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Introduction: The term antioxidant is said to be compounds that are delaying or preventing oxidization of a

substance at their own presence, which leads to reach a stabilized food quality (Collins, 2005). Natural antioxidants are
often phenolic compounds that exist in all parts of a plant. These compounds are secondary metabolites that can inhibit
active oxygen species by giving hydrogen atoms and converting them into more stable non-radical compounds due to
oxidation and reduction properties. They also have the ability to chelate the metals (Wijngaard et al., 2009 and Erasto et
al., 2007). Regarding the positive effects of natural antioxidants, many studies have been conducted to extract, identify
and apply them from various herbal sources. Edible fruit jujube is a member of the Ramanaceae family, known in Iran as
the jujube. The plants of the family are jujube flowers, which are all diploid and have 24 chromosomes. The jujube tree
has been cultivated in China for thousands of years ago and is used as a medicine, food and food flavoring, also distributed
in tropical and subtropical regions of Europe, Australia and South Asia. (Su et. al., 2005, Yan et. al., 2002, Preeti et al.
2014). Phenolic compounds have a high potential for antioxidants and a natural source of antioxidants. The antioxidant
capacity of the Jujube is due to its antioxidant compounds such as flavonoids, total phenolic, anthocyanins and ascorbic
acid. Zhao et al., 2014) and Zhang et al., 2010). Shell, pulp and fruit jujube seeds have a wide range of phenolic compounds
and have long been used as a drug and flavor agent (Zhang et. al., 2010, Mahajan et al., 2009). Many studies have
investigated the effects of Jujube fruit and its juice on the prevention and treatment of diseases such as digestive disorders,
weakness, obesity, liver problems, diabetes, skin infections, Infections, Anemia, and Allergies have been reported (Gao
et al., 2015 and 2013, Kim et al., 2011, Verma, 2016, Li et al., 2012). In a study by Wang et al. on Jujube fruit, 22
compounds were identified in ethanol jujube extracts (Wang et al., 2014). Zhang et al. The study that they carried out
showed that the antioxidant activity of the jujube is due to its antioxidant compounds, such as flavonoids, total phenolic,
anthocyanidins and ascorbic acid (Zhang et al., 2010). Italian scientists influence the phenolic compounds of jujube fruit
extract on breast cancer cells (Plastina et al., 2012). During a study conducted in Egypt, the effect of jujube fruit on
obesity, lipid profile and liver function were examined. (Mostafa et al., 2013). In another study on juvenile fruit phenolic
compounds, the effect of jujube on seizure treatment was evaluated and the results showed that jujube has protective
properties against seizure, oxidative stress and other disorders. Pahuja et al., 2011).

In this research, extraction of phenolic compounds of Ziziphus Jujuba extracts has been performed using the
supercritical carbon dioxide fluid method and optimization of the extracted compounds and the measurement of the
antioxidant activity of Jujube fruit.

Materials and methods: Jujube fruit was prepared from Birjand in late August. Chemical materials such as pure
ethanol, reagent Folin-Cictalto, sodium carbonate and free radical molecules from German-German corporations and
Sigma Aldrich, and laboratory glassware and instruments such as volumetric balloons, refrigerators and freezers, spatula,
vertex, buret, pipettes, calibrated cylinders, Filter paper, Falcon, Human Dimension, Mesh 30, Funnel and Arlene were
provided. The freshly purchased fruits were separated from the tree before drying. After separating the jujube grain, the
fruit was dried at 40°C in a digital-powered oven (volume 5 liters made by Binder Company in Germany), and dried with
the aid of a home-made mill. For particles of uniform size, the resulting powder was sown using a mesh 30 and kept in a
refrigerator at -20°C until it was extracted.

Results & discussion: Generally, according to the results of both solvent extraction and supercritical fluid extraction
(SFE) methods, the total amount of phenolic extraction at the optimal point in terms of mg Gallic acid to gram of dry
extract in the solvent extraction and in the supercritical method were 26.21 and 2.24, respectively. Comparison of the
obtained values at the optimal point of both methods indicated that the solvent method shows higher values of the total
phenol content and it has been more successful. However, due to the insignificant differences in total extraction phenol
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content between the two methods, the supercritical method can be described as a better way to extract phenolic
compounds, since the supercritical method was less effective than antioxidant power despite the presence of phenol,
because in the supercritical method, the selectivity can be increased and the target compounds can be isolated by adjusting
the temperature and pressure which increases the purity and increase the antioxidant property, and the purpose of the
extraction of phenolic compounds. On the other hand, due to the low amount of organic solvent used in this method and
the reduction of health and environmental risks, the supercritical method can be introduced as an effective method for
extraction of phenolic compounds from Ziziphus Jujube fruit, which reduces the consumption of organic solvent and
causes in an efficiency equal with solvent method approximately. In general, according to the amount of total phenolic
extraction in both methods, it can be said that Jujube has higher phenol content than other herbs and it can be introduced
as a natural antioxidant at the commercial level.

Keywords: Ziziphus Jujuba, optimization, phenolic compounds, supercritical fluid, antioxidant activity
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2 Partial Least Squares
3 Variable Importance in Projection
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G i Clpedi g mdcape  P>F O FValue dolee dtunly SLayuita
n.s 14/06 0/74 0/047 5/83 y, =408/08-133/ 74A—155/17B —173/100C + 2796/ 32AB PH Ol ypputs
—110/00AC —824/28BC
n.s 13/93 0/70 0/0072 5/01 y, =121/01-80/89A +6/54B —0/44C + 734/122 AB &1t o
+439/71AC —1333/41BC
n.s 10/59 0/86 0/0006 11/13 y, =342/99+575/46A+40/81B +627/67C +1860/87AB S
—7600/ 20AC +1388/77BC
n.s 14/22 0/74 0/0026 6/39 y, =63/79+146/49A +63/58B +317/19C + 278/93AB g
—1628/57AC — 431/71BC
n.s 20/15 0/68 0/0098  4/64 'y, =16238+1124/34A+516/738+232931C +16/97AB RS
—10574AC—3384BC
n.s <5S 0/74 0/ 0024 6/49 y, =17/95-26/36A—41/24B—84/51C +77/02AB 5 N (590
+87/00AC +190/ 42BC
n.s 3/48 0/91 0/0001 23/78 y, =431/27-252/27A—22/64B +1179/ 43C +1362/85AB G'LVE (Pa)
—3284/ 28AC —1932/85BC
n.s 13/93 0/70 0/0072 0/334 y, =101/56—5/14A+23/12B +189/35C +97/06AB G"LVE (Pa)
—404/85AC — 661/14BC
n.s 13/95 0/65 0/0166  4/04 'y, =369/08+522/41A+378/30B+136 T — 724/ 24AB e (%)
—3823AC-583BC
n.s 41 0/75 0/ 0038 6/14 y, =16/89 —33/07 A—35/08B —84/80C +80/44 AB Ty (Pa)
+107 /85AC +175BC
n.s 13/93 0/70 0/0072 0/334 y, =101/56 —5/14 A+ 23/12B +189/35C + 97/06 AB 1f (Pa)
— 404 /85AC —661/14BC
n.s 13/64 0/65 0/ 042 5/51 y, =2/33 +0/91A+2/08B0/80C tan 3 LVE
n.s 8/08 0/68 0/0099  4/63 Y, =2/97 —1/67 A+ 0/98B6/60C + 4/08 AB Gf (Pa)
—-35/71AC +7/14BC
n.s 10/59 0/86 0/0006 11/13 Y, =342/99+575/46A+40/81B +627/67C +1860/87AB hw 3ltol
— 7600/ 20AC +1388/77BC
n.s 14/22 0/74 0/0026 6/39 y, =63/79+146/49A+63/58B + 317 /19C + 278/93AB o N 3ol
—1628 /57 AC — 431/ 71BC
n.s 1/21 0/99 0/001 4/64 y, =1/75A—474/96B +1323/7TAB~2404/41C +2397/05BC S ignd igh jLuiel
n.s 20/15 0/68 0/0098 4164 Y, =162/38+1124/34A+516/73B +2328/31C +16/97AB ooy 830 jksiel
—10574AC —3384BC
n.s 20/15 0/68 0/0098  4/64 'y, =16238+1124/34A+516/738+232931C +16/97AB 5 Loy

b ) ilossl e g ST (clag Sl culld S0 bk
s Mo (1996) o Ko 9 Baig Jio oyl b awd oo yiol33) pwasss
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b ials e ySboolaw Jg ai S5lel lae S
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Sl oo Gialidl b ud b al sl bl WS o cdl 555 030l )3
Sod ()8 ofgd Loy n Hle 4 (5 8L cudyls cpl anll oS
L (S b e Ol g Y lawd gla
(Tamime, 1993)
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oo o5 wilie & 29de canlie 1 S5 b pimen
SSIpH alyuss cwp Lials s MPC e ilisl b oSl
SbS gowo YU polis 0 &S cuwl Jbs o cpl Wb o Lials
b ladiges PH &y CWP liee (225 9 MPC je ]330 L
B ey ey cpl ade b ol halS gpde ol
ol J5Sse i b slaity 5 dial (slanad i lie 9,8
o & Lo &S w8 ol (1999) Ken g Tamim .ol
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delta pH

A: Mpc (%)
07 B: WPc (%)

oS Cuwlo (sidiges PH Wil pdi (g9, p SuS gowo 9 CWP aMpC pil -1 JSK5
315 of

o 20399 maw )3 cwp- mpe-kg 4 cwp-kg 5 mpe-kg aSs o 5l i sl ol g bl J5 &Sl 4 il

&eo 5 CWP JmpC Wb 28 g b e ladiged (g5l W (Desmazeaud et al., 1972) sl o byjo cins Jj
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Aed o U5 3 Jgds Y1 ddle oo gblite Jao wibyly Juloo gl bl 5 0e jusie

Jle I3l g cwp 9 mpe s <l (Quadratic x Linear)

Syneresis (%)

D: Kanjac (%) : A: Moc (jf:.\
07y B: WPc (%)

oS Calo Gaiged (551 Ol (595 9 SIS kowo 9 CWP aMPC 5l -2 JSUS
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(Varnam xS’ o 1gs YU (630l O el b Canw J5 5wl
etal., 1994)

D8y Cowlo By JSW pndd (K 5ol7 ) S5 529
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o 09l 290 Sladise (e o o (UGS gl
Jhe uilly b ol wll sl )3 50 W58 1 3/25
9 mpc-Kg blize )il (Quadratic X Linear) cocio ablize
S 59y p oy 99 xhw > cwp- mpe-kg 4 cwp -kg
» SbuS goo 5 CWP MPC L5l 3JSs 5gr s ime Ladiges
3 Jpir V1 dolas & a2 L 1) 008 Canle (sladiges (s (s,

A o ol

Hardness (N)

02

01
D: Konjac (%)

° 8

doe Ol I b 09 0 oanlite 2 JS5 )3 &5 jgbolon

O den cWp oYL polis b &S pladge  SluS
2SS oo (il b g Wb o LialS i 4 ladiges (65100]
O 618 s b ditwn MPC YL polie (ggls a8 sladiges
oS lie > 2 S5 G izmen 950 oS ladiges (bl
sl ol ewp e gals o MPC e iliél b SbouS oo
Sl sladiges > ilul O S s sl ials ladiges
B oWp i (ials’ o MPC e iolidl b gows polde (YL
& 5 Cans b ol galS s g olBl dop 4 e
wollae (Bl olss b 5 S ol 34/2-31 sy O 55
slacuus 5 pus g S ) GVl slaceas el cule

