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: . 4375 16500 A: Inlet temperature
B: Concentration of maltodextrin+wpi

50.00 180.00

290 Cagb o 3 Jols CE g (6399 (Slod S yuiio S Garsaw Hlages -2 JSS



693 . eoliul b (K jhansS o) 390 gi ylonly (g3 Luiy

293 0395 dldld (o 3

(Jmsls clale) C g (Lod) T (0395 dspusih) BD o7 alslaa
i odle 48" Sloj canl odlo 5| (oS5 0395 dsmsly o]
3 3 a8 yob ylon ol o aslil (glal oygots b o0
Jeols cibale 5 S Sid (£39)5 (slod Lili8l b 2o 0 staliie
clale ili ol Ly dn sl ol o ialS 55 00s dt il
A3l s cpl 4 ol (Sen 1 plal (o GRS (S35l
oo a1y (Setadlogess o i o iusS 358l (958 o5
Cosl (Son (S 398lle Clale )3 (lilecpl g ogMle by oo
092 29b SIS )3 0ad (egime lor x> 53 GBI sl
(Kwapiniska et al,. s o> oy 4Y & LSy @l mdow 5o
ol clél el oas LSt 4Y o )] (g9, & 31,5 2005)
adgl Shgs 53 Iop Sy e &y Wil oo oS ristean f92 (b Gl
o il Lagos il oad s sl Jsb 53 b adl
9 35 oo D (gl atih (D (EalS cuw ol e (glgn
Cawl )29y 0397 diuudld 0058 yond Jol ayd j3 (g palls atauiby oy
g o jden L bls,l 3 aolie gl .(Goula et al., 2010)
e el ol 35 5 (b axsS ) g bl Ol g ol
Fazaeil et al., 2012; Yousefi et al., 2011;) Cawl 0dd )5S
(Banat et al., 2002 Bhusari et al., 2014

oblS S id 03959 slen (glod Liul38l L edgr dtusls
9995 0 g e Saal o cul o o 4 el al oy 0
(2000) 93y 35,571 0 353 5o Hlid b o Satis @l )
2y il S0 Vgana 63959 (slod o Lil381 45 58 38
Sl 9oL boled 5 g o cuumn (gloyd Aty g TT0355 Al
Dy 3gmg anlyy JBg IS 4 a8 513

29 S (o)

ol (Jols clale) C g (Lad) T ((cudMs) S 8 asleo o
s L5 gyl jliia (ANOVA) Luily g 31 glis ooy
cale § (S Sus (60959 slod Sldos (sl yiol)y Zolaw il &S
D I ixe 3oy 95 liebl o p3 g culMs p Jols
50 A80°C (slajloss 4 bgrpo cldlo i (565 5 5 e
OFCkR O3 P39~ Sig 4 25 J20°C 5 Ssg = G5g 2o
JJ_A dl)_) oumww)‘o9wwp )L\io
P luie g duoys 03127 cao > TAI29 1y Cos ity g 0,5l
9y Jols cale g (S SiS (939)9 slod Jies (sl juiie
A3 o i 1y pog M

L Laydg codMs 395 o odalio 4 S 5 a5 joblen

9 Ml e Gl 098 Sy S Cgb e
sbles ;> & ol msly . (Phisut, 2012) coul y34 (c5loo pid
ol 8 el 5 JelSE 5YL (glales &y cond (95 Sis Sl
(Stout et al., ) el py 9 )l sl sy LialS o
L jdgr Casb) e 3¢ 0 dasMe 2 IS5 )3 45 jobo -yl 2006
0bj oyl Ml Lub o ialS S Sid (60959 (slod Liuljél
YUy eld 4 oyl Jlinl Sial ol 5 50,8 St Lo
oolyd gy Bl (gl (S e 9y S &S 5y dalss
A S 3 35l Iy g 2,5 S5 o8 o 45
S Sy Ly 3g-d (b b gy cpl S (o ) 4198 oo
Glo ¢ ylyd ol S o sl &3 e 3 1y oledl ol
Oty 3 = 1y (55t Casby 5ED (Slga A8 e STy
=L . (Goula et al., 2010) >ls o 455 345 ;> gl cloay
g (S SUiS (939)9 slod a8l L Cugb) ials > (ol
5 SwsglS 5 (2007) ) Samy il (2007) ol)lSan 5 S8
oo dslgin Ol 39 9y o coii gar o5 ((2000) e
Ll 0 sdalitio 15103,8 18y siwo jioase 9 T SLdglS0s
e SialS Cugb e Jols clile Lilidl L2 S5 4 dng
ol kel 6 23k s ol & e (San il
Cghy pialS el o wbl il STgs S el dlge jlade
OhLSen 5 13959)95" bawg (olidie gulis 2980y sl JS
a$ ((2010) ) LSen ¢ & 4 (2012) o San 5 JsLb (2009)
wloygy g ol S5 Ol gy udgS 00 5lgyam 3 b iy
(2010) o )LSen 5 Vo5 Lol .l o osmlie Wlo3 S5 Gac
Po gy op yiwSdgdle clale ily 8l Ly a s woby olis
dsSge slp 45 9l o] S e (I3 S ]
23 S 29le S50 slaJgSUge Sl 48 Cul s Jloas O]
Lgd gyl g asS

elods5 atpuils Jsio (ANOVA) Luilyls 50UT ol sasy
3909 sbed Gles slapiel)l ol (51 a8 ol (L )9y
100 95 ylueb] prdaws )3 0395 Al p Jols clale ¢ (S Sis
o byrpe (shodgs atils (n SS9 cn Tk 98 e
doyd 50 A80°C 5 Sj9 = 59 Meyd 3715 150°C (slolos
o 5 (Siwsod S e ()5S D9 (Si9 T (H)9
BAITO 1)y s g 0,959 o (sl oAbl Stusron
(il paes ygoil hm P yluie 09 a0 )3 6/8 5 usy
83959 SLod Jiiume (sl puize &Il (7) dslre .54 0/0606 .1,
) o s Ty 0097 Aty (g9 y Jols clale g S Sl

1 Sodium Diclofenac



1396 (g3 - 557 5 6yleis 43 alsr ooyl i @lios g pale sledsyy & pii 654

d9rg Cole dy etz g ool oo O 5y L duglis
J s lie @l s (isd,nm SluS 5 45 agsnis S
Po—r $9y — 45 (20058) oL Sen 9 Yo 5 4 (2003) asl
ol o ot liie Wil SIS 55,84 55

o M I 5 e i ol il I3
Places 5 coul T g3 Jools YU e cle any 2ylsil
oS Sais Ol ol YL el cledy o maSagille
Cano et al., 555 o o3l Jol> loicas olie dlgo iusly
(2005; Grabowski et al.,2006)

ollitl el b Lilial 5.0l o Gili8l (635)5 (slod yiul;é]
Jo Ol g YU Jodso b casyd ol g oad ol ol
=y 0l Lol S o 3685 lay] o oy o g)leas aigs oo
(Walton, 2000) sl oo (3L yolid ol (co,
2o L auwslio 1 imgh opl ) sl Comdas culds polie
(Abadio ol oSyl 391 1o y> B1/56 39a ;5 a8 LubLT
eI e ((2008) )Sen ¢ de Sousa 4l et al., 2004)
ol by 53591 sy 20> 26073 1 17/65 1) 5 34565
238 0wl lie Jdsey (eSS lie

BD =+0/41792+1/29444x10°xT +6/97333x10°xC —4/93333x10°xT xC (7

Bulk density

135.00

B
150,00 ™
A: Inlet temperature 165_®

180.00  50.00

25.00
.25
37.50

4375
B: Concentration of maltodextrin+wpi

3092 8397 dimdld o Jols CHAUE 9 (639,59 (slod (S ki T (gumsdws 13905 =3 JSUS

S =+5/19091+0/16667xT +0/67200xC —3/46667 x10°xT xC (8)

Solubility

135.00

12000 25.00

P9 Sl 2 Jolo CIE 5 (6399 (slod (51 ite 1 (Gamdw 1905 -4 S



695 .5 eoliul b (K jhansS o) 390 si ylondly (g3 Luiy

(o yd g (Sed o pd e (p Sl O9 (S
9 do)d 72/42)41)) Cod il g 0)925l_§9.) J.\p le)‘.’ o..\waaa
9 S SiS (6399 slod Jitmo (sla e @l 5l (9) asles .3
ol 3 4 wmd oo L5 |y o5y S e g9y Jol> clale

ol (ol cdale) C g (Ld) T (139 o g5 5lais) Lycopene

2% (o ylae (o)
Ol 5391 (255 ,lae (ANOVA) (uilyly 50T s sy
5 OS5 SiS (999)5 sled Sliles layielly gl 514 b
103 95 liselsl o )3 )39 (S ade pr Jal> clale
o by i @ oS e (S 9 (n ke g s i
= 5590025 A2°C 4 559 559 20y 50 120°C (slajless

Lycopene = -1392 /54167 +15/25911xT +105/49760xC —0/61111xT xC 9)

2050

18025

1555

amount of lycopene

2500

i
37?0\‘\\

B: Concentration

165.00
150.00

1380 A |nlet temperature

5000 12000

292 RS e Jolo LS 9 (63959 slod lyeiie T (garidw 13905 -5 S

oS (Joyd il les Jpaze (13,5 St (b 3 o5 jobplen
aS Sloj bl coul (Sen sy ol il o LialS T cld
Sloj 0 by cunl (Koo oS Jls o by (il cul L Lo
10l palS 2 e e el (el tals Sl s
.(Downey, 1977)

Sl sles (b (Kjhanss SV gane 53 (nsS cu 59
dily Jpamme ylys 423 9 Cusby e 95 ()3T Hpan e,
Conl Jaao S5 )A)L Cot Oabdy (Sawly cpl liee g Canl
(Goula et al., 2006)

5 —See {1999) (hlSon o (S5l b (peloe @l
(1996) 1, Kan 5 Loy (1957) o,Samg JsS (1970) o,San
&9y = w48 (2005) iS5 VsS 5 (1979) ggSos:
D (S T (S Ban sl o, S
P 5 (SipesS Y g (S e (laisnl (SibensS
iRl ogad ) SLSs @ls 4 (Sen g Llo3 SIS (S5 84255
odnlio (sl Cowd (0,8 S glod Ll b 1o lads
o Jdday aS cunl (b Jols clale (il L Ll od
G55 dop S Bl bl o)l St g o] il

P52 0195 e 35500 oanlie D US55 &S b len

Sl slas GalSI L 5 Gl Jol> el Gl L gudy
RS ) ) (S e b e RalS (S SUES (639)9
g S delx dlge o5 p 5,50 3858/51 41,5 36/5 LS p L
L 1061718 1 oacis st (S ppassS oy o9 50 a8 Jboy
oiblS polis g pxie JS dols dlge p)5 5 ps59,S0e 2032/29
, D92 (3939 Slop (slod (Rl L i (98
baoe (0,8 Soid b olie dles 5 oo LuiSTly liee

Sl olond sl tiSly elgil plos sl 2980 S8 Lod Loy
JriS Gilwdlsd 50l vy g Cul Lo 1 (i ey
by@wlbagtm@&w)ﬁdwﬂ.aﬁw
eS| lyie g 495 (2l Slse (o Clleb a5 b
Loy coyw el lio logas 2k oo ol 5 Jolowe
053 15m B me 3 g eSSl bazma 3 5 M o8 g5
ST g 535 w9 Sl oA LSl il g M (5 ey
wled Lo juSly  JS obay (Sharma et al., 1996) ol
(Karel, 1979) ol o 2alsS o el o Bgs 0y



1396 (g3 - ,57 5 6leis 43 alor oyl i mslivo g pole sledsyy & pii 056

.(Aguilera, 2005) Ab gals T e
0154155 (S jpansS ©) (slydsy sl 89 76 claJSi
L oS 0 oy 3gille b (pdng) (S5 58U @58y Seo bawgs 29 S g JUELw 5y (w0
X500 slaS,5b 1) caliseo slalos 1 %25 po Ll iy Wyl 3ol oluws Aol dn ang L 4isiS and x> Jgb
Aad e ol 095 100 ulio 15 )3 layogy (oled JyiS mae slaony

Cl 0as dalllas 03 i jobody aydgy 5y Hlidlo widl o 3las]

500 (gloicS 31 b 1500 (S Subd (5399 (clod 25 Jolo Cilé «y399 SEM yygbun = 7 S



657 .l eolil b (S jhansS o) 393 i oy (g3 Luiints

500 _oloscS 30 b 18011 (S Suid (53959 slod Hh25 Jolo CAé «)599 SEM yglias -8 S5

olealy Sl o (glodgs azudls cugy Sl 4y plicuss
G5l 2285 )5 ey 3y90 el g (S e g
25 = 50) Jols clale 4 (120-180°C) (6359 (slod 03905
5150 °C (634)9 (slyn (slod caingo alats > 505 el (o
wagby i (i lessly alais pl 15 3gr duoyd D0 Jals clale
H60/62 11y o e P (oS Hlade g CudMs ¢ 0dgi Al
2 259,50 1371198 5 %37/29 () Lo y p,5 0/579 H02/77

Hidg p)S

(8 35 4ol

Sloslar wl Ly (55,84 565 )y j09 A gl yigiy 4l )
5 3 Gloash oyt Baa b xiodes il S Sis
P Lol oS e 5 (olerds3d Slaogas ) o Jol
4 3l it oy gl w65 plosi] (goluathl 4y 165 L
0395 s> (Cugh Jlde g (Rl )39 (52,955 5 5 (SAS 9
Jols eble il 8L ()b 5l oS Iy (alS (98 jlade
9 Cagby ylde g ialidl Mo (oS e 39 Wi (e
150°C (slod p> lhas aige balps )5 by LialS o395 aneily
5 Jeols 39 = (359 203 00 Jel> il

e SO o wlyd Dl a8 b sdalie b JSG 4 g b
kel ol .l (ilisl 639)0 slod jd Wl581 L ydg (pame
2o g sl ond (1) (2008) o)San 5 535 b
S90S sl s ¢ g0lo aaw sl wlens g 150°C sle>
124 (2012) S 5 o Lasy sgolibo gl itd (4 iy
ol 00 amliie 113,81 b T p3g0 (59,

o1 W 180°C slod 3 a5 slaydgr > oYL SuSyy>
Cagby Janl b byl o sl (Son 5las! oyl oo osalio L5049
ol sy 5o (Walton, 2000) wisb s o inlS )95 (b 5
oy pily 03 e an 3051 Ol 3ed s g o9, Seis
Sl Cagb) jhde 4yl 4 Slej sl a5
g 00 b bl Sl ale pdaw j (Sid gy S i) 0
o Joles O ol bl oo (RS sy @ (93,8 St sy
ol )95 (b Vb (slales 3 y5u5 a5 Sloj g 15 (5 e
Gharsallaoui et Oakley, 1997) 1usls o sl o 5la5] ey
5(2009) o, ¢ ol .(al., 2007; Rosenberg et al.,1988;
Loogeo] sloyog 4 23,5 i)l (2009) olSem 5 oty S
)5 00Sg > diwgy 5 190°C 4180 °C sl o

Sl At
bl (S Sz by (S5 pen oS ) yd9 Mgi dle baulpd

&l

Abadio, F. D. B., Domingues, A. M., Borges, S. V., & Oliveira, V. M. (2004). Physical properties of powdered



1396 (g3 - 557 5 6)leis 43 alor oyl fié @slivs g pole sleedsy & pii 658

pineapple (Ananas comosus) juice—effect of malt dextrin concentration and atomization speed. Journal of Food
Engineering, 64(3), 285-287.

Adhikari, B., Howes, T., Bhandari, B. R., & Troung, V. (2004). Effect of addition of maltodextrin on drying kinetics
and stickiness of sugar and acid-rich foods during convective drying: experiments and modelling. Journal of Food
Engineering, 62(1), 53-68.

Aguilera, J. M. (2005). Why food microstructure. Journal of Food Engineering, 67(1), 3-11

Al-Asheh, S., Jumah, R., Banat, F., & Hammad, S. (2003). The use of experimental factorial design for analysing the
effect of spray dryer operating variables on the production of tomato powder. Food and bioproducts processing,
81(2), 81-88.

Anguelova, T., & Warthesen, J. (2000). Lycopene stability in tomato powders. Journal of Food Science, 65(1), 67-70.

AOAC International, (2005). Official Methods of Analysis of AOAC. AOAC International, Gaithersberg, MD.

Baloch, W. A., Khan, S., & Baloch, A. K. (1997). Influence of chemical additives on the stability of dried tomato
powder. International journal of food science & technology, 32(2), 117-120.

Banat, F., Jumah, R., Al-Asheh, S., & Hammad, S. (2002). Effect of operating parameters on the spray drying of tomato
paste. Engineering in life sciences, 2(12), 403-407.

Bhandari, B. R., & Howes, T. (1999). Implication of glass transition for the drying and stability of dried foods. Journal
of Food Engineering, 40(1), 71-79.

Bhandari, B. R., Datta, N., & Howes, T. (1997). Problems associated with spray drying of sugar-rich foods. Drying
technology, 15(2), 671-684.

Bhandari, B. R., Senoussi, A., Dumoulin, E. D., & Lebert, A. (1993). Spray drying of concentrated fruit juices. Drying
Technology, 11(5), 1081-1092.

Bhandari, B., & Howes, T. (2005). Relating the stickiness property of foods undergoing drying and dried products to
their surface energetics. Drying Technology, 23(4), 781-797.

Bhusari, S. N., Muzaffar, K., & Kumar, P. (2014). Effect of carrier agents on physical and microstructural properties of
spray dried tamarind pulp powder. Powder Technology, 266, 354-364.

Boonyai, P., Bhandari, B., & Howes, T. (2004). Stickiness measurement techniques for food powders: a review.
Powder Technology, 145(1), 34-46.

Boskovi¢, M. A. (1979). Fate of lycopene in dehydrated tomato products: carotenoid isomerization in food system.
Journal of Food Science, 44(1), 84-86.

