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Introduction

Wheat starch granules are composed of amylose and amylopectin, which are responsible for the functions of starch
such as swelling, gelatinization, pasting, gel formation, and retrogradation. The retrogradation changes the functional
properties, it is an undesirable phenomenon in some starch-based foods which reduces the acceptability of food, and
shortens the shelf life. Delaying or preventing of starch retrogradation is a major challenge in the food industry. Various
ingredients such as carbohydrates imply an important role in improving the functional properties, decreasing amylose
leaching and retarding the retrogradation of starch gels. Cress seed gum (CSG), as an emerging galactomannan, has
shown the ability to improve the textural and rheological features of food systems based on its unique properties.
Addition of CSG to the composite wheat-rice bread increased dough stability and improved the staleness of bread
compared to guar gum. Also, the addition of CSG and xanthan gum to gluten-free bread stabilized the texture of bread
during storage. Sucrose (SUC) is a common additive in food formulations which is useful as a sweetening agent and
textural modification. Sugars have been able to reduce amylose leaching and accelerate or delay starch gel formation.
They also delay retrogradation of starch gels during storage. Therefore, the objectives of this study were to determine
the impact of different substitution levels of CSG (0, 5, 10 and 15%), SUC (0, 5 and 10%), and their blend on the
functional properties (swelling strength and solubility), microstructure features, retrogradation kinetics and synthesis of
native wheat starch (NWS) gel (4% w/w).
Materials and Methods

Cress seeds were purchased from a local medicinal market. NWS and SUC were supplied from Sigma Aldrich
(Spain) and Merck (Germany) respectively. Starch suspensions (0.6 gr powder/20 ml water) substituted with CSG (0, 5,
10, and 15% w/w) and SUC (0, 5, and 10% wi/w) were prepared to estimate the swelling power and solubility index. To
produce starch gel, the 4% w/w suspensions of NWS-CSG-SUC were prepared by dissolving the appropriate amount of
CSG powder and SUC in deionized water. Then, each suspension was poured into a stainless-steel cylindrical container
and was heated to 95 °C and held at 95 °C for 3 min and then cooled to 50 °C while stirring continuously at 160 rpm
with a mechanical mixer. Finally, the pastes were kept at ambient temperature (25 °C) for 1 h. To assess gel structure,
imaging of the gels was performed by scanning electron microscopy (SEM). The retrogradation kinetics and syneresis
of gel samples were determined after storage at 4 °C for 0, 1, 7 and 14 days.
Results and Discussions

The swelling power and solubility index of NWS increased with increasing the replacement level of CSG. CSG
promotes adhesive interactions among the gelatinized granules. This can enhance the forces applied to them, facilitating
water entering (increasing swelling), amylose solubilization and its exudation. In contrast, SUC compete with starch
molecules for water in the system and thus preventing gelatinization and mobility of starch molecules reduced the
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swelling power. The starch-gum-sugar mixtures had a higher swelling power compared to the starch and starch-sugar
samples. The mixed samples had higher solubility values than each of them individually. SEM images showed that the
pore size of starch gel decreased and increased from 33.01 to 29.44 um and to 45.37 um with increasing the substitution
levels of CSG and SUC, respectively. NWS-15% CSG-5% SUC gel had 31.34 um pore size. After storage for 14 days
at 4 °C, the CSG substitution with NWS reduced the rate of retrogradation and syneresis from 0.101 to 0.52 (s%) and
from 50% to 23%, respectively. It could be related to creating a film around the granules by the leaked amylose and the
CSG in the continuous phase, so inhibiting further swelling and polymers leaking out and related to high water holding
capacity of CSG. The addition of SUC reduced the rate of the process to 0.096 (s') but because of its low water holding
capacity, the value of syneresis enhanced to 57%. In the mixed gels, more reduction of the retrogradation rate and
syneresis was observed which was clearly at high CSG replacement. The retrogradation rate of the NWS-15%CSG-
5%SUC was 0.057 (s1) and its syneresis was 45%. According to the results, it can be concluded that 15% CSG and 5%
SUC replacement levels can effectively improve the functional properties and reduce the rate of retrogradation and
syneresis of NWS during storage.

Keywords: Gel structure, Hydrocolloids, Starch, Sugar, Syneresis



Iranian Food Science and Technology ) @ . . CST
Research Journal i s oot olnl lae @l g pole lednrgsy 4 ot
Vol. 19, No. 1, Mar- Apr 2023, p. 1-15 e AN V=10 .o VP Y Cliguuo,yl — (059,80 Lol IR al>