A: Mbc (%)
B: WPc (%)

buSe Calo SAiged b (Sg, 3 SLxS &ewo 9 CWP aMPC il -3 JSUS

Oyl doyd 5 (o)l S5 glod (iS55 o Iyl Yo 2y
» (Walstra, 2013) sib o i spSo3ll oloj 5 diges
Lo CWP 5l oolazwl by By i plool (glajimgsy bl
sl Sid b 5l kS & (By 4 G 2900 (8 SLSE
S oo Mgl yidy (B b wle (Cawl o edlaiwl (gilw g
b ol 0y5ly paw nTep Bl 4> (Sodini et al., 2005)
I (Ko s St 55 (sl e o 43 85 5y Sl
Cadl 0> Oyl g B Rl wlel gl
(2011) .l,Ken 4 GroBhable oxie 4 .(Lucey et al., 1998)
G pyo B 0SS g B lad) > el slasign
OVl ladigy aiej (ol 3 g W30 15 L cod )

&owo Ol il 31 b g5 o sdalie 3 KB 55 45 bl

Srdiged gly ohgd b sxe jobdy o adige B Sk
P JSS ped @b isren )8 Ly Rli8l 5YL CWp gels
CWP ylise (ials g MPC 5o iol38l b SouS jows o polio
P e i onpie S ygba S8l LI adiges S
B 0 opl )8 ssalie MPC lie YL (gols sladiges
ol (SlxS pews YU polie p bdigel iSw & Cowl
OidlS w9 (iul38l oS Tl CWP l5ee ialST g MPC 500
CWP p SbxS oo yid i odimd LS yol cpl 08 lay
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23,5 o il

$pé

soieo 14139 U 3ITT 1y y9el 3590 (sladiges (6 yd s
Slpl jl plas” zun oS oy L b wyp lS Cpicred g pie
geo 9 CWP MPC (3933 5 (36 blie o po> dxyd (s
 (P>0/05) 595 5l sz > brdiges 68 s (go) p SlouS

S Sy g (S

SHm Sep g Shme & bl b @l
s opos 000225 5 0/0003 o ciya 90jl 90 (sladiges
ool Judos ol olel g yuiite e 41609 5 07592 4
Sl 9y 9 (S Gl 9 oSie blite Ju
bl @l g cwp g mpe as eIl (Cubicx Quadratic)
Sl 69y p Moyd 99 maw ,> cWp- mpe-kg 5 mpe-kg
S Sl Jop ol g bdse bages (Sha o
5 St S9) » PG S S cWp-kg Ll
Olyss a8 0l L g zuls .cuils diges (St (5950
&o 9 CWP MPC Sl b adiged (St ($9588 9 (S¥iamr
foo e 3l b a6 yoba conl 0S5 alie by i S
oYl dws CWP (oYL polie b &5 sladise p Sbus
b Sl o 8l Gl badiges (St 9 9 (Siawe
& oladiges )3 woy 0715 polis sgn b SoxiS gewo a3l
S92 9 (S¥me (Rl & xie 39 MPC (VL e (g9l
0/15 pslie sgus 5l SoxiS” gewo jiidy Liuljdl bbb Shiue
35 oialidl Bgy oyl 203002 b ss ys

Wl o ald Car pY o (Sher So
Gibgn 4Seb g 5 le e W cud Gl o e
S o388 Wil ) i e I Cwle sladiges
A8 o 106 ol 55 i I ol qulis o g dalgs i o
o 4Sd b o (e (adld Al 35 (St pinen
b dnalie )3 (g Ol g dovo bawgs 00 bl ciend (g
5 OBjeine) 3pS (o0 8 b laceSon sin dw &S
938 15U oy L (2009) ol 1Sen 5 Gauche (1392 1Ko
Sob ladiges  (Suiws o5 by cwle 4 glo i
L5 (2004) () Sm 5 Sl 33y 2 sle ey o i i
bolste 5w ol (6 0yluiS gobs slacule cdl a5 ol
Soexo oy b lacwle wlie pn Of @ldg,She g 0y5luis
P 5 S iy ol SldgSee gile slacusls & o 5 09,

V1o e Slasin & Cons S s p it pSb I
boodd o sladigel joS (Suw Cuold b Jleisly e
O OS5yl 4 rewo lisie slacdale > mpe 4 CWP
OaS 1 YL slaezes 0 Cpiored Dgd e 03 Cas il
OSon Om > 2ad Sl tiSeny Jleis] Slgi e p iy (59
Coslo 4t 3 (Bpan b 3 35 SloJus 9 05 0)95L>
Sl sl (il8l Coge g dad ill ) ol b
25 &S Jsw (b i pledle p sdgwes VgS
.(Krzeminski et al., 2011)

$xSHhE cledy ko gladiges 4 3 SIS gews (12938
Sloduse gl > a5l 0m oaim LS5 slay S Lol
0l (pBgy (gdm dw &b S B obl Coge (55
snlgs Cglite g n g9 Sl b SISl ey e Saiay oS
4 oo MPC YL polis d SlouS fows (2938 donis ) .09
o il 4 e CWP YL polie 5 S ials
sl g b 8l L rews clale ill 05
Sl & e o5 b ST 0 el g onBign —a59S g,k
G olej Jsb 5 Cunle (aw (iulielad aled cdl jo ol
(Aziznia et al., >y bls,l aopsyy Jlail ¢ Sl i @
.2008)

s

Ot 0se3l y90 Saisel (Stugn & ob (L GBS b

dblize Jao by Juloo gubs olel .59 ize 0/25 1 0/15
» CWp 5 mpc s ol ke (Cubicx Quadratic) cocis
Sy 32 Moy 99 maw ,> cWp-Kg Jlize 5l g a0y 95 o
S b gl Giagh gl (pizren g I gine badiges (Stwge
Niwges CWP s MPC l5ee @l pass b S gous o5 polis o
oo YL polie &S s 05 g sl badiges
Sgy OWP lie pialS 9 MPC Glie Gial8l L Sbxs
owp -kg blite jl ladd aS oyl 4 4 b g cél LialS ladiges
Jlite Sl 55 (B 4 Glgice 39 )b (dre Ladiged (Stwgn
Shwgn (adld Dp (o diges (Stugy » SbuS ges 5 CWP
8 g dad 0 ity y alie A3 glanigy a8 leis oo
olllls ((Park, 2007) sad o olis |y alie  Siwge 5 (aiuiS
975 5SS 1 (1999) o, Sen 5 OZer Lawsgs o plox
sylisle gy SYL polie (g sladiges & ob ol
iy o ogslas 136 (2007) oylSem g Lijuse o (s 500,88
el 2w oSk S glies | dlise glackle
N3 el 3)00 (22 (g Cale (LBl 5 olend ((Sud
S bl cage i ol oyslusS iulEl a5 sl ol 5wl
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Sy Cuwle SagS JSud bl (S5elely SR
(e 55" 39031)
2 B Jsx) Lojled las gl 1y e i S 9051 400
Amd o U5 20°C glad

1000

100

(JBol) 395 g 3 il J g0

10

5 5 ok @l peleln amil VL (Sae bl S
I3 me i3l 4 e s 4 CWP (53958 (2000) 1Ko

- G"

o1

(1) g5

oy 0/05 9 CWP &Moo y2 2 «MpPC o 42 6 69'5) 1 D)w )lag; um;; ﬁ"g » (G”) )‘Mg JQM 9 (G’) &{wy' JQ.\& )lbw —4"‘&.«:
(20°C glod 13 5 3y 1 (puilS 8 3) ((SS Gowo

(F 2 S4 (il 8 5 20°C (glos) oS Comlo (sLardiged paiile (55 (39051 51 Jols (gl il by -4 Jguir

Gi(Pa) t(Pa) tandive 1 (Pa) v (%) G'ne(Pd) Gue(Pa) o
60/03 18/57  2/04  0/4036 0/3143 164 514 1
19/06  8/64 347 0/2845 0/4557  26/42 56/57 2
14/16  11/54  3/43 2131 0/4224 15219 525/2 3
40/83  18/57  2/91 2/566  0/4204  168/7 586/6 4
84/64  17/89  3/09 4/969  0/9865  133/9 485/6 5
40/83  18/57  3/02 2/566  0/4204  168/7 586/6 6
8/09  5/39 3/13  0/4036 0/3143  38/11 122/6 7

14/5  6/65 3/62  0/5552 0/3103  49/99 171/8 8

37181 23/11  3/43 1 0/236 24212 750/1 9

66/63  12/9 3/43 3/429  1/321 84/18 245/6 10
25/58 15/49  3/21 4/302  1/325 101/8 308/2 11
107 8/54 2114 0/5879  2/344 11/01 22/54 12
14/16  11/54  3/47 2131 0/4224 15219 525/2 13
37/81  23/11  3/09 1/86  0/236 24212 750/1 14

il o S ale i3y e &l Sy Jgde Sl 55
05,5 B LG 4G ] &S ol s e a4l g 4l

1 Solid-like

Jolis Jgl b .ol osaline JB 4 JS5 p> dilisee 4l g9
Jose ol 3 aSuibe (LVE) s SawVlgSuy 4ol
Sa¥] Jsto Ll 3y o Loy (G398 5 (G7) SVl
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b 0/23 oo iyt 905] 3p90 (sladiges Ty g Yo &5 B olis
o) g Clark 3¢ piie Sl 4/96 b 0/28 5 ssps 2/34
J 5eS 33y slaskre p (s 4ol & w28 3155 (1987)
Al s S I o Joboe 5 ool adé (sl Joono
203 011 ) yuio yia (0591l J5 )3 Jlade ol &S Jls yo
@l e b WL Ll (68,5 (s 4ol nizen .l
(2007) o), Ko o Heldman .5, 3939 anbs (6 posbign (slaJs
aaly 0 py sl Slie dles it glp LVE & w08 jo)l5S
(Shw oS 85 iy L) ol 5 e oy 2-0/1
g 0zer ges Wy s b ;) 0dSs Cule sladiges
Gy StV o i) o ol oL (1999) o) Sen
(1990) ., i%en ¢ Paulsson .59 oy 0/02 (ad) oass conlo
oS olgsa ) Fa b pulss o aey 001 (5wl
B pslSesV Sl J5 JSis eyn car Sl
3 odliz b aleJ (1 SV gamo (g9, i joty 4158,
ol 0s pbool 5,0 1 Wil 3 )3 00y3 0/05 5 2eS 55,8 el
s ogeil > 2y 0101 OB 35 G nl 2 9 nl )
g Al azab 1,8 )13 s 4l )0 MolS' b ud axd S jlas )y yusie
Slay Bl )95 o 158 Jlael b 3 J5 sl

Cubicx ) cowio gblite Jho uib,ly Juoo guls olul p
cwp-Kg s mpe-kg @l 1y g ve gl 93 o ¢l (Quadratic
B 5 ol o9 oz waised Ty 9 Ve g9 2 A0y B0 s >
9y » & 0 cWp- mpe blate Sl 5e8 il sl 0gMe oS ol
Ol gl @l oeizren b oLt (g lisine b ladiges Y
Ol o3l L mpe ol polie o CWP (YL jolis j» &8 ol
poo il Yol il il bdiges Yo SbxS gaw
ol cads p» cwl 01d)F Cwle 5 cuats cely Sbus
Syoky Sl Mol i oloj oaimy Ui Sleu (S
oSl mas oladey Gl ClbdS L asD 5 Gl badiges
B OB 09ell 3 (28 S Jlasl b &S 2950 (alaisn
S 3,8 o)liS (1996) Steff .l anSs o5 Slogs axeld L
b o ) e oloj und glgl L awlie g8 la;
2l > (g cul @l elel p piomen Sloge (Sl (s
TY WP e (28 9 MPC lie Gl b SLxS” 2o oS
WYL b ladiges o Ty S bl ()58l baiges
Ity ials ewp lie yials s MPC (e ]38l b zews yolis
Cule Sl i &5 ol olis (2008) Kuecuekeetin .o )8
4 pyw Sy Cans Wb o8 (5lbme b odjen
b B oS

