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Introduction: Sponge cake is one of the most demanded and consuming grain products, but due to its gluten
content, it is not usable for patients with celiac disease. In recent years, gluten-free products have gained a great
attraction. However, producing gluten-free products has several difficulties such as lack of gluten viscoelastic
network protein constituents, lower technological quality and advent of some quality problems in production
including low volume and weak texture. Some compounds such as certain enzymes and gums with the aim of
improving the texture, mouth feeling and general acceptance, as well as imitating viscoelastic properties of
gluten could be employed in the formulation of gluten-free products to make them acceptable for the celiac
patients. For this purpose, guar gum is used widely as a thickener and stabilizer for producing gluten-free
products. Also, addition of enzymes to grains produce could help in increasing the holding water capacity,
improving softness and dough flexibility, enhancing texture and final product’s volume. Furthermore,
notwithstanding widely researches on the cake, comparing to other production, this production has low nutrition
values yet. So, enriched cakes with dietary fiber and natural antioxidants, is one of the goals of the industry. The
researches has shown that dried, powdered and extracted pomegranate peel has rich fiber, bioactive materials and
high antioxidative characteristics. Therefore, the main purpose of the present research is to study the effect of
replacing the pomegranate peel (0-12 %), Guar gum (0-1.5 %) and Hemicellulase enzyme (0-90 ppm),

respectively on the physiochemical properties.

Material &Methods: Moisture content measurement of moisture by oven, density by using rapeseed seeds
displacement method, hardness (STM 200 device), color index of crumb and crust by using CIE Lab
colorimetric system that measure L* (brightness), a* (redness) and b* (yellowish), antioxidant activity with
spectrophotometery method in 517 nm wavelength, and sensory properties of gluten-free sponge cake based on
wheat starch. In association with sensory test,30 panelists was used for checking desirability of mouth texture,
appearance texture, smell and taste, color, after-taste and general acceptance with six point hedonic test that they
rated samples from most agreeability to most un agreeability. For this aim, the statistical plan of response surface
method (RSM) of central composite design (CCD) with three variables and four central points were used and the
texture test was applied four times and the other tests were applied three times. For this purpose the Design-
Expert 7.0.0 software was utilized for determining of optimum point (a point in which the minimum density and
hardness that this parameters considered as a blank in the cake limits), Duncan examination was used for
comparing the average of data and analyze of data was implemented with SPSS 16 software.

Results & Discussion: The results have shown that increasing the percentage of pomegranate peel in the
formulation, density and bright and yellowish cakes were decreased and moisture, a* index, DPPH and hardness
were increased. From the other hand, increasing the amount of replacing the gum caused to increase density,
moisture and hardness. Adding the enzyme had effect in decreasing the light of crust and increasing density and
color index in the crust of the cake. Totally was determined pomegranate peel had more effect on the antioxidant
activity, density, hardness and colorful properties. Guar gum had fewer effect on this parameters and played
most important roll on moisture of cakes. About enzyme can say it didn’t have significant effect on properties of
cakes. Then, the optimum points has been defined via the software that the amounts of pomegranate peel and the
guar gum were estimated at 9.1 and 0.56 %respectively, and the amount for hemicellulase enzyme calculated as
0 ppm. After that, the properties of the optimum cake were compared with blank cake and in addition to previous
tests, sensory test was also performed. Moreover moisture and hardness of optimum cake was investigated in
during of 14 days storage (days of 1, 7 and 14).The results have shown the physical, chemical and texture

1 and 2. M.Sc. Student and Assistant Professor, Department of Food Science and Technology, Isfahan (Khorasgan)
Branch, Islamic Azad, Iran.
* Corresponding author’s email: mfazeln@yahoo.com)
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properties of optimum cake were largely similar to the blank samples and the main difference was in taste
sensory properties of pomegranate peel that will corrected with the use of flavor agents. Over time, also,
moisture was decreased and hardness was increased primarily and decreased later in both of blank and optimum
sample. Therefore, gluten-free cake based on wheat starch with 9.1 percent pomegranate peel and 0.56 percent
guar gum can be used, that only doesn’t have adverse effect on its properties, but also is acceptable for celiac
patient.

Keywords: Gluten-free Sponge Cake, Pomegranate Peel, Guar Gum, Hemicellulase Enzyme, Celiac,
Enrichment



Iranian Food Science and Technology

Research Journal

U i

Vol. 14, No. 2, June. July. 2018, p. 229-241 S et

lnl 2188 alus g pale Sleidgly a1 pid
229-241. 1397 =315, 2 oo 14 Al

Slo i 558 (Al U (S5 b, gL g (w5 oS 5 Ol kS o) 2
9 dnl.f e gla ey, 53 Sldde s S & ¥ (Hypophthalmichthys molitrix)

oslie glabes

Sokaleo phael =3 gutan il =5 gilind o5l = Bl g e

1395/08/19 -3 55
1396101126 : 5 .y o 6

2>

(31,3 5lo 4253 190 4170 (150) (13,8 & glisie slalod o (VoS g oy oS o), S0l80) LS Ciliseo (slayé g, 5l Guios ol po

o 3T g (o Sy (S5 9 Jame 035k i) (Su3sd slaysB g oty oS 5 Sl 1 (Slosie (3,5 Gy Abyo 3
5 RSl cla gy y3 Slodie 6d Fyw SESL A5 )y (Hypophthalmichthys molitrix) lo s e 5l oad As ale <Sb
Loy gy 33 0005 Fpw (cldiges & Coms (65108 Heg, wis 2oy 10/94 5 10/0 L 4 YL cugby 2o ys 64/67 5 66/89 L us oy aos’
0525 gy 50 0k Fyw b8 o PH lade oy 3 YU PH 7716 jlade L VlS (489, 13 lotds 0nd &y sleSL by olis Ygils 5 o905

Sl 55 Jpame 03jb lade 3l (L5 Ly gy 13 008 Epm (slaylass plo & Cos |y ST (65 b g yia8” 1} ST 1505 laia L
sl ol Jpmae (SuSar 9 oalign ke g2 5L LS (ks 23 190 5 170 slales 1o 5 Y5l 5 (15005 slagss) 3 0ad gy
Gk 8l Glil (gje ) padls e 5 (il by (aSld e ool 4 (355w slod (Rl Lol (LS ()l gine glis iz
5 los) o woles e I Gy 9 009l (2Bl o fmd 13 (i ol 51 oo «S) (g sl el Jlado 4B S plosl s (L)
sbaif) (358w sbapts) gbe (ol @l B ol lis (o) ctne BT 5 039 LSy (Slodie (13,5 gy Olite (slaled
e @l o0d (6,50 il (slo et s 4S jlas 5l olS il ey 170 (slod ( losie (19,8 ¢y ciliseo slalod s g iS5 o Sl

2l oL 31,5 b 453190 5 150 clales 4 cus

2lo <8 ¢ (So5u8 (loyeiS1d ¢ Slodde 13,5 Fyw ¢ 2LS (gbayEg) (0,8 & alisre (glaled :‘5.&.315 dlﬁb)‘s

load adgr Y guaste i (6B gw g (RIS Y guaso
lojg oLl 5l ol sl B5)) g L o ale cuiS
Y gasme Jud oyl 5112015 ¢ o)) Ko g ol 3>) ol yly65 50
il g 5 2 lo 5L Ol Kb fale S ln
b e (595 bgbs 1 a8 canl g ale c5U 3503 oL
od 45 byl 945 oo dutd yldpabs 5 (53938 LS 5 b (gou g
85w 3,1 by Ly 51 e g 003 T a3l (655G I e
9 (s Lol a5 003 Epw (1) )3 (Slodie ©)90d,

4 Fish burger
5 Fish finger
6 Fish nugget
7 Batter

8 Breading

.

CPRTY
aiiS Y guasee dsgadme 4 iy yai , 03938] (j55)] (slmed yol b
odlo 5l (SlSe b bl (g9l 3 calizeo glgil KaS L oS W95 oo
sLmodyoly s ales 51(1380 (s (s9)) At oglio 3¢5
um &S Mbu.a AW 6)159.«) 9 u.b.)uu u\[ya}u ‘abs}él L)“’))I
Ole > imd o LS5 1) B puan oolal (lalie 5L 51 clos s

EYgamo 535l 8 09,5 (55 sl g ol oletib cipa =345 2.4
b @lie 5 (65sliS pole ol g flaze 9 S oSty (S
-l GBS GBS
(Email: mahdi_ojagh@yah00.Com : Jytus s s - *)

DOI: 10.22067/ifstrj.v0i0.60213



1397 15 - ols 5 20yl 14 al oyl 1l I3 msbivo g pole sledsy & pis 230

0351y 8 13 1y gy Jlide g Cdl p (3,8 Fyw ciliie slale
g odd o () e &5 Wdged (o g W3)S gy 0AD Epu
5 03l 3,50 (19, £55 4 w0l w0 03518 (slaly il 35
e odlitul 390 (1) 98 2)b (St (205 £ Oloj Do
Fo ol oz sl S 5 g 0 Gy Jpae 3 (fg) Gl
S gy S gene wigyel (20098 (o iSen 5 (g3ly0)
Lo J=550 () 9 on oolital Bres 0ad &y Y g (4l
Sl 42> Ly S35 5 Ligeo () S0 (slaisiy) g o S5
bl e YU Sady

s 5| (Hypophthalmichthys molitrix) (slo & .S ale
o3l Cyge 53 93,5 0 )8 CbeS Ao liale il 15 (5] 8
obeale jl 3l jls (alo cpl sl (slio mab Shl> (1392
ssbatos o jlodlds pul 5 el oy lenle 1 (5 )lhmn 5 2l
ooy 3 g s3batBl L Sl (M i (slmed gl 8 gl eole
e cplnly (1392 (Ko 5 G) ol dby0 @y 1980 005
5 (AL Clise slapyg)) (355 Epw bams (o) 3805 (0
gt gLyl g (o pE S 5 Ol glite slaled
2dlior sloy 198 (ale <S> 2l Jgarme

W d9; 9 3190
1200£5/56 1 115022/64 Lawgio (59 b (sloyss y0.5 (alo

eyt (oalo (S5 455 3l p55kS 00 (s eg0me 5 £
Cddgig ) cuslio (Do Sl o g 0k ()l B GlilS Gl
e 9 559U pole oKl M 055 (5)51,8 otlol &
ot it s | ot gl 533 Jin 5,5 e
Sl i8S 1,8 Ll g sleol a5 opo g g0 3 S folse
Ol § Cwgy 0y lacidsS il 5 aale (354l
b st (92060) 5 gl ol Lawgs Lol (laald
S938 OS5 b ale uine 2o yd 87 ¢ alo c5U Wy jolatoas
Lol Gly o)D) Bow )l 1oy 5 (ol saimdpab 4
Jols bglss i byl 4,93l 10,3 0/5 5 S 2o yp 1/5 s
Fagle So 90 el g yta lo gy k8 L3S clacdl
20 30 228 5)1 10)3 55 Jogayd b Ol (5 g ad 6 S IB
Sod o3 3 g g SiSes o> 2 5ol 5] o> 10 canliss
o 4 3L,5 o a0 10 Ol ags 3 ookl )90 O (slod)
OhSon 5 (52) 0223,5 s9abgt (ol o 9 S 9 St g S,
o i Sy i by S A 15§ (208

L5 0x3Lbgy Lawgie il o (g ) gw)]
S oslital U (sgs (LS «jiSs, oy JolS §)

Jyae cal jloslial (gl oaiS 8 pmn (plnlis 33,5 0 (5105
oS liee Jloel )y (plo @8y s po i ¢ olbjaless] ] an
ibon o9y 2 005 Epm Jolis Vgane

s ol 2 88 cul €3y (ages (o) S Gras (05 Em
L olalie ol (b s g 558 0 oalil Loy sl e lyica
dg-dioe gyl § S8l uab )l 5l3)5 & pasie Cluogad
s Jold ooy Slles wilyd ol b (2003 ale)
Cole i catldd ()08 4V Jud 51 lol8 (S5d 5 (alend
2 ild ol aed e &) iS's) S 5 Cusb) e (e
Foe (f9) b oqyedd 9 (Setdgyien g (Somiliens] o 50
Lo JLil g alaanle b glojen ()8 & 2l6 (b ol
e ialil U Voo il o 351 3 dlge JWil 5 olaals
adaly Lol aob oo Gl 5 089y @dar liee (0205 € Lo
ol lde (2007 (ohlSen 5 LiuS) 5,15 5954 O] Obe (o>
sbed (2,58 loj e i) S Ale (ol 4 (8
€95 9 g s e (glie osle JS5 (2lie 03le g (9
3 (S Jgmae ag) Cash) ke Logase 5 o oS 5
o Al (b osd Dl g, e (2003 gl 5 (1 5:9)
sobdn 48 3l (St (935 e slod 3L Gl @ 25
(2007 <) 8an g LS) 538 o 3l d)d loj Cde o eadians
o &y Y g CudeS g 29y Ll Mo p (29 (slod 56
115 b (2011 LS 5 o) sl 01 515 res
200 5 180 (slos coss () 5> (Slodie 13,5 F M Jgome
3l dn g 340 0 ploul 4l 30 5 20 L;)m RINVI VRN [ e WP
(S sy (2006 JLy5 59) 33,5 o 2ezxie Jpaxa o]
chls 5,5 5l 45,5 190 5 175 clod ;5 o § yw &Y guaxe
ol 5 Bl an > 175 51 5YL (slod diied (093 (635 Lol
Lol o3le S5 aS" il olyors dua My ST S5 b ol (Soo
A Bos 53)5 Ce B ) FeS sled D)l e >
Ohen 5 1) 23l oo ollas (ol Jpazme CudsS bais jolate
(2007

9 095 ) ) (Sledde (9,5 gy Ol adlllas S
P2 Ges 0055 ) (B E3y by 9 peien 9 b Sl
ASitte ona 5 oS 5 g2 (0] 20 €5y 5 OB SBT 5 g s
OhLSen g Wl pse) 2 ooy S5 <SU g (5 (alo Sl >
e Giolidl g Cagb) Hhade ialS el 3,8 # w an),8 (2010
Gt 5 e gl 3 oy e > b Jpae 93 0 0 02
OF9) > Slode o &y sladigel S o |y AlSite (0 )
o sl 1) gl ooyt gl o o iy o] Gdlate 5 (0
5 alS slapig, 51 (2007) olKen g LS ol olis oy



231 . oy 5305 blo U (Ko b 539356 g ot 5 S 5 Sl (ni

S Ol o]
A jgwg

yogS g ol wd l ealatwl Uy ol dy 568 g (g 550 51]
Uiy sy 9 6 ojlocs Jaiuwl L (Brook Field LVDV)
gm0 3,5 Bl a3 20 (clos 5 43l 20 )boj ,> 100rpm
(2015 ) San g orkes) )5

Jgazme 0330
e 88 (3 2led 0355 Epw il A g S8 sless e eSU
) 35 Ao 0> Cpgods 5 9o b b Jas o3l
(2008 )\ 5
S(%) = (%) x 100 2)

8L 5 W e olos 0ad o <8 (58 (W ¢ Jguas 031 :S
U_S'La.).&o ol &y

SN

@l S i g 8 Jlas o 8L cels g jlab
LacSh (SauSgye ide juj daly SaS 4 9 A5 (550 50jl]
(2007 <) San g (6390) 23,5 duslxo

(M-m)+(N-n)

A(%) =

M lodiio 8105 ¢y & SU Cunlis M ( SuSap A
N e lodio 005 ¢ o 8L b N e olgs 005 -y ST sl
u—’béf 04U C).u.: S Cowolsus

EIwSS
biug (ol oddgpw g (Sloie 018 o (ST Lges )
(Lovibond CAM-system, England 500) zuSs, ol
CubS olidgy a3l Gle sly LY e i8S )15 5IUT 550
3 ole slp @ a3l (i 20) 100 6 (ol s0) yio ]
9 (e oaimd Ui =% 5 5505 oimd LS +8¥) (e = (5503
—b* g 45,5 ey Lis +0%) ol =35 dw o lp BF asls

(1391 (o HKed g (gnion) Mib o ()’u‘j SRR

(s U]
5 2L 5 pab (635 8l () sl sl 2Ll jslatedy
OhbSen 5 (b ) 5l sy (ale Lo ST (IS By
S E w3 4D ma g 90 Se 4 ST b ool (2011)
9 B35 F w1, KBl g,y 35 Slo ay> 180 (slos cow

& prgasie) 2S5 IS (05 (o, ST (LS sla ity
Sy 3 4l 30 e s (Mgl g Y (2,5
190 4170 150 sLales e (Moulinex Toucan ADR2)
Er Beos O3)5E w0 gy 4 Slodie O g0y d1)F il 2
Slesd y gl )iS5 clar e (sled )3 Al S 5l Gy g 0sd
=20 )3m 3 5 g 0db (ST uS o (sladian (49,0 Sl
31 o (2007 )y LSan 5 LiS) 33,5 doxio 1,5 il ds
ST gy o b8 5§ o 6y oS Slazs ) o liabs
Slislejl o (glos )3 olojpless] 5| s g oad gzl 3,8 5
5 Sei Oltlojl (sl 038 plodl ale glacSL 5 dbogsye
wlos 3 aiBy 3 e 4 b, Kkl g, 0 LEST ¢ s U

S F e eSO ygaar 35 Sl 45,5 180

st bond Ol lo
A5 5L

93,5 ol a3 103 cled )3 ol S8 L cugh, lado
S (530 Gk S g ol dliiul by (o2 jlide
g JIS ol 1 aslil b cpiigp e b (5,505l (2010)

a3 950 los L (55,580 095 5l ool Ly yunS5 )lide
A dgle (1990) AOAC g, & 5,5 silw

PH g 505181

o ydaie O 2l e 45 L olyen i S5 53 diges 5
SeoS a9 B gen pbigen ol hawg 485 Sy o
» adises pH (728 pH Lat Stirrer Metrohm) yopH oSy
(2008 < )))\Som 5 wbs) w5 (6 uSojll 5L (slod

Ol (5,14 Cud b

0dd ¢y 903 25 gy (2008) ylSem g ol gy 3o
o )lesd (yesly (Blo AL )3 5 0ad ()59 (S 9y b olyen oale 5L
B (s e sloe 90 o il A (9,5 Wiges A oy S
23,5 o 5o Lo 1500rpm oo Ly 4 tds gy code 4 g 0k
aoce 5 o gyl (Blo 218 51 cugS eyl g Aol
ST Ol jlde 0238 dsloxo 25 Jge)8 5l ol Ol Jlde g 0b 55
e oy ieS g bl ogSine s O (6,105 b b |
ol il O (61085 b o Jlade 5V L o]

woe) = 2] x 100 1)

shle S



1397 15 - ols 5 20 ,lecs 14 al oyl 3l 13 slivo g pole loeddgs 4 pis 232

190 4 170 (olalod 4 cons |y (6268 (469, wis lade o5 Sl
Ey slmodygl a8 Slllae b b ol 3,5 ole an )
e jy (3)5 Epw sled 9 (Eg) £ g 00D ploxil o
i e 02,5 & csle> G L 4 har 350 5,55 55,
8 0db da gy 5l (35 E e (sled Rl L odd £y
P S ob ol G opl )l Jols zls aSdls jo ol o Sials
i Hlade Sledde (2)S Faw gled LIl L ale slacSL
I s o g adlbe ool @l uSe g 8l Gl 35 089,
2 0dd Fyw lac 5L 0yl 55 )0 (0 F e sled
Sogsy & S |) 6 5VL (49 e Y55 5 (o) sas)
(2007) o) San g S guls b a8 woly o)Lis sous” g o, Solid]
wAD yid 35 Cugb) w3 Glie 035 Epw sled I L

Of9) e 9 (3,5 Epw 0)93 Jobo (ialS el plojen ysboa
O35S Eyw slod D505 oyl (1988) O 58 g o 04 il
(@l oy e dy avgi b oS Slo 45,5 180 5150 Le
Y guame 3 pfgy i sy gy pxe Ul S
2 oyl alo sladld 3,8 &1 w bbb awsl olie
a3 180 Lo > Sos oy g oo, S0l8] (e slacyy,
it P88 it gy Dl e i B Sote g 15
2 (S 039 55100 15 £,5) 35 5 (g5 89y 2 39 S5
3 (1992 (), LSan g oSl B) A awloe b Kbl g,
A Cumd (9= (3=£9) yd 0y S G0 pols Buisd
Olje b QUi |y VL gy Gl e GI9RLST (29,
20l a0l lie 4 ol Fw Y guaste j3 (9 Dgd
w2 ey 0id B ew ale g 0l (S Joae
Cagby Hlido (gaoe (0,5 Fyw dolyd b (2009b (ohlKer
Tor Sl gy i (i (e 3 (eoken 1S Jgparme
Gk 5l a8 osds Jgamto o )d diSge A8l Sl cely cugh,
g sl 2lid dlgo Ygame 25 0 Sy () S5 o]
aloly o529 wdlS Gllllas .5 55V (489, o Glie YL
b By sl cnghy g 0l Ol 8 Ol e (a3
OhSen 5 1059)S) 45,8 ()55 1) Bres (35 Epw Sl
= obad 9 shdier 2006  go5Lo 4 Lls 2003 dale 2000
oL |y (6368 gy s laie YU cogby b ol osle (2014
(sdle 5L 5 diedgulyd (55800 8L (59, o adlllae b ey
2 Ol g Cugh) GRIBI Gl (cwgSae LLI)IL00)S )18

b @l 5 (65)sliS psle oKl lgoniils I )8 cdn lawgs
e slaasls 4 (L)l ams)s 8 bl 5)5e (5,5
olog o i coles o) ol el cuin B S 5l Jghis ol