Cabral, A. C. S, Said, S., & Oliveira, W. P. (2009). Retention of the enzymatic activity and product properties during
spray drying of pineapple stem extract in presence of maltodextrin. International Journal of Food Properties, 12(3),
536-548.

Cai, Y. Z., & Corke, H. (2000). Production and properties of spray-dried Amaranthus betacyanin pigments. Journal Of
Food Science-Chicago-, 65(7), 1248-1252.

Cano-Chauca, M., Stringheta, P. C., Ramos, A. M., & Cal-Vidal, J. (2005). Effect of the carriers on the microstructure
of mango powder obtained by spray drying and its functional characterization. Innovative Food Science & Emerging
Technologies, 6(4), 420-428.

Chegini, G. R., & Ghobadian, B. (2005). Effect of spray-drying conditions on physical properties of orange juice
powder. Drying Technology, 23(3), 657-668.

Cole, E. R., & Kapur, N. S. (1957). The stability of lycopene. I.-Degradation by oxygen. Journal of the Science of Food
and Agriculture, 8(6), 360-365.

de Sousa, A. S., Borges, S. V., Magalhdes, N. F., Ricardo, H. V., & Azevedo, A. D. (2008). Spray-dried tomato powder:
reconstitution properties and colour. Braz. Arch. Biol. Tech, 51(4), 807-814.

Downey, W. K. (1977). Food quality and nutrition, London: Applied Science Publishers. pp. 281-295.

Fang, Z., & Bhandari, B. (2012). Comparing the efficiency of protein and maltodextrin on spray drying of bayberry
juice. Food Research International, 48(2), 478-483.

Fazaeli, M., Emam-Djomeh, Z., Ashtari, A. K., & Omid, M. (2012). Effect of spray drying conditions and feed
composition on the physical properties of black mulberry juice powder. Food and bioproducts processing, 90(4),
667-675.

Gharsallaoui, A., Roudaut, G., Chambin, O., Voilley, A., & Saurel, R. (2007). Applications of spray-drying in
microencapsulation of food ingredients: An overview. Food Research International, 40(9), 1107-1121.

Goula, A. M., & Adamopoulos, K. G. (2003). Spray drying performance of a laboratory spray dryer for tomato powder
preparation. Drying Technology, 21(7), 1273-1289.

Goula, A. M., & Adamopoulos, K. G. (2005a). Spray drying of tomato pulp in dehumidified air: 1. The effect on
powder properties. Journal of Food Engineering, 66(1), 35-42.

Goula, A. M., & Adamopoulos, K. G. (2005b). Stability of lycopene during spray drying of tomato pulp. LWT-Food
Science and Technology, 38(5), 479-487.

Goula, A. M., & Adamopoulos, K. G. (2008). Effect of maltodextrin addition during spray drying of tomato pulp in
dehumidified air: 1l. Powder properties. Drying Technology, 26(6), 726-737.



699 .5 eoliul b (KijhansS o) 390 s ylonily (g5 luity

Goula, A. M., & Adamopoulos, K. G. (2010). A new technique for spray drying orange juice concentrate. Innovative
Food Science & Emerging Technologies, 11(2), 342-351.

Goula, A. M., Adamopoulos, K. G., & Kazakis, N. A. (2004). Influence of spray drying conditions on tomato powder
properties. Drying Technology, 22(5), 1129-1151.

Goula, A. M., Adamopoulos, K. G., Chatzitakis, P. C., & Nikas, V. A. (2006). Prediction of lycopene degradation
during a drying process of tomato pulp. Journal of Food Engineering, 74(1), 37-46.

Gould, W. A., & Gould, R. W. (1988). Physical evaluation of color. Total quality assurance for the food industries, CTI
Publications, Maryland, Baltimore, 231-233.

Grabowski, J. A., Truong, V. D., & Daubert, C. R. (2006). Spray-Drying of Amylase Hydrolyzed Sweetpotato Puree
and Physicochemical Properties of Powder. Journal of food science, 71(5), E209-E217.

Greensmith, M. (1998). Practical dehydration. Woodhead Publishing.

JU, C., Stout, L. E., & Busche, R. M. (1951). Spray drying of santomerse. Chemical Engineering Progress, 47(1), 29-
38.

Jumah, R. Y., Tashtoush, B., Shaker, R. R., & Zraiy, A. F. (2000). Manufacturing parameters and quality characteristics
of spray dried jameed. Drying Technology, 18(4-5), 967-984.

k. Masters, Spray Drying Handbook, 4th, ed., John Wiley and Sons, new York 1985.

Karaaslan, 1., & Dalgig, A. C. (2014). Spray drying of liquorice (Glycyrrhiza glabra) extract. Journal of Food Science
and Technology, 51(11), 3014-3025.

Karel, M. (1979). Prediction of nutrient losses and optimization of processing conditions. In Nutritional and safety
aspects of food processing (pp. 233-263). Marcel Dekker New York.

Kaushik, V., & Roos, Y. H. (2007). Limonene encapsulation in freeze-drying of gum Arabic—sucrose—gelatin systems.
LWT-Food Science and Technology, 40(8), 1381-1391.

Kha, T. C., Nguyen, M. H., & Roach, P. D. (2011). Effects of pre-treatments and air drying temperatures on colour and
antioxidant properties of Gac fruit powder. International Journal of Food Engineering, 7(3).

Kjaergaard, O. (1974). U.S. Patent No. 3,857,332. Washington, DC: U.S. Patent and Trademark Office.

Krishnan, S., Bhosale, R., & Singhal, R. S. (2005). Microencapsulation of cardamom oleoresin: Evaluation of blends of
gum arabic, maltodextrin and a modified starch as wall materials. Carbohydrate Polymers, 61(1), 95-102.

Kurozawa, L. E., Park, K. J., & Hubinger, M. D. (2009). Effect of carrier agents on the physicochemical properties of a
spray dried chicken meat protein hydrolysate. Journal of Food Engineering, 94(3), 326-333.

Kwapiniska, M., & Zbicinski, 1. (2005). Prediction of final product properties after cocurrent spray drying. Drying
technology, 23(8), 1653-1665.

Lovri¢, T., Sablek, Z., & Boskovi¢, M. (1970). Cis-trans isomerisation of lycopene and colour stability of foam—mat
dried tomato powder during storage. Journal of the Science of Food and Agriculture, 21(12), 641-647.

Masters, K. (1979). Spray-air contact (mixing and flow). Spray drying handbook, 4, 263-269.

Miki, N., & Akatsu, K. (1970). Effect of heat sterilization on the color of tomato juice. Nihon Shokuhin Kogyo Gakkai,
17, 175-181.

Mishra, P., Mishra, S., & Mahanta, C. L. (2014). Effect of maltodextrin concentration and inlet temperature during
spray drying on physicochemical and antioxidant properties of amla (Emblica officinalis) juice powder. Food and
Bioproducts Processing, 92(3), 252-258.

Nurhadi, B., Andoyo, R., & Indiarto, R. (2012). Study the properties of honey powder produced from spray drying and
vacuum drying method. International Food Research Journal, 19(3), 907-912.

Oakley, D. E. (1997). Produce uniform particles by spray-drying. Chemical engineering progress, 93(10), 48-54.

Obén, J. M., Castellar, M. R., Alacid, M., & Fernandez-Lépez, J. A. (2009). Production of a red—purple food colorant
from Opuntia stricta fruits by spray drying and its application in food model systems. Journal of Food Engineering,
90(4), 471-479.

Papadakis, S. E., Gardeli, C., & Tzia, C. (2006). Spray drying of raisin juice concentrate. Drying Technology, 24(2),
173-180.

Peng, Z., Li, J., Guan, Y., & Zhao, G. (2013). Effect of carriers on physicochemical properties, antioxidant activities
and biological components of spray-dried purple sweet potato flours. LWT-Food Science and Technology, 51(1),
348-355.

Phisut, N. (2012). Spray drying technique of fruit juice powder: some factors influencing the properties of product.
International Food Research Journal, 19(4), 1297-1306.

Phoungchandang, S., & Sertwasana, A. (2010). Spray-drying of ginger juice and physicochemical properties of ginger
powders. Science Asia, 36, 40-45.

Quek, S. Y., Chok, N. K., & Swedlund, P. (2007). The physicochemical properties of spray-dried watermelon powders.
Chemical Engineering and Processing: Process Intensification, 46(5), 386-392.

Rattes, A. L. R., & Oliveira, W. P. (2007). Spray drying conditions and encapsulating composition effects on formation



1396 (g5 - ,57 5 6yleis 43 alor ooyl ifié @bios g pale sledsyy & pii 660

and properties of sodium diclofenac microparticles. Powder Technology, 171(1), 7-14.

Rosenberg, M., Talmon, Y., & Kopelman, I. J. (1988). The microstructure of spray-dried microcapsules. Food
Structure, 7(1), 14.

Sharma, S. K., & Le Maguer, M. (1996). Kinetics of lycopene degradation in tomato pulp solids under different
processing and storage conditions. Food Research International, 29(3), 309-315.

Shrestha, A. K., Ua-Arak, T., Adhikari, B. P., Howes, T., & Bhandari, B. R. (2007). Glass transition behavior of spray
dried orange juice powder measured by differential scanning calorimetry (DSC) and thermal mechanical
compression test (TMCT). International Journal of Food Properties, 10(3), 661-673.

Shu, B., Yu, W., Zhao, Y., & Liu, X. (2006). Study on microencapsulation of lycopene by spray-drying. Journal of
Food Engineering, 76(4), 664-669.

Solval, K. M., Sundararajan, S., Alfaro, L., & Sathivel, S. (2012). Development of cantaloupe (Cucumis melo) juice
powders using spray drying technology. LWT-Food Science and Technology, 46(1), 287-293.

Tang, S., TeKrony, D. M., Egli, D. B., & Cornelius, P. L. (1999). Survival characteristics of corn seed during storage:
11. Rate of seed deterioration. Crop Science, 39(5), 1400-1406.

Tonon, R. V., Brabet, C., & Hubinger, M. D. (2008). Influence of process conditions on the physicochemical properties
of acai (Euterpe oleraceae Mart.) powder produced by spray drying. Journal of Food Engineering, 88(3), 411-418.

Tsujimoto, K., Okudaira, S., & Tachi, S. (1991). Low-temperature microwave plasma etching of crystalline silicon.
Japanese journal of applied physics, 30(12R), 3319.

Wallman, H., & Blyth, H. A. (1951). Pilot Plants. Product Control in Bowen-Type Spray Dryer. Industrial &
engineering chemistry, 43(6), 1480-1486.

Walton, D. E. (2000). The morphology of spray-dried particles a qualitative view. Drying Technology, 18(9), 1943-
1986.

Woo, M. W., Bhandari, B., Bansal, N., Zhang, M., & Schuck, P. (2013). Spray drying for food powder production.
Handbook of Food Powders: Processes and Properties, 29.

Yousefi, S., Emam-Djomeh, Z., & Mousavi, S. M. (2011). Effect of carrier type and spray drying on the
physicochemical properties of powdered and reconstituted pomegranate juice (Punica Granatum L.). Journal of
food science and technology, 48(6), 677-684.

Zanoni, B., Peri, C., Nani, R., & Lavelli, V. (1998). Oxidative heat damage of tomato halves as affected by drying.
Food Research International, 31(5), 395-401.



Iranian Food Science and Technology @ . . Ut . s .
Research Journal f ; ot olnl 2138 oo g pole Sleddgly 4 i
Vol. 13, No. 5, Dec- Jan 2018, p. 647-662 oy R 647-662 . o 1396 g5 - 13T 5 o,los 13 ul>

Optimization of tomato paste powder efficiency production by spray dryer and
evaluation of its quality characteristics

A. dezyani'’, A. Mohammad Ziyaeifar?, S. M. Jafari®, M. Ghorbani 3, A. R. Sadeghi Mahoonak®

Received: 2015.12.22
Accepted: 2016.04.30

Introduction: High sensitivity of fruit and vegetables juices to heat has been resulted to the development of

spray drying method for drying this category of products. Spray drying is a well-established and widely used
method for transforming a wide range of liquid food products into powder form. The process involves spraying
finely atomized solutions into a chamber where hot dry air rapidly evaporates the solution leaving the spray-
dried particles. Spray-dried powders can be stored at room temperature for prolonged periods without
compromising the powder's stability. Powders are cheaper to transport and easier to handle in manufacturing
plants. Spray-dried powders are economical to produce compared to other processes, such as freeze-drying.
Spray drying has many applications, particularly in the food, pharmaceutical and agrochemical industries. The
conversion of high value food materials, such as fruit and vegetable extracts, into particulate form is not easy due
to the presence of a high proportion of low molecular weight sugars in their composition which lead to the
problem of stickiness. The particles stick to one another, to the dryer and to cyclone walls and remain there,
forming thick wall deposits, while very little product comes out at the dryer's exit. This might lead to low
product yield and operating problems. In general, the stickiness causes considerable economic loss and limits the
application of spray drying on foods as well as on pharmaceutical materials. In order to reduce stickiness,
different solutes have been used as carriers and coating agents for the spray drying. Some examples of these are
Arabic gum, maltodextrins, starches, gelatin, methyl cellulose, gum tragacanth, alginates, pectin, silicon dioxide,
tricalcium phosphate, glycerol monostearate and mixtures of some of them. Of these additives, maltodextrin
offers a good compromise between cost and effectiveness. It has been found that it contributes to the retention of
some food properties, such as nutrients, color and flavor, during spray drying and storage. On the other hand, the
feed flow rate, the inlet and outlet air temperatures, atomizer speed, feed concentration, feed temperature and
inlet air flow rate are important factors that have to be controlled in a spray drying process. Tomato paste is a
typical example of a product that is very difficult to be spray dried due to the low glass transition temperature of
the low molecular weight sugars present.

Materials and methods: This study was carried out to evaluate the effect of inlet air temperature of dryer
(120, 150 and 180 °C) and concentration of drying aid or carrier agent of maltodexterin along with whey protein

concenterate ratio of 4 to 1 (25, 37.5 and 50% w/w) on the quantitative and qualitative properties of tomato
paste powder including moisture content, bulk density, solubility, powder morphology, amount of lycopene, and
production efficiency. Response surface methodology was used to choose optimum conditions of the powder
production process.

Results and Discussion:the results revealed that the production efficiency (not significant) and solubility
(significant) were increased with increased higher inlet air temperatures of dryer; however, at these conditions
moisture content (significant), bulk density (not significant) and amount of lycopene (significant) in the powder
were decreased also higher concentrations of carrier agent increased the production efficiency, solubility and
amount of lycopene in the powder; however, moisture content and bulk density of powder were decreased.
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Conclusion: Optimal conditions in order to achieve maximum production efficiency, solubility, the amount
of lycopene and the lowest moisture content of powder, bulk density were achieved at inlet temperature of 150°C
and carrier agent concentration of (w/w) 50%.

Keywords: Tomato Paste Powder, Spray Drying, Carrier Agent of Maltodextrin with Whey Protein Isolate,
Optimization
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Introduction: Flat breads are the main dietary staple in many Middle Eastern and North African countries.

In today’s demanding world, the use of bread improvers has become an indispensable part of enhancing the
quality of bakery products. Bread improvers are technically sophisticated blends of functional ingredients, which
if formulated correctly, will enhance the development of dough structure, facilitate trouble-free production, and
provide the desired result of consistent products having optimal quality at the lowest possible cost. Among the
functional food additives, polyols have been increasingly used to improve the quality and shelf life of bread.
Polyols have been used successfully to extend the shelf life of ready to eat bread used by the military, Barbari
bread fortified with soy flour, as well as flour tortillas. Emulsifiers, a subset of surfactants, have been widely
used by the baking industry. The function of surfactants, as crumb softening agents, is closely related to their
interaction or complex formation with starch, particularly the linear amylose fraction, to retard bread staling.
Surfactants, such as SSL and DATEM that are the most efficient in breadmaking are able to form lamellar
mesophases or gel structures in water. It has been shown that for polar lipids the lamellar liquid-crystalline phase
is the most effective form in which this component can be added to bread dough in order to improve loaf
volume. Mechanical properties of dough play an important role in baking industries. In a few cases, it can be
desirable, for example, to fix some ingredients on bakery products. The dough is expected not to stick to metal
surfaces and to show a good resistance to vibration and mechanical shock to minimize detrimental effects such
as process breakdown, production loss and contamination of the equipment. Thus, the present study was
designed: (a) to examine the effects of different emulsifiers (sodium stearoyl-2-lactylate and diacetyl tartaric acid
esters of monoglycerides) and polyol (propylene glycol) on Barbari flat bread performance when used singly and
in combination at different levels; (b) to obtain the relationship between mechanical and rheological properties of
dough and quality, shelf life, sensory and image parameters of bread using the asymmetric methods (response
surface methodology and partial least squares regression) and symmetric methods (coefficients of determination
and Principal components analysis) and (c) to determine the optimum formulations for Barbari flat bread
improver.

Materials and methods: Commercial Triticum aestivum wheat flour (locally named Setareh) was procured
from the AceeArd Co., Khorasan, Iran. Propylene glycol (PG) was purchased from J.T. Baker Chemical
Company (Phillipsburg, NJ). Sodium stearoyl-2-lactylate (SSL) and diacetyl tartaric acid esters of
monoglycerides (DATEMs) were provided by Vista Tejarat Company (Tehran, Iran). Moisture, ash, fat, protein,
wet gluten and falling number were determined according to standard AACC methods. Three replications were
taken for each characteristic. Gel samples were prepared using sodium stearoyl-2-lactylate (SSL), diacetyl
tartaric acid esters of monoglyceride (DATEM) and propylene glycol (PG) in the range of 0-0.5 g/100g. Bread
making was carried out according to the method of Maleki et al. (1981). Quality analysis of fresh bread samples
was carried out by measuring specific volume. Sensory attributes of bread were selected according to the Iranian
flat bread evaluation method, including bread form and shape; upper surface property; bottom surface property;
cavity and porosity; firmness and softness of texture; chewiness; odor, flavor and taste and overall quality score.
Staling phenomenon and its changes were evaluated by penetration test after 1 hour, 3, 5 and 7 days. The
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average values of L*, a*and b* colors describing the outer crust regions were obtained. The crumb grain features
were the mean cell area, porosity, and cell density. A central composite design was constructed using the
software Design Expert Version and was used for sampling of different combination of gel constituents. In
addition, Lack of fit, coefficients of determination (R?), adj-R?, coefficient of variation (CV) and significant
probabilities were calculated to check the model adequacy. Multivariate correlation matrix, coefficients of
determination and principal components analysis were performed by using Minitab 15 software.

