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Introduction: The development of brown spots on banana peel has a notable effect on the texture, color and taste of
this fruit. So that the appearance of these spots reduces the quality of the fruit and affect its sale market. In recent years,
in order to evaluate the quality and classification of agricultural products, the various systems based on computer vision
technology have been widely considered. These systems as the computer image analysis methods have been successful
in measuring the visual quality of different products (Riyadi et al., 2007; Roseleena et al., 2011; Rodriguez-pulido et al.
2012). According to research by Probha and Kumar (2015), the extracted color properties from the banana image were
more effective than other features in identifying the different stages of the banana ripening. Also, Mendoza and
Aguilera (2004) detected the different stages of banana ripening based on the color, texture parameters and the
distribution of brown spots on banana peel using image processing technique with a precision of 98%. Nadafzadeh et al.
(2018) designed a non-linear mathematical model using the Genetic Programming (GP) to predicting and evaluating the
activity of polyphenol oxidase enzymes (PPO) and peroxides (POD) during the browning process of the banana peel;
using the extracted parameters from image as inputs of proposed model, the correlation coefficients to predicting of
PPO and POD enzymes were obtained 0.98 and 0.97, respectively.

The aim of this study was to investigate the changes of color, dimensions and chemical parameters of several banana
fruit groups (different in terms of appearance) as well as their marketability (the total acceptance of fruit) by Gaussian
regression model (GPR) during the storage period. Therefore, using the proposed method in this research, the required
product can be available according to the consumer demand.

Materials and Methods: In this study, one hundred banana samples were prepared from a market on the first day of
the experiments. Samples were different in terms of shape and size, and were classified into 5 different groups. Group A
had small size and curvature; B group compared to Group A had more curvature; the curvature of the samples in the
group C was high, and in terms of size were medium. While the size of the bananas in group D was large, they had a
small curvature. Also, the features of the group E were similar to the group D, but the curvature was greater in this
group (group E). All of the samples were kept at the ambient temperature (25° C) away from the direct light for 7 days.
During the days of experiments (days 0, 2, 4 and 6), five samples were examined from each group: after taking images
of samples under the constant light conditions, and performing of manual measurements, they were subjected to
destructive tests (laboratory tests) and sensory tests. After the images acquisition of samples, the preprocessing
operations such as image enhancement, noise removal by the area opening, and the implementation of the image
segmentation process using the method of Otsu adaptive thresholding were conducted (Gonzalez et al., 2004). Finally,
11 color parameters (R, G, B, L, a, b, h, s, v, C, H) and 4 dimensional characteristics (diameter, curvature radius, long
and small length) were extracted from each image. In the laboratory method, the TSS value was measured by a digital
refractometer, and amount of pH and acidity were also measured by a fruit juice analysis titrator. Eventually, in order to
investigate the changes of measured parameters, statistical analysis was performed in a randomized complete block
design by SAS 9.3 software at a significance level of 5% using Duncan's multiple comparison test.

Results and discussion: Gradually along with the appearance of dark spots on the banana peel, many of the
qualitative parameters such as the color, dimensions and chemical features were changed during the storage period.
According to results of the Duncan's multiple range test, the values of color coordinates R, G, B, L, b, h, v, C, and H
gradually reduced, and the values of these parameters were significant in all the experiments days (p<0.05). The
parameter S also had a decreasing trend during the storage period, and the changes of this parameter was significant in
the first days of the experiments compared to the ending days; during this period, the color parameter a increased
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significantly. Due to the changes of the banana fruit texture, the amount of the curvature radius, the small and large
lengths, total soluble solids, pH and total titration acidity gradually decreased. Based on the results of the statistical
analysis, there were no significant differences between dimensional parameters measured by non-destructive method
and manual measurement (p>0.05). It is worth noting that in this study, the spent time to conduct the manual
measurements of the dimensional parameters of a banana sample was 510 seconds, while all of these measurements
were performed using a digital image processing method at 1.015 seconds. Therefore, it can be said that when the
number of samples is high, using of the proposed method is also very cost-effective in terms of time, and it has high
accuracy during the measurement. In the sensory evaluation, the results show that the best and most acceptable group of
bananas were groups C, D and E, which had long size and low curvature; these groups of bananas had delicious texture,
desirable flavor and low levels of brown spots on their peel. In the following, the non-destructive parameters were used
to the development of Gaussian regression model (GPR), and finally, it was shown that the quality of banana fruit as
well as its marketability (the total acceptance of fruit) are predictable during the storage period by GPR with a

correlation coefficient of 0.91, MAPE (20.47), RMSE (0.43), SRE (0.71) and RAV (0.20,(

The appearance quality of the banana fruit is very effective in its acceptability for customer. In this research, the
image processing technique as a non-destructive method was used to extract a set of color (R, G, B, L, a, b, h,s, v, C
and H) and morphological properties (diameter, curvature radius, long length and small length) from banana image in
order to evaluate its quality during storage. According to the results of Duncan's statistical analysis at the probability
level of 5% and Pearson correlation results, the most suitable parameters were chosen to apply in Gaussian regression
model. The results showed that the image processing technique is capable to evaluating the changes of color and
dimensional parameters of banana fruit, and also the proposed model have a satisfactory performance (R2=0.91) in
predicting the overall acceptance parameter of the banana.

Keywords: Storing period, Acceptability, Digital image processing, Gaussian process regression, Banana
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Sord oz 95 9y 2 > plon 3 4aB> 15 ko 5 S
s oSt b 1l Mdg e B lalegs an8)5 )8
csla Kb (b ((aaL3) S5 g Sos Joloro L jlass (g9 abid jlosd
s 1) 58 [ Ss 203 10 Jglowa b o0 jlows alid 1 od e

2 Word Heaith Organization

Slas wlosds 38 pote (M Y guasre (6)B0be (o iulil 4
Rodriguez-) Slyss slaphd j odlital 4 lgi o bag)l ales
&8l oS yaumes] ‘(Turienzo et al., 2011; Song et al., 2011
4, J,u8 (Song et al., 2012) skl (Ozogul et al., 2000)
3 )M 3905 oLl (Lin and Lin, 2005) ] sl g o)l
JUsl caa b (ale adie Shhe 3 o5 cunl olahy, 5l Jloxse
slod 2 ST 09500 4 (292 SThe B Jpgn ST 5l (2o
9 2leowd 5 o Bl Sl Cus s JalS o Sl o Sl
Oluass 1 658l 4 B Ll @0 aweyd Obarge culled
CudS g 095 (22 Jords g GgrelienS] dex Sl pgllacl
Sl g8l e 4 e RS b oY gaxe
(Rezaei et al., 2003; Pérez-Alonso et al., 2003)
SIS Gl e ey S plesa (35 558 by ]
Gl g oy See w3y Sl aSsle e Db Y gasme
(siblis (S5 pogMe 00,5 o odlitul WY g opl 558k
lod oo al)f ord )b Jpams 5 (lo sl ]y (ollas 0fe S
coyiod ol ials AT el ials b 5l 00,5 el
San 3 5es laogad (il g (09)See dlex (lp Jgarmo
(Yanar et al., 2006) wiso o d90 |y 2l (558l lo;
ool Js 03,5 o sS85k g LaliE] s Kb 3]
il ]y alae cla gy Sbil «Ses VU slaclale b alo
28 Ol =0Big STy 9 eBgn ~onan S wdb
©YL polas opl p opMe (Jittinandana et al., 2002) an> .
035913yl Y EAES B e ¢ aw g ) 4 Dguw ol 0351, > Sad
zu_;beg cuslig olojlo 1psl.amd o Lol |y byl Sliss g d9ace |,
Slew LS s, Kaly jI (S Glged 1) Sl Bpns ialS
S5 s il Lol (Burt, 2004) ol 03,8 pMel By = 15
5500 lagsg, 5l el a4 L e S eyl
Sy oS Wloaly s cladsd aad o iuljel ]y Sasscladlow
Caghy (2l o S 5 93 2 sblie Wl o w55 S
Bohuon et al., 1998; ) wisko sou0 1) yieS caclidl &5 b i
cuaS el gumen {Collignan and Raoult-Wack, 1994
Pb g b peb jsbd e Ol S (o0 e8]y (e (g
Ui g s 5 Wnogen 3 (o Do 1 555 03031 i ] oS adly tmlS
Cal odgwy Gl3l 4l ©lidgs 9 (Bolin et al., 1983)
(Favetto et al., 1981; Collignan and Raoult-Wack, 1994)

Y gaso S Lade jlowy Gibey S Sl s a4 48U )
(Collignan et al., 2001) cul lie

1 Water activity
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Bl o & aolty 2y Lol Jolomo i i 1 ke ¢ s 00,8
Lo 1 4883 5 Cdo 4 g 0l dtaw o > ol g 0nd )5
e T 2 e 20 i sglej (el o 31 e 5 ol 13 S b
o2 Sl g g5 b yuunar g 5 031 S5 g 01,5 4Ll ol 4
358 i S &9 bawgs 3)5 ) 08 146 6 Loy 0/01
o 4l dges 4y dtwlits 1o yd 15 Jglomo 3l i) o 1 caaldl
B 09k S S plejen 8l debl gl 5 Slles
D9y b (eSS, gy A el Soyginsles 0 S plol

255 6 xSo3lul (1999) K  Namulema

9550 SB (g0l

NaCl sw s 0/85 Jolo jl i oo 90 5 wiges 5l p,5 10
S b 4 3l 290 slad) o) cBlaie g ond (fgen g byl
P S (he) 4 b ySh culS sl <8y 1l e
9 YU) 35 90 5855 13 (TSA) 5T L S 5 lae
2 (6 ol ) b) Wadiges slo s, (Culy o 53 nce S sl
odd o2 CutS acslS culy b bl (GGgl b ppw Jobono
423 37 15 (yomlgSil csl 48 5l s lag Sk JS & by
Cawgle s glag S b basye slacaly 5 5ad 3)leds 21,5 5l
B5 hyless 33 Blo a0 T (lodys yamnbisSil 59, 10 51 am
(Sallam, 2007)

133

ploxl (ASTM, 1969) Siga (o) 4 boald (us (L)l
bl e () sla Shag 09, 0 digal Coxy il g 85
=1 3l laiges .85 )8 ioxiw 3y90 byl bawg (JS s g
o =3 B Thawgie 3 =0gs o = Jle 1ad (o jltal jho

Losly (g o] Juoi g 4y 3205
16a5cs SPSS Jli8ley 5l syl sladbss 5 w325 sl
26 oy g bald e b oy lp )5 eolitl
One-) 4b Sy uilyly 56T 51 Sl 1o ()& oloj g Loyless
Tukey (y90;] 1 oliul b picen . odlizul (Way ANOVA
20,0 95 il mlaw 53 (g)ls gxe BB dgzg pas b 34
odlitl puly JSsg)sS" 9051 51 355 g 3T (el b e

9,5

Joloeo b osd jles ald 5l o 4y (sl Sid b (1 Lo 50:50
sloySis b 5 (2 )low 25175 cs ) S [Sas aop> 10
o ) S /S5 203 10 Jgloro L 0 o alid 3l o ags

00,5 pol S5 dws > clisles] eles (3 Lo £0:100

Fad yid (5 5lwodlef

it b (] 55 o) 5 5 55 by L
i34 (0l «Sgubl) (Sbglswo b g isd &2 oo 4
Dien s syl S 033 Lol 50050
el b S i (L ) 55 e ol e o
P B005 (25 d939e sl I oolitul b e Sle 5 X 2X 1
5 <y 5 10 a5 5,1 %30 (g9ls) S50l an] B cam als po
Sde sy Jgame (0 e 5 s 9 16 plool (5, o %60
0P80 BySKisd (b dm dls yo 53 a8 0305118 Jlowse 53 casls 9
LS Fyw 48 S5 Sde 4 3,5 Sl 433 180 oyl as o b
Sde &y g (ghdiuy Kb i coles > .(Tokur et al., 2006)
D35 (5,0 (4°C) Sl 0 59, 15

ol ;b Gl 0B S sl g Gomw¥ge 8 -1 Joaa
(Elyasi, 2009) b colaka g cos ygm 0 ¢ 33 CadgS

il doyd Ol 5 9>,
935  alcwgs 1
1/5 Sl 2
1 PSS 3
0/243 Jals 4
0/243 w0 00 5
0243 lupy 6
0243 gy 7
3 paS 3, 8
0/2 gl 9
cstloonsd (glagygo

(Sallam 15,5 sslitwl Jlusws yepH IPH (650318l s

ol ggeome Sojlul ly gl s B9, jlet al., 2004)
1,5 ool (Total Volatile Basic Nitrogen) 1,3 559,50
by b (Peroxide value) a.Sly, e (AOAC, 2000)
Jhde Tl elaie cpl (gly oAb iomiuw (1997) ohKer o Egan
oS Lol b g asey cladnd SwMs S 3 aye )5 0/3
Jo oo 5 L olyed (Sl gl =p 30lS) I 2 e 10

1 Tryptic soy agar
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Goulas, and Kontominas, 2005; Yatsunami and)
ol slajlosys pH Liliél b ialS g, (Takenaka, 1996
o @ly 3 g 5uS A o 9 1 jlo @ s 352 Jlag) 1S5
o a5 (B/73) 592 yls 095 sl y 1y PH Hlade o 5yl 2
ol el SVl (glage STl ady b S 5SS el & e
S8 dlae pH ials & lag xSl )50 ) jl cusilas b ag S
Jos gl (63l lacdplio o iiSudg Glpicds (e g 038
syles P PH 5wl polie (Calo-Mataet al., 2008) sus’ o
Sla 5 gy w3l Clld g (9,50 2 ae 4 20 3 52
Shde )b Jlis 4]y Jgame (£ )eSS loj paljdl &S oad caliee
(2002) (3l 593y 292 5l L Jlows 4 s 4 Jlos 5 PH
Olie 4 PH Sials casly cuigS 4 Sl (939381 o el 03,8 ol
2 (Na*) pdw g 250l cle 4 & 54500 3015 02 15 0/1

