations of cake samples from the
midsection of the cakes was measured with HP Scanner (Hp Scanjet G3110). L” (lightness/darkness that ranges
from 0 to 100), a*(redness/greenness ranges from -120 to 120) and b”™ (yellowness/blueness ranges from -120 to
120) were measured. In this study, the image analyses of sponge cakes were performed using Image J software
version 1.42e, USA. The texture analysis of sponge cake samples (2.5 x 2.5 x 2.5 cm) from the midsection of the
cakes was performed using a texture analyzer (TA-XT Plus, Stable Micro Systems Ltd., Surrey, UK) and a test
speed of 1.0 mm s The crust of cake samples was removed in cake texture determination. The textural
properties were determined using Texture Expert 1.05 software (Stable Microsystems). Each measurement was
conducted in triplicate, except for the sensory evaluation (n=16). The experimental data were subjected to
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analysis of variance (ANOVA) for a completely random design using SPSS 19 and Excel 2010. Duncan’s
multiple range tests were used to determine the difference among means at the level of 0.05.

Results & Discussion: The results showed no significant differences between treatment on fat, protein and
pH. With increasing of pumpkin and malt powder in sponge cake formulation, significant difference was
observed between the fiber contents of cakes. Fiber contentof all treatments was in the range of 0.28-1.13.
Redness (a*) and yellowness (b*) indexes of cakes were increased but lightness (L*) index was decreased.
Significant difference (P<0.05) was observed between moisture, ash and carbohydrate content. Texture of
sponge cake became softer when the percentage of pumpkin and malt powder in the formulation increased. With
increasing in pumpkin and malt powder significant difference was observed between the B-carotene contents of
cakes and B-carotene content was between 0.40-1.98 mg/100 gr. With increasing of pumpkin and malt powder in
the formulation of sponge cake, significant difference was observed between the calcium and iron content of
cakes and sample calcium and iron contents were in the range of 500-700 mg/100 gr and 40.75-59.70 mg/100 gr,
respectively. With increasing of pumpkin and malt powder significant difference was observed between the
textural properties of cakes. Sensory evaluation of all treatments showed that manufacturing sponge cake with 10
% of pumpkin and malt powder is the best cake formulation.

Keywords: B-carotene, Color, Physicochemical properties, Sensory evaluation, Texture.
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(Yu et al., 2010)
Vi(em/h)= L{cm/h)/ t (h) (1)

J#d@u)u“)—’u—l(L))—;)nbonCPUw;
5 o3lil 1 alsles 3o syas (£) 19 &y 550 clod b5 L3S o

PP Sl =308 (3l uland (S 5 Sleadl &, 43 L] Zobaw 9 W ymdio p3lis -1 Jgoa

C (m/s) B(°C) A(w) 8, lowd
3/84 217/57 130 1
1/68 32 200 2
3/84 49/43 130 3
1/68 45 200 4
3/84 38/50 130 5
3/84 38/50 130 6
3/84 38/50 247/73 7

6 45 60 8
7147 38/50 130 9
3/84 38/50 12/27 10
1/68 45 60 11
3/84 38/50 130 12
1/68 32 60 13
3/84 38/50 130 14
3/84 38/50 130 15
6 32 200 16
3/84 38/50 130 17
6 45 200 18
0/21 38/50 130 19
6 32 60 20
SIS eyl = (1—(m1-m2)/m1)><100 (3) ol 28, 5 ‘;wb el
< CdeS adgl ()39 5l she > Cypods dlexsl @) I (AU <l

PH s w5511

o 3zl 28§ s dolBM 005 3y s PH
g 03,5 (g ) cudsS £SO bl Gasls ul dplre (gl
rEoPH Laogi s S (e shaie OF 2 Lo 45 olyan
Chan et ) s 5,53\l (W] microprocessor)  Jlusws
(al., 2011
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L 28 5l e aloleMy Ladiges b odlitul yguad (53135 (o)
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CbeS ashad qlen (s (e (M) 00 (g Ladxie 005 £y
5031l (sl aalsl )3 (M) w35 peass 35 sloosil @) 51
(Xiaetal., 2012) wi oslizwl 2 dlslxe 5l slessil @3, 3l o2b .l
slessil @by 3l 56 cdl =(myp-mg)/my X100 2)
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Erz Ere i Cagby Oliee Il (a3LS (pl el
ol > &),a w; )I f)f 10 aolsl 5 90))5 d)fs o)'IJJI I) X W)
oy 0 (g (Slo BB <SG 19,0 5 A ()59 deasl &) 5l
990 L 0,5 Hanil) §s0) 5l ade) SO J 30 10 uw 9 A5
LU 5l e o by )3 aas> 20 ey e 4 4°C cle> 3000g
i bl (Slo el 5 0ad g2 Epe CudsS s yilo le
A5 oolitwl 3 adsles jl yasli oyl (oS 0jlul jobatads .05 )S
.(Hsieh et al., 2010)
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Oli3l o dleodl 8y (loj e g iy Sleonil @) I (8L
9 0= U b ol ogMe .Cowl 039y 48> 13/5 4 00,8 I
Job 53 3B yuess &5 Al oo Line ol cpl ol ol oo b Lo
glsel plo & Cus (5505 Gloj o) (9ole @it L sleosl &)
el 5 oy Bk 45 LCuld Al olpen 4 uibblizeg xSl
A5 odalie imghy cpl 50 dless] 28 loj ke 4y bgy o (slrodly
Cod oy e ot Jols 1y anld 5l (ool Gloj 56y
A1 93] Elel b g m99,50ke glgel L sl @) Jobo 55 &5
aS Sloj sl o Ol g el B g e a4 olie Slge
iz I3 o 4y 655 )5 oo 35 el 305
0 Jsmeze SLaSU iy cuw dgd o dlazuil a8y yloj ke
o9l xdnis > e opl &S J5ye0,5 .(Rosenthal, 2012)
&5y y9baiedss (2009) o LSen 5 S sl azily 3¢ o,
gl 3l yo 5w U2cwle s U oais ¢ > 45 cuigS sl
4> 8/5 sgus 1y szl @by yloj e g 23,8 o3kl (g0],
2 g9l JB gLS cudsS oS pl 4 dog b sin S ()18
2 el 00 dazie Gl G g j3 g 05 (605 2y D]
&) S3PPSS g 4 baye dlexl @) (loj waew (yiden dom
ol 92 e 00,8 S gy b dunlie pd (ol Wbl o slesdl
&35 obes oy 5 Sl 00 gy 95 €SSl 4 g0
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Sy g 4 sl ol Sl ooleiy Ja0 D olas el g2 g8
Sl P olucie g el ons $LIRZ=0/97 U g pgs doy> (clales
EVolre oles j3 39 (0/4837) 0/05 15,5 osly laid g0l
oy Voglyn clad T ijoyd 9ol qiinds ol P odd 034l

2ibion p)S slop 825

Thawing time =+6.782+0.0325P+0.1522 T+1.7565V—
0.0013P T-0.0273 TV - 0.09716V? (5)

IS b gt (LM palhe ey oo 10,8 has LT
Wad )55 Ladl 0Silae g Aplns bodiged 4 bgye gl
B & s 3018 1y ge p2 ) Sl (Db Hslaied,
@ e dbleo oyl )3 a5 w3l 4 dlee 1 dlesul 2, Ay
A5l o dlesol g8 g dlassl a8 5l L8 daed 4 bgsye Ly b
.(Salehi et al., 2016)
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Sy e o392 (B slixe 2 390 0/05 (g5lune ;5,3 ANOVA
.(Seyedabadi et al., 2016) 3 a5 3)50 el win

sloodil &8y boj e
g Lo il mie g5 33,5 o dlasMe 2 JS5 3 &S johailens
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Job 53 deoxio 005 Fy> Epo CuisS (glod lyusd ol ansly
L5 =20 5 Lod sl 3 .000,8 b 4l < yn slessi] @by sl
ozl @b loj o iy (e <8l G381 (63b5 ey b = 7°C
e Jolie 51 maliEl b gy 10 5 =7 5l Ly il3dl & by ye
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Time (min)

60074500 Ajr Temperature(degc)

Time (min)

39,80 16500 IR Power(W)

call

3ol @8 loj e 2192 (453,5 Cs s 9 g (SLod (U ate Bl 31-2 UK

o&iwd g5 yamess cpl s [(Knorretal., 2011) ub o il38)
31,5 5l asy> 49/43 & 2757 5l Le> «clg 247173 & 12127 )
ol g el il asb p yie TIAT & 01215 lga 23,5 ey g
aoe ) abl o dlessl 18y yloj cas ialS Cow
godb el s o 4 dloosl @8 Job )3 o sl Jlius S
o Alols pizman 85,05 sl 05 & el sl (B o
Siso dlao cdl 035 oS Jobw (p g Jobw 315 dlge dles] 28,
6 adsles 3ok a0l o yialS slasol &, 5l 3 <3l L olpen
ol 039 W94 293 4> (clales x> Jao (clp R Jlado oy i
b el W94 U LS i oUlg Jde ol amd o oylis S
3 05 il B geil slp Pl 5 2l 1 sleosl g,
lgn (53,5 sy (il as 516 ablse 45 .54 (0/8106) 0/05
o o g lga glod 3l iy slesuil &8, 5l iU cdl ialS jo

ol iy
Thawing loss = 20.41070 — 0.089159 P — 0.33647 T—
1.13534 V +0.006018 P T + 0.019500 VT (6)

b S s olassl gy b 13,5 il olSen 5 Sila

slesml sy 5 (il sl wly 229 o 47 5l CwY g Lol
ol Jobo 33 (g)ly (bxe Clpnss il pl dopd Lol assly, yials
Hong et ) ol 4l gallaop 3 ad jl g cul azily olg
5 bl il tmgds ol 3 ossS 5 ibsy 5l 03lizd L .(al., 2009
loa (glod g inl muie yle5 (38l L (g )b ime jlade &y slosul 8,

slosuil @dy 51 b )
Cdl S 5:Sle auqlio g il ly U1 ol 9 3 JS5 31k
o)t Lajle don 3 a8 ob Lis ladiged slozol @8, 5 b
ceely (P<0.05) ()b —ino yolods lon (53,5 s g Lod ¢)lg5
Ored Cuwl 0l %0/03 « 6/1 3l slossl &8 5l b cal ials
e IR S5 3o (B it i g lge sled iz |
slo> Blizo 31 & Canas Sl gy ) ol 28l Gl o 1, 45
3l cdl e )b =3 S 3ub lgn (55,5 Casyu g loa
Whged (o2y> oy s Bl g ol O ke 4 atwly bl @8,
Olej Do dxpp Cal oad JSE5 G sl Sl S b g ol
Sl ) i coo b o sl S 0l 5 SYsb sl &)
Yy o dlessl @by 5 5b el g k5l Jobw o)l 4
bl iy IS ebay (Alizadeh et al., 2007) 15 alys
Ay ,S05 iy g olezsl Abl)8 o 4 dtunly dleos] @8, 51 L5
olej oeysosS 53wl Jaaswe slazul .l o slezsl 28 &
Jobe ol 9 3 53 sleosl (Jarlpd iz )3 25 jg0 (S
Hlid cde 4 Joko 550 plo 5 i8S plos] cdlgiSy @ jquods
&5 sk > ke dlge il a3 98008 ) Ol I (e
dols LSy e a0l 4 dagi b 0yS 0 g iaS dlosd]
i ol 2 ) by Ao S sl ot o > Jslno
o3 53 dloosil @) (39 WS jg 3 9 3980 Sl @y
Jolos dlge da o dlessl &8y Jokw [ sol> slinl a8” loj
Mazsil @8 5l (80 €l 5 0ad )5 Jgazs I (Jobo o ale )
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Thawing loss (%)

Air velocity (m/s) , o,

6.00 4500 Air Temperature(degc)

Slazl a8y mpud 4 SoS lon glod ]38l sl atsly, yials
Sl 5 13 5 el gy Jgb 53 (Bl ] Sl J 5 3903

Thawing loss (%)

16500 IR Power (W)

4240
AieTemperature (degc) 45.00  200.00

i

Slosol &8 | il G 3 Tgh (95,5 Cus pou g T (5lod o ial @uie yle3 51 -3 S

0/05 155 (sile i cygail sl P jlaie g 513 1y sleoss] &,
=y s 86 it GG g Ol e 5 (0/3337)

by slezsl @8y sy iol58l
Thawing rate = 47.79554— 0.20736P — 1.04083 T-
530906 V + 0.004842 P T + 0.0078422 PV+

0.087661TV (7)

L1y Sss e slooxl ) ey (2010) iSen 5 52l

5 280 L1 23 clyn 8 (clon Jolis slozsl &8, by Sz
0765 1) slessil g8y sy a5 4 g 25305 5,8 oLl 3,90 32 °C
Yuetal,) 3,8 555 celo p yio ko 522 5 3/16 0/89
Sos CaeS slaodl b, ey (2009) olyKen 5 Sila (2010
93,5 oy |y Iy 229 =47 (g | 5o 8 (9ole s 3y, &
ey (Hong et al., 2009) w5405 (515 15 cm/h e3game )
a2g b p)S Glon 08 (ple piadl (oS i oSt sleoel &)
[035 &l oS slool @by (s (9, b dglio 3 (ily)ly LT
Onzans AL |y (6 5V Jlns Copur Gl 350 125 (sl g 3y
035 ol 5 Igm (50,5 =508 (ygole uinds B9, b Aunlle 5

ol 88 sy
0Silge gl g Guilly 5T @l oy 9 4 IS5 b
a8 waly s sless] @8 calises (gl jlogs dlazs] @8 s puo
Coyw g lp lod (LS gte lp slajial)ly il gl
913 (53,5 ey Jilite I pizmed cand o ina g (23,5
s 5 Lo it 1oy o ()~ JS3) G5 e ol
Sl 5y iy il il it (o4 JS) b o 8
5 Ol @i Ol Rl A s Ip (53,5 C pu 281 0
9 3 pabiay ol AL dlezol g8y Casyus e 3L lon (glod
aS 59 11111 4 30/674 cm/h slossl @by sy oy yiaS
2127w 5 6 m/s 45°C 200w (sla)los 4 byyo ooyt
sl yieS sl @by oloj e 4o ya .l 3/84 m/s 38/50°
6 m/is 45°C 200w jlos ;5 .05 anlgs yii dleos] g8y s o
eSS bles plo & Cond 45 039y 4ids 4189 slessil &, ylo;
Al L 1) s ool @) cas s e (ot 4 L3l oo Lo
ezl g8) 5l (b Bl ey e 56 ool @) Cas
slaasls l S cpiren o (James et al., 2009) »)liS .
by (o 1 4l g dlexdl @) slagsdyy (bl e
1y o slessl g8y oUlgs olawd G el yo yd a8 ol Jgammo
5 odal Coumdas gl wlal .(Hong et al., 2009) cusl aales
i pgd a2y sller dix Juo (glp R? e it T dlolas
g e (g3t b8 %90 Jao ams o L5 oS 590 %90
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Thawing rate (cm/h)

3460
Air Temperature (degc)

[

Slodl &8 C s 2 Igh (93,5 o g 190 (Slod (U gote Bl 1 -4 S

Coyw g (il aie ol Gl o (gl xe B &S 0l
Hy b0 0529 Ol (g bl s g9y 2 lsp G925
Ci s olpme (PLO.05) s sine yeus ccosus dlisioeo (glod il
i i 5 005 WEO/B95— HOB/32eials ,5 L (o i
32 200 W, 3/84 mis 49/43 % 130W (claloss & by pn
R? Jliho o y5 s odel Candds ol bl p.a3b 0 6 M/s
o5 il Gl psesl slp Pt s T3 s Jue (ol
slod (b e ol (slapiie w5l 8 doles .3g: (0/257) 0/05
CdsS Ol S cd )b i ) o (93,5 Co s g gn

Water holding capacity (WHC) = 105.85442 -
0.0097515 P — 0.59019 T + 0.16604 V (8)

cedsS O S cd )b i (2015) olian g e

%50-58/8 axels 134 °C Jixse ,3 slesel @by 5l s Iy & pe digw
g dlessl gy Hebaieas (2009) e 5 Sl x55)S 5)l5S
S lgn (9,5 o p g 508 (pgdle gt Ol AT ol > S
Py e ol S cud,l il gl dme cél 4l p 0 6 g
Ol b 34 o Crge yol (pl 45 155,S" samlio %82-86 acel>
53l e wiges dlazsl @8y Jsb )3 308 (ygole @il olgs
odlitl D9 ddaw (SASuiS b g oo cowd I 1) 3¢5 Sljl
M PS5 308 gdle @iadS b S 3 p)5 lgn slod ]
YU slayles )0 sleosl 28, aisls & auisy Caoyuw g dlbase

Thawing rate (cm/h)

N

Air velocity (m/s) 5 75
IR Power (W)

i

Ol (551 Cud b
absise (clod iie il cdly lo o 8 ablee 95 S5 b
layito plow 4 Camus OF ()L byl e pials
9 38 iy (ialS lgn (slod (Jlie a2 yp Al oo Jge Jiune
)b ol il (I8 BB gt Ol g l9n (19,5 Cas pu
Sy ol 5o i 00 £ Ere S O (o)l
4 o35 ssba 5 iy Jymdee Jils & cudsS Ol ()l
Loy gee pLSOctal g2 st g (gmolionST ol sl (9o
d9iso CbsS BL g3 Of ol sl cely g 9,08 oo
015 Jobs 5l 45 sl s Lod 21531 (Al et al., 2015)
sbeouil @8y 5l ey e (pod 4 23,5 (0 hnd ol o)l
Ul 250 03l (sam sl (sl Jpuamo o ol
Syl g arali 1y Laspudsee oloe (Jolo 0195 OF )l
=38 9le g & (ygo 3 liee S Ol (5)lS
SYgb 9 3L Oyl a2y 298 eliel (S 5 S pgods 2 sl
O 0,850 @le yel opl il od 5l dleosl @8, jelaiedy ke
2 3550 B pudone (b 1Sl (1S 0 )3 5 b g
2 a6 a1y Joho 09,0 Ol s Ul Joae asess
CbsS (S Slogad 1 spSade x5 Ol 5SS LUl
Caxian jd ool g8y d01y8 £o Ll 40 g 3, slezul 28 51
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Introduction: There are many methods for freezing and thawing of meat. Suitable technology must be
applied for freezing and thawing of chicken to keep the quality of product effectively. Novel methods including
high pressure, ohmic heating and high-voltage electrostatic field have been recently considered for thawing
process. IR heating provides positive advantages compared to conventional heating such as reduced quality
losses, shorten heating time, significant energy saving and uniform heating. Although IR has been used for
various food treatments but a few researches have been reported for its application in thawing process. This
study investigates the effects of this new method on thawing time, thawing loss, thawing rate, water holding
capacity, color, pH, shear force, characteristics of frozen ground chicken and also optimizes the thawing
conditions using response surface method.

Material and methods: Fresh chicken breast was purchased from a local market (Gorgan, Iran). After
washing and mincing, they were cut into a cube form (3x3x5 cm3) and stored in the freezer at -20 °C for 5 days
before thawing process. Thawing was performed using an IR-warm air apparatus consisted of IR lamp (Far IR
1500 watts), heating elements (4 electrical elements with power 750 W), air velocity unit, centrifugal fan and
thawing chamber. For thawing of samples, three variables including IR power (12.27- 247.73 W), air
temperature (27.57- 49.43°C) and air velocity (0.21- 7.47 m/s) were applied. The central composite rotatable
design was created by entering the three independent variables at five different levels in 20 runs with six central
points. Response surface analysis was performed using Design-Expert software. The equipment was allowed to
work at least 10 min to stabilize the specified conditions before the start of each thawing run. Frozen sample was
then removed from freezer and placed under the infrared lamp with 12 cm distance. Quality of ground chicken
breast was determined by thawing time, thawing loss, thawing rate, water holding capacity, pH and color indices.

Results and Discussion: The methodology and techniques used in freezing and thawing processes play an
important role in the preservation the quality of frozen foods. The results showed that increasing IR power, air
temperature and air velocity decreased the thawing time (13.5-6.8 min), thawing loss (6.1-0.03 %) and
increased thawing rate (11.11-30.67 cm/h), WHC (65.45-94.16 %) and improved the quality characteristics of
thawed ground chicken. Generally, the ability of meat to retain free or bound water is one of the important
quality characteristic of raw meat. One of the most important indicators of quality on thawing food is water
holding capacity. The final pH is dependent on the amount of drip loss between the stocky and tenuous
filaments. In addition, the difference in pH can be due to texture damage. Generally, the pH of chicken breast
after postmortem is about 5.6- 5.8. The AE values and pH of the ground chicken breast was also in the same
range during thawing process. Numerical optimization conditions were investigated based on the lowest thawing
time, thawing loss and highest thawing rate and water holding capacity. The best suggested condition by the
software was IR power 247.73 W, air temperature 38.97°C and air velocity 6.75 m/s (desirability= 0.79). Based
on the obtained result using T-test analysis, there was no considerable difference between the experimental
values and the predicted one (P<0.05). The results revealed that application of IR-warm air method for thawing
of ground chicken breast is a promising technique to increase the quality attributes of product.