Results and Discussion: The characteristics of the flour are in the range of typical values of medium strong
flour, suitable for Iranian Barbari flat bread. The results showed dough adhesiveness was increased by SSL
addition but it was decreased by quadratic effect of SSL like as resilience. All of three components to the gel
formula caused decrement in the hardness, gumminess and chewiness. But the interaction of them influenced on
them. On the other hand, although cohesiveness increased by addition of all components but influenced
significantly by interaction of them. Dough mechanical properties were furthermore correlated with dough
farinographic aspects, quality, sensory parameters, image processing and shelf life of bread. It was proved that
principal components analysis (PCA) is able to extract relevant information and offer an easy and promising
approach for the interpretation of dough mechanical properties and its correlation with other properties and
dough and bread. Partial least squares regression (PLSR) models were applied to determine the relationships
between dough mechanical properties and dough farinographic properties, bread quality, sensory, image
processing and shelf life aspects. Results from statistical analysis suggest that the mechanical parameters of
dough are capable in predicting more than 50% of dough and bread properties.

Keywords: Central composite design, Coefficients of determination, Principal component analysis, Partial
least squares regression, Texture analysis of dough.
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Evaluating the influence of number of layers and concentration of carboxy-
methyl cellulose and carrageenan coating on osmotic dehydration performance
of Golden delicious apple
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Introduction: Osmotic dehydration involves the partial removal of water by direct contact of a product with
a hypertonic medium such as high concentration of sugar, salt or sugar-salt solutions. In this process, food pieces
are immersed in a hypertonic solution. The natural membrane of food cells acts as a semipermeable layer so the
water moves across the membrane from an area of high water potential (low solute concentration) to an area of
low water potential (high solute concentration), meaning the driving force for water removal is the concentration
gradient between the solution and the intracellular fluid. During osmotic dehydration, osmotic solute is absorbed
by food materials and has undesirable effects on water removal, nutritional and organoleptic properties. Use of
coating improves the osmotic processing. Best factor for evaluation of coating material is performance ratio
(WL/SG). So a coating should reduce solid uptake without negative effects on water removal.

Materials and methods: The apples (Golden delicious) used in this study were purchased from a local
market in Mashhad (Iran) and stored at 4-6°C before processing. The sucrose (99.9%, Fariman sugar company,
Iran), carrageenan (kappa type, Negin Khorak Pars Company, Iran), carboxy methyl cellulose (sandros, Japan)
and calcium chloride (Dr. Mojallali Lab., Iran) were also used. In this work, apple cubes were single and double
coated in three concentrations (0.5, 1 and 1.5% w/w) of carboxy methyl cellulose (CMC) and carrageenan
solution and dehydrated osmotically in different concentrations (30, 45 and 60° BX) of sucrose solutions.

Results and Discussion: The results of this study indicated that increasing coating solution concentration
from 0.5% to 1.5% decreased water loss. Also the water loss increased when the number of coating layers and
the concentration of osmotic solution increased (from 30 to 60 ° BX). Generally, water loss and solids uptake in
the samples coated with carrageenan was higher and lower than their CMC counterparts, respectively. The solids
uptake in the samples coated with CMC increased by increasing the number of layers, osmotic solution
concentration (from 30 to 60°BX) and coating solution concentration (from 0.5 to 1.5%). The solids uptake
increased and decreased with increase in layer number and coating solution concentration (from 0.5% to 1.5%),
respectively. Increasing the osmotic solution concentration up to 45 ° BX increased solids uptake but, more
increasingly did not have a significant effect on it. Finally, it cannot be said strictly that one coating type would
facilitate osmotic process or not. It depends on various process factors. Among the 36 treatments studied in this
research, the single coated samples with 1% carrageenan treated in 60 ° BX sucrose solution and the single and
double coated samples with 0.5% CMC treated in 45 ° BX sucrose solution were the best, as they had 50%
higher performance ratio than control (uncoated) sample.

Key words: Edible coating, Solids uptake, Golden delicious apple, Performance ratio, Osmotic dehydration.
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Introduction: Heat treatment of potato tissue involves chemical, physical and structural changes. The
magnitude of these changes will depend on the extent of thermal processing in terms of time and temperature.
Blanching is a heating process that used to inactivate enzymes, de-aeration and modification of texture,
preserving color, flavor and nutritional value of fruits and vegetables prior to freezing, canning, drying and
frying. Temperature and time of blanching is largely determined by the amount of reducing sugars and textural
characteristics of the species. In the previous studies performed on the changes of reducing sugars content in
potatoes during blanching, some researchers found evidence that besides the mass transfer to the bath there exists
an internal generation of reducing sugars, probably due to an enzymatic hydrolysis of starch. Therefore when
predicting the concentration of reducing sugars changes, both mechanisms should be considered. Considering
that no study has been done on the effect of internal generation of reducing sugars on their effective diffusivity
during blanching and so far there is no comprehensive study on the kinetic of texture changes during blanching
of potato at different temperatures and also direct relationship of reducing sugars with Maillard reaction and
acrylamide formation in potato, therefore the aims of this study are: 1) determination of effective diffusivity of
reducing sugars with and without consideration of them generation and 2) investigation of kinetic of texture
changes during blanching of potato strips at the temperature range of 50-90 °C and modeling of these
phenomena.

Materials and methods: Potatoes (variety Agria, ~23 g/100g (dry basis)) was the raw material used in this
study. Potatoes stored in a dark room at 20 °C for 2 weeks were washed and peeled. Then, were striped into
dimensions of 0.8x0.8x8 c¢m using an electric striping machine (Halldeh, model RG-100). Raw potato strips
were rinsed immediately after cutting for 1 min in distilled water to eliminate the starch material adhering to the
surface prior to blanching. Then, blanching was accomplished by immersing the potato strips in hot distilled
water (ratio of mass of potato to water of 1:20) at 50, 60, 70, 80 and 90 °C. To investigate the kinetic of
generation of reducing sugars, strips packaged in duplex in the polyethylene (HDPE with 10 micron thickness)
film were immersed in hot distilled water to blanching at the temperatures. Samples were withdrawn after 5, 10,
15, 20, 40, 60, 80, 100 and 120 minutes to measure the reducing sugars content and texture firmness. All
experiments were done in triplicate. Maximum stress caused by penetrating of the probe (diameter of 2 mm) into
strip texture was the texture evaluation index. To describe the mass transfer (extraction of reducing sugar) during
blanching, a three dimensional numerical model based on finite difference method of solving Fick's Second Law
has been developed in MATLAB software. The first order kinetic with production rate limiting effect was used
to describe the potato strips texture changes during blanching. All experiments were done in triplicate as factorial
based on completely randomized design. Data analysis and plotting of figures were performed in SAS and Excel
software respectively.

Results and Discussion: The results showed that increasing of blanching temperature increase the reducing
sugars effective diffusion coefficient significantly (P<0.05). Considering the effect of reducing sugars generation
was led to increase of them effective diffusion coefficient significantly (P<0.05) which maximum increase
(30.63%) was observed at 50 °C. Final effective diffusion coefficient of reducing sugars during blanching of
potato strips at temperature between 50 and 90 °C were within the range of 1.45-5.13x10-1° m%/s and activation
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energy for this process was calculated 30.59 kJ/mol. Increasing time and temperature of blanching on the other
side was led to decreasing potato strips firmness and dry matter content significantly (P<0.05). The numerical
model was showed high conformity (2.01<%RMSE<3.49 at the temperature range of 50-90 °C) with
experimental data of reducing sugars extraction. The first order kinetic with production rate limiting effect was
predicted the experimental data of decreasing of strips firmness with high conformity (6.2<%RMSE<44 at the
temperature range of 50-90 °C).

Conclusion: in this study the effect of internal generation of reducing sugars on them effective diffusion
coefficient and also kinetic of texture changes during blanching of potato strips at the temperature range of 50-90
°C were investigated. The results showed that increasing of blanching temperature: 1) increase the reducing
sugars effective diffusion coefficient significantly (P<0.05). 2) Decrease the potato strips firmness and dry
matter content significantly (P<0.05). Internal generation of reducing sugars during blanching was led to
increase of them effective diffusion coefficient. The results also showed that the three dimensional numerical
model can be used to describe the kinetic of extraction of reducing sugars during blanching of potato strips. The
first order kinetic with production rate limiting effect was showed the best conformity with experimental data of
texture changes during blanching of potato strips.

Keywords: Diffusion coefficient, Reducing sugar generation, Texture firmness, Numerical model, Kinetic
model.
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Introduction: The osmotically dehydrated carrots can be added directly into soups, stews or can be used in a
broad range of food formulations including instant soups, snack seasoning and etc. Osmotic dehydration is a
suitable way to produce the shelf-stable products or partially dehydrated foods ready to place in other
complementary processes such as air-drying, freezing and others. Modeling can certainly make differences in the
food industry, leading to reduced costs and increased profitability. In food technology, at the simplest level, there
are equations that determine the relationship between two or more variable. Simulation models in operation units
and food preservation systems have attracted much attention in the past four decades. The mathematical
equations describing mass transfer during osmotic dehydration, allow a better understanding of the composition
of the material and operating parameters during dewatering. In this regard, many experimental and theoretical
models have been reported in the literature but experimental models have more popularity because of easier
applications. Regarding the classification of modeling in food processes, kinetic models are classified among
theoretical models. It was ideal if we could use kinetic models based on fundamental scientific theories for the
purposes of prediction and controlling the changes that occur in real food systems. But the complexity of the
food makes the direct application of basic models impossible. The alternative is the direct study of kinetics on
real food. As a result, the obtained models would be experimental or semi-experimental. Kinetics has developed
as a powerful tool in modeling food quality features and in other words the modeling of food quality estimation
is almost equivalent to the modeling of reaction kinetics in foods. The present study aimed to evaluate kinetics of
osmotic dehydration of carrot cubes in terms of solid gain and water loss, which was studied at three glucose
syrup concentration levels (30, 40 and 50% w/w), three salt concentration levels (5, 10 and 15% w/w) and three
temperature levels of osmotic solution (30, 40 and 50°C) for 240 min. The experimental data were fitted to
different semi-empirical kinetic models including Magee, Peleg and Page.

Materials and methods: Fresh well graded carrots were washed and peeled manually. A vegetable dicer was
used to prepare carrot cubes of dimensions 1 cmx lcmx 1 cm. The cubes were washed with fresh water to
remove the carrot fines adhered to the surface of the fruit. The initial moisture content of the fresh carrot cubes
varied from 86% to 90% (wet basis). Considering the greater effectiveness of a mixture of solutes over a single
solute, a binary solution of salt and glucose syrup was used as the osmotic solution. The samples were excluded
from the osmotic solution after 15, 30, 60, 120, 180 and 240 minutes. Carrot cubes were then washed with
deionized distilled water, and were dried using a paper towel. Evaluation of mass exchange between the solution
and sample during osmotic dehydration were made by using water loss and solid gain parameters. The
experimental data were then fitted to different semi-empirical kinetic models including Magee, Peleg and Page
which are widely used in biologic fields and the parameters of the models were determined. Data fitting was
conducted using Microsoft Excel spreadsheet (Microsoft Office, 2010) using SOLVER add-in. Coefficient of
determination (R?), chi-squared (y?) and root mean square error (RMSE) were used to determine the best suitable
model. An analysis of variance was conducted to determine the significant effects of process variables on solid
gain and water loss.

Results and Discussion: At the beginning of the osmotic dehydration process, because of the high osmotic
driving force between the concentrated solution and the fresh sample, the rate of water removal and solid gain
was relatively high. Although water loss reached nearly the equilibrium conditions towards the late processing
times, solid gain kept increasing. This increase in solid gain blocks the surface layers of the product, which
reduces the concentration gradient between the product and osmotic solution, posing an additional resistance to
mass exchange and lowering the rates of water loss at further processing times. It was also observed that while
increasing the salt concentration, the solid gain in most of the samples significantly (p<0.05) increased but salt
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(*Corresponding Author: mina_kargozari@ut.ac.ir)
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concentration had no significant effect on the osmotic dehydration of carrot cubes.

Among the models applied, Peleg model well represented the experimental data for solid gain (R>=0.81,
¥?=0.006, RMSE= 0.027); whereas water loss was well represented by the Page model (R?=0.97, %2=0.003,
RMSE= 0.005). Curves related to experimental data as well as predicted data by Magee; Peleg and Page models
were drawn. It was observed that proposed models by Peleg and Page, compared to Magee’s model, were better
able to predict the osmotic dehydration process kinetics and equilibrium values of SG and WL.

Key words: Osmotic Dehydration, Mass Transfer Kinetics, Mathematical Modeling, Model Fit, Carrot.
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Introduction: Bell pepper (Capsicum annuum L.) from Solanaceae family is one of the most important
vegetables which are fruit pods on the capsicum plant grown for their sweet fruits and delicate peppery flavor
they extend to the recipes. Sweet pepper contains an impressive list of plant nutrients that found to have disease
preventing and health promoting properties. Unlike in other fellow chili peppers, it has very less calories and
fats. 100 g provides just 31 calories. Because of their versatility, low calories, intense flavor and high
concentration of vitamins, sweet peppers are a great snack raw and an easy addition to many different recipes.In
recent years extending shelf-life of this perishable vegetable has been accomplished (Banaras et al., 2005). The
losses in vegetable quality and quantity between harvest and consumption affect the crop productivity. It is
estimated that the magnitude of the postharvest losses of fresh horticultural crops is from 5 to 25% in developed
countries and of 20 to 50% in developing countries. Fresh peppers are often eaten raw and supplied pre-cut to
manufacturers as ready-to-use ingredients. However, the main problems limiting their shelf life occur by
shriveling, decay development on the cut surface, as well as degreening of the vegetable among different
degraded quality characteristics (Sakaldas and Kaynas, 2010). Those problems are correlated to an undesirable
loss of water during metabolism or diffusion through the skin and respiration. Temperature management is the
most effective tool for extending the shelf life of fresh horticultural commodities. Nowadays, to reduce high
losses and keeping product’s quality, in addition to lowering temperature, coating and packing must be noticed.
Therefore, in this study, dipping in chitosan solution and coatings by edible Chitosan was assayed to improve
quality of sweet peppers storability during cold storage.

Materials and methods: Plant material and sample preparation: Green peppers obtained from a Research
farm, College of Agriculture, llam University, llam, Iran were used in the present study. The fruits were
sanitized with hyperchlorinated water (1 mL/L) and rinsed with tap water. Peppers were divided in random into
different group for chitosan treatments. Treatments and storage condition: The green peppers were dipped for 2
min into a solution either 0% (control) or 1% (w/v) chitosan (Chitosan, 80-95% deacetylation degree, medium
molecular weight). The coating solution was prepared by dispersing 0 and 10 g of chitosan powder into 1L of
distilled water containing 1% (v/v) glacial acetic acid (Kyu Kyu Win et al., 2007) and final pH of the solution
adjusted to pH 5.0. After being air dried for 2 hrs. at room Temperature, ten similar sizes fruits were placed in
each plastic crate, tightly closed by cellophane films and stored at 10°C, 85-90% relative humidity to be later
assessed for further analyses intended for 14 and 28 days. The control samples of ten untreated fruits per crate
were kept unsealed under similar environmental conditions of temperature and relative humidity separately. The
current study carried out as a factorial assay on the basis of a RCBD with three replications during 2013-2014 at
Ilam University. The main factor was included of four treatments (control, Chitosan coating, Cellophane sealing
and Chitosan coating + Cellophane sealing) and the sub factor was included of storage period duration (14 and
28 days). Data were subjected to ANOVA using SAS software version 9.2. Verification of significant
differences was done using Duncan's Test at 5% probability level.

Results and Discussion: Results showed that fruits quality declines with long storage, but treatments with
Cellophane and Chitosan decreased weight loss and kept firmness, TSS, titratable acidity, sugar/acid ratio,
ascorbic acid, antioxidant activity, total phenol, and catalase and peroxidase enzymes better than control.
Furthermore, for most of the traits no significant difference was observed between treatments, although
cellophane coating recorded more fungal infection and lower marketability. Shelf life enhancement by Chitosan
has been already reported on carrot, orange and Japanese Medlar (Rashidi et al., 2009, Ahmad et al., 1989 &
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Ding et al., 2002) through its antimicrobial activity (Xing et al., 2011) and suppressing respiration by blocking
stomata. It has been reported that both edible and nonedible coverage (such as chitosan and cellophane) of fruits
can provide a modified atmosphere surround them which results in decreasing the rate of their maturity and
senesces. Taking overall quality into consideration, the best treatment was joint application of cellophane and
chitosan. That treatment appears to be an effective method for improving the postharvest quality of peppers
which could more effectively preserved quality and biochemical characteristics. These fruits remained hydrated,
green and had good visual appearance after storage. The low rate of respiration of these fruits may also account
for the retention of pepper quality.