Aibis (H) G5orad g 008 3] 5 (g daw

pH
15 0)95 (b (sloyi 18 (sla)Sid b PH lyes 2 Jguo
/71 jao joy »l Jleasyd adgl PH jlade amd 0 ol 1) oo,
O)Sen 5 Asgharzadeh Lwg siel conda zls b o8 w3l e
&9, » 5 (2012) Divband  Zakipour Rahimabadi 4 (2010)
A o i gl o)l callas wdb plosl gloyd jauS alo alid
P PH i pials s @l sals 159,9 59, b pH polie o
wdle sladises 1> COz cudMs pac | b sl (Koo 090 (gla]
W SialSPH €Oy Lialiil cage 4 &5 (COp pazs) Al
lalllas ,> shoxss > {Goulas and Kontominas, 2005)
Tiffney and Mills, 1982; Manju ) cul oids saalie 35,505
3,5 o odnlie PH i Gil33l s Jolye 5o (et al., 2007
3l n b Sl bawgs (TVB-N) 51,3 T slajl sy Jdo 4 oS

Cillises Lo 9 Byloj 43 PH ydlis <oy -2 Jgoa

4 Jlos 3 e 2 o 1,k 397
6/70+0/01%>  6/70+0/03~  6/63+0/028>  6/71+0/15% 4w
6/36+0/128¢  6/40+0/048¢  6/31+0/018c  6/63+0/01A¢ 3
6/40+0/008  6/39+0/065  6/34+0/028c  6/53:0/01~¢ 6
6/30£0/01~c  6/25+0/0248¢  6/14+0/108¢  6/35£0/01A¢ 9
6/58+0/068  6/50+0/018«  6/53+0/048>  6/71+0/04Ac 12
6/80£0/05%  6/75+0/01=  6/73+0/01%  6/85+0/02% 15

lo <8l 5o CLS 5 ge s phals cpl el o 25800
(Huidobro et al., 2001) wsb o 4l b cans 51 5l
59 (eSS Lol odes jobay il CuleS STVB-N S5
sl e Setdgon o3l g 19,500 Sl 4y bgrye oS ol
aJgl TVB-N L5l adlas 5> (Yasin and Abou-Taleb, 2007)
ol ce gy 1030 mg/i100g s Sid id
cnl 292 508 Ginlejl (slless 503 4 s pgd Jlos » TVB-N
o w5l S dl o T laisnl W5 e 4 g o ggi90
B el dpl oS0 (sl Sl bawgs JSS Bpae plSin &
oyt (Hongetal., 2012) 53,5 o )6 5595 LS 5 09,8
o 4 s 4 o (p<0/05) w5 015 1 Jleg STVB-N s
Sl e Sl & casls ¢ YLTVBN ypolio 3 5 2
orpada il g abySh cdld b cul Seod g )0
Sygeo oyl d il bloyl o (Judglla) cuvgd S sla g8 Ay

(1= 3) el Jlono Gl ol £ Silio Jols Jgi (slmosls
PH (2ol )5 jlogs 3l ailis jlaw jo 3 (AB,.) S5 B>
PH 2 )l oo jl &l (g 2 )3 (@,D,.) S8 B9y

I e sl
gl g Sbisel JJTVB-N 8 55505 slaile ggene
w0y ol oy SiLis | (o plyiedr ol oad St )3
3 Jose (Yilmaz et al., 2009) 545 o Cguire CuigS 4550 5
(s1aiged 35 TVBN (slyes | 1S5S sl Jbro o S
Amd o i 3 Slo ax 3 4 cled 3 0dd (o) S b
il B9y (6K 090 (b bjlesi (oo STVB-N p3lie
09 b B e ol ggeze Ltaliél (p<O/0) cusls
Slam ] g old Wge bk slacled L plyiee |y 5
g9ome o bl 51 (Yilmaz et al., 2009) cuuils basye Sy
plo b b Sl ajou 1 )3 odes psboas )3 (55955 slajl
sl b oIy o1y 090 (o (2L SL L (Rl g o0 sl
odal Cawdds 2ol 4 495 L .(Ojagh etal., 2010) cuuils 3,90 (]
sdnlie 0)93 9 jg) > TVB-N polie o ialS 3 Jgas o
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o5l % 39 s cubsS p)8 100 5 p5 e 30 51 ol s
Tokur et al.,, 2006; Kim and Lee,) cul Gpas L,
0,95 bl B2 Lo 3 45 TVB-N polio sl aslllas ,5.(1986

D9 SByae JB lores g 4y VL jlxe 3> )

S5 4y e lo dliae 3 (651 g atpolisa pud bl oS
Fraser and Sumar, ) s 0 ,Ld J slajl ;S5 5 Sligal
)5 100 5 p)5 Lo 20 51 Lale > TVB-N jliie ol (1998
oS Sloj 93,5 guime By JB ) ol ol e 2l 1S Wiges

oo (5 low 9 Bl 3 ((plo CuisS 0,5 100 3 05 o) TVB-N pslie Ol i -3 Jgoa

P 3 jlow 2 o 1w 39
11/13+0/81~¢  10/30£0/81~  10/25+0/81~¢  10/30+0/817¢  ,iv
14/40+0/90A  12/33+0/94~8¢  10/30+0/818c  11/13+0/508«¢ 3
17/3320/614c  16/33+0/8148c  12/13+0/81Bbc  14/20+1/065 6
14/13+1/60A  6/80+1/07%  6/53+0/818¢  12/00+0/90Ac
24/13£1/40~  21/80+1/914  14/40+0/908>  21/53£1/74% 12
27/20£1/40  25/80+1/208a  20/53+0/94ca  28/13+1/53~8a 15

Jgl dl 4o 3 dasgSTy . (Davidson and Zivanivic, 2003) 3,5
2 sl a9 Wy 4 (3] Jlail dalyas (ygpslinns]
s cpen 4 {Cadun et al., 2008) w45 0 JoSis glodl e
b)) ey e 6 o3Il oalisal b o2 adsl (o]

(Cadun et al., 2008) >g:5, .

1= 3) ol e Gl £ Ske ol Jpis clnosls
) sl £ 056 9
TVB-N Lils )5 jloss 5 6lis sy (AB.) ) by

TVB-Ny 52455 olej 1505 415 g5t o > (3D, Sos8 gy

KV pN)

> 0l Sl S5 e 4 S )l glej e

591 s by 9 3L oo (alaCusgazee s Jlowsy Lalps )
tilige ©hlad p ogMe Wlgi o & 03,5 o (aloerd g (29500
Ol Bl als Wl o ale 555 pials 5 il ) oo

Ao sl g Llo; )3 (Blo (22 0,5 9hS ;0 (ST W1y (ST o) PV pdlile Ol pmti =4 Jgu

4 o 3 e 2 o 1,k 39
2/84+0/75%  2/32+0/30Ac  1/70+1/22~=  3/00+0/30% i
3/40+0/1570¢  2/93+0/2548c  2/60+0/5080c  3/35+0/40~c 3
3/07+0/3070c  3/04+0/15%  2/43+0/06%c  3/33+0/21~ 6
2[73+0/217  2/63+0/15#c  2/55+0/404  2/93+0/30% 9
4/20£0/15%  4/20+£0/12%>  3/93+0/30%>  4/90+0/23~° 12
9/00+0/55%  8/40+0/708*  6/63+0/30°*  9/13+0/55%* 15

(n= 3) Gl Hlze Bl T0:Ske Jolis Jgao slrodly
PV u*“lf )0 )l"-“ )“’l’ &L )14“’ PN (A,B,--) Lf)}e k—ég)>
PV » d)l_\.gij ola)' ).uLv L Ogw yB 4D (a,b,..) ;§>95 g_é5)>

dlwgdy &S Wik g g pib on oluSy asly

Memon et al.,) col oxs )35 8 b 7 (meq Oa/kg fat)
93 o5 2 los d e sl yho loj 3 a1y ade (2010
¢ 2184 meq Oofkg fat 4 2/32 1/70 3/00 cspa 4 Yo
SIS loj e 3 (5)bgme S5 4 bjle deuSTyy olie
9 1 sles 3 w81y e oyt o (p<O/05) il il

G dsge g sd b 0 askdd BuiSGas
5 sl Jro clugl SlS 5 sl 3e3 4 caumw gl
Cosl pasets JB BAS Spae dluoge & Ngdioo laggS
awaSly s s (Ozyurt et al,  2009)
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Bl Wgy ek e dbml byl ge s
Gomes et al., ) 1ol ggb90 cpl g (> lgi o LaluSTpg 00
i 3 ialS B ojles Jodo )3 ol sy gl 3 .(2003
Ol s 4 ol (Sen a5 5 saaliie 0)g3 9 9, 5 TBA
gl dagyZign b sl pglle (e (28Ty 9 sy psm
sl (pglle jolie (5l ca yol ol 9 A3l (5905 g el
Siudy 4 3TBA asls (Gomes et al., 2003) el o13,5
£S5 ko 34 (VU polie 45 s> o L dgur Kb Jguame (3 1,
ISP PRI IREIE AT SV
S P omb ol adlls > (Karacam and Boran, 2003)
b 31 0Jss) (p<0/05) 29 sals s 4 bgye Joae
b deglio 55 (6,58 adg TBA [l 13391 1S (g5l 45 olalas
& 15,8 ok (2005) Lindsay ¢ Faraji .wals bajles ,S0d
OH (slasg,S o b (55t JsSlge (335 45 ol o la S
oS cplply @ GlSl il cdld b Kb gy
Mo (39 Gl e a4 S 0 J3S (6395 By ST
S olgsa adls ol Sl plges (o) alepe > TBA
S50 o2kt WY gt S el s dlezel BB a3ls

(Karacam, et al., 2002)

A oaalie (2 )led) Sas oyd 5 (ggls diged )3 Hlade oy ieS
Faraji ) wsb e S5 GluuSl ol caols yol cpl s Vi
<15 59y 3 1Sy e e L(and Lindsay, 2005
bug dols guls b a5 oy w3 52 Hlos 4 cuwi 4 jlad
o)Ken 5 GUizani )b calks (2014) -l Kes ¢ Guizani
P e ol Sl g g gmlinsS] o b (2014)
Wb cou ord a8 (6390 (Thunnus albacares) 5 b
sladiges a5 13,5 b (%15 5 10 &) S aliseo slaclale
s 65V STy e Sod aoyd 10 clale (5 ons jgabge
20y 10 mhaw > S oSty o Hlaia caimily b los i 4
Ziprin 4 Rhee yisced .ol 0l (]38l ) oyn ol
31 aop 05- 215 waw > S 39581 a5 25,8 oLy (2001)

S (o S5l (a2 Ogmliens]

S 9598l
ohg Ogebipns] 4l Ygane (i TBA adls
Sl Job p pasls opl il K9, e e lis |y lanad]
oy laanS Ty 3503 ¢ 05T ol (il Bl s a0 col Sen (5SS
3 oglinS] w4l Jpame slgisdr baadl sl sl )

(ple Cudss 0,5 100 45 a5l ogllo )5 o) sl S g Ligwd Oy -5 >

4 o 3 )l 2 o 1 s 397
0/05£0/00%  0/05:0/00~¢  0/04+0/004c  0/05:0/017> 4w
0/13:0/012  0/07+0/008c  0/05+0/00cc  0/08+0/01820 3
0/11£0/00%  0/09£0/01>  0/07+0/01~>  0/07+0/05~ 6
0/07+0/00~8¢  0/07+0/008c  0/06+0/008>  0/06+0/004> 9
0/09+0/008¢  0/09+0/008>  0/08+0/008a  0/11:0/0172 12
0/12+0/00%  0/10+0/008a  0/09+0/01ca  0/130/00% 15

035 oS 1 Jlags & s (G0l sloJslme Jlas o (glaog)S
CubeS 2 ol culld ials o S 5l Jdoay Grals cplcde Lol
Conl 0100)5 ypusilS lg ) Seo clled 9wy EalS s &S 029y
2 LSk i s )93 0Lk (Leroi et al., 2000)
cle 5,5 oanlie 2 ojled sl )3 lime cpyieS 5 1 ojlod o
Eglite 3 )Slas daulyty Wlgie 2 o byl b el
258 S sSge 1nj sl Soi b duglie > S0 sl J5Sge
Collignan ) K¢ e o |y sy ol Lol (e b dunlio

(1= 3) ol Jlme Gl ol £, Soles Jols Joan slmodls
TBA Lials 5 o 16 alis Jaw o 3 (AB,..) S)j g >
TBA 5 5)l0%5 oo 1l &l (g 12 )3 (@,D,) S8 Bgy>

IS ooyl
O o Qilisee sladisS sl adsl (TVC) S obysL b
Gimenez et al., 2002; ) w5l 0 6 52 log cfu/g (yw o3ga5xa >
SRS sl ,Sis (aSTVC pslie (Arashisar et al., 2004
ods o3> (L5 6 Jods > cpols adllae ,d ¢ Jlxsy (slod )> o
sldasMo LB (il58l 2)leSS 090 (b dad o oyl gl .ol
Cosl aBply Oygo Lilojl 390 sladiges PTVC polie p»
» bbb as ob b 1l b bsjles duwlis (p<0/05)
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Fraser and ) 1l (udglla) covgd S sla g iSb sliws o3l
o jlows solod > (LS b polie uls Ll . (Sumar, 1998

Lug (Tlog cfu/g) o] oot Jod b > 5l o)ed LL L
2,55 390 (1986) ICMSF

id g Sg cdale s ol pogMe .(and Raoult-Wack, 1994
o bylus b aS” ola g Sl (gl odd dguw S (glaald g0l
@ G 4 Jlag pimen il el gllas wius Sl (el
J> 4 ol (Sen o antlh gprin b8t L3 5 2 ey

diliseo (b loai 9 ylej 4 (log cfu/g) TVC ydlie il pis =6 Jgua

4 o 3 e 2 o 1k 397
1/83+0/128  1/60+0/1087  1/80£0/008 2/20+0/13%  ,hw
2/80+0/04%¢  2/64+0/10%  2/20+0/20%  3/10+0/04~¢ 3
3/91£0/022  3/72+0/0348¢  3/30+0/218¢  4/04+0/04> 6
5/03£0/07~  4/56+0/068  4/20+£0/20%  5/20£0/20% 9
5/84+0/30%  5/54+0/05%  4/80x0/04%  6/20+0/04% 12
6/04+0/0252  6/00+£0/0282  5/80£0/048 6/32+0/012 15