G (obyr 4) ° 3N el |y 5 o39e (i8S & £gyd
ol el ol SueS e s,y badiges 5 ons G}l 55,5
@ olS g (adpd )l £ b boliie (258 b A5 (g0
il (1) Slow 5 L (re) o 8 1 Sta¥l Jaae
4 e JS ) 4K oS Slakgn a5 Ll bl wge
O (e Ol S WS e 3D o) 4 E9pd 20
T P N S )
.(Pai et al., 2002) >4 0 o5

Sl Jgso Jolis pite (555" g3l 5l Jolo (slayial)y
0555 G Lve) s anl s cdl Jose G'LvE) (b 4l p
Tan ) s asb > AW colib (Ty) mebes i {ve) Slyo
ot > Szl Jgdo g (1) ol A 5 wled GBS (oLve
5 20°C lod  ouSs cusle ladiges (G G'= G") oby»
ol odd o3y iz 4 Jgas e K Wil

G" 9 G' LVE) (hs 4l )3 j5umy 9 Sutull Jgoto
(LVE

390 Sladiges G Lve 5 GLve o b ol oo @l
JWul, 242/1 6 11/01 o 750/1 b 22/54 1 s (yg0j]
e gblite Jao (uibyly Julod @bt el 29 jeiie
olpl G Lve 9 G'Lve gl 93,2 1y ((Cubicx Quadratic)
20,0 99 alaw ;> cwp-mpe-kg 4 cwp-kg mpc-kg e
pogMe & Jbyd by I ze ladiges G7 LvE 9 G'LVE (49
bdiges G" LVE 59y » S 35 CWP -mpe blie 5l 548 <l
G" 5 G'Lve Olpuss Loy a5 ol LS gk gult g Hbd sze
lie by yd5 SbuS few 9 CWP MPC Ol s b adiged LVE
5 GLve SLS gmo olize Gl b o8 (bl SR
Lolwl G' Jgo Slog cslaygajl jo .cdl Liulssl adiges G Lve
ISl G Jgte g cunl dtsly (g n —(nSen sign &
O Ol GlBl bl gl glagiS ohe 5 el
Slog ool » tan sy Sl J5 peles e 9 G Jyue
Jobo a8 sl ol 3 (1999) o Sam 4 OZEr .55 lay il
al U3 a0l oo J5 eSS 4 &Sy Cpig p Aoy

Sl G4 S g oS
StV ISy Jas o3gamme L b jblie (58 s
ot 4 S8 bis cllB b Slasle @8 ol 5l sobse

3856 gl ASb o JB g Joo plSia Joazs 4y 03yl (SO

5 Crossover point
6 Liquid-like
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b 0 oplcdl (nlidl ladises taw jliel CWP 9 MPC liue
5 MPC e Gl b SbxuS gos YL polie &5 ol
Sl s 9 G381 il adiges gthuo jltel CWP (ljee (y20lS
J; sbml owp (o Sles Slusgas | K o bl b ol
5 Slogad (55 4 o lagulyy Cuns (IRl L ol
FB Ol Gl 30 SbuS pews .cél dalgd s ol 2yl
Sl o5 1 &5 & canl o3 lis 35 Clidos g o) sy
(Koroskenyi et al., wls ois |, ol 5,5 50-100 Wl .
il a8 Wb ol (1998) ol Kea 4 Lucey .2001)
ol 5 sl il slml 4 e Casle )3 paw slacpdpn

Dyl o0
LKA WE g P

Sy Sladigel Sty jliel & b ol gy mbs

obyly Julow ol olul 39 yuie 381 b 242 yy yg0jl
5 cwp -mpc <l sl (Cubicx Quadratic) ablite cowie Jao
2 it el yeomen CWP- mpe-kg 4 cwp -kg 4 mpec-kg
g bt 5o gl (Siwe el (55 p 20 95
PSS geo lie GBI L o b ol @l pumen
Sl jliel wua WP YL ol ghb &S sladiges
&S oladges ) SbuS oo Gl L oS b cél i3l
D)8 g als (Saiwe bl ditws MPe oYL jolas gol>
oSke yeba &S Wb gl (2007) )Ken 4 Agob
LU O e 0 Jgeme slalic > SboxS 5l ol 459,00

e o SV HiulEl 4 e 4 oy

S Hg 29 Lol
ladiges (Sgb 9> jliel & amd e ol Liagh
s ol bl g gize 322 b 216 o (905 390
olpl (Quadratic x Linear) sblite coxiie Jio il
95 wdaws ;> cwp- kg 4 cwp -kg 4 mpc-kg 4 cwp -mpc
bl gy bme B diges (Suad gd jliel g9y p Moy
Olyass b SbuS goww o5 polie o & A odalde picren
2 abe Gilitl ladiges (Sisd gd liel CWP o MPC 50
9 MPC i inlidl b SbuS pews YL polae o &S Jls
cdly jials L ladiges (Shsd wod jliel OWP i LialS
4SS gyl s b Wl o (S gd jhiel Wil s &S
foo alisee polae ) CWP 5 MPC 5 Ol cle & 5
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Introduction: Labane or concentrated yoghurt is a semi-solid product which is being producedd by dehydration of
yoghurt or separation of water and some water-soluble solids from yoghurt. High nutritional value, long shelf life, more
desirable taste and texture and feasibility to produce other product are the reasons for high acceptance among
customers. There are wide ranges of production methods from traditional methods which are tedious, such as separation
of whey by fabric bags, to complicated time-consuming methods which also contaminate product and reduce its
nutritional value. These cause demand to establish more suitable methods such as “wheyless process” by dried milk,
concentrated milk protein or concentrated whey protein. On the other hand, one of the methods for enhancing firmness
and textural properties of yoghurts, similar to other dairy products is utilization of hydrocolloids. These components are
used for enhancing rheological an textural properties of food and commonly used as additives for increasing viscosity,
gel forming ability, enhancing physical stability, film forming ability, controlling crystallization, postponing syneresis
and textural improvement. Konjac gum (KG) is a neutral polysaccharide that derived from Amorphophallus konjac C.
Koch tuber, which is well known in east countries during centuries. Ability to hold water and reduction of cholesterol
and glucose are the reasons for grossing demand of this gum. So due to the importance of labane produced through
wheyless process, the effect of different ingredients of formulation such as milk protein concentrate, cheese whey
powder and konjac gum on physicochemical, rheological and sensory properties of labane was investigated and
compared these properties by using Principal component analysis (PCA) and Partial least squares regression (PLS
regression).

Materials and methods: Cow milk was purchased from local market (Mashhad, Iran). Dried skim milk, milk
protein concentrate, cheese whey powder and commercial starter provided from Khorasan Razavi Pegah Company
(ABY1, Christian Hansen, Horsholm, Denmark) and KG purchased from Food Chem. (China). In order to concentrate
the milk, 3% dried skim milk was added tol Kg milk. Then, according to the experimental design (table 2), MPC and
CWP added to milk at 0, 4, 6 and 8% levels which reached the total solid of milk to 21.5%. KG with percentage of 0,
0.05, 0.1, 0.15, and 0.2% was added to the mixture at 40°C. The mixtures were homogenized at 50°C and pasteurized at
90°C for 1 min. and then cooled to 43-45°C. The mixtures were incubated at 43-45°C for 3-4 hours after addition of
starter. Then the samples were slowly stirred and packed in polyethylene bags after reaching to suitable pH. The
samples were transfered to refrigerator for 24 hours then the tests were conducted. PH was measured according to
AOAC 2005 official method NO. 935.42.25 gr of samples were centrifuged at 4°C for 10 min. at 4500 rpm. Syneresis
was evaluated as parentage of separated serum. Texture analyzer was used for combination of back extrusion and
texture profile analysis (TPA) test. 50 mm in diameter cylinder with 10 mm in height and probe with 4 mm diameter
and 100 mm height with the speed of 1 mm/s were used to conduct the test. Dynamic rheological parameters were
evaluated by rheometer (Parphysica). The devise was equipped by 50mm diameter parallel plate with 2 mm gap. Eheo
plus/32 version V3.40 software was used to measure elastic modulus (G”), loss modulus (G”) and n*.

Results & discussion: Results showed that none of the linear, quadratic and interaction effect of MPC, CWP and
KG was significant on pH of the samples at the first day. Results represented that the pH of the samples was varied
from 0.36 to 0.94 after 5 days and only linear effect of MPC and CWP (at 99% level of confidence) and interaction
effect of CWP-KG (at 95% level of confidence) were significant on that. The effect of MPC and CWP and interaction
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effect of MPC-KG, CWP-KG and CWP-MPC-KG were significant on syneresis at 99% of confidence. Results showed
that hardness of the samples varied between 3.25-9.58 N and the interaction effects of MPC-KG, CWP-KG and CWP-
MPC-KG were significant at 99% of confidence. None of the linear, quadratic and interaction effect of CWP, MPC and
KG was not significant on springiness of the samples (p>0.05). In strain sweep test, two separated regions were
distinguishable: linear viscoelastic (LVE) region that elastic and viscous modulus (G” and G”) were constant and G’
was higher than G” which showed the solid like behavior, and non-LVE region that G’ and G” decreased by increasing
strain and led to a crossover point (flowing point) which G” goes over the G” and liquid-like behavior shows itself. In
this test, strain corresponding to start of the non-LVE region and sharp reduction of G’ define as critical strain (yc) and
the corresponding stress of this point defined as critical stress (tC).Results represented that G’LVE and G” LVE of the
samples varied from 22.54 to 750.1 and 11.01 to 242.1 Pa, respectively and the selected model (cubic x quadratic)
showed that the interaction effect of MPC-KG, CWP-KG and CWP-MPC-KG on G’LVE and G” LVE was significant
at 99% of confidence while the interaction effect of CWP-MPC was only meaningful on G” LVE. Results also showed
that the variation trend of G’LVE and G” LVE was the same by alteration MPC, CWP and KG in a way that both of
these parameters were increased by increasing KG. The effect of MPC-KG and CWP-KG was significant on yc and tcC
at 95% confidence and also, in addition to mentioned effect, the interaction effect of CWP-MPC was significant only on
yc. Increasing KG increased yc at higher amount of CWP and lower amount MPC which can be concluded that
increasing KG amplified the gel strength. Also, the results of the correlation study between sensory and instrumental
measures showed that there was a close relationship between the score of sour taste and the overall acceptance of
samples, which showed that among the measured characteristics, sour taste score is more important than other

parameters.

Keywords: Cheese whey powder, Konjac gum, Modified texture profile analysis and back extrusion, Milk protein
concentrate, Strain sweep test.
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Introduction: Pistachio cereals are one of the most important products in the export sector. Therefore,
accurate grading of pistachios is very important. By counting the number of pistachios in 100gr according to
the national standard of Iran, this product is classified into three categories of large, medium and small.