Key words: Post harvest, Fruit rot, California Wander, Quality, Fruit softening.
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Introduction: Blackberry is a perennial woody plant native to warm, temperate, and subtropical regions of
Asia, Africa, North America, and southern Europe. Blackberry fruit (Morus Alba Varnigra L.) is a rich source of
anthocyanins. Furthermore, it has great many medicinal properties such as an antidiabetic (Asano et al., 2001),
antihyperglycemic (Andallu &Varadacharyulu, 2003), antiviral (Du et al., 2003), antioxidative (Kim et al.,
1998), hypolipidemic (El-Beshbishy et al., 2006), and neuroprotective (Kang et al., 2006). However, measuring
some qualitative and nutrient parameters in this fruit such as anthocyanins, vitamin C and phenol directly has
become a major issue (Pace et al, 2013). Therefore, researchers try to predict aforementioned parameters by
mathematical models. One of these models is the fractal model which is widely used to study the properties of
the images/objects (Welstead, 1999; Zhang, 2007). Recently, many researchers try to develop different methods
to classify or predict the agricultural products quality (Langner, 2001). In a research Seng and Mirisaee (2009)
designed a machine vision algorithm for classification of fruits (apple, lemon, strawberry and banana) based on
color, shape and size. Li and He investigated the application of visible/near infrared spectroscopy
(Vis/NIRS) for measuring the acidity of Chinese bayberry. The model for prediction the acidity (r=0.963),
standard error of prediction (SEP) 0.21 with a bias of 0.138 showed an excellent prediction performance.
Therefore, the aim of this study was to predict biochemical parameters (TSS, anthocyanins, browning
compounds, total phenols, Ascorbic Acid, pH) of blackberry juice, nondestructively, during maturity process
using machine vision and fractal analysis. To develop predictive models and data classification, artificial neural
networks (ANN) and k-nearest neighbor (k-NN) were used.

Materials and methods: Eighty blackberry fruits from four maturity stages were selected. The fruit
samples were placed in airtight polyethylene bags, stored in an ice-filled cooler and transported to the laboratory
to keep at cold temperature (4+1°C).

Fresh fruits were squeezed by a household juicer, and immediately transported to the laboratory. Then, juice
images were taken with a digital camera CASIO (Model Exilim EX-ZR700; 16 megapixels, Japan) and stored to
the computer.

There are several ways to measure the fractal dimension. In this study, the proposed method by Addison
(2005) was used to calculate the fractal dimension.

Feature selection is one of the issues that have been raised in the context of machine learning. In this study,
floating search method feature selection was used (Pudil et al., 1994).

k-Nearest Neighbor (k-NN) is one of the simplest methods for information classification. In this study, the
Euclidean distance between two points was used to determine the distance between the input data with the
training patterns (Mucherino et al., 2009).

To train the neural network, Levenberg—Marquardt training algorithm was used. In this regard, the
data were divided randomly into two parts (two-thirds for training (60) and one-third (20) for testing
the network). Input parameters were Xa, X,, X, Y and S and output parameters were TSS, ascorbic
acide, acidity, polyphenols, anthocyanins, brown-causing substances and pH. Moreover, in this study,
the number of neurons in the hidden layer was selected by trial and error method.

After selecting the best features extracted from the image processing with the highest correlation with
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chemical parameters (TSS, anthocyanins, total phenols, ascorbic acid, and pH), a machine vision system was
designed and built to be able to determine the internal properties of black mulberry juice.

Total soluble solids (TSS) were determined by a hand refractometer device (model: MTO3 Japan). The
anthocyanin content was estimated following the procedure of Holecraft et al., (1998). Ascorbic acid of the juice
was measured by titration with copper sulfate and potassium iodide based on the Barakat et al., (1973)
procedure. Titratable acidity was measured according to the Eksi and Turkman, (2011) method. Waterhouse
(2002) method was used for measuring the total phenol of juice.

Results and discussion: Atrtificial neural network (ANN) and (k-NN) models were used to predict the
changes of anthocyanin (AC), browning compounds, ascorbic acid (AA), total phenols (TP), acidity, TSS and
pH in mulberry juice during ripening based on fractal analysis. Two features namely: maximum fractal and
fractal curve area were selected from five extracted features and used for training neural network and k-NN
classifier

Key Words: ANN, k-NN, Fractal Dimension, Biochemical Par
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Introduction: Maillard reaction is a well-known technique for covalent coupling of protein—polysaccharide which
is usually used to improve the functional properties of proteins. Conjugation by the dry heating method is occurred
during Amadori rearrangement step in the Maillard reaction where amine groups of the proteins are linked to the
reducing end of the polysaccharides. This glycation process leads to the improvement of solubility, foaming and
emulsifying properties of proteins (Liu et al., 2012). Protein-based emulsions are sensitive to pH and ionic strength
alterations as well as heating and freezing—thawing processes. While, joining proteins to high molecular weight
polysaccharides protects them against environmental stresses. A wide range of carbohydrates were already utilized to
enhance the emulsifying properties of proteins—polysaccharides namely whey protein isolate—dextran (Akhtar et al.,
2003), p-lactoglobulin—dextran (Wooster et al., 2006), sodium caseinate—maltodextrin (O’Regan et al., 2009),
deamidated wheat protein—-maltodextrin or glucose (Wong et al., 2011), whey protein isolate—pectin (Xu et al., 2012),
yolk phosvitin—dextran (Chen et al., 2014), S-lactoglobulin—six-carbon monosaccharides (Cheetangdee et al., 2014),
soy protein isolate-soy soluble polysaccharides (Yang et al., 2015), lysozyme-tragacanth (Koshani et al., 2015), and -
lactoglobulin—Persian gum (Golkar et al., 2015). However, based on the existing literature, it seems that conjugation of
Iranian native gums and proteins needs to be more attended to show their potential applications. Therefore, in this study,
conjugate formation between milk proteins (sodium caseinate and whey protein isolate) and soluble fraction of Iranian
native gums (gum tragacanth and Persian gum) was optimized using response surface methodology (RSM) and the
resulting conjugates were used in emulsion formulation in order to compare protein capability before and after being
attached to the gums.

Materials and methods: Iranian native gums were pulverized and sieved (mesh size < 60) after being prepared
from local herbal stores. To obtain protein—polysaccharide conjugates, dry heat treatment was accomplished at 60°C and
79% relative humidity at different protein:polysaccharide ratios and heating times. Free amino group content was
determined by the ninhydrin method described by Doi et al. (1981). To measure color changes before and after Maillard
reaction, Hunter Lab was used. Besides, possibility of stabilizing oil-in-water emulsions using the conjugates was
studied. Emulsions were formed by addition of oil phase (4% w/w) into protein—polysaccharide conjugates solution
(0.4% w/w) following by ultrasound treatment (amplitude of 100%, for 4 min). Samples were kept at 4°C for 30 days
after adjusting the pH at 3, 5 and 7 to compare the effect of protein—polysaccharide conjugates on their stability at
different protein charges. For optimization of Maillard reaction using RSM (central composite design),
protein:polysaccharide ratio and heating time were selected as independent variable and were studied at 5 levels. The
dependent variables were the substitution degree of free amino groups and color change.

Results & Discussion: Based on our findings, the decrease of free amino group indicated that NH, group of amino
acids in milk proteins was covalently linked to carbonyl group of the gums. Comparing free amino group reduction of
the samples containing soluble fraction of gum tragacanth and Persian gum also showed that Persian gum was more
capable of forming covalent linkage with milk proteins than gum tragacanth; probably, due to the lower side branches
of Persian, its molecular weight as well as its structural flexibility. Moreover, we believe the higher side branches of
attached-tragacanthin molecules might prevent further attachment of protein to the other polysaccharide molecules via
steric repulsion. According to the results of color measurement before and after dry Maillard reaction, conjugation led
to reduction of L™ and increase of a* and b”. In addition, higher heating time and protein:polysaccharide ratio caused
progress of Maillard reaction (especially in the case of milk proteins—soluble fraction of Persian gum). Based on our
findings, in dry Maillard reaction, the optimum heating time and protein:polysaccharide ratio were 8 days and 1:1.59 for
whey protein isolate-soluble fraction of Persian gum, 7 h and 1:2 for sodium caseinate-soluble fraction of Persian gum,
13.64 days and 1:3 for whey protein isolate-soluble fraction of gum tragacanth, and 7.82 h and 1:3 for sodium

1 and 2. Former PhD student and Professor, Colloids and Rheology Lab., Department of Food Science & Technology,
Faculty of Agriculture, Tarbiat Modares University, P.O. Box 14115-336, Tehran, Iran.
(*Corresponding Author: sabbasifood@ modares.ac.ir)
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caseinate—soluble fraction of gum tragacanth, respectively. Besides, the obtained Maillard reaction products did not
cause complete stability of emulsions at pHs 3, 5 and 7. Our findings also declared that attachment of polysaccharides
to proteins might negatively affect the proteins functionality, as emulsifier, possibly by hindering adsorption of
hydrophobic groups of proteins to oil droplets. Furthermore, homogenization process during emulsion preparation using
ultrasound could break the formed covalent bonds and polysaccharide structure leading to lower steric repulsion and
viscosity.

Key words: Milk proteins, Maillard reaction, Tragacanth, Persian gum
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Changes of bioactive compounds and physico-chemical properties of cornelian
cherry fruit during storage at ambient temperature (25°C)
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Introduction: Cornelian cherry is one of horticultural crops in Iran. There are about 1094.26 hectares of
cornelian cherry orchards in Iran and 2329.36 ton cornelian cherry fruit are produced annually based on statistics
of the Ministry of Agriculture-Jahad. Cornelian cherry fruit is usually consumed in fresh form, but it products are

also used in form of dried fruit, jam, pickles, sauce, juice, jelly, marmalade, vinegar, fruit roll-ups (Golriz et al.,
1996; Demir and Kalynoco, 2003; Gulcin et al., 2005) and syrup (Damir et al, 2003; Jayaprakasam et al., 2006).
Cornelian cherry fruit is a rich source of antioxidant compounds and has different benefits such as nutritional,
medicinal value, profitability and export values (Panatelidis et al., 2006).Total anthocyanins content of most

varieties of Cornus are 15-10 times higher than other fruits more that are used as anthocyanins source (Vareed et
al., 2007). Although it is obvious that bioactive compounds of cornelian cherry fruit are valuable, but there is
little information about changes of their composition and activity during postharvest storage. Some parameters
such as Storage temperature, light and exposure to oxygen have great influence on the stability of the
composition during postharvest storage of the fruits (Kalt et al., 1999). Since cornelian cherry is a climacteric
fruit, the aim of the research was studying the effect of storage and transport of cornelian cheery in ambient
temperature on physicochemical properties and bioactive compounds. Two ways of cornelian cherry
preservation are included storage of cornelian cherry at room temperature and storage in dried form.

Materials and methods: Cornelian cherry fruit is supplied from an orchard in the city Horand in east
Azerbaijan Province from a high yielding tree. After picking, fruits were sorted and held in incubator (25 °C) for
9 days and were sampled at intervals of 24 hours up to 9 days and physico-chemical parameters of samples such
as pH, acidity, dry matter, Total ash and loss of their bioactive compounds (total phenols, total flavonoids, total
anthocyanin, vitamin C and antioxidant capacity) were evaluated. In this research, the effects of storage time on
the physicochemical properties and bioactive compounds contents of cornelian cherry fruit during storage at
room temperature (25 °C) were analyzed by means repeated measurements in time method in three replications.
The results obtained were analyzed by using analysis of variance and mean comparison using the least squares
(p=<0.05).

Results and discussion: The results showed that pH and acidity significantly increased and decreased during
storage time respectively. It could be attributed to consumption of organic acids in the respiration pathways as a
substrate and use of them by mold. It gradually led to an increase of pH and improved the condition for yeast
growth. The results showed that after 9 days storage at 25 °C the amount of Vitamin C decreased from 1385 to
354 (mg/100 gd. b). It could be ascribed to oxidation of Vitamin C during storage in presence of air. Total
anthocyanins decreased from 379 to 195 (mg/100 gd. b) which is the result of degradation of the compounds in
presence of oxygen and condensation of them with tannin and protein compounds during storage at ambient
condition (PiljacZegarac et al., 2011). The amount of total phenols increased from 1237 to 2067 (mg/100 gd. b)

During 9 days of storage at ambient conditions. The increase of phenolics compounds could attributed to release
of them from protein and carbohydrate complexes (Doshi & Adsule, 2008). Prior et al. (2005) concluded that
increase of phenolic compounds during storage of fruits could be the result of moisture decrease and reducing
sugar content increase and their interaction with folin ciocalteu reagent. Also flavonoid content of cornelian
cherries increased from 491 to 943 (mg/100 gd. b) During storage which probably is due to release of flavonoid
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compound during ripening process in postharvest storage time. Also, the antioxidant activity was reduced to
33%. According to the results, it could be concluded that storage of cornelian cheery fruit in ambient condition
significantly decreased the bioactive compounds. Therefore it was recommended that cornelian cheery should be
stored in low temperature condition and consumed in fresh form in short time after harvesting in order to remain
nutritional properties and bioactive compounds.

Keywords: Cornelian cherry, bioactive compounds, total phenols, flavonoids.
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Introduction: Application of emulsifiers is important in production of good quality cake. Monoglycoside
and its derivatives, sterol lactilat, propylene glycol, Mono stearate, Mono stearate sorbitan, polysorbate, lecithin
are used as Emulsifiersin in cake industry. Emulsifier that is used as a gel form in production of cakes , called
cake gel. The use of gel cake in the cake batter increases distribution of air bubbles and resulting viscosity was
increased and form a better texture and volume of the cake.Today, crystalline alpha gel of glycerol ester with
alpha gel monoglycerides and propylene glycol stearate gel was used in the production of cakes. The stable
Alpha gel wiche made from a mixture of monoglycerides and polyglycerol ester glycerol have impact effect on
cake quality. The purpose of this study was to investigated the effect of Datem emulsifiers in three levels (5, 10
and 15%) poly glycerol in two levels (10 and 15%) and monoglycoside (60%) in gel emulsifier formulation to
improve physicochemical, rheological and sensory properties of oil cake. The color index (L *, a * and b *),
specific volume, texture and moisture of the cake were evaluated. The results showed that Datm emulsifier in
(10%) with polyglycerol at 15% concentrations in gel emulsifier formulation had the best result on quality
properties of cake.

Material and methods:The materials was used in the production gel Emulsifier includs, glycerol (co-Timer
Network Malaysia), sorbitol (Omid company) and Propylene glycol (Kimiya garan Emroz Chemical Industry
Co.) was prepared. Materials for production of cakes containing wheat flour ( Khorasan Co.) with moisture
content (14%), protein (8.5%), ash (48%), PH (6.2%), eggs (Telavang Co.), vanilla from (AROMA Company),
liquid vegetable oil (Laden Company) invert syrup (Simorgh Co) were prepared. baking powder (Mahsa) was
purchased from local market. Sugar with fine white crystals bought in batches of 15 kg and was kept in the Store
for consumption.Ingredients of gel Emulsifier formulation were mixed together Continuous agitation, the
mixture then heated at temperature of 70 ° C In order to prepare the cake batter, the ingredients were weighed
according to the formulation. The Moisture content of cup cake was measured 2 hr and 1 week after baking
according to AACC- methods (AACC, 2000). Specific volume was determined an hour after baking based on
rapeseed displacement method (AACC 2000). TPA test of cup cake was measured by A QTS texture analyser
(CNS Farnell, Hertfordshire, UK) to measure the force required for penetration 2h and 1 week after baking. The
color of cup cake determined by L*, a* and b* index, by using image j software after 2 hr, by (HP Scanjet , G
3010). Sensory evaluation was performed by 10 trained panellists and the overall quality of cake was evaluated
using a ranking scale with scores ranging from 1 (least pleasure) to 5 (best pleasure).In this study, some sensory
properties including odor, taste, texture and overall quality (total acceptance) of cup cake were evaluated.
Results were reported as the average of three replications (all treatments were evaluated in three batches). In
order to assess significant differences among samples, a complete randomized design of triplicate analyses of
samples was performed using the Mstat-c. Duncan’s new multiple range tests were used to study the statistical
differences of the means with 95% confidence.

Results and discussion: The results showed that gel emulsifier formulation with (10%) concentrations of
Datm and (15%) concentration of polyglycerol are suitable in gel emulsifier formulation, This formula was
increased the volume, L* index of crust and crumb of cake and sensory properties such as texture, Chewiness
and reduced firmness of cake and moisture loss content over 1 week after the baking . Increasing the specific
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volume of cakes is due to the formation of alpha crystal films around the air bubbles, and trapping air bubbles in
the dough. This phenomen was reduced surface tension of fat phase and improved spread ability of the fat phase
in the cake batter, thus increasing the volume and softness of cake. Reduction of cake Firmness is due to
interaction of emulsifiers with starch that is prevent retrogradation phenomenon. increasing of polyglycerol ester
concentration in gel emulsifier formulation, improved the moisture maintain during baking and prevent from
rough and wrinkled skins in the final product and therefore increases L " index.

Key words: Oil Cake, Poly Glycerol Ester, Gel Emulsifier, Datem, Physicochemical Properties, Sensory
Properties.
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Introduction: The edible films and coatings had remarkable growth in recent years to increase the shelf life

and to enhance food quality, stability, and safety and expected to have an important impact on the food market in
the following years. In addition, these matrices can be used as carriers of antimicrobials to minimize the risk of
foodborne contamination by pathogens and inhibit the development of spoiler microbes. Antimicrobial
packaging is a type of active packaging that provides the continuous migration of antimicrobial components to
the surface of the foods. Chitosan is a linear copolymer of B-1, 4-linked D-glucosamine and N-acetyl-d-
glucosamine. It is a cationic polysaccharide for food packaging applications, due to its unique characteristics of
films, including excellent oxygen barrier properties, good mechanical properties, nontoxicity and good
antimicrobial activity. Eucalyptus is a plant native from Australia and the Myrtasya family that includes about

900 species and sub-species. There is abundant scientific evidence regarding the efficacy of different species
Myrtasya as the antibacterial and antifungal compounds used in health products, and food industry. Using natural
antimicrobials are interesting strategies for reducing the use of chemical additives in the food industry. Essential
oils (EOs) are defined as a mixture of volatile water insoluble substances to be incorporated into the edible films
due to exhibit antimicrobial effects. Moreover, evaluation EOs on the physical, optical and structural properties
of the resulting film is also important. Therefore, the aims of this work were to determine the effect Eucalyptus

globulus essential oil on antibacterial properties (2) to determine the antimicrobial activity of chitosan based
films containing Eucalyptus globulus essential oil against S. aureus, B. cereus, E. coli and S. intertidis.