Key words: Ground Chicken, Infrared Radiation, Quality Characteristics, Thawing, Warm Air
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Introduction: Bread as a staple food for different groups of society at every level of income, plays important
role in the nutritional basket. So enrichment bread by various components considered an eminent factor in
compensating nutritional deficiencies.

Materials and methods: The effect of partial replacement of wheat flour with lentil dahl flour, at 10, 20 and
30 percent and gluten at 2, 4 and 6 percent on quality characteristics of the toast bread (including determination
of special volume by using Rapeseed displacement method, color measurement with Hunter Lab colorimeter,
ability to hold moisture calculated via weighing of the samples before and after oven incubation, firmness
determined with calculation of the maximum force required to compress the height of sample to half of
preliminary height with Instron test, also ability to hold moisture and firmness on the first, third, fifth days after
production and it’s relationship with staling) were studied. As well as combinational treatment were studied in
order to optimization of the enriched toast bread production processes. Statistical analysis of data carried out by
factorial test and CRD. Also Duncan test was used in order to find means difference (0<0.05).

Results and discussion: Results from partial replacement of the wheat flour with lentil dahl flour showed the
decrease in specific volume, while both of lentil dahl flour and gluten were led to increase water absorbance.
The effect of water holding capacity and special volume on texture of breads is fully understood, therefore as
gluten level increase, specific volume and water holding capacity increase which could lead to decrease
firmness. The results shown that, replacement of wheat flour with 2-4% gluten leads to increase specific volume
(4-4.3 ml/g) whereas decrease in specific volume (4 ml/g) was observed by 4-6% gluten replacement. The
moisture retaining of lentil dahl flour increased significantly in the first, third and fifth days after production
which caused an elevation of tenderness and softness in texture and suspended staling process in the enriched
toast breads containing lentil dahl flour. This claim was validated with scores gained from organoleptic
evaluations.

The color of the bread was measured by Hunter Lab colorimeter to determine parameters (a*, b* & L*), as
well as AE* index. The results indicated that L*was decreased and (a* & b*) increased with increasing partial
replacement levelt of the wheat flour with lentil dahl flour. . Highest level of AE* index was obtained in
treatment with 30 percent of lentil dahl flour and the lowest value was related to treatment with 10 percent of
lentil dahl flour and 4 percent gluten.

Conclusion: Finally the treatment contain 20 percent of lentil dahl flour and 6 percent gluten and treatment
with 10 percent of lentil dahl flour and 4 percent gluten were earned most score even in some cases higher than
control sample and were introduced as optimized samples in the point of fortification and utilize ability after
production and in consumption period

Key words: toast bread, quality, lentil dahl flour, gluten
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Introduction: Nowadays, use of by products in formulation of functional foods in order to improve their
nutritional value and also avoid environmental pollution in food industry is increasing. Whey, a by product of
dairy industry is one of such compounds. The acid whey resulted from concentration of yoghurt, as a by-product,
can be applied in whey based fruit beverages due to its minerals and beneficial residual proteins. It represents
about 85-95% of the milk volume and contains nutrients, such as lactose as a most content, soluble proteins,
lipids, minerals, vitamins, and organic acids. Acid whey has a pH of approximately 4.5 due to the conversion of
lactose into lactic acid by lactic acid bacteria during the process of yoghurt production. Lactose is the main
ingredient of whey, which comprises 90 percent of whey dry matter. According to FAO, the worldwide
production of cheese was estimated to be 19,000 kilo tones (kt) in 2010, thus resulting in approximately 177,000
kt whey as a by product. The annual growth arises to production of approximately 211,000 kt whey in 2020.
Therefore, the research for new lucrative whey utilization beside whey protein recovery is an ongoing challenge
for the dairy industry. More than 70% of the world’s population suffer from lactose intolerance, which limits
consumption of lactose containing dairy products. Lactose intolerant individuals, who consume milk or other
dairy products like as acid whey, even at small quantities, facing gastroenterological complications related to the
uptake of calcium and certain other nutrients. Thus it is important to reduce the lactose content of mild and dairy
by products before using them in new foods formulation. In this study production of low lactose whey by
enzyme was investigated. Beta-D-Galactosidases, EC (3.2.1.23), is a hydrolase enzyme that converts lactose into
glucose and galactose and increases the sweet taste in products. It is commonly known as lactase, which is one of
the most important enzymes in food, dairy and fermentation industries. Mixing of the low lactose whey with fruit
compound or concentrates and sweetener agents make delicious and functional new beverage.

Materials and methods: The acid whey resulted from concentration of Greek yoghurt, as a by-product, was
applied in whey based fruit beverages. The lactase enzyme (Sapherra FMP) was prepared from Novozyme
Company. Pineapple compound prepared by Orana Company from Denmark. The quantity of sugar (Shadianeh)
in each sample has been investigated based on the equivalent sweetness recognition by panelists in lactase
treated samples in comparison with non treated samples. Premixed sugar and stabilizer in precise amount for
each treatment was added to water and agitated in stainless steel agitating mix. After that whey and pineapple
compound, and then 1000 ppm enzyme were added to samples and kept at 4 degree Celsius for 3 hours and
finally pasteurized. All samples homogenized by 150 bar in 60 degree Celsius. Packaging of samples was done
in 250 gram tetra pack container at aseptic condition. The effect of lactase enzyme on sugar quantity and taste
improvement of acid whey based beverage produced by 5 percent of pineapple compound, has been investigated
by lactase enzyme (0 and 0.1 percent), acid whey (30 and 40 percent), storage temperature (ambient and
refrigerator) and time storage (0, 4, 8, 10 and 12 weeks after production) on a factorial experiment in a
completely randomized design.

Results and discussion: The results of sensory evaluation in 12 weeks at two different storing temperatures
(refrigerator and ambient), showed that addition of lactase enzyme before pasteurization of whey based
pineapple flavored compound could kept not only the pH on constant, and reduced the sugar quantity to achieve
constant sweetness in all samples, but also improved the sensory specification of beverage, significantly
(p<0.05). The maintaining of desirable taste and mouthfeel of the stored beverage in refrigerator until the end of
the eighth week with no growth of mold and yeast were also observed at two storage temperatures.

Keywords: acid whey, beverage, lactase, sensory evaluation
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Introduction: In recent years, there have been many epidemic outbreaks caused by consumption of
contaminated vegetables. In most cases, Enterobacteriaceae were responsible for these epidemics. The purpose
of this study was to investigate antibiotic resistance pattern and frequency of strains producing broad-spectrum
beta-lactamase (ESBL) isolated from lettuce and spinach produced in Gorgan, Iran.

Material and Methods: After culturing the isolates on MacConkey medium, colonies with specific

morphological characteristics were selected. After preparation of pure culture, strains resistant to cefotaxime

were identified and strains belonging to the Enterobacteriaceae family were isolated. The isolates were then
studied for broad-spectrum beta-lactamases (ESBL) and their antibiotic resistance patterns were determined.

Results & Discussion: The results of this study showed that ESBL Enterobacteriaceae is present in
vegetables such as lettuce and spinach. It was also found that all isolated ESBL Enterobacteriaceae from spinach
samples were resistant to Cotrimoxazole, Nalidixic Acid, Tetracycline, Chloramphenicol, and Amoxicillin, and
sensitive to Imipenem. Isolated ESBL Enterobacteriaceae from lettuce samples was sensitive to Amikacin and
Imipenem. Multiple antibiotic resistance was observed in all isolates. Therefore, it can be concluded that use of
animal fertilizers increases the risk of antibiotic-resistant bacteria in vegetables and ultimately in humanand
animals.

Key Words: Enterobacteriaceae, broad-spectrum beta-lactamases, vegetables, antibiotic resistance
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Introduction: Discerning the expiration status (rancid and non-rancid) of edible vegetable oils is very
significant because of hazardous primary and secondary oxidation products. Oils are a nutritious and valuable
food source which play an important role not only in supplying energy but also in sustaining a health. Edible
vegetable oils such as soya, sunflower, canola, sesame and olive, bring essential nutrient components for human
being such as vitamins, fatty acids, and micronutrients, which are necessary for daily life. Lipid oxidation in
vegetable oils is associated with unsaturation of the oils. This reaction leads to the formation of a series of
intermediate compounds named hydroperoxides. Hydroperoxides are the primary oxidation products of lipid
oxidation. Due to the unstable nature of these primary products which leads to their decomposition and turning
into secondary oxidation products, such as carbonyl compounds occur soon.

The use of expired edible oils leads to a decrease in the nutrition value and an increase in potential hazards to
people's health, so monitoring the quality and security of edible oils is important. Based on the reports and
experimental observation the oil color changed during oxidation. Therefore, it is of utmost importance to find
new and fast methods for detecting the quality of oils. Computer vision in food sciences is an affordable
technology and is extensively used. The aim of this study was to introduce a simple and feasible method for
classifying edible vegetable oils (soya, sunflower, canola, sesame and olive) and also for distinguishing their
quality in terms of rancidity. In order to achieve this, multivariate statistical methods based on their rejection
point of primary and secondary oxidation products was implemented.

Materials and methods: Digital camera and unsupervised multivariate statistical techniques such as linear
discriminant analysis (LDA) and principal component analysis (PCA) were used for pattern recognition and
classification. In this study, the physicochemical characterization of 77 oil samples includes their peroxide and
carbonyl values were evaluated at 80 °C. The color indices L*a*b* were used for this classification. The space

that was built for imaging was 120cm x90cm x90cm with dark walls to isolate the samples from external light.
The compartment has a camera (Canon model, EOS 1000D), which was connected to computer by USB port.
The illumination of the compartment was performed by using eight fluorescent lamps with 8 W (white color),
the lamps were placed at a distance of 20 cm from the samples. The illustration was performed by Zoombrower
EX 0.5, the other characteristics of the camera for imaging were as follow: flash (off), zoom (on), Iso speed
(100), Aperture priority (F / 20) and Shutter speed (0.6 Sec). The illumination condition at compartment for each
sample was the same. Image color analysis was performed using the Image j (Version: 1.4.3.67) software to

convert images from R*G*B color space to L*a*b. The recorded images contained 24-bit (16.7 million colors)
and 3888 pixels x 2592 pixels spatial resolution and were stored in JPEG format (jpg). A specific region at the
center of each image was selected for converting R*G*B to L*a*b. In this study, three components of color

space L*a*b* were extracted from 231 images samples ( 77 images of different types of oil before heating, 77
images at the rejection point based on peroxide value and 77 images on the rejection point based on carbonyl
value). The extracted color values were used for linear discriminant analysis classification and principal
component analysis. The classification was performed using MATLAB (R2013) software
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Results & Discussion: The comparison of the results of the linear discriminant analysis showed that
distinguishability between the two types of different oils was 100% and only the distinguishing of one oil type in
rancid and non-rancid state resulted in a decrease in accuracy to 97%. Also the overall and simultaneous analysis
of oil samples in both states (rancid and non-rancid) by the two classifiers of LDA and PCA showed that the
classification of each oil individually has the highest accuracy (100%) and the results of the studying several
different oils showed a decreased accuracy (98% and 96%). However, in practice, the result of this classification
given the diverse colour range of vegetable oils, is acceptable in terms of accuracy and the linear discriminant
analysis classifier acted more successfully compared to principal component analysis classifier by about 40%.

Key words: L*a*b* color space, Principal component analysis, Linear discriminant analysis, Oxidation.
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Introduction: In recent years, production of nutraceuticals by adding bioactive compounds and nutrients has
been grown substantially. These compounds are generally sensitive to environmental or gastrointestinal
conditions and their bioavailability is limited due to destructive reactions. One of the common methods to reduce
or prevent these kind of problems, is microencapsulation of valuable compounds in some materials which can
protect them against environmental conditions, and enabling them to controlled release from trapped compounds
at specific time and place. Orange peel oil, contains some important bioactive compounds such as limonene that
is used in a variety of beverages, foods, cosmetics, pharmaceuticals and chemicals. D-limonene is the main
constituent of orange peel oil, because it makes an 80-95% fraction of the orange peel oil volatile compounds,
depending on fruit variety. In addition to its technological characteristics (flavor), D limonene can stop or delay
the initiation of cancer. It can also be used as a safe alternative to antimicrobial compounds. Nevertheless,
technological limitations (hydrophobic structure, high reactivity, sensitivity to oxidation and volatility) often
avoid suitable use of this compound as a dietary supplement. Polysaccharides are among of the basic materials
which are applied more in this field. Several factors such as cheap and easy access, having active groups
interacting with hydrophobic and hydrophilic compounds, biodegradation, biocompatibility and relatively high
thermal resistance, have turned them to be superior to lipid and protein carriers. One of the most important
polysaccharide compounds existing in nature, is starch. It can be used as a carrier in encapsulation processes
with different purposes, having advantages such as inexpensive, non-toxic, capable of recrystallization, the
ability to form film and complex and resistant to various degrees of enzymatic hydrolysis. Spatial configuration
of amylose is changed in the presence of ligands such as iodine and linear alcohols, resulting in a left-handed
helix which can trap ligands within or between curvatures derived from glucose connections. One of the major
structures which is created in the interaction of amylose and lipophilic substances, is known as V-amylose
structure. V-amylose is a left-handed helix with an inner hole which ligands can be placed within it. The aim of
this study was to determine the effectiveness of amylose in nanoencapsulation of limonene as a bioactive
compound with desirable sensory characteristics using a thermo-mechanical stress.

Materials and methods: Based on the analysis of pure limonene samples (Sigma-Aldrich) as well as
samples used in this study, more than 92% of examined sample comprised of D-limonene. In order to prepare
amylose nanoparticles containing limonene, 0.1 molar solution of potassium hydroxide (Merck, Germany) was
prepared in deionized water and then high amylose corn starch (HACS) (Sigma-Aldrich (St. Louis, MO, USA)
with 70% amylose was added to it in the ratios of 2: 4% while stirring continuously for 30 minutes at 80°C.
Limonene was then used in the ratios of 5: 10% of HACS was added to the suspension and stirring continued for
1 minute. Initial suspension has been processed by using ultrasound system (Model UP100- Hescheler Company,
Germany) with 100 W power and frequency of 30 kHz for 9 and 18 minutes. The viscosity of amylose
suspensions containing nanoparticles with different formulations was measured by using a capillary viscometer

(Schott-Gerate-Capillary-Viscometer-525-00- Germany). Size and zeta potential was measured by using
dynamic light scattering (DLS) and Nanotrac Flex In-situ Particle Size Analyzer devices and Microtrac ZETA-

check determined. The morphology of nanoparticles was studied using a scanning electron microscopy
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(TESCAN-Vega3- Czech Republic). Microencapsulation efficiency and loading efficiency were determined by
using spectrophotometry.

Results and Discussion: In all formulations, particle sizewere less than 50 nm. Starch granules were exposed
to cavitation stress by applying the ultrasonic process .The constant formation of bubbles creates a mechanical
impact with high energy on starch granules during bursting. Fast impingement of fluid to granule surfaces,
hitting particles to each other as well as resistant of the granules against fluid stream cause breaking of starch
particles into nanoparticle scales. The highest amount of zeta potential was related to the sample which had the
highest starch and limonene concentration. Amylose concentration had the main effect on zeta potential changes.
Electrostatic charges can be the main reasons for the higher zeta potential in samples with 4% amylose
concentration. More increasing in surface active agents of amylose, namely ionized hydroxyl groups of glucose
molecules leads to increasing in surface charge, and results in zeta potential. The most impact on solutions
viscosity is related to amylose concentration. Generally, increasing the amylose concentration leads to increasing
the solution viscosity, in other side, with ultrasound treatment, the amount of this index was reduced and the
solution became more fluent. Microencapsulation and loading efficiency values ranged between 28-82% and
0.38-1.63% respectively. The limonene concentration had the most impact on the efficiency in various
formulations. At similar treatments with %4 amylose concentration and 9 min sonication period, by increasing
the amount of limonene from %5 to 10, microencapsulation and loading efficiency were increased from %31 to
%82 (%62 growth) and from 0.52 to 1.41 (%63 growth) respectively.

Keywords: Nanoencapsulation, Limonene, Amylose, Ultrasound, Nanoparticle, Starch
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Introduction: Nowadays, with the increasing awareness of the side effects of synthetic additives,
consumer’s demand for colorants from natural sources has been increased. Annatto is an allowed natural
colorant used in food industries, textiles, cosmetics and pharmaceutical products. The colorant is extracted from
the seeds, which are covered by a red, resinous pericarp containing the pigments. The main pigment is bixin
(methyl hydrogen 9'-cis-6, 6'-diapocarotene-6, 6'-dioate) which is responsible for the orange red color in the
seeds (80% of total carotenoids). Smaller amounts of norbixin are also presented. Bioactive compounds like
bixin and phenolic compounds reduce the risks of various chronic disorders, such as cancer, inflammation,
cardiovascular, hypercholesterolemia, diabetes, and cataracts (Boschetto, et al., 2014; Somacal et al., 2015;
Ezuruike & Prieto, 2014). Moreover many studies have proven antimicrobial activity of annatto extracts (leaves,
capsules, seeds...) against several food spoilage and pathogenic bacteria such as Staphylococcus aureus,
Escherichia coli and Bacillus subtilis, as well as few fungi such as Candida utilis, and Aspergillus niger. Annatto
is a permitted natural food coloring with antioxidant properties, high therapeutic potential and antimicrobial
effects. The aim of this study was to evaluate antimold activity of annatto natural dye on 3 important food
pathogenic and spoilage molds, Aspergillus niger,Neurospora sitophila and Rhizopus stolonifer.

Material and Methods: Annatto dye was extracted by maceration method and after filtration it was dried by
a vacuum oven. Anti-mold activity was evaluated by well diffusion and disk diffusion methods in 1 to 10 percent
concentrations of acetone extract of annatto and minimum inhibitory concentration (MIC) was determined using
agar dilution method at 48 and 72 h after incubation at 25 °C.

Results and Discussion: The results indicated promising anti-mold activity. The highest mean zones of
inhibition in all concentrations were obtained for Aspergillus niger, Neurospora sitophila and Rhizopus
stolonifer, respectively. This difference might be due to the more resistance and rapid growth of Rhizopus
stolonifer and Neurospora sitophila compared to Aspergillus niger. No inhibitory effect was observed in the
concentrations below than 1%, this result is in consistent with Irobi, et al., (1996) findings that proved annatto's
organic extract has a weak effect on Aspergillus niger at low concentration (5 mg/ml).In all concentrations,
Aspergillus niger showed the highest inhibition zone and the most sensitivity to annatto extract found at
Aspergillus niger, Neurospora sitophila and Rhizopus stolonifer, respectively. Disk diffusion method was
inefficient to inhibit mold growth. Minimum inhibitory concentration of annatto dye against Aspergillus niger
and Neurospora sitophila was determined 6 percent while Rhizopus stolonifer showed 7 percent. According to
the results annatto dye was effective to inhibit growth of Aspergillus niger, Neurospora sitophila and Rhizopus
stolonifer. Therefore it can be concluded that annatto dye could be used as a functional and inhibitory agent
against mold growth in the foods that are susceptible to mold spoilage (e.g. bakery goods).

Keywords: annatto, MIC, Aspergillus niger, Neurospora sitophila, Rhizopus stolonifer

1 and 2. Farmer Msc. Student and Professor, Department of Food Science and Technology, Ferdowsi University of
Mashhad, Iran.

3. Assistant Professor Department of Food Additives, Academic Center for Education, Culture and Research, Mashhad,
Iran.

4. Assistant Professor, Department of Food Additives, Academic Center for Education, Culture and Research, Mashhad,
Iran.

(Corresponding author Email: habibi@um.ac.ir )



Iranian Food Science and Technology

T §
Research Journal :,@
y .