Materials and methods: In this paper, the image of some pistachio cereals with different random size and
shape was taken and stored in computers using the machine vision technique. Then, the image processing
operations consisted of improving the pistachio images to increase the accuracy of edge detection was done.
The exact calibration process was performed with a chessboard plate was conducted to extract the geometrical
dimensions including the largest diameter and area. In the national standard of Iran, intact or broken pistachios
are not considered to grade this product. Therefore, in this research, Fourier series method is used to extract
morphological characteristics of pistachio cereals including roundness, elongation, asymmetry, triangularity
and squareness using the low order descriptors. According to the results of the calibration operation, the
dimensional measurement of pistachios with an average error of 0.09 mm is possible

Results & Discussion: According to the experimental results, it is possible to improve the current standard
of pistachio using image processing and fourier series techniques in terms of increasing measurement speed,
reducing costs, and adding the shape characteristics of pistachios to determine the amount of intact or broken
pistachios.

Keywords: Pistachio, Machine vision, Fourier series, Grading.

1 and 2. Assistant Professor and Graduate Bachelor, Department of Mechanical Engineering, Birjand University of
Technology, Birjand, Iran.
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Introduction: Oil plants store energy in the form of neutral lipids in the organelles called oil bodies. These
organelles save triacylglycerol until seed germination. In recent years, the oil bodies have been considered as an
oil/water emulsion in the pharmaceutical, food, and cosmetic industries. These organelles are also effective tool for
purifying, stabilizing and delivery of biotechnology products. Aqueous extraction processing (AEP) is the most
common method for oil body extraction. Despite all advantages compared to organic solvent extraction, the yield of
AEP still needs to be optimized. Therefore, this study surveys the efficacy of two solvents, phosphate buffer and
distilled water in the oil bodies' extraction from rapeseed.

Materials and methods: Brassica napus L. seeds were obtained from seed and plant improvement institute, Iran.
To compare the efficacy of solvents, 0.1 M phosphate buffer (pH 7.5) and distilled water were used for extraction. The
ground rapeseed was suspended in the buffers in a ratio of 1:10 (w/v) and stirred for 12 hours at room temperature. This
step was repeated three times. Then, the extract was centrifuged at 10,000 g for 15 minutes at 4 ° C. The floating layer
was carefully removed and dissolved again in the initial solvent and the pH was adjusted to 8.5 to precipitate the
deflated proteins. Finally, the cream layer was retrieved using centrifuges and one-tenth of the initial buffer volume was
applied to the 9 M urea buffer (pH 7.5) for 10 minutes to separate non-specific proteins from oil bodies. The purified
oil-bodies were monitored under light microscopy.

Results and discussion: According to the microscopic and macroscopic results, the stability of oil particles and
efficiency of extraction would be higher by phosphate buffer due to maintaining a constant alkaline pH during the
extraction. Moreover, the presence of different salts in the phosphate buffer increases the purification yield up to twice
times as a result of providing osmotic pressure and increasing solubility of membrane proteins. These results emphasize
the importance of membrane proteins on the formation and stabilization of oil bodies.
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0/453 18/9769 0/451 4/894 315 35 2 2
0/632 35/8959 0/358 4214286 5 40 3 3
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(Sarmadi and Ismail, 2010)
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Optimization of Cajanus Cajan’s antioxidant and nutritional characteristics
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Introduction: Proteins are being hydrolyzed to generate various properties such as antioxidant activity and
nutritional values. Enzymatic hydrolysis is carried out in milder condition and is more controllable. The produced
protein hydrolysates’ properties are dependent to the hydrolysis condition. So by optimizing the hydrolysis conditions,
proteins with higher antioxidant abilities are achieved. Response surface method is a statistical way to optimize and
model the process more efficiently. The aim of present study was to optimize and model the hydrolysis condition to
produce and antioxidant protein hydrolysate with high nutritional value from Cajanus cajan by pepsin.

Materials and methods: First, Cajanus cajan’s proteins solubility was measured. After reaching the pHs with the
most and least solubility, protein extraction was carries out by using NaOH and HCI. Enzyme concentration (1, 2, 3%),
temperature (30, 35, 40 °C) and time (2, 3.5, 5 h) as independent variables were given to the Design Expert software
and protein hydrolysis was done in a shaker incubator according to the 20 treatments suggested by the software. 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, hydroxyl radical scavenging activity, Reducing power
and total antioxidant activity were measured as dependent variables. Antioxidant assays were modeled by the software
and the optimum condition was evaluated. The obtained optimum condition was validated by repeating the antioxidant
assays for the protein hydrolysate produced in the optimum condition. The amino acid profile of the protein hydrolysate
was measured using HPLC-MS and chemical score was measures. Then, the molecular weight distribution of the
protein concentrate and protein hydrolysate was evaluated by FPLC. Chemical composition of the samples was also
measured.

Results & discussion: The optimum condition for achieving antioxidant protein hydrolysate was enzyme
concentration 2.15%, temperature 39.99 °C and time 4.52 h. Model validation results for this point were including
DPPH scavenging activity 58.49%, reducing power 0.31 nm, hydroxyl radical scavenging activity 38.2% and total
antioxidant capacity 0.63 nm. The protein concentrate consisted of 215.84 mg/g hydrophobic and 57.04 mg/g of them
were aromatic amino acids. These amino acids are responsible for antioxidant activity of the protein hydrolysates.
Chemical scores for essential amino acids were good. Most of the peptides in the protein hydrolysate had molecular
weights below 10 kD that is considered to have antioxidant activities. Hydrolysis also increased the protein and ash
content while fat and water content decreased compared to the Cajanus cajan’s flour and protein concentrate. Results
showed that Cajanus cajan’s protein hydrolysate can be a good source of antioxidants and play a positive role in human
nutrition.
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The effect of film and coating of chitosan with vacuum packaging on quality
characteristics of Spangled emperor (Lethrinus nebulousus) fillets stored at 4 °C
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Introduction: The Spangled emperor (Lethrinus nebulosus) is one of the valued fish species in Persian Gulf, which
due to its high nutritional quality and excellent sensory properties, is preferred by the customers in the south of Iran.
Because this species is consumed domestically, it is very important to extend its shelf life, which is normally quite
limited when kept refrigerated. Vacuum packaging (VP) is one of the methods of the natural preservation in order to
delay the degradation and maintain the quality of the products longer. VP is widely used as a supplement to ice or
refrigeration to decrease the supply of oxygen to the aerobic bacteria in the flesh to extend the shelf life of product.
Chitosan have been used in seafood products to inhibit the growth of bacteria in stored fish in refrigerator and retarded
the oxidation of unsaturated fatty acids in fish muscle before vacuum packaging. Chitosan, a linear polysaccharide of
randomly distributed B-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine, is a biocompatible polysaccharide
obtained from deacetylation of chitin. Edible coating is a thin layer of edible material formed as a coating on a food,
while an edible film is a preformed thin layer which once formed can be placed on or between food components. In
food industry, chitosan coatings have been used successfully because of some advantages such as edibility,
biodegradability, aesthetic appearance and barrier properties, being nontoxic and non-polluting, as well as carrier of
foods additives (i.e.: antioxidants, antimicrobials). Therefore, these coatings can retain quality of raw, frozen and

processed foods including fish items by preventing bacterial growth and delaying lipid oxidation.

Materials and methods: Lethrinus nebulosus with an average weight of 500 g was caught with gill net in the
Persian Gulf, Khorramshahr, Iran in July 2016. Fish samples were placed in crushed ice with a fish/ ice ratio 1:3 (w/w)
and transported to the fish processing laboratory with 2-3 h after catch. They were washed with tap water and two fillets
were obtained from each fish after removing the head and gutted. Chitosan solution was prepared with 1% (w/v)
chitosan (Sigma Chemical Co., medium molecular weight, viscosity 200-800 cP) in 1% v/v acetic acid. To achieve
complete dispersion of chitosan, the solution was stirred at room temperature to dissolve completely. Glycerol was
added at 0.75 ml/g concentration as a plasticizer and stirred for 10 min. All films were obtained by casting 100 ml film
forming solution on a nonstick surface (16*27cm), dried at ambient temperature (20°C) until a firm surface but still with
adhesive properties was obtained. After evaporation the films were peeled off from the plates. Fillet samples were
randomly assigned into four treatment lots consisting of: one control lot (un-coated), second lots packaged with VP,
third lots wrapped with films prior to VP, fourth lots immersed for 30 s in chitosan solution. Then the fish fillets were
removed and allowed to drain for 2 h at ambient temperature (20°C) in order to form the edible coating. All samples
were stored at 4+1°C for 12 days. Chemical, microbiological and sensorial analyses were performed at 3-day intervals
to determine the overall quality of fish.

Results and discussion: Combination of vacuum packaging and chitosan treated samples effectively retarded the
TVB-N and TMA values and inhibited the growth of total viable count and psychrophilic count bacteria during
refrigerated storage. Therefore, to extend the shelf life and delay the deterioration of fresh Spangled emperor fillets
during refrigerated storage, chitosan coating prior to vacuum packaging is more appropriate. These coatings and films
also showed antioxidant effects, since TBA and FFA values was lower than control samples at the end of the storage.
There was no significant difference between coating and film in reducing TBA of fillets and bacterial contamination.
Therefore, chitosan coating and film prior to vacuum packaging provides a type of active packaging that can be utilized

as a safe preservative for fish under refrigerated storage.

Keywords: Spangled emperor, Vacuum packaging, Chitosan, Coating, Film, Shelf life.

1. Department of Fisheries, Faculty of Marine Natural Resources, Khorramshahr University of Marine Science and
Technology.
*(Corresponding author Email: khodanazary@yahoo.com)
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Introduction: Doogh is one of the most important and most widely consuming fermented traditional Iranian milk
products, which is being prepared from the healthy milk by using the activity of certain lactic acid bacteria and molds
under the especial conditions. Streptococcus thermophilus and Lactobacillus bulgaricus are used as starter culture for
milk fermentation. The fermented dairy products have long storage life and constitute an important part of the milk's per
capita consumption. For this reason, studying the different methods in order to improve the quality of these products is
crucial. By considering the fact that the strong thermal treatments damage some components of milk such as protein and
vitamins, using the membrane filterations decrease the need to impose the intense thermal conditions which result into
the relative loss of nutrients. On the other hand, using the membrane filters not only increase SNF (solid non-fat) and the
percentage of protein but also lead into the production of less-lactose milk as well, the production of less-lactose products,
in addition to their nutritional value for some people, have especial benefits for improving the quality. As follows, UF
filters in 10-2-10-1 diameter separate the bacteria, fats and protein when milk is passing with a pressure about 1-10 bar
but also they pass the minerals such as salts and water which are being removed as permeate and the concentrated milk
is called “Retentate”.

Materials and methods: Materials provided in this study were including: Starter culture (No: 505 form Danisco,
USA), Lactic acid (1.00366) with a degree of purity level more than 95%, NaH2PO4*2H20 (1.06345) plus the cultures'
environment and the chemical substances from MERCK Company. HPLC system (Agilent, 1100 series, USA),
Rheometer (Anton, MCR300, Austria), Milk analyzer bar (Azmalaban, MCC, Iran), pH meter (Knick,766, Germany),
Digital scale 0.001 (AND,GF4000, Japan), Psychrometer (Sartorius, MA45, Germany), Oven (memmert, UM400,
Germany), Centrifuge (Funke Gerber, Nova safety, Germany), Kjeldahl (Gerhardt, KB, Germany), Refrigerated incubator
(WTW,TS606-6/2-i, Austria), Incubator (memmert, BM400, Germany), Autoclave (RT-2, Reyhan Teb, Iran). In the
present study the effect of a decrease in lactose percentage on the durability, flavor and sensory (organoleptic) properties
of produced doogh on the 1st, 23rd and 46th day’s after production time in comparison to control ones, was investigated.
The changes of acetaldehyde levels were measured using Gas chromatography mass spectroscopy. In this study, milk was
passed through UF filters in three consecutive days and its lactose level was decreased by about 2%. After that
fermentation and standardization of doogh based on the amount of fat and solid-nonfat has been done. All tests were
repeated 3 times and the comparison of averages has been done by using LSD test (p= 0.05 %). Results were expressed
as mean = SE. Values were the average of triplicate experiments. Significant differences between the results were
calculated by analysis of variance (ANOVA) with the help of SPSS software version 20. Differences at P<0.05 were
considered to be significant. Also the obtained data for the rheological experiments was processed using software such as
Excel 2010 and SPSS software version 20 to determine an appropriate mathematical model. And in this case, the linear
and nonlinear regressions were used.