Materials and methods: The foodborne microbial strains were prepared from Persian Type Culture
Collection. The essential oil was analyzed by gas chromatography (GC) (Thermoquest 2000, UK). In this study,
the antimicrobial activity of Eucalyptus globulus essential oils (EGOs) was evaluated against two gram positive
(S. aureus and B. cereus) and two gram negative (E. coli and S. intertidis) bacteria by the agar diffusion

technique and microdilution test. The effect of EGO was evaluated in liquid media and vaporous phase too.
Chitosan solution were prepared by dissolving 1.5 % (W/V) of chitosan in aqueous solution containing 0.7%
(VIV) of acetic acid under a magnetic stirrer at 40°C until chitosan was completely dissolved. Glycerol as
plasticizer (10% weight of chitosan powder) was added to the solution and stirred for 10 minutes. The EGO with
concentrations of 0.5, 1 and 1.5% v/v was added to the solution and was stirred for 5 minutes. The film forming
solutions using a homogenizer (Heidolph, Germany) were homogenized with 12000 rpm for 4 min, then
degassed for 5 min and 25 ml were cast on a 10 cm diameter petri dish. After drying the film in the oven at 38°C
for 24 h, they were peeled from the plate surface and were evaluated. The antimicrobial activity of the films was
evaluated in contact with liquid and vaporous media.

Results and discussion: Minimum inhibition concentration for gram negative (E. coli, S. enteritidis) and
gram positive (B. cerus and S. aureus) bacteria showed 3.125 and 1.562 pg/l respectively. The inhibition zone
for gram positive bacteria was bigger than gram negatives. The effect of EGO on bacteria based on Log
reduction value (LRV) of S. aerus > B. cerus > E. coli> S. enteritidis. Thses results confirmed that gram positive
bacteria were more sensitive to inhibition by plant essential oils than the gram-negative bacteria. Our results
showed that chitosan film containing 1 and 1.5 % essential oil was able to reduce the density of bacteria. The
Log reduction value of chitosan bioactive film was increased by increasing the concentration of E. globulus
essential oil than 0.5 to 1.5 % in liquid media. The results of this work had demonstrated that chitosan bioactive

1, 2, 3 and 4. . M. Sc, Professor, Associate Professor and Assistant Professor, Faculty of Food Science & Technology,
Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.
(*Corresponding author: yahyamaghsoudlou@gmail.com)
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film containing 1.5% EGO can be used an effective antimicrobial film for food packaging in direct contact.

Conclusion: Chitosan is a good biopolymer for active food packaging. The result of this study showed that
chitosan films containing EGO could be used as active films due to enhanced the antimicrobial properties which
are important in food packaging applications. Films containing essential oil had unique properties that are useful
for coating of perishable foods such as fish and poultry.

Key words: Antimicrobial packaging, Eucalyptus globolus essential oil (EGO), Chitosan
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Introduction: More than half of the world's people consume rice. Rice consumers, especially in Asia know that
cooking properties of rice change with its storage. This phenomenon is called aging. The increase in hardness, decrease
in adhesiveness during cooking and decrease in solid loss, are the major changes in rice which caused by aging.
However, while some consumers prefer new rice like Japanese (Zhou, 2002) Iranian and many other consumers prefer
aged rice. The change in physicochemical properties of aged rice is caused by the alteration and interaction in lipid,
protein and starch (Juliano, 1985; Sodhi, et al. 2003; Teo et al. 2000). The conventional aging of rice takes 3-6 months
(Jaisut et al. 2009; Soponronnarit et al. 2008).Yet this method needs more space for storage leading to high operating
costs. It is necessary to examine other methods that can reduce the aging time and maintain the rice properties similar to
those obtained by the conventional aging process. The process for accelerated aging could be developed either by dry or
wet heat (Rayaguru et al. 2011; Rosniyana et al. 2004). The dry heat method was successfully tested with heating of rice
in high temperatures in a closed container (Battacharya, 2013). One of the basic problems that occur during dry heating
is that any moisture loss leads to cracking. Although the concept is simple in theory, it is complicated in practice.
Another drying process for accelerated aging of rice employs a fluidized bed dryer. However, this may decrease head
rice yield (Soponronnarit et al. 2008; Wiset et al. 2005), not to mention the fact that these dryers are rare and expensive
in rice producing countries. Hence, wet heat is more practical and economical in the mentioned countries. The
environmental optimum conditions for accelerated aging of Basmati paddy, at temperature 30-50 °C, relative humidity
50-90% and aging period 3-14 days, has been studied and reported to be 43 °C, 71.0% relative humidity (RH) and 11
days (Rayaguru et al., 2011). Parboiling has been implemented as a method of improving the quality of rice.
Nonetheless, it is a lengthy process involving soaking, steaming and drying, which results in the complete gelatinization
of starch (Gujral, and Kumar, 2003). According to the importance of accelerated aging, the aim of this study was to
evaluate quality attributes and physicochemical properties improvement of Tarom variety of paddy.

Materials and methods: In this study, Tarom variety of paddy (a local variety, with high-quality and large area
cultivation in Mazandaran province) was chosen. For accelerated aging, two methods were done: Steaming (or steam
curing) and controlling the environmental conditions. In steaming method, the paddy was divided into two portions. The
first which had an initial moisture content of 24% (wet base) and the second was the paddy which had been rested at the
ambient temperature allowing its moisture content to reach 17%. To accelerate aging of the paddy in two moisture
levels i.e. 24 and 17%, the samples were treated by steaming (or steam curing) for 5, 10 and 20 min, and then both of

samples were dried with fixed bed dryer at 40 °C until the grain moisture content reached 11%. Afterwards, the paddy
samples were dehusked and polished with satake miller apparatus. Milled whole rice kernels were separated from
broken rice for evaluation of physicochemical properties. In controlling the environmental conditions, the samples were

dried with fixed bed dryer at 40 °C until the moisture content reached 12%, and then stored at 43 °C and RH=74% for
11 days. Similarly, to produce white rice, the paddy samples were dehusked and polished as mentioned above. The

control sample which had an initial moisture content of 24% (wet base) was only dried at 40 °C to moisture contend wet
basis 11%. Several parameters including head rice yield (the percentage of the mass of white rice that remained as head
rice after milling), hardness of raw kernel (the maximum force for breakage of raw white rice), color (b value),
chalkiness (weight of the kernel that had chalkiness over one half of the kernel surface in 5 gram of white rice), aroma
(using hedonic test), pasting properties (including the peak viscosity, final viscosity, breakdown viscosity and setback
viscosity), texture profile analysis (TPA) and thermal properties of rice (the onset temperature, peak temperature,
conclusion temperature and enthalpy of gelatinization) were determined. The resultant data were subjected to the
analysis of variance using SPSS (ver. 19) software. Duncan’s test was used to establish the differences between mean
values at 95% confidence interval.

1. PhD student, Food science and technology, Researcher of Rice Research Institute of Iran, Mazandaran branch,
Agricultural Research, Education and Extension Organization (AREEO).

2. Associate professor, Department of Food Science and Technology, Urmia University. Urmia.

(* Corresponding author. E-mail: m.esmaiili@urmia.ac.ir; esmaiilim@yahoo.ie)



807 o) o8y 5y olooniigy b Sleoguas p (il iliskn soia] 3 1436 (ouiy

Results and discussions: The quality attributes of the produced white rice were compared with that of the control
samples. By doing the steam curing treatment, solid loss of the rice decreased, adhesiveness decreased, gelatinization
temperature increased and viscosity changed. All of the mentioned changes were similar to the alterations that occur in
naturally aged rice. By controlling the environmental conditions, the solid loss decreased and the elongation increased.
According to sensory and apparent characteristics including aroma and chalkiness, treatment by controlling the
environmental conditions could be recommended. Steaming treatment for the three levels of time led to complete loss
of aroma.

Key words: Rice aging; Cooking; Texture; Pasting Properties; Thermal Analysis



Iranian Food Science and Technology @ . . T
Research Journal f § oot Olnl 2lad gluo g pale GLetmyfy 4 i
Vol. 13, No. 5, Dec- Jan 2018, p. 808-819 A i 808-819. o 1396 55 - ;31 5 o,lois 13 wle>

S S o Lo b S il

zr..aw|".abﬁ |J.€a° —*ld".ﬂ r.h&‘
1395/02/17 :5b 53 b
1395106120 : 1y 7

2>

o0 Sl s ol ) dgpm sloudy IS Slse sV b 53 S (sl rlio 3Suls 45 Gl L 008 (05 S Loys 008
s sy el (555 PHe 35 <)) obosdse jd sl S 52 (2053 100 5 7550 25 aus o 1) ;55 o jSels lyisds boys
oS ol oLt ool 3T gl (28,5 )8 oy 3ysm (Soxid S (LIS B 5 el il gy (5)) o 5 (il 5, 5 gy ) el

OaoY 90,8 33 Loys 0y Ao yd i3l L aS oy lis clialie sl 039y Jb xe S s 5 (bosdsSs 38 Glusgad j boyd oyud 43U
=59 bl oy 1S Bl (il (50,8 g Cl hw gy iy g bl cwe Sliliel 5 60y (s < J5d5s PH ¢ S5 il (S
9 32MAT (s pas) SoS il g diwgy Ky Sy (cesSe yio oy pyS O/5) areusls Jade o ity ¢ (Mo yd 19/5) Jsdsw (asyn 19/2)

ot S e 00 a3y (JHSS 168" sl

Sl g (e sl Sy 1 5L waw phals W el dosdo
Ll ,o .(Frye & Setser, 1992) ¢ sliS aalys ,36 J

ool > 30 Jypae . . . g .

et ale ol 5lS s s ilte S 5 Sl 5 elacslen jop ot ) 9 s ORIBN Y J S
N e e by il (Bgpe (B sbagsjlon 9 culd oy Lad (Sl

ool b)HgnlmuYW ).))g.wd)&b u|9.&du u)y)l ch " Sl el | P i

Jsoss 55 Jsyins) 3,8 (Asghar et al., 2006) cuul 3,5 )3 858, ) 2l B Sk ol pie clan 4y )5 1

el il oniasglis (2003) oSean 5 Lin L S5 o=l il el slaly 51 (S .(1979; Johnson & Yon, 2010

j o © 1 50 e S5aLS el ()1 oS (slblie b e MSie

9 oS msb bl (1992) Setser ¢ Frye .cul o3 XS o - ‘ - ”
2590 0458 e OS5 L S (Kl 5 olie OY gae
uaﬁl))b d)ﬂf ul).uO L)..Jblf &w L;.vl.\n uYyaDu .\Jy 2 09)'19

W55 )15 S 30 oSy (Lo L ey us Sis

a8 by, S8 3 VU 35S 000 b )b cuyd b S5 LSl

LRl 5y 55 2 W 3550 L 0P e LSS sk (NoObors, 2002) 5,05 JLu> 40 5 |y aMow canndg 9t 5
JS 5l 2o 10 B 1) S 13,8 dgame e cuslig ool

JLos a1y LS 500 ) b oy g Cagby (iol38l oz
[(Manickavasagan et al., 2013) &S’ o 4uogi

oy 03 ploul sla oy, (JONNSON & Harris, 1989) c.uil

1997) Bakr Luwgs udlo b 00 6 sl b g yrad o guas

(1997) PO A TSRO e TS a5 el S el i cslaonyslp j) S S
lrog, S b wg choo i ws jaloay YU Liws (o )Ble 4 dngs

5,5k (Rosental, 1995) 5,5 o )3 G puas 3y90 dnels cilise

Awg 9 gi) ‘\Jl) UJIJ..C w))l )l W) AJ9) dllbub as b L)L"‘)
4 oo jl edlitul 13U addllas 039y I8 0 (cowlio cdly 5 Jle
DSt 5 s larmalil Loy g, (S 5 555 psSals oo
ol 9 ¥ €9 O ) Qe Olys .
el 0o 5 039s S yamVg0s 3 skl LS 5 §
0S5 sl 4 e sl oy Tl 48 sl oL (1391) 0ol 09Ye 9 0390 K Ogege® 3 (oulud 5 Sl S
oS o 33505 st |y Ll ol e 5 it |y WSS il Sy 5 02,518 o2 SRl g (925 )3« SUS b 9 55

, _ _ (e glio uiine 5 pdle sy bkl (olie Sge (5eiss (sl -1
soled CL g diogy S5y (392 oy e LS 35 S5 (2L ol eSS sinls g oSty o s55LS St
2 a2l adg ) (el esliwl g sald 4 Cuws byjle ol dgd oSl sy SelSe wdige )| awlid S atssol ls ~2
Jislw g wglle sl (2006) Filipsev ¢ Simurina adlae ey
oMo e il casly s & 1y ond )5 Y gaste canlio (Email: mayoubi92@uk.ac.ir s oy - *)
DOI: 10.22067/ifstrj.v1395i0.55738



809 olois S5 2 o2 oy b 50 S

dloms 4 ) Kbl log )5 20,050 455k (1392) o) lSen
Slgs bl S5y 5 S5 3l s 5l (oKl aw o ik
— (2003) )l,LSan 5 SidhU () oLt A 55905 iyl3-5
9 s Bl Sy CudS p b Lop oyt b S8 S0l
oSl JolS b Lo g gy il 3 &8 (aladisad gy oo
bl Y D 0 S

Sz 4 2l oasg le loisdy S5 09 culio a2 g L
9 & oou)) SCSS deng Cuonl s YU (glasiss (55l ags )
DS (cllie 55 5 YIS ol beh daws 5 laaithh glgl Ly lito
L Sed o8 (o) S5 W calie slaossg p3 Kb B pan
B S (S g (5 S SRy (orp g Loy 0wl edlitl
Cusl 0392 (g

B ywig; 9 2lge
S5 pu8 2) GBSl a8 51 g 5led S5 5l Lo 5 0y
S e Wi sl 55 2)90 adgldlge plo kb ang oS
GlnrShs L yis a5 i oleS a5 g (slaolStg0
loys 0305 s S35 2 Jgdo S A5 5 o0l 3,90 piS )]
ol 1y aals S ag (sl odlitul y90 (g g0,9 3 Jgas g
il 10,5100 575 50 25 (slacuns 4 Loys 0y 2o oo

9 <l

B o (613808 sladigel ¢ 59 il duo > (6 S0l gy
ar a2 Ly (Hp Cdl oy up g 00D (g iy Sl
9 dJ..wlsl) b A wbre sy jlan g Jb Lay g5 M3
.(1391 ‘Ol)l&o.b

pH
A (6503031 2553 o )les ol Lo 5 kil Gub S pH

53
Oy LSS oSS jre Jodss liae (o)) yslaiedy

HP Scanjet Jao ySul bowwgs (6 155y guad . 03l 4 guas
04 ApS )”Laj' A (:bol 300 929 L o )9“5 cslw 2400
o 8 Coond 0,5 Jd L )5 5,5 Image I ,léle 5 ,Lasl o
@ G S bl Jas a8 bl S b paw glas
ol (1 JS8) 00,8 Jlb Jljdle 5 (29995 o (29393 prslas
S dple & Sl S)U g (i) b I las goore gl
2 aiged J555 Glise I (adld plaie 4 S0 4 () LIS
Oy A3l iy Gl i 52 oS Sl (s D9800 3]

A e |y gz o5 S

(Bloy S phals jolated wliiaden yolis jl (S
Ot b b (lig dlse (iluaslel 5 laogie (6554
ol o138 dlge > S5 5ol lp Jlobl ogee Loy sl o
5 1) oo OB SS9 p33e 5 il Ailjgy 5 3 S
g b ugmd g Ly s 4 Lys (Jain, 2012) xS e )]
Oyt 38 (Vb )l (lgme g coly pian ggrha jloso pabo
B dag )90 cilie (glie SV g )3 (oo 0AIS (e S
A S e g0 (1384 o )lSem 5 (Lol (5y255) ol a8 S
A G5 2oty 5 6oy 55 qulty (oa] a5 Sams dlge
Sl e limg S corf) Gloyed cosl (28 )l C 5 B
35 e Lo s 95 00 Bl )] 53 y939 4 0y (sladpusl il
9 el Sgid cilumngii] «Silige T 5 sl 51 S 5
9= Ll > s ogee (ol cpioman )b oas 5L g 5] clasl
o5 Olie 75 9 (Sane dlge g bappaling o)lamgy S 0L o olio
ol i e Slalllas sl oaliwl BB pasa a1 48 50 g
«5psl oS 5 sl ado 5l Lo Sy 5l ()l A3y oS
Lot bwgi (63Laj liwe @ (o Wigallo g (kg ol
JHS Lag B 3 Sos )3 Wl oo Loy 09Meds g 298 0 igie
ol jl S ey o, (Khaled et al., 2000) uS™ sl
395595 plal (x> a5 5 JL s & Ceslo B (Sle Y guazee
(s3I0 s 1l o8 T 53 55 18 103 Lol el 35915
crlpl )0 G5l gl 4 Qo el s 53 9558 45
st Ohlen Gl (mlie 18 (o3 (551 o9 L (e
9 yhund ol cupnlly S1glh8 e Loy 00 ¢ ppizren A3 0
oles 50 olels g Ady i, LSS w0l gl g 3)b pal
5 i) dg)0 lombiny (gahe (glie pluiallw g 23y
o Jyame cuiS 5l duoys 60 sgus oS bl 51.(1392 o)) S
o5 9 ojhl ) Lo jl a5 amd co S by oS b Jpaea )
Oml 38 Olise (39 Y 4 4295 L 35 5 ML ged Bpae cunlie
75l Jgmazme 5l st nl 5l Loy 08 Mg« Jganme | i
Loys oy .(Al-Farsi, 2003) ail 0 48 yo 4 (yg5d0 (g3Laidl
9 S oI5 ojugan) B LS 5 g (s el | (a8 (Jgarme
gl > (rnb A8 ite glyiear o 3l oolizl o wilboe (j95575,8
Al-Farsi et ) cowl 485 )1)8 ang5 5590 jlms (ol &Y gae
L oS5 5l g o 45 ol S5 45 p3¥ ezl (al., 2007
sl Jgmame (2l )8 Collasls S5 9 ol ol
S a0 ) gl 3l o0 S9ame | (i slaod gl b
o cdlad (claySs @ ang b aS ol Lis (1390) ) 1Sen 4
Lo glo a8 003 00 (2 jS0le L a5 5 o (sloi2l5)
g 03l57u b .l 039w (pycwslio Y S > @yenl b