";hu d‘é&ﬂ)}«é’)é CJJS/&:,EMU.J JL&JL’L%)J‘_;:JSLW CJL,P}»,G.;' w&ﬁ
BPLL

®=Y . \ 1 5 e 3 5
SHe) J&MJ:«»— 65\{‘0—'&*& AJ\J 43‘,&
VE A 8L 5 b
VT s S5k sl

VFeo/o¥/N gJ:'}.'.'L.’- @)U

oS

(Mo g pyg5 piB) (g3, Sloe Sluogas p (AV+ 9 0 ) 5L o (00 o Ve @ ) ald &l oo (L3l polaw S (imgly cpl o
adlas )50 ¥ OC (clod 13 19y V¥ gV ) yho oo (611855 3l Ly S diwlis J5 (o3l g (Slo SKaiS coloidlos Cpiomod g dtwlis )y guuilawgas
A powo—diwlid (Sip dw bolbre (sladiges .l ials o Liuli8l Cuiy 4 A8 5 gew (o0l clale yioli8l b pulS dinlis pygi )a8 088 148
5 bl Lwliel W8 g rewo clale (0l b dtelis s e sl uB-aields bolswe § diwlil dges b duslie 3 (s 5YL pyg5 yad gl
SIS 3l ey 2,8 obul 1y (655 )5 clyas ol b gatuns Sl ls 48 jais a5 Jbyd il diwlis 5 5o oS @lyas o3lol b 5681t oyloid b
§) 5l ey 4 amwlis IICT (s g b Oly sy (28 5 i 55U Rewo 2958 45 A5 sanlie ¥ OC slod )3 o, VF Gte 4y J§ (sladiges
OB 70V B 1y o 10T e Lol s +/+08 (S b alits 5 o o sy (0l ) i 3 4B LBl ZYY @ 00 g +/OY 4 +/VeN (*
20392 ¥ (Il lse g +/+0V (ST) il e g I dowo (3Rl TN0 clale ) jogas 4 byl 5 (sladiges

A54lS g 0m catlis B (5 kLo (5lulo] 1 galS sWojly

Oy it Aol (glayldy g a3 Slas Jatume 45 Slodd dodio
Sl Gla o)l 03,5 35 =8 5 auld (b alss PAS @y 0y Jold alisee mlie 5 1 Canio > amalis

395 31 oM Sla g J5 S5 (o8 (g med o0 45 ep )5 Murphy, ) &1 o Cants peSyow g oo doluls o o jum
i sl 2,8dee Sluogad I (Sl oty oli) amd e U Sl 98 53 2bj e 4 puiS ulis Mg glie o 51 (2000
@ kel slasSlge ot a3 9 clM g pyg )05 alex Vo Yl j0dS  plS g (lise dgdie CulS
puiS axwlis (Shevkani et al., 2017) 5,5 o lis dtwgy ;b ki s 5 (FAO, 2020) ool oduusy o5 Ave g youe
» (Dengate, 1984) cued (3] 5 (s > adgl o3le lgicay wile Jlo > o5 e 00 hwgie jb 4 olul i
S8l 0uS  dacge )3 oad plgd Glyea 23 glio oje S5 Sskel 5 jokel pes 9 1 paiS atelis lasil,S

St bsS (slmedjglyp g 1SS ) Cagh ) 033,145 g ot
b p bl p o @Rk g oS b dadi 5
. Mason, 2009; Maningat et al., 2009) 39, 0 ;I8 4 atwlis
208 (65903 Y game 1D wie Aliwe o atwlis Sy oy Lol

c—ale caB bl g 4yl wlis S 4 gal Sl co i ey =Y g )

Olnl e (93,8 o8I () (oom (b (sladslS gy
(Email: s.razavi@um.ac.ir 2 e 0 ka5 —3)
DOI: 10.22067/IFSTRJ.2021.69660.1029


mailto:s.razavi@um.ac.ir
https://doi.org/10.22067/IFSTRJ.2021.69660.1029

VEoY Cllgm oyl = (1295958 ) oyl IR ade> oyl ] (138 pyluo g pole slosidgy 4 s ¥

olei (b > Pl g (b 4 Gl g (2L b feo (3959
Naji-) 13,5 ob e ol gylul el ol bis b )l
Cawl ool Ly adl il zuls J(Tabasi and Mohebbi, 2015
L ogs 0,5 3 5e8VE (il (glaoydy )bl g blegs YIS
wolss dles I by Blo b K03 b Sopid sty sl
Brennan et al., Funami et al., 2005;) 1S o (iiSon p
i uals cel s > 4 (2006; Kontogiorgos, 2015
FUNami ) s alis gmeld,Sgyy 0 ol g 4l cuti jokuol
J(etal., 2005

SRy 2l st ) @ly (9395 S plysa 8L
98y 2 ol sgas o cul i slodysld (igsYseyd ]
bocolly cde ay w8 ol 38,80 atulis (o, Sles Cluogas
Cob Rl b g e ) g0 Ol o wldi el
b s 9 o0 yord o gSdge b Mo (slaJsSlse (iiSon
Gy opwd jd ol g Siby e by & atulis sl gl S
cle @ geomen WS o dgiome Iy dlwld ad alsY
& Coms A S ) SAS py S B g dtoldd slayiiSen y
b oy eVlal )35 by el 4ol (05 kg o
Sl oyl a1y paiS drnliss ol 4V catwlis sloe yoo;
el b sl Lol gobls wlely (Gunaratne et al., 2007)
3 (oM Sl & o) TeutS Sy ol b 3
a>g5 b .( Xing et al. 2017; Gunaratne et al., 2007) xg o0
5 4 skl slaJgSlse st cuts I gl Ao puslSe
&b 5l (Gunaratne et al., 2007) 1S o (5yS ks diwvgy
SIS o |y b5 53 oeSashal sme pelidlinn S
.(Berski et al., 2018; Zhang et al., 2017) x»> o inlS