Oln) 1as gibuo g pole Sliivngly 4yl

Zpirdn 543-559 . p 1397 ;LT - yeo & o ko 14 ul>

Vol. 14, No. 4, Oct- Nov 2018, p. 543-559 s

SLS1LI b g -4 b glses J5 (b Slo sas 5 slo s peand 98 51 (o) 0

3 1508 Jgu; = Zeslzoles o,lg Lol Ll

1396/05/25 -2 55
1396/10/11 5 ., ju 6

2>

Jp _\M:L:L;o dlo}'g u)l)iln.c uLwya} (5‘)‘3 05y 4> L;"""'JW dhz»”f Jpa> d.]a.»|5 S cwl u__:.l._{)b L;La,_\_{)lsu uJ" Alwd )'l Ohﬁfl)lf

23,5 (o QST by =Ll boloee Jj (8L Slusguad p mandS 5 malis (sl (12 9> 48 )3 (slo s o5 16 g
iy JSC s e i o ol 50 S5 slo Jj (B Sluogas adllas Car 058 gy pgeil > (Bl Sy
J)_u L_JL_.ow );d)o...lny.» Canad 9(5‘5)'.‘!7.‘5). CA.’O &9)).\)[) R S>> L)““ uiul.tb) u}a)] 9 u.la};t'é) LRPRC I ‘(‘?‘-LM 5 alads u.:.cl}o)l
=0 w03 (495 L;Lta F ] :bol‘ut.\f‘)lf l)lf d&a.») » N‘“’L" 0% u9l.|a.p ).»‘ XW-$) ULM; C"L" us);_\) ,pbol oD L\Swu d&.u» Ep 4Dy S
2 YL apdy JSS s Jodo (gl comdS” g5 youan 53 0 bl )it 505 (gaw Al o SN 568 glajiolyly i8] caoncs )3 g (4
P g ogad 130,85 o pelud dad g Caslon )l st gl yielyl GialS Cage yol cpl a8 Canl 4l )0 (sl im0 s Slreo sl dons
ale J5 5 oLS bs o (il B3l L el dlal 9 Coclosi)] (gl oyl (al38) oaimd (L5 @l gy 2550 slo S5 0> (s rarkion o
slads » eyl i Ui olej o b olis (i by (el s wiliee slo s sy Bllasl I YU da 3 b )kl as A dasly
03Laul b o dusslone (g p0dy JSB 505 oo )3 Slpis g (prizmeds sl S (45 y9ua> 53 00l S5 gl 5 1 e el (2 9>

el 555 Eges 0ol s b bt (g w55 =Sy Joo

8L Slogas (LS bsbre 5 slopon; qoos 1 5lS sW0jlg

20,5 o gloyuzi; slapozs Sl o) o (Seliwlg xSl
g o "l g slagslo oSt slis LSS 5 5 ksl
ey Ao )L b glagyg jpa> s )3 slo s (lagess
Oly s 4 oe 1 (1980 ), LSen o MOITiS) el 0a5,8
ooy o0 oy Lo (Sliwls iUl glaaadly 5 g STl L
8 58U coow LSS diws aw I S$ o (28l Cluogad
0375 5> Cullgs 095 1 jpin daudyay GLSHLS 555 e
ST L alg slag)le JSis el 5ol o asdly g 255
Olsisar 098l8 i i 3 il oo wald 1) VL (glo yo;
Olwgar U (J5 JSis by YLl oaiSaln] Jole
sekiled LSS Tg 5y50 40 g o pdy S6] BYL  olSoriul
(s, 8o 60 0y o0 > Slalgaw 09,5 93 jouas b A o)Ll &S
YU plocinl d o b (plbzess LSl jl mile Sliwlg xSl asdls
8y) Sma¥lg p 3 (J5 0 sy & pmie g9890 (5 29850
oLShE ey 15 (2011 .dmeson) 33,5 o (1S s sl

4 partial double helix formation

doddo

aS 4l o Gldgw g s il b g, Sle b LS

3plS (SIS Il 5 b dguge SumJ5 Sleogas dalyay
Saha ) coul 03,5 by il g gy« 2lie lio ;D g
Ologas (2014 ., San o Li 2010 .and Bhattacharya

025 > Clilgus 09)5 jpul> 4y ditunly By 1> JUSTE (2l es
s 10 oY 5 Uigy LS odes 09,5 dw dy o () yo sl ]
g cailigu 09,5 1 (el ST SLIS (1990 .Morris) 535 o
032555 5 3,8 Lued o gl 4 wligw 09,5 3 oY g 09,5 2
gt 3 s L s sLnog,S i tidlyn 355
ash sy (NS0 cezge 0 (s Sl

Slgo (6)sLidgils 09,5 Jlutaly g Lokl ¢(5 38> (sopiily iy -3 92 d

ol ilie plio g pole (pimgh dundo (ol

(Email: b.emadzadeh@rifst.ac.ir LolslSe Jgtu®)
DOI: 10.22067/ifstrj.v14i4.66898



1397 (T~ je0 doslouis d4 als ool pf i @abius g pole gloiungyy 4 yis D44

OlsSh g 5 LI byl I Jols (8L Cluogad (b))l pol>
. g Co N g

0308 g el g bt 4ol 37 talay gail
285 Aalss 8 gy 3)90

L wg) 9 3190

s Genugel (s,lo0 slapl b coipa oSS by 4 LIS
CP Kelco, Lille ) )Laily o SISy o <S8y 51 GENUViSCO
£ 30 edS g pals S oSl 4 (Skensved, Denmark
235 G S e S i plSle]

Ldigo (g jlwaslol

12 3 15:1/5 21 (lacuws » LSl 5 LI byl
slabsloe 4008 das (Sig /559 oy 03 JS clale
2l plas 4 adsl (6T ploj (b Sl g 00d 485 Sreslises
aads 20 coe as loy ol o g Jaie 5,5 le 45y 90 cled
cgr ol plos Lo Jglne 3,5 )5 5l w 03,5 (5,855
Bl o Jloxs & (g5 elS 5 oty (sl J5 i
S8 090l Pl Can canlio g b 3 alols bglsee 33,5 wulais
an b las) Jlosu o (il 4o (i) jolateds § 48,5
Laggel plosl 5l Liw col 24 ladiges 13,5 Jaie (3,5 5l
LD 6l L ol

RT3

Jao il ) oalizal b o1t gy sloJj 5k Sloogas
5,5 (Stable Micro Systems, Surrey, UK) TA-XT Plus
4 1> pily e l oliinl b oyg05l plosl glod .8 )3 )8 )y
bl 5l i 4ids 10 s aiges po i pubais 31,5 5bo an )
035 (S5 1 Lod o pslatody Led S8 alaiomo )3 (0]

355 Eg 0903
L posiaegll i 5l (g Jl oolatl b 3,5 g 9051
4d> )3 oo 10 co g ) o o 2,00 g pans glaio grbaws
Syl &g (asel i)l i) yto oo 12 3685 (30s
Jolis miwcdl slm el (1999 .l LSn 4 Gregson)
QS 5 ok 4 el S e o s s850 ti

Bl Cowdds PR

3 Stress relaxation test
4 Puncture test

33 Sililg pSI s axbly wudlyw 09,5 3y dlaulgey
g 459> lagmle St jl gle s, locs> 0o
g Jl8) 1y J5 Jsis Qblg LSTLg 5 LI ks culple
Lo 20 31 Sy (Seilisly Sl Gl Colis dons ) 450
29 Salite glaylidl (g 5 L) QLS )3 9 ()
oo Sl 33,5 o S5 (13555 (oo Sl S
g9 3 QLS Ug 5 L) J5 JeSis clls (ogas 53 485
o s el 8 axms s (S s 5 LB slosls
LS py8 53 ol > S5 Bt 3 eslS U5 2 S
wlySen 5 Lai 1991 .. ,LSan o Hermansson) ._sb
oy 1y J5 ISt ablg e S Jlio olgieay (1991
S Sl S Y il o) Ul s 5 oS sy elad
sy @025 &9 3 IS L danlod S Cud)b (pivren
(1990 .Morris) ass o s |y ol J5 Slooguas

09 e A melS g ey 008 (B @l slive
Phillips) sloas aslis (LSLSGs o LIS J5 JoSXis > ogllas
a3 layg I oy cangllas > (2009 . Williams 4
o255 Sy By Sl & Lgeye J5 IS5 s o
2 QUSLELE 05205 )3 (sadlgus 09)5 S5 j9uan a6 youl 90
bl el (9 4 390 00 cnge (Slinlg Ul )l aec
S g 1) gloyendy sgass slml g Jlasl b 55 yiag oo S0
Slilgus 09)5 5 pasliy Oloo (S0 Bg 2o )3 oo Y Ll
7 0395 3 SIS (63 09,5 b (Siliwly ySIl eV Lail sl
S5 g 45 3,8 o S o] gl iy plad ey
2 OLSSby J5 Jisle 2,5 s Ll 0,265 (19,0 sla geo
koo ) g slaog)S (e S (Sladign dbm] 4o
J5 St sl 0 (slaeosss LS5 5 18050 L gl
OLSHS suis S5 slapyd 51 S ya (2004 .Dumitriu) sas .
sgma 3 b JoSis olly 0 Cgllas lacses  opMe
€1982 ..Belton 4 Morris) a5, 351, 6,55 wgdle 5
slogess £95.(2016 .Li 4 Liu 22003 .),Ken § MacArtain
s > s 95 Am 3 (ki 5 I3D) sl o
23,5 (0 ol J5 5 Oglite (Bl Sluogad [ g

5 LI o35e5 by bee 5 )b 1 YL el aag Ly
Ll 5l ol J5 Sleogad pmle Slis 1 455 L 5 ST,
4ol ) loy2S5 @edS 9 )3 e N 9w jl g g
L el jl (glosyins i pls e ki sl (g y9ua>
a5 5l B gy (nl 508 ang ]y 0ad (e iy Sluogad

1 Intra chain association
2 Inter chain association



A5 . bylie J5 b Sleogas y slo ) @ox g9 S owry

G )l S b ol ol g gy 5l (el S s )
Cod dols glaoldy wud sl slalled & asgs L0050 S0
28 St RS U & g b g 8 S o0 )5 belos cnl 15U
>zl godly S o sbul diges (Bl Glusgad b duglis
2500 Byl 51,8 e 8l ks, byl o Cous pae il
oS o) alasd 1 a0 3,1y (g9 yljwe (5L (905
8L ks 0395 Hlidle Glusguad & dogi b g LS o iy (il58l
2 ozl 3y50 3,5 Eliges yol 5 50> g 20,5 o0 ol
o 9 38 (e by (lil v 3 Jloy 59y g3 )
P9 by ey oM b L sl s da I e
ol gy Jlasl aes o jldle J8b Clusgas g 3505 sl
5 g oeil sblie Jds 4 Vb llas 4 a2 225 e
2 Gl ) O?—“)T o=l 3l eeyluid OH}T L awwlie
3,5 oolatwl 8L Cluogas

ol 2 398 Gas iy )3 96 Sl e 251 YIS
O L le cuws olad jd 29 b oo odalin 45 jghilen
OB 38l b Sl g6 eSad 93 s jals > STy
yoman 3 b e J35) 1 JSs j3 il o ol e So
2 odd S sl o 13 g )y o3l b ofpandS
4 Staodly Hld b S 51 (Gl i (8 oy slacnd olod
ollidl L aas o ol 1) 0008 5 (o) Saw¥! gyl
08 S pS)ly8 s 3 oye SY el slis lase )3 (Soy 0)a8
(o ye OYlasl Wiy a8 o iy iolisl Jlasl slgs s
My 2g3 piydllasl 008 i o515 b 4 aSd s BMS
Lad o S gV (Saiss as o b g)lidle g Mmd o cund
Oal3bl o ) (Sauss il38l (1993 L), o Parker)
5 ASd pd 0dd ST (gloyonj peoS g5 4 |y (g )08
dodds yioy ;0 48 jehailad melS e il Lagpe e o
Sr5)8 as ) (Gloyass o )l le LSS b 13,5 oL
soboe slwo oy 3 Sllg sliog S (mle ()b 93 (32
2 Cels il cplply caad o gipS e lalddS LSS
2 o lidl g g ply Gllasil yialS 4 e aSuh (gEMS
23,5 o aSd

1 Barreling effect

OB (ol 0]

St VlgSusg (olss gy 2 Sl glod 1S yobotr yse3l )
S5 i Sy o digal (gl nl )3 9500 4 2l Slse
Oyt G polie (g 305 (0 )15 025 (e Gl Jl g @
0523l 5o 8 SNl Cal IS juis S 3 lej 3l b
2 oy Ly o oo 15 1 lad b gy ) oolitd b (5 ol
Sy 9 200 20 s )3 (5,8 Jlosl g aiids 2 yiohoo
asb ) aais 50 (g)spaiges casyw b aidd 1 Sloj ojb jo i
A pol laedh el e

VLI PUWIP SN T PRy 3] WO KV

2 Aeyg g S Jae SVl g )8y (glo e cas
b5 )5 ool 350 (st 4l )3 518, (o) sl
(1983 ..Normand 4 Peleg)

PO — k1 + k2t 1)

F(0)—F(t)

2 o5 U35 F(E) edgl g9y b Joleo F(0). 1 Jso ol

o olos g K2 g adgl i 55 &5 onimd L kL o ylo;

Sygmods k2 gl oS bl il oad pYley (Sl el )b

2080 ol G L g Jode Jolae 2980 o s (g s

=B b dolas 1 (Sl loj 5l an colbre Jgo e sline
(V) 1

e =52 [1-¢] @

ads] 95 b Jolaa F(O) colus gl o 45 55 o8 pobailen
5 ol 031y K2 5 Jal 425, € gy Jlac] o s A
23l gloj ply 53 2Vl (69588 Sline 2 (Sxie Al

Pl il a5l 8l S8y 225 L) il ce
L Lajlyges pawy 93,5 oolitwl (R20108) Cdis jljoley e
5 pol 2016 L1 lle 5 5 ezl

0355 Elygw 0905
daulgy (ol slajeryn jl Jols J5 slajlislo 2bj)) 5
pios Sloogas 4 a5 by B aopd bsja glyea O joas
I bl glyisany 3l Gglyy copd (Sl s ndeSly
O ang Lol S0o5 005 jhais 4« Job 4 dye @y
s 3 (53,85 il > Jloy 958 Jlosl pgulyy
sl 53 gy hadlate ge lai ol joeb 4 oeie 05



1397 5T~ e dojlod 14 alr ol 2138 @lio g pale slesbagy 5o D46

——ds» 25

——Jdswslwb
——Js 75

16

14

12

10

(£,5) 550

—_— U e 25
—— dx b

—— dn e 7.5

(£,5) 550

o
=
)
w
N
ol
o



SAT .. bylio J5 (8 cloogas 1 slo s o €95 5 o2

5 z ——Jse ke 25
45 —Jsele5

4 ——Js 75

3.5

(»5) s

1.5

0.5

0 1 2 3 4 5 6 7 8
(e slae) 358 o

B2 U] Comad 1l pomandS (132 5908 53 (S O35 9 (6 porkom Commnd 43 edl 4 5 ST Ugy ~ LIS bglone J13, -1 JSUd
LI 1 -Ugr 2 Comnd 1 e yondign 51 Sy 52 51 ol Coad 10

—_— b 2.5
30 . 50 (slae
<l —_—Js w5
25 ——Jx 75
20
3
—~ 15
o
10
5
0
0 2 4 6 8 10

(e shae) 3585 o



1397 (LT o doylods 14 alo oyl 2lié @bus g pole sleig} 4 pii D48

30 = — Jswle25
—Jse 5
25
s w75
20
e
2
< 15
2
10
0
0 2 4 6 8 10 12
(I3 (L) 358 (Bac
14
d —— s 25
12
—_—dse e 5
10
s e 7.5
3o
@
< 56
4
2
0
0 2 4 6 8 10 12

(e ) 358 Goe

Ll 2 -Ug Lunds sl oply (g2 yudn )3 (S0 )38 9 (6 yosky g S )3 yed a3 (UsST,5U gy - LS bgles 3, -2 UK
LIS 1 -Ugs 2 o g cyondions I So 5 51 ol o 20

yusuls BB ol 0dgizme (glie jy (Soy yad iuli8l L Hlidle 2 el Sod jodns 5l Juols g pa8 (158l L ¢ blds y
aS ol lasl iy e p ks odgame (2 JS5) ol llo L (glass S cuomw 4,3l (2 JS5) byl
dgbie yalls (Jad e Oygods (155 5 i omle 8, o 51w 5> odd odalde JLiby BMS 5 S0 Ojlsdy g0 Sl
L ybslw 48 oL (2002 .y, 9 Gunasekaran) cnge balsew 5 00 Sam @yad 0 il (S S jauas

395 355 3 558 Jlas] 0 (oo pgn) Seidly Cloguad ¥l s I 93,5 o 45 s pdy S s 5



549 . bylie J5 (8l cluogas y slo s gan €5 5 o

U5 Stz g p0nd Sy aigl b b biglie il y3 J5 & s
Lo arlyge bobo 5l ol colaylisls LSty al s )5 sl e
3 bglsee I (i 136 ot stes ©jgoh )3l Claogad
A3 e ol |y J5 o IS 6 5VL (glod )3 &5 3,5 0
P Jsedhe 5 9 205 g 18 1 (2006.),Sen o Norziah)
mralS” g0 jaas 3 (e el ((J5 balte slacius oles
oL 4 U pizmen sl b 1) 6Vl pallo mrsliy 4y G
oialS Jga oo 715 45 maws I Sg )a8 Ll a8 s o
ol g ) 0 S5 S5 50 (B gl 3 (i
asdly slogl s 4 sl o talS ol e o dlog
I e 53 elS’ 09er lale (I3 20 Sty i)
5= (2003) ) LSan g MacArtain .uil Juasl sly )3 505
b QlSh Sl ol J5 (5w (il pogad 5> (aplde doxs
2 oialS (izren 838 ()5S L 3 S G a9
Jols o5 o e )3 punlS clale il b s eyl
5 Y5 Ozt g ol o Vb sl (sloog S L (V5 boglses ||
9 Mao 2000 .., Sex g LaU) cwl o odaliv 55 oY

(2000 .., Son

OUS1,8 balde Jj (b
ol adaxd L5 jlis b )3 oad o (6550 (liee 4 (s
b (oo 0 gl (el (oo ) 933)5 (o iy pal CunSid
Olyo® 0gd 0 d8)S Sl D st Hlre laicdy Cunsls alaxd
@8 5l b plysa (LS Ug -LIS bolse b5 > (b
oLt 895 JIS8l 55 i 5oy ol g sty (132 s3> 3 (52
Oili8l g5 o alisMe 5 JS5 )3 oS jghaslen el ob ool
bslseo bl (gt Gl el muliy G52 y9a> )3 (S 0548
= Jsoisteo TS s > (Sgn 508 (I3l ol ol 03 5
L bylsee J5 5 b jeshige 5l glue slacans jl Jol> J5 555
(P>0/05) 5,55 sloul (g )bline b LSS LI 51 Ll s
L g Jogoideo 25 Sgr yi8 (gl (sladiges 1> (aolie dons
el cus b ailolw 75 g yosbg o 2 4ol clacans
298> 3 (S O Gl (pSe jgbody 0 oamlie (LSS
(st IS o )3 9 (e pj e (BN Cage S (32
2 gl ) (Grelign Cond )3 g (pizmen 35 byl 5
sbadi Ole 0Lt S S8 duglio ) uulS (0 H9a>
glds (LSS bg I cud g polp cud b oad JuSUis
sy ol oSS g5 ol dunlie )0 i 0000 (4l ixe
(ap D9 (S9= SLaE)IB (eled )3 ealS g mally (5
395 31 6 YL e iy ji 53 08 St blse b Jj

mo 15 5l Jlasl jb o8 olKn amd o L SladS cusls
355 31 VL R dSS s J1B) 03lo (ks (25) 4S5 g
gy il 5l ey 00l dlool JSS puss opl a8 s o LS
By o JSad i Sl At (] 4 2900 @) Jo @904
95 o odnliio 2 S )3 4 johailan g o 4z iz
Ol bolsee )3 HUSTELE coms (ial33l bl dimind
Sloyzsy 900 peod g9 4 1) Sodly sl dlowl a8 o Ty
090> &8 3> S loS e ey g )3 0ad JuSui

95 5l JSd pd 4y (g S Cnglio gy Jlosl doecs )3 9,00
2 S lusy ) Saodly Hd,y s et 4 iad o L
dgdi oo A& AL

OUST)E bl Jj (e
(PRl (e ) 0dd Cud g9y Sl (e pell
Sl Jldbw o 09 awg 0ad Jloel (5955 e plSn
WSy g9 5l masls el ool &l 5> .(1970..Mohsenin)
S5l b il J5 4 33 (o) gl er 9 (JoSle
w15 Ol cenge (sl Cigmlinyerly < L] ddlate )3 (2
JBb g 398 pln 53 Caglie Gl o 3 9 (JoSe
L 39 e odnlin 4 9 3 JISsl )3 a8 jshailan 33,5 o sl
ool 32 S g paly ool ot 3 (Sr )5 6l
sgma 3 yiahly ol WS oo Iy Gl (B yrall s
ol ptalS (S5 Opot Syl TI5 g 53 s S
OLSHLY s sl ogdlae (g maliy (B JS5) e
Olgisdr LSLELE 4l (LS Ug o LI J5 alebes )5 cunl
2 aS jelailen J s eod 4 il o o J5 j3le bsjs
09 o3> 53 b (s > Sl 20 e eanliie 4 5 3 IS
S @8 Gl L i OAS b pradS L dlie )3 mrnly
ety j9a> 5> (G2 ©)15 GRlBIL 00 Gl @ NS (o i
oud S5 Jlail (>l ) 6655118 sl by iled 4 25 L
L awlio ) YL (oo a3 0 b ()8l LSTBLE <5 )
Sg jl 9-b e bl S (g gl 53 0Ad St LS L
2SS ol Jaled g agi b mendS g p9i> 10 S0
b Sty 0 o8 b g cod (LS Jlall Sy
AU o i Gab b (e yrally Gl aals LS LE
S 2 3 658 Glr on L s b )3 (Sgr )08
Sluogad 4 bgpe bglsn 13 30290 gl jerkign JLail (295 ]
b5 elod 1503 (ggm 5l g gwSy 1 lno iy (g SISy

1 Junction zone



1397 (T - o oyl 14 al ooyl Iié @sbios g pole sledgy & pii DD0

P ..).))fga ol S 1y d)g..:\gtg_él.‘aa}] pAS g (b
O el 3 LSTISLE oSl o SV Jodo iolisl ol oyl
g Parker) .asb o jlislw )3 diuwgn Counsd 3ol 5 puedS