(p<O/05) cils (¢ yriin s 1 Loy X5, oyl & aily i8]
OB 6 e 258 s 2 e Comgileyer b 55 o
S Jsse bwgi 135,50 O (ials dawlga o] cle oS 355 090

(Collignan and Raoult-Wack, 1994) 1L . S

(1= 3) ol jlme Gl ol £, Soles Jols Joan clmodls
TVC LS 5 o 56 alis Jaw o 3 (AB,.) S)j g >
TVC 5 )l oo 1l &l g 2 )3 (@,D,) S8 Bgy>

Cungalopw (5L 5 3l (o0 )lows
ol 0 (le Slud Jgiune (cbapunsilS)ly Sie (ol 09,5
Wi (e p)S Cungdlope S ySh Oy Gjgod ol
elyss 8 Jods (Sallam, 2007; Gram and Huss, 1996)
ol Kb b sladiges 1) Cawgale po sl g8l 4L polae

Gisee (b ylowi 9 B loj 45 (log cfulg) PTC palie il s =7 Jgua

4 o 3 los 2 o 1,k 397
1/30+0/258  1/20£0/208  0/80£0/70%  2/00£0/09% o
2/84+0/0578¢  2/60+0/018¢  1/95+0/22¢¢  3/12+0/07A¢ 3
3/83+0/064Bc  3/77+0/068  3/35+0/09cc  4/00+0/04~c 6
5/03+0/07A>  4/80+£0/068  4/70+0/108>  5/24+0/20~> 9
5/90+0/028a  5/90+0/0482  5/70+0/01c2 6/13+0/08~2 12
6/08+0/0282  6/01+0/028= 5/92+0/03c2 6/21+0/01% 15

VL2 o 0)93 gt )3 oo g 51 595516 Llod 51 a5 ol (L
0,93 sl b %59, cpl a5 g 1)y 1) il o 208 1 e g jlitel
OL;‘;sp,.\o99gJél;d@l))'g:alw):%owz)w9¢élimbl
Sows 3 ol 5l (b (g dlud iy g yloj CubiS L &8ly 45 a0
PV il s pol (2] 487935 o s 305 (glmog S & i 1
553 oo 4 2095 L dS (el jlass o sy S sl g

(1= 3) ol Jlme Gl ol £ Sls Jols Joan clmodls
PTC Lials )5 lag b &l jhw yo 5 (AB,.) S5 Gy
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Introduction: Seafood is among the very perishable foodstuffs. For this reason, a lot of researches have focused on
improving the quality of fish and increasing the shelf-life of fishery products, including the use of edible films, modified
atmosphere, freezing and control of temperature. Storage in the refrigerator is one of the methods used in fish supply
centers to keep quality and extend the product shelf-life. The storage of fish and seafood in the refrigerator decreases the
enzymatic and chemical activity and activity of microorganisms. However, undesirable changes occur during refrigerator
storage, which leads to a decrease in quality. Therefore, it is necessary to maintain the product quality by combining
protective factors. The aim of the present study was to evaluate the preservation effects of salt/sugar solutions treatment
on quality of fish fingers made from silver carp (Hypophthalmichthys molitrix) fillets during refrigerated storage (4°C).

Materials and methods: The prepared fillets (about 100 g in weight) were soaked in cold 10% salt/sugar solutions
for 30 min, allowed to drain for 15 min in refrigerator and after bone separation were minced. Fish fingers were prepared
after adding the ingredients and mixing, and then packaged and stored in refrigerator for 15 days. The treatments of study
were as: fish fingers without any treatment (control sample), samples made from treated fillet with salt/sugar solution
(50/50) (T2), samples made from treated fillet with salt/sugar solution (75 / 25) (T3) and fish fingers made from treated
fillet with salt solution (100 %) (T4). Physicochemical, microbial (TVC and PTC) and sensory characteristics were
measured at days 0, 3, 6, 9, 12 and 15.

Results and discussion: PV, TBA and TVB-N values were increased significantly in all treatments (p<0.05). Lowest
TVC count was obtained in treatment 2 at day 15 (5.8 log CFU/g). According to the obtained results, treatment 2 was the
best treatment in sensory characteristics. Osmotic treatment increased the shelf-life of fillets and their products, due to
the effect of preventing these solutions against the growth of spoilage bacteria, which ultimately resulted in the reduction
of corrosive products such as TBA and TVB- N. The results of this study showed that osmotic solutions have the potential
to replace the thermal and chemical treatments to produce a quality and healthy product with an apparent consumer
sentiment.

Key words: Silver carp (Hypophthalmichthys molitrix), Fish finger, Quality characteristics, Salt, Sugar
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Introduction: Spirulina platensis belongs to the Division of Cyanobacteria and the family of Oscillatoriaceae. It is
autotroph and photo-synthesizer and can be reproduced through double cell division. Spirulina platensis is a filamentous
blue-green multi-cellular microalgae naturally occurring in the tropical and alkaline lakes of America, Mexico, Asia and
central Africa. It contains unique and extraordinary nutrients which can be used in the production of functional foods.
Among bakery and flour products, cake has a relatively high diversity and long shelf-life and is famous among a variety
of people, especially children. Since the knowledge associated with the enrichment of sponge cake, as a popular product
among different communities (in particular, children) is limited, the aim of the present research is to produce a sponge
cake enriched with spirulina platensis, and to examine its nutritional, physicochemical and sensory properties.

Materials and methods: In this research, the effect of Spirulina platensis at four levels (0, 0.5, 1 and 1.5%) was
investigated on the nutritional properties (protein, fat, iron, zinc and copper contents), physicochemical properties
(moisture content, pH, total phenol content, antioxidant potential, textural properties and color indices) and sensory
attributes (odor, color, texture, flavor and taste, chewiness and total acceptance) of the sponge cake samples prepared with
wheat flour.

Results and discussion: Results showed that algae powder was rich in protein (56.33%) and iron (13.18 ppm). The
addition of Spirulina platensis to the sponge cake caused reduction in its moisture content during storage (days 1, 5 and
10). The results also revealed that the different levels of algae addition brought about significant differences in the
moisture content of the samples (p<0.05). The results also indicated that the protein, fat and mineral contents as well as
other nutritional properties of the sponge cake increased as the algae content was elevated. The total phenol content of
the cake samples was also raised with an increase in the algae powder level, compared with the control. This could be
attributed to the large amounts of phytochemical and biological active substances such as flavonoids, sterols and other
phenolic compounds. The results demonstrated that the porosity values of the control and the sample containing 1.5% of
the algae were not significantly (p<0.05) different. The percentage of porosity was equal to 24.94, 37.99, 33.39 and 27.81
in the control and the samples containing 0.5, 1 and 1.5% of Spirulina platensis. Overall, the sample with 0.5% of the
algae and the control had the highest and lowest porosity percentage respectively. As the algae level rose, the textural
parameters (hardness, cohesiveness and gumminess) of the sponge cake increased on days 1, 5 and 10 of the storage
period. The colorimetry results showed that the effect of Spirulina platensis was significant (p<0.05) on color parameters
(L*, a* and b*). Sensory evaluation revealed that the sponge cake with 0.5% of the microalgae was the most acceptable
among the samples. The green color of the cake crumb was attractive to the panelists and a comparison between the total
sensory scores indicated that the incorporation of Spirulina platensis into the sponge cake was desirable from the
panelists™ points of view. The results of this study demonstrated that the addition of Spirulina platensis to sponge cake
for the enrichment of this product, caused an increase in its protein and mineral contents, antioxidant potential, in addition
to other functional ingredients naturally occurring in this algae. The results revealed that different levels of this algae (0.5,
1, and 1.5%) did not significantly affect the cake texture, however, had a significant impact on its color. Incorporation of
Spirulina platensis into sponge cake reduced its L*, a* and b*, which was highly noticed by the panelists. Therefore, it
can be declared that enrichment of sponge cake, as a popular product among different people of societies, particularly
children, is a desirable and easy way of transferring the useful and valuable compounds of this algae to human.

Keywords: Spirulina platensis, Textural properties, Sponge cake, Sensory properties.
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Introduction: Essential oils and secondary metabolites of plants have too many uses in medicine as well as food and
hygiene industries. The herbal essential oils include different health features including antioxidant and antibacterial
activities. Several forms of the activated oxygen, also known as reactive oxygen species (ROS), include free radicals and
non-free radical species. In traditional Iranian medicine, coriander seeds are widely used to treat the disease. The
objectives of this paper were to identify the chemical compounds and to measure the phenol content and the antioxidant
potential of coriander seed essential oil in addition to its free radical scavenging activity. The other aim of this work was
to investigate the antimicrobial of coriander seed essential oil on Bacillus cereus, Salmonella typhi, Escherichia coli and
Pseudomonas aeruginosa “in vitro”.

Materials and methods: In this research, the coriander seed essential oil (100 g) was extraction using water-
distillation method with clevenger apparatus. Afterwards, coriander seed essential oil was collected in vials which had
already been weighed by a 0.0001 balance and stored at 4 °C until testing. Chemical composition of coriander seed
essential oil was determined using gas chromatography. The antioxidant activity was determined by 2,2’-azinobis (3-
ethylbenzothiazoline-6-sulphonic acid) di-ammonium salt (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicles,
respectively. The method of Folin-Ciocalteu was performed through determination of TPC. The result was reported as
mg of gallic acid/g of the dried coriander seed essential oil. The antioxidant potential of the essential oil was compared
with BHA synthetic antioxidant at a concentration of 100 pg/ml. Antibacterial activity of coriander essential oil was
determined by disc diffusion agar (Kirby-Bauer test), minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) methods.

Results and discussion: Based on the results of chemical analysis, the coriander seed essential oil was rich in
oxygenated monoterpenes (89.94%). The main compound of coriander seed essential oil was Linalool (76.75%). The
highest percentage of free radical scavenging for DPPH was 53.5% and for ABTS 66.6% at 900 ppm concentration. The
total phenol content essential oil was 38.04 £ 0.02 mg GAE/g. The result show that, the most sensitive and the most
resistant bacteria with diameter inhibition zone 30.30 mm and 23.15 mm were Bacillus cereus and Salmonella typhi
respectively. MIC of coriander seed essential oil for Bacillus cereus, Salmonella typhi, Escherichia coli and Pseudomonas
aeruginosa was 2, 4, 4 and 4 mg/ml respectively. MBC of coriander seed essential oil for Bacillus cereus, Salmonella
typhi, Escherichia coli and Pseudomonas aeruginosa was 512, > 512, > 512 and 512 mg/ml respectively. In general, the
results indicated that the coriander seed essential oil was effective on microorganisms; nevertheless, the extent of its
effectiveness varied depending on the type of microorganism. The gram-positive bacteria are more sensitive to essential
oil rather than gram-negative ones. The higher resistance of gram-negative bacteria to the essential oils of medicinal plants
could be attributed to the more complex structure of the cell membrane of these bacteria compared with the single layer
structure of the gram-positive ones. The results of this study revealed that coriander seed essential oil had less antioxidant
activity than synthetic antioxidant BHA. Antibacterial activity of the essential oil was higher than the gentamicin
antibiotic. Regarding the chemical compositions identified in the coriander seed essential oil, these compositions could
be employed as an important economical source uses in medicine as we as food and hygiene industries.

Keywords: Antibacterial activity, Coriander seed, Gentamicin antibiotic, Synthetic antioxidant.
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Introduction: Pomegranate (Punica granatum L.) is an important horticultural fruit which is generally very well
adapted to the Mediterranean climate. Arils are the edible part of this fruit, being rich in anthocyanins and bioactive
compounds such as phenolic compounds and flavonoids which act as antioxidants and free radical scavengers.
Susceptibility to chilling injury in pomegranate fruits is a major limiting factor in storing fruits at low temperatures. Below
5 °C, pomegranate fruits show symptoms such as surface pitting, browning, discoloration and decay. The control of
temperature is an effective tool for extending the shelf life of fresh horticultural products. Oxidative stress, as caused by
an excess of reactive oxygen species (ROS), is usually associated with chilling injury in fruits. Nitric oxide (NO) is an
important gas molecule, the involvement of which in many physiological processes can protect plant cells against
oxidative stress by reducing the accumulation of ROS. Postharvest studies have shown that the application of NO gas can
extend the storage life of a range of horticultural produce by delaying ripening or senescence. Due to the high number of
pomegranate cultivars in Iran, limited amounts of information exist on how the qualitative characteristics of arils in the
Malas pomegranate can be affected by nitric oxide and different temperatures during storage. The Malas cultivar
comprises a large share of pomegranate exports from Iran. In this research, the positive effects of nitric oxide were
examined on reducing the chilling injury and maintaining the fruit quality of pomegranate. The application of this
treatment at different concentrations and different storage temperatures led to variable effects on the qualitative
characteristics of arils in the Malas pomegranate.

Materials and methods: Malas pomegranate fruits were harvested commercially from Isfahan Province and were
transferred to the Food Industry Laboratory of Isfahan Natural Resources Research. The fresh arils were separated from
fruit tissues and were immersed in solutions of nitric oxide (0, 5 and 10 pM/L) for 5 min. After draining, the arils were
placed in packaging films of polyethylene and were immediately stored at 2, 4 and 8 °C for 21 days. Several parameters
were measured every 7 days during the storage time. These were the weight loss, total soluble solids, titratable acidity,
TSS/TA, acid ascorbic, total phenol, total anthocyanin content, antioxidant activity, MA, ion leakage, POD, PPO activity
and sensory evaluation. The current study was carried out as a factorial assay and was based on a completely randomized
design with three replications. Data were processed by ANOVA using the SAS software version 9.4. Significant
differences were identified using Duncan’s test at 1% probability level.