bglsto Sluoguas p als dls g il 8t & bl
asJllao LEK Slaal LJ"‘)”L" ol o )2 ))KL«u —‘DAS auwlis
D) ls &l oo ool Gl polaw w0 psls
ulMow » Lﬁbui ]o9l>u 9 (X\' 9 [A) c’) ))KL» 9 (Z\a 9 Ve
loidlo 5 Al (gmiluwge (S g pyg5 ©)5) (63os
eSS oy (b )3 puiS aalds J5 Il 5 g by ),
A3l e

o9, 9 dlge
Al rowo )5 A M (gollee L 1 als glaail
Ab g LIS Uy & glpel dnge lulyd cod s

1- Plastisizing
2- Setback viscosity

SIS plojde (b wosllasl sy (pl bl o atwlis b
e Y ae il bl ol b 4 1y gjlulc
Shevkani et al., ) 1S o oligS 1) Ll (6,115 ()l g aalS o
dge o wwlis G ol jl oSl L 3l (2017
Connl B BN M55 (sl g Bbion Sy oy Sy (lid
ok O Bl)amgs S dlex I il (gl 33938 Hpi> ol
S 48 il ansly bawlis s oly Gy pd b
cely 505 5 35l cloa o Cul 0ad asute o jingd
Biliaderis, 2009;) Wloass awwlis s ol cepw il3dl
b s cldles 31 g5l (Wang et al., 2015
S90S BBl lag) douo (5 foo )5S oo Loasols g 0
b iSonn b (o 5 UlesSols SbuS sise oo ok Jut
iste S (5Sageel g 3okl sl sloJsiS Lol
5 6es Glusgad (6350 U 5 widhy aolis Clusgas p
Eapd slaled (IOl Mo @)y )15 dlen o 3,
Slaogad § (48 Oly oJ5 JSas (8 4 ol g e

Bahnassey and ) saisy de0 1y (8L (sbd S 9 (S35,
Biliaderis et al., 1997; Christianson et al., Breene, 1994;
1981; Lo and Ramsden, 2000; Lee et al., 2002; Tester
and Sommerville, 2003; Funami et al., 2005, 2008;
Zhou et al., 2008; Zhang et al., 2015; Xiong et al.,
2017; Matia-Merino et al., 2019; Mirnezhad et al.,

(2021
wod I (092 SIS gy mie U (g (LD &I oo
losdsSajd (olp Sl Aol (pl s b llogS VIS
g0 59 sl (ol Al ews sl 5,84 pastio (60,Slos o
5 PS5 » e VIV G aujsSany 9 gdlosks OY-
y Clans S5 Sl o Canl C e 0255 ol yshiS
Karazhiyan et al., 2011b;) 55 0 (J5Ng09,Slo (sla s 8,0
koo (5985, Gluogas 09 (Behrouzian et al., 2014
aovo o) YL el oxins ol Lale b Lals 4l
&owo ol (BaS g by geandgol) 00iiS™ Jluly g oaimd pled lgica
claaoly) Las Sl clanlp cov b & el ab
(ol 5 (Jlre 5103) 0355y ol sl gzl
Cluogas wb) 35 e 5 ol ), b Shs
WS (oo bais 1) (S JSi5 5 (S gmdgal (Bl ((Soolg,
d9bie Cogh Sl bl Sl ol (90,8kee Cluogas &S,
Naji et al., 2013; Naji and Razavi, Naji et al., 2012;)
L@y g pAS Lol b 0 ald &l jeo (434580 (2014
Sl b S 9 yred Cooglie Gl col o Gl Sl
Osen J(Sahraiyan et al., 2013) wi oS xewo 4 s )b



0 5L g Bl ils dowo jgui 10 puiS b aswlin Flo Hlid, 5 90 Kok Sluoguas andlle (g9 ) § GOLT (o (S50

CiSe Ly 5 A5 4l 5L — ald &l g Jsbre 4 pjY
4 (oWl céls (MR Hei-Tec) Heidolph Jue) )yl () 5
A 03 o basee (glod jd (00 1PM) ol 503 5> ddBd Ve e
S oas odll pgmailiwge L) wiolis J5 ay jlaie @
9 0SS @ Reme 0F 5 Jel il lalgual dadoc
pen an b ohes BB 03 e 9 20 Jiite Ol by
Jord s 2l )3 ladiges b i Sl 5 €85 118 (] 90
Digital Electric ) SolSe (j5en Lawgs VF+ 1PM Csjus b oS
°C (los | Bad o bybie dtwgy ysbay (! cile Mixer
P ALB Y Gl 4y g LS p,S aaBd pC A Ce b WL YO
b aids 5 °C Vo Capur b g 5 00D (65l 40 °C (clod
Jaod 0,8 dyw 3 dtwlds 5 Colyg pd . Dy B °C lod
Wges Al Cawd 4 (Y0 °C) Lo slod jd cslo V o & Juols
Lylys golhe ojwsd ol b a8 atulis bgbse I 55 sals