.(1993.“-)1)15\&

QLS bolce J5 5528y S i Jgoe
5l 3 e Caglie &gty (6l SS S e
)b plSotal | giline (lgisds §33)5 (o0 iy (55900 S5
b 4ol o b ol dile Gl oo 9 o0 4l
DI (o8 ygods (riwcdly Gie 3 (5S4 5 Oy
Oexed 9 (S O3 laljdl aol ) Jgde Glpess 035 oo
g el gm0 ygd> > by dsee J5 )3 b perdygn Cod )3 i
2 ygan > al odd ol L 8 o T JK1 )3 b s S
deg b S a8 GhlidlL calie s 5 (g 93
Drizan 3 (il Jpie e ity Ll ol 5 IS
Sluogad 4 drg b dbglbe ) (LSHELE s 52 (hlidl s

PYL (Swgy 420 b ()l JSW5 g 0 o5 (Sg sl b
e g0 00 5 ey plSoul i3l

40 -
35 -
30 -

25 -

(p55) gy
S

2kappa-liota

lkappa-liota

iy gl )3 (ks yebly G381 (695 JS3) wimd e (LS
2 Smgtodly Comogad Glalidlay by mrdS b aulie
Sy )by d92g s d Al oo manslty (3 U A
A8 o by s 5L 3 15,5 Jlas! 185 o5 oS o5
GBS drg 358 st yially 5 555l ol SRl cage oS
dbwl a4 bgrpe ol (2 y9i> )3 0 S )l 3 (Sen
09 WSl Gl danlyds (glo o5 (19,3 laead b ()l3 L
by o yzs e Slaeos sbul s 4 HLSTS LK Lol o
2 o byl 4l jo o Ll 263 I CunSls dlais U Sgliie
23 Boy2j () 0l crge bl (glad s conle (il jgl
9 AMICT) 355 0 diwgn g pomio 14 dlogl § KU
&5 el @Sed dugy (o (193 Lo (2002, S0
5 (42l S > i sloml pae) Sl > S5 pols (Sen
(2007. )L o 9 WANG) 53,5 o ConSids 4 Canglio yiul38l
2 OLSHLE (oS Cunglis (ljfl pogad )3 (olie @l
JeSets a8 sl 5,50 55 b ol il 5 oty 32 9>
o Thrimawithana) cowl sa s ()35 die ol lawg i
b gy LS (laSs jbsbo ( blio ;5 (2010, Ko
4z L kb slonl conge (slopos; o Olaeos JuSis
oL g Liu) 33,5 o 0ad Sl sla O > iy S
Fous cely qumdS 3,18 jaas 3 o)l s bl (2016

m25
m5

7.5

lkappa-2iota

ey (391 j9a0 3 GUST U g - LS bgldre J5 (w0 (Fg1 ©pa8 g (5 youky o Comnd )3 Oyt 51 -3 JSS



501 . bglia J5 8l Sluogas yr slo s gei g5 T st

18 -

2kappa-liota lkappa-liota lkappa-2iota
S’ (91 g9l 43 (UST, STy — L boliee Jj (s 1 (g2 ©8 9 (G yenliom Comndd yd Oyt 51-4 S

800 -
700 -
600 -

500 -

m25
m5
m75

400 -

300 -

(4s/p5) (Sidons

200 -

100 -

0 -
2kappa-liota lkappa-liota lkappa-2iota

ol (90 i )3 (F98 A8 g (6 poulign Cammd 3Dy a0l 50 GUST ) Ugy - L bgloee Jj st -5 S50



1397 5T~ e Aojled 14 alr ol 2138 @liuo g pale slesbagy 5o D52

(il ) Sl

2kappa-liota

lkappa-liota

m25

lkappa-2iota

panlS (92 jgui 5D (99 a8 g (S poabign S )3 pdi a2l 3 (ST Uigy - LIS bolske J5 stiw -6 JSW5

5 Cualsis (2002 .y, LSon 9 AMICT) asb o sl 03518
S i g 8B L sl S5 J5 Sl > hoypesy o515
23 )8 58l cod ly s pdy JSB e Jgde Gliee b 0y
byl il Jools J5 plSocinl Gialidl pogas 3 (olie gl
2 peelS 5 9= 3 LESLLE 5 Ly gl (o e
Pérez- 4 Montero) cosl 0155,5 5155 i g pawliy b duslde

(2002 ..Mateos

0.7 -
0.6 -
0.5 -
0.4

0.3

(il p8) S i Jporo

0.2

0.1

2kappa-liota

lkappa-liota

o D90 S (oled )3 3900 dan Mo oS pslailen

©ygmody il (9 yoa> 53 Jgde Ol (J5 byl
5 1 JS3) amspe olis (38l by 32 L dalio )3 (6
L jalome (gloyazdj oo Slrood dloul does jd odalie oy (8
el g y5a> 53 4l GO cunlies )3 lil g ) R0uSy
5 S Cwlus b oS chly aSus sl yzs 9y Slross

m25

m75

lkappa-2iota

el (g1 9l )3 (Fg1 08 g (6 poulign Comud 43 pudi doxid j3 GUST U g1 - L bgloee J5 SR pud il y9 55 oS! -7 S5



533 .. bylie J5 (8l cluogas y slo s ga €5 5 o

0.8 -
07 | I
0.6
0.5
0.4

0.3

(4lp,5) JSis yid Jgoro

0.2

0.1

2kappa-liota
ordS (90 59080 )3 (50 )8 g (6 porkigns Conmd )3 st dxl )3 ST, Uy - LIS bolsce J5 ISyt il 1 55 Lokt -8 UK

Ol ;55 (6550 2dlion loyaSs (93 £95 5l M o0
Cap 3 el dlge pol cul & 3515 3929 sl (slno o
A8 bl e Jos T L) gy8 GRIE1 S )3 S s
e Hls o dlool s 4 paadS” (o0 jauas 10 505 (gaw
w51 Jds 4 gy Jlosl plS )3 (slo e o YL 95
OLSe yS l p3Y slad by e JLail BB > 5V
O)go Lo bis Caa > (A5 b (2)Ken i 3 g Sdgdone
A s 3 955 Sl Cpar 10 59 oS5 )5 5,8 00
5 el g 3l (U Ol bobe 555 b jorlysn 51 S o
Ml U auwolis )0 puwly (o0 jeds 50 .l 0 )] pusadS”
@ (ke e Gl LS qeadS (g0 ygd> 3 00D JuSis
Dl czge &5 il o Fomb SR USE s Jore Ui
23 B yosig S )3 i 503 g jl 9800 LS Lo Cuslod)|
sl GLShB U cons GRlIL &8 a3 o L cbgle 5
L'j Aoy aS A e i 263l YL (g pliillasl Sl
oy ek dladi )3 Il pl b (Rl ks dlail
il > coelog)l GRaljil aonss 5 g ioxie ) g 138
S5 53 0AS €S 18 (slvo 255 Glee SYL axdly 392 33,5 o
agdag b 500 (gow lcul oad dont et Jpa> 9 SYL
5 ol (92 9> )3 45 23,5 o Al 10 5 9 cla S
2 hd b, edgamme b (slojnis (490 e eSS
2 (leoy2ss oo ©YLaS) oas St J5 sl b avglie

lkappa-liota

lkappa-2iota

badsew Jj b amal Job g pubnd adads cCuclod
R
2l bowgy sa b wds (655 e Gleea cusle)]
b ojll jl et L qerdad dlads £ 55,8 4 (15 Jad asb
bt 4ol zeyd 40 did (i leieds qualud iS5 g (Jas
e adads ghls oole ,48 0 0ud Wl iyl sbiue p L o
9 (e b (EalS) ABL (658 SR B SE o Jgde 9 VL
s 65V poolin el ially i 5 o 15
Gpindlasl (ili8l ases o (o)lisle plSouul ials .45 o
Olidl At ) g (b aal (S g (o) o
iyt 9 04 odaldie Gluogad 4y dxgi b 03,5 o Casled)]
5 iy SLBCod ) (G pdy K ol oo 5 (b ¢S50
3 (80 loyo; Slaads g4 yiall aw (pl Gloe dll, oanlie
48 5,8 bl iz g o0 clarme )3 ol g sl (0 y9e2>
JSi )il g5 4 a2 g8 b S & e iy (0 yal>
sl g 5YL cuslos)l ((slopzs (90 Glrood 2bul) ol
ollidlay et o ) Hidle  cuelos)l ili8l gk o sl
hd slg sy ob cans Jad dnl (158l doe > pelud dlads
P uj9_§J9A U)I)T)L: €9y JLAQI flidb P ¢L§».Z.\A:\J|95\m)9 uo|9>
2 Loy ol i b bl cnl & ks 0 90 Sl
bt a ol cihas 000, 5 o asls B lesa lsle
- ke bas cps  olas Coxbae pui b (glop; L,’)..I)T)'lg
w30 sl lasid il cpunly (o gl 40 aS bl 5 asb



1397 (T~ jo0 doslois d4 Al ool pf lié @abus g pole gloiungyy 4y DO4

sleosly lasl s & 65 b (oloj pely SO @y (Sl
a2l > GBS 09 oml S 4 %0 o il e (295
98 Jlosl b G35 @98 (s posbiom @lie | Jols sl J5 ) (s
DS o5 Oy Bl (olod > Salen ©jgody IS5 0
255 59560 > Ul 0y93 ) (loj A (AT Sl 1503 g
pas gl ( Dls el @ awy SYeb loj Juds 4 ol S
Cpe gyonl il Sa¥liSiny Sluogad oLl sl
Slogad ol g bl (olod )3 9y Sinlon oo
ol o G ole) el dbglse Lo 5 SISy
Cgmody G5 o o9ojl il Jl 8 e85 g0 S pd
(08 slasuia) gy oo Sl 43,8 Ly (aljBl el U (laly

e yalb sl

Kappa2- Iota 1

Kappal.5- Iota 1.5

Kappal- Iota 2

n

(¢55) 9

el cod joa bacus (olod ) padS g jga>
sl 03l U5 6 5YL ol (wlie liws) ST, SLgy
whd g aal 3 IS ol

Cygody g bl oo dlge (S Gluogad s i dlmiwY oS
9 JSi i Jloel plin o (Swo¥l e3n) (g5,0) 0053 sl
ol o8 3l sl S ey 551 (95mg 2j2) ST G ljee
blugl e il 1505 cood sl ot i) Cuoguad g o
5] Ll domis )3 Sy Cupogad 5 (55 bl > @Y La]
(S 2y ggejl g3 sl ole S o LBl 3 (J5Sge b
Cand ) yud 135 oo La 5 SawV] 68y Sluoguas
Slaess 13U 2lojyl Cpr el (G @58 )3 5 (S perhion
IS el 2y medS g ey Slagyss H9a 5> (slo yS
dd o anl ) Sl Glusgnd bj)l.céd S

(o o) Sg5 Gos

ly (92 y9ee 33 GUSTUgs 9 LIS Ciliden (g 1 (onl (lgieds 395 Boe 1l )3 900 Ol i -9 UK
A&LL;Q @m » u»\.o.a s DMJUL@ O Li



905 . bylie J5 (L Sluogas y slo ) @ox g9 5 owrr

14

Kappa2- Iota 1
12 —Kappal .5- Tota 1.5
Kappal- Iota 2

10

(p,5) 90

-
-
P
J I
——
.

Lt ool o b S (92 9 )3 QUST B U 9 LIS Cillisee st j1 (U Glgieds 9l Gos il 43 9585 Oyt -10 JSG
b ot (plos

gl G U5 adllas 5l Jols gl (L Jgaz) wdlioe wenels
aalllao )3 sl bl 5 rsliy jgui> )3 00 St 5 a5
s )b as osalie (13,5 Flygw 905l 3 a4l s,
3 Jole K2 yially slice 2 Jgio dnnloe gl piean Al
5 0l oddlie lyuxs Lgy b Kby Jao leolatwl b e (y3ly

(S 5 Ao
S5 S e ld wglate slap,d e b L LS
glate dylas 40 odlatwl gl il slhb cas (bale lgca
o any L LS clap b I o )b ) (og)b b 2l
S5 el i 93 Lo LS CullB ( glopon; Slosguas
A S5y (sl gem S adb o Ll Ty (d)b g0 g
9 90 jllae 1 (8L 93 b g S5 g p9i> 4 25 L ]
OLSHLE slaopons (Sl Slogas S0d g

sl i dlols gleodh dsl i 30 loj sl g

Srosbsw balowe o (LLSHELE o3 clale & lo; ( Siunly
spas ) balsw gl 5 50 GLSTLE caws ili8l b abl o
by pasls plysds adsl (a5 S35 loj (omy 2)90 O3t 90 2
330 slaoym pU oy 0 503 o 12900 by I3 St
ol s (glo s Olresd saiiSalol Jolos licdy awyp
Al 3 01 S5 sl L 3 5 S35 oleg Ll
55 olej (Il 09 masliy (g2 s9d 53 (Srechign ot
08 sl 50 LiSTSLE (gols (slogee (sl 5 50 adsl s
OIS YL plie b oxims S5 Jelge polio b (ol )3 by
Olese Liwe ol 2 .(1993 . Kan 3 GAMEro) cusl 0435,5
DS g oo 90 lreoss dbowl Judo a4 a8 5 )87 gl e
2 Leoyosy ombe SYL (S o) (ljee b slasid jls Lo
4SS 9y yoas 1D (glo o o Sl Sl b duglis
ol )3 g SYL gl hb el g el )0 0ad oSS
092 ShI> ges o Cumd (65 S5k loj > adgl (i 3



1397 (LT - o doylods 14 al oyl 2lié @bus g pole slesig} 4 pii DD6

e sladiges 51 5V paudlS 2 9> )3 Jgoisko 5 5 215
3 5 bale Slols (60 S5 s Jpdo 332 gl sl
Lo (gloy255 o Jlslo LS5 > ) mplS Sod jpi
a8 ol L el jels 50 oad oSl dlol 4 Cuns 55V
P Sy O3 I (i sl (Jgde (hljEl aoms )
2 Jodoe Ol JL8) 0,8 iy JialS Lac s (oolos
Lioygr =Sl Jao jl oolatul b odds dpwloee Jodo b (gl IS
ol Ll aubey d idghy cpl il Jols mls cuib calls
e Bl o 5 s LS5 15 sl e (6,8 500
b Glss el J5 3 Lo jeshign Comad )3 pid Ly

3905 3l youdign 2 5 6l Sloogns

S 2 5 rman S 0o bl |y b 3 (ol Coll
s i )3 eS8 pd e ol s ey b s )3 by
Capnd 33 il g oo (2l Bl 2 )5 Bl e gllae
Mol S Ol oguad 93 jgui 4y dog b bolwe 5 50 b yordyon
2 s 33)5 (o )18y oS crge bayedbgn ISy o Sl slake
SaoVl g p5 (o)l b 0diiSs 5 Comw gyt b b sjn o
ey o sl |y balsee 550 posion 93 o 5l il (o)l8) 4
oadns alad (i yielyb oS ol LS mwecdl yge5l s
55 lnJ5 gl 5 J35 5 sl ol s 456 oo
pA_M’L) O )9_Aa> 5 uLMfl)KUy 9 Lvlf LMl A5l Hd ol
ow o b5 o )8 sbul 1y o 5YL olie pelS 4 s

O 985 3 WS Ug L (g poabion (L Cond )3 o y55 =Ky Jubo 1 o3liieal b (A5 (B3, (40312 51 Jeols gl -1 Jou
oanlS g sy

. S 92 el (0

Lh (L)

o F0) _Kis) K. E__F0) Ki5) K»__E
1y -2L 94/732  13/152 2/19¢ 52/1a  42/482 20/282 2/98:  27/462

i 5k, -1/5u  66/86° 12/432  1/97 33/8> 38/49* 16/63> 2/86c  25/4°

2bg -1Ll  35/95¢  10/62°  2/50  12/8c 25/28> 15/27° 2/01° 12/89°

&l

Amici, E., A. H. Clark, V. Normand and N. B. Johnson (2002). "Interpenetrating Network Formation in Agarose— k-
Carrageenan Gel Composites." Biomacromolecules 3(3): 466-474.

Dumitriu, S. (2004). Polysaccharides: structural diversity and functional versatility, CRC press.

Gamero, M., S. Fiszman and L. Duran (1993). "Stress relaxation of fruit gels. Evaluation of models and effects of
composition.” Journal of food science 58(5): 1125-1128.

Gunasekaran, S., & AK, M. M. (2002). Cheese rheology and texture. CRC press.

Gregson, C. M., Hill, S. E., Mitchell, J. R., & Smewing, J. (1999). Measurement of the rheology of polysaccharide gels
by penetration. Carbohydrate polymers, 38(3), 255-259.

Hermansson, A.-M., E. Eriksson and E. Jordansson (1991). "Effects of potassium, sodium and calcium on the
microstructure and rheological behaviour of kappa-carrageenan gels." Carbohydrate Polymers 16(3): 297-320.

Imeson, A. (2011). Food stabilisers, thickeners and gelling agents, John Wiley & Sons.

Lai, V., P. L. Wong and C. Y. Lii (2000). "Effects of Cation Properties on Sol-gel Transition and Gel Properties of k-
carrageenan."” Journal of food science 65(8): 1332-1337.

Lau, M., J. Tang and A. Paulson (2000). "Texture profile and turbidity of gellan/gelatin mixed gels." Food Research
International 33(8): 665-671.

Li, L., R. Ni, Y. Shao and S. Mao (2014). "Carrageenan and its applications in drug delivery." Carbohydrate polymers
103: 1-11.

Liu, S. and L. Li (2016). "Thermoreversible gelation and scaling behavior of Ca 2+-induced k-carrageenan hydrogels."
Food Hydrocolloids 61: 793-800.

MacArtain, P., J. Jacquier and K. Dawson (2003). "Physical characteristics of calcium induced x-carrageenan
networks." Carbohydrate Polymers 53(4): 395-400.

Mao, R., J. Tang and B. Swanson (20. Texture properties of high and low acyl mixed gellan gels." Carbohydrate
polymers 41(4): 331-338.

MOHSENIN, N. N. (1970). "Application of engineering techniques to evaluation of texture of solid food materials."
Journal of Texture Studies 1(2): 133-154.

Montero, P. and M. Pérez-Mateos (2002). "Effects of Na+, K+ and Ca 2+ on gels formed from fish mince containing a
carrageenan or alginate." Food Hydrocolloids 16(4): 375-385.
Morris, E. R. (1990). Mixed polymer gels. Food gels, Springer: 291-359.



937 . bylie J5 (b Sleogas y slo ) @o g9 1 owry

Morris, E. R., D. A. Rees and G. Robinson (1980). "Cation-specific aggregation of carrageenan helices: domain model
of polymer gel structure.” Journal of molecular biology 138(2): 349-362.

Morris, V. and P. Belton (1982). "Influence of the cations sodium, potassium and calcium on the gelation of iota-
carrageenan."” Progress in food and nutrition science.

Norziah, M., S. Foo and A. A. Karim (2006). "Rheological studies on mixtures of agar (Gracilaria changii) and -

carrageenan." Food Hydrocolloids 20(2): 204-2.17

Parker, A., G. Brigand, C. Miniou, A. Trespoey and P. Vallée (1993). "Rheology and fracture of mixed 1-and «-
carrageenan gels: Two-step gelation.”" Carbohydrate Polymers 20(4): 253-262.

Peleg, M. and M. Normand (1983). "Comparison of two methods for stress relaxation data presentation of solid foods."
Rheologica Acta 22(1): 108-113.

Phillips, G. O. and P. A. Williams (2009). Handbook of hydrocolloids, Elsevier.

Saha, D. and S. Bhattacharya (2010). "Hydrocolloids as thickening and gelling agents in food :a critical review."

Journal of food science and technology 47(6): 587-597.

Thrimawithana, T., S. Young, D. Dunstan and R. Alany (2010). "Texture and rheological characterization of kappa and
iota carrageenan in the presence of counter ions." Carbohydrate Polymers 82(1): 69-77.

Wang, M., X. Qiu and X. Zhang (2007). "Mechanical properties of super honeycomb structures based on carbon
nanotubes.” Nanotechnology 18(7): 075711.

Gunasekaran, S., & AK, M. M. (2002). Cheese rheology and texture. CRC press.

Gregson, C. M., Hill, S. E., Mitchell, J. R., & Smewing, J. (1999). Measurement of the rheology of polysaccharide gels
by penetration. Carbohydrate polymers, 38(3), 255-259



Iranian Food Science and Technology . e o .
Research Journal i i Olnl 10 aibos g pole (Sleddghy 4yl

Vol. 14, No. 4, Oct- Nov 2018, p. 543-559 e e 543-559 . o 1397 LT - s 4 o,lois 14 ol

Evaluation of the effect of chain association type on the textural characteristics
of kappa- iota carrageenan mixed gel

A. Jajarmi!, B. Emadzadeh?”, R. Kadkhodaei®

Received: 2017.08.16
Accepted: 2018.01.01

Introduction: Carrageenans are a family of linear sulphated polysaccharides that have broad applications in
the food sector and pharmaceutical industry. Based on the degree of sulphation (polyelectrolytes) in carrageenan,
only Kappa and lota carrageenan have the ability of forming a gel structure. The mechanical characteristics of
their gels, however, is affected by the polyelectrolyte nature of their chains. lota and kappa carrageenan provide
elastic soft gel and brittle rigid one, respectively, in the presence of calcium and potassium salts as their favored
ions; while their mixture provides a broad range of structures with unique textures. The combination of these two
biopolymers would result in a broad range of unique textures for different applications. The aim of this
Study was to determine the effect of chain association (molecular association) on the textural properties of
kappa- lota carrageenan mixed gel. The texture of gels was investigated through the puncture test to determine
some properties including hardness, toughness, deformability modulus, resilience, yield point, and proportional
limit. In addition, the stress relaxation test was applied to evaluate the effect of the chain association formed in
the network on the stress decay parameter.