Results & discussion: Results showed that by increasing the storage time, the acidity and pH changes and the
acetaldehyde amount of produced doogh was less than those of the control samples. Additionally flavor and sensory
properties improved considerably. Based on the findings of this research, it seems that the reduction of lactose and the
decrease of lactic acid bacterial activity can play an important role in increasing the durability time, improving the sensory
properties and enhancing the quality of doogh. It was determined that the decrease of lactose using ultrafiltration to the
control sample not only indicates the significant changes in most considered variables but also there are these kinds of
changes during the durability time. In addition, the significant and slow changes of pH to the control sample due to the
decrease of lactic bacteria activities show the least qualitative and flavor changes over the durability time. And also it was
specified that by increasing the activities of lactic bacteria, the amount of acetaldehyde will increase but by decreasing
this activity, the level of acetaldehyde will decline. This issue has a direct relationship with the changes of lactose's
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amount. The post-filtration doogh due to its high amount of proteins shows high viscosity and concentration and for this
reason, the attention of panelists in the sensory evaluation was directed toward choosing the post-filtration doogh instead
of the pre-filtration one. Therefore, it can be concluded that the decrease of lactose using ultrafiltration has a main role in
improving the quality of the product and also the tendency of the consumers.

Keywords: Doogh, Lactose, Ultrafiltration, Gas chromatography, Acetaldehyde
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Introduction: Thin layer drying of agricultural products using an infrared dryer (IR) is one of the interesting and low
cost methods of dehydration. Quality of dried products could be increased if the engineering aspects and proper selection
of performance parameters be well considered in the designing of a dryer. The dryer that uses two or more drying methods
in combination, produces in the most cases the higher quality product with lower energy consumption.

Materials and methods: In this study, an available IR dryer was modified and a combined IR and hot- air dryer was
constructed. According to the reported quality factors in the literatures and market desire, the developed dryer
performance was evaluated during the drying of banana slices. The studied factors were the effects of the thickness of
slices (4 and 6 mm) and the surface temperature of the product (55, 65 and 75 °C) on the drying kinetic and quality of the
dried product. Some various mathematical models were fitted to the experimental data and results and among them the
best fitted model was selected.

Results & discussion: Based on the results, the different surface temperature and thickness of the slices had a
significant effect on the drying time and color changes of the samples. However, they did not affect the density of samples.
Drying time of the banana slices (to reach the moisture ratio of 0.04) with the thickness of 4 mm was 155, 105 and 80
min at the surface temperatures of 55, 65 and 75 °C, respectively. At the thickness of 6 mm, the drying time was 230, 130
and 100 min, respectively at the mentioned temperature. The minimum color change were observed at the thickness of 4
mm (AE=32.41) and surface temperature of 55°C (AE= 28.99). The samples dried at the temperature of 55 °C had the
best quality. Evaluation of the various mathematical models indicated that the Page model is the most suitable to predict
the drying kinetic of banana slices under the studied condition. Comparing the obtained results with the reported ones for
just hot-air or IR drying of banana slices; it is obvious that in point of product quality and drying time, the combined IR
and hot- air dryer has better conditions.
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Introduction: By-products have traditionally been used as animal feed and are considered agricultural waste.
However, they are rich in fiber and bioactive compounds, and efforts have been made to utilize them as functional
ingredients and for the enrichment of food products. On the other hand, the intake of a sufficient amount of dietary fiber
can regulate the flow of intestines, prevent and treat diabetes, cardiovascular and intestinal cancers. In this regard, in
recent decades, there has been a tendency to seek new sources of dietary fiber and natural antioxidants, such as agricultural
byproduct that were considered. In this regard, sugar cane bagasse, which has chemical compounds such as cellulose,
hemicellulose, lignin, as well as phenolic compounds, waxes and minerals. Currently, bagasse used to production Cement
(Tian et al., 2016), sand and grains (Sales et al., 2010), Chipboard (Garzon-Barrero et al., 2016), enzymes (Bocchini et
al., 2005), single proteins (Rodriguez et al., 1992), vanillin (Mathew & Abraham, 2005), succinic acids (Chen et al.,
2016), citric acid (Zhoghi et al., 2013), lactic acid (Laopaiboon et al., 2010). Donut is the only wheat industrial product
that has a lot of attractive sensory features in spite of its high fat content. Therefore, one of the goals of the researchers in
recent years has been finding solutions to improve its quality by reducing the absorption of oil or increasing the health
components such as fiber. Therefore, this study was conducted to investigate the possibility of production of functional
donuts that enriched with bagasse.

Materials and methods: In this study, in order to optimize the formulation of donuts with two varieties of sugarcane
bagasse fiber (0-25%), soybean soluble polysaccharide (0-2%) and frying time (2-5 minutes) on the physicochemical
characteristics of donuts and sensory properties by using mini-tab software (version 16) and central composite rotatable
design (CCRD) was investigated. The mean comparison was performed using Fisher test at 95% probability level.
Bagasse were treated according to the method of Gao et al. (2013). Donuts were prepared according to the formulation
by Nouri et al., 2017. Ingredients used in control donut formulation were consisted of 100 g of wheat flour (9 g/100g
proteins, (Arde jonob Co., Khuzestan, Iran), 38 g of water, 9g of Shortening (Behshahr Industrial Co., Tehran, Iran), 13g
of Egg, 13g of water for yeast, 6.3g of sugar, 6.3g of nonfat dried milk powder (Pegah Co., khozestan, Iran), 3g of active
dried yeast (Nabmayeh, Khozestan, Iran), 1.6g of Vanilla extract (AbyazChimieEssence and Colour Co., Tehran, Iran),
1.6g of baking powder (Soheil Powder, Tehran, Iran), and 1.6g of Salt. The volume of the donuts was determined using
the rapeseed displacement AACC method 10-05 (AACC, 2000). Moisture content of donuts crumb was measured using
a Heraeus oven (model UT 5042, Germany) at 105 °C for 3.5 h (Kim et al., 2015). The fat content of dried donuts was
determined by Soxhlet extraction with petroleum ether for 5 h (Melito & Farkas, 2012). Firmness and springiness were
measured in triplicate using a TA.XT2i Texture Analyzer (Stable Micro Systems, Goldalming, UK). The donuts were
evaluated for over all acceptance of based on a five-point hedonic scale. The scale of values ranged from “dislike
extremely” (score 1) to “like extremely” (score 5). And lightness was evaluated with Konica Minolta colorimeter.

Results and discussion: The results showed that most of the proposed models in this study were proportional and
meaningful from R? and R? (Adj). Also, the lack of fit these model were meaningless and their coefficient of variation
was also appropriate. So, bagasse fiber increased moisture, hardness, cohesiveness and gumminess, fat, crust and crumb
a, fiber and decreased specific volume, crust L. Increasing frying time increases hardness, cohesiveness, gumminess, and
decreases crust L and moisture. Soybean soluble polysaccharide had no significant effect on these cases. According to
the panelists, donuts containing bagasse fiber were harder and less chewable and had a darker color than the control
sample. Response surface methodology described that donuts with optimum formulation of 9.09% bagasse fiber and
0.78% soybean soluble polysaccharide and the frying time of 2 minutes and 36 seconds would be the most desirable
sample that has acceptable consumer characteristics. Investigating the optimal sample composition showed that iron and
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zinc mineral elements, fiber, fat, and total acceptance were higher than the control sample. However, no significant
difference was observed in the control and optimum sample protein content. Also, with increasing durability, the moisture
content of the product decreases. On the other hand, the specific volume of the control sample during the days of storage
did not have a significant difference at 5% level. While the optimum sample volume in the days of shelf life has decreased.
There was no significant difference between the control and optimum sample peroxidase in the first and third days, while
on the fifth day, both were significantly decreased. The examination of texture characteristics suggests that the donut
crumb of controlled and optimized was harder during the storage period, while the optimum sample was softer than the
control sample.

Key words: Sugarcane, donut, Dietary fiber, Functional
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394 wlls lpl 3 (Anonymous, 2019) cud e3ls olass]
& oy Bpas & 29)h 5 2 @lio 3 S e S
P ol Ced & dag g 25 e ol 5SSl )l 5l Sen
S5 3 o i) 3l gyS e s 2l Sl slaylil

(i mlio 5 pole 09,5 sl g 1) ol 1S arsgel L2l ity =2 o 1
00318 ss9)J1S 25ly sl ST ol
(Email: ansari@Kkau.ac.ir : Jytus sy =)



1398 (o5 = 13T 5o jleuis 45 sl eyl (2l @sliw g pale gy’ 4 ois 650

1/5 pH 4 aids 30 Lasasil oloj «ly 50 o)y 55 (p,5 100
Sl K9y 8VYE clgime (gl Jobs i oS sol conday
Jolao p)5 Lo 96/81) oYL IS Jsib 5 (p,5 100 5 p 5 66/08)
S gio 2,3 b iy sjo g 0392 (0S4 £)5 53 el SJE
e gl Y

Aliowr @ ingh gub (gST ord plodl Clidos sl »
Slogad pied 5 iy gl lesly » 99,00 glsal
Ol el 4l (ouidl Cungy Sl Jols (S5 (2leondoSh 55
Cuogy 1 80 A 51 Sy gl silodinge g ol il San
oxd gl oSy Clogad (uyp abl g bl
Al e

%9, 9 3190

e ppolipe Cld) S g S GBI lmnl cusg
Sluls ol b 48)5 iy S Clols plyisay (o) Gl
3 eday dlapo )3 L0 0k SorgS Slabad @ OT b gutitd I
s el 24 a0 4 65°C clod b (y]) Shimaz Co.) 4l
(0! osl 28) Sl 1 odlil b iy <ol 59 40 b 55,5
G Bylas gl Mg g 05,5 SI20 Lo b g o g
e stleansd Dlgo 4S5 (6,0 Sis gl > g ol L Bk
ool 43 b olell 5o 8 15 §) e cslmd il 5 Ln Mo
LA A (gl xS

55 g ek
O 2 00 SS9 Wiged 3l £ D Sy gl cr
CapH )3 oyt dan o ol o Jidee 75 5 o 45k,
)lass plas )3 (359 /soe) del> (g & @lo o> ) cilisio
ooy e b diges L o 4Ll 4 (L 151 plp g ol
b (o,5 KOC-9UO TPS DaeW00) g99,Ssle (y5)> asuie
9 Joloms cny dlopo 3 (1 Jgaz) 285 )15 ls 900 g sl
wXilagdly 3lae )5 (gilulix sl g0l SBlo Jlite ax )l L 4y
som0le aidy 20 coe 4 4000 rpm p Job Jolxe
98 Uil alowgas (i Jolne yuammw 15 (L] Universal 320)
18 cae 4 7°C (slod 1> (6,165 5 w9 2 031> Cogay Sy
03> guisans 10,3 98 b1 b 4 yo 2 Jols g yo (i ceslus
S ol g 4 sy BB0°C (glod 1o (gl dhogay bles g 15
$9) 2 25 byesl L (Hosseini et al., 2016) w»,5
435 plosl (el oS