2D a5 598

ojlod) pAS  Joexe awlis .(Karazhiyan et al, 2018)
55 i (0,0 gl WS 5,5 5 (5127 505 ls
eSyb 3 ailefl 1,8 L 58l 5 Ll e ohesd oo
oz ol 3l osesl olei 3wl g (olll) S

5 ol

4l faro—auiS diiallh boglie Jf 9 ¢ gaesba gus dags
Jolsba — oAl
bolse shapmdpmpa 5 35 il 7F (il
g TN 5V D Gho (3 iSile b - geomall
AS Ay atelss g b8 51V 5 0 Gho g als b
S Ve 2 pS e ol lial (5 polie g ladiges iz
Jsloeo 1z glaie ol (gl sl 00d 00,01V Jgan ) Joloxo
s> 0330 o b 58l OLe b g jpn 5> (ol wls fano
Lo slod > celo YF Gdo a4y g b ool Wl o o/
e & puS atulls gy 58 wlids JolS jobay B 85 1,8

o) ST (g13a ] (F3g Jlaile g slon 2 Zobaw ol Gaiod sl )lewd —) Jous
Table 1- The treatments including the levels of each treatment and the weight amount of the components (Native wheat
starch (NWS), Crees seed gum (CSG) and Sucrose (SUC))
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Sample %) (%) puS wlis koo 8w
NWS CSG SUC
1 0 4 0 0
2 0 5 3.8 0 0.2
3 10 3.6 0 0.4
4 0 3.8 0.2 0
5 5 5 3.6 0.2 0.2
6 10 3.4 0.2 0.4
7 0 3.6 0.4 0
8 10 5 3.4 0.4 0.2
9 10 3.2 0.4 0.4
10 0 3.4 0.6 0
11 15 5 3.2 0.6 0.2
12 10 3 0.6 0.4
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[(santos et al., 2019
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1- Supernatent

Culda 95,98 S8 yaSejll
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2- Tukey test
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1- Simplified Avrami equation
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Table 2- Swelling power (SP) and solubility index (SI) of native wheat starch gel (NWS, 4%)
In the presence of cress seed gum (CSG) and sucrose (SUC)

sSuUcC Parameters
((:OSA)(); (%) Py &8 Cldls
SP (9/9) S1 (%)
0 13.1140.84°"  8.28+2.11
0 5 12.03+0.41F  11.67+1.67
10 11.66+0.22F  16.67+0.00
0 15.74+0.14%  21.11+0.96
5 5 14.82+0.31% 24.45+1.93
10 14.39+0.41%  26.61+0.10
0 18.15+0.16°  20.56+0.96
10 5 17.60+1.03" 20.89+0.84
10 17.41£1.24%  25.33+1.76
0 22.17+£0.34%¢  16.67+1.67
15 5 21.72+0.57¢  17.50+0.83
10 19.124+0.24°> 22.15+1.87
P PP v ity P olidle ool Wy e ald Al res plply

9 (2L Al foo jgdan p3 pAiS wllis J§ (pad Ol SS
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Fig. 1- Scanning electron micrographs (SEM) of native wheat starch gel (A) with 5%S (B), 10%6S (C), 5%G (D), 10%G (G),

15%G (J), 5%G-5%S (E), 5%G-10%S (F), 10%G-5%S (H), 10%6G-10%S (1), 15%G-5%S (K), 15%G-10%S (L).
S, sucrose and G, cress seed gum
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Table 3- Mean pores diameter values for native wheat starch gel containing cress seed gum (CSG) and sucrose (SUC)

koo 5

CSG  SuC Sy 8 busgle
(%) (%) ean pore diameter (um)
0 33.01+9.09¢
0 5 38.09+16.89¢
10 45.37+11.43¢
0 30.10+4.914
5 5 87.20+19.202
10 92.144+12.452
0 79.00+6.212
10 5 33.89+10.35¢
10 88.18+17.792
0 29.44+6.814
15 5 31.34+16.31¢
10 56.85+17.42"¢

Sl Culd | a8 A8 e 2l gl S GlLbl s Wb S dtwgu
b piSany cde by S S5l okl slasSUse
S o S5l jokel s sSlge S gy waa i1 RSy
OSer g (Swp cul ond Sl g GRS 4 e oS
atwlis b Oly Cawg 15,5 5,155 5.5 (Berski et al., 2018)
Cudd D dgiome > dy e & JS5IS Capd (39381 L paiS