(8:Je

nosls (5, eb lo 5 45
&9t Jleg) JuosS6 o)lel 5k 5l Gadow ol plosl sl
L )53 50 5lew 12 (el (00,5 ¢y slod o 4w jd (4,
OeSbo dunlio (gl Cpiomen (0 edlitwl SPSS 18 l3dle 5 SaS
&l s oolizal 00005 Jlazs! pdaw )3 4SSl 9051 5 aosh
) s 5ess S L Sogiged] 3 e slaash 37
(RSe L 09,5 93 amlie (sl (g 9 (09,5 i daldo
oy Excel 2013 I3 815,35 )5 dbogsye (slaylag0s .053,5 edliwl

JRER W)

1oyt 1955 (plo SLCSU Ao (o 5 oS
Ciig 16/61+0/07 ¢\l (glo, 5 155 oplo pld CuigS
oS 212820147 o s y> 2/9520/34 ook, T8/69£0/73
XLl gy 55 (Slodde odd Fyw ale U cladiges g
LS 5 YlS g sy 4 Cand |y VL Cogby do
170 15,3k jle )3 Cugby Jlade o YL 5 wsliS ioles @
v seSU b odalie 190 a5S o yo O] JMae (p yieS g
by o, 5 Bl a3 170 clod b s, Skl e, 5> o
190 4150 (slaled p ouis §yw S 4 cos |y o 5YL
9 o) sl £y )0 00 Fpw S o o lis as s
Mde y 50,8 Fyw calises gbalod o (6l iz gy Y lS
2 0dd Fyw seSU n aSJl o il sdnlive LeST cogb,
Iy s a8 Cagby Jlado o3 lo a)> 190 (slod a5uiS” 24,

2 s oS Bl 45,5 170 5150 clales 4 cons
5 oYL LS Slo anyd 150 (505 50 oas Fyw 8L Hlos
sy i e ciaS 150 s Sl (5, 9 00 ¢ 5
bl o Gl 589, Hlde (1 Jgas) (P<0/05) woly oLt |,
oS IS bt 5 (L Jgie) 292 csliste eS 5 (9, £95
A o oS g 0, SoLl layeg, )3 0ad Fpw alo
Al GLE 1) (658 () o lie YIS g (505 slagy,
plo 0 VglS eg) sbamwl 4 Sledde (0,8 & o calizes slales
5 (P>0/05) Kbl 658 fgy i ey Loy g,
a3 150 (3,8 #yw slod YIS 69, 1 ok Fpw oSl



233 .. oy 535 Blo U (Ko b 539356 g ont 5 S 5 S (oni

e (PO/05) shs jLlis ()b ime il ladiges yruSs
9 b s 4 b, KBl yeg) 55 osd Fpw SBEST w0
Olie 0925 9y 3 048 e SEST & Conas SV Cush
2 ple glac St 2,8 7w ob Gl ) oYL uss
Ol b 3,8 Fyw sl 5153 (P>0/05) sl lis gyl ixe
zor> b g anl gals Ol )lnS cud )b dbeSt cogb, ke
GialS (ale alid &) Cund 35 (S e Joloe Slacig
b mime Sy Guins oyl ) (2011 (o)), Kan 5 wb) Wb oo
s & Yleas! & s saalie ale SESL (g n i 2
Lac 56 L,’.)Lo.)&p ub)f C).w ..\.ul)s u_lo AW JAS-AAAJ wﬁm Lwgy
Oan Sl 9 Jpaze Cugh ojll I i 55 Ble &

D)5 oo

9 oS )l 2929 Bes (3,5 Epw il (b bajles ol
S92 gomo g5 9 clize slasoy 136 (2015) )Ken
Bl 28 59y 2 1) (MCC) ol 9,500 5 Joko Juto
cdale (Rl b ol LS () cnl @S 53)8 (0 025 &y
o2l (52 ol 5 Ol Cughy Ol Pl Jete (uS5)S
cél,
Iie D 3gm5e Jdme dgs jl glacgerme olie dlge yuS
2Ly pl odle plsiodr CudgS 1 oS 039 ol 5 jhd s il
9 5456 ,8) 4bl e 9290 dygdl 5 Soi ol AlSuite Blgo Lo
2 odd Fpw sESL S Hhds cp YL (2006 () Ken
2 oah gy Lo STy ol e o a8 g (b S0T o2y,
015 ¢y SCSL oS> )3 (L Jga2) 45 ale (1525 065
e 95 9 O] gy & Cus 1S g YIS 54, 5
Jde p glate glalos ol LS Ty (g iy g yeS yruSE Hlde

s alod g Lays) 43 0d £y (51058 5905 (Blo SLESL dlSiilte (o )85 a8 5 -1 Sy

(2o p3) pwss o9

(m03) ya (w0 ) Cagh, o

5/58+0/43%c  17/39+0/10%*  10/00+0/58°  65/78+0/53> 150 s, Sksl
5/96+0/32% 15/01£1/62°  10/33+0/33c  66/89+0/48% 170 ., Sksl
6/28+0/412 15/45+0/26°  12/47+1/46°  65/29+0/26° 190 s Skl
4/81+0/31°  16/76x0/1720¢  16/67+0/722  63/60+0/30° 150 op9n;
4/81+0/16%%  17/95+0/22¢  16/44+0/96°  64/19+0/16% 170 o9m;
4/58+0/03%  16/94+0/13%c  16/39+0/242  64/74+0/36% 190 -9m;
5/41+0/13%cd  15/41+0/09%c  13/50+0/25°  63/76+0/06° 150 Y4ils
527x0/12%  16/26+0/24%¢  15/83+0/33*  64/13+0/06% 170 Yils
4/85+0/37cde  17/00£0/11%0¢  16/58+0/212  63/72+0/25¢ 190 Y4ils
5/02+0/03cde 16/55+0/44%0¢  11/22+1/17°¢  64/39+0/08% 150 sous
5/37+0/20°4  15/66+0/48>c  12/17+1/350°  64/67+0/03% 170 sous
5/00£0/19¢¢  15/90+0/90°c  10/94+0/34°c  63/00+0/08f 190 sous

2l o 436 30 Lo 40 31,8 b )3 190 4 170 150 claled 13 356 5 Vails' g5 <ols,Sobdl (slain, , ord Fyw (il (slaeSL Joli oo 1
bl o bylas )d o 3)90 (b jadli Jb dme gl sdimd LS gy jd Wglate Bgy wbilodd Ly Hlee Blul b H1,SE 3 oSSk Gygody rodly 2

190 4 150 (clalos )3 osds ¢ pur (LS dy s 45 05 dpuslxo
bl oly s o pH ol (P<0/05) 54 YL /13 pH L
% 4o 53 9 0391 9o Jpmdore sbainSin Cunle g gy
Wi 52,08 ool et 5 S5l et cge PH s
sladiges 3 PH Hhaie Lials (2011) o Kan g (opmod 33,5 oo
wlidie & 23,5 (WIS 1) 53,5 &y W03 Jl e (2l 488
9 Ol,Sl slagss) 3 045 &y (alo SEST &) bgyjo lis
i pie (2003) as)ldsS g B q0l8 Sl 45 cdidgy aoeS
G cpl 452035 (IS 1) g sbajloss 3 PH I gise
059y 3 0dd gy (2lo (STl ol s b illae 5

PH ,lake
doyesy o 40 5l gy e MR gy PH Hlade il
= 035 B sbed g 2y Sl Sl g (35 £y slaled
(1 Jses) (P<O/05) shy oliss abe (slacSt cilise (sl loss
Sl s 1y pH cde oYL PpH 7/16 Juke L Yl ¢,
PH jlis cp i8S TILLPH L a8 (29 53 005 gy (slac ST
Xl ela gty aSls )3 winly L b jless plo 4 o |,
o9y 3 S PH e TS PH L g5 gy 5 7114 PH L
e ailiS ioled 4 1y Yl 489y 4y Comd (YL g douiS
116 1,8 b 45 )3 170 clod 13 o0 # yuw oalo slacSL pH



1397 15 - ols 5 20yl d4 al oyl 1l I3 mslivo g pole sledgy & pis 234

vy
. a
Y YA 4
an
vors |
‘ L]
s
vy | |
L] |}
-.j ¥
' =,
- ATER T 1 _ H
— .
[ B
= '
[=1 vy |1
. :
4
L]
v/ I}
s
L]
:
. 4
y .
LA I
B
'
s
Yo+ ¥ :
7 N § i o
3 L L
/ o 5 L 3
] ’ W ) K
5 2 “
v] = >

2% O97)

] [
C - il d
iy - fn 8|
2 B X5 )
) I
- - gt T
e ] i Tie
=) ] Foo] o
) I
- - gt T
e ] i Tie
g ] re 22

Blseo galed g B yEg, 40 00l & pw (S0 85 j5u5 Blo S o pH Hlade -1 UG
25l o 436 30 Lo 40 31,8 il )3 190 4 170 150 (claled y3 56 5 Vails' g5 «ols,Sobdl (slain, , ord &y (o (slaeSL Joli oo 1
bl o ylad )d o 3)90 (b yadli Jb dme ol sdimd LS gy )d Wglate Bgys wbilodd Ly Hlme Blul b 1SS 3 OSSke Gygods odly 2

cd b Lolil O Jlidie a8 ol (6508 (o2 b Epw
203 ¢y (mlo (LacSl 5yl ogSan daly O (55l
h ol ) cudyb oy a8 b T15/05 jlada b o905 (29,

(2 Jss) (P<O/05) sls yLis Waylos plos 40 Connus

(3] ol3l T ltde
1

Ol (5 IS b b
odb (559 g (a0l (2355 slaodgl b Cash, e
Aile g ol ) b )bl Sle ()5 ¢ 5l
G5 (gSan Cunas (alle Dlge )3 (22 g Cugh (i ogMed,
b it o0le ol (YL () Cud )b Syg0 ) dons

Giseo saled g LxEg, 40 0wl & g (10,85 y9u5 Blo LS 1 (351 O Hluio W) OF (6,1ueS0 Cudyb ko -2 JSW
25l o 436 30 los 40 31,8 il )3 190 4 170 150 (claled 13 356 5 Vails' g5 «ols b8l (slain, 5 ord &y (il slacSL Joli oo 1
bl bylas ) o 3)90 (b yadl Jb dxe gl odimd L g 4D Wglate Bgy wbilodd Ly Hlme Blul b 1SS 3 oSSk Gygody rodly 2



235 .. 1oy 5305 o U (Ko b 53956 g ont 5 S 5 Sl paadS (oni

5 (2011) ) )Sen g (wpmod a5 cladllan 4> 2500 yls 1y (6 5YL
O3S ol plril 00 & s Y guams 2 (1997) ]lSom g g
9 SYL (e cal e YU oy sl slie slge a8 Widges
o=l il el @l s oo (Lt (55 0mb Jpame 035 o)
04 ¢y SBESL 4S5 jabody LS o Al |y 3y50 ! 55 Baios
oYL g (o sl cpieS a6 g )R] (slagids,
Ooid 9 Yyls b L )55 slajles b dunlie 3 1y 00l jlade
Jsmasme 03]l jlude L (1S9, (St ko w22 ol (2011)
033L Hlde ¢ i8Sy (Sdiuwe HMae (15811 g 0l ewiiue bLS)
P UES9) (SHeme ol 385 50 b G 8 Jgae
Olee Jomame o3j jlde a Sl 3 09 s ajles 48
o s 9 ob Lis (gl pxe GMB] alises (sl jlass
Dy ol b

P oad gy ple SlacSl 3 (SaSsn jolie dnule
A5 5 byless les €038 €y glite slaled g ciliie slagés
G sbod g o9y Bl Sl g (35 Epm slod c89) £95 S
Jolye 3 .2J935) (P >0/05) sl olis oyl e coglis ¢3S
o SS9 (Jomare Cugb ylade (Bl L (93,8 ¢ 4yl
oSO gy (6365 JSB 5l gy Cals )3 9 38l ee BB sy
Bgle (SASgy2 33,5 (o0 Cugb) Juin pd 9 C8) Hia Blo &S
4 yoxie (35 Gy Vb slod (2011 iye3id g Y )lg) 20,8 o0
@ (SS9 i 9 298000 Jpamme 13 (sl (S4S9y2 2l
9 3ld) )b (K Jgmaze Cugh) Glie 4 3L ke
Slosdo (33,5 & s 31 g G ol 52 (2008 L San
Wiy e SL (g 3)T L ulisy o (a0l ahaulge
by b glo oS €85 S5 (alo lacSU v p (oSoxe
Sy i lizes sbajlosd e o] cage 4 9 A Cugb) il
S odalde (SuS gy Hlade o Slus

Ew S
Y e (gt il Oliee 0 & lapelly o pere Sl (S
Aalp il e SV pae (pl (2l SO sl g 4ES)
Jide Jlidl g (63,5 5 (2l Hhde il el (35 Epw
O Slogd Jds 4 508 Il b (ale loeSL (g0 )3
055 B Jmos (b iS5 53 w3 5 el
S g (2 SV gz (135 Epw duld (b 2y Gres
O (bt S8l (il obend sl yiiSly oad
g Ll b logad Sl g atulis (8 AV iy
soul el da STy opl 4l a8 amd o &) () Bgu 5)) L
o=l 3 (2011 )y g ob) 153,50 S5y 55 ot s

03 Ee saled 9 g Jlite Sy (13,5 ¢ p ilie slaled
Ot ()l tme gl Giliseo (glaloss Of b bs ey 5o
Sl =Bs 5 oxBsn = oxBan kS ey (P >0/05) woly
Py S SN gz 5 b Ol (S cd b e
P e 9 Cusby obuls Yl (2008 . oySan o obs) ol
5 435 plnil lapdy) plo 4 Comd ()il ©US L o505 )
2 35 Cagby o) el 3 b G slaiges ol sem
sl Ced ol ile &y g iolsy o Sl ras (395 w0 b
Cudybs e op S g 03505 il ) 55V g i o)les

Sl s ) O )&

S Ol o]
9 A edlawl uLtJ Jyo)s &9; <S5 )l u.b.)uu ddb)a dl).)

Ol 4 59 g 05 dlixo gy 3l 48133 (] 4 39Sng lde
el g alag JS5 5 wilie (155 (e Sl 015 (e
Olyisan g 03l )18 186 cod ]y (38w Jos il LIS,
Aol e 53 Ol L8, a8 e (sla)eSB (o iete S (S
YL b 15 gy (2011 cyo5id 5 Y)l) 50 alis (33,5 & o
5 b odle g 4 Sl JLadl jlade (ol iy joSiny (i3,
hlan 5 s ppaiplins 2005 () San 5 (550) 29500 e
48133 —iolojl (clmylos 1 Ol atyjeS g Juis .(2010
s 908 £55 Sy Sl pudle B )3 0 drslome Sl b
ol 4o g as eoliul ale lacSt ol ¢ly ol
2 he o3le g 4y (59 3] Gy 9 Ol Stz (i
Dy OleSy b)le 48
Ere 4535 el (lo (lacSL Jgame o3jlh jlade gl
9 9ia) A Cond 2S5 (0, SBT slapitgy > ST (9,8
0l Fpw S 5 ol HLis 65V Jaae 033h Hlide Yl
A lales 4 1) Jgame 03jh e cp VL S 89 5
5 31,8 5w a3 190 4 170 slales (2 Jgu) (P<0/05)
ly 5L Jgame 033L ylade 51,5 olo 42,3 190 (glod 4 s
SIS ced b g Jgamme Cugb, e (P<O/05) woly Lis
(2008 «),LSan g obd) 35,55 156 Joamo 033b lime p
Cogby bds 4 yoxie O (IS cud )b (390 YU 4S5k
Jsame 03jLs (lie 3 odes Ol jo o Jl Ble g Jparee
G SLacSU ) Cagboy e (0 5V 355 ol )3 0235 oo
OS5 gy ) 9 A el )Rl gy 4 00
by gy a3 ob ol |y Ol e cod b i be
bs Ly 28 g (Sl (laisig, o 0ab ¢ oale (slacSL
Jomamme 03] lie ol (Vb (51055 byl g Cugby 29



1397 15 - ols 5 20 ,lecs 14 al oyl 3l 13 @slivo g pole slodsys 4 pis 230

190 (sLos 5 a8 (lis) 31,8 5o a3 170 (glos (it
LS taled 4y |y (ol jlade nyteS 2SSl 42y
(3 Jsss) (P<0/05)

L dnlio 0 Yol oy 29 50 ol Gy (ol S Gaios
ol 4 1y YL (lidy) dagsts) plo ) 0l 2w oS
i o gan (53,5 iy slod Liuljel L (P >0/05) cuslis
e oy 5V oS Bl a3y 150 (clod il jialS 55 o lisg,

i sles g Wy 53 0k & pw (S10,8 95 (Blo SLESL 3 (SaSgy2 9 Jgpawo 033 23l -2 Jgaa

(30 3) SS9 e (w0,3) Jgpazmo 235l Il o
9/05:20/12° 8L/4820/689 150 o 568
11/66:+1/62° 82/62:+0/41 170 s 5t
8/06+0/932 82/98+0/24bcde 190 s ol
6/62::1/5¢ 80/53:0/239 150 1555
9123:44/43: 81/40:£0/32:% 170 g5
11/5442/20¢ 8LI060/61s 190 g5
10/00+4/242 76/02+0/43" 150 vgls
9/94+1/002 81/63+0/79defg 170 vgls
6/19+1/672 84/30+0/41° 190 vgls
7/65+0/102 83/25+0/45bcd 150 wous
479+0/022 86/06+0/062 170 sous
5/27+1/232 83/40+0/550¢ 190 sous

25l o 436 30 Lo 40 31,8 ol )3 190 4 170 150 (claled y3 456 5 Vails' g5 «ols,Sobdl (slain, , ord &y (il slaSL Joli alos 1
il e bylaws 50 iowaw D)yge (sla s b bxe gl dimd LS (gt vy Ciglite By Nload lo jlre Blyzal b ) SS 3 OSSke Gygody rodly 2

cliseo led 5 Lasey) 43 b & puw (5105 o5 (Blo SIS 3 (LS GLopad Ui LT Jgaa -3 Sy

b* a* L* o
20/8120/66°  O/0AXO/I7°  61/0120/55° 150 Lo sotl
2IT1+0/340 /80027 60/06X/30° 170 b St

24/55+0/25%  10/69+0/3120  49/98+0/43° 190 b S
25/34+0/75  10/00£0/27%  5T/14+0/64% 150 g

24/63+0/540¢  10/1560/14°  BG/A9+0/810 170
2B74+0/36%0  10/780/29  57/68+0/99% 190 0
25/32+0/440  10/00+0/92°  5YB2+0/672 150 Vs
25/40+0/500  10/420/22%0  5T/T9+0/61% 170 Vs

24/80+0/530  9/98+0/26%  5T/5T40/56° 190 Vs

2B/13+0/310 10/07+0/19%  5/48+0/38® 150 s

24/17+0/33%0  10/42+0/32>  57/90+0/42% 170 1o
25/79+0/59°  1157+0/39°  55/08+0/22¢ 190 s

A2l o 436 30 lo 40 31,8 il )3 190 4 170 150 (claled y3 356 5 Vails' 55 «ols b8l (slain, , ord &y (il slaeSL Joli oo 1
bl eo bylad )d o 3y90 (b jadli Jb dme gl odimd LS g b )d Wglate Bgys wilodd Ly Hlme Blul b 1SS 3 oSSk Gygody rodly 2

a3 190 clos 1) YL (gj0pd Ladls glime o, S0k (b Rl cla gy, )3 odd Fpw S olisgy ol

E o &SIl 3 by L5 170 4 150 clales 4 s o5 Lo
= A iz slales 13 YglS 5 (yguj o9 0 ST (35
XLl gy 53 0ads Faw S il (g508 a3li
ol K slacigy b duslin 1y (69,5 (asli ade oy jieS

150 (olalod 4 cns 3,5 ko 4555 190 (clos y3 a5uiS 5 Vgl
33 03 F oy ST by, e aSls )3 gy 418 170 4
Shs gl (S5l (35 &y e glaled Gl (525 059,

9058 slayy oy 0 pls glacSU Slodbo 45,5 &



237 .. 10585 5305 plo U (Ko b 539356 g ot 35 S 5 Sl s (omi 2

g b LS 5 ol 59380 3153 9 0 oolizl oale 8L Ay

A gl (035 lime 4 2le g

2985 (Alo GLESU (g Jladle uily Jlg LT Jgua -4 Jouo
M lehlnb 9 Lh&.ég) ).3 b.\.w é).w d‘b’aﬁ