3 Supercritical fluid extraction
4 Accelerated solvent extraction

28 Canl odd ()35 05 ok D213 d9as > e 3 bl
9 pao did oy | L oF 654149 Mo b olpl eSS o oy
935 9 5918 > )3 (FAO, 2017) 3,15 )15 ooy plie )3 45 5
wsuy 193 g g Slwls i o Cavg g KoM (busl (gjlw
LS 5 g 085l (glinl (gdso 0le pain (ol &S Sl )> 20 o
slooges b duslie )> luld cpl (0iSy (liee 4251 ol diasj )
gl lp 92y I b g cosl jieS (939008 035 5l (22
o 5B b o (M cadlllas oyl j3 gy ! 5wl canlis 1Sy
whe o ) syl losle a5 1S 2wl caa » clyls
28 ookl bl o
o) Suid g Lalis e gl sl Joli Yoo (i g
A1 4 6l 0S5 Pl sl ceslie (B9, S Sl eslisul
odliol 3,90 (B9 (35l ol o o SS9 3,Skos (il
Gl Ol 3 it 20 )ls ol (1S 2l el Al )8 ly
o2 5 gl GV olaj o Ll o (S ) o
Yeoh et al., ) cuw wgllas ol gy ol Suls of YL
4 Gl KoM Slals 1 S (1396) (o lasly bl (2008
a5 904 75 60) Lo Loyl cov S yiw gl b (sl g,
1/5) iliseo (gl pH o (4id> 1504 100 50) Lo (1,5 olw
My ety odel Condy gl wlul p.253,8 gl el (3 9 2/25
Oledily cp 5V &S 36y yuiio do )3 123 5 5/8T 1 SaMS ;1 s
gyl blys o 5sd ) ey 12/3) sl SaMs 4y
156 ply pH g 4283150 -yloj ool )5 5bo a3 )3 90 (slod 1> om
Slyr A gyl 433 5 dl gy SV ao ) o il cudey
590 15143 5 27190 b ply o ity Lol yis Cpaos > SN 55
@ gyl B slasg, 5l ool 1.3 (1396 (o lasl o abL)
b b gl Exgul ol oS & lyseinl dgrgg,Sile oS
S5 plyieas e b 0ss s gl 5 ¥ o a9
b ol 5 bl Gall ly sl g com oo b 5185
» (Kazemi et al., 2019) wladl, dxwgs 2LS slacsl ;I ;)
p99sSule S8 @ glaal (Glow 395 Jlw b gl)Fenl L s lio
S Shy magsele S8 4 gl cwl Solil g gesl
ol & ool Llsal ) el slse T Gl b s 5 S pr90 J5kl5S
S 31 in sl J5S0gn gyl 3 Slos Sy (sl (o Sl
5 bl 13l (Wang et al., 2007) x5l o paly I, alS
Sotizte Sl (RSM) gouly gl (i J 35 (2019) iSen
o3lawl W guol gl Zlgel SoS™ &y sl Cuwgy I iSS zl Sl
» p)5 33/64) zl sl olosily o YU sl ol (lise p 3,8

1 Microwave-assisted extraction (MAE)
2 Ultrasound-assisted extraction



B51 .. 599,50k 5l coliciwl b oylmisl Cogy 3l (i gl yosnd

oy w05 cal Vo lgiedy (8pne dgw po g Ad S
Mesbahi et al., ) 1 avslxe pj dolo 4 dog b 0 (5 il

(2005
DE (%) = Vl‘fvz x 100 2)
Smdgel Slooguas (6505141

5 L (1995) Simeonova o Dalev g, jl ¢ i oyl )
Sosmadgal )l 5 s plindgel i 5 o3l (el eis
e 5L eob,S Ol g md be B pghaie s A5 edlic
ly 25l s 2009 0002 5 355 1 359 20y OIS 28y Jlone
b bigas day dlspo 5 1 @l o 4 oSl 45§ oSl
4 oo 4 10000rpm 95 )3 (o)l simo Sliles))) H3b5g0n
93 5 4B O (gly od Sl gedgel o 05 bglste aibs
25 lee 4 dogi b Soradgel clled 038 560yl 3000 rpm

Dgud o duolons
EA (%) = 2x100 (3)

W‘V

omedsel &Y oo ELV ¢ Sgpudgal colled EA YL doleo 5

2k a5 oro Wy 5 03

4 Y b9y Wile & dge yamdgal (5lul (505l (sl
Sy g 9 ad asey edbe 10 s mle dy e
Sde 4 4°C slod 3 b slalod )3 ygandgal ()b (6 Sl
3 53 ke (sl 23°C (slod p> 55,500 g 2 4 54,30 41
Canddy pj dolee jl eolaiwl b yemdgel (gl coles jd a8 S
el

VE,

ES (%) = —= x 100 4)

VE;

&g j9Smng (6 505131

FogSumg dagds Sy Jolre Cilizee (slaclale anjoSias g
(% 5ol LVDV-II Pro, Brookfield Engineering Inc) _.is >
5yl dee 20 3905 905l ya (cly b (605051851 25°C (sl p
2y Ay Ol g 0ad Jiie (g pSojlul il &) diges
BT el oas (503061 121108 odgamme p3 oy &5 Lol
15 ol ol 9B g Seigs sl jl adigel (S, L8,
(Kazemi et al., 2019)

3 Emulsion stability (ES)

oSy My lendl,
a5 oalil 5 Jga® 5l Sy g lassly 2,90 iy (sl
(Kazemi et al., 2019)
Mg lesily b yd =(Lalls S, [adgl e3le) X100 (1)

] Sy )9SV (lgiome (o) 2

) S9)58VE gl plosily 5pSoilul glp Bios el
(Wang et al., 2007) w5 oslitwl Jid e3> (wS9ykd Lo g,
I Sy 4 01 glgel oSy G903 51 25 005 o iy
e & opigd jade Ol b wrd Jitte (6yud e 250 o
lod > (ueblize (en 59y JolS (0 o sl g 0 ol
3 4y o as (5 Jsbore | e S g 285 )18 301
o5 oSy sl Wges Dl (6pSo3ll sl A 93) ilejl Ay
B) ol plos )3 yabost (1nld e ol (g Sojlul gl 4y
B god 5 3 pow 1 by 000 )5 L] 40 3 g jglatods ()]0 Lol
Sopslgus dpul 53 maes Syl Yso 010125 Jglors 2) e 6
@ islojl cladlg) aebl > 505 bolsee MalS g adlasl il 4 Lade
3 o 9 035 23,1y 100°C igs Ol ples 1 48> 6 e
%0/15 Jolome Gyme 5l yid o O/ 50 5y by go plos
G305 g9l inlejl g 93 4 Jio> S gyumlie ez /35
5 oslial b aigds 15 cusiS ) g Wil s 5 00 L] S,
» (Wla! Unico UV210) Liin slyle / Sy yiogidy yiSoml
clale [Ole 3 ylxkul goe 05 (55 03l jegil 520 z4e Jobo
2 el SiigyssVE slulidl ladglre Cla (pSejlal L

A5 4yl ey pyS 9,50 100 1520 cdale o39axe

L Sy yiusl 4253
o5 b Ogel i (b9 jledlitl b Sy (gl Sy yiaal 42>
0 s S dige 5l pyS 012 jelaie cps s (6,030 s
oo o 2 o 20 s 05 gl %98 Jbl 2 o 2,
9y 2 A0°C slos p> JolS ai Jo b g oo adls) o] & 0jugd
071 590 b ctigos JalS” oy > 5l .85 )18 ablize 5o
55 KS (Srge SO b U B 6 Bpae jei > Jloy
B Jabore 40505 s V1 laiedy o0 (8 o dguw pox> 5 i
a4 g Ll Yo 011 sgw ) Lo 10 ygul s gl als yo 3 005
Sbe (S b 0 03] o2y cmabilize 30m (59 p el 2 e
g Ll o ;Y ge O] sl S)lS'g00n 2 oo 10 s 2395
Sbb i les 4 iy B Jloy 071 s b basce  SLal sl

1 Degree of estrification (DE)
2 Emulsifying activity (EA)



1398 (55 = ;31 5o Loy 45 alr eyl (o2l @liw 5 pale gliing’s 4 as 652

awlre gly) Sp0 0 LS dw b daw aw > (PH 5 (23555
Ol cugmlSiy yinl 423 (0iSy W5 laily slageuly 2 (s
CdS B wyp D90 S plandgel cllb gl e YE

(1 Jo2)

c).\o 2D oAyl ]a)l).w Cod ,,MS\; CIP‘M*’ | o> )lm) 17
Lulys 1 Joso o 0 a3 5 )54 gy exdaw 9y 40 (oS =S
loxih) gl o 0nd (pSoiluil polie 35 g (2l Jla o
(s bl gol Culled g duunl S5)giSYE 5o ¢y uanl Sy yiawl s
A o i |y by Sy gl sl baylys coo

FT-IR b
bem? gl SSE L Sy FT-IR Gub adlas oyl
proliy 2xiio jlo3latal b poll S 5y FT-IR stogisdy Sl aliwgay
Kazemi et al.,) 155 ow, 400-4000cm? asls » wloy

(2019

o3ty (g bl Jukodi g 4y 300
355l Laulyd 4y (e 5 ool 3UT (gl e 3o ol o
el s iy MINtaD 16,1381 55 ooy o ) 55
iSa w8 5 S5 Ojgod ba)sS Sl er & (S - Shigsb
s o Gl oo gailejl sl tals L 1) b yeSe ole

oloj 0199,S0le (ls) paie daw B (Basd ol Wb edlatl

0Ll Cuwgy 31 Sy gl el 4 bgape sEwl 9 (92950k o)l 9 PH (o) 1 puiio gl -1 Jooo

od (6 50511 sgewly Jis (S puiio B )los
(%) (6 ylmdgol clzd (%) dpawl Sidg)giSVE () (ygmlSdy il 423 () adgi lonil, pH  (min) ylo; (W) )l
1/50 51/30 21/38 5/94 2 1 360 1
3/00 57/60 20/20 6/16 2 1 540 2
4/50 65/70 36/23 9/90 2 4 360 3
6/00 57/60 26/14 12/98 2 4 540 4
7/50 68/40 29/70 8/80 1 2/5 360 5
9/00 66/10 25/54 10/56 1 2/5 540 6
10/50 58/90 29/70 220 3 2/5 360 7
12/00 67/00 23/76 5/94 3 2/5 540 8
13/50 63/00 22/57 5/28 1 1 450 9
15/00 73/80 31/02 17/16 1 450 10
16/50 62/10 21/60 6/60 3 1 450 11
18/00 70/20 30/88 6/16 3 450 12
19/50 72140 27132 572 2 2/5 450 13
21/00 74170 28/51 6/82 2 2/5 450 14
22/50 72140 28/51 6/60 2 2/5 450 15
24/00 72190 27139 6/27 2 2/5 450 16
21/20 73/30 27175 6/49 2 2/5 450 17

2l .ol 0 03,51 3 92 Jodn 55 (oylel Ul bgspo molis

Olisobl o )3 bzl (ol & barje (Sg)S) Joo o 3 olis
2ol ol sl 33l pas ogesl coimad 9 0351 b sine 40y D
2y gl glesily (ly ned o po (izren sl 039 (oo
98/00 L ply ond s cyesd oy cwiomed g doyd 9912 L