28l ials S 5l ekl sloJySUse

=l by 5 sledge oub Sl (Sip b S

J5 e oy e o Jaiz 4 425 b 25 i) HocHolHo
5 ol ab rew cbile (nlBl L &S ws oyl VST atwlss
oSl el Slhs g cdly il o e 5,5k
Goo sgi Ggn N 5 ITA & (100) 58 jpis (g oo
Al gowo a5 b LE Gais oyl @S ) Y-8 4 (4)4)
Jolore del> dlge yinl38l 5 dtwlis cudMs ioli8l & e ali
15 53 a3slSgynn o Al ot ool Ylainl Lol 05 dtuwgey 6
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Table 4- The Avrami equation parameters determined for retrogradation kinetic of native wheat starch gel in the presence of
cress seed gum (CSG) and sucrose (SUC)

oo 5L oL
Parameters
CSG SuC
(%) (%) Ho H o Ho—Ho/Ho k R2
) @) (1/s)
0] 47.74+1.472 173.40+14.288 2.63+0.19° 0.101+0.0218cde (0,960
0 5 44.79+0.58%¢  152.40+10.322  2.40+0.27,  0.076+0.005%F  0.942
10 36.50+3.10¢ 111.50+5.668  2.06+0.10°  0.096:0.0200cdf  0.978
0 44.96+1.40%  171.60+10.042 2.8240.10°  0.073+0.011%f  0.905
5 5 38.8142.09d 143.30+5.668  2.70+0.34>  0.085+0.006°%f  0.937
10 38.47+0.14%  186.00+15.842 3.84+0.43? 0.028+0.002f 0.970
0 43,9142 6030cd 77.66+2.542 0.77+£0.16¢ 0.168+0.002 0.992
10 5 41.07-0,12bcde 63.27+4.33?2 0.54+0.10°  0.139+0.0012cd  0.974
10 39.0140.52¢de 47.85+1.712 0.23+£0.06°  0.157+0.006%>  0.979
0 44,3340,77abcd 65.81+0.712 0.48+0.01¢ 0.052+0.001¢F  0.975
15 5 42.25+0.343cde 58 53+7.422 0.39+0.19¢ 0.057+0.035¢F  0.957
10 38.8340.43¢e 44.11+1.172 0.14+0.04¢ 0.15440.0420c 0.973

(P> +1+0) )l K05 b (g5 gime d)L"‘l M Gl By b gl 1 Siho sl ST dwr gl Hlire Blyoul £,k &gy gl
All data are expressed as mean =+ standard deviation of three determinations. Values followed by the same letters show no significant
differences (P > 0.05).
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Fig. 2- The values of syneresis (%) of native wheat starch (NWS) gel containing cress seed gum (CSG) and sucrose (SUC)
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0.05))
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Introduction

Sesame paste is a product that is obtained by mixing Ardeh obtained from peeling of Sesame seeds with sugar or
other sweeteners and flavorants such as cardamom and vanilla. Each 100 grams of this nutritious product contains 558
kcal and providing 17% of the daily calcium need, 100% for iron and 26% for protein. Sesame cream /Ardeh cream
provides 478 kcal per 100 grams. Ardeh cream is also a good alternative to chocolates with artificial colors, so it is a
very good choice in cases of hypoglycemia, such as before the exam session of students or during heavy excersize such
as mountaineering. Sugar substitutes are compounds that, like sugars, are used to sweeten foods, except that they are not
digested without the need for metabolized insulin, or are digested sparingly and therefore have little caloric value. The
diet products are usually based on reducing calorie intake, which today, the growing interest of people in eating healthy
diet has led to an increase in their desire to consume low-calorie products. Patients with diseases caused by sugar
consumption such as diabetes, hypertension and hyperlipidemia, osteoporosis, obesity, etc. tend to use artificial
sweeteners such as saccharin, aspartame, cyclamate and acesulfame.
Materials and Methods

Hydrogenated oil, Skim milk powder, Whey powder, Soy lecithin, Potassium dichromate, Ethanol, Ardeh |,
Erythritol, Isomalt Powder, Ribodioside a, Sugar Stable micro histometer systems, Ballmer, Memmert model digital
scale, Autoclave, Oven, N Hexane, Desiccator, Soxhlet device, 500 cc balloon, Peptone water, Dichlorine-Rose Bengal
Chloramphenicol Agar (DG18), coax reagent, EC broth culture medium, lauryl sulfate culture medium, pH meter with
measuring accuracy of 0.1%, 0.1 N sulfuric acid solution, Potassium sulfate, dioxide Selenium, boric acid solution,
crystallized copper sulfate, aluminum plate were used in this study . First, to prepare a control sample, raw materials
such as flour, oil and sugar were added to the mixer and mixed together, then the rest of the ingredients were added and
mixed inside the machine to make the cream uniform and homogeneous. Then it was transferred to the filter and packed
in the desired containers. Sugar substitutes were used for the rest of the samples.
Results and Discussion

The prevalence of obesity and diabetes has increased dramatically in recent years, forcing consumers to look for
low-calorie sweeteners. Replacing low-calorie sweeteners with sucrose results in low-calorie, and healthy foods. The
aim of this study was to present a new formulation using isomalt, ribadioside a, erythritol as sucrose substituents and to
investigate its effect on chemical, physical and sensory properties of substituted samples compared to the control
sample. The use of sucrose substituents was effective in improving some physicochemical properties of Ardeh so that
the moisture content of the substituted samples increased. The results of histological examination also showed that the
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Iran
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replaced samples had softer tissue than the control sample, which was due to the weakening of tissue stability by
sucrose substitutes. The results of sensory properties based on aroma, taste, odor and texture also showed that sample 2
with the formula 25% sucrose, 6.25% isomalt, 0.003 ribodiozide obtained the highest score in terms of overall
acceptance. The reason for the decrease in the general acceptance of the samples replaced with complete elimination of
sucrose is the lack of regulation of the desired sweetness by these alternatives. The results of microbial analysis of
samples also showed that sugar substitutes have no effect on the microbial properties of Ardeh. According to the
obtained results, sample 2 with 25% sucrose, 6.25% isomalt, 0.003% ribodioside a is the best combination and a healthy
and low calorie snack.