Sig X2 gl sy w2yl
0/6528"  8/678 11 5,
019767 3/770 1 b
0/845%  6/405 11 N
0/731  7/807 11 oed p o eles]
0/983"  3/459 11 cdly
0/882  5/873 11 g ]
0/983"  3/468 11 S Ui

6 5 423

09y O Sleddo oad Fyw glac S ob L awsl
023l g Jsamo 03]l ugb) ke (ol S 5 o Sl
SyeS (63)) ) pald 5 o9y Gl Ol 9 YU (5308 )
339 YolS g (g sbapeg) ) 0 Gy GCSL & s
S Eymw 331y 5 5l ay> 190 4 170 150 clales Lo
9 Cagby Jhde cp YL () 5,5 le 4 )3 170 slod  Slodio
d)_a)ﬁ 9 Ls.'{l.:\_a:)9) Li_]) u»l_w Ja_w9;'.o )L\E.o 9 ‘J5.\a.‘>u o.))'Lg
43,5 150 (slo> 39y 51,5 5l 433 190 4 150 claled & s
190 5 170 (slalos 4 o (520" (sE9) e oliee 25 b
5l sl gl el s gl b lis oS ole 46 )
02 &y SLacSL 29y A (i 9 (3 sl
slaled (b 0539y 5 yge a8 g 1, Sl clayegy o (Sloddo
Al a5l o8 ol 43 )3 170 clod ¢ Slode 13,5 &y ciliske
5150 (clalos 4 s sy gl ol (6 pSojluil slaasli
2 ol oS sl 4,5 190

a5 190 Lod p3 o Fyw sl St (P<0/05) assh
2 0dd Fyw slacSl 4 cuns g5Vl (635 Hhae oS il
Mz 4l ,3(P<0/05) wols oL 3,5 5bo a3 150 sl
L awolio ;0 170 (slod 13 00 §pw scSU b (g gixe
5 o2 (P >0/05) w5 samlite 31,5 5l 45 )3 190 5 150 (slales
o i le € 5L Sy, o 63,8 ol (2008) hises
S5y 2l Ui (6 5teS (530)8 g pbr (alidy) slade (2ld )5
SS9y Sles gl 5 (J31 dlge 4 08 (e 4 LaeSL (o all
dy9-0 () Bow )] (eaasily o S5y 5l plie yudy g ) (i

ool oLl

s LT
WSSy e spadls ude 4B S el e b))l Bl
S G g g Tl olad > sl g il
O3S Frmw Ggliio slaled g calize slayegy )0 bjleg e
(3 Jgin) Lolns plis ()b e M3 g Wdgs Sy Slodio
Erw 8L il 0g)S sl cuglol (Wais ooy (L Waosls)
5 170 (losio (3,5 & slod ol e 5 5 (o5j o) 0
(1390) (ool 52 S5 olining gl o9y 5,5 b 4> 190
b 2 Sl atli (e (2bj)) S aSLE (i )3 oS b LS
o9 9 o jload Ay ale (oa)Sid le > 2l
Ooml 5 iy 9 5y slapadls )3 b g 3l gy (SIS
5] 52 (2008) oiSan 5 9555 lllas .l i sine IS
295 Ple g 5 e Jl ool (b ySind s
wab cr (S5 slapad s (o 1) b xe BB D93y pas slans]
@ L a8 (ol Aol (ale gla)Kid ple 5 0
Ay OV gae g (ale )3 g el Slyen Baiod
oS B o S atis S 3gas U e oale o
S5t s @ bl cwl Mo Jlws (2lo s Jbb (] 2 g Cod
el in s 5 4l Jta s S| el Juols o e ol
cdlb 5 lej sl S o] yaals 45 5950l ol
o= (1385 (sl bis9-2)) o (o)l (s3lgn sl S

&l

9> > (bl Soren g syl pope dxe (Hypophthalmichthys molitrix) (clo,s jo8 ale cSU il (clacowd » ¢,

.59_43 ‘f)l-.@a O)LQ.A:'J

9 A_)L‘..))ﬂ ‘OL)]) dlﬁé&u@ ))I WP .1391 .J ‘)f))) 9 P ct\gd)bi 0 cbl)p».w) “S 56)»..0.&;.) oS ‘C)ﬁdb) =] ‘)yOL.xw ol &d.)u.w.o.?
amino & o)lads Juls . Llie mlio g psle )3 (oygly g LimgR i . mle Kb cuiS 5 obplessl s g Jole fie S e,S

295-306



1397 15 - ols 5 26yl 14 al oyl 3l 13 slivo g pale slodsys 4 2o 238

02 325 &5 oy izl (1) sl Jos 5 )b Syl (> sloodysl B 659155 1385 1z w5l

02 292 .y i )il (2) (o9l ple 2y (slaodyglp (s3lgiss 1380 2 sjlmbisss

SSidihd o gl 5 alerd G Shy 2 05 e 300 gl 5 e s ol (ol ol (oWl S
=0 Lo 29 o )les 8 093 i plio g pole dslilas (Cyprinus Carpio) Jgexe ;o8 alo (o ygm g 0dd Fy> g 3l 0dd g3
1

AOAC. 1990. Official methods of analysis (14 th ed). Association of Official Analytical Chemists, Washington, DC,
USA.

Candogan K, Kolsarici N .2003. The effects of carrageenan and pectin on some quality characteristics of low-fat beef
frankfurters. Journal of Meat Science, 64:199-206.

Chen, Ch., Li, P., Hu, W., Lan, M., Chen, M., and Chen, H. 2008. Using HPMC to improve crust crispness in
microwave-reheated battered mackerel nuggets: water barrier effect of HPMC. Journal of Food Hydrocolloids, 22:
1334-1344.

Dana, D., and Saguy, S. 2006. Review: Mechanism of oil uptake during deep-fat frying and the surfactant effect-theory
and myth. Journal of Advances in Colloid and Interface Science. 128-130: 267-272.

Das, A.K., Anjaneyulu, A.S.R., Gadekar, Y.P., Singh, R.P., and Pragati, H. 2008. Effect of full-fat soy paste and
textured soy granules on quality and shelf-life of goat meat nuggets in frozen storage. Journal of Meat Science. 80:
607-614.

Das, R., Pawar, D. P., & Modi, V. K. (2013). Quality characteristics of battered and fried chicken: comparison of
pressure frying and conventional frying. Journal of food science and technology, 50(2), 284-292.

Dogan, S. F., Sahin, S., & Sumnu, G. (2005). Effects of soy and rice flour addition on batter rheology and quality of
deep-fat fried chicken nuggets. Journal of Food Engineering, 71(1), 127-132.

Demirci, Z. O., Yilmaz, 1., & Demirci, A. S. (2014). Effects of xanthan, guar, carrageenan and locust bean gum addition
on physical, chemical and sensory properties of meatballs. Journal of food science and technology, 51(5), 936-942.

Dogan, S.F., Sahin, S., and Sumnu, G. 2005. Effects of soy and rice flour addition on batter rheology and quality of
deep-fat fried chicken nuggets. Journal of Food Engineering. 71: 127-132.

Fernandez-Lopez, J., Jimenez, S., Sayas-Barbera, E., Sendra, E., and Perez-Alvarez, J. A. 2006. Quality characteristics
of ostrich (Struthio camelus) burgers. Meat Science. 73(2): 295-303.

Fiszman, S.M., and Salvador, A. 2003. Recent development in coating batters. Journal of Food Science and
Technology, 14: 399-407.

Francisco, J., Sanchez-Muniz., Jesus, M.V. and Rafaela, M. 1992. Deep-frying of sardines in different culinary fats.
Changes in the fatty acid composition of Sardines and frying fats. Journal of Agricultural and Food Chemistry. 40:
2252-2256.

Gibis, M., Schuh, V., and 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.

Guillaumin, R.1998. Kinetics of fat penetration in food. In G. Varela, A. E. Bender, & I. D. Morton (Eds.), Frying of
food: Principles, changes, new approaches (pp. 82—-89). Chichester: Ellis Horwood Ltd.

Haghshenas, M., Hosseini, H., Nayebzadeh, K., Kakesh, B. S., Mahmoudzadeh, M., & Fonood, R. K. (2015). Effect of
beta glucan and carboxymethyl cellulose on lipid oxidation and fatty acid composition of pre-cooked shrimp nugget
during storage. LWT-Food Science and Technology, 62(2), 1192-1197.

Jamshidi, A., and Shabanpour, B. 2014. The effect of hydroxypropyl methylcellulose (HPMC) added pre-dust and
batter of Talang queenfish (Scomberoides commersonnianus) nuggets on the quality and reduction of oil uptake.
Minerva Biotechnologica Journal, 26: 57-64.

Kita, A., Lisinska, G., and Golubowska. G. 2007. The effects of oils and frying temperatures on the texture and fat
content of potato crisps. Journal of Food Chemistry. 102; 1-5.

Krokida, M. K., Oreopoulou, V. and Maroulis, Z. B. 2000. Water loss and oil uptake as a function of frying time.
Journal of Food Engineering 44: 39-46.

Mellema, M. 2003. Mechanism and reduction of fat uptake in deep-fat fried foods. Journal of Trends in Food Science
and Technology. 14: 364-373.

Moradi, Y., Bakar, J., Syed Muhamad, S.H., and Che Man, Y. 2009a. Moisture, fat content and fatty acid composition
in breaded and non-breaded deep-fried black pomfret (Parastromateus niger) fillets. International Food Research
Journal. 16: 225-231.

Moradi, Y., Bakar, J., Syed Muhamad, S.H., and Che Man, Y. 2009b. Effects of different final cooking methods on
physic-chemical properties of breaded fish fillets. American Journal of Food Technology. 4 (4): 136-145.

Miranda, J.M., Martinez, B., Perez, B., Anton, X., Vazquez, B.l., Fente, C.A., Franco, C.M., Rodriguez, J.L., and
Cepeda, A. 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. Journal of LWT-Food Science and Technology, 43:



239 .. 1oy 5305 (o U (Ko b 539356 g ont 5 S 5 Sl (oni 2

1271-1276.

Modi, V.K., Sachindra, N.M., Nagegowda, P. Mehendrakar, N.S., and Rao, D.N. 2007. Quality changes during the
storage of dehydrated chicken kebab mix. International Journal of Food Science and technology. 42: 827-835.

Nasiri, F. D., Mohebbi, M., Yazdi, F. T., & Khodaparast, M. H. H. (2012). Effects of soy and corn flour addition on
batter rheology and quality of deep fat-fried shrimp nuggets. Food and Bioprocess Technology, 5(4), 1238-1245.

Roth D.M, McKeith F.K, Brewer M.S. 1997. Processing parameter effects on textural characteristics of reduced-fat
pork sausage. Journal of Food Quality, 20: 567—- 574.

Salimi, A., Maghsoudlou, Y., Jafari, S. M., Mahoonak, A. S., Kashaninejad, M., & Ziaiifar, A. M. (2015). Preparation
of lycopene emulsions by whey protein concentrate and maltodextrin and optimization by response surface
methodology. Journal of Dispersion Science and Technology, 36(2), 274-283.

Tokur, B., Ozkutuk, S., Atici, E., Ozyurt, G., and Ozyurt, C. 2006. Chemical and sensory quality changes of fish
fingers, made from mirror carp (Cyprinus carpio) (Linnaeus, 1758), during frozen storage (-18°c). Journal of Food
Chemistry, 99: 335-341.

Varela, P., and Fiszman, S.M. 2011. Review: Hydrocolloids in fried food. Journal of Food Hyrocolloids. 25: 1801-
1812.

Venugopal, V. 2006. Seafood Processing. CRC Press. 485 Page.

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 & Technology. 43: 1410-1423.



Iranian Food Science and Technology ) . . U o
Research Journal ‘ > i olnl 188 @luo 5 pole Sledrgy 4 o
LY

%

Vol. 14, No. 2, June. July. 2018, p. 229-241  “wmes’  «ZHsidi 229-241. 51397 yi-ols 5 2 o o 14

Study on the changes of approximate composition and physical parameters of
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Introduction: Value added products are defined as a set of products that are made up of the primary food
with the help of different types of human or mechanical processing, and vary in appearance, texture, flavor and
odor with their primary substance. One examples of value added products is battered and breaded products.

Nuggets are products which are made of mixing mince or surimi with flavored and additive ingredients. The
mixture is prepared after battering and being coated with toasted flour. It is then primary fried in oil and after
freezing, packaged and stored. Therefore, the consumer only uses the final baking step, which usually involves
frying in oil, consuming the product after thawing. Deep fat frying is a common cooking method in which fat is
used as a heat transfer medium, during which foods with unique characteristics are produced in terms of taste,
texture and appearance. During the frying process, along with shifting and moving the temperature, transferring
and moving the material happens. Usually, with increasing frying time, the amount of oil absorption increases,
but there is no linear relationship between. The amount of oil absorption depends on several factors such as oil
quality, frying time, oil and food temperature, food form, porosity and chemical composition, especially the
initial moisture content of the product.In general, fried foods at temperatures between 175 and 190°C have good
brittle properties. Temperatures above 175°C may be associated with acrylamide formation, which is a
carcinogenic substance. Therefore, the purpose of this study was to investigate the effect of frying medium
(different vegetable oils) and temperature on the variations in the approximate composition and physical
parameters of the fried silver carp nugget.

Materials and methods: In order to produce fish nuggets, 87% of minis were mixed with additive and
flavoring ingredients, 5% breadcrumbs, 5% onions, 1% garlic, 1.5% salt and 0.5% spices. The mixture was
shaped into round shapes and immersed in the glaze with a specific formulation and after dripping the extra
glaze was covered with toasted flour. Then, nuggets were prepared using sunflower, olive, canola and sesame oil
for 30 seconds at temperatures of 150, 170 and 190 degrees of celsius preheated by frying deep frying and after
cooling to room temperature was packed in zipper bags and was frozen at -20°C. After a day, the nuggets were
removed from the freezer and after de-damping at ambient temperature, chemical (including approximate
analysis, pH measurements, water holding capacity) and physical tests (including viscosity, yield of product,
shrinkage, Colorimetric and sensory analysis) were performed on fish nuggets. For physical tests and sensory

analysis, nuggets were deep fried in sunflower oil for 3 minutes at 180°C.,

Results & Discussion: The findings showed that fried nugget in sunflower oil and sesame oil contained
moisture content, yield and high red color index, and oil absorption and yellowness index were less than fried
nugget in olive oil and canola. From the temperatures of 150, 170 and 190°C in the primary frying, the
temperature of 170°C had the highest moisture content and yield, and the average value of the brightness and
redness index was 150 and 190°C. The temperature of 150°C showed lower oil absorption than 170°C and
190°C. According to the sensory evaluation, the sensory indexes of color, taste, smell, fat sensation in the mouth,

texture, juiciness and general acceptance of the treatments in different oils and different temperatures of the
initial frying were the same and did not show any significant difference. The priority was to select the panel of
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Fisheries and Environmental Science, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.
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fried nugget panels in olive oil and prefer the initial frying temperature of 170 and 190°C. According to the

results of this study, in terms of physical factors and the rate of absorption, fried nuggets in sunflower and
sesame oil were more effective. Between the different temperatures of the initial frying, temperatures of 170°C

for all of the measured indexes yielded better results than temperatures of 150 and 190°C.

Key words: Fish nugget, pre-frying temperatures, vegetable oils, different temperatures, physical factors
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Introduction: Bee pollen, commonly referred as the “‘life-giving dust’’, results from the agglutination of
flower pollens with nectar using salivary substances of the honeybees (Almeida-Muradian et al., 2005). Pollen
contains 10 to 40% protein, 1 to 13% lipid, 13 to 55% carbohydrates and 2 to 6% minerals. Royal Jelly is
produced by enzymatic digesting of bee pollen by proteases and other natural enzymes. Based on dry weight, it
contains 27-41% protein, 30% carbohydrates, 8-19% lipids, minerals, trace elements and some vitamins
(Sabatini et al., 2009; Wytrychowski et al., 2013). The antioxidant properties of royal jelly and bee pollen, are
related to main proteins and phenolic compounds and flavonoids (Nagai and Inue, 2004). The antioxidant
activity of peptides can be evaluated using DPPH, radicals scavenging activity, Ferric reducing, Ferrous
chelating activity (Khantaphant et al., 2011). Antioxidant and ACE inhibitory activity of pollen, royal jelly and
peptides were investigated by different researchers (Bogdanov, 2014; Morais et al., 2011; Salampessy et al.,
2015; Marinova and Tchorbanov, 2010; Wiriyaphan et al., 2012). The objective of present research was
optimization of enzymatic hydrolysis of bee pollen protein by Alcalase according to its antioxidant and ACE
inhibitory activity compared to royal jelly.

Materials and methods: The preparation of the bee pollen extract was performed by mixing the bee pollen
with water (1:10) (w/v). The macerates were filtered and centrifuged at 12000 g. The obtained supernatant was
lyophilized. The royal jelly extract were prepared using method described by Liu et al., 2008. The total phenolic
content of the extracts was recorded using the Folin—Ciocalteu method (Moreira et al., 2008). DPPH radical-
scavenging activity was determined as described by Bersuder, Hole, and Smith (1998). The ability of the
hydrolysate to reduce iron (Ill) was determined according to the method of Bougatef et al. (2008). Bee pollen
was added and homogenized with 5 volumes of distilled water. pH and temperature of the solution were adjusted
to pH=8 and 50°C. Alcalase in the concentration range of 1 to 2% w/w were added to the pollen protein solution.
Enzymatic hydrolysis performed during different times 2 to 5 hours. Hydrolysis was stopped by heating at 80°C
for 10 min. The hydrolysats were centrifuged at 4000x g for 30 min to remove the residue. The supernatants
were pooled and then lyophilized (Matsuoka et al., 2012). DPPH radical scavenging ability and reducing power
of pollen hydrolysates of pollen hydrolysates were measured. Also ACE-inhibitory activity of pollen
hydrolysates was measured was assayed by method reported by Nakamura et al. (1995). Statistical analysis of
results before hydrolysis was done by SPSS. Optimization of enzymatic hydrolysis was done by Response
Surface Methodology (RSM) in Design Expert software.

Results and discussion: Total phenol value measured for pollen ranged between 48.15 to 174 mg Gallic
acid/g for royal jelly ranged from 9.24 to 87.261 mg Gallic acid/g. Considering that royal jelly is obtained by
direct digestion of pollen, the amounts of their phenolic compounds were comparable (Bogdanov, 2014).
Phenolic compounds increased by increasing concentration royal jelly and pollen extract in dose dependent
manner. Increasing concentrations of royal jelly in range of 300 to 1000 mg/l was more effective than pollen
(p<0.05). Different concentrations of pollen and royal jelly extracts showed various reducing between 0.29 to 0.8
and 0.74 and 0.77, respectively. The lowest and highest DPPH radical scavenging were 1.05 and 67.33 in pollen

1 and 2. PhD student and Associate Professor, Department of Food Science & Technology, Food Chemistry, Gorgan
university of agricultural sciences and natural resources, Iran.

3. Professor -Instituto de Agroquimica y Tecnologia de Alimentos (CSIC), Avenue Agustin Escardino 7, 46980 Paterna,
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and 3.75 and 95.27 in royal jelly, respectively. DPPH radical scavenging of pollen and royal jelly increased
significantly by increasing concentration of extracts (p<0.05). There was a significant difference in DPPH
radical scavenging of extracts using the highest concentrations of them (p<0.05). DPPH radical scavenging of
phenolic extracts was increased by increasing their concentration. Royal jelly demonstrated more DPPH radical
scavenging activity than pollen that was attributed to its proteins and peptides and their side chains.

The highest reducing power was 0.756 that obtained in samples hydrolyzed by Alcalase 1.5 % and hydrolysis
time 2.5 hours. The highest scavenging power of DPPH radicals, in samples hydrolyzed by Alcalase 1% for 4
hours, was 78.48%. The highest ACE inhibitory activity, in samples hydrolyzed by Alcalase 1.5% for 4 hours,
was 87.07%. Results showed radical scavenging power of pollen increased from 67.33% to 78.48% and ACE
inhibitory activity of pollen increased from 15.54% to 87.07% by hydrolysis. After hydrolysis, radical
scavenging power and ACE inhibitory activity of pollen was partly comparable with Royal Jelly. Because the
pollen protein is the only source of royal jelly protein, it is possible to simulate the peptides constitute of Royal
Jelly by hydrolysis of pollen proteins.

Key words: Angenoteinssin Converting Enzyme, bee pollen, royal jelly, antioxidant activity, Alcalase,
bioactive peptides, optimization.
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Introduction: The quality of breads depends on the baking capability of flour, fermentation time, protein
content, and type of additives. An economically important concern of the baking industry is delayingthe bread
staling. In addition, the staling process changes outer and inner properties, scent, flavor, and chewiness of breads,
which in turn leads to staled or, in other words, non-fresh breads. The application of lactic sourdough and/or other
techniques such as improved dough making, improved baking quality, packaging, and use of additives and
improvers can be highly effective in delaying this process. One of the additives that improve the properties of
baked products is the a-amylase enzyme. a- amylase can improve the elastic properties of the texture while
delaying staling. This enzyme can also form useful sugars for yeasts and increase gas formation in dough, which
in turn improves and increases the bread volume. Against this background, the current study analyzed the effects
of sourdough and a-amylase on qualitative characteristics, physicochemical properties, staleness, size and sensory
profile of the toast breads.