Materials and Methods: A commercial Kappa-carrageenan, Genugel type, and lota- carrageenan,

Genuvisco type without further purification were purchased from CP Kelco (Lille Skensved, Denmark).
Potassium chloride (KCI) and calcium chloride dihydrate (CaCl,-2H20) of analytical grade were purchased from
Merck company. The mixtures were prepared in 2:1, 1.5:1.5 and 1:2 ratios and the final concentration of 0.3%
w/w biopolymer. Both calcium and potassium chloride were added using a strategy adopted for each salt for
keeping the same ionic strength of molar concentrations of 2.5, 5 and 7 mmol in the biopolymer dispersions. The
mechanical properties of the gels were investigated using an XT. T2 Texture Analyzer (Stable Micro Systems,
Surrey, UK). Peltier system was utilized in adjusting the temperature at 4°C. The samples were equilibrated at
least 10 min before performing the test. Crosshead speed was adjusted at 10 mm/min to a 12 mm depth (50%
from total length) from the surface of the samples using a 1 mm diameter cylindrical aluminum probe for
puncture test and a 2 mm/min crosshead speed using a 75 mm diameter cylindrical aluminum probe in 20%
strain was applied for the stress relaxation test during 60 second time interval. Pleg and Normand equation was
applied for the determination of viscoelastic properties of samples.

Result & discussion: Among different methods in the mechanical study of biopolymer gel, the puncture test

is a promising method due to its ability in applying normal and shear forces on and into the structure
simultaneously. In the presence of calcium and Potassium salts, the same pattern in the puncture curve was
observed with increasing of ionic strength in the medium. According to the chain association formed as a result
of the ion type, the pattern shows a transient from the elastic to the plastic deformation with different limits. The
hardness as a parameter that indicates a composite biopolymer network resistance to break up, showed a higher
value for the network containing Potassium salt. It would be due to the formed intra chain association in the
system. For calcium salt, the results revealed a small variation in the hardness parameter with increasing the
ionic strength. The area under the curve of stress- time is defined as toughness of the structure. The network
formed by the intra chain association in the presence of potassium shows a free chain movement which leads to a
plastic deformation with absorbing more energy before breaking the gel structure. Concerning the type of chain
association, higher values of deformability modulus in the gels containing calcium salt is reasonable. Resilience,

1, 2 and 3. PhD student, Assistant professor, and Associate professor- Department of Food Nanotechnology, Research
Institute of Food Science and Technology, Mashhad, Iran.
(Corresponding author Email: b.emadzadeh@rifst.ac.ir)
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yield point and proportional limit are the characters related to the network homogeneity and bond stretching. In
the networks with no depletion region, applying an external force to the body would lead to a uniform change in
the initial state of the structure. In this kind of netwoks, the force distributed in the whole structure uniformly and
local stress is not created. The chain movement as a result of bond stretching, causes a back stress occurance in
the structure. When the primary stress is eliminated, the accumulated back stress will make the polymer to return
to its original form. Interweaving the network by the intra chain association will result in a homogenous network
formation and subsequently, to a higher parameter values in the linear region. The large deformation
measurements were performed through the stress relaxation test to study the response of the structure during the
interval times and to evaluate the viscoelastic properties of biopolymers network. Longer stress decay time was
observed for the network developed in the presence of Potassium salt. The result obtained by studying the stress
decay rate was in agreement with the properties observed from the evaluation of the linear region in the puncture
test. On the other hand, the deformability modulus values conform to the result from hypothetical asymptotic
level of the normalized relaxation parameter.

Keywords: Chain association, Carrageenan gel, Textural properties.



Iranian Food Science and Technology

&

Research Journal i ‘ Olnl 188 aaboo g pole leddgly 4yl
Vol. 14, No. 4, Oct- Nov 2018, p. 561-571 e 561-571 .0 1397 ;LT - 0 4 o,los 14

Geod 038 Fpw Auld (b pdy, il p R b S o) 5

& e . &
‘M...,. I W 0 3 and

f bl o = Gl e PS5 gale sl e ¥ ol e il o =7 B i e DUl =g 5 de
1395/03/30 131 55 &5
1396/10/11 : 5 & g o0

2>

2 Oy i LS sl g I (Su el 4Bl Gl 29y S8 sgie b (23S Blge Bpae 4 (NS B pan les 0y el
Lo (005 )5 53 o8 Cunsl (0D Gy oo (29 Aoy (S ped MBlie ()5 e S U 59 9 Slga b (0> gy (13 Y pae
355l gyhn (sla g ;3 gk ol 3 S (e Dl gy 3L e (A8 Ep T Jsb 3 Jpame (nl2g e AS e & g0ty
lgo by (w3 bgy 3 (U ulis 85 118 ()90 Aoty (e eos (95 Em > OF9y i 1S g gl St S 925 gl
IRy sladiged ) odd Ol g, M (pioen S by W jlad b duslie )3 Cagbsy (i8) Cusd I GialS 4y e (054055,
15 = Hokus Jio su 2,5 bglo L oy (o3 by (sladisas & bgsye (1 (1015 ko (s (P<O0/05) 55 j2a8 anlis s dunylic 3 03
il ecely mdicdg (doys 10/1) w5 oanbis (WIV) %0/5 1)sesll )3 ya ialS jlads oo yieS g (2uoy> 414) 590 (WIV) %1 il
il Sy L ) (5t S by 16 iges 4y s 03 021> by diged Culed )3 02, A8l Jlesd &) s (25 Ep (B350
(P0/05) 5.5 a8l jloss &y s dogS g (@) 508 (L) iy i plS (0%) 3,5 sl Gal3dl el (o sy

O T o) S (B (G515 k0 Dlse oy 165 S]]y

(2008 oySan 5 3 3o ;2015 oylSem 5 (5,58 (ls) Lo o
295 e J55ee 5 36 o o (ol s I e Y
laoyis ojlasl g aiwg Jsbss (2013 (o)) Ken § SLSSS)
5 5295 lg) A e J S )y odd Ol g, Ak 8 slox)
xe g ti Y gazo (59 3153 cpl adllae (2015 () \Sen
awl 03,8 Iy (630 Cuonl

(SD e o (e Aok (§ et Jpae lpl
©ygots o oS5 (Jol g (LS sl (sl ) & cul
Ao OLaS 5 b Sde d (b cpl 9 oo and (oxe
odcy gl awlio GIAE E o g puiS 3] (pui lai clayiss
355 dhgy gl 08 E iy Jgarme (] adly o bl pac g dbrs
ATyb plasl jlaw o dtgy S5y g 039 S A 3D dtun o
Cunl ol gz cpl S M 1 (6 ol oMb (gloged
DS e oda ) L) ) (005 e (b Slgd Aiilen oS
EF 4 Ll (SID Ep (e b pmd (22 Olie (I yob
2l e glisio 003 26 510 (e (9,8 & o Laalys 9 J5e 8
(1393 () Senrg wxe ;2001 (ohKen 4 c\.w)

5 0 0 JoymadS Sl e oo (22 9>l Gl By

.

CYRTTY

g sl Jglite il S £g) 1 Gres 005 Em

9 b (S0 Jols gllas (s Slaogad b olie Y e
5 Ll 525,00 ;20160 Sen g 352) adl e Bl g 030
L wbes o olig osle By 3,5 ¢y b (2014 () Ken
@ o9y Sl )l @ JUl el ol pl 0,5 0 5118 € ()
9 532 32015 (LSan 5 555 0lg) 00 Jgmamo
g 2he ool o pys JEl el a4 (2008 (o) )San
9 105lse 12016 ()L Sam 5 5ha92) 93,5 0 3,5 Gy Lo
cowd ) o) cagby ol odla «gdly ,» (2010 ¢l Ken
IRl 089y b (2li8 ol gaw jload jous Ol cpl g amd oo
el Jpamme o 3 2150l (1393 () Samg woxe) 33,5 o0
Sl cgbye dtun 4ol a8 Jlo )3 255 0 dlgy @y JeSuiS

Gozedily g Ll bkl Wbyl sl gomtih cuwiga -4 53 2 1
B b @l 9 55)9liS pole oltih ( olié glio g pole 095 158

(Email: ziaiifar@gmail.com LolslSe Jgtu®)
DOI: 10.22067/ifstrj.v14i4.56899



1397 (LT = seeo oslois 14 ol oyl il 22l3é qbus g pole Slesig} 4 pii D02

= 35S gy Dy s 315 (1388) llSen 5 Sloaa S )
330 |y (i oAb Gy dogd IS (S (013 5 gy Ol
S35l 9)hm dlge b (a3 by A (Ui gulis b 13 ()
Aald Hled b duolie )3 0l 2w s NS Cogby (18] el
By S5y a5 )3 (63b5 B Pk e S 92,8 9 A5

Ol LS 1 (515508 5,00 3lge 5L 4 dagly (lple
2 il s JB Al pe 93 )3 Gimghy cpl Sl Ban (g ol
SIS 5,0 LS 5 b (w3 gy sl gy B gl el s
by Lo g 1ygasll o Lly lgbas fpto S 90,8 Jols) ciliseo
R 3 0F9) Sl Ol (ialS (G = Jolu Jete S 525
Oeosllae Clowl Gun 1ped Ao yo 13w ol daudiy S
2y e saadld (gw)p b Jpaxe ool lp by,
gl ® ploasly csh, o g (89 ol el a0y ol
o deg bl Jyaxe KO) Cluogad 5 (oo jadld
5 dmel> Coodlw i jglatedy 028 SV ganme Wy )50
o Jl okl b (g%l 53 a8 I s b Jpazee Ay
Slogas gadgll o sl bito oS 928 8l (S pidsy
FoS gy sga b (Jgazma g 02l Gl ) Jgame cpl (A4S
35 Mg

W s, 9 dlge

b 31 E o) Epap5 el il IS 5 2)]) Jgp 2]
5 29SS (olalS izl dod) S (S5,5 e loxe
ale ot 5 (055 0l oS e (olias dals) Sy
S Syl 5 s 4S5 a5 (&5 2ol Seols) o S
5 ol gamo dagygeil caz Sl 2)9e (plell Merck) obers
hosl oL 550 as (madsms coSagan) Hoboito s 525
418 ;I Lileacea o5l I (aloe barbadensis Miller)
hyasgl J5 gl (sl 43 ()l 3 ool o oo 4230
ab ool By 55 (Pl i by €55 L (4t ) pses pyi
slatoay oo O (gl By 15 )3 408 L il Sl
i b} s

Aol (oo (o o (5 jLwsaslol
PSS p,5 17 5 g 3,1 p,5 400 ol Siss slge bzl
alewgdy o 9 5055 5 0/01 85 b Jlusod (s9jly5 bawgs
s5bas lg p,5 0/5 olyen 4 lge oyl 50 SN40 e b S
A jorawd wlal p 80§ balowe Suisd Ojpody cilgs
oS 50 Ly S5 08 125 Lt ons (58505 g o
kenwood Chef) ,uSio by i ;2 o100 § ¢ poess

(093 sl Ghalidlasle (oousie b g)lon 4 joxie i )
OHad 5 SiguSin) 35 0 Bl 5 By b sl o
sl yide l oalatwl .(1393‘&)15«@ 9 p%s ;2009 cgisdo ;2009
P oy e pRalS gl culie (02,16 gy S S
S5 byl s 0l slaimgg Lusl abl e 2,8 ¢y plSin
OloygiS 3 cilisee (olie Y ganms 13 (29 o g (BIGRDY,
U tmggy b (18395) ) San 5 5Ll .l 01 plos
0lst 5 o) GAa Sl (i g A54Ig e sla by,
ol (23 gy (diged 50,5 dalllas |y ol Fyw (S6Kue (S
S hgn i aald ladisel 4 Cud 5505 )
ol ) il g 155 slaagslsg e 55U (1394) lSen
fom 1338 (app plomedly (5 By Sl B 0 9y Gl
Bb plis ly oYU e pials e beble als o ol
2L g oy gee B (1394) (an 5 e pss s pas
5 (8355 55y (o) i cagb) Gl Lgw O 5> Jsloxe
15358 ey ly 0dd e (Gmjc o B (oo sla Sy
() lapell sk lie 2 Lajesite ool 1ok lis gl
(PO/L) 550 Sl ime 00 &0 oo 22 O3 5 625
ol slS 5 0m 55U o b (1392) )lSen 5 ol odljile
035 & sl (b i 0E9) i e 2 S
0854 9 Pl dite S 5205 gl g)am 253,5 sanlie ras
g ololise Bad 89y Cla JialS el whlé g3
J5 5 sl dito S 508 gao) Sy 55 555 (1393) ol lSen
S35 oo JUl g 59y 21y (1) 91 olS ) Juols
Gt 5 S lgisd [gsgll J5 00 5113 (0 3590 008 &y
5 0305 g8 e ialS ) (489) e Coly (gadolss e
Olsse 2 )l 5 Qls o 4l 2 (23 sy 1 (1391) )en
02 Gy S)S prod (i 9 (o3 (old o) il S
sl (ol Shy » 0Ll 5 )l Saden clale 2538 )
P9 S STSS) 4B Fipby) 9 o) e Bl ugb) i
L ooty syl o (1394) (iSen 5 (aliasls Slo;
@l slagos b ol dulie 5 o) 0l Glise 2 obxy b doo
e SN (058 ol p Pelwdete § Ll s
By (Sadiges dod )3 (g jle 52,5 oralis 04d &y
S 5 (U] s 390 yieS sals dige b dulio ;> oai
S g Jls it a5l 50 (slagsitsy 3G (1390)
o 03d E e (Hanjica (S ol 9 089) Gl i
sl S iy 1 sl ste (idgy 3b lis gl 5,8
sbaptadg jlosliil pizen 9 sl (dnojmm s JUS
SO, b%aE, L glay s b ine (il el cadglS s um
0,8 aall dbgel Ly duolie o (s cuw MBS sladiges



563 dune 19,5 £ wT P b 9y i g GBI Gbe T g

slod Jolpe oles ;5 (2008 ¢ LSar ¢ 3lly90) 13,5 oy,
B iS50 & saome Sl Oliwge i S by (SE
5 Hhge) A3 S8 police & oy (! D1 MM K g5)
g 51,8 il 43,5 £3 dgus )3 oles Sbilwgs (2008 o e
OF9y B 285 )8 Sede (o (59 2 (48 Epw Sl e ndiges
Bl 3l g (2000 ¢ an g o yhns) 29 a3 )3 Lol Sl
2 ot 5 (Supd o ptalof] e (slod 4 () 5 )

A5 el dady (e o)

Cugby sl
MR 5 e | Game (39 (39 b e sadiges Cugby
lgn by o8 4 jeome MMer) 51,5 ko a5 3 105 451 55 o3
(AOAC,1990) w5 yuni uli ()59 4 ydwwy U (2MVS ey b

S99y jl cdadiy ayed 22 Oliee S5 ojll

Iy (20) o0 ¢y G905 5| (wasuiie Hlade yolaie oyl 4 b odliul

e 4 Slegdsyny Mo jledlinul b oy> glsel g o3gad (1 jg8
.(AOAC,1990) 15,5 bl cclus 6

I (b el by (yiemiw
POy Moy

by sladigel n (jg SISl (w3 by, Lo
ooy S oilasl jplatedn ad auloe Jidgy (y9 g 0l
a5 okl (1) datly 51 (2004) 1slsT U illas 23 iy

— D
I by =T X 100 (1)

(9) onss RO yiigy sl dl_mdq?m' 0939 C a, Og.l 5
el (Q) by (y9 sladiges adgl )9 1 g 3L e

O35 & ool
03y S i L (99,5 G loasly sl (sl
1l 5l A (jeed) pLS ladsly g oaid ¢y ladein

15,5 oslizl (2) abaly 51(2004) 55587 b sollao 25 g

S o plosy = (CTW) %100 )

C 5 (9) ouis &y by dadiy ()jg CW cdlatly ol 5
il o (Q) o1 &y Jopidey dady )i

OWLSe 5 Gligw by, @illae (23 by alise (gl el
A5 oy (2002)

St g 2 bg e aidy 2 e 4 ()il (KM-010
10 cue 43 93 b yuSin bawgs g 1035 a3Ls] bglste 4 o5wS
celo ] e jlam b Jobs (B4 jued b A5 0djen aids
45 ol 5 5B L (59,8 USh 4 05 10 lasily e ]

35 o (P Dg S e g

GBIy dlgo dd
oo ybaie Of | (6035l Lo (gnsibisgw 45 sl
Sloges (1388) (), Ken ¢ L4085 s b Gollae .05 odlisl
2 L5 = Hsho Jite S 518 bglsee (Llj ¢jlgho Jite (oS 51 )8
LgpS 05 0358 o b (oo (Gj5) 2o 15015 clacale
a3 10, bie Oy ) Lo 100 5 Lages 5l pbS ya 5l p)5
SO A oy U (SB S bolowo b (3500 dlawgay o5 il
L ilbao [ygasgll (g it (sl -5 ag Blad (ygpailimgen
oyl Ll gl 5 il (slyy (1393) olySam g ol slisko
Sy ad ool by 55 (Al &5 g <80 L (4t L) mess
Ao Ol (sl )b 5 tilyly 0238 b (5 4bd L) il
O G jlacs Sligime (s (CulSyg dbgt () (S jolaien
J3 0 e 5 2 O 5l il g 0005 iSOl caids
g (35 mle a3 25 (clos > aids 1 e a) bglso puSso
A jodateds b ad Bl uSelS Jele S g0
(o [ o) 203 1 5 05 lacdale )3 hgwgll iy
2 ol ilS Jsbee ke 1 5 e 015 i
L oo abwgas 31,5 5l a3 70 ,haie O 2 Lo 100
i 23Lal Galas ygilimgus 5o 4 ey B LS55 oS bogloie
ohlSen 5 Gl (2000) LSon 5 lasin b Golloo uges
lagilwgu )3 4ids 1 e 4 o 03kl slaails (1394)
A 23 yi gy (sbdisel g 0033,5 jgdboos ol agd (gaSslS
3)5 Cb (a3 by Jldn g Ji8 al>ye 93 53 ladiged (g (e

Aol (S e (935 &y N3
alo gsy jloslarwl Ly 2o i dey Jlosl 5l da ladiges
o 4 b3 0 e 4 3,5 Bl 433 170 slod b o, 5081
Sergio) (SiLs S &y 5l ookl b (13,8 &y Slles 50
2000 11700 3 pae olg5 g 220-240 5o 51 L (Wi
b 130 Coslize olod odgama g 52 205 89, o0 cud s iy
10 dSges dae S pa ljl @ .0,8 ploul o5 il as,> 190
Ol 5 Cots jplaod, 5 edlisel (g 1) 25 (08
OS5 E o (35 Eyw £y Jl B Csl 93 (o) lod



1397 (LT - seeo oylois 14 ol oyl 22138 @bos g pole slecing}y 4 pis D64

Tdm g 3,5 &y 5l J=3 p e IMDF dladiges adol > jlads
Al o diges Suid ol

09y Pl puals

Mol sty 5 aladly Sl o3ty cle &) (g Ll ials
FU (non—coated) —FU (coated) (8)

OFgy e s =

FU (non—coated)

FU 5 Lidie oysdm (sladises yeg, wlo (FU (non-coated)
ol D ibss (sladises yEg, o i(COated)

- tu
el oy abaly 5l e (a3li
L
oo L = e ©)
E S

SIS acs (o (2004) 5350 s, Bebo (i SS) s
(oI55 Scanjet G310 H yiSwl) prlame yiSl g, 4 i gol
1/44 Pass Image 3 l8le 5 15 ygbad o 15 () p puSe
b (g2

Gl olidsy Jolse L jatlis dL*a*b* S5, piuw 5o
B (obws) L=0 1 jaslis o) (1393 ¢S g (xS ol )b 1)
9 Sj0y8 oxmd L b ga* sla yatls 5 cCuwl (Law) L=100
023 5 (53008) +a b ((s5mm) -2 5la% [aSls o stm (035
ebale oaimd s Leg,S il e (63)3) D b () —b 51 b*
Gilbe 10 alayl) 5l onlil b Log S asli casl Jgame oK,
A5 dnslxe (2002) o) Kan 5 (S g

bog,S = VaZ + b2 (10)

ol (5T oo 5 4232

o 5 (N3 S Sy @ baye mls Gieg ol 5
aw 3l yiolojl adS s sl Bolas Mol )b LB > Ladiges
2 oSS gl 5l nyless (pSilie dumlia (sl g 0 plool S5
5 oolaiul b osly s g 3o b 0oLl %95 - jlisalo! pedans
15 ol SPSS 16 33lp 5

6 Mass before frying
7 Dry mass

Of9y P sl
b bl I cmd iy cle @ () oda il i
20,5 oo duolxs
LC(idg, 3| J8)=LC( by ) 30)
Dy i als = IR g0 (3