Keywords: Dietetic sesame paste cream, Erythritol, Isomalt, Rebaudioside a, Sucrose replacers
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Table 4- Microbial and mold test results of sesame cream (Standard No. 997)(26)

Microbial characteristics Escherichia coli Limit Mold and yeast Limit Enterobacteriaceae Limit
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15l5 ges e e >100 Voo e >10 Voo ke
Negative Negative Max 100 Max 100
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Sample 3 Negative Negative Max 100 Max 100
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Sample 4 Negative Negative Max 100 Max 100
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Sample 5 Negative Negative Max 100 Max 100
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Introduction

There has been an increasing demand for functional analog meat products due to environmental, human health, and
animal welfare concerns. Burger analogs are plant-based products that are designed to mimic the taste, texture, and
appearance of meat burgers. They are typically made from a combination of plant-based ingredients such as textured
vegetable protein, legumes, grains, and vegetables. The goal of burger analogs is to provide a meat-like experience
without using animal-based products.These formulations aim to provide a healthier and sustainable alternative to
conventional meat products. The organoleptic properties of burger analogs, including texture, taste, and aroma, are
crucial for their acceptance by consumers.

Prickly pear (Opuntia stricta) is a fruit from the Cactaceae family that contains various beneficial components,
including natural pigments, proteins, fibers, and polysaccharides. Pectic polysaccharides and arabinogalactans are two
types of polysaccharides found in prickly pear that have thickening properties and can improve the texture of food
products. Moreover, Prickly pear is a nutritious and functional fruit that can provide various benefits when incorporated
into the diet or used as an ingredient in food products. To date, no health benefit analog burgers incorporating Opuntia
fruit have been developed.This study investigated the effects of adding Prickly pear pulp powder at levels of 0.5-2.5%
on the physicochemical, sensory, and textural properties of analog burgers.

Materials and Methods

Analog burgers were formulated according to Iranian national standards using common ingredients (texturized soy
protein, water, canola oil, garlic, dehydrated onion, soy sauce, and guar gum) as a control sample. Mature prickly pear
fruits (Opuntia stricta) were collected from west of Mazandaran province in February. The fruits were washed, peeled,
and dried in a forced oven dryer at a temperature of 45 °C. The dried samples were then ground into a powder and
stored at 4 °C until further physico-chemical parameters of the including moisture, pH, ash, protein, lipid, color and
total phenolic content. For developing new formulation of analog burgers, the roasted flour was substituted with prickly
pear pulp powder at 0.5%, 1.5%, and 2.5% of the base recipe. The average moisture, ash, fat, carbohydrate content, pH,
holding capacity, and color of each raw packed burger were measured. The hardness, springiness, cohesiveness, and
chewiness of cooked analog burgers were evaluated using a texturometer instrument. Sensory analysis was performed
by 10 panelists who judged discrimination scales of color, odor, taste, and texture characteristics. Analysis and sample
treatments were repeated at least three times. Statistical analysis was performed using SPSS (version 19.0), and data
were expressed as means * standard deviation (SD).

Results and Discussion
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The lowest and highest cooking losses were observed in analog burgers with 2.5% pulp powder (21.03 £0.47%) and
the control (22.2 + 0.63%), respectively. However, moisture retention and juiciness did not show significant differences
(p > 0.05) between analog burgers with prickly pear pulp powder and the control. The results indicated that increasing
prickly pear pulp powder levels significantly decreased the redness (+a*) parameter and yellowness (+b*) of raw analog
burgers. Moreover, a reduction in cooking loss and shrinkage were observed for cooked soy burger samples using
prickly pear pulp powder. However, cooked analog burgers with added prickly pear pulp powder showed significantly
higher juiciness. The elasticity of the produced analog burgers significantly decreased with an increasing percentage of
pulp powder (p <0.05).

Conclusion

The incorporation of prickly pear pulp powder in analog burger formulation resulted in a significant decrease in
cooking loss and shrinkage of the cooked burgers, while not significantly affecting moisture retention and juiciness. An
increase in prickly pear pulp powder levels in analog burger formulation led to a significant decrease in the redness and
yellowness of the raw analog burgers, as well as a decrease in their elasticity. Based on the sensory evaluation and
consumers' overall tendency to consume burgers, it is recommended to use 1.5% prickly pear pulp powder in analog
burger formulation.