Materials and methods: The ingredients of the toast bread dough, i.e. 78% wheat flour (1 kg), sugare (1-2
w/w%), salt (1.8-2.2%), oil (3-6%), yeast (1.5-2%), a-amylase (0.01-0.03%), lactic sourdough (4 and 6% of wheat
weight), were prepared and weighed to make the dough required for the baking process. The dough samples were
spread and then rolled after an initial resting of 10-15 minutes. The rolls (approx. 580 g) were transferred to a cast.
The dough samples were finally moved to the fermentation chamber at 35°C and 80% relative humidity for final
fermentation and baking. Their analyzed using different physical, chemical, and sensory tests. A completely
randomized design with three replications was used to analyze experimental data (except for staleness data of
bread samples from sensory and instrumental tests which were analyzed using factorial experiment with a
completely randomized design). Means were compared by Duncan's multiple-range test (o= 1%) in SPSS 16.

Results and discussion: According to the results, a-amylase and lactic sourdough caused an increase in bread’s
MC compared to the control samples. In other words, starch hydrolysis by a-amylase created free water in the
dough. Moreover, sourdough increased water absorption of wheat through mechanisms including production of
exopolysaccharides and increased production of pentosans. The application of a-amylase and lactic sourdough
also increased the ash content of the breads compared to the control samples because they increased the production
of dextrins and synthesis of exopolysaccharides. It should be mentioned that these additives decreased the pH of
breads compared to the control samples. This is because the sourdough bacteria produced lactic, acetic and other
acids that acidified the medium and reduced the pH. This enzyme also produced metabolites like dextrins and
increased the amount of fermented active ingredients, which further reduced the pH. The proteolytic activity of
lactic bacteria of the acid in sourdough led to decomposition of proteins, particularly gluten, into amino acids. This
also reduced the protein content and diluted the gluten in breads. The results showed that the lactic acid bacteria
of the sourdough hydrolyzed the fat control of bread samples by their lipase and thus lowered the fat content in
bread samples compared to the control. The fiber content of samples was higher than that in the control as a result
of enzyme and sourdough application. This is due to the fact that fermentation increases the pentosan content and
reduces their molecular size. It also increased solubility of insoluble fibers like beta-glucans. On the other hand,
their application led to larger bread size than the control because a-amylase hydrolyzes the starch and breaks the
amylose and amylopectin chains to convert them into disaccharide substrates. Accordingly, yeasts could grow
better and produce more CO; in the dough, increasing the bread size. The application of this enzyme and lactic
sourdough gave a brighter appearance to toast bread samples whereas a* and b* were reduced. This is because the
bread undergoes changes in its crust color during the baking process, which are mainly caused by maillard and
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caramelization reactions. It is worth noting that these additives reduced the staleness of the samples. With respect
to staling, the gluten content and its ratio to starch are highly effective. During the bread shelf life, as its kinetic
energy decreases, the cross-linking increases and intensities. In other words, the bread becomes harder and staler.
However, using a-amylase and sourdough, the bread hardness and staleness are decreased as the starch swelling
is limited and cross-linking between protein and gluten is inhibited. These two additives improved most sensory
properties including resistance to breakage and rupture, porosity, kernel color, crumb color, proportionality of
shape, back-side uniformity, flavor, taste, texture, chewiness, and larger size of the bread samples. This reason for
these improvements can be due to starch hydrolysis by a-amylase and production of dextrins and CO». According
to the results, the bread sample containing 0.03% o-amylase and 6% lactic sourdough was selected as the best
sample.

Keywords: a-amylase, Lactic sourdough, Toast bread, Qualitative properties.
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Introduction: Study in order to introduce new antimicrobial agents with natural origin to prevent the
antibiotic resistance and eliminating its effects, employing chemical agents is an indispensable necessity. Honey,
as an important food with natural origin has high antimicrobial potential. Several factors have contributed to the
antibacterial activity of honey. For example, acidity, osmolarity, hydrogen peroxide, phenolic and flavonoid
compounds, including these factors. Also, small amounts of glucose oxidase, protease, amylase, catalase and
phosphatase enzymes and chemical compounds such as methylglyoxal are also effective. Floral origin of honey
is effective on its biological properties including antimicrobial, anti-tumor, anti-inflammatory, antioxidant and
antiviral activity. So this study was done to evaluate the antibacterial activity and physico-chemical analysis of
four types of honey with different floral origin including: Thyme, Eryngium, Pennyroyal and Dill collected from
the bee hives in Golestan province.

Materials and methods: Four honey samples with different floral origin including, Thyme, Eryngium,
Pennyroyal and Dill were collected from the bee hive in the Golestan province in north of Iran. The bacterial
strains used in this study, including two species of gram-negative of Escherichia coli and Shigella dysenteriae
and the two species of gram-positive of Staphylococcus aureus and Bacillus cereus were provided in
lyophilized. Bacterial strains in BHI broth were activated and from each of them were prepared bacterial
suspensions equivalent to the McFarland 0.5 turbidity standard (1.5x108 CFU/ml). Evaluation of antibacterial
activity using agar well diffusion method was performed. For this purpose serial dilutions of honey samples were
prepared aseptically in sterilized distilled water. Surface of Mueller Hinton agar were uniformly inoculated with
bacterial suspension containing of 1.5x108 CFU/ml. Then wells of 8 mm in diameter were prepared and these
wells were filled with different dilutions of honey samples. After incubation at 37°C for 24 h, antibacterial
activity was analyzed by measuring the zones of inhibition. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of honey samples were determined by using broth macro-dilution
method. For this purpose, each of the tubes from different dilutions of honey samples were added by 5x10°
CFU/ml from each of the tested bacteria and incubated for 24 h at 37°C. The results for microbial turbidity of
visible were recorded. The last dilution (lowest concentration) in which microbial turbidity was not observed, as
the MIC was considered. For the determination of MBC, from the tube that contained honey concentrations
higher than the MIC were cultured onto the agar medium. The MBC was defined as the lowest concentration that
allowed no visible growth on the agar. Also the studied physico-chemical properties were moisture content, pH,
acidity, ash content and reducing sugars that was performed according to the Iranian National Standard No. 92.

Results and Discussion: The results indicated that the antibacterial effects of the tested honeys, and the
difference between floral origins honeys is effective in antibacterial properties. MIC and MBC values obtained
for the tested honeys were in the range of %6.25-50% (vol/vol). Highest antibacterial activity was recorded for
Eryngium honey by agar well diffusion method with zone of inhibition of 15.5, 14,11 and 11 mm against S.
dysenteriae, S. aureus, B. cereus and E. coli at concentration of 50% v/v respectively and its MIC for this
bacteria were, 6.25%, 10%, 10% and 25% respectively. also low antibacterial activity of Pennyroyal honey was
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confirmed so that MIC of the this honey for E. coli, S. aureus, B. cereus and S.dysenteriae was, 50%, 25%,
12.5% and 10%, respectively. The quality of honey depends on a number of physico-chemical properties such as
moisture, ash content, pH, acidity, the amount of sugars. For this reason, standards for honey have been set by
different countries. The physico-chemical analysis of honeys showed moisture contents in the range of 22.56-
25.36%, acidity in the range of 12.58-13.59 meqg/kg, pH in the range of 4.15-4.26, reducing sugars in the range
of 63.7-63.8%. Also the ash content of Eryngium honey with 0.183% was higher than the other honey samples.
This higher level might be due to the higher pollen count in this region. High ash contents may also depend upon
the floral origin of honey and the material collected by bees during foraging. The low acidity of honey samples
studied in the present study was due to the fact that there was no unwanted fermentation in these samples.
Overall, the results implied that honey samples with different floral origin collected from the bee hive in the
Golestan province in north of Iran have variable potential antibacterial activity. The variety of antibacterial
effects of different types of honey can be due to differences in plants that honey is obtained from. In other words,
different species of plants in different regions have different compounds and their obtained honey will not be the
similar and thus its biological effects also will be different.

Keywords: Honey, Antibacterial activity, Physico-chemical properties, Floral origin
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Draning voloum

foam density

Source df  coeff sumsquare p value df coeff sumsquare p value
model 9 2279 37.818 <0.0001 9 04712 0.024 <0.0001
X1 1 -071 5.041 <0.0001 1 0.028 0.00784 <0.0001
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Introduction: Banana is one of the most consumed fruit in the world and is cultivated almost in all tropical
countries. This fruit has a high nutritional value and is a suitable source of energy due to the presence of high
amount of starch, sugar, vitamin A and C, potassium, sodium, and magnesium. Banana is highly vulnerable after
harvesting and is subject to the microbial spoilage due to the high moisture content which makes difficult its
sales and exports. Therefore, several methods have been used to overcome these problems. Drying and
dehydration are methods to extend the shelf life of banana which usually carries out by hot air. This method can
prevent some degree of microbial spoilage, but it has some disadvantages such as changing color, taste, flavor
and reducing the nutritional value.

Foam-mat drying as a substitute for hot air drying introduces some advantages such as using the microwave
energy. In this method, food products are whipped to form stable form and then dehydrated by thermal means.
Due to the larger surface area and accelerated moisture transfer from foam, food products can be dried at lower
temperature and time by this method of drying. Moreover, the porous structure of dried foam results in a faster
rehydration and solubility of dried food samples. Additionally, microwave-assisted drying results in a product
with better quality because of faster rate and saving energy.

Materials and methods: The fresh banana was cut into small pieces with a diameter of 1.0 mm after peeling.
To prevent the enzymatic browning of samples, blanching was carried out by boiling water (100 °C) for 3 min.
After that, the banana cuts were placed in a container containing 10°C water in order to cool. To produce pulps,
the homemade Bosch mixer (model w600, CNSM, 30EW, Slovenia) at a speed of 1500 rpm and 1.0 min was
used. Then, the pulps were mixed with skim milk at different concentrations (3-6 % w/w) and homogenized by
ultra-turrax (IKA® Labortechnik) at 10000 rpm for 5.0 min. Moreover; the prepared xanthan gum was added to
the mixture at concentrations of 0.15 and 0.25%. Xanthan gum was prepared by adding 1.0 g gum into 100 mL
water and mixing by magnet stirrer. Afterwards, the gum solution was kept overnight at 4 °C for complete
hydration. Finally, the sample transferred into the foam-maker device which was connected to a nitrogen gas
tank with different flow rate (0.2-2 L min-1). The speed and time were adjusted to 16000 rpm and 5.0 min,
respectively. After the producing of banana milk foam and selecting optimum sample based on the lowest
density and the highest stability, the drying kinetic of this sample was studied. Then the banana milk foam was
dried using microwave (360, 660 and 900 V) in a glass plate with diameter of 3.0 and 5.0 mm. Foam density and
stability were determined by the methods of Xian-Zheetal (2010), Stauffer (1999) and Bag et al. (2010). The
color of samples was studied by hunterlab. Moisture content also was measured based on the AACC standard
method (AACC, 2000). Glass transition temperature also was determined by differential scanning calorimetry
(DSC, model OIT-500 Sanaf Electronics Co, Iran).

Results and Discussion: In the present study, foam-mat method and microwave drying were used to reduce
the drying damages. Nitrogen gas and xanthan gum also were used respectively to control foam generation and
improve the stability of foams. Optimization of the banana milk production was carried out using response
surface methodology based on three variables including the rate of nitrogen gas (0.2-2 L min-1), concentration of
xanthan gum (0.15-0.25 %) and milk to banana ratio (1:6 and 1:3). Optimization was done based on the highest
stability and lowest foam density. The optimum condition was proposed as the nitrogen gas rate of 0.2 L min-1,
xanthan gum of 0.22 % and 3% banana which showed the density of 0.39 and the highest stability (O mL after
1.0 h). After that, the optimum sample was dried by microwave. The effects of three levels of microwave voltage
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(360, 660 and 900 V) and two diameters (3 and 5 mm) were evaluated for drying of optimum sample. The results
showed that the sample dried with diameter of 3 mm and voltage of 900 V had the highest L*, highest glass
transition temperature and the lowest moisture content.

Keywords: Optimization, banana milk foam, glass transition temperature, response surface methodology,
xanthan gum.
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Introduction: Free radicals may cause lots of diseases in humans and oxidative degradation of lipids is a
major factor limiting the shelf life of foods. The free radical reaction of lipid peroxidation is generally
responsible for the deterioration of lipid-containing foods. Use of antioxidants during the manufacturing process
can minimize the extent of lipid peroxidation. Phenolic antioxidant compounds can prevent the destructive effect
of free radicals and their resulting mutation. Sunflower oil is widely used in nutrition as a source of essential
linoleic (9-cis, 12-cis-octadecadienoic) acid. The present study explored the chemical constitution and
antioxidant activity of Fleawort (Plantago ovate) extract and the effect of these natural antioxidants on sunflower
oil. It is well known that edible oils used as cooking medium at high temperatures in the presence of oxygen are
subject to therm-oxidation, polymerization, and hydrolysis, and the resulting decomposition products not only
produce undesirable off-flavors, but can also decrease the nutritional quality of the fried product.

Material and methods: The present study was carried out in refined sunflower oil, free of additives,
supplemented by pure concentration levels of normal and encapsulated extract of Fleawort (i.e., 200, 500, 700
and 1000 ppm) and one level of BHT (200) ppm .The doses of Fleawort extract were chosen in agreement with
previous studies that have proved that the inhibitory effect on lipid oxidation increased with the antioxidant
concentration In this research the phenolic content of the ethanol extract of Fleawort was determined by Folin-
Ciocalteu method. The antioxidant activity of this extract was evaluated using DPPHe and ABTS methods.
Furthermore, the oven tests including peroxide and thiobarbituric acid values were done at 65° C in sunflower
oil.

Results and discussion: The results showed that different concentrations of this extract were effective in
retarding the oil oxidation at 65°C. Among the treatments, the 1000 ppm Concentration of encapsulated extract
has higher antioxidant activity than other treatments during storage time. Based on the evaluation results of
phenolic compounds in Plantago ovata extract, the amount of phenolic compounds of this extract will be
increased according to the concentration of the extract. Although this index was the highest in treatment of EN
1000, there was no significant difference between the ordinary and encapsulated treatments (p>0/05). According
to DPPH Evaluation Test for determining the antioxidant capacity of the samples, the highest amount of DPPH
was seen in treatment of EN 1000 (p<0/05) and no meaningful difference was found in other treatments
(p>0/05). Also, based on the Restoration Power Test, treatment of EN 1000 had the most meaningful restoration
power and in all concentrations of the extract and treatment showed the most meaningful restoration power (p<
0/05) . Treatments with concentration of 1000 ml/l had the maximum total antioxidant capacity and this
treatment showed higher total antioxidant capacity compared to BHT treatment and numerically the total
antioxidant capacity of all treatments of BHT was allocated to the treatments with concentration of 200 to 500
ml/l of fleawort extract. Peroxide value was used as indicators for the primary oxidation of sunflower oil.
Hydroperoxides are the primary products of lipid oxidation. They are odorless and colorless, but are labile
species that can undergo both enzymatic and non-enzymatic degradation to produce a complex array of
secondary products. Determination of peroxides can be used as oxidation index for the early stages of lipid
oxidation During the test time, both normal and encapsulated 1000 treatments had lower peroxide value through
incubation time compared to all other treatments and 1000 EN treatment showed the lowest meaningful level of
peroxide value (p<0/05) compared to the other treatments on 12th day. On the basis of preservation time
according to the 20 (meg/kg) for proxide value , between the 4 and 6th day for the control treatment, between
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3. Department of food science and technology, Azadshahr Branch, Islamic Azad University, Azadshahr, Iran
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the 6 and 8th day for the 1000 EN and at day 6 was the unacceptable limit for consumption the oil. In
association with TBA indicator both normal and encapsulated 1000 treatments of fleawort extract showed the
lowest TBA content through the preservation time (p<0/05). Since the extract of fleawort contains high
concentration of oxygenated and fenolic compounds such as fumaric acid, Benzoic acid, caffeine acid, alkaloids,
Polysaccharides and Amino acids and all the tests had authenticated the antioxidant properties of the extract, it
can be concluded that Plantago ovata as a natural antioxidant can react with radicals lipids oxidations radicals,
interrupt chain reactions, increase the time of slow oxidation and reduce the speed of auto-oxidation. On the
basis of the results of this study, it is clearly indicated that encapsulated and non-capsulated extract of fleawort
has noticeable antioxidant ability, this extract can be used as an accessible source of natural antioxidants in
possible food supplement or in pharmaceutical industry.

Keywords: Fleawort, sunflower oil, encapsulation, Antioxidant activities, Shelf Life.
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Introduction. Apricot is a soft fruit that normally does not have any resistance to transportation and storage
conditions. In addition, apricots are climacteric fruits, produces high levels of ethylene during ripening process
and have a high respiration rate. For this reason, they are very susceptible to physiological and microbial
spoilage and have a very short shelf life. Thus, it is difficult to export this product with good quality and low
waste or it is very limited. Application of edible coatings could increase the storability of apricots and delay their
spoilage. Edible coatings cover the surface of the fruit and function as a barrier against water vapor, respiration
gasses, and microorganisms. The effect of different natural polymers as edible coatings on the quality and shelf
life of different fruits has been investigated by many researchers. Chitosan has been used in the formulation of
edible coatings to extend the shelf life of citrus, papaya, strawberries and grapes (Arnon et al. 2014; Ali et al.
2011; mehrzad et al. 2011; Mostofi et al. 2011). Apples coated with whey protein concentrate showed more
lightness compared with non-coated ones (Perez-Gago et al. 2006). In most studies, the effects of single edible
coatings on the quality of fruits have been studied. In this research the quantitative and qualitative changes
during ripening and cold storage of apricots coated with different formulations of whey protein concentrate,
sodium alginate and chitosan were studied.

Materials and methods "Rajabali" variety apricots were picked up at optimum maturity and damaged ones
were separated. Edible coating solutions were prepared by dissolving different amounts of whey protein
concentrate, sodium alginate and chitosan in to distilled water. Glycerol was used as plasticizer. The apricots
were dipped in the prepared solutions with different concentrations for at least five minutes. Then they were
stored for 35 days at 2°C. Some quantitative and qualitative characteristics of coated apricots, such as weight
loss, acidity, color, texture, shrinkage, browning reactions, vitamin C, and microbial load were determined after
0 and 35 days of storage. The results were analyzed by response surface methodology based on central
composite design with five replications at the central point.

Results & discussion. The statistical analysis of the results by central composite design (CCD) indicated that
the different concentrations of whey protein did not have any significant effect on weight loss during storage.
The weight loss decreased as the concentration of sodium alginate and chitosan increased. Chitosan and sodium
alginate had an important role in maintaining firmness. The firmness of apricots were highest at the upper limit
of sodium alginate (1%) and chitosan concentrations (2%). The b* (yellowness) and L” (lightness) values of the
apricots were increased as the concentration of chitosan was increased and the concentration of sodium alginate
decreased. No significant difference was observed between the a* values (redness) of apricots treated with
different coatings. In addition, the acidity of the apricots was increased by increasing the concentration of
chitosan and decreased by increasing the concentration of sodium alginate. Browning of the coated fruits was
also increased as the concentration of chitosan was increased to 1%. Increasing the concentration of sodium
alginate increased the shrinkage of the apricots at low concentrations of whey protein concentrate and decreased
it at high concentrations of whey protein concentrate. It was also shown that increasing concentrations of
chitosan would reduce microbial load. The optimization of the formulations with Design Expert software showed
that the best formulation of edible coating for preserving apricots was 1.45% of chitosan, 1.25% of alginate, and
0 percent for Whey protein concentrate.
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Introduction: Sumac is the common name of the Rhus genus, which contains over 250 individual species in
the Anacardiaceae family. It is grown in temperate and tropical regions worldwide.Sumac is one of the most

common spices used by people of the Mediterranean and Middle East regions. The sumac berries contain
flavones, tannins, anthocyanins, and organic acids which provide antioxidant, antimicrobial and hypoglycemic
activities. Due to spices maintenance problems caused by growth of microorganisms, flavor and color
compounds losses, using spices extracts have recently been replaced. Although spices extract is sensitive to light,
heat and oxygen and have a lower shelf life in poor storage conditions. Therefore, spices extract
microencapsulation has been suggested by researchers. Spray drying is the most common and economical
methods of microencapsulation. The aim of this study was to investigate the influence of different concentrations
of maltodextrin and inlet air temperature on some properties of encapsulated sumac extract.

Materials and Methods: In the present study, the effects of three different inlet air temperatures (140, 160
and 180°C) and three different maltodextrin (DE=20-18) concentrations (10, 20 and 30%) on production
efficiency, moisture content, water activity, solubility, hygroscopicity, wettability and color parameters of sumac
extract spray dried powder were investigated. In all experiments, outlet air temperatures, atomizer rotational
speed, feed flow rate and atomizer air pressure were kept constant at 80°C, 18000 rpm, 20 ml/min and 4+0.1 bar,
respectively.