Results and discussion: Results showed that the total anthocyanin content, total phenol, antioxidant activity and
titratable acidity decreased during storage time. The control group and the treatment with low temperatures significantly
reduced the qualitative characteristics of arils during storage. The water content of arils treated with 5 and 10 pM nitric
oxide was maintained considerably for 21 days during storage. According to these results, unlike titratable acidity and
ascorhbic acid which decreased in both treated and untreated fruits, there was an increase in the total soluble solids and
POD activity of arils during storage. However, nitric oxide reduced the rate of these changes, whether it be the decrease
or increase in the measured parameters. During the experiment, the control samples showed lower values of quality
regarding all parameters. The use of nitric oxide in fruits reduced lipid peroxidation and ion leakage significantly, whereas
the antioxidant activity increased. The decrease in ion leakage was observed most notably in fruits that were treated with
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10 pM nitric oxide. Furthermore, low temperatures managed to disrupt the metabolic balance of reactive oxygen species,
leading to the accumulation and destruction of antioxidant enzymes. In the present study, exogenous treatments with nitric
oxide at 5 and 10 uM significantly reduced the lipid peroxidation content and electrolyte leakage of arils being stored at
cold temperatures, compared to untreated arils. Nitric oxide suppressed the activity of polyphenol oxidase (PPO) and
preserved the physical appearance and the internal quality of pomegranate arils. The decrease in phenolic compounds
(29.32%) and antioxidant activity (39.91%), besides the increase in lipid peroxidation (38.37%) and ion leakage (36.98%),
caused deteriorations in the appearance and organoleptic properties of the control samples. To alleviate these problems,
nitric oxide has beneficial effects on maintaining the anthocyanin content of pomegranate arils by partially inhibiting PPO
enzyme activity during storage. It prolongs the postharvest life, helps preserving the quality of pomegranate arils,
suppresses the formation of ethylene, reduces the respiratory rate and controls weight loss, in addition to maintaining the
firmness of fruits. Delaying the changes in peel color and TSS are also considered as useful effects of nitric oxide on
pomegranate arils. Nitric oxide impeded the process of senescence by slowing down PPO-related activities, thereby
maintaining the total phenolic content of pomegranate arils.

In conclusion, the application of nitric oxide was observed to reduce ion leakage and PPO activity in pomegranate
arils, while also maintaining the quality of arils. Ultimately, the use of 10 uM nitric oxide at 8 °C can be suggested as the

most optimum treatment herein.

Key words: Pomegranate arils, Nitric oxide, Polyphenol oxidase, Antioxidant activity, Fruit quality.
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Introduction: Meat and meat products are important sources of protein, fat, essential amino acids, minerals and vitamins
and other nutrients. Bologna sausage, a cooked meat product, is one of the most accepted processed meat products and is
consumed and enjoyed worldwide. Among the meat products, sausage and bologna in vacuum packages due to their
variety, easy to use applications and being economical, have become commonplace. The most important problem with
the production, storage and sale of this kind of meat products is their syneresis in the vacuum packages. In addition to an
unpleasant appearance, syneresis leads to accelerating microbial growth and undesirable changes in the flavor and odor
of the product.

The addition of functional ingredients helps to modify the overall technological and sensorial characteristics of a meat
system such as water holding capacity (WHC), fat holding capacity, and texture properties and decrease the syneresis.
Syneresis and purge are seen as a result of retrogradation of starch and this is very common in sliced and vacuum-packed
meat products. Storage of meat products containing high-amylose starches, at low temperatures from around -1 °C to 0
°C for a prolonged time also favors retrogradation. The level of retrogradation depends on the type of starch and wheat
starch demonstrating the greatest tendency towards retrogradation. Chitosan is a natural cationic polysaccharide
antibacterial activity and antioxidant properties in muscle foods during storage. The aim of this study was Investigation
the addition of functional ingredients such as chitosan and potato modified starch in the formulation on the amount of
syneresis, pH, total microbial count and sensory evaluation in two type of products including beef ham and chicken ham
were examined during storage. Then, the effect of vacuum packaging type and the amount of vacuum created in the
package on the amount of syneresis were investigated.

Material and methods: In this study, first various factors such as three levels of chitosan (0, 0.3 and 0.6%) and
replace the wheat starch with three levels of potato modified (0, 5 and 10%) in the formulation on the amount of syneresis,
pH, total microbial count and sensory evaluation in two type of products including beef ham and chicken ham were
examined during storage time (1, 15 and 30 days). In this part of study, samples with least syneresis was selected. After
that various factors of packaging such as two type of vacuum packaging(simple vacuum pack and skin pack) and the
amount of vacuum(5 and 30 millibars) created in the package on the amount of syneresis were examined during storage(1,
15 and 30 days). Wheat starch, potato starch and chitosan were purchased, respectively, from Faradane Company, KMC
Company and Sinaseven Company. Chicken meat was purchased from Fileh Amol Company. Beef was purchased from
Minerva Company of Brazil. All steps of samples’ preparation were performed in the Kalleh Amol Meat company. The
chicken ham samples in this study were consisted of 90% of the chicken meat and beef ham samples were consisted of
90% of beef. Vacuum packaging was done using the machines which were manufactured by the German company
Multivac. Syneresis was measured using the method suggested by Cesare et al. (e 2013). Initial weight of the ham slices
before vacuum packed was measured (P1); at the day of the analysis, the packaging was opened and the slices were dried
with a disposable absorbent towel, then the dried ham slices were weighed again (P2). Syneresis was expressed as:
Syneresis= (P1- P2) x100/P1. This study was conducted in a completely randomized design and Duncan multi-ranged
test was used to determine differences between samples at 95% confidence level.

Results and discussion: According to the results of analysis of variance, there was no significant difference between
the syneresis of beef and chicken ham. The effect of storage time was significant on the syneresis and the syneresis rate
increased with increasing storage time. Also the results showed that adding chitosan and potato modified starch
significantly (p<0.05) reduced the product's syneresis during storage. Potato starch has more water storage capacity and
more amylopectin than wheat starch. For this reason, potato starch has a weaker retrogradation and less syneresis.
Chitosan is a cationic polysaccharide with water absorbing polar groups. Chitosan, also was prevented from decreasing
product’s pH during storage time, that this result showed antimicrobial effect of chitosan on acid lactic bacteria, especially
in 15 and 30 days of storage. For that reason, chitosan prevents product’s pH to reach to its isoelectric pH. According to

1, 2 and 3. Former Ph.D student, Associate Professor and Professor, Department of Food Science & Technology,
Urmia University.
(*- Corresponding author Email: kh.pirouzifard@urmia.ac.i)



269 .. o)l coinS Liis pLod g dwmnST G s i

the sensory evaluation results, during the maintenance period, the sensory quality decreased significantly while chitosan
had a significant positive effect on sensory parameters during storage time (P<0.05). Type of vacuum packaging and the
amount of vacuum created in the package showed significant effect on the amount of samples’ syneresis. Skin packaging
showed less syneresis rates than simple vacuum packages. This result can be due to two reasons: one is the shrinkage of
the product in the package, and the other is the amount of the film packing tangency on the surface of the products. So
that by increasing the amount of vacuum, syneresis value increased significantly. Increasing the negative pressure inside
the package caused increase the mechanical pressure by the packaging film on the product. In total, it can be concluded
that with the addition of modified potato starch and chitosan to the formulation, as well as the use of lower-vacuum Skin
packaging, the amount of syneresis of meat products can be significantly reduced.

Key words: Ham, Syneresis, Potato Modified Starch, Chitosan, Vacuum Packaging.
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Introduction: Oat establishes a healthy basis for food products. It has gained relevance in human nutrition because
it is one of the few cereals with high content of soluble fiber namely B -glucan, and is a good source of proteins, vitamins,
and minerals (Butt et al., 2008). B-glucan is one such polysaccharide that has received much attention from past few years
due to its several health beneficial properties, including the ability to remove free radicals in a way identical to
antioxidants (Gardiner, 2000). B-glucan is an unbranched polysaccharide consisting of B-D-glucopyranose units linked
through (1—4) and (1—3) glycosidic bonds in cereals and (1—6) glycosidic bonds in fungal sources (Ahmad et al.,
2016). B-glucan from different sources vary in their molecular structure, chain conformation, solubility, number of f-
(1—3)- or B-(1—6)-linkage, and thus different biological activities (Descroix et al., 2006). B-glucan is regarded as an
important functional ingredient to lower serum cholesterol, promote weight management, reduce glycemic response,
enhance immune system, besides having a prebiotic effect (Zhu et al., 2016; Shah et al., 2016). f—glucan from barley and
oat at a 3 g/day dosage as recommended by FDA would reduce cardiovascular disease risk including reduction in blood
glucose and also has satiety effects. Therefore, in order to meet the demands of people related to diets that has low
glycemic index and antioxidant property, non-starch polysaccharides like B-glucan can be used as an ingredient in the
products to develop new functional foods (Lee et al., 2016). Oat grain’s fat content is more than that of wheat and it is
full of lipase, lipoxygenase, and other hydrolytic enzymes. Over time, enzymes lead to the hydrolysis of the fats present
in the oat that make the rancidity taste. Due to the effect of enzyme activity on the stability of oat flakes, these enzymes
need to be deactivated during oat processing. One of the methods for disabling enzymes is a hydrothermal process
(Doehlert et al., 2010). In this study, the effect of hydrothermal process using autoclave on the physical and rheological
properties of oat B-glucans in different times and temperatures has been investigated.

Materials and methods: In this study, beta-glucan was extracted from oats using hot water extraction method. Hulled
oat grains, it put into autoclave for hydrothermal processing, at three different temperatures of 110, 120 and 130°C in two
different time (10 and 20 minutes) intervals, to measure the effect of time and temperature on physiochemical and
functional and rheological properties of B-glucan. After extraction, the physiochemical and functional properties of
extracted B-glucan such as solubility, foaming, foaming stability and rheological properties were tested. In order to
measure the moisture, ash and protein content, the standard methods (AOAC, 2005) were used. The fat content of the
flour was measured by the standard AACC method 25-30. The starch was determined by polarimetry method. For
solubility measurement, according to Betancur-Anoka (2003) method, after preparing 90 ml of 1% w / v solution from
each sample B-glucan, it was divided into 3 equal parts. Then each of them was placed in a warm bath of 25, 50 and 75
°C for 30 minutes. After centrifuging for 15 minutes at about 8000 g, 10 ml of the upper clear solution was transferred to
an oven at 125 °C to reach a constant weight. Finally, solubility percentage at different temperatures was calculated.

The foaming capacity and foam stability were studied using the temelli method (1997). For this purpose, 2.5 g, B-
glucans was dissolved in 100 mL distilled water. The resulting solution was mixed vigorously for 2 min using a hand held
food mixer at high speed in a stainless steel bowl with straight sides and volumes were recorded before and after whipping.
To determine foaming capacity, foams were slowly transferred to a 1000 mL graduated cylinder and the volume of foam
that remained after staying at 25 + 2°C for 2 h was expressed as percentage of the initial foam volume (Temelli et al.
1997; Ashraf Khan et al., 2016). B -Glucan gum solutions were prepared in duplicate in the desired concentration (1.0%
of gum, w/w) using distilled water. Rheological properties of the samples were studied by an Anton Paar Physica
Rheometer (Physica, MCR 301, Anton Paar GmbH, Germany), with a parallel plate geometry.

Results and discussion: B-glucan obtained from hydrothermal process on oat flour at 120°C for 10 minutes had the
highest solubility at 25°C and the lowest solubility at 50°C, and 130°C treatment for 10 minutes had the highest solubility
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at 75°C from hydrothermal process on oat flour at 120°C for 10 minutes had the highest solubility at 25°C, and the
treatment of 110°C for 10 minutes and also the treatment of 120°C for 20 minutes had the highest solubility at 50°C and
75°C. The amount of foam in treatment at 130°C for 10 minutes were lower than other treatments and the treatment at
110°C for 10 minutes had the highest foaming stability. In the study of rheological properties, the effect of shear rate on
viscosity showed by increasing the shear rate, viscosity decreased in all samples. B-glucan from hydrothermal process on
oat flour at 120°C for 10 minutes, had the highest amount of viscosity. In the temperature sweep the parameters included
G’ modulus and G” modulus, the amount of G’ and G” in 3 -glucan sample that extracted from hydrothermal process on
oat flour were decreased in all samples. Also, G’ and G” of extracted B-Glucan from hydrothermal process on oat flour at
120°C for 10 minutes was higher than other treatments. In the frequency sweep, at a lower frequency, the amount of G”
was more than G’, and both of them were increased by an increasing frequency and the amount of G', G” and n* at 120°C
for 10 minutes was higher than other treatments in the frequency of 1 and 10 (Hz). The results showed that the
hydrothermal process had a significant effect on the properties and functional properties of {3 -glucan. Extracted  -glucan
sample at 120°C for 10 minutes had the highest solubility at 25°C, and the sample had the lowest solubility at 50°C. The
sample treated at 120°C for 20 minutes had the highest solubility at 75°C. The foaming capacity of sample at 130°C for
10 minutes was lower than other treatments and the treatment at 110°C for 10 minutes had the highest foaming stability.
In the study of rheological properties, the effect of shear rate on viscosity decreased in all samples and the treatment of
120°C for 10 minutes had the highest amount of viscosity. In temperature sweep measurement, the amount of G’ and G”
were decreased in all samples and at 120°C for 10 minutes it had the highest amount of G’ and G”. In the frequency sweep,
at a lower frequency, the amount of G” was more than G’, and both of them were increased by an increasing frequency
and the amount of G’, G” and n* at 120°C for 10 minutes was higher than other treatments in the frequency of 1 and 10
(Hz).

Keywords: B-glucan, Oat, Hydrothermal processing, Rheological properties
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Introduction: In developing countries, camel meat is used to provide nutrients, proteins, vitamins and minerals but
it usually has a tough texture. Marinating of meat may improve its flavor and the tenderness. It has been shown that plant
enzymes such as papain, ginger and cucumis increase the meat's tenderness and improve the flavor and aroma of the
products.

Ginger extract (GE) could improve the tenderness of camel meat by “Zingibain”. Marination in acidic solutions has
been used both traditionally and industrially for the tenderization and flavoring of meat (Abdeldaiem and Hoda., 2013;
Tsai et al., 2012). The tenderization effect of marination on meat have been examined by using organic acids such as
citric acid (Aktas et al., 2003; Berge et al., 2001; Ke et al., 2009; Kim et al., 2013; Ke, 2006; Ke et al. 2009).

The objective of this study was to evaluate the effect of ultrasound and marination with different concentrations of
citric acid and Ginger extract 30% on the physicochemical characteristics of camel meat.