0l sy o gt il saimd i oyl &Sl 639 duo
ayd cly pwbyly Ul bt abbie oo leedh L
Oed cupd o Vb Gl L plesly Wle 5 gl il
ool 4l (32> 9T/T2) o0 Joas3 cynsd oy ¢ (o> 99/00)

bl e 0dd (e Jde 093 Bl el oS



B53 .. 5199,50k 5l coliciwl b oylmisl Cogs 3l iy gl ysnd

Oy sl a3 9 gl Bl oty (12 (ANOVA) (puilylg 50T gl -2 Jga

Podil  Foujyl Olupe (nbe Oluye ggome  (g3lj ar &
lous ()
0/00  87/98 20/83 187/51 9 sy )
0/44 1/01 0/29 125/99 3 s
0/00  28/91 6/85 20/54 3 po3 da
0000  57/67 13/66 40/97 3 ize <
0/24 1/66 5 oblasdly glls
0/28 1/82 0/32 0/96 3 bl pas
0/17 0/70 2 oAl slbs
189/17 14 s
0/99 O g
0/98 ok il et oy
OsplSndy piawl @ 3 ()
0/00  77/06 30739 273/54 9 OsesS)
0/00  33/94 13/38 243/60 3 s
0/01 7172 3/04 9/13 3 £9d 4>y
0000 17/59 6/94 20/81 3 e o
0/39 2/76 5 obilosdly (ol
037 U3l 0/47 1/39 3 Uil pie
0/34 1/36 2 oA clas
276/30 14 Js
0/99 O g
0/98 ok il et oy

DE (%) = @ Ol ly 0dd b (e cupd g e copd Ol

—7.95 +0.09X; + 13.21X, + 1.90X; — 0.01X? —
0.57X% — 0.1X2 — 0.01X, X, — 0.005X, X5 + 0.14X, X

GA (%) = (3)
—170.65 + 0.97X, + 30.2X, — 15.88X, — 0.001X2 —
2.87X2 + 0.59X2 — 0.02X,X, + 0.03X, X, — 0.45X, X,

EA (%) = ()
—301.90 + 1.34X, + 13.96X, + 1.28X; — 0.001X? —
2.64X2 + 0.05X2 + 0.000X, X, — 0.000X, X5 —
0.000X, X,

sl e PH X3 5 loj X elsi Xa &¥las ) 5

0391 30> 95/43 § 1013 9BI00 L olpy o s sl Sidg 9V
98/48 L il cuwiya o Spladsel ol (gl el oyl .ol
Jie 0gs hjlp eximslis a5 ol 039 doyd 96/53 5 ws )y
L] 0392 00D gy

oS alises glagial)ly (gl ol i 90 dapd Yoo
Ll sl b ity Ll & (i e (o0, bl (o9
il okel pj )3 0kd 8 gy il g b yuiie yo

Yield (%) = (1)
14.68 — 0.04X; — 1.2X, — 1.05X; + 0.00X% +

0.95X2 + 0.27X2 +0.01X, X, + 0.01X, X, —

2.05X, X,
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& pliswdgol Cullad g sl S 95V liwe &l 22 (ANOVA) (il lg 34U s -3 Jgar

P ooyl Fomy)l ol oifibe Ol ggoone &3l a3 &

Sl g, fSYE o oo ()

0/00  38/15 84/27 758/50 9 O3S

0/00  77/60 171/43 162/06 3 bt

0/00  77/82 171/91 515/73 3 pod 4>y

0/00  12/18 26/90 80/70 3 Jlize @l

220 15/46 5 obilosdl ol

0/09 4/38 3/95 11/85 3 Shile pas

0/90 3/61 2 R EQPI

773/96 14 Js

0/98 O g

0/95 ok B e oy

S rlisdgel Collad ()

0/00  50/52 91/06 819/58 9 O3S
0/00  109/06 196/65 32/62 3
0/00  145/54 262/32 786/96 bt
1/00 0/00 0/00 0/00 pod 4>y
1/80 12/61 Lo <l 3l

0/94 0/13 0/37 V12 onlegdly lbs Soilp pas

2187 11/49 2 oAl olas

832/20 14 Js

0/98 O g

0/96 ok B e sy

43,35 150 4 50 1 2l el (Lo e),5 ko a3 90 4 60 ;I Lo
el S 00jb Liulidl p3 Iy me BI 15 4 3 5 pH Lials
w29 saiss 5 (2019) o Kes 5 LIS .(p<0/05)
S ool b diay jow Cusgy 5l 5035 glseinl a3 ) (polie
hele glgsa ) (2agin 5l g Bsal GBI sgesSale L)
IR (o (2ogn ploj Wdgel plgis (S gyl )3 oo
obej ol bl e Sy gl ekl i Sse slayese
0L AL (L JS3) 0,135 oo gl el lasily (55, ke b (2355
oS 3l oS el dse) 53 alie gl 4 (2011) o Sen
gl dej  alie @l 4 5 (2012) o) Sem 5 Li g g9
4 byyyo sl (Sao dlgho (pl A8l Cuwd A8 )0t L I Sy
9 Oloy Rl S50 dal> odle (S ple J31 4y JM> Sgds 38l
gzl M o i i o glp (BB sy sl dons (o

(Samavati, 2013) 13l

O Mg plewily 2 gl Bl bl )

3 oS gyl lesily b ooy Lis 1 Jgun o a8 pglaslan
ol 039y it dop 1716 6 220 asls > oloosh cungy
«ly 450 o) 10 6 ,los uwlaj 4 bos o glysail lossly oy
oled (ialejl 4 bgype o (yaS 9 (Ll ulp PH g aids 4 o
ol 039 (B byl PH 5 4835 2/5 Lo «ly 360 lg5) 7

I S msgSale ol 2980 oanlio 1 IS5 3 &5 jglailen
s 9 0392 g gl okl (59 &5 Cud (2lygiS (1 yioge
o Sl o m99)ale (23955 555 Ll 2980 T 1B
g Jad 0lil g Lol odle B @ zlsuwl M g0 yiul3él
O3l o doe )0 5 0l b lize (lise b Lo JoSUge Y Leas]
G (Yanetal., 2010) 350 0 JM> 4 dols 05bo I iSs jLis]
SaMS 5| i glyseial 035b (1396) (oslasl 5 okl lallas
4 391 pize oy 1230 LOBT o pgue boy 4 ol
Ol Ll SIS 3ib o ol s 2ol (3480 b duglio
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e 329955ke 3 o0l b lmiol Cunsgy 3 (e ol i

(amn

yield (%}

B: time (min)

yield (%)

B: time {min)

Ol Cuwgy Sy g1yl Glosily 2 (2) PH/ oloj 9 (<) PH /ol (lN) ploj /g5 Jiune (5 i 51-1 JSS

Py sy sl dayd g gl Sl bulps il
> Sl
2 OgealSy sl > g5 g0 oaaliie 1 Sy 0 oS glailen
Oy ol 039y it o y> 36/23 4 20020 o imoss ol
4 ooy g 360 )55) 3 o)l o &2 bogrpo (gl gl 2>
0l$) 2 o)lad o 4 gy of (iS5 2 b ply PH 5 i3>
b5 opl o sl 0392 (2 b plp PH g 4> 1 oo iy 540
darl) gl glonly 5 orelSets il 42> (G & a3 (LIS
Lulyd 4 bgpe glygel plasily n 5V 15 0,05 3929 (conions
2l cpl  elSid il dsd aSJl)> 039y glyseinl diage
51 odel Counddy i uivs pl ol plo ol 0398 >y yid
Ol el @ b laoiSs Sl sgje plyie ) glusl cuny,
o yyl8 gl cglate gyl ey b Sy oS gandalb

yield (%)

Mleoe gyl plosil) p Sge sadS (slaygsl 5l (S pH
S9xe ol Gledily e 4 () (gl sl PH Ll
DS | gl o]y 4 Amd e L ey 4 1 S
9 o Y abal b gl Mo b o pil8 pH
o > 9 00 Jolre oSy 4 o o s g Jslore e sl
Maran et al., 2013; Maetal., ) b o Liolisl 2l sl el
55 (1396) (o slail 5 bl s anllas gl b Ll yan (2013
b lusl S ol jl oSy glsed 033l & w3905 5,155
ol & B3se sie e oyl el aily ilsEl pH ials
g gl Jgame (Jobo 0)lnd 2 el 36 4 bgyjo Sl5 (o0 0y
Sl 4y cplply a3l oud gl oo 3 Sy jledlj]
Sl a3 93,5 o ey (Joko o)lged 55 Bl 5 (598
Dy Al yido j Sy Mg



1398 g5 - ;37 Sojleis 45 als oyl 1l 13 @slio g pale loeddsys 4 pi5 6D6

22,0 (2011) olylSen 5 ob3l @b Gb asl Vb oy
46838 4, 2 3l 5199,S0l0 (23 Sl ooy GBI L ygreslSidy
3 0S5 gl b alaly > (1396) ()Ll 5 (L .l il
5 Les Sl PH ials &8 15,5 olsis oloosl SaMS clols
Oy Gl il @y loaily Jl381 o8 e sl (o
@ ) ol ol & ob il ey BB ol @ )
G Cuw Lalpd )3 S9)gSVE (00055 (ygpmlSidy il

(1396 < gylail g LabL) Wl

2375 |

Esterification degree (%)

& Jyaxa cpl 5 odel Cansdy (55«9 ol 5 sl e Fglie
oS 55 b e ganme 355 sl oo oyl @20 o9 ol i
Wai et al., ) cadl coslio jluw )5S slabye o dj Jio
(2009
@ Gy PH 5 saesle ol gy by S
b sl ol d)> sl 00 0391 2 IS 5 (ygranlSy
b OgolSaty il d2p> Ll wboo (aldl (2ogiy oloj 38!
a0 e @ Wl o ialS pl el asl ials pH )58
olos 5 sl jlgpam Cows bulyd 3 Sy gyl slasisy

Esterification degrea (%)

B: time (mén)

OBl Cuwgy (S (omwlSds il 4243 32 (&) PH /sl 9 (<) PH /ol ) gyloj /g5 Jiammo (g1 yuii j51-2 S

OgelSsdy yiusl 42)3 3948 oo omliia & jolailon .l (oo gl il
ol o b (BBl )b dme sygb magsSule ply SRIEIL
Oy ol S5 oyl slasign (05 Jg)ds < bgape Yot
adllas ol b Luwlyon (Hosseini et al., 2016) ail o Lo 4

ool 0 odaliie 500 i I (6l LSS ) dor oyl

Oy Ol pisl d2yd il (glaygSB Sl oy 4 &S
Bagherian et al., ) wudl,y 08 )i 9 Ggyd cu,S 5l sl
olexily g9, Sge sbayeslh 5l Ky (S magg,Sile ol (2011



B57 .. 5199,50k 5l coliciwl b oylmisl Cowgy 3l (i &l yosnd

sl S,V 103 3 15l Ll 5
Gl 3y (ol S 5 dd SigyeSYE &Syl 4 avg L
gl don .ol al sl 0 Lools dxyd sximdlis o olse
g5 b g Lo oo Chrogh bl Sig)sS VI VL slgioes b (16
byl 42l g (FAO) docie o (55,9l 9 )L)lss lojleo sas
ol Bam b g olie 53938l lyieds o3kl 3yg0 Sy (EU)
Bagherian ) wsb awily sl Kg,55YE aoyd 65 Sl b
(et al., 2011

(1)

Galacturonic acid {%)

Galacturonic acid (%)

Galaciuronic acid (%)

1

ol Gl &S B350 Jgie 55 (2019) o) San g GBS il
Jow Cangy | odd Sl (S GgealSds yl 53 299,50Le
ool a8l S diuy

Lol 5l el ) a8 Slivlejl 5l osel comay S S joboas
gl sl (ol s PH 5 SYob ploj Vb lg5) e s
) sl s Fomb OorlSas piad )3 Gl conl ol o3lizl
Sy slaoymy (2lj sl (alEl s gl ot lyd
(Mort et al., 1993) 545 .