Results and Discussion: Production yield of the sumac powders varied from 44 to 57%. The addition of
maltodextrin increased the product yield by preventing adhesion of the sumac extract on the dryer walls and also
increasing the inlet air temperature caused an increase in product yield (P<0.05). The moisture content of spray
dried sumac extract powders varied from 2.32 to 3.81% (P<0.05). The results showed that when the inlet air
temperature increased, the moisture content of the powders decreased due to a high transfer rate at high
operation temperatures. Increaseing the level of maltodextrin increased the level of feed solids and reduced the
level of total moisture for evaporation. Water activity is considered as one of the most important quality factors
especially for long term storage. The values of water activity under 0.6 are generally considered as
microbiologically stable. Since the water activity values of sumac extract powders were between 0.319 and
0.335 the powders can be accepted as microbiologically. The water activity of the samples decreased with higher
inlet air temperatures and with the addition of maltodextrin concentration (P<0.05). The solubility of the samples
decreased with higher inlet air temperatures and with the addition of maltodextrin (P<0.05). At lower inlet
temperature, the evaporation rate was slower, producing powders with higher moisture content. This type of
powders had a higher tendency of agglomeration which helped to increase the reconstitution of the powders. On
the other hand, at higher inlet temperature, a hard surface layer might be formed over the powder particle. This
could prevent water molecules from diffusing through the particle. The obtained hygroscopicity values are not to
be considered as absolute values, since the powders were exposed to abusive conditions. Increasing inlet air
temperature reduced the hygroscopicity of powders. Also observed a reduction in hygroscopicity with increasing
maltodextrin concentrations in spray dried sumac extract powder. Maltodextrin is a material having the property
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of low hygroscopicity and its utility as a carrier material for spray drying. Wettability is the ability of the powder
particles to overcome the surface tension between themselves and water. An increase in maltodextrin
concentration in sumac extract powders led to a decrease (P<0.05) in the wettability time of the powders. The
average wettability time of sumac extract powders decreased (P<0.05) with increasing inlet air temperature. It
was found that when the inlet air temperature and the maltodextrin concentration increased, the L* values
increased but a*, b*, chroma and hue values decreased (P<0.05). An increase in inlet temperature produced
lighter product indicates that the pigments had undergone oxidation. The other reason for higher degree of
lightness of the sumac powder at higher inlet temperature may be attributed to the reduced rate of oxidation of
the tannins. Tannins react slowly with iron in the absence of oxygen and form dark colored complex. Probably
during the rapid rate of drying in a spray dryer, tannins get very little time to react with iron as availability of
oxygen is reduced and therefore the powder color had lessened. The present work describes the possibility of
producing sumac extract powder by spray drying and the changes in some of the physical and chemical
properties of the powders depending on the inlet temperature and maltodextrin additions. The physical and
chemical properties of the spray dried sumac extract powders were significantly affected by both the inlet air
temperature and maltodextrin additions (P < 0.05). In conclusion, inlet temperature of 160 °C and maltodextrin
concentration of 20% reported as an optimum point, and it is possible to maintain desirable properties and reduce
quality loss of sumac extract powder during spray drying process in a pilot scale production. The possible uses of
this dried product in food systems and storage potential should be studied in future projects.

Keywords: Maltodextrin, Microencapsulation, Spray drying, Sumac, Wettability
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Introduction: Cake is one of highly consumed products as a breakfast and snack. One of the common
industrial concerns in the quality control of bakery products with high amounts of fat, such as layered cakes, is
related to lipolytic effects of free fatty acids. Egg yolk due to its possible high free fatty acids, phospholipids and
lecithin is regarded as a main reason for possible high fat acidity content in the layer cakes. In addition, because
of high cholesterol in the egg yolk, it may increase the possibility of health risk by cardiovascular diseases. Thus,
the main objective of this research was to replace egg yolk with different industrial gel emulsifiers so called
"Emulgels" to control the fat acidity content in the layer cake.

Materials and methods: Six different formulations were used to prepare cake batters as follows: 1) Control
cake with whole egg, 2) Batter with only egg white, 3) Batter with egg white plus Softex emulgel, 4) Batter with
egg white plus Golden emulgel, 5) Batter with egg white plus Gilk 60 emulgel and 6) Batter with only egg yolk.
In the aforementioned formulations three different industrial emulgels were replaced with egg yolk. Cake batter
was prepared with single-stage method according to Gomez et al (2007). Physical properties of batter such as
density were measured. Cake physical, chemical, textural and staling properties were analyzed during storage.
For this reason, cake volume and height as well as loaf symmetry were characterized. To evaluate cake staling
by instrumental method, crumb firmness was measured by universal testing machine (Instron). Cake moisture
and water activity, fat acidity and peroxide value were also measured.

Results and discussion: Batter density is a measure of how much air bulbuls can be incorporated during
mixing or creaming. Increasing air inclusion into the batter increases the batter volume, and thereby, leads to a
decrease in batter density. Results indicated that formulation with all three industrial emulgels had the lowest
batter density (1.0-1.25 g/cm?®) compared to those (1.5-1.75 g/cm?) of control and treatments with only egg white
and egg yolk. Cake formulations with all three industrial emulgels used in this study had the highest cake volume
(502-525 ¢cm?3/200 g batter) and height (60-69 mm) and the most loaf symmetry (24-33) compared to those (449-
491 cm?200 g batter for volume, 48-57 mm for height, and 15-22 for symmetry) of control/only egg white/only
yolk cakes. As mentioned before, application of emulgels increased air incorporation into batter during the
mixing process leading to a decreased batter density and thereby, an increased cake volume. Cake with only egg
white showed the firmest (1.0-3.5 N) structure compared to other formulations (0.1- 0.5 N). The absence of egg
yolk as an emulsifier can results in formation of a firm structure. Meanwhile, cakes containing gel emulsifiers all
had the softest crumb structure as measured by Instron. Cakes containing gel emulsifiers without egg yolk had
softer texture than that of control. Between three different emulges used there was no significant difference in
terms of their effect on cake firmness. Results also indicated that crumb firmness increased upon 60 days
storage. Nevertheless, this increasing rate was not significant (p<0.05) for batter formulations with gel
emulsifiers. Results of moisture determination indicated that cake formulations with all three gel emulsifiers had
the highest (17-20%) amount of moisture compared to those (14-16%) of control as well as egg white or yolk
prepared cakes. Results indicated that formulations with emulges and egg white had significantly (p<0.05) lower
fat acidity (0.35-0.45%) compared to those (0.65-0.80%) with egg yolk in their formulation. It is interesting that
cake batters with only egg white had the lowest fat acidity (0.21-0.25 %) between all formulation tested. It can
be concluded that the main source to increase fat acidity in layer cake is egg yolk. Although cakes prepared from
gel emulsifiers had high fat acidity than those prepared from egg white, but the values were in the acceptable
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range. Fat acidity upon storage up to 60 days remained constant in layer cakes formulated with all emulgels. The
results of this study indicated that application of gel emulsifiers instead of egg yolk in the formulation of layer
cake leads to produce a product with improved quality and physicochemical properties such as the higher loaf
volume, the softer crumb structure, the moister texture, and an increased shelf life while removing the

deficiencies attributed to egg yolk.

Keywords: Layer cake; Fat acidity; Emulgel; Gel emulsifier; Quality
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Introduction: The environmental problems of plastic materials have increased the importance of renewable
edible films. In the manufacture of edible films, hydrocolloid compounds such as methyl cellulose and sodium
caseinate are usually employed. Methyl cellulose is a biopolymer, soluble in water, and has substantial inhibitory
properties against oxygen and lipids. Sodium caseinate has favorable mechanical properties and a high inhibitory
effect on air transmission. Furthermore, it possesses good nutritional value. One of the most notorious
pathogenic bacteria in food is the Listeria spp. which hastens food decay. Listeria monocytogenes is one of the
most harmful species of bacteria that causes disease in humans. Lactic acid bacteria can inhibit the growth of
cells that cause decay in food. The use of lactic acid bacteria in food has been made legal by the Food and Drug
Administration of the United States of America (FDA). In this study, Lactobacillus casei PTCC1608 (L. casei
1608) was added directly to the film forming solution. The primary effect of L. casei 1608 and film type, i.e.
sodium caseinate and methylcellulose polymers, were evaluated based on mechanical properties, water vapor
permeability (WVP) and the opacity of films. Anti-listeria features of the films were studied under experimental
conditions as the films were prepared against the growth of Listeria innocua IBRC-M10799 (L. innocua 10799).
The L. innocua 10799 was selected because of its non-pathogenicity and its physiological similarity with Listeria
monocytogenes.

Materials and methods: L. casei 1608 and L. innocua 10799 were purchased from credible organizations.
The bacteria were prepared as lyophilization form. In order to propagate and prepare bacterial suspensions of L.
casei 1608 and L. innocua 10799, the cells were inoculated in the de Man Rogosa Sharpe Broth (MRS Broth,
Liofilchem, Italy) and Blood Heat Infusion broth medium (BHI, Liofilchem, Italy), respectively. The cultures
were then incubated at temperatures between 30 and 37°C, respectively, for 24 hour. The cells were harvested
after centrifugation for 15 minutes at 3500 rpm (Eppendorf 5810 model, Germany). The collected medium was
washed twice with a saline buffer solution. The population growth curve of L. casei 1608 and L. innocua 10799
were obtained using the pour plate method and by using the UV-VIS spectrophotometer device (Cecil model,
England) at OD= 600nm. In order to prepare the film formation solution of methyl cellulose (CAS 9004-67-5,
Sigma-Aldrich, Madrid, Spain), four grams of powder and 1 g of glycerol were mixed with 100 ml sterilized
distilled water. After homogenization and degassing, the film forming solution was transferred to the plastic
container. To prepare the film formation solution of sodium caseinate, 5 g of sodium caseinate powder (CAS
9005-46-3, Sigma-Aldrich, Madrid, Spain) was added to distilled water along with 1.5 g of glycerol. The
solution was planned to reach 100 ml and, after complete dissolution, the film formation solution warmed up to
85°C and then cooled. To prepare the bio-film, L. casei 1608 was added to the film forming solution until the
number of L. casei 1608 in the dried film reached 106 CFU/cm?. The film formation solutions were transferred to
plastic containers and were dried at 25°C for 24 hours. All films were placed in a desiccator at 25°C and 75%
RH for one week. In order to evaluate the anti-listeria activity, the bio-films were put on tryptic soya agar (TSA)
medium, inoculated with L. casei 1608 (102 CFU / cm?) for 12 days at 5°C. The number of pathogenic bacteria
and L. casei 1608 were counted on days 0, 4, 8 and 12. Also, the prepared films were evaluated according to the
ASTM D-882 (ASTM, 2001) as per the ASTM D-882 instruction manual (Testometric, Model M350-10CT,
UK). WVP was determined according to the ASTM-96-95. The opacity of the films were assessed by using the
spectrophotometric apparatus according to the method described by Nu nez-Flores et al. (2012). Comparing the
mean values of data was based on a factorial experiment in a completely randomized design (CRD) with three
replications, by the SAS software version 9.1. The chemical and microbial mean values were calculated using
Duncan’s and Tukey’s tests, respectively.
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Results & Discussion: Data analysis showed that the bio-caseinate film hosted the highest survival rate of L.
casei 1608 on the eighth day of culture (123.8%) when L. casei was concurrently present with L. innocua 10799.
Analysis of data by the bio-methyl cellulose film showed that the strongest inhibitory effect on the growth rate of
L. innocua 10799 was observed on the fourth day of the 12-day experimental duration (P<0.05). Furthermore,
the weakest inhibitory effect on the growth rate was observed in pure films (P>0.05). Laboratory evaluations
showed that the presence of lactic acid bacteria in films significantly increased the transparency, WVP and
amount of elasticity. Nonetheless, a significant decrease in tensile strength and modulus of elasticity was
observed. The type of matrix had a significant effect on mechanical properties. By comparing the methyl
cellulose matrix and the sodium caseinate, it was observed that the methyl cellulose matrix showed significantly
greater elasticity, tensile strength and higher modulus of elasticity while having less WVP and less opacity
(p<0.05). The results of this study showed that sodium caseinate and methylcellulose films can exhibit anti-
listeria properties when the films contain L. casei 1608. Accordingly, these processed films could be used as a
suitable method for the storage and packaging of food. The approaches of this study are therefore effective in
developing antimicrobial films.

Key words: Biopolymer, Lactic acid bacteria, L. innocua
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Introduction: Hydrocolloids have been employed for reduction of moisture migration from the crumb to crust,
added to the formulation, improved texture, prevent ice Crystallization and delay staling (Ba'rcenas et al 2003,
2004, Hager, and Arendt, 2013). However, given the importance of their role still trying to find new resources will
continue to create the best quality. Today, researchers introduced new technologies such as modified atmosphere
packaging, frozen technology and using different additives to produce bread with higher quality, longer shelf life
and high nutritional value. Production of the part baked frozen bread is a method which interrupted baking process,
the first stage is the crumb formation and the crust color is not developed. The aim of this study was to evaluate
the effect of Ocimum Bacilicum and tragacanth at 3 levels (0, 0.3 and 0.5%) (W/W flour basis) on the quality of
part-baked Barbari bread after frozen storage and re-baking.

Materials and methods: The Ocimum Bacilicum seeds were cleaned, then were firstly soaked in distilled
water to obtain a water to seed ratio of 37:1 at 40°C and pH 7. Separation of the hydrocolloid from the swollen
seeds was achieved by passing the seeds through an extractor equipped with a rotating plate that scraped the gum
layer on the seed surface. The extracted solution was then filtered and dried in an air forced oven at 60°C and
finally the powder was milled, sieved using a mesh 18 sifter, packed and kept at cool and dry condition (Karazhiyan
et al., 2010, Sahraiyan et al., 2013). Tragacanth purchased from the local market as a tape shape after milling and
sieve (70 mesh) were used. Bread prepared as part baked, freezing in -18°C and storage for 15 days, after this time
samples were thawing and full baked. The test includes moisture content, specific volume, porosity, firmness,
image analysis and sensory properties was measured. For Data Analysis used SPSS software and Duncan test, for
mean comparisons.

Results and discusions: The results obtained from volume, texture, moisture content and sensory properties
showed Tragacanth gum at 0.5 concentrations and Ocimum Bacilicum gum at 0.5 levels improved moisture
content. Using tragacanth at 0.3% and Ocimum Bacilicum gums at 0.5 % concentration improved the specific
volume, porosity, firmness, and sensory properties. The hydrocolloids are highly hydrophilic nature, it made
hydrogen link between the water available in the system, prevent the movement of water from crumb and improved
the firmness and improved the quality of bread (Manadala et al., 2008). The hydrocolloids capable to strengthen
the gluten matrix surrounded cell gas as result maintenance them during part baked and frozen storage.
Hydrocolloid, coalescence of gas cells as a result of expansion during the proofing step and increase the volume
and porosity of bread (Shillini & Laxemi, 2007).

Conclusion: Addition of Ocimum Bacilicum and tragacanth to bread recipe improved the crumb texture of the
bread that obtained from part-baking, frozen storage and re-baking. In addition, the presence of gums improved
the specific volume, texture and the overall quality of the product during frozen storage, removing the negative
effects of that process conditions. The Ocimum Bacilicum in comparison of tragacanth had the greater
concentration effect on PBF Barbari bread on improved the quality. The interaction of tragacanth and Ocimum
Bacilicum (0.3 and 0.5 %) respectively had the best result to improving the all parameters that investigated in part
baked and freezing storage of Barbari bread. This study provides insights into the complexity of interactions
between tragacanth and Ocimum Bacilicum as a new source of hydrocolloids and their combined influence on
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bread characteristics, thereby serving as a guide for future research on the other bread.

Key words: Basil, Tragacanth, Barbari bread, part baked frozen, shelf life.
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The effect of active and edible starch-chitosan composite film incorporated with
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Introduction: Meat is sensitive to microbial spoilage and chemical oxidation, so it is favorable to use a
natural preservative with antioxidant and antimicrobial effects. The objective of this study was to prepare
composite films from chitosan and starch containing pomegranate peel extract (PPE) and Thymus kotschyanus
EO alone and in combination to evaluate their effects on shelf-life characteristics, including physico-chemical
(pH, aw and lipid oxidation), sensorial (color, odor and general appearance) and microbial (lactic acid bacteria,
aerobic mesophiles, pseudomonas) on meat at 4°C for 21 days.

Materials and methods: Fresh pomegranate fruits (Punica granatum) were purchased from a local
hypermarket. After separation, the peels were washed and dried. Thus 700 ml alcohol and 300 ml distilled water
were added to 250g of powdered peel. The mixture was left in a shaker for 24 hr. After cooling and filtration
using a paper filter, the solvent was removed in a rotary evaporator and the extract was stored at 4 °C until use.
The Thymus kotschyanus was purchased a local market in Urmia. Hydrodistilation of dried parts of plant was
performed in a Clevenger-type apparatus for 3 hr. Sodium sulfate was used for dehydration of the oil, then oil
was filtered using 0.22 u m filters and stored in colored glass tubes in the dark at refrigerated temperature.
Chitosan film solution was prepared by dissolving 1.5% (w/v) of chitosan in 1% (v/v) of glacial acetic acid
solution with constant agitation using a magnetic stir plate during 24 h at room temperature. As a plasticizer,
glycerol was added in the proportion of 30% (w/w) to chitosan powder, and the system was agitated for 5 min to
complete homogenization. Starch solutions with concentrations of 3.5 % (w/v) were prepared by dispersing 27%
amylose corn starch (Sigma-Aldrich Chemie GmbH, Steinheim ,Germany) in distilled water and heating the

mixtures on hotplates 95 °C during 30 min with stirring until it gelatinized, and then cooling to 40 °C. Composite
films were prepared by mixing 100 mL of 2% chitosan solution with 100 mL of 3.5% starch solutions. For the
films incorporated with the essential oils, tween 80 at a level of 0.2% wi/v of essential oil was used as emulsifier.
EO or hydro-alcoholic extracts were incorporated to the system at the level of 1% (v/v) of film form solution and
homogenized in magnetic stir plate during more 5 min at room temperature. For microbial tests ten grams of
each sample was diluted in 90 ml sterile 0.1 % ml peptone water (Merck, Darmstadt, Germany) and
homogenized using shaker for 3 min at room temperature. Then, 0.1 mL of serial dilutions (0.1 % peptone water)
of beef meat homogenates were transferred to agar plates. Pseudomonas were counted on Pseudomonas agar
supplemented with CFC at 25 °C for 48 h (CFC, Merck, Darmstadt, Germany). Lactobacillus were enumerated
on MRS agar (Merck, Darmstadt, Germany, Oxoid) incubated at 30 °C for 48 h. Finally, total mesophilic counts
were determined using Plate Count Agar (PCA, Merck, Darmstadt, Germany), after kept for 2 days at 30°C.
Level of lipid oxidation was investigated using thiobarbituric acid reactive substances (TBARS) method as
described by Pikul et al (1989). Ten grams of sample was homogenized with 1 mL BHT (1 mg/mL) and 35 mL
trichloroacetic acid (5%) in a blender. The mixture was filtered using Whatman no 1. Five mL TBA solution
(0.02 M) of filtrate solution was added to 5 mL of filtrate solution and kept in a water bath at 100°C for 60 min
to expand the malondialdehyde-TBA complex. After cooling the tube, the absorbance of the samples were
determined at 532 nm. The pH values were determined using a digital pH meter. A 5 g of beef meat sample
containing 25 ml of distilled water was homogenized for up to 1 min. The sensory analysis of meat samples was
carried out with 10 trained PhD students. After preparation of treatments, the samples were offered to each
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panelist separately. Fresh beef meat was used as a control. Panelists were asked to evaluate texture, color, flavor
and odor and overall acceptance on a nine-point Hedonic scale, with 9 being so good and 1 being so poor.

Results and discussion: The incorporation of PPE and EO into composite film showed that aerobic
mesophiles and lactic acid bacteria were the most sensitive and resistant groups to films by 7.11 and 6.92 log
cycles reduction after 21 days’ storage, respectively. In addition, meat wrapped by 1% PPE films had the lowest
degrees of lipid oxidation (1.11 mg MDA/kg samples) which was 61% lower than the control samples (2.90 mg
MDA/kg samples). This study showed that starch-chitosan composite films containing of pomegranate peel
extract and Thymus kotschyanus EO was significantly antibacterial properties, while shows the higher
antioxidant effect. PPE also improves some physical properties of the film. Our results indicated that
incorporation of pomegranate peel extract (PPE) and Thymus kotschyanus EO as a natural antibacterial agents
have a potential to prolong the shelf-life of meat.