Le( b 3 09
blon gy 2l 50U g diged (29, ylade LC

Cagh; ylate L3l

Cowddny o dayly 51 o ide cle 4y Cugby Hlade iul3l
el
MC(Coated) — MC(Uncoated) (4)

“ysby e il =
;.,9919) ) ol MC(Uncoated)

iy Cle 4y cugly il lade Amcl
b s sladises Cusb, laie :MC (Coated)
il e b ek sladiges Cugby i :MC (Uncoated)

of A1
tdol Candas ol 5l 9,8 F e o 53 Ol B
) <o IW-waft
O e o S W=/ ()

39S Eymw 5 dm cgby Jhde 2Waft algl cogb, laie (IW
b e

ol AW Lials
el Canddy o daly 5l s g cde 4 ol G ials
W1 (non—coated) -Wl (coated)
Wl(non—coated)
(6)

ibgr ey (sladiges Cugb, cél WL (non-coated)

O by e Sl a ohals =

)l by (sladiges cugby el WL (coated)

Oy i
el sy (7) abayl,
. - = (Ffc xMaf ) —(Ifc XMbf) (7)
OF9 e m

BIfC 3,8 ¢ 5w py> M iges ol 2y> Hlie SFfC

1 Moisture content Increasing
2 Water after frying

3 Final fat content

4 Mass after frying

5 Initial fat content



565 gune 59,5 Em wT P (b 9y i p GBI by T (g

G Sl 506l b ol (o)l cudylb il ogMe
S (o0 bl (489) 3909 9 Cugby zo S Jlie

Cugb jlie il 4 poxie (Ga9lS g)aem dlgo b (23 udes
04 (yiigy M8 diged) dald Hlows b dunlie )d oddd &y deudy
5 oLtz (2009) o Lsan 5 g gl b & cud
5 cssge {1394) (lSan 5 Loy (1393) o 155
Slageo byls 4 byyye iy Cogloy Gl pljee 258
Ylazsl 345 %0/5 1hgasgll 5 5 %L Holos e S 32,5 — il
9290 JeuS9)hn (sl og)S Hpd> ¢ Jgpae Cugh) il cle
Slale S5ayd Maw dbul don (5 a8 Wbl o gowo Hlidlw )
5 315z y8) Bg—be (A fy Pl > Cil) 7S
(e g e 11394 ) Kan 5 (o sgmge 11392, K0
(2015

) gSae s (B Gl 53 (2 g Cagb) (liee
LM s (p<0/05) 1> 3929 dMis! (g, lol Jas 5l o (slagous
LS (VL e 4 yoxie ol Jute S5 9 51} oo 93
o kewo 9d (SasSuals gl ade 4 Slg o jel (pl a8 Ad s
4 byope oo yasli pyieS &S Jbo 5 39 %0/5 clale
25 L Polos iz S 528 =l slagee bglie s,

SRl g b (gl (2D iy LA LS o)
s

Slgo (glym 0dd A wle (md b o jasls 1 Joss

Eyo Sl 5 (b daiiy oy 5 43 S 4 Cilisee (6054IS g
B 20> (35S g L b o QLS |y Baee 55
WL gl Jsto oS 52,8 —(ll; sligoe bslsco 5 ooy
Olime dingons Ul clale .05 oanlie (7/317) %0/5 4 ( 9/117)
oili8l ool (Jg il %0/5 clale & Caus SHYL (RO by
OHLSed 5 (6l Land (g paiiws § CBgiSy yaody
4 jgSmng olie 150)5 oln (2008) o LSan g 2 (2010)
R g Ao pd (e )3 oo i (535505 g, (sl by,
o e by Ol bages clale (LIEIL JS)gbay )b
Zulis 20,5 o (B3 i Moy 58y YU cels g ol dauiig
5 5Ll 5 (1388) hlen 5 Slde,S S zuls b otel comday
Ol L a8 10,8 ol gl g Lly G s (1399) )
Rl ol (g dgse SYL (il e dages clale
P e pda Sy el ialS plie (S g o

OIS gl J5 5 1L Sl Lo oS 52,8 — 115 (slo oo bglseo
b ime 0ol (gylal LLod I b rous asiy b a8 b oaaliio
Olio ol Juso cunS'gs S clale (51581 L oy LS zols auzsl
g SgwSipw ol b odel Cawndds ol b oo Lial33l o,
laa5glS g0 155, 4L Loyl .l Liwlypa (2015) oS

Aoy (59 g 33 48y j5 ey Bliseo (G glS'g b Dlgo (51 B Ao (RO Giwigy (Sla S LG -1 Jou

e d g pials Cusho jlado a3l Cusbo) Bl ials oo 3L o) s
B hbg e e B hby
09 0d of - 0° i

88/3812+1/4 1/397°+0/41 0/895°+0/11 65/735%455/9  OAITPH0/6 UKLl 5 Psle it S 50y
86/295°+1/64 0/98820+0/27 0/617°+0/06 96/77°+82/6 7/543°+0/56 %l kl;
84/418°+0/39 0/821°+0/36 0/503%°+0/16 100/772+85/5 8/45320+0/9 0/5% sl
83/0149+0/37 0/72500/25 0/419°0/09 1191324102 T/BITP1/T4  O/5% bl 5 sbos Juto oS 5255
81/643%+0/2 0/743°0/07 0/236°+0/03 251484217 8/527°+0/62 UL gl o 30,5
81/7579+0/33 0/3410+0/4 0/178%=+0/04 303/074263  8/94°>+1/09 O/5% §Jskas o oS 355
78/151°+0/51 0/221+0/13 0/138%+0/05 412/01°+396 7/813°+0/51 %1 19641
73/551+0/17 0/078+0/08 0/078¢+0/05 503/18°+441 7172730+0/52 /5% 11, 45]1

(P<<O/05) 5,55 ks ime 3M] (Lol i 51 st LSS gy syl a5 oolael gy 5o
ol 013 (515 Jans Clyoul £ Silie g0 4 gl



1397 (LT = steo oylois 14 ol ol il 23l3é qbus g pole Slesing} 4 pii D06

S pomen 9 098 e 3 cnl J) fg) e LRl aom )
WS 5 (Flo) 3 (o S5l 89y 0Eg) M S
(1392

hotogll J5 g als jlass )3 ca s gy ol duoyd oy i
by wie oy oy yieS &S Jls > (p<0/05) w5 oxalid0/5
= Pl bt S 315 sl s a0 23 iy iy 2 o 5
SBW S gt w2 b g3 ol a5 390 W] L1y cpiman o W1 Ll
5 &Y Ol lagingin b gy ool @l A3 (6l e
by Sy 5 (1392) lLSan 5 03ljz b 5 (2005) oL San
o 4 o b idey sladiges alS 13,8 by Ll il o
bl Llod 5l a8 wixshy oyt 69, ol doyd ials aali
ol Iy gize

A1 ials cely (su55lS g 0 dlge by dauiy (2D s
sl i bg 4o dg b o 3, S Frw pl i 3 Cgb,
dy e 5y e yebay gylel Ll ad) Wy gusslSg am
eyl ol 45 BB AS Fpw pln D O BT ialS
b l5ee jla . (p<0/05) sil o Lasl (SaiSuw cupls
B kS )3 |y b oyt L 1 = Sghas Lo gusS 2,8
392 Y075 1)gasgll J5 4 byoye pils o pieS g sl cugb,
(p<0/05)

Ry ladaiy 5 wald gladiged (35 & pw ool
ol 51.(p<0/05) wzsly ()b gxe W] (glol Ll 1 oni
A3l e 2l Jgamee (S e S0l (35 E e o], oS
2 tds b &S S ol e 2 Jsie @l 4 295 L il
bl ) (BB yal cpl o cand iy oM Jpaze (g Aoy
oS g Sl y> ¢ (1388) o en ¢ SBae 5 Sl (2004)
Blo 588 9,00 dlgo (liine ) gl Ll 2l (1394)
2o 0y rlpls Bgd oo 00D ¢y 03le Bl Cugh) 295
Sy daled 5V ide ol sdises b duslis )0 Jaae

) 0 @S
gy e Lo

WL 150591 oo 53 (g Jolae) L* aslis ke o 5V
el )b gxe ogls (o ylel Llod jlaals b a5 b saaliie
WL gl Jsto oS 528 oo > L¥ b 5y 8 Jo
HoloJito S 35 goo (55> slaylers &5 Ll 510 osnliie
Coslos (2 9 Casb) (3Rle g edb LSt ()l
o iy olise 5 03 g2 (5528 5y Slyis gl o Josay
ol el (1394 (o lSen 5 (hrgsuge) 551 oS 0ld Lo |

LS (Bt 5 G395 e g0 b (25 iudgy il
oy i S

B SISl g dlse Ly 3 e 58 (2) Jpae
2 Sy Olie amd oo U |y dedi (e (AS (saypSs
(Gt (igam) Wl iged b dumlie )3 00d (3 by daty
dlgs bawg ol (LS byl liEl e @ o8l SYL
9 oYL (1394 (LSon 5 (aissmse) ol ca598'9)00
odd (PO gy (sBdige 4 byiye cudiay Cugb) ke g yieS
hewssll J5 9 b1 sl Jize (uS'50,8 =0l (slagae bslo L
oLls g ol e ouS 3,5 kewo 95 LI (p<0/05) 59, %0/5
Hlode ayas ab cogby Giliel (YU b S 4 e
g SLEaeS () 1l Soden  da 93 (SuS s
OhlSen 5 isgge L o ol @l (1388 ) Sen
(2015) o, Son 5 o 3 (1304) oliSn 5 o (1304)
ol Lol yo

e b dunlds p> 0l (20 yidgy slrdiges dad oy Aoy
37197 mye oo L aaloi diges a5 (g gbods Cansl j20S Al
Cligdod jl ol s b a g L 1) (o2 jlde (it S0
((2003) ,1SGT(2002) et 5 Luoyl5 o(2001) S 5 405
(2015) olSan 5 > 9 (2009) (), LSen g Koo Kipo
by o Lo b 2o i gy sl ad Saei )b < dillas
05ieS e iy HOIS 1yges gl 5 5 L5115 = Poloo o suS 52,8
239 Lo 1y (o2 e e 9

sbadiges )3 (2 o @l Sl by Clo @b
(Solite potde (y9) g (22 Moyd Cuwl 0D (B3 hDy,
Sacio alaly cpl )3 a8 055 awlxe 1 akal) jl 89, Gls 5)b
2 Ladiges aled g adgl (g olyen & Ladiged ol g 4yl (22
Sl oy o pd Lol g o d8)S Hlai 0 oy A8l SLis ool
Shadl o e 4Bl i oalo jd 0 d Ll gy e
sl ao olie 0fgy e 3 se (laemsilSe 1 yiage
e oole 3,8 )Ll prdaws ) Jlub Jolse o 8 s 35w 5 31
HLis slool a5 amd o Cawnd ) Sge |y O (o F o b
Lol i8S 3ga5 o1ie odle J8I &y (€9 Db o sl 5 A5 0 Cuio
P ol (3,5 3 p oo 4 bnpo (19) Ll sdes (i
OAd il carge Jgamme (5 3 p (S E g I Jpae 295
g s (s s als o] Jliy g Jpame (31 O
JBban Ml ol i o 0 olie oole paw I 29,
e > Col (rdaw ooy Yooms (1) 0l (g2 WS (0 395
g ol oty ol p1alS cage (ol odle (w3 ids 3)lge ol

8 Cooling-phase effect



567 gune 19,5 Em w8 (b 29y i 3 GBI Gibey T (g

(1388) hisen 5 SBae )5 Syl {2000) i ol b o)y
138 ;55 o5 (13%4) o)en 5 i sqmge 5 (2004) ) Sen

3,5 2y oliwe LRl 4 oxie Silg5 oo Cugb) e ials
g0 Liwly 5 50

DS (PO yinlgy dowb (G2 e (S (6L y9 Y 2 (G5l g b Blge b (O e il -2 Jgaa

() 02,5 Epw losily 53,5 Epw o> Caghy (i () g, i () w2 () cugb, Slosd
69/027+0/776 0/586°+0/053 37/692+0/371 37/97%£0/553  10/883%+1/4 s
91/249°+0/894 0/058"0/054 NLH05T6  4AOBOME  DSITIEUATA KLl s sobo bt nSns
88/793%+0/61 0/222°+0/014 2/608+1/961 5/198'+0/562  21/385P+0/372 %L bl
88/386°+0/518 0/286%°+0/063 4/403°+0/169 5/914°+0/064  19/489°+1/729 0/5% sl
86/935°¢+2/782 0/33740/02 653840268 6/4AGE00TT  18/54GPHOIST  O/Sth stol 5 s hio S S
86/076°%+1/698 0/448°+0/052 614017 6I960+0M01  18/916%+L/797 UL b Lo oS 5
84/58°442/404 0/4815%£0/032 508401257 6102540029 1423542782 05 ol Lo S5
83/757%+0/761 0/504°°+0/043 6/024°+0/674  8/295°+0/204  13/238%+1/683 %1 1,ge5,)1
77/686°+0/645 0/5392°+0/028 10/08°+0/331 10/12°40/114  11/665°+0/707 0/5% 11, 5a5]1

(p<<0/05) 15,55 )l (sme 3Mz] (g)lol i 51 szt LSS gy syl a8 ooliel gy 5o
ol 013 (5155 Jlans Clyoul £ Silie o0 4 gl

o ol ey Ladiges (53058 olie o oiljél e (p<0/05)
Jos (b S5y 93 Gommlialel)lS anT )3 5 (cou BTt 05 (Sloge3
Y5 b i b (bt O Cud Bros 5
Ol dlo o)1 g Qb b sloged (iSly g Anelis o
oz Gl dloul el )38 Fpw Al (b aS cunl olewd
OHSed g (sgmge ;2013 () San 5 505lid) Bgd e )

(1394

$508 pad e

g aald dsgel o by e cus iy 8% adld ke o VL
cbale il58l L (p<0/05) 59: %0/5 o %1 Hghos futo ou 92,5
bobe p> Lel acd ol g @ liee clshouto ouS 92,8 &ono
0235 s N9, il 5 gl (Wl = ok dite S 518
gomo clale Gl L g 29 oo Jite a8 )8 dovo SIS, A
OhlLSen g Sl S Shb mls b as 58 1y ials @* jhae

39 WL L5l 4 bgspe 8% lie o yieS i cillas (1388)

DG (P inlig) dowind 0 yaad Uy 11 (SwiglS s pid Do by (23 gy il -3 Jgua

Chroma b* Lasls a* Lasls L* pasli o
40/1012°42/9  29/92°+3/75 26/632+0/22 43/656°+1/4 aals
3U/982°40/41  30/8°H0/S5  B500°UHO/053  AY/G6THLI2 KLy o dube ke eSS
32/607¢+4/91  31/861°+5/89  4/966%+4/95  42/495°+14/6 %l sl
32/372¢42/63  30/808°+4/04  9/097°¢0+3/84  40/713°+12/4 0/5% .15
3445 2/80  30/52243/28  10/8°421090  AO/3AS/05 O/ s o hie eSS
SUI6L43/91  28/863°+4/51  1USEEL2  IBBATOHAIGE UL ol Liw oSS
40/BBEH4/96  30/304°45/1 112240022 BRETREUTL O hie eSS
33/086°+0/85  32/419°+0/6 6/547°9+1/27  57/715°43/14 %1 19641
35/112°°+0/91  33/794%+0/6  9/489°c+1/27  50/462°+3/14 /5% 11, 45]1

(p<<O/05) 1,15 )l sxe 3Mi3] (gylal jhai 1 diad LuSs By gl a5 (oolael gy 4
ol 013 (S Jle Blyoul £y Silie g0 4 @l

Simse oS (p<0/05) s oanlive WO/5 Solus Lt oS 51,5

8355 v
P e il s bF pasl b e L )



1397 (LT = seo oylois 14 ol oyl il 23138 qbus g pole Slesig} 4 pii D08

b JLasl 5Vl bl 5 (St ol b & 53558y e
P55 Er 3l B (b 5 ladigel Cughy M il 4y i
Oliee <09y il e o Sl (S US4 a2 b s
gy dald diged jl yiaS ol (20 ey (sladisel (gdad ) (S0,
Lol Ly oo odly idgy (slddises (gloil ol s 3 9
OaS gy sgime (it WL 15 =gl Jute S 518
o Gl i 05 £ 5 (351 eVl wns ol
a5 g L ]y ) da (ppieS g (BRI Ce 4 Cag
5 OluS 5 ol YL ol b Jlasl cud b w15 o ol ol >
ollidl L ail K0S 4 jewo 90 (SaSuais I cpioren
2 6L G bagews don (S psboas 9: e oS 5 nl clale
O onl a8 aih cugby (ggie iliEl g gy Lls ials
3 5 5l 5 UL Sl = Jabo S S 35 slngms bslio
e Yloinl g dalllas 3)50 (sdgews (y ) gowo oy yipg culale
o byoye Oglite sla Sy i (o by 38U ol
Si9b slatign bl ] LUy g agew SluS 5 s Le

s b wyp opl il )b gxe W] glel s 5l sl 4
il clhae (1388) o Kan o SBas,S Sl

(Lg5) S5y pad bl

Jie (S )5 Gomo @ boayo Log)ST (a3 ls Jlde o 5V
L gl Jito S 32,5 oo 42 bguyo Jlaie (28 5 WO/ sl
4 adlllae 350 slagews dan 133 Joi> 4 2255 L (p<0/05) 59,
@lo bbb S LogyS gouo clale (iliél b sl 5>
el ecilbe (1395) hlsen ¢ slal bowg saal conda
21 (o0 iy sladigel (S0) slaadl (1395 415 e
ol 3l Y gass 2 b (sly ot o 4 sl oyl o LS
2L 5 ) eolitl 5,90 fouo 1L 45 iy 3ge5 02litl o e
Wil Galio ol (IS Sluogad g0 g pab il (f9) Gl
(1388 o)) Sar g S3a0,5 Syl5)

(8 395 4ol

b O] 3kt S5 st
st Pl 2 ol e = Slgo 4 S 3l LS et (o b (2D by 5| Jeols gl

&l

Ajam, M., Niazmand, R. & Gohari Ardabili, A., 2016, Effect of replacing the isolated soy protein and temperature
frying on reduction of donuts oil absorption. Journal of Food Science and Technology International, 54, 145-153.
Akdeniz, N., 2004, Effects of different batter formulations on quality of deep-fat fried carrot slices. A Thesis Submitted

to the Graduate school of Nartural and Applied Sciences of Middle east Technical University. 104p.

Alizadezeynab, S., Dehghania, J. & Soti khiabani, M., 2014, Effect of enzyme and oral hydrocolloids on reducing oil
absorption Slice of potatoes during frying. Journal of Modern Science and Technology, 1, 21-36.

Altunakar, B., 2003, Functionality of different batters in deep-fat fried chicken nuggets. MS. Thesis. The department of
Food Engineering, METU. 120p.

Aminlari, M., Ramezani, R. & Khalili, M.H., 2005, Production of protein coated low-fat potato chips. Journal of Food
Science and Technology International, 11, 177-181.

AOAC. 1990, Official methods of analysis. Washington, DC: Association of Official Analytical Chemists.

Baixauli, R., Salvador, A., Fiszman, S. M. & Calvo, C., 2002, Effect of the addition corn flour and colorants on the
color of fried, battered squid rings. European Food Research and Technology. 215, 457-461.

Chen, H. H., Kang, H. Y. & Chen, S. D., 2008, the effects of ingredients and water content on the rheological properties
of batters and physical properties of crusts in fried foods. Journal of Food Engineering, 88, 45-54.

Daraiegarmekhani, A., Mirzaie, H., Maghsoudlo, Y. & Kashaninezhad, M., 2010, Effect of hydrocolloid substances on
oil absorption and qualitative properties of potato. Journal of Agricultural Science and Natural Resources, 3, 123-
135.

Dehghan Nasiri, F., Mohebbi, M., Tabatabaee, Y. F. & Haddad, M. H. K., 2010, Effects of soy and corn flour addition
on batter rheology and quality of deep fatfried shrimp nuggets. Food and Bioprocess Technology, 5, 1238-1245.
Farajzadeh, Z., Rahimi, E., Hojjatoleslamy, M. & Molavi, H., 2013, Production of low fat hamburger using

hydrocolloid coatings. Journal of food hygiene, 2, 61-70.

Garcia, M.A., Ferrero, C., Bertola, N., Martino, M. & Zaritzky, N., 2002, Edible coatings from cellulose derivatives to
reduce oil uptake in fried products. Innovative Food Science and Emerging Technologies, 3, 391-397.

Gibis, M., Schuh, V. & Weiss, J., 2015, Effects of carboxymethyl cellulose (CMC) and microcrystalline cellulose
(MCC) as fat replacers on the microstructure and sensory characteristics of fried beef patties. Journal of Food
Hydrocolloids, 45, 236-246.

Hoseinabadi, V., Badii, F., Gharachorloo, M. & Heshmati, M., 2011, Effects of blanching and hydrocolloid coating of
potatoeswitch methyl cellulose and tragacanth on French-fries oil uptake and qualitative properties. Iranian Food
Science and Technology Research Journal, 4, 71-81.