B: time (min)

Ol Cuwvgy oSy sawl g8V (e 2 (2) PH /gloj 9 (@) PH /ol () ploj [ ol Jiame (51030 1513 JSui

Sl S5V o olomily sy (55 gl il sl 4
Oliee b il jlade (ol uioran () ol duogi do I i
Cumgy J (2l (S Gl 0l GBS deel g9 VE
Kazemi ) 59, (#,5100 ;> 4,5 66/08) x5 g0l gl 29, 4 olowisl
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Introduction: Pectin is a complex mixture of polysaccharides in the primary cell wall of plants which is a polymer
of a-galacturonic acid, to which neutral sugar is connected to form aside chain. Pectin is a natural food additive used
extensively in the food industry as thickener, texturizer, emulsifier, stabilizer and gelling agent. In 2018, the world market
demand for pectin was in excess of 60,000 tons and Europe was estimated to have the largest market with 31,000 tons
(valued about US$420). In Iran, about one hundred tons of pectin is consumed annually in the food and pharmaceutical
industries, all of which are supplied from abroad, and due to its price in the world market is of considerable magnitude.
Therefore, the study of its production within the country could be of great importance. During processing and canning of
eggplant, its cap and skin are discarded as waste which can be considered as a valuable ingredient in the food industry.
The main objective of this study was to develop an MAE (Microwave assisted extraction) of pectin from eggplant peel
and investigate the effect of process variables (microwave power, irradiation time and pH) and the response (extraction
yield, degree of esterification, galacturonic acid content and emulsifying activity); and to obtain optimum conditions for
maximum extraction yield of pectin from eggplant peel. The response surface methodology (RSM) using Box-Behnken
design was employed in this study.

Material and methods: Eggplant peels were provided by Yek-0-Yek factory as an unwanted by-product. Then, the
peels were divided into small pieces and dried in hot air oven at 65 °C until it attains constant weight. The peels were
then grinded and passed through a 40-mesh sieve to obtain powdered sample. The independent variables examined were
microwave power (360-450-540 W), irradiation time (1-2.5-4 min) and solution pH (1-2-3). MAE of pectin was
performed in an ordinary household microwave oven with a total of 17 treatments according to RSM. About 5 g of dried
eggplant peel powder was weighed and placed into a 250 ml beaker, 75 ml distilled water (the liquid-solid ratio 15:1 v/w)
containing different pH values was added and exposed to microwave radiation at different powers for the selected
irradiation times. After microwave heating, the mixture in the beaker was allowed to be cooled down and filtered using
filter paper (Whatman no-1). The filtered extract was centrifuged and the supernatant was precipitated with an equal
volume of 98% (v/v) ethanol. The coagulated pectin mass was washed with 98% (v/v) ethanol for two times and dried in
oven at 60 ° C until it attains constant weight. The pectin extraction yield was calculated by dividing the weight of dried
pectin to the weight of dried eggplant peel powder. Galactoronic acid content of pectins was determined using the meta-
hydroxydiphenyl method. The esterification degree of the pectins was determined by the titrimetric method with minor
modifications. The emulsifying activity (EA) of the eggplant peel pectins were analyzed according to the method by
Dalev & Simeonova (1995). Optimum extraction conditions to achieve maximum extraction efficiency, degree of
esterification, galacturonic acid content and emulsifying activity were determined. Then, the stability of the oil-based
emulsion prepared by mixing 0.5% w/w solution of pectin extracted in optimal conditions and corn oil, were examined
at 4 and 23 ° C. In addition, the behavior of pectin extracted under optimal conditions (at concentrations of 0.1, 0.2, 1 and
2%) and its spectra using a Fourier transform infrared spectrometer (FTIR) were investigated.

Results and discussion: The results indicated that the extraction efficiency, esterification degree, the amount of
galacturonic acid, and the emulsifying activity of the pectins extracted were 2.20- 17.16%, 20.20- 36.13%, 51.3- 74.7%,
and 1.87- 21.64%, respectively. With increasing microwave power, irradiation time and decrease of solution pH the
extraction efficiency of pectin extracted increased, while esterification degree decreased. The amount of galacturonic acid
and emulsifying activity showed an upward trend up to microwave power of 450 watts and the irradiation time of 3
minutes after which demonstrated a downward trend. The optimum conditions for reach to the maximum extraction yield,
galacturonic acid content and emulsifying activity were in microwave power of 360 W, irradiation time of 4 min and pH
of 1 that at these conditions, the extraction yield of 16.17, galacturonic acid content of 70.81 and emulsifying activity of
2.68 were predicted. Also, these observations indicated that with increase in concentration, the flow behavior of pectin

1 and 2. M.Sc. Graduated student and Assistant Professor, Department of Food Science and Technology, Islamic Azad
University, Branch of Kazerun, Kazerun.
(*Corresponding Author Email: ansari.fse@gmail.com or ansari@kau.ac.ir)
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solutions was changed from Newtonian to pseudo-plastic. In addition the stability of pectin-stabilized emulsion at 4°C
was more than 23°C. In general, this study showed that the microwave method could be used as a novel and high-

performance method for extracting pectin from eggplant peel.

Keywords: Pectin, Eggplant peel, Optimization, Physicochemical properties.
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Introduction: There is an expanding market for surimi in the world, and much interest in surimi throughout the

seafood and food industry by the rapid growth in popularity of surimi-based products. This interest justifies an
investigation into the applicability of freshwater fish species such as Silver carp, as an alternative fish resource, for
surimi and surimi based products. Rheology concerns the flow and deformation of substances and, in particular, to their
behavior in the transient area between solids and fluids. Moreover, rheology attempts to define a relationship between
the stress acting on a given material and the resulting deformation and/or flow that takes place. Rheological properties
are determined by measuring force and deformation as a function of time. Rheological evaluation is a useful technique
for gathering information on the textural characteristics of surimi and kamaboko. It describes the surimi dynamic
characteristics in the form of storage modulus (G’), loss modulus (G”), and phase angle (3).

Materials and methods: Whole Silver carp fish were gutted and the head removed, Fillets were minced by a meat
mincer with a mesh size of 3 mm, then mince washed one, two and three times at ratio of 1:3 and 1:2 (mince: water) and

dewatered. The mince was turned into surimi in a food processor operated for 2 min. salt (2%) was sprinkled over the
mince. lce water was also sprinkled over the mince to adjust the moisture content of the paste to 80 mL/ 100 g.

Dynamic tests using a rheometer (MCR-301, Anton Paar- Germany) were carried out on the surimi gel after setting.
The region of linear viscoelasticity of the surimi paste was determined by both stress and frequency sweep tests. The
thermorheological behavior of Silver carp surimi was evaluated using a temperature sweep test and reported using sol-
gel transition thermographs. The stress of 100 Pa was considered as the stress and the frequency of 1 Hz was considered
as the frequency in the frequency sweep test, then Temperature sweep test involved heating the surimi samples from 10
to 90°C. Also Crip-recovery test was performed on the surimi in 300 seconds.

Results & discussion: Rheological tests: Frequency sweep, Stress sweep and Temperature sweep graphs were
relatively similar and in all samples affected by H,O, and the control sample, the lowest value of G' was recorded
between 50 and 52°C. Then, with increasing temperature from 52 to 62°C, the curve G' increased and the curve was
stable at temperatures up to 80°C. Changes in the G' graphs can be attributed to the process of forming the gel by
heating. Changes in the G" graph showed a similar trend with G’. In the creep-recovery test, the lowest and most strain
were belonged to the control and sample 5 (1% H,O, 1: 2, twice washing). Studying the figure of Creep-recovery test
showed the samples affected by H,O, had more resistance against applied stress in compression with control sample
which expressed the effect of HO. on creating more and effective covalence cross-linking resulting more stable and
constant gel network. During Surimi's heating, there are several reactions that involve various mechanisms, such as
protein gelation. About Surimi, the observed macroscopic changes are related to the effect of temperature on proteins.
The presence of H.O- during the washing process did not have a significant negative effect on rheological properties of
Surimi.

Keywords: Silver carp, Hydrogen peroxide, Rheological properties.
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2Introduction: One of the common rice in Asia and Africa is parboiled (semi-cooked) rice. In parboiled rice, three
processes will be added in comparison to white rice which includes: soaking, steaming and drying. The parboiled rice has
a different color than white rice, which is probably the parboiled rice brown color is due to the diffusion of shell color in
the grain's endosperm. Changes in the color of parboiled rice increase with increasing soaking temperature, increasing
the duration of steaming and also increasing the hydration pressure of the grain. Increasing the temperature of the water
during the soaking stage increases the absorption of shell color and absorption of colored materials, including the
enrichment of folic acid, which has a negative effect on the whiteness of rice grain. The important process of parboiled
rice production is steaming and drying which change color and transfer residual moisture of rice. One of the drying
methods that is being used in food and agriculture industry is Air Jet Impingement Drying (AJID) by rapid drying rate
and high performance .In air jet impingement dryer, hot air passes in up and down of product with high pressure as heat
and mass transfer increases as drying time is decreased. In this research the effect of drying parboiled rice using air jet
impingement dryer, drying kinetics with whiteness index and color difference was evaluated.

Materials and methods: Samples were steamed after soaking for 20 and 25 minutes and at temperatures of 90, 100
and 110°C with air velocity of 15 and 20 m/s were dried. The quantitative indicators CIELAB color system (L, a and b)
were measured. The Air jet dryer contained a 3 kW air fan by air speed of 1-28 m/s, a 13.5 KW heater by air temperature
of 250°C, an inverter for control and measuring of air velocity and K type thermocouple. For control and measuring of air
velocity two plenum chamber (a plate for direction of air to nozzle) used by a control valve, temperature circuit control,
an aluminum drying chamber and two nozzles. Fan transfer air to heater then transfer to plenum chamber then to nozzle
at final the hot air directly contact on product.

Results and discussion: The results showed that with increase of air velocity from 15 m/s to 20 m/s in 90°C air
temperature average value of whiteness index was decrease from 61.952 to 57/088. With steaming time of 25 minutes,
air velocity 15 m/s and the temperature 100 °C minimum whiteness index was 48.537. The maximum average value of
whiteness index and the minimum average value of color differences were 63.884 and 29.432, respectively was obtained
with steaming time 20 minutes, air velocity 15 m/s and the temperature 90 °C. By increase of temperature and air velocity
in steaming time 25 minutes were drying rate increases, in this condition rice drying rate more effected by change
temperature. The results showed that change of temperature had significant effect on color in comparison to steaming
time and air velocity. With decreases of parameters: air velocity, steaming time and air temperature parboiled rice samples
with higher whiteness index was obtained. The results of statistical analysis showed that dryer air temperature have more
effects than steaming time and air velocity parameters on the color changes of parboiled rice. Also drying rate decreased
by moisture reduction and Increasing of both temperature and air velocity were significant effective in color index. The
results of regression analysis showed that drying rate significantly decreases with decrease of moisture.

Keywords: Jet Impingement dryer, parboiled rice, Whiteness Index, Color Difference
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