Keywords: composite film, chitosan- starch, Thymus kotschyanus, Punica granatum, shelf life, meat
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Introduction: Color is the most important feature of food appearance, since it strongly affects consumer

acceptance. The abnormal color is closely related to degradation of food quality or food spoilage. Various factors
affecting color of the product include the composition and surface properties of the foodstuff, process conditions
(temperature and time), and the type of pretreatment processes. Therefore, for the design of a new process,
kinetic modeling is essential for extracting basic kinetic information in a system to predict changes. Intermittent
irradiation is the novel processing method in food industry which the surface temperature of product is kept
constant. Darkening process occur in the fruit slices during drying, resulting in undesirable color changes.
Undesirable color variations can be attributed to Millard's browning reactions between sugar and amine
compounds or ascorbic acid oxidation. Thermal degradation kinetic models define maximum maintenance
conditions for qualitative factors to produce a safe food. Color descriptive models are known as zero order, first
order, and fractional conversion model. The fractional conversion model represents the response rate required at
a given time to complete a phenomenon. This modeling is necessary for designing online quality control systems
for thermal processing in the food industry and preserving the apparent quality of the product by optimizing the
most important drying parameters. In this study, the kinetic of color changes in apple slices was investigated, in
order to maintain appearance quality of product during simultaneous infrared dry-blanching and dehydration
with intermittent irradiation.

Materials and Methods: Apple slices (Golden Delicious Variety) were dried in three thicknesses of 5, 9 and
13 mm using three constant surface temperatures of 70, 75 and 80 ° C. Image acquisition of apple slices was
made use of a flatbed scanner with an interval of 15 minutes during processing. The treated samples were placed
on the scanner and then a black box was utilized so as to prevent the interferences of the peripheral lights. The
images featured a 300 dpi quality and were saved in TIFF-24 bit format. The color analysis of the images was
carried out in color space of L*a*b* by the use ImageJ software, version 1.6.0. The lightness parameter (L),
redness (a), yellowness (b), the intensity of the color changes (AE), chroma (C;) and browning index (BI) were
described during product processing using fractional conversion model. Equilibrium color parameters (Cr) were
also used as an indicator to compare different process conditions. The fitting of the model was done using the
curve fitting toolbox in the 2009 version of the MATLAB software with 95% confidence level (P<0.05).
Relationship of Browning Index (BI) with process temperature studied in different thicknesses of the product,
using the linear form of the Arrhenius equation. Statistical analysis of the effect of thickness and temperature on
the equilibrium value of color parameters (Cr) performed in a randomized complete block design (RCBD) with
respect to temperature as block and thickness as treatment using SPSS software version 19. Finally if there was a
significant difference, the mean comparison was performed as Duncan test with 95% confidence level (P<0.05).

Results & discussion: The results showed that the control of surface temperature of product and its thickness
during irradiation can be effective to prevent the darkening of the product during blanching and dehydration. In
fact, the desired color in product (more light, less red and more yellow) was observed with decreasing
temperature and increasing in thickness. However, the thickness of the product showed a slight and opposite
effect on yellowness (62.583 and 57.491 for thickness of 5 and 13 mm at 70 ° C, respectively). The maintenance
of the yellowness parameter in lower thickness (rapid removal of moisture and reduced overall heating time) and
lower temperature (lower energy intakes) can be caused by reducing the destructive reactions of natural
pigmentation agents of color in the apple (carotenoid). It is observed that in the beginning of the process
changing in color parameters was faster, because of under the influence of drying the surface fibers of the

1, 2 and 3. Ph. D. Candidate, Associate Professor and Professor, Food Processing Engineering Department, Gorgan
University of Agricultural Sciences & Natural Resources.
(*Corresponding author: E-mail addresses: ziaiifar@gmail.com)
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product will increase the overall color variation and create the conditions for the production of pigment. The rate
of color darkening was strongly dependent on product thickness. The reducing of surface temperature caused
lower browning index, but the decrease was not significant (104.761, 108.482 and 162.99 for thickness of 5 mm
at temperature of 70, 75 and 80°C, respectively). This fact indicates that the dry-blanching and dehydration with
maintained product surface temperature, prevents the occurrence of undesirable darkening reactions of color. In
general to reduce undesirable color changes, the use of infrared dry blanching and dehydration largely depends
on the thickness of apple, and low surface temperatures during processing increased further yellowing and
reduced the darkness of the apple slice. It can be said that in the case of low-thickness cuttings, the use of low
temperatures is very important in maintaining the desirability of color. Finally, the results showed that the
application of the fractional conversion model could appropriately describe the color variations.

Keywords: Blanching, Dehydration, Infrared, Color, Fractional conversion model.



Iranian Food Science and Technology

= 1
Research Journal s@
*, o

Vol. 14, No. 2, June. July. 2018, p. 399- 410 S e

it

olnl 138 gabeo g pale sleirgy 4yl
399- 410 1397 yui-olo 5 2 o yleis 14 s>

35555 SolRl 9 Sl slass p e slapy) s 5L O g 00 B S

215 LT =" 31y, g
1395/10/21 12355 b
1396/06/04 : 2 1y o8

2>

() s ynd g 03b @85 (o Jl ey & ol Cde 9 (Sojgler s bulyd ) (bl e 4 o casl Cgbgyn losle (egS g5
SLaogeYayd ) lodg) Lulyd )3 (0555 5)luk 35t 5 pgind 5l cblis cnndsiund idle cots jslaiod agh cnl > )b b
ST5 L ailis 3 P0G 4 sy s zulss .o eslazwl (L100 4 S100) cunlysgl g wlgygdln oot (PIOG ¢ ST5) apolsbusd (gol>
Sl < Canlyogl 5 cbiayaln 958l 4 o 3 5,8 slo) (0/1740/03) by LSST,y sl b (szagil 130410) SgS s o lopoosd
00 o) S L S5 49 S5 Y s S5 it 5 5505 S sl oy il slapinad 0 e ol o) e
£ 90y Ly 0ad ag (slmpgigd idgr 00,8 Gugime 395 (190 3 |y 5SS JsSajg ol dedl 5l (B Sisysb cidgy y2e5its 300
3 b ine LS 6yl 0SS s Wadiged ol 50 ogMe a caimily soi 5| s Aold (30,5 80 51 i) YU SLigse,d 035L ccunl syl
407%33) L100 culyngl (ol diges b aulio 3 (yogil 287£31) (6 55SagS o3lul (clyls S100 cunldgl oyl (clapgigad 3,5 oanlive
b e s~ il poc 455 5 g s 555 i (65 0 | 355 (5l 5l 41039 35 g Aol g
oy L S100 cunlysgl (sols (clapgion) cub i opas s PH il s ¢ S y08 ale (5,165 couw bulyd ply )3 bl ()l jialjél
03,5 5l ymasS 55 VL polie JUil g (65,1 g ogllan (5Ll 5 camlio (solul (sl sl

sbac,bon (LS st oyl ply )3 cblis (o)
5 i) Cl paall il )3 cBlis g rae g By - 8
J 4 0095555 4l Y guao 09l (1390 ¢ S0
A olie cladp)lS d Byrane el g ST sl cusls
Maheshwari et al., ) sy o (593 4 oor) Sl JoSo lgic
(2006

Loly b o g0yl of 3 Lhws fas Jo cablB pegS 68
Wl o > B Ol ileoo Il )8 @ G (Sl
2 Sl e o 9y onl jlogdce @3 o jl Ce g
353 G bl pé, e o3l oyl .(Patra et al., 2013) s, oy
3l e L 365 5l alislejl e 3 oYL cullad i
sban Lag,bals adg o Logas (gl Jale olyieas 55cx)
ot gl Il jo ccwl 48,8 )1, 8 oolat wl 5y50 (glod i S
() (e pd Gl S Gliie (w0 Sl (S1glh8 oS
o misuceMw 158 5l edliiwl 5 (Slyed yan > o3le oyl
S5 L (eg S )8 (S By ol 485 O
Oien 9 039 )3 o3bo (pl @ea 5 JUS g e (sl ol

939 o9 98 gl 1 alS’ saojly

doddo

g olye W @ 5lo g Camer GBI L Sl amy a>

LadiliSsy wile (50938l dlgs 1 oolatul &y Sg38l59, (il <y
52 owonS 558 (1394 o LSen 5 Siin ) ol ori b )liS
oS ool sy 5l Joliie joboay oS ol agndyj agal Lo
o) (Tayyem et al., 2006) >9- . Jg5 (Curcuma longa)
b )3 izmen g 2l JoSo s Ll )3 5Ly 51 s
(Hatcher et al., 2008) 3,5 o ;5 osliiuwl )90 tiw
o3le il diodgw ol 3l 5l STUs aio) cpl )0 8l slajimg
i3l cgs JgsidS s GalS gl 555k 3 52,
S il @ pSsls (lpdlas casls oyl ials (el s Slas

AT elSisls (Sl 3) ool 15 (850 5 lsz o Sdmgy oKL -1
ol eolgiio! ool
09124 LIS T2 oy Ul (5 )1 ol ) Lo 095 =2
AN
(Email: ravaghi.maryam@gmail.com :clslSe Jgtus)

DOI: 10.22067/ifstrj.v1396i0.61728



1397 15 - ols 5 20yl 14 al oyl 1l I3 msbivo g pole sledsy & pis 400

Al dzaly Callas (gl o YU Sligy e

o yg; 9 2lge
5 Lo olsS haslinsd H94 L (L2 90 5dsani) POOG
Lipoid GmbH, ) bLg—w ce—S Jasla s %70 S75
L oLgysllas Ly clgelln o3 (Ludwigshafen, Germany

DSM Nutritional ) (;,5-Jbsks 200-400) ol JsSIse ()59
«(Products AG Branch Pentapharm Aesch, Switzerland

9 owesS 555 ((Evonik Industries AG, Darmstadt, Germany)
433,545 (Sigma-Aldrich, Milan, Italy) slse ysLo

Laigod (g jlwaslol

5 (S75 Ly PI0G) sdsiwd Ll ) sasa wd g5 511
2 (9380 31 g 9 928 013 €85 4 (py5 oo 20) oS 58
Soniprep ) Kg—wlydgl jlas cov wrd phaii b 93 Ol ) e
a3 5) a5,> 50 & )04 (150 plus, MSE Crowley, UK
85 8 (tgels Gl 4l D g 5dsy b
a5 03y €8> 4 (p)S ke O) Ugyglen 5 (5 e 20) raesS 58
S0 s Lol o] 4 ond b [b 93 O i o 2 s
2y 8 o 290 pejond Sy 2 basdla

)5S bl 4 poliae (6 yeuls cunlyagl scanlydgl 51 -3
Lapgige) ol d9:0 S caslio Jooy8 4 o] (958l 5 ol
4 gy opl 3l Ol o Jeloel (S 5 cunlydgl il (65950
G g 035 J ce JPU Sl eosle ol (55 yolate
100) (g5 ais osliul slinl plw lue o c8lgSs
5 93 T s 101 5 Lo 50) cfigllon 5 (5o
3 (o5 e 100) 08 355 (1 sgmmpo) 15 g LS 503
s o Il i i 10 )5 (o5 (e 250) gl
40 2 g 9 1 g e § e 12 ¢y )
25 & ygots Sgul iyl slag ot g Ab aBloload ()55 Sapelghnd
9> Cgr 285 1B (Uhgels Wl 5 g by, W 5)
a0 =80 lad ;o by o oyl g Jolye asbl g Joilsl
09> yio o 0 )Lsd > celw 24 b g us desxie o5 Sl
4, (FDU-8606, Operon Co, Korea) (gsless! 8 S lawes
o b [ g0 O yid e 2 Lawgs diged pa b b oo
LaJ5-Seis o3l jlocslysy 5 (als jolate 4 5 43 5]
5 5 by by 436 0) 82 50 90 4 gyl e o
Brmae Ay adae g g9 B85 )18 (Uhgals by 4l

(Lietal, 2015) wsb o o (o]l ¢ anj (omyiwd Sgatg

2 e il SO icwlie (Sl @ 109U slapiug
9 3lom Jladay Gy e (otod L dlge (SThgs Sl s
ot L)l g cnlio (ol J> @ lapgiond (e cnl 2
S sladals I glas Lapgjond Wilas S )18 aags 3 )90
asln (ol s 3 Jd hel cla JoSge zaso 5l &S st
(b Gy &2 5 (BLS (655l oSS an L g s
9 s doxa) AS (o0 Mg Y iz b > lid b ola g0
Sl i 3l 5 ks My Linpgissd (1393 )L San
55 3l > i 5 (T 5 50 8 G L Slig 90
Jedisiel g 52,50 asgd ol Sl 5 Glig gy e A5l
(1395 < e g 0315,ui8) 15,5 1,5 odlazl 340

sbadsSjs 53 OmesS )5S SLdanye? 2950 )il 42)5]
blote b (iiSeny 9 039) )3 o3lo (pl goos & poxie (g
bl 5o Wasggelghnd o 55 > & (oo i Lol 2935 ]
LS e ] o3le ol gyl lgi e (ol 4 ()18
4 Li.(Rowland and Woodley, 1980; Liu et al., 2015)
G pae S Kok b aily (b slopgised 31 (2012) o, Sen
4935 oolitul (5l o ksl )3 (oluly Gl S
Slub Gl )3 (S (48 pgjond paw SLLI )5 ey j9l>
L 5 (2012) o Lsan g Chen .o olapgie ) oui>
iwilys Lapgiod wdaw (59) (ligiS Jstes i yosk 635,854
93 ;2 3 imd Gl Bl (ragSyoS (G (oo g syl0L
ol sl ye iz sl o S UM Sl osd S5 imghy
s polio (glayorly b lndepadginsd i Jlsi] . 0 oli
() (oo e D9t 9 LS jg Sl CBlis el ((o5)lsS Ll
S ol sl parly S Slgygllan maes 90 Jai 350 03l
r 23,5 Lel (6l 2510 5 pgjond ol cngo Ll e
sl (slo o g 3yl Ol o oYL s o cuilB oligyglla
J5Sse Gt GhiSamyy 9 005 05 351 5L slapH 5
45100 calyql.(Manca et al., 2015) s=S o sLool (648
M Sl Joste g bl S SUe b 2 slayeshsS 5 L100
PH @i 4ol 1 039) 4 (Slujg)ls (sl > oS Litn
(Tarcha, 1990) w5 3,5

Sloslawl cpgs (slod S wlidss , sl sla Jlw
JLbcmnj lial Giluis Ban b e Cato 3 bapgjondyl
g ol (agiy Sl Bas gy ol e 485 00
OUgsglbr Ggmen cuslie dlge (615554 b Lopgjond (geaY e 3
485 )84 dlge b cunlite i gy gm0 (i 5 Culdgl 9
S Jpaze & (90 4 39 (ragS )35 SLing) S 0
035 colio ola (sl b laJsSajs Mo e Sl



401 .5 Glignsy y hicke sWops3amsil yamalgo 9 il

sl 0ad 03,91 L Jgaz )3 cagiged sladiged ailS’ gV 508

09590 Ldiged omw¥ge,d -1 Jgaa

(k) T e (5] ol e conlpsley (ko) chossln (ko) consSoss (p5 ko) el Jobe sy 65
2 - - - 20 360 S75
2 - - - 20 360 P90G
2 - - 5 20 360 s
2 25 S100 5 20 360 Bl
2 25 L100 5 20 360 Bl

Spectrum Laboratories Inc., DG Breda, the) yogils 3 35k
oxilud Ol 3 celn K e 4 361 slod ,s (Netherlands
S w9 03y yio Blw 10 031l a4y 5JU> Lid I (glanlad .
O ge8 3yl e Lo iy pogasio 05 L ol s
S 25 5y jogass oS bug Su5 o s g 5 A5
Ly sto (sled j3 (ubliie yjon by celwd Gse 4 g 05
3 10 gg0m0 13 9 (g ceclur o o3kl 3y90 O i 03500
e 035 Sl g Y oloj b 3l e 285 )L elital 5,50
935 sg)See 2)ls gai 3l g See 100 5l L (sloe,S |
W3S Lol lapgjond o 56 can Sl il Sie 900 o 4
590,50 10000 rpm cae o b ol 6 So 4 Jols aiges
8 ylegi89 Sl gy 0 (S5l | e (mesSyeS il g
g 5095l 424 zge Job ,> (Lambda 25, Perkin Elmer, USA)
B3y e Alie SBeE) b (g8 (ot i ) g
Abd-Elbary et ) s awlxe 1 dasly illae Sligs g, 035L
(al., 2008
EE (%) = 2> 100 (1)
t
SLI20092° (we95595 Ce (SLignygp 025k EE abasly oyl >
IS 055 5 C 3 ) b o

839 9 0oyl (a0 165 byl 51

i o3 5 U5 ol s S8l pasli o
Silw 38y lowss L100 5 S100 cunlyngl b onds sJgs (sladiges
2 Soe a0 PH2 3 o )ixSs g (o /oo 11100) aiges
93,5 5l 450 37 slod jd el 6 e & PHT 4 el
Ot (barme oy 508 (a8l ) Y50 013 s 1y 15
6112 J) o 5 65ty ) m AboliSly L jioll ol 15,5
)5 L8 2Ll 090 6yl el

U5 Jowily o (SuiSTy el «l,d 5105 54U

g (o9jgs baaiges Uj Juusly 5 S5 ojlsl @ js5 cojll
5 e 38 il 453 25 glos 3 2Sialins o3 8585 s,
WD00)8 g pSojlsl SaSly esls b wes il ojlisil & 56
9558 Oz J) y2g)Se0 100 (g5luozd) Lo laises
g b Aoy olKiwd ogaste oS 5 Jhate O yid e 10 Ly
A8 8 ey )50 B Jowsliy 9 (Silulin (a3l ol
(Gurrapu et al., 2012)

P09 S35 P97 gy S

5l G L100 5 S100 conlysgl U o dgs oogiond diges 43
9 031l dapgiod JSoid (oyp e gl Ll 5 (o)
S (H9 SN oS Sm olSwd Lawgi In S99 (5558 )90
425 S5y 590 5l (S Y e85 18 bl )50 (539
5 100 cshoy) Jslsl 5 (5ygabose bawgi 5 28,5 )5 28
FEI) *eogp g il oolisal L Cgd alais 53 pileadl 5 (361 (sl
lains s 4 (Company, Eindhoven, the Netherlands
Tecnai F20 TEM oS as aile a il Y (plad s
L5 200 5Ll L pSens Sm 9 5 Jiio (FEI Company)
g by b oS b a2y =113 5 sloo 4 g
445 (FEI Company) CCD Eagle ;90 bwg cpls 590
2,8

SWis 09,0 035k
gy L1 osS )8 (gilslir Sl g Sliga g0 025k
Muzzalupo et al., ) 35,5 e WL (hg) bws 0955m)
o5l g adlools 122145 gslulis )08 by s Lis (2013

1 Polydispersity index (PDI)

2 Dynamic Light Scattering (DLS)
3 Cryo-TEM

4 Vitrobot

5 Cut off



1397 15 - ols 5 20yl 14 al oyl 3l 13 slivo g pole slecdsys 4 oo 402

claalsais el ot cns 0 pbool %5 Jlass] pdaw ,3 9.1
)5 Sygo bpSile oy BB 3929 10l caa SSb

7 byl g (gl (1938l cepdgind g9 11 Jgax
9 U?.A_.fl)J U”L“’ ‘o)l..\_>| ‘Jnl_w 6.}_.]9; duf’9)9—”‘] u’_f))s
amd oo oLt |y B Jeilty

obj b syl

S do 4 L100 4 S100 cunlyngl b o sos (sladsges
(31,5 (Blo 423 4) oo slod 3 K5y logad (sladins 53 olo
(SaSly eadlis ol a5l cae ol 5l g )5 )8
b b5yl GLgrgp 033L 9 Uj Jemily

Wesls (5 lof o 9 41325

9 3d )l3 5 jlame Slyosl 1SS A (1She Sjgot @ls

SAS oyl Hlidlay das Jao 5l ool b aesls obj)l g Julos

U5 Jamiliy 9 (50515 2 Lo 3l o S 391 £95 9 (yUgyalid (499581 el giunsd 95 51 -1 Jgun

(V) 65 ity S8l pasld (M)l Cumdy  Cuplpgl (MG olaygled  (MO) dmdphond g apestlpod
- - - 5 - - 360 s75 1
-45/9+2/2> 0/6240/05 BIOEA0R  Glidpd cpmorpmss - - 300 s75 2
-33/6:£2/82 0/170/03¢ 1304100 Glidypé s - - 360 PY0G 3
-31/6£1/12 0/36:+0/03° 134360 Glidpd g - 5 360 PY0G 4
-30/81/52 0/30+0/03° T3 Glidpé cpmmss  S100 5 360 PY0G 5
-32/3£1/72 0/35:+0/030 07433 Glidpd g L100 5 360 PY0G 6

(P<O/05) sl laosly sy s simo il ssimd bt oglisie Chgyo eygi y 53 Wlord (355 Hhne Cloul )1,S5 dw (1 Silio g0 41 Lol

mb b iagh opl ks (P<O/05) 1,5 (0/36-0/03) sas1,

olizs oyl sl el (2016) )\Sen 4 Catalan-Latorre
Loapgiosd ojbisl jm @ad 4o (Ul (39531 exia)S° ()5S
23,8 oo 0jll LT3l & e g ol IS, 50
obass o 39580 5 Canl OT p3 JoloanS e3le S5 Cunlygl
e 2ladsSojy 2 4 e (oogign (gmYgay 4 riene
C 35S ol g Ly g (5299l 800 51 ey Slad) S5
o Wt o s 143 (080 5] s 55Ty sl
Ogppd Ly o 9 3 o JUT )3 (3009595 b olyen
o P Omypd b bolie Ol 3 (gyglln 5 (309858
sdalin UI 20 (29 lJ ul:..o.‘xj Jpa> g 0dg LA>]9A.§J 039) w‘
2 Pl 5 A 5 gy ol 2 S ppd> U 4SS
Pe 5 b 2y ooleos] (S jl ool b Mo lapgjan
35 slapgiond b Sl dame lapgiad Mg Can sy
5 S8l asls ol i 5l (5 wged) S100 cunlyssl b ous
Conlydgl A8l dges L duslie 3 ()b cxe olds U Judly
L100 calygl (sgls asges Lal (P>0/05) suilys (4 a5 4es)
S5 0l b 2lapgignd 355 sl (5 e sgboas (Beisa)
o=l ol (P<O/05) 4z 5 54 abges L awnlio ,> (407433)
o958 b ol a8 (2011) Ll Kem 9 Karn gols b ings