Keywords: Meat analog products, Meat alternatives, Plant-based burger, Prickly pear
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Table 1- Physicochemical properties of prickly pear pulp powder

DPPH ] Sl ”Ash. F.a'E P~r"c‘):cf;ii1 M;i.stu)re
%
(%) pH Carbohydrate (%6) (%) (%) (%) (%)
3.28 £0.63 3.65 £0.05 68.22+0.15 1247 £0.14 3.6 £0.09 5.2+0.07 10.450.08
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Table 2- Physicochemical properties of un-cooked burger analogue with prickly pear pulp powder

SreSng 29

Powder Burger properties C?got/[r);) ! 0.5% 1.5% 2.5%
Moisture (%) 50.484+0.51 @ 50.06 £0.07 @ 50.84 £0.572 0.28*51.17
Protein (%) 12.10 £0.67 2 12.12 £0.252 12.18+0.342  0.46 12.23
Fat (%) 12.13+0.59 2 1216+ 1442 12.18+0.52¢% 0.453+12.26
Ash (%) 2.51+0.10 @ 275+ 0.14 2 27+0.37¢% 0.07 &+:2.82
Carbohydrates (%) 22.76 £0.642 22.66 £1.642  0.8342+22.10 0.40 &:21.52
pH 6.42+0.062 6.32+0.01°P 6.02+0.05¢ 0.02 &+5.76
WHC (%) 22.57%1.012 22.68+1.29 @ 23.63+0.732 1.66 &:24.57
r* 4785+ 0.742 4588+0.68°  40.84 +0.84¢ 0.6%+38.66
a* 12.474+0.344 18.36 + 0.84¢ 25.8+ 0. 4b 0.52+30.37
b* 22.48 +0.582@ 19.37 +0. 752 15.96 &+ 0. 46 0. 23"+15.37
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Fig. 1- Overview of un-cooked analouge burgers
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Table 3- Effect of prickly pear pulp powder on cooked analouge burgers properties

29
Powder (%) ) ) Control (0%) 0.5% 15% 25%
FrE_S Ry
Burger properties
Cooking 10ss (%) (e ) cou cdl 2220 + 0.63 21.06 + 0.592 21.04 + 0.85° 21.03 + 0. 472
Cooking shrinkage (%)(s,3) (S35 2.11+£0.39? 1.65 + 0.732 1.34 £ 0.77 0.99 + 0.36°
Hardness (N)(;yss) (st 9.89 +0.14° 15.09 + 0.33° 12.15 + 0.23 11.85 + 0.18%
Cohesiveness (ratio(ssly ;) ploas! 0.28 +0.012 0.27 +0.03 0.28 + 0.04 0.24 +0.01°
Springiness (mm) (yze L) gbs)| colié 0.48 + 0.022 0.45 + 0.02% 0.41 % 0.04 0.38 +0.01°
Chewiness (N.mM) (5o ke (iss) s> okl 1.39+0.13% 1.98 + 0.6? 1.54 +0.70° 1.25+0.312
Juiciness(as,s) syl 5.10 £ 0.37° 5.22 + 0.51% 5.81 % 0.06% 6.03 + 0.62
Moisture retention (%)(u.e ) cugb) Lai> 69.2 + 11.47 71.67 + 3.78° 72.29 +11.472 72.77 + 4.65°
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Introduction

Efforts have always been made to protect valuable compounds of medicine, food and aromatics materials that are
highly sensitive to environmental conditions by the encapsulation method. encapsulation of flavors, in addition to its
protection, allows the aromatic substance to be released in a long time, and the time and place of its release can be
controlled. To design these protection systems requires detailed information on encapsulation and release methods, the
nature of walls and aromatic materials (Gunning et al.,1999). For encapsulation of sensitive compounds such as
lipophilic materials, it is necessary to produce an emulsion of the desired substance in wall materials such as proteins,
polysaccharides or a mixture of them. The important factors in encapsulation are the molecular weight, chemical
properties and polarity of the core materials, the properties of the materials of the walls, and finally, the methods used to
produce microcapsules. (Jafari et al., 2008).

The aim of this study was to produce and evaluate the properties of two and six layer multilayer microcapsules
containing limonene using soy protein isolate and starch modified by spray drying. The release of encapsulated
limonene was investigated under artificial oral conditions under different stress conditions. The results of this study can
be used to predict the release rate of the encapsulated flavors and their release conditions.

Materials and Methods

Solution preparation: The solution of SPI (0-3%) was prepared by methods of Huang et al. (2012). The OSA starch
stock solution (0-2%) was prepared by methods of Nilsson and Bergens (2007).

Emulsion’s preparation: the primary emulsion of the optimum SPI and secondary emulsion of optimum O SA starch
concentration prepared by the method of Noshad et al (2015).

Microcapsule production: To prepare the Microcapsules, a laboratory spray dryer was used. 180+5 °C, inlet air
temperature, 25 (ml/min) feed rate, and 90£10 °C outlet air temperature were used. Six layer microcapsules was also
prepared in the same conditions (Ansarifar et al., 2017)

The micro structure, morphology and release of limonene were evaluated and finally by Zero order, First order,
Higuchi, and Korsemeyer- peppas models were used to the fitting of experimental data.