Materials and methods: Fresh ginger rhizome (Zingiber officinalis roscoe) purchased from a local market was
washed, peeled, sliced and immediately homogenized with an equal quantity of chilled and distilled water (4°C) for 2 min
to extract the crude enzyme. The homogenate was filtered through Buchner funnel and the water to get the GE. Marinade
solutions were prepared by addition of 0.5, 1 and 1.5% citric acid to 30% GE, and distilled water was used as control. To
prepare the required the 30% GE, the crude fresh GE was diluted with distilled water (He et al., 2015).

The portions from Biceps femoris muscles of aged male camel carcasses (4 years of age) were prepared according to
method described by Abdeldaiem et al (2013). Uniform sized (3x3x3 cm) of aged camel meat chunks were dipped in the
curing solutions at the ratio of 3:1(meat: liquid) and immersed in the polyethylene bags and kept at 4+1°C for 24 and 48
h (Abdeldaeim et al., 2014; Garge et al., 2006).

The pH values were measured directly using a probe type electrode (Naveena et al., 2004). Uptake of marinade (%)
was measured according to method described by Garg et al (2006) and Hosseini et al (2012).

The color measurements; lightness (L*), redness (a*) and yellowness (b*) were performed at the surface of the
marinated meat samples (Barbut, 2004).

Cooking loss of meat samples was determined so that He et al (2015) and Kim et al (1995) described.

Shear force values of cooked samples were determined using texture analyzer with Warner-Bratzler shear apparatus,
while muscular fibers were almost parallel to the force as normally occurs during chewing. Six meat cores (1.27 cm
diameter) parallel to muscle fiber were sheared once through the center by a warner-Bratzler shear attachment using 50
kg compression load cell and 200 mm/min cross-head speed (Karimi et al., 2008; Hosseini et al., 2012).

After 24 and 48 h marinaton, samples were prepared for (SEM) as described by Naveena et al (2004).

A completely randomized design in a factorial experiment with 3 replications was employed by using analysis of
variance (ANOVA) to study the effect of ultra-sonication, and time on physicochemical properties of camel meat. Least
significant difference (LSD) test was used to determine differences between treatments means (P<0.05). Data were
analyzed using procedure of SAS version 8 (Burke et al., 2003).

Results and discussion: Ultra sonication caused a decrease in pH while increasing marination time caused an increase
in pH of all samples comparing with control. Cooked samples showed higher pH compering with raw marinated samples.
Ultration and increasing marination time caused significant increase in marinade uptake due to structure changes.
Application of ultrasound, higher concentration of acid in marinade solution and longer marination period resulted in
lower shear forces of meat samples.

Marination by 30% GE in addition to 1.5% citric acid and ultration illustrated maximum tenderness, lower pH and
L*-value but caused less water holding capacity and higher cooking loss.

(*Corresponding author’s email: n.zamindar@khuisf.ac.ir)



299 . oSy » wigul sl g S e del s ojliae G

Keywords: Camel meat, Ultrasound, Marinade, Citric acid



Iranian Food Science and Technology ) ] ) o oo a
Research Journal f } j olnl @I4é gluo 5 pole g} 4 5o
&,

%

Vol. 16, No. 2, June. July. 2020, p. 301- 311 ) «a« i 301-311. 1399 ji-ols 5 2 o ylosis 16 wl>

(bt 50 58 o S5s 2bisl 9 S8R o s Gol o s A5 Ol

O mim 5 529 S

g S i =t J grasmas S

1398102121 -3, 55
1398106/24 : 5 . o
LR

55 > Sty it S oo 2] 55 oAU G pume (VIS s 3 2l 35l 2 0o oS el i (slmodygl 351 (S e Al o e
g o 03l Lo pusd g5 53 0aiiS o pd lgisdy ;S5 5 g 0 Dol 0aiS Byuns 3 o GluS 5 g4 Abawlgds 4 ol (canligd  wlus! g Ll YL
sl oS g s laies 55 0 51 lyise ol o] o slpuSTT g T sl ecypalizg ¢ idns Slgo el 125 oVl yolia (gl 39S 0
B s o3l o> 3> 3553 0y (010 5 7/5 5 ) ciliie (slacisnss § 55 0 b 5] iz 3ol 9 > 3o pee inlS poliiody 3,8 oolitol 1S
i s 58l PH can sl «Kis 03lo pnn) o lowssSo jub (laygoil o 3,5 ol v 3 6 (slod 13 (6,105 el 48 51 aw 0sds Mg d5ge3
853 ohl] o (LT3l e 5 S dmpndlS lyySee I (5)ld) (29)See slaiigei] S5y (i)l bl sl ol sl ISl gllels 4
il 4 3l s ulis 5 dumlio (PLO/05) il (latalsaia (g0l b UncySolee 5 Il SPSS l3dle 5 b laosly 1158, )5 ou i) 5 (Loshys!
5 (25/94) 3151 oo JISa3ly LS 85)05l 2umys b 58 sl 613/98) atpmad fime (PLONO5) I3 sine Liial38 ccly yusd (sladigms 3 595l opus i
3 (POM05) (¢ )b sino 1l oSl opwis clale ilidl 0,8 L asls o (2/94) pH (%5/18) > (%95/40) 5,5l (P<O/05) ls gse ials
255y ) s (alodind > p5Si oy (3935 &8 o s o (i) S5 s Intiges yasie g S 5 lngySTy IS Ubylasd il (slo sl
Gy 5 <55 il iz cqr (clnygiS 13 3953 0 yud s> 10 (gl yuod by S Lo (slny 3516 s Jlital il mgo g LB (o sina Sl L,
03,5 oy Jled Cp i Sloieds (o sla Sy ded ()39 3,1kl 4 do g5 b g 350 ey 1y jlel o YL IS

leosdsfeed G S 95 g () jd e ()l 158 (Wa0jlg
55y g0 g o pab luS i ¢S (aadolS g un aisle) Lnoiams doddo
(Vinifera) ,ss!.(Milani, 2011) x,ls (clalj ,lisbo g o392 jlxe

ol oyl )5 .cuwl Vitaceae - Llu,sSl eolgsls s )3 51 (gl s ©

| . | £ 600 11 Slds saw @l las canl 88 oYL 5lis gols lalic b pns
u?.w“?u.’.)’WJ))).??S“?; ot g o 1L D9 JWs & Bgye = ol sbacsylon g ol o Bla 4 Mise 31,3l sl
b 955! o,s5 (Ehteshami et al., 2005) coul ;oS3 i 03lgils s s b o5s 60 o | ool cslms 3o 6L 5 3,
el Olal 589 Bblie oo Npame Jl (&2 hip ol i S i) tlosie WliE g5 ) Gy b Lo
e 48 sl Olpl g SloysSl Jaop 05090 o8 L s L ey Gy ojg)el (1388
X8 u:"\JL‘ )iéLa“’ L59l> )9§’| °)~‘f:’ ‘5)'5&“ )l)'9 oalazul d)90 )9§’| ole wilis S LSLR"’Q)'? ]a.wy oS ol w).u.vufds} 9 o.).l.m.)rv’.\o
3 o st Bo Bu LA cloceliy e Sl el o g s Sy 9 sl 485 b)) cde & Jl ol g (lSsS
B e OB e e 4 el (SIS el cily 5 boaiS )yl s b Lol cVgame ol Ngd 0
L o hlajs 9 G0 joaeta il dw (glaeg)S

(Email: hlashkari@gmail.com " Joans 0 Xy 5= soly oMl oljl oKl  olie mlio g pole 09,5 i)l wliylS oty -1
DOI: 10.22067/ifstrj.v16i2.80635 ol colimg (g yuo
O B o5 ly oMl ST oKl (ol wlio g pgle 05,8 Lkl -2

Ol ecadd



1399 15 sl 15 20,Les 16 wlo> ool 22l3E @bus g pole Glesig} 4 pii 302

Oy siwle (i yud  Loys opuis jl ookl (1396 ¢ o)) Se
als Wi o boys wmle uid 5l eslizul ¢ (Milani, 2011) J
ol 3 Glal 58 o )Lal (1394 (oluly 5 5l Sgrlon) sid e
(S oAl (w9 09Nl ol o> (G s M5 gy

A3le of (g 9 (B cliord

L g, 9 o9

235 03 {lall S 3a) Y5 (jlyds 0lS) (2 U3 5t
9912 L plyp pH 5 Sis odlo duoyd 60 ¢S5 2o y> 18 (cols)
(el cast) @Y 5 (loxo olSisg)5 51 S 5 (103 UT1 s
LD gl

e 2 W4 e 4 piS awlis bl i pd 490 ags (sl
b St g (L Jsiz) S5 g oY H0I5 s 1 L)
4,395 olos b g ud bglso o by 3 dlge JolS 0 >
292210 )95 L (y30m L 2500 o 3 9 45 03l &> 215 sl
a3 40 (clod U Ly 05 ity oS5 aids 15 cone 4 aids
35591 035 Legil 5> g 05 039381 (O/S) LIS 5w i3 51,5 5l
135 Lol T Jgso il by ge¥ g0, by Jolas sl o
slaygeil 3590 Ui (oSS celw 48 o 4 oy slod 3 4
6,5 5 sz

3bj Hlde il s 4 595l oy (Yougortchi et al, 2006)
o & 9800 Ol (1 D sy & ean BB sl ) Slugige
s Sl Jee b SYeb (g5len § 51 oS 0l)8l ol can
> ado Jaaee cpl(Sengall, 2005) ol o jluss cdilosds
onl & gligSa cul ol g 5g) oue dlax I g9 08 polis ]
390 S 4 Mo 38l (loyd )3 Wl o )5Sl 0yl 3 35290
(Arslan, 2004) 5,5 |15 ooliz.l
b lapn a8 (30l dle) b S plonl Clidi>g
9 58 Rl Olgisdr )oSil oy jlloslitl Jald (b 45 S
) ly (o o g lenbgSozd sl Shy 2 o <l
090 w; ly )I Job duo)LAC )l odliswl ‘(1393 ‘OI)M 9
o SS5$) Ll oan g e 3 sl Bl g Cusyy
g > Sutd poul JolS 0y 1 eolil (Hwang et al, 2009)
o e 5 S8 (alesdsiyd G Shy e 5
o3 Mg et 0y5luS 1 ealisl (1392 (o)) g 0 y0>)
S Sandes D 5630 o yus 5l ookl (1392 ( bb g Bolo)
ol o 9 S9IE) (920 lrosdsSaznd G S (it 5
s ygawY 9038 33 Loys 0 s 3l oolisl (1393 ¢ gy g olo)
9 eyl BF) (e e g (Suid SRy n
Barreveld,) s s ; Loys o)lac jl oslizwl (1384 ¢, Ken
g 1520i50) (Slogee i ey 3 Loy golo 135 ] e3lizl (2009

wiged 0,5 100 gl sy Sdiged ¥ 90,8 -1 Jgio

ol pelopms S
(9) (9) (@ ()

W oY

4 6 05
2 5 3 05
1 715 1/5 0/5
0 10 0 05

©); @ (9

0/5 4 85 e
0/5 4 85 5
0/5 4 85 7/5
0/5 4 85 10

151 SIS,y (s3I0l ds o 5a0 (5 8051051

2oy 00004 Jolo yid Lo 5 @ diges 1 yidg,Seo 50 1]
b g 3 alsl Jgke ,» (diphenyl-2-picrylhydrazyl) DPPH
395 o s b s odls S5 (ool WiseMi) S olSaws
bolste S5y (S0, 50 5 U1 slod o (6,380 )5 4> 30 5
Tse Jsb > baisel ()98 e 93,5 by i )5 4 S5, iy
(025 <gslors UV-1650PC) jrogidg Sl bawgs yiogil 517
ol dge Ol glis 31T ISl e 20yd 9 45 83

(Kamkar, 2009) 13,5 ausle S Jgloxe 4 o 558

(2lonnisS jud o yge sl
b glas {olal b sl cogl) St oole e 051
siapH) PH sl s 9051 307 o)leis )1l o 5yluileul
o1 &85 54 oy b sillae L ¢ (IS5 el OhaUS ¢ Jliom>
55y AlaS5s) o om0 (1397) (lSon 5 oual ol Loy
ploil 366 ojlos ol Lo 3,6kl b Gollas o o )b b iy b
JOCK ¢



303 .. s Ty 3 wiguol syl 5 S yomw dasl 1 Jur ojlae oS

nosls 11 b 455
bl s g 4o s plosl 1S5 A clilejl eles
Mol Soly B > sl 25l gty oy 2 3090 S S
33 o g 4555 5,90 SPSS (g,Lel l38le 5 5l ol b g $olas
2 oSb liabiiz gl jles (Sike duslio gl 205
5 ookt b 5 layloges way 03,5 odlitnl doyd O Jleis! o

28,5 Oy 2013 JuST 58l 5

IS Sola 23lo Ol pudi (o) 2

Sladiges ,d S dels dlge (6503l 905 slaosls LT ol
Sis odle o (P0/05) (o) ime coglis by L5 i) puod
wges 5 19/88 (clyls snls diges &5 5ygods 3,15 dgng adiges
J9I76 clls cuspa ,o55) ops dop> 10 5 7/5 5 (o>
Gl o s 45 ol S dals odle 2oy 19/80,19/75
25 L ol aibe ) 958 5l J8 gV 90y8 Sis o3lo
el b el ol b bl baises o Shy mle e o
o 3 St 2l 3l gy 53 (1392) (Kam g (o0 Y lie
o> 35 gy (1392) bl 5 (Bolo ol LS b ool
Oher g (28 (phetS 0yiluiS (il I oolinl L (2
b 3Rl lsisds )50l 0 jledlital ISl ()2 2 (1393)
9 Gl (e e 5 lrandsSesd o Shy 2 o Sl
N g Lo 0y (ol Sl gy »3(2011) ) Sem 5 (Mo

g ldie (JWy oS (stwle (i pod sla Sy 2

PH 9 aiysem!