S G alBl jeis o Lgw culsS Jaslins %94 L PIOG
Blas 338 5 5 CEIRSs ojlul @i SSe S o3l L olapgjsnd
Lo (g8 oasland 0L ST5 L aslia )3 5 o5 b5 Jawsly
65K b as el ST5 5 Lalbl 3454 .(P<0/05) 585 1Jg
o=l il 33y 98 J5 Mg coge PIOG wlie slale j> o
5 (eg)See 13l L) S oy B 0 S0ko b olopgised U3
51,8 sl (L= SaiSlyy asls) calyss pé ol ojlul mjes
Bin L aiges 0 i 2)e Ghaggy Ban (i Mg o ol o
B o9l 3190 (2 6903) dudsiud g5 cul 3l S ol 9 03,5
b 55938l Sy (605,54 wallas ol Glial jI S (S cd S
D9 (=HylsS cow lpd ply 53 el albegjen) Mg cax
5 (520956 130-10) S8yl dlasl b 3 0 jlouds 4903 5 (s
> Uyl pals 1y el ol (0/17-0/03) o8 Susslyy jasls
Sl 92938l (655 ) b Lo Shg ol yalie (aljil 090 5
90 o=l J 9-d Wy cuslio oolul (sba)gSB L alapgiond oo
5 Oy (la wyp Caz 2 g0 b duglio jd 3 wiges
S ( aigas) Qligyglen gl> Wigad oy | Job> @l
gyl 39531 45 sl L (3 aged) odle oyl 155 diges
0 Ld g (egls 313-36) ojlul Lil58l el o l> e yoboas



403 .. g ligsm » cilite slaes;sedpili ol god il

55580 sSg So oS> bausgs S100 o L100 cialgl
Ladsges oSy )Sun (o 3o LS |y (3390 5)92
gt Lidsged (6ol g Lopgjod St o0 iSu0b
(Salite dlul g W39 JS (s b (59,5 c0dd M5 sba9Su )
b 69 S9SN 098wy S ooy I Jols ulis izl
g g Cudl Slged «Seold 95 58 olSiwd j ool Canday
5 535 5 sl (el (Gl =1 JSL3) L100 ealysgl g5l
g1 (=1 J5) S100 (g9l dig05 b dumlio )3 (5 el pué
300 540> S100 w905 5> b JgSs59 05h] uSileo 4> 31 0gMeay
oadls s a0 Ll 59 42095 400 590> L100 55 4 jiegib
Ggas o Logas sl > 315 e san 503 350 SuST,
Yz cJgSjs e 0ad Mg (slapgjond A5 oualis L100
295 0900 3 &l Jl (B o 2035 S Y S5 sl sSajs b

392 038 gme |y 6,503 S a5

23,5 o ojlil jilislay 4 oe lapgian) 4 L100 coslyasl
il cdsllas

9 J5S0s e gy 0053 Y wily olds B Jeusly
Cr pte bl lyisas g ams e Lt |y o Bl bpxe
&5 ply 3 Ll (5l 4 53 5 bapgiond (oo 5L (bj)l
Jrl b (cogjomd slaigmmpmand (IS psboas 2950 gume
Bgbie a8 Jai )3 )l sladiges plyiees it b 230 U;
sladsges plad cuiy o {Sezgin-Bayindir et al., 2015)
5 0Lasglls (139331 5 iy (ilio L) Jewiliy 003 Wy
(P>0/05)

295 8y (95N 2 gSwg Suo
L oad A58 mgjond sladined (o5Suwg Sun prgas 1 S

() S100 5 (1) L100 Cunl, 391 b 05 55 (o990 (S Woigns (5392 (63988 (539750 038w sSnm 015kasd 1 ool g =1 JSU3

Ll 1, (0/500/02) 5uss1y (asli ¢ (el 455211) ojll
S100 eyl L odd ags iges sy cps {P<0/05) 54
FSesS s ol azpp )5 ke Ggllas diged lgica;
I D
Gllas ;08 (6,005 59, 30 b naiges o3l Lislidl b s 5
5590 b 1L (PO/05) cély yials’ ()b sme yob & Uj Juwslis
ol pleal 5l wlo Lo sy o 4 dbml b 58 b Jewilty
o5 i 53 5 15,5 6L L Ly O o] il
Uil e g Manca .cuily dgg o yiolyly ol oy 4l g0 alal,
dapgised 55 5 Clgyglln s (6,5 4y &8 il > (2015)

olej b syluby
U5 Jeiliy g (S8 padld ojlil gy I Jol> b
US55 e 1055 55 30 g 5 4055 5 g 2Lolidly
@3l )3 (ol ime gl Bl LS ol el o LE5 3 4 2
2 bl S92 (5)18K 5930 51 Gy g g5 5l mgp 4loliDly
Sl 65 59, 30 (b L100 cunlyzgl (sols diges o Js
DSy g0l L ead (65S0jlul sla eyl 3 (g)b xe



1397, - ol 3 20 )lods 14 al oyl ol 210 @lis g pole sleiingyy 4 yi 404

Conlydgl g Glgyelld i Hlojed (55,54 5l Juols s L ol g y b D SOl Hlw Clus b Jaase Med 4 yoxis
il b Jols ingss ol o 45 S100 VL Cillas bl ol g 36800 585 35, 30 b LSS,
- 0.8
450 -
400 - - 0.7
350 - - 0.6
H(0=L; 3
35 300 _ | 05 :3 ( o ))J‘“as
—‘1 250 - o4 g’ M (35,30 pley) b3
3 3
3 200 - AR PR g RER >
4, 03y
150 - (0= o)
L 0.2 B Sisls el
100 - (35,30=))
50 - - 0.1
0 - - 0
S100 L100
cazlyogl g gi
39530 31 (g 5 g5 51 yuny o BBy S100 5 L100 ;291 b 00wl g (095908 (51 ygmms yomasd (S iS5y b il g 0310051 - 28045
Sl
(P<O/05) sl Wnodly s 3 gime jil odimd L cglie Log
cazlyogl ggi
S100 L100
O 1 J
5
. -10 -
j): -15 - IO:QLA}
2.-20 - M 55,3050
‘13-25 8
3/
30 -
-35 ab
40 -

S 595 30 51 w9 Mdgi 51y Ao iy S100 5 L100 ! j39! b 0l sudgi (09598 (5 ygmmn ypmmntd U5 Jauani iy -3 S0
(P<O/05) sl Wnodly s 3 gime yil odimd ol cglie Log



405 .5 Gligsy y hiske sWesiessill om0 9 il

100 ~
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -

(w0,9) Glags 950 033

S100

cazlyogl g g

L100

S5 59530 51 oy 9 W5 31 g Aliolddly L100 9 S100 Culydgl (59l (slapsgmw¥go,8 (Slig (99,9 033 -4 JSW
(P>0/05) sl Lnodls s 5l sime coglis d9g pie odimd i ()us g

S ool 51 (Liu et al. 2016) coul 4.5 & s b JsS45
Ol (B yne 53 ()5 owd Jobo 13 (SThgd slagygmY g3
L iy slaggmmpnd )8y 5yS o 518 PH g (S0 )35
2 b o3 5 55 Jnuslly o 55T,y 5sls oflsl L)
2 lame 93 (655,54 L S5 039 & odme I Jlisl alie Lyl
alin Jlow 5 Sonen ailiie Jlw) YU gy & )08 5 PH=T o pH=2
g g0 5 3.6 55 JS5) €85 5 s 2590 (T039,
PH 15 43 (6l o 55 Jpuslsy 5SSy o315 ol
4 s ol B 51 Gy 15 PH 3 g oo 251 g (50
2Ulgs oxmdLis yal ol (P>0/05) 5l )Ly loj > diges
Cow byl b o8 (e 25 Ll jl cblis Caa lapgjs
22 byeds 550 bl Jds a4y Sg ya8 g pH aSle Ji)leS
55 el L5 €2l a3y s 5,38 51 la5 85 55 pH
s SAS Ny jadlis g o5l o Slus p5b Lol wd amulS dges
ol ged i odalia (S0 08 Jlosl (g) gl dged @
oy L pH gy 45 (55350000 03lu] lyuss S100 cuslyal
Nl g bis e Mg ladsSejy (Ul esadlis oS
Sy boa PH g (Jg )18 085 (e
£ 9 byl 0ud 355 sladise (Jlagyigyd o)k T JSS
wlie Jlaw 5 0dxe il Jlaw (09381 51 Luy o8 1y eyl

6 Simulated Gastric Fluid (SGF)
7 Simulated Intestinal Fluid (SIF)

i) e sl (S Sldgsy 035
St QoY 9058 S (Ul g ol (o09i9ed lagigpY g3
S35 a5 gbalie ) pasie sl JsSlge i
Aboelwafa et al., 2010; Tavano et ) uas o oL |y JoSoss
a5 511100 5 S100 conlysgl L o1 155 aisei o .(al., 2014
aS o L gl .8 S 8 Sl 0yee (i yeyn 035L Moy
g AlolB3h gy 55,5 033l 5 § iy iy 55 skne gl
03 .(P>0/05) il 3929 (5SS 595 30 51 o g Mg ]
Ul Sl 005 155 sladiges )3 203 80 ) s L
JS) 39 a5 5 2,541 sl JySlga L 3 copllon (5,5,
Sz b5y b el caalgl s (lgyglin e Lol (4
o yomie pel cply A8 (JoSujg s slasSuly rimen g 4
@35 o3le oyl (G3Ladlil 2 3L g as o8 ) i ol
45(2015) Ll LSen g Manca glaaisl b suivs opl 5l Jeols
30 b 1y d9ame Slyuss b g o yd 80 dgus Sligs (9,3 035L
Wols ()15 s 5558 slapgigdlan 3590 )3 1) 6)IS )
bl Slgeen

839 9 0o sl (oub,155 byl o 1
P e 8 (2)B g b Sl xSl ol S on
9 Lo g o3l s cacly wilgi oo oS 12 15505 Lapgjond (o5l
o Sk gl s xigs Slgiza a5 55 Bl
Sl (pp 3 (Pgm a8 5 PH Al (518 Llyd ]



1397 15 - ols 5 20 ,lecs 14 al oyl 3l 13E slivo g pale slecdsys 4 2o 406

ilalil ) )3 ol ime SIS 4 e apgiged (a3 RDs
9 HOsney .cuisly  Jledwi dgui (0 039 g 0me dslie PH 3 o)l
Iy gy 3 Sxelcaibge yobo 4 5o (2013) LusliSen
=3 )l Gl slaie 4 L100 conlyasl b lapgjonlsil
gyl (ga)l> (So590gm (o yiand Dgsty g 0dme (gwl Laslys

Cou baylyd ol L zols waad o lis oy (b 5l s g 009,
Ladsges (Sl i) 03 2 (S 535 9 PH I osl (5))5
Caall gy pxe )».)‘.) S100 cozlydsl b osds g diges pras
Cezlydgl = (Ligyglld (5 yosh 4 sy ylas 4, (P>0/05)

3PH 31 s (155 o Lalyi ply 1 lopgised o3 A5

255,57 oolatl o duw Barea sla b b Giogh oyl gols a8 o cdadlxe gy )i8
55 S100 cuslyygl 63,54 woly olis a5 (2010) Ll Sen 4
500 - a a 1
450 - b b I, 09
400 - I - 08
S0 ¢ ¢ 07 3
3 300 - . I 06 3,
3 250 - C - 05 g {0 :,Ls
% 200 1 JEID 04 3 Htlows
150 - 03 Y B0l ar sl
100 - - 0.2 Bl Slal ax asls
50 - - 0.1
O B T T T r O
S S S S
ST ST ST ST
w o w o -1 o - o

9 PH=2 ;3 31,8 5lw 4,3 37 (glod ;3 S100 9 L100 Cunlydgl b osd ddgi (09598 (S yomw st d (S5 3y 43 L g 031051 =5 IS
b el (t) PH=7 45 (655 )18 Celuw 6 g PH =2 15 (65,18 sl 2 51 g g (o) oo o 43 (6505150 .pH=7
(P<O/05) sl Wnodly s 3 sime yil odimd ol cglite Log

S100; pH=7 S100; pH=2 L100; pH=7 L100; pH=2
O 1 1 1 ]
5 -
y -10 - mt0

D a a
i a a Mtl
‘1'. -15 -
3

-20 - b

b
b b
25

PH=7 g pH=2 y3 51,5 giluw a3 37 sbod ;5 S100 9 L100 Cunlydgl b o ddoi (c0959m) (SL ygmw st d U5 ol =6 JSU
i el (t) PH=ET 45 (65 )18 Celus 6 9 PH =2 15 (6305 4158 Caslw 2 51 ot g (t0) oo loj 45 (535 05105)
(P<O/05) sl Wnodly s 3 gime yil odimd ol cglie og



407 .. g Sliigiysr » cilikn slaesaedgili omalgo d il

100 -

80 - I

70 - I
60 -
50 -
40 -
30 -
20 -
10 -

(w0,9) Gilags 955 003

S100; pH=7

S100; pH=2

ab

Et0
Mtl

L100; pH=7

L100; pH=2

PH=7 o pH=2 ;3 31,8 ilw 4,3 37 slod 5 S100 ¢ L100 Cunlydgl b oud ddoi (095900 (512 yommws st d 592 099, 833U =7 S
o @l (1) PHET )3 (605,18 ol 6 9 PH =2 p3 (105 )1 )8 Colww 2 51 (s 9 (t0) oo lo )3 (5523001
(P<O/05) sl Lmodls ys jlo sime 51 oaimd s caglize by o

Caalydgl ol slapgiond g SasS JoSjg Mz 0 )
023l 3l L100 coslydgl (gols diges b dunlin 4> S100
0> 5 39 ey Aol (lio L5 Juily 5 (SaiSTy
S100 calpdsl g (Lgyglen jouly 93 bLS)l il ()5S
Slnb pialEl 4 e pyjord (bl o Shg s b cuusly
2395 (S99 PH s ) (23158 Ll 5> 985
Ojgmodn 45 651 ) bl (ol (lopgion) iz sl Ll
aw 4 039y slagis jl jgme p g 005 039 3)ly 03)955 Cuwd
pfosle LS Ty 098 Slgime g5 4 g odeeme o] SS90
Beby (650358 Slalllas «imghs oyl y3 odel Candas (glaadly
Sibws) (8 SLall gbas Molli shsd laollygin
r Ok g Sl Cutling glejle g (Sl Bylae (4l

238 pgo $3m P53 unl 055 29290 53 (5Ll

(5 35 o
& polie s yasl <8 S100 5 L100 colyigl 5l o5 oyl 5>
5L s Cpr iayalen L olyan ol o lsS Lyl
2 s 5355 ] Syt dpaignd (5l a5 g
Byo a4 gsie g ool (oB9) GxS 0 L g g alie by
» LasSjy Gie SYeb (6)lieSs oS ool 5 i eolasul
Lapgion) )b 355 )0 pho slacudgiome jl (S e(ygums ppund
2 nly an aS olasul S Sis jloslatul b jog e ol
Mo o 4l car (ol plyiear 295 655 pg) Bse
AR b oalatul 3)90 slayesh (S en 035 ik 5ylLL
Linpsipmsd ol 13 45 5,5 bl oy 450 55 sy L 5
9 69,5 JSBI b 55 sy slapgjond w508 )lub 5 il
395 Lol 5l (B &5 K390 Sy Y G L 4 Vain S5 a

&l

Abd-Elbary, A., El-laithy, H.M. & Tadros, M.l., 2008, Sucrose stearate-based proniosome derived niosomes for the
nebulisable delivery of cromolyn sodium, International Journal of Pharmaceutics, 357, 189-198.

Aboelwafa, A.A., El-Setouhy, D.A. & Elmeshad, A.N., 2010, Comparative study on the effects of some
polyoxyethylene alkyl ether and sorbitan fatty acid ester surfactants on the performance of transdermal carvedilol
proniosomal gel using experimental design, AAPS PharmSciTech, 11(4), 1591-1602.

Barea, M.J., Jenkins, M.J., Gaber, M.H. & Bridson, R.H. 2010. Evaluation of liposomes coated with a pH responsive
polymer, International Journal of Pharmaceutics, 402 (1-2), 89-94.

Catalan-Latorre, A., Ravaghi, M., Manca, M.L., Caddeo, C., Marongiu, F., Ennas, G., Escribano-Ferrer, E., Peris, J.E.,
Diez-Sales, O., Fadda, A.M. & Manconi, M., 2016. Freeze-dried eudragit-hyaluronan multicompartment liposomes,
European Journal of Pharmaceutics and Biopharmaceutics, 107, 49-55.



1397 15 - ols 5 20 ,lecs d4 al oyl 3l 13 slivo g pole slecdsys 4 2o 408

Chen-yu, G., Chun-fen, Y., Qi-lu, L., Qi, T., Yan-wei, X., Wei-na, L. & Guang-xi, Z., 2012, Development of a
Quercetin-loaded nanostructured lipid carrier formulation for topical delivery, International Journal of
Pharmaceutics, 430, 292-298.

Ghanbarzadeh, B., Pezeshky, A., Hamishehkar, H., & Moghadam, M., 2016, Vitamin A palimitate-loaded
nanoliposomes: study of particle size, zeta potential, efficiency and stability of encapsulation, Iranian Food Science
and Technology Research Journal, 12(2), 261-275.

Hatcher, H., Planalp, R., Cho, J., Torti, F.M. &Torti, S.V., 2008, Curcumin: from ancient medicine to current clinical
trials, Cellular and Molecular Life Sciences, 65, 1631-1652.

Hosny, K.M., Ahmed, O.A., & Al-Abdali, R.T. 2013. Enteric-coated alendronate sodium nanoliposomes: a novel
formula to overcome barriers for the treatment of osteoporosis, Expert Opinion on Drug Delivery, 10, 741-746

Hosseini, F., Habibi Najafi M. B., Hashemi, M., Blourian, S., & Zaman Zade, F., 2011, Evaluation of antimicrobial
activities and color strength of curcumin in macaroni, Iranian Food Science and Technology Research Journal,
7(1): 33-41.

Karn, P.R, Vanié, Z., Pepi¢, 1., & Skalko-Basnet, N. 2011. Mucoadhesive liposomal delivery systems: The choice of
coating material, Drug Development and Industrial Pharmacy, 37(4), 482-488.

Li, C., Zhang, Y., Su, T., Feng, L., Long, Y. & Chen, Z., 2012, Silica-coated flexible liposomes as a nanohybrid
delivery system for enhanced oral biocavailability of curcumin, International Journal of Nanomedicine, 7, 5995-
6002.

Li, J., Lee, LW.,, Shin, G.H., Chen, X. & Park, H.J., 2015, Curcumin-Eudragit E PO solid dispersion: a simple and
potent method to solve the problems of curcumin, European Journal of Pharmaceutics and Biopharmaceutics, 94,
322-332.

Liu, W., Liu, W., Ye, A., Peng, S., Wei, F., Liu, C. & Han, J., 2016, Environmental stress stability of microencapsules
based on liposomes decorated with chitosan and sodium alginate, Food Chemistry, 196,396—404.

Liu, W., Ye, A, Liu, W., Liu, C., Han, J. & Singh, H., 2015, Behaviour of liposomes loaded with bovine serum albumin
during in vitro digestion, Food Chemistry, 175, 16-24.

Maheshwari, R.K., Singh, A.K., Gaddipati, J. & Srimal, R.C., 2006, multiple biological activities of curcumin: a short
review, Life Science, 78, 2081-2087.

Manca, M.L., Castangia, I., Zaru, M., Nacher, A., Valenti, D., Fernandez-Busquets, X., Fadda, A.M. & Manconi, M.,
2015, Development of curcumin loaded sodium hyaluronate immobilized vesicles (hyalurosomes) and their
potential on skin inflammation and wound restoring, Biomaterials, 71, 100-109.

Gurrapu, A., Jukanti, R., Bobbala, S.R., Kanuganti, S. & Jeevana, J. B., 2012, Improved oral delivery of valsartan from
maltodextrin based proniosome powders, Advanced Powder Technology, 23, 583-590.

Mohammad Hassani, Z., Ghanbarzadeh, B., Hamishehkar, H., & Rezayi Mokarram, R., 2014, Gamma oryzanol-bearing
nanoliposomes: study of FTIR spectrophotometry, vesicle size, (-potential, physical stability and steady rheology,
Iranian Food Science and Technology Research Journal, 10(1): 62-75.