569 gune 19,5 Em wT P (b 29y i 1 GBI be T g

Jafarian, S., 2000, Effect of pre heating and use of some of hydrocolloids in reduction oil uptake and quality of potato
French fries. A thesis Submitted to Msc degree of food science and technology. Isfahan University of technology,
120p. (In Persian).

Jorjani, S., & Amiri, V., 2015, Effect of Guar and xanthan hydrocolloids on uptake of oil in eggplant rings during deep
frying. Journal of food industry, 2, 231-238.

Juaniz, 1., Zocco, C., Mouro, V., Cid, C. & DPena, P., 2016, The Effect of frying process on furan content in foods and
assessment of furan exposure of Spanish population. LWT - Food Science and Technology, 68, 549-555.

Kalogianni, E. P. & Smith, P. G., 2013, Effect of frying variables on French fry properties. International Journal of
Food Science and Technology, 48, 758-770.

Khezripourarab, M., Hojjat, M., & Samavati, V., 2015, Effect of gum arabic and soybean soluble polysaccharide as
coating agents on oil uptake and texture of French fries using Response Surface Methodology. Department of Food
Science and Technology, 4, 623-638.

Lauritzsen, K., Akse, L., Gundersen, B. & Olsen, R.L., 2004, Effects of calcium, magnesium and pH during salt curing
of cod (Gadus morhua). Journal of the Science of Food and Agriculture, 84, 683-692.

Mallikarjunan, P., Ngadi, M. & Chinnan, M., 2010, Breaded fried foods. Taylor & Francis Group.

Martinez-Yusta, A. & Guillén, M. D., 2014, Deep-frying Nature, on the lipidic composition of the fried food, using H
nuclear magnetic resonance. Food Research International, 62, 998-1007.

Melito, H., 2009, an Alternative Frying Process for Wheat and Gluten-Free Donuts. PhD thesis North Carolina State
University.

Miranda, J. M., Martinez, B., Perez, B., Anton, X., Vazquez, B. I, Fente, C. A., et al., 2010, The effects of industrial
pre-frying and domestic cooking methods on the nutritional compositions and fatty acid profiles of two different
frozen breaded foods. LWT - Food Science and Technology, 59, 1271-1276.

Mokhtarian, M. & Tavakolipour, H., 2014, Production of low-fat kiwi chips with Aloe Vera gel and determination of
the mass transfer profile in deep fat frying. Iranian Journal of Nutrition Sciences & Food Technology, 2, 95-104.
Morales, F. J. & Lorenzo, G. A., 2008, the formation of potentially harmful compounds in churros, a Spanish fried-

dough pastry, as influenced by deep frying conditions. Food Chemistry, 109, 421-425.

Mousavi Beni, S., Ojagh, S. M. & Alishahi, A., 2016, Effects of adding different percentages of carboxymethyl
cellulose and tragacanth gum on textural and sensory characteristics of silver carp (Hypophthalmichthys molitrix)
fried fish ball. Scientific - Research Journal, 4, 91-107.

Ojagh, S. M., Rahmanifarah, K., Izadi, S. & Shabanpour, B ., 2017, Effect of hydrocolloid coatings on reduction of oil
absorption and quality parameters of fried shrimp. Journal of Food Science and Technology International, 61, 173-
182.

Sabaghi, H., Ziaiefar, A. M., Sadeghimahonack, A., Kashaninezhad, M. & Mirzaie, H., 2014, Application of cellulosic
coatings to reduce oil uptake Fried Food, Second National Conference on Food Science & Technology, Mashhad
(Ghochan) , 2, 239-247.

Shabanpour, B., & Jamshidi, A., 2013, Salting and pre-drying effect of treatment on physical properties and the amount
of oil uptake in nugget rainbow trout (Oncorhynchus mykiss). Journal of Food Hygiene, 4(12), 41-53.

Shih, E.F., Daigle, KW. & Clawson, E.L., 2001, Development of low oil uptake donuts. Journal of Food science, 66,
141-144.

Singthong, J. & Thongkaew, C., 2009, using hydrocolloids to decrease oil absorption in banana chips. LWT - Food
Science and Technology, 42, 1199-1203.

Susanne, A. & Gauri, S.M., 2002, Comparative evaluation of edible coatings to reduce fat uptake in a deep-fried cereal
product. Journal of Food Research International, 35, 445-458.

Ueik, V., Robert, P. & Bouchon, P., 2010, Vacuum frying reduces oil uptake and improves the quality parameters.
Journal of Food Chemistry, 119, 1143-1149.

Van Koerten, K.N., Schutyser, M. A. I, Somsen, D. & Boom, R.M., 2015, Crust morphology and crispness
development during deep-fat frying of potato. Food Research International, 78, 336-332.

Yazdanpanah Gangachin, M. & Ziaiifar, A. M., 2014, Evaluation of potato chips color using image processing. Journal

of Food Industry, 2, 239-247.

Zamani Ghaleshahi, A., Farhoosh, R. & Razav, S. M. A., 2015, Effect of Basil seed hydrocolloid on the oil uptake and
physical properties of potato strips during deep-fat frying. Iranian Food Science and Technology Research Journal,
11, 309-318.

Ziaiifar, A. M., Achir, N., Courtois, F., Trezzani, I. & Trystram, G., 2008, Review of mechanisms, conditions, and
factors involved in the oil uptake phenomenon during the deep-fat frying process. International Journal of Food
Science and Technology, 43, 1410-1423.



Iranian Food Science and Technology ) . N .. ..
Research Journal | Olnl 13 gabuo g pole Sletnghy 4 0
Vol. 14, No. 4, Oct- Nov 2018, p. 561-571 E ek 561-571 . 1397 (T - o 4 o oy 14 ul

Investigation on effect of coating on the oil uptake during deep fat frying process
of traditional sweet Pishmeh

N. Taghavi, A. Mo. Ziaiifar?, H.h Mirzaei?, A. Sadeghi Mahoonak?, M. Ghorbani?, H. Sabbaghi®

Received: 2016.06.19
Accepted: 2018.01.01

Introduction: Frying is a unit operation in which food is heated in oil to alter its eating quality. First reviews
of frying performed on the principles of heat and mass transfer and oil uptake in foods, because during the frying
process heat and mass transfer occurred between product and frying medium. In fact, the food loses moisture
content and lost water will replace with oil. The moisture loss in the product causes rapid formation of the crust
while the core remains soft and moist; therefore higher oil uptake occurred in the crust. There is an argument
about the effect of frying on the sensory characteristics of foods, changes of nutritional value and health
concerns in fried foods and methods applied to reduce oil content. Consumers prefer eating foods with lower oil
content. One of the typical methods for reducing oil uptake in food commodities is using of coating before frying
process. Edible coatings are known as a thin layer of edible polymers which is placed on the surface of the food.
Application of edible coating decreases some destructive factors like the presence of various gases such as
oxygen and carbon dioxide and humidity. Hydrocolloides are referred to a group of polysaccharides and
proteins which create many features such as consistency in aqueous solutions, foams stability, emulsions,
improve the sense of mouth and create a similar state of fatty and oily mode for products with lower content. In
fact hydrocolloid coatings can reduce the excessive oil uptake due to their interesting thermogelling properties
and at the same time they are invisible and have no negative influence on the sensory attributes of fried
foodstuff. Even more, fried products have low fat content with improved nutritional values, higher crispiness and
better palatability. Pishmeh is described as deep-fried dough pastry which is usually prepared by local producers
of Turkmen (lIran). This product absorbed high oil content during frying process. This study was carried out to
evaluate the effects of hydrocolloid coatings including Aloe Vera, Carboxymethyl cellulose (CMC) and Xanthan
on the oil uptake of Pishmeh.

Materials and methods: Hydrocholloid materials such as Aloe Vera, Carboxymethyl cellulose (CMC),
Xanthan and complex of Xanthan-CMC were used. The gums were prepared at concentrations of 0.5 and 1% by
dissolving in water at 70 ° C by stirring with a homogeneous mixer until a clear suspension was obtained. To
extract the Aloe Vera gel, first, a thick epidermis (The shell) was separated from parenchyma using cutter. The
parenchyma was immersed in a container of distilled water to lose bitter taste for 5 minand then parenchyma was
taken out from water and transferred into a mixer (for 1 minute at 25 °C) and finally converted to a uniform
colloidal solution. In the next step, the prepared dough samples were immersed in the colloidal suspensions for 1
min and the coated samples were placed on a mesh tray to remove the excess residuary coats. The samples were
fried in sunflower oil at 170 °C for 6 min. The samples were then placed on a metal tray after frying to remove
excess oil. After removing the oil and reaching the ambient temperature, physical and chemical tests were
carried out on the sweet Pishmeh. The experiments included determination of moisture, fat content, measurement
of coating parameters (such as coating ratio and frying efficiency) and color analysis.

Results and Discussion: The result showed that coating by hydrocholloid materials was led to decrease
water loss in comparison to non-coated sample (control) during frying. Furthermore, oil uptake of coated
samples was lower than control sample (p<0.05). The most limitation of oil uptake related to sample that was

1. M. Sc. graduated, Faculty of Food Science & Technology, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran.

2. Associate Professor, Faculty of Food Science & Technology, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran.

3. Ph. D. Candidate of Food Processing Engineering, Faculty of Food Science & Technology, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.

*(Corresponding Author Email: ziaiifar@gmail.com)



OTL . Gane (955 Epm a3 (b 59y 082 p (BOUibg, 256 gy -

coated by complex Xanthan-CMC 1% (4.4%) and the least effect was observed with the Aloe Vera 0.5%
(10.1%). The coating caused increasing of frying efficiency in comparison to control. Finally, the coated samples
had best color quality. The coating caused increase in yellowness parameter (b), decrease lightness (L) and
Chroma index in comparison with control (p<0.05). Generally, coating with hydrocolloid materials reduced the
loss of moisture and thus reduced the absorption of oil. In this study, the best composition was complex of
Xanthan-CMC 1% which is probably due to the effect of aggravation gum on each other.

Keywords: Pishmeh, Hydrochloride materials, Coating, Oil uptake
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Introduction: Yogurt is the most frequently consumed fermented milk product with a positive impact on
human health due to its high nutritional value. Characteristics such as acidity, amount of free fatty acids with
sensory characteristics and nutritional properties of yogurt are very important. Food fortification is defined as
addition of one or more essential nutrients at levels higher than naturally presence in food products. The World
Health Organization estimates that at least 1 of every 5 people in the world suffer from lack of iodine, zinc, iron,
folic acid, calcium, vitamin A and B. The aim of this study was to evaluate the changes in physicochemical,
textural and sensory properties of iron and zinc enriched yogurt during the shelf-life period and to assess the
extent and the effect of these supplements on these properties.

Materials and methods: To perform enrichment, milk was divided into seven parts: 3 containers for
fortification with iron, 3 containers for fortification with zinc and 1 container as the control sample. Fortification
with iron and zinc was performed by concentrations of 20, 40 and 60 mg per kg of milk (according to the daily
requirement of iron and zinc). The samples were then transferred into the container of 100 grams which were
incubated at 45 °C, and after reaching the pH of 4.4 to 4.5, they were transferred to cold storage at 4 °C. To
investigate the effect of enriching on the produced yogurt properties, the samples were evaluated after a period
of one, seven and fourteen days. The syneresis of yogurt samples was determined by Salvador and Fiszman
(2004) method, with slight modification. Water holding capacity was determined by centrifuge (Hettich
Universal 320R - Germany) as reported by Sahin et al (2008) with slight modification. The acidity of the yogurt
samples was measured by Kim and Lee (2002) method based on the percentage of lactic acid. Sensory
characteristics of our samples in terms of taste, odor, color and texture and overall acceptability were evaluated
by 12 Panelists (6 males, 6 females, 45- 21 years) by using a five-point hedonic test. Texture analysis was
performed using Texture Analyzer (Brookfield Model CT3 Texture Analyzer — USA) based on Supavititpatana
et al (2008) method.

Results & discussion: Syneresis of product decreased from 0.24 to zero in yogurt samples containing iron
and from 1.20 to 0.81% in zinc treatments. Increasing the storage time in the presence of iron causes a sharp
decrease in the amount of the syneresis up to zero. The main reasons for syneresis in fermented products include
high incineration temperature, low total solids and inadequate storage temperature. The water holding capacity
of the product was shown a relatively increase over time and the highest amount was observed in the treatments
containing high concentrations of iron during the early days of storage, while at the same high concentrations in
the final days of storage, the lowest water holding capacity was observed, which could be due to the adverse
effect of the storage time on this factor. The viscosity increased over time, and the rate of increase in the early
days was far higher than the final days (in both iron and zinc treatments). In iron and zinc treatments
respectively, water holding capacity increased from 50.08 to 55.50, and 43.57 to 55.47 % and viscosity from
855.55 to 961.11, and 677.78 to 833.30 mPa s. By analyzing data obtained from texture analyzer, important
properties such as firmness and springiness increased and the lowest cohesiveness and the highest adhesiveness
were observed in the middle of storage time. Both iron and zinc treatments increased the hardness of the product
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compared to the control samples and the amount of this increase in iron containing yogurt samples was slightly
higher than that of zinc. In both treatments, there was a significant decrease in the product adhesion force
compared to the control sample. In contrast, the highest continuity of product was observed in the middle days of
the storage period.The highest levels of flavor were detected on the seventh day of storage, and changes in the

zinc and iron content of the products were almost ineffective in the desirability or taste loss, and only control
samples were evaluated with a little higher flavor than other treatments. Sensory properties were not
significantly different (P < 0.05) in many of treatments compared with control sample. Different concentration
of iron and zinc couldn’t cause a significant difference in terms of physicochemical, textural and sensory
properties of fortified yogurt compared with control sample and effect of storage time was more obvious. Our
results revealed that we can use these vital micronutrients in fortification of yogurt as a common product without
any quality or sensory problems.

Key words: Yogurt, Fortification, Nutrients, Texture Analysis.
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Introduction: Potato is one of the most consumed and highly nutritious vegetables with high energy, dietary
fiber, phytochemicals, vitamins, and minerals which offer great benefit for utilization as functional food
ingredient. The dried potato powder can be used in formulation of many foods like soups, snacks, sauces,
noodles, etc. The foam mat drying involves the dehydration of a thin layer of foam followed by its disintegration
in order to obtain a powder which can be easily reconstituted in water when added to other foods. Because of the
porous structure of the foamed materials, mass transfer is enhanced leading to shorter drying times and
consequently acquiring higher quality in the dried product. Food foams can be considered as biphasic systems
where a gas (dispersed phase) is embedded in a continuous liquid phase. The foam properties such as structure,
density and stability have important influence on moisture migration during drying and accordingly, the quality
of final product. Foams that do not collapse for at least 1h are mechanically or thermally stable for the entire
drying process. Response surface methodology (RSM) is a combination of mathematical and statistical
techniques which used to investigate the interaction effects of independent variables on responses. There is
considerable information on foam-mat dried food powders, but there is not any scientific literature that related to
study on foam-mat drying of potato puree. The present research was thus focused on optimizing the foaming
conditions (potato puree: gum solution ratio; Arabic gum (AG) concentration as the stabilizer and whipping time
[WT]) to minimize foam density (FD) and drainage volume (DV) using RSM. Likewise, choosing a suitable
model for thin-layer drying of foam and the effect of different drying temperatures (45, 60 and 80°C) on drying
behavior were investigated, and the effective moisture diffusivity and activation energy were calculated. The
effects of drying temperatures on water activity (aw) and water binding capacity (WBC) were also investigated.

Material and methods: Fresh potato was purchased from a local market (Mashhad, Iran). Arabic gum was
procured from Sigma Chemical Company (USA). For preparation of potato puree, fresh potatoes were washed
and peeled by steel knife and were washed again and additional water was taken absolutely and then crushed by
Phillips home crusher (600W) with maximum speed for 3 minutes to get a homogeneous puree. Based on
preliminary tests, AG solutions were prepared by dissolving a suitable amount of the selected gum powder in
distilled water and stirring with a magnetic stirrer to obtain a uniform solution. This solution was refrigerated at
4°C overnight to complete hydration. RSM was used to estimate the main effects of the process variables on FD
and DV in potato puree foam. The experiment was established based on a face-centered central composite design
(FCCD). The experimental range was chosen on the basis of the results of preliminary tests. The independent
variables were consisted of potato puree: gum solution ratio (1:1 —-2:1 w/w), AG concentration (0.1-0.9% w/w)
and WT (3-9 min). According to the experimental design, to prepare 100 g of samples, appropriate amount of
potato puree and AG solution were mixed in a 250-mL beaker. The mixture was then whipped with a kitchen
mixer (model no. SM88, Sonny, China) at a maximum speed of 1,500 rpm at ambient temperature during given
time which was recommended by Design-Expert software. The density of foamed potato puree was determined
in terms of mass over volume and expressed in g/cmd. In order to assess foam stability, the drainage test was
performed for 1h. To evaluate drying behavior of the optimized foam, drying was carried out in a batch-type
thin-layer dryer at temperatures of 45, 60 and 80°C on 3 mm thickness. Ten thin-layer drying models were
evaluated in the kinetics research. The higher value of R? and lower values of 2, RMSE and SSE were selected
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as the basis for goodness of fit. Fick’s diffusion equation for particles with a slab geometry was used for
calculation of effective moisture diffusivity. The foamed potato puree spread on a tray was considered as slab
geometry. Activation energy was calculated by a simple Arrhenius-type relationship, by plotting the In (D)
against the reciprocal of absolute temperature (1/T). Furthermore, the effects of drying temperatures on a, and
WBC of powders were investigated.

Results and discussions: The quadratic model was selected as a suitable statistic model for both FD and DV.
ANOVA showed that this model is significant for both responses. Moreover, lack-of-fit was not significant for
response surface models at 95% confidence level, indicating this model is adequately accurate for predicting
responses. The optimum values of variables for best product quality in terms of minimum FD and DV
corresponded to potato puree to gum solution ratio 2:1(w/w), AG 0.77% (w/w) and WT 6.80 min. The amount of
FD and DV for foam at these optimum conditions were 0.30 g/cm?® and 5 ml, respectively.

The result showed that when the drying temperature increased, the drying time decreased. This was due to
the quick removal of moisture at higher temperature. Drying rate (DR) versus moisture content of potato puree
foam-mats figure showed that DR was higher during the initial stage as compared with the final stage and foam-
mat drying was occurred principally in the constant rate period. Due to the increase in surface area and the
porous structure, removal of water from the inner surface of potato puree foam to the outer surface was fast
enough to preserve the surface moisture. The rate of movement of moisture from the inner surface to the exposed
surface decreased with decreasing moisture content, which indicates that the DR decreased and the falling rate
period started. The effective moisture diffusivity varied from 3.286x10° to 8.032x10° m?/s with activation
energy value of 30.97 kJ/mol. Statistical analysis results showed that the Weibull distribution model provide the
highest R? and lowest values of y2, RMSE and SSE at all drying temperatures. The temperature elevation reduced
aw. This is due to the fact that at higher temperatures, the rate of heat transfer to the sample would increase,
therefore, it provides greater driving force for moisture evaporation which results the dried foams with reduced
aw. Drying temperatures did not show any significant effect on WBC of powders.

Keywords: Potato puree; Foam mat drying; Optimization; Foam properties; Effective moisture diffusion
coefficient; Modeling
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Introduction: Kilka Fish is one of the most popular seafood products available for aquaculture
development. It is a rich source of proteins, vitamins and minerals such as calcium and phosphor. The highly
perishable nature of Kilka fish has strongly attracted researchers to find new methods to extend its shelf life.
Kilka fish powder can be used in many foods, such as soups, sauces, snacks, etc. Foam-mat drying is a new
effective technique has recently gained much attention because it does not suffer from major problems associated
with traditional dehydration methods, such as poor rehydration characteristics, unfavorable sensory profile, and
long drying time. The main objectives of this study were: (1) to optimize the effective parameters (egg white
powder and xanthan gum concentration, and whipping time) on foaming properties of Kilka fish; (2) to study the
effects of drying temperature and foam thickness on the drying characteristics and select a suitable model for
thin-layer drying of foam; (3) to compute effective moisture diffusivity and activation energy of foam during
drying; and (4) to study the effects of drying conditions on moisture content, water activity, hygroscopicity and
color of powders and microstructure of dried Kilka fish foams.