DB LSS ) ansl (6065 ojlnl yg0il 5l sdal candty ol

Ol cel pwd cadiges 1 16l oyud (Ll Ll sdalie
0 s 156 Liges &S yguo 4 ol 05 4ol (PO/0D) ls jxo
b 5gS3l g 203 10 (g5l puu> iges 5 (0508 01143 L,
Al ol 031 olaidl sty |y sl e o i 0/163
S Sy e Dol 86 cov gb slaedygl
3 A S sl g Siidgg slagiisly (b Y gaa
BaSiri €t) 5,5 o )3 KSY sl (slacs Sl (s e Clled
dog BB polie mib s 4 46l oy wizen (al, 2018
Ao ol el (6,6 al g Slo dnsl) I sl
» (1393) olen 5 (28 b phmgy ool @l S5 el

4 Chewiness
5 Cohesiveness
6 Springiness

<l 2bj)l

3 dn sl ol I odlitul b adiges <l bligy 905!
S om s plosl oS ol 4 T sled > (o)l cele T2
aJgl 65y 10,3 50 b ¢ 20 Juo 20 x20 %20 slayl & ladigas 50
yioidho 1 3985 e po 5 03 b 0l5id Loy (2o dne 20 o)
(P st o3l ol 53 392 PILO0 sl 3)0 gy -390 4l 1
6. .. e, RPN . &2 . .
Coph 5 " Sue 5 tone ol Spbrl (o5 uien

(AOAC, 2000) 15 (s 5ol

Ky b))

boase ) e gdise dadises ) b)) @l
5l s 9 b ool 5 (50X 50X 50) slul b abes (slao g
ool i y95 b g 20 5lgs b b ymenS cinygls ¥ S
dowgdy ()b p S g CEISH MelS a (99,3 598 @i 2,5
g ge3 | o Lo 30 alols L (A540 () Jiowd (mg> S
N3dlpy & odal Cundty pglas 038 plosl a0 ol 2500
adge ol Cawddy lmJ (L, 8" b") ) sladdlgo g Jaue ligd
5 S ol om0l A 5y il iy, Sy L S5,
Hosseini ) aas o L 1y 355 9 ol oliwe D S5y adlge 5 (650,

(et al, 2019

955 (390!

Slaosesl (il 3 (9,500 S Sy 55 o)l sl
Gk (BT ol culy S lamo L) lanasdlS g S ST 5l
S Lo 1) yasie 5 SS9 5484 0yl ] Lo 35l
YGC g, ) 5Ll (SETMPN ) (slacuis’ Lo
9 Sy st OWgwEC g (&l baom) ushsl wsSsS philinl
S 5l =3 S5 (BT bausgs ond S 0y by, 3bo
A plogl (1397) ) e ¢ oondl ol

w2yl
3155 10 lawg )& Jsl 59y 0 Jpae o sy Sho
g she S5y Hla I g e oD Sl plio bl
Sogan glabi O wlde b (IS (5pd 5 (e b ol
bugie d Ggs D oy Jle diges 4 9050 cpl > 13,5 oLl
(1390 i 5 (St f) 8 3o Loy (L3 520, 3

1 Hardness
2 Guminess
3 Adhesivness



1399 15 sl 15 26,Leis 16 wlo> oyl pf 21138 @bos g pole Glecing}y 4 pii 304

g 2y 0,8 58 Bl oy e cusdS L1y JEy
lgieds )5Sl 0y 5l ool ISl gy 4 (1393) ) \Sen
ot > 9 (tleosdsSe 58 Sl S p o] Sl 5 S5 sSile
29 (S & 5980l 0pd (19331 &S 08 el g aizBls g
(P<O/05) canl o3ls il 1y anspnl g (yials 1y pH (g b sine
g il ) Juols (glaelas bglss 31 (2009) oS 5 Sila
SIPPy 0Pl g 03,5 edlitl ()3 )9Sl 4Bl 5 Camgy cogpe
ol 5 bsle o938l ol ol @b b Wi |y o
5 >y (P<O/05) ws pH ol Coge ¢ s 4 laojlac
et )3l 0y 5l ool ISl gy 4 (1393) ol \Sen
ot o> 9 (tleonsSe 58 Sl S p o] Sl 5 S5 0 sSele
e & 5953l 0y (99381 3l LS iy ol sy (Ll
Caol o3l iulial 1) dansel 9 ials 1y pH (g)b bxe jsba
oS3y » 55l o 3 (1393) (e, 5 Bobo .(P<0/05)

g0 1) 3eiS (Sdg (> 9 (SIPPH) (295 stbordsS s
Cuol Bl ials pH o ol oL Lz,OT els a8 Wl H\8 oy

© o

P, B 9

N o N
@]

o
o
=

(SiSY sl %6) iy !
o
o
(o]
—naass t LI LLLESE

o

m0% m5% B7.50% ®10%

(%) 59531 o yuls

o Sl g Kb p3Sole lsieds )5S0l 00 3l odlitul lSal ()
S Dy alie (ol (Haw (e g lendsSoid (b Shy
Wl (6)Bdne yobots (it 0 g8l 0y (39381 3,87 )15
»(1396) o)), ¢ 9000 ol b pwizced ol 03l il31 1,
Shogen (i (Swdg Wi 3 dop ple B L S (R gy
ojlas wyp ,» (2017) o Sen 5 Da Silva doys oy ab
il Cdllas Cule apd pd oSSl &b
ol oas ol L 1 S o pH 9051 (slaodls 3JUT ol
SalS el S 0 AR dpdie stalie & len
&S Sygo 4 .(P<O/05) coul osis (i) s (sladiges PH jls gize
ol w30 g PH 3o s B/49 )53l oy 436 > g
oebais] 3634 1) PH lie o yieS 613 b 10551 0,0 soys 10
denge Il slasunl join Jds a4 wlgs o PH ljee LialS 250D
@ o 0l 039381 )9Sl 0y PH (192 Sl 9 595 00
Getod b ol Limgh odol Cowdds 2obs bl Jals 4ige pH
Ol b pH LgalS ol g alie (2011) oy Kan 5 dle
@S Cwle pud 53 )lsS oSl b ohes s Jus 2o

8
A B B C
6 3
+
:
54 :
+*
+
+*
2 :
+
+
:
O T T i —
0% 5% 7.50% 10%

(%) 59531 oyl

15591 8 s Cilitsee SBCAALE (Gola yusd (Srigod 45 PH g Al span] ol pusis -1 JSUS

$2lo sy gl 23,8 odlitul K5 las S9i 0 o Vi U
o3litul by ) yood g5 sy o (1392) (bl g Bolo s L
2 (1393) (l)lSan 5 (2% S5 b phatS o 5lus Sl ]
o Sl g Kb 3ol lsieds 5555l 00 3l 03lital Sl )
5 R lsly e e g lesdsSpd (b Sy
3 g g laosdsSa3d slaShy sz » (1392) o) Sen
R3Sl 5 (1396) ylSem 5 50 i g sl 2l 2 2
bl Callas glogro (o) (Siude ad ) oy mlenid L S
Do oo 0dnlie 2 S5 10 oy (65 035l slaodls JJUT ol
ladiges > (22 i Jbidne (B el )9Sl oped (30l

w2 9 )8 oliwe
oS amd o lis 2 JSi5 4 5 8 48 (615051l slaodly LT
oblS 58l i (s o sladiges jd 15l oyud 2938l L
Wges 3 )l e 457 50 (P<O/05) cansl anily (gl xo
25550 055 30, 10 (g5l 05 9 (i B1AB L 55 0 50,
Ghls bdiges den s bl (Ui ) oliee o yieS 0176 L
Ol Gl (S (3 o 048 oy yas Sl digod 5D e (OS]
d9l> dlm)ln.u BEl Ll 5..\.\»[; )}YL )9)[5[.«) Aoy &« 39)s° PR )Ua.ul

Jedads )6l oyuds S ol i & 35yl lise 1655l 04
Gl Cpien g g, 4 Cons YL (g g8 ST b



305 .. sl Ty 2 wigasl sl 9 Ky sl oS ojbac U

» (2006) )y Som 5 TajiK ¢ s 1 oS3l dBlos g Comgy cogen
Sy 5 (Sl wlruo @b 4 o) o Jus (938l (o
(hordsSe i S Sy » 395l od b yn > (1393)
9 a5 g pS Sady e 9 (NP (2955
Cilises (slacuns 3 Lo 0y 328 gy 2 3 {1384) )Sen

D (e G Y 90,8 ) S5 iRl lsisa

8
7 A
6
5
3
b o4 B
= c
1 —
0 =
0% 5% 7.50% 10%
(%) 59531 o yuls

0;
Y

2/70 )I e ul)auﬂ "y Sy & (P<0/05) Cal oA L?‘J g
oy Juoy3 10 (golo puod diges 5 2050 &y 4655l 0y 1818 iges ,
2w Ol pielS & ol |, Q‘CJ;Af.cwﬂoA&)ﬁu

50l L 5ol opd oy &S 15 ob Caws Siid 5 ol
g Hwang s alie ogejl cpl jl osel comdas gols .canl

cusgS @il 51 uols (slaoylac byl awyp » (2009) o, 1Ken
35
3
2.5
2
1.5
1
0.5
0 . . .
0% 5% 7.50%

(%) 5951 oyt

A AB

BC

C

e e e e

10%

39551 8 g BliSto LCIUE (Gl pwd ((RAiged (o192 9 5yl Ol pmis -2 UK

ohlKer g Juol) cawl o yiwd 13 (g)los g il Gygody &S Conl
17 zge Jsko 2 1y 258 e glie (VL SIS0, (0l (2018
S5 osapme Wil 310 DPPH 0ol caad o oL yiogils

Slys a8 25 0 i (IS0 44€) 5l DPPH & sussluSTas
2950 b by 205 4 05 Gl 5l jgp0 4 o S5y s
ool dplrs BB 5209l SLT 50 Jsb 3 iz oljee 403 13

(2019 a2 5 599)

(DPPH) 5131 s sl (Sai 550 woys
Cuold wyp o DPPH L 6ol 51 ealawl
IS 4 b oslSlis jI ol Lilslus
g Sl ol cpl el oad Jas gl cp oy
003 Uy 4y ol slioe 2 o9l ol el gy ol SV gl
JBGaly sl sanluSTas S &Bly 3 y5e,0n odiad adle oS
I 5 S JSel; sgane 51 S g 035 Casgd 2 DPPH

X}
} 100
2 5 B A
D%l e o2
K z
A :
2 40 :
S :
220 §
0" ’
“’g]‘,’ 0 T T T i
~ 0% 5% 7.50% 10%
(%) 59531 o yuls

39551 8 g ilidro SLCUE gols pud (sLrdiged g (gilaawmST KT Camola-3 IS



1399 15 sl 15 26,Leis 16 wlo ool 22l3E @bus g pole Slesig} 4 pii 306

ol 0xd yud S gl ialidl Coge 0%l opm g cadh pd
(P>0/05) s sxo coglis (655 0w calisen (sladoyd 0 (J9
Ao 48 0D L 09)See S ol (4 JSE) 05,55 samlie
e PSS gigl syl L0 5 g
s Jgim slac Som IS et 51 03 e 5 S5
(P<O/05) (gl sime B3] ivlojl (sladiges g JyiiS diged o
ool el oy 0 (1397) ) e g ol pud il D939
chale Gialdl b sl (o jed Gane¥ge)d 3 Jus b S
Ol o819 S0 (S J5)leud () o sV 9038 53 s
oSl Seo 3, cublB (2016) ) Ken 4 Rosa .l
N8y 9 (SIS (il 3 33 uglh gl posbolgiSY Sgmg
OBl (gejl lis 3l 1B (s 390 |y il 53
skwlbsSTY Sogmgn mesillySee b (Gl ped > bapisl
e ) CedS Il pimen g b oLt |y usbdgden]

A odnlie

o

Caols S0l gejl I sdel Cunda mls slks
Caols mib e ol eps 3 S5 Sls] sl
el Glwstl 5 angod (J5id Sl 5l Jols (ialusTas
4 (PO/05) col o olj] (sla JBG0l, slae liwe I sime Lyial33l
10 (gols w905 g oy yiaS 66/29 L ,6Sil 0y 1515 yuo> &S 590
Sloals olaisl 393 1y liae oy it 8349 L 1ol 005 duo
il lSel gy > (1397) (lSen 5 olsi p8 gl L o
O gl et cdyllas (2 3 (e g0, )3 Juus b S5
lgzme o pd Ggra¥geyd > Jue clale LIEIL )8
@ b orizmen e Galil SlesT 51y ol (b S5
o3litul b (&) o> 155y o (1392) (bl g (Bolo imgy
g2 4l et 05luS (3l ]

29550 (5 9
oy ladiges j3 5635l o (3938 o lis (g,lel LT
sladiges  laeSt S i)l p (P<O/05) ()b ine b

TC( log CFU/g)
o = N w
g = 01 N 01T W o

AR

22

0%

OhmgR S5y o (ygeil gl sl anily ;b L alia 5]
o3 il gy 3 (1393) o2 5 (Bl i alie ol
> 9 (SPE) (9 (lherdsond b Sy p oSl
38 oy 3 (1384) hlSem 5 syl (265 g i Saudys
PSS il gleed wlie glacwus by o
A » (01) ghlen 5 o it G g0y
CrreS le (i jud s Shg » IS g loys 0l sKl>
oy | o3litol Sl gy 53 (1393) ) Sem 5 (28 9 Jiy

5%

7.50% 10%

(%) 59531 &yl

9551 il SBCBLE (Gl o3 (o e I ohylonh =4 S

cdl

J9i2 53 (4 yd ladiges (Bl Sluogiad (g pSojlul ol

1559) 0 s ) 3Ll 395 0 oamlite 45" jolailan sl 05 03 9] 2
ol W4 5 Y3 %0/5 join 10 JIS flie 4 S5 sloay
bl 3UT g 0yl 8L slaasls p (P<O/05) (oyls sxo Lo
2 (P0105) (gl iz pil 9551 0 ps S 3l U5 Lyl dan
b ol p oY g dtwlis il cS e o oplpl )l by
3l Olie cnl (ol 5 0392 )9l 050 9 )8 51yt (s



307 . sl Sy 2 wigasl sl 9 Sy sl o Jani ojbae 5

oo 8 sba Sy » ol Il g S8 n il Glyieas Sl
gl (1397) o)San 5 mplyl Sgr ol it s> 5
Loy 0y g Loyd mle 8B s 0diiS oppud 93 b S8 (0301

0y S o> g (29,500 (olend (o b Shy
5,8

29591 0y il SBCAAIE (Golo pd (Srdiged 53 Cy i g plonand] (S i (9 St Cudows ol (HBL G S 9 -2 Jgo
(mm) ey 8 Pl (Sawe (M) cuble (@)t () aigos
7/04£7/872 -0/260+0/162 21/04+2/952 -5/66+3/922 -203/90+£133/662 765/83£347/592 0