1396 g5 - 37 So o 43 alo> oyl 22l3é @bus g pole Glecing}y 4 pis 810

Turabi et ) a5 (5, Sojls] Ladiges J5d55 do)d 5 duwle
(al.,2010

ol iy (o0 yliee) €8l 3 dgng0 ilyas 500 &S Cunlize
G oyl )38 oy 5 Analysis Cowd 3,5 Jd b Jos ;o

PBrae o8 3,1 (B Sh9-1 Joa

(30 2) Cugb, (30 1) gk o (595 (30 ) yimS'5- (30 1) (5921
13/8 31 0/9 10/1
lo s 0y S S319-2 Jgo
pH o9 T T 3¥592 ] oSy FuS 6
(a2,2) (32,2) (EWD)) (EW)) (EW)) (a2,2) (EW)) (W)
4/5 1/5 0/1 0/28 33/1 65/9 76 1/5
LS S5 an¥ 90,8 -3 Sy
O gl 28 2y S o Eron>d o9, S 3 Ol 5
2 1 195 18 18 2305 oy

(529993 1905 ~ & S PSS p19aai — 0 (S 50 =) 19S50 W9y 42 0w LS yigead diged -1 UG

Sy

Lab (5, slad jl slie mlio slayimgh ;5 3)l50 ST )
9 3)b il i aliie 3 Slas (S5 piaannn () 2294 o 03ldiun]
s 6 g I Sle (SO) slalad plo S
ol 39150l @ adlge polie a3l o 95 JolS LulSs] Jolee 100
S S5y Joles (o y0lEe 5 30,8 STy Joleo «uto yolio g
93y; S5y Jolae cto polie g ol 395wl b yolie .ol
i g LT oL o 5 dtwgy wb (S8 (cladiges (S SS,
@ boaigad C8l g atwgm D g L slaygS 5 <85 )15 o)
(Celik et al., 2006) 15 (¢ ySojlul a5l b

> 2yl
5 i) <8l ol Gimgss cpl 53 adllas 5y90 s i
S5y 058 g Cedlas ) gy ) kg plSn 4 oy

and]d
9y SeoS L Ladasiges oo Il iy (6503103l (sl

1225 duile Wadigel dipild (s 9 33 e 0501 b (23Rl
[(Sahin & Sumnu, 2006)

Cagby
503151 2553 oot oyl e 3,150i) o S8 gl

el

Lo 5 5l o 59y 8 94 (im glite g, 93 55 S by
b sb)l ol 8 1 i lo o ] giwcdl olKawd I exlizal
A o bbb o o ladiges linl .8 )8 )13 )l 590
Sy AS.» ]a.wy B LA 02l L)“’)’ )a.Au’_uLw 2/5)(2/5)(2)[:.)]
L 03,8 (6 )A5 )b &g aoass yio 5Lwl0X5 slal b (lasin
15035 03,58 1oyd 50 l5ee 4 g 4ddd )3 yie Lo 50 sy
(1391 e g (g1l



BLL gt 8 3 Loy o b 55 5500

S92 Bsine S SIS 1 lop0ped b S8 (03Kle 36
Oiali3l 00)3 25 o (3 Loy oyui b S5 il (P<0.05)
Fiele g yodn Rl L Ll Jls 4 ) Jobss
J5il55 e oyt 45 (5)9b 4 10 anlS” J5d5S 5
byiye J555 (im0 (a8 g 400 25 (ke s 4 by
dlie gl 4zl (4 JSL5) 592 00 100 550 s &
525 uiSily goaw ;0 S5 1y (5 b sine BT (il
o 1 K5 oo 4l @ v g bl ol aals b asys 50
(ool YL ek ) Lol 3gy sl 5 i 003 25 0
SIS S e o0 a4 ilate axis cpl Bl ialS w2
100 5 75) Lo 039 Lt 55 (sSole sV gshaw 0 ligd
by yped 3 J5 Bai p 0)9r (slayed (it Sl e @ (o)
ol o )55 (1392) o) en g o3l5500

A 13

o Ll col oad odly (Lis O S 5 a5 b len
Grge 2oy 20 51 VL gshaw 3 b 0pd b S5 (3S0l>
o oy sties o(P0.01) sl 0 (.S atpudls [ iine a3l
o i 5 2> 100 Sl o & bgpyo S8 s
D9 203 25 o 5Sols maw 4 by pe diasl

Loy a8 sl o Rl b oY S5 oo oS
015 UiiS 3 (1390) oS 5 sl cdan] clallas
Py 5 4l jeSun g Ol yposd Ylais! g oaiiSslsl slaaid (15U .cul
Ohli8l i) g e alS el cle Wl oo et (oo
OhlSan o LaslS caenl) 13l L3Sl peas tls8l L azeals
> g e ielS (Almana & Mahmoud, 1991 <1390
3 Las ol 3L S Sl gl G L o e
o) el ons 3155 (2013) ), 1Sen 4 Obiegbuna bawg L
S Loy ol 3,1 5 56 Lglsin icaly a8 ablB s
oL o ials cde 1) 5B a9 (lise (RalS om)d 5 jese
sl

Cogb,y

LS5 il o caslasg o1 (S iy U1 b
slejsy 3 g ey il ) SIS Coghy e (138l Lo s 0yl
Sl 4zl Jos 4 ol 4y Cons ()5 5l dm i 5 p)lea
CnieS alb (51355 5,8 54 5l am 5 o 5l ey (P0.01)
e o bgye cygby Hlide iy g cudb |y cogby lude
(6 JS) 592 00,3 100 501>

Cd > gl ol )3 i) oo (SIS sty (6,0l
5555 55 Ly Sy iy o) IS i 5 (ol
oobeie Ly s Slio (L)) a5 (g slo S ol
s 5 g oo 4 chwgio 3 b 2 wyjlons 1) (clabais 5 Ssgan
Obiegbuna et al., ) ¢35 & )90 ,Sig0jl 10 Loy (g5

(2013

Wesls (5 lof oo 41325

9,053 0 Balar MalS )b LB 3 kel camday glaoshy
dunlie Nas J o 9 4 jo0 Mstat-C 138l 5,5 oS 4y
a5 plosl 2035 s 3 S 30 b LSl

59

o (3l aw il o8 3l s uilyly U] ol
4 f(P0.01) 5,5 by ialS ()b ime yobas (g <l Loys
10,5 100 (s ges 4 basye (39 il Hlade oy yieS &S (g y5b
oials cde (1391) ol Kan 5 (soommaldl (2 JS5) 395 Loys 0 pais
oo b S8 (30l mhaw GBI L (a8g) S5 (g 8
U g Ggr¥g08 3 (Gdme OLS 5 g gl 48 liee ]38
g e )15 5 e (a5l SLS 5 5 g Cagby Lais o Ll
5 Obiegbuna 553905 oyl GlaS 5 ol (YU O (65le55 cubls
b e Lialidl e & Yiazsl a8 szl gl (2013) K
J2B Lajesie bwgs (ool 4 o juSB 5 (02 ¢ (S5 Pl
e o sy g Ol G g ol dom 5 g A 52055
oL 0is et Gl )Tl S (o jSole e Sl L ogh,
ol aidly il

pH

o3 s S Gl 5505 85 3 s iy 30U ol
s sladiges PH Hluis (3 JS3) 39 )b sime S PH s Loy
Cpyinr (P0.05) 392 18l 51 3208 (gl ine ysbo 4 Loy 0y
4 gy PH jliis s iaS 5 ol dged 4 bgyye PH Hlide
Uisu p 4S5 johailen g Loy 0y a0y 100 gyl (sladiges
B g el gl PH Gl Lo 3 058 45 lsie Laig) 5 Slge
s LS 1593 (0 5le o GIEIL ST PH ials
PH ials ;5o (1390) l)lSen 5 (A ool )y il
el an i eV by mle 08 355 L Y SS
5J0NNSON Lo gy (sduul 0390 ;0 Loy 438 5, od oy
ol o a0l g 515 55 (1989) ), Ken



1396 5o - 37 Sojlois 43 al> oyl 2lié @bus g pole Slesig} 4 pii 812

oo a

b ab
Ya g
d
Y
1.
2 i
4
§ o
. Yo A v A\

(40y3) (g5 pelas
S5 (539 Al 2o b 0 s g 12 S

a
ab ab b b
#
¥
=
o
r J
T . T T - T 1
. A 'Y va Vs

(2053 (52235 las

S PH 3 Lo 0y o g ghanw 51 -3 S

v
= a
Y a ab
ab
Y& b
_-iy. ]
2
3
3,
3.
2
. Yo LR Vo A}

(3-23) (o5l gl

S ol '"xlo,&b»ﬁdl&u’“' C,bnﬁ;‘_4‘}§-$

a
+/d d e : !
PR
&
g -
o ; .
. Y2 2 va Ve

(303) (a7l s

3
3

Ps5) digmd

(caSa

S a1 2 Lo 0 yuns Cilitis g glaws 31-5 JSod



B3 ot 8 3 logs o b 5 500

9 0D Yl (390 S Lail )l Lo &y Cond Lojb 00l (slanid
b a8l SIS cngby lime il O Spos s L
o=l cosby oy gl (1384 ) Kan ¢ sl s y205)
ohLSer s Manisha cliiss gl L aoliie J5g,y ikl
(2000) l,Len 4 Zoulias (2009) .)l,\Sen 4 Pareyt (2012)
3l5 (1393) )L 5 olys ybg 5 (1391) iSan g (staels]
D 0l 3 liwe Gl (1390) ol en 5 (A5 0!
il GRlBIL Y S cosby Gl el ) cogb,

W50 Gl S0 boys mle A8 liue

C

(20,2) Caghs,

b

g atwlis el Y5 (clod Liol38l Lo 03,913 13,55 jein

S sk gors dm dmmiiys 5 0dd (B (gmelipls slod
was 8k il (Kocer et al., 2006) 1les o SoS Jguazme
Ll (J5-SUge 039 9 ol ey Ol in & lmoniiS e Joles
O i 4 bl b, Sle JoSge 559 (il Loyl (S
B Leop o b 13 39290 45 0dos Cannd b o ]38
o5 Sl Mo 5 (595598 5 S oI5) oariSelal (o) Logige
Sl slasSse b S 50 09,5 Goo 51 ol adl oo 5,5
b (JoSlge jlidlo & aagi b S (0 )50 (9 rken Ngn
cshobe slaog S (Il L oo Jlaiay S5l 5 59898 65, L

LEEF
B 5)aefi g, F 5l

O 5055 55 A jl e

b
b
c o d
-
AW
. Ya

de
(3e2,3) (255l

(3535 (5 foine IS S0 b 005 5 33y 2 53 S e By s o) S Cutshy o Lo 00 ilisio g shuw 31-6 JS3

ool s 00l s S cdl aw

B9y ne LS Layd 0 d (030l o (]34l

Loy oy (o3l 30 (P<0.01) cuily JWd & 1) S diwg
Ol S gy (5308 20p0 T s U o 0 (2 S0l>
o |y Aoy (5508 Sl 2005 100 s )5 (350 Lol Ly
P e oy b me OB Sk duglis ol all cad
59UT gl ol 5Lt Logs oy by 1S5 2 3Sls Cilises pglaus
Lo o b S8 (jSle a8 ol (LS iomen (bl
i Sl e i l8l L (P<0.01) 5 o sixe S diwsy (63,)
by (6355 Gnydi 45 (6y5b 4 108l ialS gy (63 ke
D 20y 100 05Kl o 4 bgsyo (63,5 (ppieS g aalis 4
b3 GuiSTy Olise (I3l 305 9 gl 8 2529 ¢ (S

el
S Jroio iy il b (bl S5y e Y gase
Slarodady )led b sl g ol (aliendsS jud lss (6w
Srb jl 2lpls eV game (Spd ol (Rl (Sl gdioe
5 i gleodny Gkl (Sl o)l JLis 4 |y saiS S pae
ot gl lline S ool JUEHecBl )3 Slyis Jod 5l oo
03,91, o220 S5 lip! (o slatiSemy 5 ((ogmeldlSs )
LS 03 (et dbml b Sle ]l pasis L6
O AgS A yoxie (g Cbll g las 0jo uab il
il $1(1388 (hlSam 5 (rob) 290 C5y Y guaeo
osine 61055 59,8 9 4 5l Ly S5 L i g 0ped
i Gl Lo 0 ool o Sl (P0.01) 35
lasan il JLss 4ol )l s, 8 5 4 5l S
gaw QRlRIL Jd5s e (RalS 56 g po (il &S oo
gheoeldl) sl 039y 8L o815 5 e 9 (IR Cle 3Suls
= Loyd oy i liseo ol w 31 7 IS5, (1391 () )Se



1396 g5 - 37 So o 43 al> ol 22l3é @bus g pole Slecing} 4 pis 814

oy b S (R amd e LS S 8L (dgy ]y Los
codly LialS gl e jeloa 1) SIS bl gy Loy
L by (shop8 (yialsdl oims ylis uib g U1 gl .(P<0.01)
oS 5ygban (PO.0) 590 Lojb o) (20> o (i3]
S 9 320)3 100 (S0l s 4 by (53058 0t
3 aS jghailan (9 JS5) 3gr salis 4 bgryo oSS il (650,
st Lo 0 b S5 (30l 58U casl oad oo oLas 10 S
8l (6,5 45 )51 .(P<0.01) conl 03 o gime S 8l (605
Lol 3 31 i o oy 30 2o dad 3 S
JLis an 1y S el (635 Liolisl aoyd 50 pdaw U (03501
Cdl ()] pialS cage (bl o jule R cutl
logd STy ploul (1390) )y Sen 5 (g5 (caen! i S
Oljee oo 5 Loys 0aimd S o3l (gloid @ jglme ) (i
DRI S8 gy pials cle |y Lop jed 3 39250 K
e (ol g5 A5age5 ol Lo ulo 45 3ol gl
Lo 90 mbw by plead 3Kl a5 o L e
e jd (605 Lal aly (iolidl sals any cauws 1) S (605

sl gyl me OS] sl b aoyd 100 030l

Yo 4

Yogihos

e

-

Olye S5b sl 4 Mo (LR b ST gy rals e
GRIPBIL Jpame (g30)8 Gl g (63)5 9 (Hbgy LRalS K290
Tob s J> 4 Dlgd (gm¥ge)d 13 Loy 0)g (K>
aoml )3 9 Leyb o) )3 39S 9,3 9 S oIS eaiiSlal (lanid (YL,
(1392) 5o 5 ol s 85 cso csln 5y il
il gaw (RIEIL d2dlS (S5 Ghalidlcud ol ()15
5S35 (2015) (), Sen g Alsenaien lowgs Loy oyus g
Lo angl 03)) pialS 5 5)8 alidl ol (ul ol 003
G hlepopd by ey L S8 uSile aw Gl
Caliseo ol p 5100l Cans e T ol Glogd (sla STy
P o S5 dlwg (63)) 9 i) gy 2 Loy oyl

ol oas odh L5 10 59 8 oo IS

S el S,
Sp P epll (Shy Sere dlyea @i ol )
Lo 1y Jgmamo (S5 codtiS b e el ol 05 g phae o s
Sjlise bytpe ol Glandss Sleogad 5 )58k (ol (il
oy L ,Ss uols 518 S (Pedreschi et al., 2006)

a
a
18 4 be y B b p
= c b B s i i
B ﬂ ﬂ ﬂ o
3 o '
. ¥a d v Yaow

(et 3] o= Pl sl

(35,15 (sl sine MBI K00 b (651055 51 5g) 2 53 Syt By o (shb (sl Sibe) SS CAL (i 3 Loy 0 s Ao 7 ghans 1 -7 JSd

~ B
-
'gﬁ_
-

W s

05 <dl,

b b bc b b e
d
b L4
™
- ﬂ
Yo oo
. Yo O L) A

(20 3) g2 ol

(5515 6 o OS] S b K5 (a3 S e g (sl slosile) (L) sy 2 Vo s cilien g 31 -8 JSh



815 s 5 5 Loy 0w b S0 S0

Yo El a a
4
Yo 3
-,
_1 b B b
9 e
E c
L |
. ]
& 055 el
B 3 va |

(e ;2] ._‘.—‘Ji:b' ol

(15515 6 foimn BOEST S b K5 (Sl o 53 St g (sl slasi) () 5505 5t Lo e il £ gaus 519 S

¥o o

Yo o b
be
LR

14

Y& o

®) 35
1

cd ¢

B SS ag,

O .5 il

Ya 8

va You

(4o)3) (255l gl
(3535 (sl gme M) 1S5 b K8 el 1 Cannnd 50 Sy By (b (slaySile) (D) (63,55 39 Loy 0 ymd Blisio gbanw »31-10 UKW

cal

e U LS el el Ll ly 3UT gl Lol
ol ol sals Gges b1y ()b dxe BM3] 2o )3 50 50
ol gixe yob 4 SS bl Ll oS 0,0d YL zolaw ) Ll
S5 5 e ol & 55 b (4 Jpia) (P0.01) 55
Slgi oo Lo s 0y Lo (il 38l b Jgae (53,8 Gialjdl il
5 gl cdan] Slllas gl b dongts oyl iy LtlS ol e
2yb cilhe (2015) ) Kan o Alsenaien 4 (1390) ) Sen

b
Sazol Lo g oy o Gl33l Ly a8 ol L ab (903l dos
o @l L 4o (5l (PO.01) cdly [tals S ol
2 9 s LialS ol célke (2015) ,Sen 5 Alsenaien

ple 18 00l maw Ll L S wab Ll gl ases

o (b))
Wwgy Ky

oy (el o GRISIL &0 (i oS (nl b
2534 a3 wdl (P0.01) il pals atwgy ) jlisl Loys
50 525 Lils ol ) diwg Sy jliel M) &S
03 Sy (S a2g (B Jgie) 295 o gme sali b ao >
s ©pglome 5 ()1 (slogad o iy oy 5 9 Lo
Wy SO jlitel (LlS oy 00 3 j9iS9)3 5 3S4IS eaiSLo
s L]l 593 Las oy (23S0l s il b S8
by Loy @le 38 gl Gl L S8 ) el ials
0L atgy Sy jlzel (alS 5 (1390) ()Son 5 (A5 0
Obieghuna Lauwgs Loy b 51 b S5 (2550l adaws (2al331 L
ool 0ad 5)l35 55 (2013) )y



1396 5o - 37 Sojlois 43 al> oyl 2lié @bus g pole Slesiwg} 4 pii 816

ol 005 03D LS OIS 36 (1390) o) e 9 LadglS (cren] g S 5 Loy

4 Josn 3 pab el p Loy 0y caliseo zolaw .ol odds

5 oy g b (Bl ) Oljlitel g b pB 0 g Bisie gl 14 Jga
(85,05 (5l gime BB 0S5 by gylol Blod 51 g )3 S o Gy (sl (sloySilie)
IS oy sliel b jliel Gl Lkl Ay ST bl Rl aw

45 45 e o5 0
43 e 43 43 25
42 42 422 422 50
3190 319 3/gpe 3gee 75
e 3 36 36 100
i yulai Mo L LU s 4 cogllas (65 Shos sla Shg & iy
5 595 gaw Ralily (Bl (s dlud (B clag)lo (05> 3 L IS Uiy oyt g e Olao gl adllas
i'i';‘:ijfr:"j :}')’“ij:ﬁ “; f;vi’;j S S o il Lt 0 5 S o L
o o 1 S 4 s ol e g ol Sl 25 100; 754 S s 0 S ol ik
U5 o 50 g U5 sl oS5 55 55 Sl s u—‘“’))" @ . ( Js») ( —OO ) 39 ogize 12 L (:s"J)'i) .
, S iy el ials s 5 (1390) olSen 5 (g5 (sues]
il S5 g5 ol ooy Sleogad g i clael i Y K8 s gl 458 e il S8
ol fodlil oo bt Sl Jpmarme (e 0225 0 8 ) (2015) iSen 5 Alsenaien
e o=l Mg b ple plysedan b a8 by .\pTw)A;uQJL,m@L)).\J»}K)J Loy 0,5 5 508

g oo Mgy HBALS I e 4 OY guate

LN
L (oreb 008 0y e SO plptedy 55810 1l58 o8y e

&l

Aghamohammadi, B., Ghiassi Tarzi, B., Honarvar, M. & Delkhosh, B., 2013. The effects of using molasses as a
replacement for sugar on physicochemical and sensory properties of shortened cake. Journal of Food Science and
Technology , 2, 37-45.