Materials and method: Fresh Kilka fish (C. delicatula) was obtained from the Pak Samar Miroud Company
(Mazandaran, Iran). Xanthan gum and egg white powders were purchased from Sigma Chemical Company and
Gol Powder Company (Golestan Province, Iran) respectively. The Kilka fish skin removed and cleaned, and then
crushed using a kitchen blender to obtain a homogeneous and uniform mixture. Based on preliminary tests,
xanthan gum solution was prepared by dissolving a suitable amount of the selected gum powder in distilled
water and mixed with a magnetic stirrer to obtain a uniform solution. The resulted solution was cooled at 4°C
for 18-24h to complete hydration. According to the experimental design, to prepare 100 g of samples,
appropriate amount of fish, egg white powder, xanthan gum solution and distilled water were mixed a 250-mL
beaker. The mixture was then whipped with a mixer (Gosonic, model No. GHM- 818, 250W, China) with
maximum speed at ambient temperature during given time, which was recommended by Design-Expert software
version 6.02 (Stat-Ease, Inc., Minneapolis, MN). Foaming conditions, namely amount of egg white powder,
xanthan gum and whipping time, optimized using response surface methodology (RSM) for minimizing foam
density (FD) and drainage volume (DV). To evaluate drying behavior of the optimized foam, drying was carried
out in a batch-type thin-layer dryer at three drying temperatures (45, 60 and 75°C) on 3- and 5-mm thicknesses.
Ten thin-layer drying models were evaluated in the kinetics research. The higher values of R? and lower values
of 2 and RMSE were selected as the basis for goodness of fit. The effective moisture diffusivity was calculated
using method of slopes. A Fick’s diffusion model with slab geometry was used to describe the transport of
moisture during drying inside a single Kilka fish foam mat. Activation energy was calculated by a simple
Arrhenius-type relationship, by plotting the In (Detr) against the reciprocal of absolute temperature (1/T). The
microstructure of the dried fish foam-mats was analyzed by a scanning electron microscope. Finally, the effects
of drying conditions on physicochemical properties of fish powder including moisture content, water activity,
hygroscopicity and color were investigated.

Results and Discussion: The optimum values of variables for best product quality in terms of minimum FD
and DV corresponded to egg white powder 3.67 % (w/w), xanthan gum 0.28% (w/w) and whipping time 8.93
min. The amount of FD and DV for foam at these optimum conditions were 0.92 g/cm? and 0 ml, respectively.
As expected, the increase in drying temperature and decrease in foam load led to acceleration of the dehydration
of Kilka fish foam. Based on the statistical tests performed, Weibull distribution model can describe drying
behavior of foams for all drying processes. Moreover, Fick’s second law was employed to calculate the effective

1 and 2. and Former MSc Student, Professor and Ph.D Student, Department of food science & technology, Ferdowsi
University of Mashhad (FUM), Mashhad, Iran
(Corresponding Author Email: mohebbatm@gmail.com)
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moisture diffusivity that varied from 7.266x10® to 1.31x107 m?/s and from 7.404x108 to 1.693x107 m?/s with
activation energy values of 18.201 and 25.615 kJ/mol for foam thicknesses of 3 and 5 mm, respectively. It was
noted that the effective moisture diffusivity was increased when the drying temperature increased. Results
showed that at the higher thickness, the internal moisture migration occurs along a longer distance rather than
lower thickness. Therefore, an increase in moisture diffusivity occurs both with increase in drying temperature
and sample thickness. The analysis of scanning electron microscopy (SEM) micrographs showed that there is
wide porous structure of dried foams at higher speeds drying. With increasing drying temperature (due to
reduction of drying times), combination of adjacent bubbles and therefor, collapse of foam structure occur less.
Higher temperature reduced moisture content and ay , and thickness rise increased moisture content and a, under
the same thickness and drying temperature, respectively. This is due to the fact that at higher temperatures, the
rate of heat transfer to the sample would increase, therefore, it provides greater driving force for moisture
evaporation which results the dried foams with reduced moisture content and aw. Moreover, with increasing
foam thickness due to increased drying times and probably collapsed structure of foams and therefor weak pore
structure, drying was performed difficultly which causes to retain more water in dried foams. Drying conditions
had significant effect on hygroscopicity of powders. Results of color investigation showed that in both
thicknesses, powder produced at 60°C have higher L™ and lower a”.

Keywords: Kilka fish, Foam mat drying, Foam properties, Moisture diffusivity coefficient, Physico-chemical
properties of powder
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Effect of various concentrations of pectin on the color and anthocyanins stability
of black barberry (Berberis cratagina) in the fruit pastille model system
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Introduction: Gummy candies are included in many confectionery products, such as jellies, pastilles and
etc. The texture of gummy candies is achieved by using various gelling agents, such as gelatin, starch and pectin.
Color is the most important quality attribute of gummy candies because it is appreciated for its intrinsic aesthetic
value and also allows us to estimate food quality. Synthetic dyes have commonly been applied for food coloring
purposes because of their stability against light, oxygen and heat. However, some of these synthetics have been
related to toxic effects and it has been reported that their consumption affects children's behaviors. Therefore,
synthetic dyes are being increasingly replaced by natural pigments. The principal groups of natural food
colorants are anthocyanins, betacyanins, carotenoids, curcuminoids, and chlorophylls. Among these pigments,
anthocyanins have gained growing interest because they are widely distributed pigments in nature and represent
a wide range of color from red and orange to purple and blue. Berberis b .L (barberry) is the largest genus in the
family Berberidaceae and contain about 450-500 species of deciduous or evergreen shrubs. Iran is the largest
producer of barberry (B.vulgaris) in the world. Besides, other species in different parts of Iran, especially North
Khorasan province, grow wildly. B.cratagina is one of the wild barberries which is known as black barberry
among Iranian people. B. cratagina contains large amounts of anthocyanin that can be used as an alternative to
synthetic colorants. However, its successful application mainly depends on the stabilization of its anthocyanins.
Studies have been shown that some hydrocolloids especially pectin can enhance the stability of anthocyanins.
So, the aim of this study was to evaluate the effect of different concentrations of high methyl esterified apple
pectin on the degradation kinetics of monomeric anthocyanin and visual color parameters (L, a*, b* and TCD) of
black barberry in a fruit pastille model system.

Material and Methods: The fruit pastille prepared according to Demars & Zeigler (2001) recipe. Six g
gelatin was mixed with pectin (the amount of pectin was varied between 0.5, 1, 1.5 and 2 g) and 20 g water in a
beaker. The mixture was heated and deairated in a water bath. Additionally, 30 g of sucrose, 25 g of glucose
syrup (80°Brix) and 10 g of water were combined, the mixture was heated at 115°C(2 min), resulting in a total
soluble solids content of 80°Brix and added to the gelatin solution. Subsequently, after cooling to 80°C the
Berberis juice (10 g ) was added to the mixture Finally, the gel solution was poured into a plastic molds, stored
at 4°C for 24h and dried at 25°C until a,=0.6. For shelf life experiments, samples were stored under dark
(20£0.5°C) condition for a period of 30days. Samples were drawn at regular intervals of 6 days to quantify total
anthocyanin and for color analyses. Total anthocyanin content of samples was determined by the pH differential
method and color analysis was performed using computer vision. Linear regression analysis was applied using
Slide write software version7.0 to obtain the kinetics parameters. All experiments were repeated at least three
times and results were expressed as mean + SD. Significant differences (¢=0.05) of physicochemical properties
and kinetic parameters throughout storage were determined using the Duncan's test for differences between
independent samples. Data evaluation was performed using the SPSS software version16

Result and Discussion: There was a significant difference (P<0.05) in color values (L*, a*, b*, C* and h®)
and anthocyanin content among sample without pectin and those of containing pectin. With increasing the
amount of pectin the values of a*, L*, C* and anthocyanin content increased. During 30 days of storage in
darkness (20+0.5°C), degradation of anthocyanin and color parameters of L*, a*and b* followed the first order
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kinetics, while total color differences (AE*) followed the zero-order reaction kinetics. Samples with 2% pectin
exhibited the best color stability. These result showed that pigment stability was enhanced through the
electrostatic interactions between the anthocyanin flavylium cation and the dissociated carboxylic groups of the
pectin. Due to this association anthocyanins may be prevented from water attack. However, further studies are
necessary for investigation of the influence of the pectin source and pectin type on stability of B.C anthocyanins
in model systems. The degradation of anthocyanins over storage time showed a positive correlation (P<0.05)
with a*, b* values and negative correlation with L*, AE* parameters. This finding represents that it is feasible to
predict the anthocyanin degradation during storage by measuring the visual colour changes.

Keywords: Anthocyanins, Black Barberry, Pectin, Pastilles, Color parameters
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Introduction: The commercial lye peeling method used in Kiwifruit processing industry is water and energy
intensive process and has negative impact on the environment. Infrared (IR) technology has been proposed as an
alternative to food processing technologies with attractive merits such as uniform heating, high heat transfer rate,
reduced processing time and energy consumption, and improved product quality and safety. However, no
previous reports were found on the feasibility of kiwifruit peeling using IR heating technology. Therefore, the
goal of this research was to develop a new and sustainable peeling technology for kiwifruit using IR radiation
heating.

Materials and methods: A lab scale IR dry-peeling system for kiwifruit was designed and constructed. The
system consisted of two major sections including the IR heating and rotating rollers. The rotating kiwifruits
(Actinidia deliciosa cv Hayvard) were heated using a ceramic IR element. The effects of IR radiation power
(250-850 W), distance between IR emitter and sample (10-70 mm) and heating time (45-125 s) on the peeling
performance of kiwifruit were investigated. The lye peeling method including 15% NaOH solution at 95<C for 4
min was selected as a control treatment. The operating parameters of IR peeling were optimized using RSM.

Results and Discussion: The second-order polynomial models predicted by RSM showed a significant
fitting (p < 0.0001), and the lack of fit for all fitted models was found to be not significant (p > 0.1105). The
validation experiments were in good agreement with the predicted values by the fitted models. The heating with
a power of 446 W at the distance of 70 mm for 125 s were found as the optimum operating conditions for
kiwifruit IR peeling. The comparison of the peeling performance of kiwifruit peeled by IR and by lye peeling
showed that both the IR and lye peeling could produce a satisfactory peelability (> 90%) and ease of peeling (>
4.5) for kiwifruit. The IR peeled kiwi had significantly low weight loss (4.5% vs. 11.7%), surface temperature
(64.1<C vs. 95<C) and color difference (2.4 vs. 11.4) and high firmness (57.5 N vs. 40 N) compared to lye peeled
treatment. Because the dry-peeling is a chemical- and water- free process, residuals of kiwifruit skins after IR
peeling could be easily utilized as value-added by products. Based on the research results, it is concluded that IR
dry-peeling has a promising potential for commercialization. This investigation should also help kiwifruit
processing industry in developing the environmentally safe IR peeling technique to produce high quality
products from kiwifruit.

Key words: Infrared radiation, Kiwifruit, Lye peeling, Response Surface Methodology
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Introduction: Cheese is a dairy product that commonly used and has lots of variety in the world. Among the
various types of cheese, UF cheese is attracting more consumers in Iran. The need to change the flavor and make
a diversity in this product has been considered for long time. Since high fat foods such as cheese are the main
cause of some disorders like cordial disease, cancer, obesity and diabetes, formulation of dairy products with
modified fat or fat replacer was considered by many researchers and suppliers. Vegetable oils can be used as a
substitute for milk fat in cheese. Flaxseed oil consists high level of alfa-linolenic acids (Omega-3) and suitable
amount of proteins could noticed as a fat replacer. In this study, we investigated the effect of milk fat replacement
with flaxseed oil on the production of functional Feta cheese. The rheological, physicochemical, and organoleptic
characteristics of such cheese and its optimal formulation were also determined

Materials and methods: The effect of Flaxseed oil (FSO) at a range of 0-100 % and whey protein concentrate
(WPC) (0-15%) was investigated on pH, synersis, Dry Matter, hardness, springiness as physicochemical and
mechanical properties and mouth feeling, odor, taste overall acceptance as organoleptic properties of UF cheese
production by RSM. For the preparation of cheese, a free fat retentate powder was used. To adjust fat to 20%,
cream was used with 70% flaxseed oil and homogenized by ultraturrax method. All of the physicochemical,
mechanical and organoleptic tests accomplished according to thelranian national Standards/

Results and discussions: Results showed that by increasing the amount of FSO in the formulation of cheese,
pH, stiffness and synersis increased. Also, with increasing flaxseed oil, the elasticity was initially decreased and
increased in greater quantities afterward. However, by increasing the WPC, the elasticity decreased. The increase
of flaxseed oil had a reversible effect on the taste, smell, color and overall cheese acceptance score compared with
the control samples due to the presence of some impurities in oil. Increasing the amount of WPC and FSO also
caused a decrease in pH and fat during ripening of cheese. Although increasing the level of WPC improved the
odor of cheese, but did not have positive effect on appearance, color and general acceptance. The result of
optimization of UF cheese production with the following indices: pH 4.82%, synersis 1.35%, fat 20.3%, dry matter
32.45%, hardness 631.46 nm, elasticity 0.94 mm, color 3.4, Odor 3.1, flavor 2.8, texture 3.1 and final acceptance
3.11, showed that the best formulation needs 96.01% of flaxseed oil and 9.73% whey protein concentrate. Finally,
the predicted optimal formula by software was also determined as follow: pH 4.78, synersis 1.27%, fat content
19.8%, dry matter 31.4%, the firmness index 618.02, the elasticity 1.03 mm, and the sensory scores included color
3.4, odor 3.15, Taste 2.97, Texture 3.64 and Final acceptance 3.21.

Keywords: UF Cheese, Whey Protein Concentrate, Flaxseed Oil, Formulation, Response Surface
Methodology.
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Introduction: Nowadays, consumers prefer foods produced without synthetic preservatives. These chemical
preservatives have been gradually replaced by natural preservatives in formulation of edible films and coating.
Since, edible films can be applied as carriers of antimicrobial agents, so, these aforementioned ingredients can be
incorporated in such films. Among edible films, protein-based films such as whey protein concentrate (WPC)-
based films are more attractive because they also supply valuable nutrients and introduce acceptable mechanical
resistance. On the other hand, these films present moderate barriers to moisture due to the hydrophilic nature of
whey proteins. Essential oils (Eos) can be incorporated in to edible films in order to compensate (overcome) this
defect. Since no published research has been found on integrating mastic tree sap (Pistacia atlantica sub sp.
kurdica) essential oil into whey protein edible films, this essential oil was applied for WPC-based film in this
research. Some species belong to Penicillium have been known as contaminants of dairy and fruit products.
Among Penicillium sp., P. expansum is more popular for causing post-harvest damage of apples. In this study,
our objective was focused on mechanical and anti-fungal properties of WPC-based films incorporated with
mastic gum essential oil.

Materials and methods: WPC, mastic tree sap and P. expansum were obtained from Multi Milk Company,
Kurdistan mastic Gum Company and Persian Type Collection Culture, respectively. Extraction of EO from
mastic gum was accomplished using water distillation or hydro distillation with the help of Clevenger-type
apparatus for 5 hours to obtain a pale yellow oil. Solution (10%w/w) of WPC in distilled water was prepared.
Glycerol (as plasticizer) was added to WPC solution at a ratio of 1:1 WPC: Glycerol. Then concentrations of EO
(1000, 2000, 3000 and 4000 ppm) was added to solution and mixed for 2 min. In the next step, some
characteristics of film were measured including: thickness and density, water solubility, stability in acidic and
alkaline solutions, water vapor permeability and light transmission / film transparency. Some mechanical
properties of films such as tensile strength (TS) and elongation at break (%E) of films were also determined.

Regarding microbial assays, following the activation and preparation of fungi spore, MIC was determined
using Agar Dilution Method. Determination of antimicrobial activity of film was performed according to film
disk agar diffusion assay

Results & Discussion: With increasing essential oil concentration, film thickness exhibited increasing trend
which was due to entrapment of micro-droplets of essential oil in film. Along with increasing EO concentration
in film samples, WVP declined significantly (P-value<0.05).

Incorporating of essential oil of baneh in to WPC-based film formulation at a level of 4000ppm led to a
reduction in WVP from 21.62 to 14.27 (g.mm/m.d.kpa). Regarding water solubility, with increasing of essential
oil concentration in structure of whey protein film, water solubility of films experienced declining trend from
32.42% in control sample to 22.69 % in film with 4000ppm EO significantly (p<0.05). Alkaline solution caused
increase of film solubility compared to water solubility. Also, no significant difference was seen in transparency
of produced films with increasing essence concentration. Mechanical properties, including tensile strength
experienced declining trend significantly (P<0.05) but, elongation at break showed an increase up to 36.9 mm
with increasing of essential oil concentration to 4000 ppm. WPC-based film possessed antifungal effect on
Potato Dextrose Agar (PDA) against Penicillium expansum. Increasing essential oil concentration in the film led
to enhance the zone of inhibition significantly (P<0.05). Increasing of essential oil concentration inhibited the
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Ferdowsi University of Mashhad, Iran.
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fungal growth so that no growth was seen at concentration of 4000 ppm in PDA medium. Similarly, WPC-based
film containing mastic sap essential oil showed inhibitory effect on P. expansum in PDA medium and with
increasing of EO concentration in film structure, clear zone of inhibition was developed. In other words,
formulation of whey protein concentrated film containing essential oil presented suitable efficacy regarding to
diffusion of respected antimicrobial compounds.

Keywords: Antimicrobial effect, Edible film, Oil of baneh, Whey protein
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Introduction: The diet regulation is one of the primary principles for maintenance of physical and mental
health. Flax is an annual plant from the genus Linum with the scientific name “Linaceae” which it grows as a
shrub. Flaxseed is in the category of the oilseeds. In Iran, the Flaxseed meal wasted even though it is a good
source of protein. Flaxseed components that have the health maintenance and nutritional properties are including
fiber, lignans and linolenic acid. Furthermore, Flaxseed is a good source of excellent quality protein and soluble

fiber and phenolic compounds.

Materials and Methods: Flaxseed meal from KashanBarij Essence Pharmaceutical Company, converted to
flour and half of it was extracted using solvents. 10, 15, 20 percentages of the wheat flour replaced with both
types of the prepared flours (NF and PDF). The flaxseed meal flours were detoxified using a microwave. In the
cakes preparation, the sugar and oil were mixed. The eggs and the remained materials and water were added and
mixed for uniformness of the cake batter. Then, it filled the cake mold and placed into the oven at 200°C for 15
minutes. The volume measurement of the prepared cake was carried out according to the seed displacement
method using millet seeds. Three methods consist of texture profile analysis, cut and punch method were used in
the four days, first, tenth, twentieth and thirtieth day for textural properties assessment. To evaluate the color
parameters (L*a*b*), the photos which were taken from the surface of the cake in the special box were evaluated
with image analyzer software. Then the hue angle (H), saturation index (SI) and color changes (AE) calculated
from following equation. For evaluating the porosity the cake was cut into the slices and put into the special box
and photos were taken. The photos were evaluated with image analyzer software and the number of pores was
determined. Statistical analysis with the completely randomized design with three replications and means

comparison in 95% confidence level were employed using the SPSS-20 software .

Results & Discussion: By increasing flour substitution, the volume of the cakes reduced. It could be due to
increasing flour replacement with cellulose, which makes the gluten network weak that is responsible for
keeping gas into the bakery product. These samples contain flaxseed meal flour were softer than the control. It is
due to the presence of some gum and fiber in the chemical composition of flaxseed which absorbs moisture and
prevents its transfer to the starch. So, the starch crystallization delayed. During storage, the samples contain 20%
flaxseed meal flour were harder than the control sample. The cohesiveness decreased during storage until the
twentieth day and then increased. It is due to changes in moisture during storage. The cohesiveness of samples
increased by increasing the flaxseed meal flour which it can be associated with more gum and fiber as well as
protein in the samples. The cohesiveness of the samples containing 20% flaxseed meal flour was less than others
on the first day of storage which is due to the high water bonded by larger amounts of gum and fiber. But, on the
thirtieth day, even with reducing bonding strength due to retrogradation, the cohesiveness in the samples
containing 20% flaxseed meal flour is more than other samples because of larger amounts of moisture in higher
percentages. The springiness reduced in all treatments during storage until the twentieth day and then increased

which these changes are not significant for the samples containing 20% flaxseed meal flour and the control
sample. The springiness was changed according to changes in moisture during storage. The difference in the
springiness among the control samples and treatments on the first day, tenth, and thirtieth of storage was not
significant. The springiness reduced with increasing the flaxseed meal flour percentage which is due to the
weakening of the gluten network. Between all treatments, the only significant difference in the result of the crust
cutting test was among the samples containing 20% PDF and control sample and there was no significant
difference between other treatments and control sample in all measurement days. The increase of the force
needed to cut samples over the time could be attributed to the transfer of moisture from the center to the round of

- Islamic Azad University of Shahrekord
(* Corresponding author’s email: Keramat@aut.ac.ir)
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the cake. The addition of flaxseed meal flour and the storage time had a significant effect on the required force to
punch the cake. The force required to punch the cakes increased until the thirtieth day which is consistent with
the analysis of moisture during storage. The reason for an increase in the required force for punching the cakes
due to increasing the flaxseed meal flour percentage was the cake batter viscosity increases which lead to
hardening of the cake texture, subsequently. It can be seen that the number and diameter of the pores reduced by
increasing the flour substitution percentage. It could be related to the viscosity of the batter. Due to increasing
the batter viscosity, the carbon dioxide, and water vapor bubbles in the batter cannot grow well. The L* index
decreased by increasing the flour substitution percentage, which reflects the darkening of the surface and the
center of the product. By increasing the flour replacement, the redness (a*) and blueness (b*) index, increased
and decreased, respectively. The saturation index (SI) of the surface and center for all treatments was less than it
for the control samples. Also, the saturation index among the treatments decreased with increasing the flour
substitution percentage significantly which it indicated an increase in the color turbidity of the samples. The
color changes (AE) of the surface and center of the samples increased with increasing the flour substitution
percentage which it showed the significant color difference between all treatments and the control sample. The
BI of the surface and center of all samples was less than it for the control samples.

Keywords: Fiber, Flaxseed meal, Texture, Rich cake
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