(9) Coronr

2/51+0/952 -0/253+0/07¢ 18/34+3/092 -6/03+2/02@ -261/00+89/2121108/83+609/442 5
4/AT+4/882 -0/386+0/192 17/74+1/282 -3/58+1/90° -271/66+67/382 759/66+£201/152  7/5
2/81+0/912 -0/213+0/052 19/81+1/72= -5/61+1/18= -211/66+43/392 991/66+173/40= 10

el > xe M3 osimd L Cgléte Y By giw p p3 a3l o e Clyool Ty Silo @ joun a9 ,1,S5 A (uSlo Jgio 9,3 e

a5l o 0/05 oo 5
70
A ; 6 A
60 5
C D . B
50 1 c R
3 [
. 40 * -
| b4 2 s
30 2 | T M
s 1 M
20 ii 0 T T T T t‘
10 o4 1 ? 5%  7.50% 10%
Lad
s
0 T T Ll '2
0% 5% 7.50% 10% 3 LD
(%) 59551 o yuuis (%) 593t © s
35 n X
30 B i'
25 ]; &
L a4
20 94
o C b4
15 b3
33
10 3
L & d
5 94
L a4
0 T i T tt
0% 50  7.50%  10%
(%) 59531 & youls

19551 8 yus il SBCAE Gola yurd Siges Uy i b g " (L b L Oy -5 S5l



1399 15 sl 15 26,Leis 16 wlo> ool 22l3E @bus g pole Gleciwg} 4 pii 308

SboygS ST olod g sly () puod (gladigad 13 )5Sl 0y
Wges ¢ 4o 3 aS o ol g ls L(P<O/05) canl ord o
Dg0s g jlitel (o yieS glyls Sals Gges g 59Sil 0pud Jo)d D (gl
15516.5,8 oS ) jlital oyt 4130 L 5ol 0y duo > 10 (g4l
ladiges (o b)) lapadld (0 el (S & e
e st S ot Sl b e i) e
203D (ol diged S oyl > b salie jLiel > (P<0/05)
0y 1110 w405 g sals 905 g jlital oy a8 130 b 1ol 0y
Sgo o & bl ngel cuS ) jlatel cp YL e L eSSl
g alie uyws & S g e i dalie Jols sals 9 %10
» (P0/05) (gyls ime coglis cdl S ps il ogllas
i 8l alBwd WUl e 5> ais sdalie e o)l Okl
(P>0/05) (gl sime coglis guem oS 15 1S o a0li |y £9u90 (yl
oS Koy oyl sl po s end (8L sl sl glgl
Gges 4 jlutel cpyidin g )5Sl opd 03 D (5l iged & sl
S oy alilael 3 il olassl (oSl oyus aoys 10 ool
Sy nlpl D95 S 1y jliel cp 5V 53 10 (ggls wges 3
sl 8 (253 il g ol oS Brme S 390 03918
Sged g 2ald wiged & 1y kel o yiee oLyl IS Ghpdy 55 Lo
Sl (VU Clguio oaimd lis a5 Ko 5635 0 s duoy> 10
1559 0yu 0> 10 (ggls pud ot )3 el 5655 040 Aoy 10
@lilzel op YL IS Cudguiio 9 S5 bl ¢ e 2 gl y9iS 5
oy 2o yd D (ggls Bges Hlo cpl 3 Canl o3l Lolaid] sgia |,
5 Lol @b & dg b oogel s ) clilael oS )6l
ot olgisa oSl 0y 0oy3 10 (gglo (1) s IS 20y

Dy (Byme dged

Ky b))

5y slad 95 o (503l LATDT piew 55 lalie G,
Sy 5ol sy (Mol 5)lsll s CIELab L L'a™”
1976 Jls » (CIE) _slidg, Lol opgranS by &5 ol
100 g joo o g dibioe (olidg, srimdlis > L > 5 ol
1321 (2556 ol ) 175 (50,8 b jos 5l) @7 (slm ol g ol pite
U s i peite 120 b =120 o o wibe LS5,
ol ods 03ygl O JS5 3y sladiges S5y byl slaedh
ol oad 03,9l 5 IS LT edls obj)l slaodls ke
w3 o Ui Ty yud sladiges S5y olidy, e 45 L jasls
(PO/05) b ol 1y s )bogine pials 165l oy (3ol L
b )sSl oyl BB Lges > olidyy padld plise & Jrgon
o yieS BLI66 b 16551 0y 20 )3 10 gols diges g oy D9/66
Iy oSy @ el auls 5 JSis wioh lis 39 51 1) e
s |y sje Sy a5 i o5 @ 81E amd e i
DRIl g gladiges )3 oSl 0ped Gl R L nd e
0 yd 28 Wges &S (g ygboy .(P<O/05) ol o3l L 1) (5l size
5 onyieS 400 L 565l 0y 005 10 cols aiges 9 =1/00 6l
b™ j9i56 golis sl (i |y (5308 4 los 5956 (e i
S b adls ol oud e3,9l 5 S5 K5y Lo (y90jl
2l eyd (3l bamd o plii 1) (99)) S5 4 bl
(P<O/05) wsges L5)I55 1) s (sime (yialdl (i o (sladiges
oy 816 pud K905 13 (63)5 & bl (e (oS & Sy &
203 10 ool wigi 5 lise i g 15 3)l35 11/00 1 )5Sl

39 28133 L 16551 o405

o bl
)y sladiges s ob5)) 5l el Conday (claosh U
il 39 0 oanlin 48 jshilen .cawl oad 03yl 3 Jgus )

29591 0 iliie GBCAIE (g9l purd Srdiged (o> (b5l gl -3 Jgaa

K ohd W, S a

9 Aigod

3/50+0/8 ¢ 3/50+0/4 b 3/20+0/22 4/30+0/4¢ 2/604_;0/3a

b Bl

1/90+0/32  2/70+0/1= 3/30+0/22 1/30£0/02 2/40£0/72 15531 0,0d U5 (g5l puss
2170£0/4 3/00:£0/6% 3/30£0/42 2/30+0/35 3/50£0/20 451 o 7/5 golo oo
3/90£0/2¢ 3/70£0/0¢ 3/60£0/72 4/00£0/1c 4/3020/4° 15531 0,310 gglo poss

3 solel Iy ime BB oy L5 glisie (Y Cgyn gt o 50 bl e jlae Bl F W Sile o jguo A g ,,S5 A ke g 9,3 e
il e 0/05 s



300 .. s Ty 5 Wil syl 5 S yomw dpasl 1 Jun; ojlae 25U

AL 4y Camsd 55l 0308 (g9l (sladiged 3 bags pSh ST S5 ket S 5 4o
(Mlspsl 185 ages Lol (p<O/05) col axily i3l
sJUT s o o (S g Casto 5V ST 5 )9/ 5Ll
S 29 o0 9 S5 5 e PIFIS sl 3540 el Pl s el ionod) g g5 5 i) Y guamo
ob gl s ywd sladiges 3Lyl 5 edel Cuvads claesly

J P2 EBVges (o> (2L S <l b s g 1S e
A Sy ol ) s iz K ot gl S 9P e o g 207 ol o

; /05) o s 1 3l w3 9 ald (S jud (s 5 (29,50 e lrend oS 8 ol

10 gols pud &S 5 yg0ts (PLO/0D) ol oy (pus (sl )58 ]
by i ool Cunddy bt bl o 465l 0y Calisee slacilale

dawgs 03 yo SV A 3 g5 o] cely (ad (sl s W)y

"’“J%““ 9 &) ‘g_,él) ‘u,*’)*-“’ <9 dbb)}aflﬂ » )9§;| D)M,‘, loyd
5 oplpls el b olazsl sgsa |y lilael o 5YL S Ao ol el o cladiges 46l opd Sl

1o db) 625 5 (a) 308 Lasls (S5 ol dlse i
e PH oz 6,8l iS5 ol (a6l (S)bsk
G s (slodiges > il elomsli 1 ) (L*) olids,
&S ol Gl pgySee g0l @l LT Lol LS 1) (o)l e

o3 5o o Sl Bl g 55 0y d U0 (29331 S e
O My oS (02 9 jo e g i Sdgid SLS ol (A

&l

Aghazadeh Meshgi M. Mohammadi Kh. Totouchi S. and Farahaniyan Z. 2009. Production of non-fat yogurt using corn
starch and gelatin. Food Sci Nutr. 3: 66-74.

AOAC. 2000. Official Methods of Analysis, 17th Edition. Association of Official Analytical Chemists Inc. Arlington,
VA.

Avrslan E. Yener ME. and Esin A. 2004. Rheological characterization of tahin/pekmez (sesame paste/concentrated grape
juice) blends. J Food Eng. 69:167-172.

Asl RMZ. Niakousari M. Gahruie HH. Saharkhiz MJ. and Khaneghah AM. 2018. Study of two-stage ohmic hydro-
extraction of essential oil from Artemisia aucheri Boiss.: Antioxidant and antimicrobial characteristics. Food Res Int.
107, 462-469.

Barreveld WH. 2009. Date palm products. FAO Agricultural Services Bulletin 101 .Rome. Italy.

Basiri S. Haidary N. Shekarforoush SS. and Niakousari M. 2018. Flaxseed mucilage: A natural stabilizer in stirred yogurt.
Carbohyd Polym. 187, 59-65.

Da Silva DF. Junior NNT. Gomes RG. dos Santos Pozza MS. Britten M. and Matumoto-Pintro PT. 2017. Physical,
microbiological and rheological properties of probiotic yogurt supplemented with grape extract. J food sci technol.
54(6), 1608-1615.

Ebrahimi Sarai N. Javadi A. Pebdak P. 1397. Study of the effect of sugar substitution with two sweeteners of date and
date liquorice sugar on physicochemical, microbial and sensory properties of low calorie and sucrose ice cream. J
Food Sci Technol. 77, 303-306.

Ehteshami F., Rezai A. and Asadi L. 2005. Modified method for production of grape juice concentrate. J Food Sci Technol
Res. 1: 11-17(In Persian).

Farahnaki AS. Safari Z. Ahmadi Gorji F and Mesbahi Gh. 2011. Application of gelatin as a fat substitute hydrocolloid
in low fat cream production. Q J Food Sci Technol. 31: 45-52.

Faraji Shoghari S. Fallah Shojaee M. and Akbarian Meymand MJ. 1393. The effect of sugar substitution with grape juice
on the physico-chemical and sensory properties of vanilla ice cream. Q J novel Food Technol. 6: 85-93.

Firuzi MR. Niakousari M. Eskandari MH. Keramat M. Gahruie HH. and Khaneghah AM. 2019. Incorporation of
pomegranate juice concentrate and pomegranate rind powder extract to improve the oxidative stability of frankfurter
during refrigerated storage. LWT, 102, 237-245.

Gohari Ardebili A. Habibi Najafi MB. and Hadad Qaderast MH. 2005. Effect of substitution of sugar with palm soup on
the physical and sensory properties of soft ice cream. Res Food Sci Technol Iran, 2: 23-32.

Homayouni Rad AS. and Khosrowhahi Q. 1394. Study of the effect of replacing honey with date sugar on some
physicochemical, rheological and sensory properties of pasteurized honey cream. Twenty-third congress of food
industry, 216: 23-38.

Hosseini SMH. Gahruie HH. Razmjooie M. Sepeidnameh M. Rastehmanfard M. Tatar M. Naghibalhossaini F. and Van
der Meeren P. 2019. Effects of novel and conventional thermal treatments on the physicochemical properties of iron-
loaded double emulsions. Food Chem. 270, 70-77.

Hwang JY. Shyu YS. and Hsu ChK. 2009. Grape wine less improves the rheological and adds antioxidant properties to
ice cream. J Food Sci Technol. 42; 312-318.



1399 15 sl 15 26,Leis 16 wlo> oyl pf 22138 @bos g pole sleciing}y 4 pii 310

Institute of Standards and Industrial Research of Iran. 1364, "Method for Measuring nonfat- Dry matter"”. National Iranian
Standard, No. 367.

Institute of Standards and Industrial Research of Iran. 1371, "Fat Measurement Method". National Iranian Standard, No.
366.

Institute of Standards and Industrial Research of Iran. 2002, "Milk and its products by total counting of microorganisms
in 30 degrees Celsius". National Standard No. 5484.
Jahromi M. Niakousari M. Eskandari MA. and Nasiri SM. 1392. Formulation, preparation and evaluation of
physicochemical and sensory properties of dairy dessert and fig-based dessert powder. Thesis. Shiraz University.
Kamkar R. 2009. Production of dessert dessert with the replacement of natural stevia sweetener. Gorgan University of
Science, Agriculture and Natural Resources.

Kheyr khah L. Nategi L. Shahab Lavasani AS. 1397. Effect of sugar substitution with natural honey on some
physicochemical, sensory and microbial properties of dessert based on milk. J Food Sci Technol. 78, 141-154.

Milani A. Bagayi H. and Mortazavi A. 2011. Effect alternative of date honey and guar on physicochemical, Texture, and
viscosity characteristics and low-fat yoghurt orange dessert, Iranian J Food Sci Technol. 7(2): 115-120.

Najafpour Z. Golmakani MT. Niakshari M. and Meshahi, Gh. 1396. The Effect of Sugar Replacement with Palatable
Sugar on the Sensory and Physicochemical Characteristics of Date Milk Drinks, Tarbiat Modares University Press,

Iran Science and Technology, 68: 215-224.

Rosa LJB. Esper LMR. Cabral JAPLG. Franco RM. and Cortez MAS. 2016. Viability of probiotic micro-organism
Lactobacillus acidophilus in dairy chocolate dessert and its action against foodborne pathogens. Ciéncia Rural, 46(2),
368-374.

Sadeghi Mahoonk AS. and Batebi R. 1392. Add raisin concentrate to dessert dessert and its impact on rheological, tissue

and health aspects of the product. Third National Conference on Food Security, 3: 418-423

Sadeghi Mahoonk AS. and Leadership M. 1393. Effect of grape juice concentrate on rheological, physicochemical and
microbiological properties of kefir beverage. Food proces pres magazine, 2: 35-49.