Ahmadi Ghavlighy, H., Azizi, M. H., Jahanian, L. & Amirkaveei, S., 2011. Evaluation of replacement of date liquid
sugar as a replacement for invert syrup in a layer cake. Journal of Food Science and Technology, 8(1), 57-64.

Al-Farsi, M. A., 2003. Clarification of date juice. International Journal of Food Science and Technology, 38(3), 241-
245.

Almana, H. A. & Mahmoud, R. M., 1991. Effect of date syrup on starch gelatinization and quality of layer cakes.
Journal of Cereal Chemistry, 36, 1010-1012.

Alsenaien, .\W. A.. Alamer, R., Zhen-Xing Tang, A., Albahrani, S.A., Al-Ghannam, M. A. & Aleid. S. M., 2015.
Substitution of Sugar with Dates Powder and Dates Syrup in Cookies Making. Advance Journal of Food Science
and Technology, 8(1), 8-13.

Asghar, A., Anjum, F. M., Butt, M. S. & Hussain, S. 2006. Functionality of different surfactants and ingredients in
frozen dough. Turkish Journal of Biology, 30, 243- 250.

Ayoubi, A., Sedaghat, N., Kashaninejad, M., Mohebbi, M. & Nassiri Mahalati5, M., 2015. Effect of lipid based edible
coatings on physicochemical and microbial properties of raisin. Iranian Food Science and Technology Research
Journal, 11(5), 496-507.

Bakr, A. A., 1997. Production of iron-fortified bread employing some selected natural iron sources. Nahrung, 41, 293-
298.

Celik, 1., Yylmaz, Y., Isyk, F. & Ustun, O., 2006. Effect of soapwort extract on physical and sensoryproperties of
sponge cakes and rheologicalproperties of sponge cake batters. Food Chemistry.



BT olois 55 2 o oy 50 8

Chase, H. P., 1979. Diabetes and diet. Food Technology, 33, 60-64.

Frye, A. M. & Setser, C. S., 1992. Optimizing texture of reduced-calorie yellow layer cakes. Cereal Chemistry, 69, 338-
343.

Gohari Ardebily, A., Habibi Najafi, M. B. & Haddad Khodaparast, M. H., 2005. Study effect of sugar substitution with
date syrup on physical and sensorial properties of soft ice cream. Iranian Food Science and Technology Research
Journal, 1(2), 23-32.

Institute of Standard and Industrial Research of Iran., 2007. Cake — Specification and test methods. ISIRI Number 2553.

Jain, S. M., 2012. Date palm biotechnology: Current status and prospective — an overview. Emirates Journal of Food
and Agriculture, 24, 386-399.

Johnson, J. M. & Harris, C. H., 1989. Effect of acidulants in controlling browning in cakes prepared with 100% high-
fructose corn syrup or sucrose. Cereal Chemistry, 66 (3), 158 -161.

Johnson. J. M., Harris. C. H. & Bardeau. W. E., 1989. Effect of high fructose corn syrup replacement for sucrose on
browning, starch gelatinization and sensory characteristics of cakes. Cereal Chemistry, 66, 155-157.

Johnson, R. K. & Yon, B. A., 2010. Weighing in on added sugars and health. Journal of the American Dietetic
Association, 110,1296-1299.

Khaled, H. & Abu, E., 2000. Effect of date extract on adhesion of candida species to human buccal epithelial cell in
vitro. Journalof Oral Pathology and Medicine, 29, 200- 205.

Kocer, D., Hicsasmaz, Z., Bayindirli, A. & Katnas, S. A., 2006. Bubble and pore formation of the high-ratio cake
formulation with polydextrose as a sugar- and fat-replacer. Journal of Food Engineering, 78, 953-964.

Lin, S. D., Hwang, C. F. & Yeh, C. H., 2003. Physical and sensory characteristics of chiffon cake prepared with
erythritol as replacement for sucrose. Journal of Food Science, 68, 2107-10.

Manickavasagan, A., Mathew, T. A., Al-Attabi, Z. H. & Al-Zakwani, I. M., 2013. Dates as a substitute for added sugar
in traditional foods — A case study with idli. Food Agriculture, 25 (11), 899-906.

Manisha, G., Soumya, C. & Indrani, D., 2012. Studies on interaction between stevioside, liquid sorbitol, hydrocolloid
and emulsifiers for replacement of sugar in cakes. Food Hydrocolloids, 29, 363-373.

Nasehi, B., Azizi, M. H. & Hadian, Z., 2009. Different approaches for determination of bread staling. Journal of Food
Science and Technology, 6(1), 53-63.

Nobors, L., 2002. Sweet choices: sugar replacements for foods and beverages. Food Technology, 56, 28-35.

Obiegbuna, J. E., Akubor, P .1., Ishiwu, C. N. & Ndife, J., 2013. Effect of substituting sugar with date palm pulp meal
on the physicochemical, organoleptic and storage properties of bread . African Journal of Food Science, 7 (6), 113-
119.

Pareyt, B., Talhaoui, F., Kerckhofs, G., Brijs, K., Goesaert, H., Wevers, M., & Delcour, J. A., 2009. The role of sugar
and fat in sugar-snap cookies: Structural and textural properties. Journal of Food Engineering, 90: 400-408.

Pedreschi, F., Leo'n, J., Mery, D. & Moyano, P., 2006. Development of a computer vision system to measure the color
of potato chips. Food Research International, 39, 1092- 1098.

Rosental, A. J., 1995, Application of aged egg in enabling increased substitution of sucrose by Littese (polydextrose) on
high ratio cakes. Journal of the Science of Food and Agriculture, 68, 127-31.

Sahin, S. & Sumnu, S. G., 2006. Physical Properties of Foods. Springer Science Business Media LLC, New York, 19—
21.

Shafiee, S., Hojjatoleslami, M., Shokrani, R., Sharifan, A. & Loghmani Khoozani, V., 2013. Study effect of date syrup
purification different methods on the candy physical and chemical particularity. Iranian Journal of Nutrition
Sciences & Food Technology, 8(1), 63-70.

Sheikhzadeh, V., Haddad Khodaparast, M. H. & Ataye Salehi, A., 2013. Effect of sugar substitution with date palm
puree on crumb color and porosity of fried doughnuts by image processing. 21st National Congress on Food Science
and Technology. Shiraz, Iran.

Sidhu, J. S., Al-sager, J. M., Al-hooti, S. & Alothman, A., 2003, Quality of pan bread made by replacing sucrose with
datesyrup produced by using pectinase/cellulase enzymes. Plant Foods for Human Nutrition, 58, 1-8.

Simurina, O. & Filip&ev, B., 2006, Sugar beet molasses as an ingredient in tea-cookie formulations, PTEP (Serbia and
Montenegro), 10, 16-21.

Turabi, E., Sumnu, G. & Sahin, S., 2010. Quantitative analysis of macro and micro-structure of gluten-free rice cakes
containing different types of gums bake in different ovens. Food Hydrocolloids, 24, 755-762.

Vatankhah, M., Elhami Rad, A. H., Yaghbani, M., Nadian, N. & Akbarian Meymand, M. J., 2014. Study of possibility
low calorie biscuit production by using stevioside Sweetener. Journal of Research and Innovation in Food Science
and Technology, 3(2), 157-170.

Zoulias, E. L., Piknis, S. & Oreopoulou, V., 2000. Effect of sugar replacement by polyols and acesulfame-K on
properties of low-fat cookies. Journal of the Science of Food and Agriculture, 80, 2049-2056.



Iranian Food Science and Technology @ . . YURT
Research Journal f § oot Olnl 2188 @abos g pole Slpdmg iy 4 i
Vol. 13, No. 5, Dec- Jan 2018, p. 808-819 oy A A 808-819. p 1396 (50— ;31 5 o )lois 13 wl>

Substituting sugar with date syrup in cupcake

A. Ayoubi'*, M. Porabolghasem?

Received: 2016.05.06
Accepted: 2016.09.10

Introduction: Increased intake of calorie and decreasing physical activity might increase the risks for cancer,
obesity, cardiovascular diseases, diabetes mellitus and hypertension. Using natural sweeteners instead of sugar in food
formulations can be a good method to reduce the calorie intake. World Health Organization recommends limiting added
sugar intake to <10% of total energy. Many sugar substitutes were used in food products such as glucose syrup,
molasses, fructose syrup, invert syrup and malt extract. Utilization of fruits in food preparation while requiring sweet
taste is a wise strategy to reduce the added sugar intake. Dates are ideal fruits to substitute added sugar in foods, and
they play an important role in daily nutrition of many people in the arid regions. Date fruits are rich in dietary fiber,
phenolic compounds, minerals, vitamins, antioxidant and antimutagenic compounds. Date syrup that produces from
date is one of the suitable replacements that can be used for substituting sugar. Date syrup is a high energy food rich in
carbohydrate, a good source of minerals; but it is also contains a very complex mixture amino and organic acids,
polyphenols and carotenoids. Date syrup contains fructose, glucose and small amount of sucrose. Low quality date
cultivation occupies about 60% of the total plantation. These dates are poor in size and taste, unsuitable for
consumption. The presence of high sugar content in these low quality varieties makes them suitable for producing date
syrup. The purpose of this research was study the effects of substituting sugar with date syrup on physicochemical and
sensory properties of cupcake.

Materials and methods: Date syrup purchase from Dambaz Company and wheat flour purchase from Tavakkol
factory of Kerman. Other materials purchased from local market of Kerman. In this research four different level of date
syrup (25, 50, 75 and 100%) were used in cake formulations as a sugar substitution and the effects of dates syrup on the
physicochemical (including weight loss, pH, porosity, density, moisture, hardness of texture and color of crust and
crump) and sensory (texture, crust color, taste and total acceptance) properties of cupcake were studied. The weight loss
calculated by measuring difference of weight before and after baking. pH was measured by a digital pH meter. cake
moisture content was determined by drying samples at 130+2°C in a hot air oven. The volumes of the cake samples
were measured by the seed displacement method and then density was calculated by dividing the volume by the weight.
For evaluation of porosity used Image j method. Hardness of the cake samples were measured with Instron testing
machine. Color measurements were done using a Hunterlab Colorimeter. Analysis of variance (ANOVA) was
conducted for data using MSTAT-C software. Differences among the mean values were also determined using
Duncan’s Multiple Range test. A significant level was defined as a probability of 0.05.

Results & Discussion: Data analysis showed that the date syrup, significantly affected the physiochemical and
sensory properties of the cake. It was discovered that by increasing the percentage of date syrup in cake formulation,
weight loss decreased and moisture increased. Sugars make hydrogen bonds with water molecules due to their hydroxyl
groups, because of the molecular structure of the sugars like sucrose, fructose and glucose, it seems that increasing
functional groups in date syrup sugars compared with sucrose, resulted in the formation of more hydrogen bonds, which
caused the reduction in the mobility of free water and therefore make an increase in moisture of cake. According to the
results, pH and porosity of the cake decreased as the date syrup level increased. The results showed that increasing date
syrup level caused an increase in density. By decreasing the volume of cake density increased. The volume probability
decreased because of affecting reduced sugars and changing viscosity and density of the cake batter. Based on the
results, hardness increased significantly with increasing replacement of sugar with date syrup. The possible reason for
this result was due to decreasing volume and porosity of cake with increasing date syrup content. The color of the cake
is due to the Maillard and caramelization reactions during baking. A key element in Maillard reaction is reducing sugar
which is abundant in date syrup and able to enhance the brown color. The results showed that the crust and crump
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lightness (L) decreased significantly with increasing the levels of date syrup. The crust and crump yellowness (b) were
significantly less than control. With reducing sucrose level, the redness of the crust and crump increased significantly.
According to sensory evaluation results, scores of crust color, texture and total acceptance of the cake remained
unchanged when up To 50% date syrup was used. However, further addition of date syrup significantly reduced these
scores. The results showed that the cake formulation with 100% date syrup date obtained the lowest score by panelists
in terms of taste. Least value of weight loss (19/2%), porosity (19/5%) and most value of density (0/5 g/cmd), darkness
of crust (32/47) and crump of cake (35/64) were related to substitution level of 100%. Present study demonstrated that
the date syrup could replace up to 50% of the sugar without affecting the quality of cupcakes.

Keywords: Color, Cupcake, Date syrup, Hardness, Porosity.
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Introduction: The pomegranate (Punica granatum L.) belongs to the family Punicaceae, which is planted
around the world in different microclimatic areas. The pomegranate production has grown uninterruptedly,
which is presumably due to the increasing consumer awareness of the benefits attributed to pomegranate and its
polyphenols. Pomegranate fruit has valuable compounds with functional and medicinal effects like antioxidant,
anticancer, and anti-atherosclerotic effects. Storage of juice concentrate can have a dramatic impact on
physicochemical quality. The bioactive compounds and antioxidant activity in fruit juice products are influenced
by many external factors like different storage temperatures. Knowledge of the rheological behaviour of juice
products is essential for product development, design and evaluation of process equipment like pumps and
piping. Pomegranate concentrate is so susceptible to the condition of storage, which results in a reduction in
consumer acceptability and quality losses. Accordingly, the industrial concentrate stores frozen (-20 °C) which
has a lot of costs to the producer. The objectives of this study were to evaluate the degradation visual color, the
rheological characteristics of pomegranate juice concentrates, the stability of phytochemicals, the antioxidant
activity, and the haze formation of reconstituted pomegranate juice concentrate during storage at different
temperatures to determine the best storage conditions to reduce the quality losses and solving the problem about
high cost of storage.

Materials and methods: The concentrated pomegranate (Punica granatum (L.) cv. Rabab) juice used in this
study supplied from Narni (Green farm, Neyriz, Iran) factory. The pomegranate juice concentrate was poured
into falcons for measuring physicochemical attributes, and micro tubes for determination of antioxidant
activities. Then the samples were divided into four parts and stored equally in four different temperatures (-20, 4,
20, and 35 °C). The control samples were stored at -80 °C as fresh sample for the storage period (140 days).
Folin-Ciocalteu reagent and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH°) were supplied from Sigma-Aldrich
Company (St. Louis, MO, USA). All other chemicals were of analytical grade and purchased from Merck
Company (Darmstadt, Germany). The total soluble solid (TSS) was determined with a digital refractometer (Carl
Zeiss, Germany). Total insoluble solid was measured by centrifugation at (5,000 x g) according to the IFFJP
method 60, using a high speed centrifuge (lbarz et al., 2011). The haze formation of reconstituted juice was
determined by “settling” in a glass tube for 3 hour at room temperature. Color measurements of the juice samples
were carried out using a HunterLab (CHROMA METER CR-400/410, KONICA MINOLTA, Japan) after
dilution. The rheological characteristics of the pomegranate juice concentrate stored in different temperatures
were studied by using a computer controlled rotational viscometer. Sample compartment was monitored at a
constant temperature (25°C) using a water bath/circulator, while TSS was 65 °Brix. The viscosity measurements,
was carried out According to the methods described by Cardenas et al., (1997), using a Brookfield cone and plate
viscometer (DVII pro Brook field, USA) between the shear rate of 0.5-200 (1/s). Total phenolic content of
samples was measured according to the Folin-Ciocalteu colorimetric method (Sun et al., 2007). Total flavonoid
content in juices was determined via a spectrophotometer according to the method of Chang et al. (2002).
Radical scavenging activities of the samples were measured by using DPPH° as described by Mazidi et al.,
(2012). The ferrous ion reducing antioxidant power (FRAP) of the samples was measured calorimetrically
according to the method by Fawole and Opara (2013). All analyses were performed by the Statistical Analysis
System (SAS) software V 9.1 (SAS Institute, Inc., Cary, NC, USA). By using the analysis of variance
(ANOVA), the differences among means were determined for significance at P< 0.05.
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Results and discussion: The industrial pomegranate juice concentrate stored at (-20, 4, 20, and 35 °C) for 20
weeks, and some physicochemical properties like the second turbidity, CIE Lab color parameters, the rheological
properties, the bioactive component (total phenolic and flavonoid contents), and antioxidant properties (FRAP
and DPPH) investigated in order to determine the best condition of storage. The second turbidity was obvious
among the samples stored at 35 °C in the last fourth weeks. Although there were no significant differences
among L* value of the samples stored at -20, 4, and 20 °C, a* and b* value of the samples stored at -20 and 4 °C
had the same reduction trend for 14 weeks. Even though the control samples had shear thinning behavior, the
samples showed a dilatant behaviour after storage. Antioxidant activities measured via DPPH and FRAP sowed
reduction with increasing time and temperature. Flavonoid content increased by increasing time and temperature.