Muzzalupo, R., Tavano, L. & La Mesa, C., 2013, Alkyl glucopyranoside based niosomes containing methotrexate for
pharmaceutical applications: evaluation of physicochemical and biological properties, International Journal of
Pharmaceutics, 458, 224- 229.

Patra, D., Ahmadieh, D. & Aridi, R., 2013, Study on interaction of bile salts with curcumin and curcumin embedded in
dipalmitoyl-sn-glycero-3-phosphocholine liposome, Colloids and Surfaces B. Biointerfaces, 110, 296-304.

Rowland, R.N. & Woodley, J.F., 1980, The stability of liposomes in vitro to pH, bile salts and pancreatic lipase,
Biochimica Biophysica Acta, 620, 400-409.

Sezgin-Bayindir, Z., Antep, M.N. & Yuksel, N., 2015, Development and characterization of mixed niosomes for oral
delivery using candesartan cilexetil as a model poorly water soluble drug, AAPS PharmSciTech, 16(1), 108-117.

Tarcha, P. J., 1990, polymers for controlled drug delivery, CRC press, USA, 58-60.

Tavano, L., de Cindio, B., Picci, N., loele, G. & Muzzalupo, R., 2014, Drug compartmentalization as strategy to
improve the physicochemical properties of diclofenac sodium loaded niosomes for topical applications, Biomedical
Microdevices, 16, 851-858.

Tayyem, R.F., Heath, D.D., Al-Delaimy, W.K. & Rock, C.L., 2006, Curcumin content of turmeric and curry powders,
Nutrition and Cancer, 55, 126-131.

Tizchang, S., Sowti khiabani, M., & Rezaie mokaram, R., 2015, Evaluation of factors affecting at preparation of
nanoliposomes containing nisin using Response surface methodology, Iranian Food Science and Technology
Research Journal, 11(2), 171-180.



Iranian Food Science and Technology ) . ) e
Research Journal ,’i > =4 olnl 21dé @los g pale Sletagh @ pis
Vol. 14, No. 2, June. July. 2018, p. 399- 410 A T 399- 4100 1397 ,5-0l0,5 2 o yloud 14wl

The effect of different Nanoliposomal Formulation on Encapsulation and
Stabilization of Curcumin

M. Ravaghi'”, A. Maria Fadda?

Received: 2017.01.10
Accepted: 2017.08.26

Introduction: Curcumin is the main ingredient of turmeric spice, derived from rhizome of the Curcuma
longa. It is a hydrophobic material with low bioavailability which is rapidly removed from the body due to its
instability under physiological conditions and inadequate absorption. Curcumin is a polyphenol and one of the
most widely explored natural pharmacological agents in nanomedicine due to its high in vitro activity and low
systemic bioavailability in vivo. In recent years, many efforts have been made to increase its therapeutic
potential for disease prevention and health promotion, by using specific nano-delivery systems. Delivery and
accumulation of curcumin in the intestine may represent an attractive strategy to improve its systemic absorption
and bioavailability. The incorporation of curcumin in phospholipid vesicles (liposomes) may modulate its
accumulation and be released, but do not improve its stability in the gastrointestinal environment due to the
phospholipid degradation. An appropriate combination of phospholipid and polymer may provide a suitable
strategy to protect the vesicles, resulting in an amelioration of curcumin intestinal deposition and bioavailability.
In the present work, the potential use of Eudragit and hyaluronan to complex phospholipids was investigated,
thus forming gastroresistant vesicles able to deliver the curcumin to the low intestine.

Materials and Methods: Soy phosphatidylcholine S75 (purity of 70%) and P90G (purity of 94%) were
purchased from Lipoid GmbH (Germany). Sodium hyaluronate or hyaluronan with low molecular weight (200-
400 kDa) was purchased from DSM Nutritional Products AG Branch Pentapharm (Switzerland). Eudragit S100
and L100 with molecular weight about 125 kDa were provided by Evonik Industries
AG (Germany). Curcumin and other chemicals were analytical grade and procured from Sigma-Aldrich (ltaly).
This paper was aimed to find a liposome type formulation to immobilize the phospholipid structures, and to
protect liposomes and enhance curcumin stability from simulated gastrointestinal conditions. To this purpose,
phospholipid (P90G and S75), sodium hyaluronate and Eudragit (S100 and L100) were combined to obtain
immobilized liposomes and drug. Liposomes were formed by hydration, combined with sonication using a high
intensity ultrasonic disintegrator (Soniprep 150 plus, UK). The average diameter, polydispersity index (PDI) and
zeta potential were determined using a Zetasizer nano-ZS (Malvern Instruments, United Kingdom). Entrapment
efficiency (EE%) was calculated as the percentage of the drug amount found after dialysis (Spectra/Por®
membranes, 12-14 kDa MW cut off, 3 nm pore size, The Netherlands) versus that initially used. Curcumin
content was estimated spectrophotometrically at Amax=424 nm by a Perkin Elmer UV/visible spectrophotometer
(Lambda 25, USA) after disruption of liposomes. Vesicle formation and morphology were checked by cryogenic
electron transmission microscopy, using a Tecnai F20 TEM (FEI Company, The Netherlands). The average
diameter, PDI, zeta potential and EE% of the vesicles produced using Eudragit S100 and L100 were measured
after 1 month incubation at 4°C to determine their stability. Vesicle behaviour was also measured in fluids at pH
2 and 7 and high ionic strength immediately after dilution, at 2h and 6 h. Data are expressed as meantstandard
deviation (n=3 independent samples). Analysis of the data was made using SAS statistical software (version 9.0).
Comparison among the means was carried out by Duncan’s multiple range test at p<0.05 as a minimal level of
significance.

Results and discussion: P90G produced liposomes of smaller size (130+10 nm) with less PDI value
(0.174£0.03) than S75 while addition of hyaluronan and Eudragit increased these parameters significantly.
Eudragit S100 and L100 are anionic copolymers able to form effective and stable enteric coatings with fast
dissolution in the upper bowel. Unfortunately, Eudragit L100 and S100 are poorly soluble in water and when
added to the phospholipid and curcumin, the resulting vesicles were large (>800 nm) and polydispersed (>0.8).
In this work, the Eudragit was dispersed in ethanol with the curcumin, leading to a homogeneous, yellow

1. Young Researchers and Elite Club, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran.
2. Deptartment of Scienze Della Vita e dell’Ambiente, University of Cagliari, via Ospedale 72, 09124 Cagliari, Italy.
(*Corresponding author: E-mail addresses: Ravaghi.maryam@gmail.com)
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transparent solution, and the curcumin and hyaluronan were dispersed in water. After freeze drying and
rehydration with water, the vesicle size and polydispersity decreased, leading to the formation of more suitable
systems. Liposomes of Eudragit were spherical or oval, multi-lamellar or large uni-lamellar vesicles with some
smaller vesicles inside. These liposomes had high entrapment efficiency (>80%) immediately after production
without significant decrease after storage. Liposomes of Eudragit S100 had smaller vesicles (287+31 nm)
compared to those of Eudragit L100 (407+33 nm) after preparation Moreover, vesicles containing Eudragit S100
showed better stability during storage. Immobilization of liposomes in polymeric network of hyaluronan-
Eudragit increased their stability against the mimicking conditions of gastrointestinal tract such as high ionic
strength and pH variation. The present study indicated that the combination of P90G, Eudragit S100 and
hyaluronan results in the production of innovative delivery systems with suitable dimensions and adequate
stability, capable of protecting the curcumin from the pH variation during the stomach to colon transit, and
favoring the local accumulation of the drug. Finally, a more detailed research according to ICH and WHO
guidelines should be performed in a more advanced development step.

Keywords: Curcumin, Eudragit, Liposome.
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Introduction: Legumes are suitable sources in nutraceutical properties due to existence of anticancer,
antioxidant and also significant antimicrobial substances. Different processing such as soaking, peeling and
germinating improves nutritional value and bioavailability of minerals such as calcium, iron and phosphorus
content of legumes and based on the literature review, germination is the best method among the others. The
results of previous researches demonstrated significant improvement of nutraceutical and farmoceutical
properties of products due to germination. In legumes, sprouted lentil has higher nutritional value such as
minerals and essential amino acids than others. Cereal based products, especially products of wheat flour such as
bread, pastries, biscuits and etc are used generally as a staple food around the world. Cake is one of the widely
used confectionary cereal based product that its nutritional quality is important in public health. According to
deficiency of wheat flour from many essential amino acids and important minerals such as iron, the aim of
present study was to employ natural enrichment of cake with sprouted lentile and improving the qualitative
characteristics of products using active gluten and hemicellulase enzyme. Due to the existence of problems in
enrichment of wheat flour with iron due to difficulties in uniform distribution of particles and creation of
unsuitable organoleptic properties in the products, currently, iron enrichment is limited to whole flour in Iran.
Therefore, the results of the present research could an alternative way for flour enrichment with iron and other
nutrients.

Materials and method: In order to prepare sprouted lentil flour, the “official” lentil variety was prepared
and treated at ambient temperature (24°C) and suitable humidity (90%) in dark place in order to germinate and
increase the shoot height to 1.5 cm. The sprouted lentils were dried at room temperature in shadow. Then, they
were milled and sieved in order to achieve suitable particle size. At the beginning step, sprouted lentil flour and
wheat flour were evaluated in terms of protein, moisture, ash, fat and minerals such as iron, calcium, potassium
and phosphorus. After numerous pre-tests by experts in cereal technology, the usable quantities of sprouted lentil
flour according to organoleptic characteristics of the product, was considered 25% of batter’s flour. Improving
the textural characteristics of products due the negative effects of germinated lentils flour was considered using
independent variables of present study (hemi-cellulase enzymes at 0, 25 and 50 ppm levels and active gluten
powder at %0, %1/5 and %3). Sprouted lentil flour was treated for 30 minutes with enzyme before using in
batter formulation. Prepared samples with 25% replaced sprouted lentil with wheat flour and hemicellulase (0,
25, 50 ppm) and active gluten (%0, %1.5, %3) were investigated in terms of volume, bulk density, color
properties of crust and crumb, moisture content, textural properties (hardness, cohesiveness and springiness) and
also sensorial properties. Prepared product based on optimized formulation according to the results of chemical,
physical and sensorial analysis was evaluated in staling rate, the quantities of fat, protein, ash, fiber and minerals
such as iron, calcium, phosphorus, potassium and its results were compared to control. Data was analyzed
according to the factorial experiments based on completely randomized design by SAS software (version 9.2),
and the means were compared by LSD test at 5 significance percent level. Statistical evaluation of sensorial
properties was also done based on qualitative method of Kruskal-Wallis.

Results and Discussion: In chemical composition of wheat and sprouted lentil flour, there were significant
differences between two samples in terms of protein, ash, and minerals content such as iron, calcium,

1 and 2. Graduated MSc student and Assistant professor, Department of Food Science and Technology, Faculty of
Agriculture, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran
(*Corresponding author email: H.Abbasi@khuisf.ac.ir)



1397 15 - ols 5 26 ,lecs 14 al oyl 3l 13 @slivo g pole slocdsys 4 2o 426

phosphorus and potassium. But, there was no significant difference in fat content. The quantity of iron in lentil
flour was five times more than that of wheat flour, calcium was double, potassium was seven times and
phosphorus was six times more than that of wheat flour. Also, sprouted lentil flour showed higher protein
content than wheat flour. Addition of sprouted lentils to batter formulation increased moisture content of the
sample than the same one prepared only with wheat flour. Gluten and hemicellulase had significant effects on
reducing the apparent density of samples and improving the physical, sensorial and textural characteristics of the
product. In this regard, the hardness of sample’s crumb were decreased and theirs cohesiveness and springiness
were increased significantly. According to the results of the present study, the addition of gluten and
hemicellulase enzyme was improved color properties, especially in crust position. Therefore, independent
variables were effective in improvement of qualitative properties of products. Finally, the optimal sample based
on physical, textural and sensorial evaluation was introduced a sample with 25% sprouted lentil flour, 3% active
gluten and 50 ppm hemicellulase enzymes. The optimum sample was closed to wheat control sample in the case
of the qualitative characteristics. Comparison of textural characteristics of optimum and control samples during
storage was indicated the similar characteristics of them. Sprouted lentil flour was a rich material in fiber with
high water binding capacity in technological point. Therefore, it improved moisture retention and softness of
texture. As well as, comparison the textural qualitative characteristics of the selected and control samples
(prepared with wheat flour completely without additives) was shown a very high affinity in them. The products
made with sprouted lentil had significantly higher nutritional value in protein, ash, crude fiber and minerals such
as iron, calcium, potassium and phosphorus content than control. The iron content of optimum sample was more
than twice of the control. Therefore, the results of the present research are effective in production of the
functional product with improved nutritional characteristics. Due to the unique nutritional value of grain, more
sprouted bean is recommended to use in food product formulation, and at the same time suitable additives are
used for reducing their impact on the textural and sensorial properties of product.

Keywords: Enrichment, Cake, sprouted Lentil, Gluten, Hemicellulose
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Study on the effects of different parameters on physicochemical and thermal
properties of Kabkab date powder: Optimization of the temperature effect and
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Introduction: The date palm (Phoenix dactylifera), is one of the most important plants of arid desert area of
the western and southern Asia and northern Africa for over 5000 years. Date fruit has a great importance in
nutrition due to being a main source of carbohydrates, but it is low in fat and protein. Also it is a good source of
many minerals and high amounts of antioxidants which prevent some diseases. This fruits is an important
element in economy of date growing countries. Some factors such as variety, environmental impact of growing
regions and large quantities of the produced date causes postharvest losses resulting in lower quality fruits. These
amounts of fruit which are not consumed directly as fresh may have been used as raw materials to formulate
some products like date syrup, powder, jam, etc. Date powder is a highly nutritional quality sweetener obtained
from date for sucrose substitution in confectionary, bakery or ice cream industry. Stickiness is a problem in
production of fruit powder during drying, transportation and storage. Stickiness in fruit powder is mainly due to
the presence of low molecular weight sugar such as fructose, glucose, sucrose and organic acids in fruits. These
compounds are very hygroscopic in the amorphous state and have low glass transition temperature and leads to
increase stickiness and decrease stability of the product in room temperature. This research consisted of two
major objectives: i) determination of an optimum proportion of date paste, silicon dioxide and maltodextrin and
the most suitable temperature of drying; ii) characterization of physicochemical and thermal characteristics of
date powder.

Materials and methods: Kabkab date was purchased from local market of Kazeroun, Fars, Iran. Moisture,
ash, protein, fat, total sugar and dietary fiber contents were determined by AOAC methods (AOAC, 1997). Date
flesh was minced by a kitchen meat grinder to make a smooth paste. Three different proportions of maltodextrin
(35, 45 and 55% wi/w) and three proportions of silicon dioxide (0, 0.75 and 1.5% w/w) were added to date paste
to produce date powders. The mix was then spread to a thickness of about 5 mm on a Teflon coated tray and kept
inside an oven dryer at 50, 60 and 70°C. The dry product was then ground in a hammer mill to produce date
powder. The powder was immediately collected in plastic pouches and kept in desiccators to avoid moisture
absorption from the air. Laboratory test sieves were used to collect date powder with particle size less than 1mm
in diameter. Some physical and thermal characteristics of the powders were measured. Response surface
methodology with central composite design was applied to minimize total number of experimental runs and to
optimize the proportions of maltodextrin and silicon dioxide and also drying temperature. The dependent
variables were density, moisture and color parameters. A completely randomized design was applied to analyze
the effect of maltodextrin on thermal properties (glass transition temperature and specific heat) of date powder.
Significant terms were found using ANOVA (P<0.05).

Results and discussion: Results showed that the second order polynomial models developed for density,
moisture content and color parameters were fitted well to experimental data. Promoting drying temperature led
to decreasing in moisture content and lightness of the date powder. The density increased by increasing
temperature. Addition of maltodextrin resulted in increasing density, L* and glass transition temperature while
the heat capacity and moisture content decreased. Increasing silicon dioxide content caused an increase in
moisture content and density and decrease the lightness of the powder. The interaction between temperature and
maltodextrin and that of temperature and silicon dioxide resulted in decreasing moisture content, L* and a*
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values while increasing density and b* value. The DSC thermograms of date powder indicated an endothermic
peak during heating and the glass transition occurred in the amorphous region. Also a semi crystalline structure
was observed for the product. Inclusion of a compound such a maltodextrin with high glass transition
temperature resulted in increasing glass transition temperature of the date powder resulting in increase of final
stability. Numerical optimization technique showed that the optimum condition to produce date powder was
obtained by drying date paste containing 55% maltodextrin and 0.75% silicon dioxide at 70°C. In this condition,
the density, moisture content, L*, a*and b* were 1.044 g/cm?, 3,667% (g/g), 54.49, 10.34, 22.64; respectively.

Keywords: Kabkab date, bulk density, color, moisture, glass transition temperature, response surface
methodology
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Introduction: The rheological properties of a bread dough describe its behavior under different process
conditions. They are also central to its formulation, optimization, quality control, and better process capacity. A
number of additives can improve the rheological properties of dough and breads. Fiber-based compounds and
prebiotics in addition to gluten and starch, which have a large tendency to absorb the flour water, can affect the
moisture distribution across the dough structure. Inulin and resistant starch are two types of prebiotics. Inulin is a
water-soluble dietary fiber that is not absorbed by the enzymes at the upper section of he the digestive system
and is partially fermented and metabolized by the microbial flora of the colon. Digestion-resistant starch is
another prebiotic that acts as a food fiber and adds to the nutritional value. It can also improve the structure of
the final product. In recent years, the rise in consumer awareness about health benefits of prebiotics has
increased interests in functional foods particularly in bakery products. The present study qualitatively analyzed
the effect of the prebiotics (i.e. inulin and resistant starch) on rheological properties of baguette bread doughs.

Materials and Methods: The study treatments are: Baking dough w/o inulin and resistant starch (Control);
baking dough w 2.5% inulin (based on flour weight); baking dough w 5% inulin (based on flour weight); baking
dough w 2.5% resistant starch (based on flour weight); baking dough w 5% inulin (based on flour weight);
baking dough w 2.5% inulin + 2.5% resistant starch (based on flour weight); baking dough w 2.5% inulin + 5%
resistant starch (based on flour weight); baking dough w 5% inulin + 2.5% resistant starch (based on flour
weight); baking dough w 5% inulin + 5% resistant starch (based on flour weight). The treatments were
rheologically tested by farinograph and extensograph after preparation. Study data were then analyzed using the
completely randomized design. Means of data were also compared by Duncan's multiple-range test (o = 5%) in
SPSS 16.

Results and Discussion: According to the results, the different levels of prebiotics (inulin and resistant
starch) significantly improved dough water absorption compared to the control samples. This can be due to the
presence of hydroxyl groups in the structure of the prebiotics, which increased the number of hydrogen bonds
and thus water absorption in all treatments compared to the control. Moreover, these additives led to
significantly higher dough development time than the control. This can be due to the hydroxyl groups in the
structure of inulin and resistant starch, which increased the number of hydrogen bonds and thus cross-bonding
with water. These additives also significantly increased the dough stability time compared to the control. This is a
result of hydrogen attachments and hydroxyl bonding between gluten proteins (made up of glutenin and gliadin)
and the prebiotics (inulin and resistant starch) that in turn improved the stability and strength of the doughs. As
the dough stability increased, the dough softening degree after 10 and 12 minutes was also reduced, which was
due to the hydrogen bonds resulting from hydroxyl cross-links of gluten with inulin and resistant starch. Note
that the quality index increased when the stability and strength were improved compared to the control dough.
According to the results, by adding different levels of inulin and resistant starch, the dough energy rised higher
than the control sample after 45, 90 and 135 minutes. This is again due to (OH) hydroxyl bonds with hydrogen
attachments between glutens and the prebiotics. In this regard, the highest resistance to extension after 45, 90
and 135 min was recorded for the treatments containing inulin and resistant starch whereas its lowest value was
recorded for the control. This is due to the stable continuous lattice made by amylose in resistant starch granules,
which led to the higher strength of other treatments than the control. Additionally, the increased dough resistance
to extension can be due to the interaction of inulin and resistant starch with flour proteins. Regarding
extensibility, significant differences were observed between the treatments and the control within all three time
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intervals. Accordingly, after 45, 90 and 135 min, the control treatment had the highest extensibility whereas the
treatment with 5% inulin + 5% resistant starch (based on flour weight) had the lowest level of this parameter
within these times. The increases in strength and stability of the doughs were caused by strong links between
glutens and these prebiotics, which reduced the dough extensibility. The results showed that the highest dough
ratio number after 45, 90 and 135 min belonged to the treatment with 5% inulin + 5% resistant starch (based on
flour weight). The lowest ratio number was recorded for the control in these time periods. The gluten was the
main factor behind dough stability. The large amount of hydroxyl groups in the structure of inulin and resistant
starch led to formation of a better structured three-dimensional gluten lattice. In general, by taking all parameters
into account, the treatment with 5% inulin + 5% resistant starch was selected as the best treatment.

Keywords: Inulin, Resistant Starch, Prebiotics, Dough Rheology.
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