Sengall P. 2005. Physico-chemical properties and estimation of mineral content in honey produced from different plants
in northern India. J Food Compos Anal. 16(5): 613-619.

Tajik H. Shokuhi sabete Jalali F. and Elahi S. 2006. Evaluation of Antimicrobial Potential of Commercial Honey Produced
in Urmia. J Food Sci Technol Iran. 4(2): 39-44.
Yougortchi S. and Kamish L. 2006. Initial study of honey adulteration by sugar solutions using midinfrared (MIR)

spectroscop and chemometrics, J Agricul Food Chem. 52(1): 33-39



Iranian Food Science and Technology . . ) . . s
Research Journal ( > ] = Oln) 218 oo g pole Sllrghy 1yl
Vol. 16, No. 2, June. July. 2020, p. 301- 311 A Ay 301-311. £ 1399 ,u5-olsy5 2 o louid 16 b

The feasibility of producing dessert containing grape juice concentrate, and
evaluation of its physicochemical, microbial and sensory properties

L. Mahsouli®, H. Lashkari®

Received: 2019.05.11
Accepted: 2019.09.15

Introduction: Milk-based dessert is one of the dairy products which in addition to the nutritional value, makes a
variety in the consumer basket of goods. The most important property of desserts is their high energy and a pleasant
feeling that is created by the consumer due to its ingredients. These products contain mainly milk, thickeners, sugar,
flavoring compounds and colorant, and have a jelly structure. Sugar is used as a sweetener in the production of desserts.
The grape juice concentrate is one of the traditional products of Iran's grapevine region, which accounts for about 5 to 20
percent of Iranian grapes used to make grape juice concentrate. Grape juice concentrate contains high levels of natural
sugars, minerals, vitamins, organic acids and antioxidants. Therefore, grape juice concentrate can be used as a sugar
replacer sweetener.

Materials and Methods: In order to reduce the amount of sucrose in dessert and its replacement with grape juice
concentrate, different ratio of grape juice concentrate (0, 5, 7.5 and 10%) were used. To prepare dessert samples, wheat
starch was first added to milk at 4%w/w, and then 0.5%w/w gelatin and sugar were added and mixed until all ingredients
were completely dissolved in the milk. Then, it was heated to 95°C and stirred at 270 rpm for 15 minutes, then cooled to
40 °C, and grape juice concentrate and water were added. The mixture was finally fill into the dishes. Samples were
subjected to physicochemical, microbial and sensory evaluation after 48 hours of storage at 4 °C. The AOAC (2000)
methods were used for measuring the moisture content and fat. The amount of carbohydrate, acidity and pH were
calculated based on method of Ebrahimi et al (2018). To measure the free radicals inhibition by DPPH, method Kamkar
(2009) was followed. The color analysis was performed based on the method of Hosseini et al (2019). The parameters of
color include L* (lightness), a* (redness) and b* (yellowness) were measured. Texture parameters include hardness (N),
cohesiveness, springiness (cm), gumminess (N), chewiness (N.cm), adhesiveness were determined by texture analyzer as
described by AOAC (2000). The sensory attributes were evaluated by 15 panelists. A five-point hedonic scale rating (1=
very bad, 2=bad, 3= neither bad nor good, 4= good, 5= very good) was carried out. Data analyzed with SPSS software
and means were compared with Duncan multiple range test.

Results and discussion: The results showed that the increase in the amount of grape juice concentrate in dessert
samples caused a significant (p< 0.05) increase in acidity, hardness, total solid, a*, and b™ value, and percentage antioxidant
activity and a significant (p<0.05) decrease in fat, sucrose, pH and L* index. Grape juice concentrate has no significant
(p>0.05) effect on the texture indexes, total count, mold and yeast. The results of microbial tests showed that the total
bacterial count increased in samples of grape juice compared to control (p <0.05) but mold and yeast counts were not
significantly different in dessert dairy samples (p>0.05). It should be noted that the microbial count of the samples is in
accordance with the standard dairy dessert No. 14725. Sensory evaluation indicated that the addition of grape juice
concentrate in the dessert samples did not have any significant effect on the textural characteristics but increased the score
of other sensory factors.The sample containing 10% of grape concentrate juice obtained the highest score in odor,
sweetness, color and acceptance, and since its other characteristics were standard, it was selected as the best treatment.

Keywords: Dairy Dessert, Grape Juice Concentrate, Physicochemical Properties, Sensorial properties.
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Introduction: Natural substances with plant sources are rich in bioactive and useful compounds that promote health
and improve the physicochemical properties of food products. Compounds such as antioxidants, polyphenols, pigments,
flavors and etc. are among the most important bioactive plant-based compounds. Red beetroot is one of the unique
plants that are rich in antioxidants, anthocyanins, and red pigmentation. The red pigment of the red beetroot is known as
betacyanin, and betanin is the major betacyanin compound in red beetroot. Therefore, due to the red beetroot rich in
natural pigments, especially betalains, this plant product has a high potential for use as a natural colorant in food,
pharmaceutical, and cosmetic products. However, the restrictions on the use of natural and edible pigments are unstable
during processing and preservation. The encapsulation process is one of the effective strategies in the food industry to
resolve this problem and to protect bioactive compounds during production and storage. Different methods have been
used for encapsulation of bioactive compounds, among which the most prominent ones are freeze drying, emulsion,
spray drying, liposomal, niosome, coacervation, and so on. Freeze drying and spray drying are two of the most widely
used and industrial methods for the encapsulation of bioactive compounds, pigments, extracts, pharmaceuticals, and
microorganisms. So, the aim of this study was to produce red beetroot pulp powder as a source of bioactive and colorant
compounds using spray and freeze-drying processes.

Materials and methods: Whey protein isolate (WPI) and maltodextrin with a DE 18-20 in different ratios (100: 0,
75:25, 50:50, 25:70 and 0: 100) as wall materials were used to the beetroot extract encapsulation.The spray drying
process of the extracts was carried out at an inlet air temperature of 140 °C and outlet air temperature of 65-70 °C with
a pump power of 75%, a compressed air flow of 3.5 m3/h, and a feed flow rate of 5 mL/min. To dry the freeze-dried
extracts, each sample was first kept at a temperature of -18°C for 3 h, and then the drying operation was performed in a
freeze dryer for 24 h. In all treatments, the brix feed solution was kept constant at 10%. The produced powders were
evaluated in terms of encapsulation efficiency, moisture content, water solubility, and total phenol content.

Results & discussion: The results showed that by increasing the amount of WPI to 50% (50:50 ratio), encapsulation
efficiency significantly increased (p<0.05). In the spray and freeze-dried samples, the lowest moisture content was
observed in the sample treated with 100% maltodextrin. Increasing the maltodextrin ratio significantly (p<0.05)
increased the solubility of the powders in water. The evaluation of total phenol content showed that the red beetroot
extract powders prepared with freeze dryer had the total phenol content. Also, the powder samples obtained from the
ratio of 50:50 maltodextrin to WPI had the highest total phenolic content.Based on the results obtained in this study, it
was found that the use of the 50:50 ratio for maltodextrin and WPI resulted in desirable physicochemical properties in
the powders obtained by both drying methods. Therefore, due to the high costs of freeze drying and the results of the
present study, it can be concluded that the spray drying method with the conditions applied during this study can be
used as an effective and promising method for the production of natural pigments based on red beetroot extract for use
in food, pharmaceutical, and cosmetic industries. Hence, using a 50:50 ratio for maltodextrin and WPI as wall materials
and drying aid is recommended for the production of red beetroot pulp powder.

Keywords: Freeze drying, Spray drying, Red beetroot, WPI, Maltodextrin.
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Introduction: Among the foods consumed on a daily basis, milk has the most appropriate and balanced ingredients,
that is the reason milk called whole food. Milk is the only known substance in nature that can provide human body with
complete and balanced nutrition. Recombined milk is a milk replacement product. Recombined milk components are

more easily adjustable than milk components. The electrical conductivity is referred to as conductivity of a specific

material against electric current, which is expressed in micro Siemens units per cm (mS/cm). Using electrical conductivity,
valuable information is available about the quality of different materials, including food. In addition, by this method, as
a simple and practical tool, the quality of many foods can be controlled. The aim of this study was to investigate the
electrical conductivity of recombined milk affected by temperature, protein percentage and lactose content.

Materials and methods: In order to investigate the effect of protein percentage (1, 2 and 3%) and percentage of
lactose or sugar content (4, 6 and 8%) on the electrical conductivity of milk, pure dry milk powder without dietary
supplementation was used. Lactose powder was used to increase the lactose content of dry milk powder. Sodium caseinate
was used to increase the protein content of dry milk powder. Distilled water was used to increase the volume of samples.
Total experiments were carried out at three temperature levels (50, 55 and 60 °C). Data analysis was also done using SPSS
16 software.

Results and discussion: The results showed that temperature, protein percentage and lactose percentage had a
significant effect on the electrical conductivity of recombined milk. The electrical conductivity of the recombined milk
ranged from 2.31 to 5.7 mS/cm at 50°C, 8% lactose, 1% protein and 60°C, 4% lactose, 3% protein, respectively. The
greatest and least effect on the electrical conductivity of recombined milk was related to the effect of protein percentage
and lactose percentage, respectively. By increasing the temperature, the electrical conductivity of the reconstituted milk
has increased significantly. The greatest changes in electrical conductivity (16%) of recombined milk occurred by the
influence of temperature factor in protein 1% and lactose 4% and its value ranged from 2.44 to 2.83 mS/cm. In addition,
the lowest changes in electrical conductivity (6%) of recombined milk were obtained by the temperature factor of 3%
protein and 8% lactose, and it was increased from 4.68 to 4.95 mS/cm. By increasing protein content, the electrical
conductivity of recombined milk has increased significantly. The most changes in electrical conductivity (107%) of
recombined milk occurred by the influence of protein percentage at 55 °C and 6% lactose, and its value ranged from 2.42
to 5.6 mS/cm. In addition, the lowest changes in the electrical conductivity (100%) of reconstituted milk occurred by the
influence of protein percentage at 55 °C and 4% lactose, and its content increased from 2.5 to 5 mS/cm 5. These results
indicate that protein percentage factor has the most effect on the electrical conductivity of recombined milk (compared to
two temperature factors and lactose percentage). By increasing lactose content, the electrical conductivity of recombined
milk has decreased significantly. The greatest changes in electrical conductivity (13%) of recombined milk occurred by
the influence of lactose percentage at 60 °C and protein 3%, and its content decreased from 5.7 to 4.95 mS/cm. Also, the
smallest changes in electrical conductivity (1.5%) of reconstituted milk occurred by the influence of lactose percentage
at 55 °C and 2% protein, and its content decreased from 5.55 to 4.48 mS/cm . The maximum and minimum amount of
electrical conductivity of reconstituted milk was 5.7 mS/cm at 60°C, 4% lactose and 3% protein, and 2.31 mS/cm at 50°C,
8% lactose and 1% protein, respectively.

Keywords: Electrical conductivity, Lactose, Protein, Reconstituted milk
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Introduction: Rice is one of the most important cereals and is the second-highest worldwide production after wheat

and also is a good source of nutrients for human. It plays an important role in the feeding of the many parts of the world
including Iran. The harvested paddy rice has the high initial moisture content nearly 25-28% (wet basis) that caused
corruption. Therefore, in order to prevent corruption and safe storage, it must be dried to 10-13% moisture content. Drying
is one of the oldest methods of preserving food and agricultural products that used to increase the food’s storage time.
There are several methods for drying paddy rice that none of them are ideal and have several advantages and disadvantages
that one of them that recently the use of it has been increased is microwave drying. Microwave drying uses
electromagnetic radiations with the frequency range of 300 MHz to 300 GHz and the wavelengths of 1-0.01m. In
microwave drying due to better energy concentration, moisture is removed more quickly so the drying time decreases.
Due to the complex relationship between input and output variables in the drying process, selection of the model that can
estimate the drying behavior of the products is difficult. Hence, the use of intelligent modeling method such as neural
network is the best choice.

Materials and methods: In this research, in order to investigate the effect of microwave power on kinetics of rice
drying, head rice yield and effective diffusivity coefficient of moisture, a continuous type of domestic microwave dryer (
DEM-281 QOT-PW) was used. This dryer has a microwave radiation chamber where the samples are put on it on the tray
that was placed on a digital balance. The experiments were performed at three microwave power levels designated as 270,
360 and 450 W. Also, Shirudi paddy rice was used as the raw material and the drying rice process from the initial moisture
content of 21% to the final moisture content of 11% is examined. In this study the neural network toolbox of MATLAB
2017R was used to model the kinetics of rice drying in microwave dryer. RBF and MLP have 3 layers including input,
hidden and output layers. Input layer has two neurons that show the number of input variables that were time and
microwave power and output layer has one neuron that show the number of output variables that was MR in this study.
70% and 30% of the data was used for training and testing the network, respectively. To estimate the ANN performance,
mean square error (MSE) and the coefficient of determination (R?) was used.

Results and discussion: The maximum and minimum drying time was 42 and 20 minutes in 270 and 450 watts,
respectively. Also, the maximum and minimum effective diffusivity coefficient of moisture was 4.17 * 10"-9 and 1.82*
107-9 in 450 and 270 watts, respectively. RBF network with Guassian transfer function and high neurons number and
MLP network with Levenberg-Marquardt ( LM) learning algorithm and tan-sigmoid (tansig) transfer function with low
neurons number were able to model the kinetics of drying as well as. In general, the drying time and head rice yield
decreased but the effective diffusivity coefficient of moisture increased by increasing the microwave power. Also drying
at different microwave power did not effect on rice color and quality. The results of the modeling of rice drying by using
two different neural networks including MLP and RBF demonstrated that the MLP network with Levenberg-Mrrqurdt
(LM) learning algorithm and tan-sigmoid (tansig) transfer function has the better performance than the RBF network with
Gussian transfer function and the error and the correlation coefficient in MLP are less and higher than the RBF,
respectively.

Keywords: Microwave dryer, Head rice yield, Kinetics of rice drying, Neural network, Effective diffusivity
coefficient of moisture, Rice quality.

Faculty of Chemical Engineering, Babol Noshirvani University of Technology, Babol, Mazandaran, Iran
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