In conclusion, storage at 4 °C for 14 weeks was the best storage condition to keep the quality and reduce the
costs.

Keywords: Antioxidant, Bioactive compounds, Pomegranate juice concentrate, Rheological properties.
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Introduction: Nowadays an increasing demand for whey products particularly whey protein concentrate
(WPC) and whey protein Isolate (WPI) resulted in considerable amount of permeates production, which its
rejection causes environmental pollution. The bioconversion of whey and permeate is an appealing procedure
regarding to human nutrition, particularly for its functional properties. Functional foods are foodstuffs, which
have specific functions in the human, resulting health benefits besides energy and nutrients. Fermented dairy
products containing probiotic bacteria are group of functional foods, which have received increasing attention in
recent years, including the development of the market with large commercial and research interests. Production
of probiotic beverages from permeate could be considered as a simple solution to prevent permeate rejection and
produce an economical product with appropriate functional properties. Definitely, dairy products are the
foremost vehicle for probiotic supplementation. However, other nondairy probiotic products such as fruit and
vegetable juices have been shown to afford health benefits. Therefore, the aim of this study was optimizing
formulation of permeate-based lemon juice beverage and producing probiotic beverage from optimized
beverage.

Materials and methods: Based on primary experiments, lemon juice beverages containing permeate were
produced with different concentrations of water (19.77, 30, 45, 60, and 70.22 ml), permeate (12.95, 30, 55, 80
and 97.04 ml) and LEMON juice concentrate (5.95, 8, 11, 14, and 16.04 g). To estimate the impact of these
independent variables and determination of optimized sample (non-probiotic beverage), response surface
methodology (RSM) founded on central composite design (CCD) was applied. According to CCD design, 20
tests with six replicates as the center points were performed. Quadratic polynomial model were considered for
the relationship between the predicted responses with the independent variables. The optimization was
performed based on physicochemical (pH, acidity, total solids and brix) and sensory (taste, color, odor, after
taste and total acceptability) characteristics of beverage samples. At the second stage, the best sample was
inoculated with Lactobacillus acidophilus (La5) and its physicochemical properties, antioxidant capacity,
sensory attributes and probiotic cell count were monitored during a 28-day storage period under refrigerator
temperature (4°C).

Results and discussion: The results showed that all fixed factors, i.e. amount of water, permeate and lemon
juice concentrate, had significant impacts on the physicochemical and sensory properties of lemon juice-
permeate beverages. By increasing the amount of water up to 45 ml, permeate up to 55 ml and lemon juice
concentrate up to 11 g in the formulation, the taste, after taste and total acceptability scores were significantly
(p<0.05) increased while addition of these components at the higher levels were adversely reduced the sensory
attributes of lemon beverages. Also, as the amount of water and permeate enhanced, the values of acidity, brix,
total solids, odor and total acceptability were decreased and pH increased. The determination coefficients (R?)
and the adjusted determination coefficients (adj- R?) for all the characteristics except color were above 0.9. This
revealed that the model was valid and the fitted model could explain more than 90 percent of the variation.
Furthermore, correlation between the experimental values and predicted values were significant. Based on RSM
results, formulation of LEMON juice was optimized based on 50.63 ml water, 30ml permeate and 10.67 g lemon
juice concentrate, respectively. During storage at standard chiller temperature (4°C), the pH values and sensory
scores of lemon-permeate beverage samples was decreased, but brix and dry matter didn't changed significantly
(p>0.05). Furthermore, the amount of total phenolic compounds, Trolex, Frap and vitamin C of probiotic
permeate lemon juice at the beginning of storage were recorded as 20.13mg/100 g, 1.11pmol/g, 2.53 pumol/g and
17.26 mg/100g, respectively. However, after 28 days storage all these values reduced significantly (p<0.05) and
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reached to values 12.98 mg/100 g for total phenol, 0.82 pmol/g for Trolex, 1.79 pmol/g for Frap and 8.32
mg/100g for vitamin C. The results related to the color values of lemon beverages showed that during the storage
period a* and b* values enhanced while 1* value reduced meaningfully (p<0.05). This may be due to chemical
reactions such as non-enzymatic browning, sedimentation of instable/fine particles and color degradation.

Our study showed that both probiotic and non-probiotic lemon-permeate beverages presented satisfactory
acceptability and optimal physicochemical properties at the beginning until the end of 28 days’ storage period.
Furthermore, although the count of probiotic bacteria, i.e. lactobacillus acidophilus La5 in the probiotic lemon
beverage during the storage considerably declined (nearly 3 logcfu/ml), but it was nearly still more than
minimum count of 7 logcfu/ml recommended by the international legislations. Consequently, by utilization of
permeate in the formulation of lemon or other probiotic fruit juice beverages, a pleasing functional food with an
economical price can be produced.

Keywords: Permeate, Probiotic bacteria, Lemon juice beverage, Response surface methodology.
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fluidized bed microencapsulation on viability of Lactobacillus reuteri in
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Intoduction: Probiotics are defined as essential live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host. The range of beneficial properties reaches from lowering
cholesterol to preventing cancer. The most important probiotic microorganisms belong to the group of lactic acid
bacteria. Lactobacillus reuteri which naturally occurs in the human intestine possess probiotic properties with
good colonization potential. The development of probiotic foods presents many challenges, particularly with
respect to the stability of the bioactive compounds during processing, storage and passage through acidic gastric
environment. Therefore, it is a great challenge to bring the probiotics into a stable form, which guarantees, that
the microorganisms reach their target location, the human intestine, in an adequate amount. Microencapsulation
helps improve survival probiotic bacteria from environmental stresses. In most studies, probiotic bacteria are
entrapped in a gel matrix of natural biological materials such as alginate, or gellan. The core and wall solutions
are turned into drops of the desired size by employing an emulsion method. The main problem in the probiotic
entrapment approach is that gel bead entrapment technologies generally stabilize the bacteria in liquid products
and are difficult to scale up. In order to extend the shelf life of encapsulated probiotics, a glassy state form of the
embedding matrix is required. This can be achieved by employing such as air-suspension fluidized-bed coating.
In the present research, an air-suspension fluidized-bed technique for generation of core and shell microcapsules
containing probiotic Lactobacillus reuteri cells and the efficacy of shellac and sodium alginate at different
concentrations on viability of capsules in simulated gastrointestinal conditions was evaluated.

Materials and methods: Pure freeze-dried Lactobacillus reuteri PT-1655 were obtained from Persian Type
Culture Collection (Tehran, Iran) and were activated by inoculation in the MRS broth at 37°C for 36-48 h. The
air-suspension process was performed in a Wurster coater system with a bottomspraying atomizer. The growth
curve of lactobacillus reuteri were determined by measuring the optical density (turbidity) at 600 nm to estimate
the time when the growth curve enters a stationary phase in which bacteria develop a general stress resistance
and are thus more resistant to various types of stresses. In various pretests the fluidization pressure, the
atomization pressure and the spraying rate of the microencapsulation process were varied to examine their
influence on process conditions, especially on the particle development. Several different solutions of
Lactobacillus reuteri were prepared and evaluated for percentage survival during the coating. The solution
containing Lactobacillus reuteri (6—12 g/100 g solution), maltodextrin (4-7 g/100 g solution) and sorbitol (4-7
9/100 g solution) concentrations was spray-coated at three inlet temperatures: 37, 47 and 62°C onto and
absorbed by the inert carrier microcrystalline cellulose to produce nonagglomerating dry coated. For the coating
processes an aqueous shellac solution at 3 concentrations (16, 17 and 18% (w/V)), containing plasticizers in the
ratios of 95 + 5 and an aqueous sodium alginate solution at 3 concentrations (0.5, 1 and 1.5% (w/v)), were used.
Simulated gastric juice was prepared fresh daily containing 3.2 mg of pepsin, 1 ml of NaCl solution (0.5%) and
acidified with HCI (1.2 M) to pH 1.5 £ 0.5. Tolerance to gastric juice was examined by placing freshly prepared
cells in a tube containing sterile simulated gastric juice for 1 h and incubated at 37°C for 2 h. To characterize the
morphology of the MCC particles coated with the different matrix formulations, SEM images were taken.
Experimental data have been represented as the mean with standard deviation (SD) of different independent
determinations. The significance of differences was evaluated by analysis of variance (ANOVA). Differences
were considered statistically significant at p <0.05.
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Results and discussion: The obtained growth curve showed that over the first 4 hours after inoculation
bacteria are in lag phase, the colony entering the log phase of growth after 5-16 hours and from 16 to 18 hours
after inoculation, bacteria come into the stationary phase and the biomass was ready to removal from growth
media. Inlet air temperature, was shown to play an important role in the survival of bacteria; a 15°C increase in
inlet air temperature led to a 12.7-fold decrease in survival percentage. The investigation of effect of inlet air
temperature and ratio of bacteria to sugars in formulation on cell viability shows that at temperature of 37°C and
ratio of 10: 10 the cell viability was significantly higher. There was a nonsignificant decrease in relative survival
of bacteria absorbed into the matrix before and after coating with shellac at 3 concentrations (16, 17 and 18%
wi/Vv) and sodium alginate at 3 concentrations (0.5, 1 and 1.5% w/v). The relative survival (%) of bacteria coated
with sodium alginate at concentration of 1% (w/v) was significantly higher compared to other solutions under
simulated gastro-intestinal conditions (pH 2.0, for 1h).

Keywords: Lactobacillus reuteri, microencapsulation, fluidized bed coater, simulated gastrointestinal
conditions
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Introduction: Mechanical damages in agricultural products cause wastes directly and indirectly. Bruise
damage due to quasi static load is one of the most important reasons of fresh fruit quality loss. Agricultural crops
undertake many mechanical loads and physical damages during different stages of harvesting and post-harvest
such as handling, transport, storage and processing. In many cases imported loads cause mechanical damages
and cellular wall rupture and this rupture leads to perturbation of natural cellular interchanges. This object is one
of the important problems of modelling and experimental studies in Biosystems engineering sciences. Tomato is
one of the most important horticultural products and a widely produced products in the world. Larg amounts of
tomato products are destroyed during the different stages of harvesting, transport and packaging. To study the
viscoelastic behavior of agricultural crops, rheology science is used which is the science of biological materials
deformation and flow ability under affection of loads at different times. For prediction and classification of
materials behavior under different conditions of stress and strain, different rheological models are used. These
models include different combinations of metallic body (spring) and Newtonian liquid body (dashpot) that
illustrate complex behavior of agricultural products. Determining of factors that affect deformation value of
tomato, lead to reduction of product waste.

Materials and methods: In this study, the effect of some important parameters such as static loading at three
levels (2, 6 and 10 N), storage temperature at two levels (4 and 25 °C), loading at two directions for two cultivars
(Supper-Beta and Petoerly-CH), were studied on deformation value. Samples were handy harvested at
approximate ripeness level (reddish pink) from greenhouse and transported to the Lab. Some physical properties
(mass, volume, major and minor diameters, height, sphericity coefficient, surface area) were measured. Samples
were subjected to compressive loading using university made apparatus. The Experiments were performed in a
fifteen-day period, at two different conditions, ones at temperature 4 °C and the other at environmental
temperature 25 °C, using factorial test in form of completely randomized design. The first test was performed
under constant load of 6 N in two directions of fruit axials (Z and Y directions), The second test was performed
in three levels 2 and 10 N in direction of calyx face. By indicator, deformation value of tomatoes at 2, 4, 7, 10,
and 15 days after loading was investigated. The third test was performed under constant loads of 15 N and
deformation values of samples were recorded every 10 mins during a 60-minute period.

Results and conclusions: The Results showed at temperature 25 °C, with increasing load from 2 up to 10 N,
deformation value of the product would be increased about 65%. Increase of deformation value indicates the
effect of loading time for products such as tomatoes. This phenomenon can be a result of bulk density ratio
reduction of product during the storage, because biochemical reactions are effective in fruit ripening, activating
the destructive enzymes of cellular wall during the storage, softening and color changes. Maintaining fruits in
direction of calyx face leads to lower deformation in comparison with 90 degrees proportion to calyx. This
phenomenon is because of tomato tissue, its tissue in direction of calyx is harder and stiffer of normal direction,
because of being flower. By reducing temperature from 25 to 4 °C, at constant load of 6N, deformation was
decreased about 40%. With decreasing temperature, viscosity of biologic products would be increased and
cellular walls get brittle and tissue stiffness increase. Therefore, it seems logical that deformation value of
product at lower temperature decreases. Super-Beta cultivar had more durability in comparison with Petoerly-
CH against compressive static loads. Under constant loading conditions, General Kelvin rheological model was
considered suitable to estimate the strain versus time.
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Introduction: Fried foods such as donuts enjoyed worldwide for their taste, distinctive flavor, aroma and
crunchy texture. There is, however, grave health concern over large fat content of fried foods (Melito and Farkas,
2013). There are several ways to lower fat content in deep-fried foods. One method is to reformulate the product
by adding hydrophilic ingredients such as dietary fibers to reduce oil uptake during frying. Another method to
reduce fat content is to partially cook the food using another heating method (Melito and Farkas, 2012). There is
an increasing interest in microwaving foods for several reasons: it is faster than conventional methods, the
energy consumption is often lower and foods cooked by microwaving maintain nutritional integrity.vin foods,
the appearance is a main criterion in making purchasing decisions. Appearance is used throughout the production
—storage-marketing-utilization chain as the key means of judging the quality of individual units of product. The
appearance of unities of products could be assessed by considering their color and surface texture. The use of
computer-vision technology has quickly increased in the fields of quality inspection, classification and
evaluation in processing a large number of food products (Brosnan and Sun, 2004). Therefore the aim of this
study was to study the effects of microwave pre-treatment on sensory and appearance properties of donut.

Materials and methods: Response surface methodology and Box- Behnken design were applied to evaluate
the effects of independent variable include microwave power (300-900 W), microwave time (30-90 s) and frying
time (70-130 s) on sensory and appearance properties of donuts. Donuts were prepared according to the
formulation by Melito and Farkas (2012) with some modifications. Ingredients used in donuts formulation were
consisted of 100 g of wheat flour (9 g/100g), 52 g of water, 9.75 g of Shortening, 14 g of Egg, 14 g of water for
yeast, 6.80 g of sugar, 6.80 g of nonfat dried milk powder, 3.25 g of active dried yeast, 1.70 g of Vanilla extract,
1.7 g of baking powder, 1.70 g of Salt, 1.3 g of Persian gum and 7.00 g of carrot pomace powder. The dough was
cut into squares approximately 50 mm on each side. Then, the dough pieces were allowed to proof for 30 min at
27 °C. The proofed samples were pre-treated using a microwave oven at different levels of microwave power and
microwave time in accordance with the experimental design. Formerly, the per-treated donuts were deep-fat
fried in a Moulinex deep-fat fryer (model F18-RA, France) filled with 1.5 L of vegetable frying oil (A mixture of
Sunflower, palm, and soybean oil; Behshahr CO., Tehran, Iran) at different levels of frying time in accordance
with the experimental design. The oil was preheated for 30 min prior to frying and replaced with fresh oil after
every frying process. After frying, donuts were removed from the fryer and allowed to cool for 30 min on paper
towels. They were then stored in coded sealed polyethylene bags.The evaluation of the crumb grain and crust
color of donuts was performed using an image analysis system consisted of a Canon digital camera (model SX60
HS, Japan) and a personal computer with a Pentium(R) Dual-Core processor and Windows 7 Ultimate. The
samples were photographed at a fixed distance of 30 cm from the crumb of samples, which were sitting inside a
black box. The captured images were analyzed using the MATLAB R2014a software (The MathWorks Inc.,
Natick, Mass, USA).The CIE L*a*b* (or CIELAB) color model was used for determination of the crust color of
donuts. Crumb grain features of the donut samples were obtained with described digital image analysis system.
After imaging, each image was converted from RGB format to 8 bits (grey level) using the MATLAB software.
In this format, an area of 3 x 3 cm? was selected at the center of the captured image. After contrast enhancement
of image, the image segmented using the Otsu algorithm, which produces highly uniform binary images (Otsu,
1979). Finally, crumb grain properties of donuts were studied by determination of cells densities and area of
cells. Sensory evaluation of donut samples was carried out by assigning scores for crust appearance, crumb
appearance, crust color, aroma, texture, taste and overall acceptance parameters based on a nine-point hedonic
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scale. (Stone et al., 2012).

Results and discussion: Results showed that roughness of the donuts surface increased significantly
(p<0.05) with increasing microwave power, microwave time and frying time levels. The significant positive
linear effect (p<0.05) of independent variables and a significant negative quadratic effect of microwave power
(p<0.05) were observed on crumb grain properties of donut (Table 5). With regard to samples color, L*
considerably decreased and a* considerably (p<0.05) increased as levels of frying time was increased (Table 5).
Results of sensory evaluation, illustrated that frying time significantly (p<0.05) increased consumer acceptance
scores (Table 7). Furthermore, results of correlation analysis revealed that there were strong linear relationships
between appearance properties of donuts and sensory attributes (Table 8).

Keywords: Appearance properties, Donut, Machine vision, Microwave pre-treatment
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