Limonene release: To investigate the release of the encapsulated limonene, the release of these microcapsules (two
and six layer) at 37 ° C and pH = 6.8, as well as frequent chewing (0, 50 and 100 rpm) were examined. For the apply of
shear stress, an oral simulator was designed and developed by the Department of Food Science and Technology of
Ferdowsi University of Mashhad was used.
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Results and Discusion

The results of particle size changes of the initial emulsion formed with different levels of soy protein isolate showed
that the particle size decreased with increasing the concentration of this protein to 1.5% and then it was increased. The
results of zeta potential showed that with increasing the concentration of soy protein isolate to 1.5%, the zeta potential
of the samples increased and with more than 1.5%, it did not have much effect on the zeta potential of the samples,
which indicates that concentrate of 1.5% soy protein isolate has a good ability to cover surface of limonene particles.
Similarly, 1.2% of OSA starch was determined for the secondary layer.

SEM images of the microcapsules showed that in the two-layer wall microcapsules have cavities, cracks and
shrinkage. In the starting of drying, the rate of moisture lost is high and on the other hand, the wall is not strong enough
to withstand the stresses caused by the exit of moisture from the walls, so the microcapsule has cavities. In six-layer
microcapsules, a smooth, non-cracked surface was observed, which can be attributed to the wall strength due to the
increase in the number of layers. Fourier transform infrared spectroscopic (FTIR) test showed that the outer surface of
the microcapsules was covered by OSA starch in two and six layer microcapsules.

The release profile of encapsulated limonene showed that the release rate in two layer samples was faster than six
layer samples. Also, with increasing shear rate, the amount of release increased. The results of experimental models
fitting showed that the first-order model had the best description for releasing limonene from two- and six-layer samples
in different conditions. Calculation of diffusion coefficient showed that six-layer microcapsules have a lower diffusion
coefficient than two-layer microcapsules, which leads to a decrease in the release rate of limonene.

Conclusion

The results of this study showed that the layer-by-layer method could be used to produce limonene microcapsules.
Soy protein isolate and modified starch can cover limonene droplets well. SEM images showed that the structure of six-
layer microcapsules is free of cracks and cavities and has a more uniform surface than two-layer microcapsules. To
investigate the mechanism of limonene release from two- and six-layer microcapsules, different kinetic models were
used to fit the experimental release data. The results showed that the release of these microcapsules occurred based on
the diffusion mechanism and Fick's law, which is the main mechanism of mass transfer in the release process. Also, the
results showed that the six-layer microcapsules had a lower diffusion coefficient than the two-layer microcapsules and
the release rate was lower in the two-layer microcapsule; This is due to the repetitive coating of soy protein isolate and
modified starch around the microcapsules and the increase in wall thickness.

Keywords: Artificial mouth, Limonene, Multilayer microcapsules, Release


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=2NxmUfcAAAAJ&cstart=100&pagesize=100&sortby=pubdate&citation_for_view=2NxmUfcAAAAJ:Dip1O2bNi0gC

Iranian Food Science and Technology
Research Journal
Vol. 19, No. 1, Mar- Apr 2023, p. 43-56 e

Olnl 1ad plus g pole letirgy & pid
FY-0F .0 1P+ T Sl d,l — (0 358,9 o) o lods 14wl

byl s o O ala,y obil 5 Sobuly sl Cdor 4l 5 iged oY i Slig )

Olas sl g5 lwand

r&/vi-w Q_,.‘JLJ'& —”Zs"d'ou C.',..or.a—‘b‘,.o b\:l.:l?' Jozno
VE SN L5 b
VAT s S5k s

A EEKVAR VAR Jﬂd{@)l}'

CRVCCS

A5 ool (ged (sgme JgusS 9)Sue Mgi sl oadp Mol anlis g bgw (0Tgy Aol g il (L Yy Gla by 5l piegh ol

P Y b g 90 Sogod 0dd A sl JgunS 9,500 I iged Glaley Glie 1035 () 35 SlaJgmS 5,0 5yl 5 (ST5lsy50 sla SR

33 LS s JgmasS 9,800 5l (iged Gloley ailed .85 518 ol 3550 (48B3 )3 jgd Voo 5 B o) alie by (5 lyd 3 (egiae plad byl

@)l oY olaas (Il L 15 sy o0 Gl M 4y S pu g 4Bl Gloley oY (D 4 Cond (g3td cund b Y 9 (glb JgunsS 5 )Sue ) (iged)

olro bl p g el Jislay jl 1y Chuogs opying Jol 420 Jio 3l L bd JounS 9,8w0 3l (pged Lislay ool Cawdds Pl eV I ):dﬁl: 4 G,

2 3985 o g A e i G5 QI 55t oI S gl e 31 39 £55 LI g0 igend il sl e sS
Dy yudi Y (hd 4 S Y 93 (sl JguaS 9 S0

Oised (Sgian oo iley Vay Gl 3y i 5 sWojly

o & ol osle 550 Jlb @S5 ol 30y Al 3

el 03358 gt Jub Sl 5 ol Gob on 3l e
Nedovic, Kalusevic, Manojlovic, ) »,5 .~ Lo ¢ asl
lie Caio jd auly8 opl cuenl (Levic, and Bugarski, 2011

5 ol Consd ey osimd L5 Sy 551 (S
sy Ml 1V el aaiSuly cladsly lp ol o9 (wpied
[(Sagis et al., 2008) s,ls I, 1s gmio cubld Slol 4 i
2 &S Gl odlatwl BB Jlig 3y d0l8 gy (sdasie sla b,
e Gl el (B9, VY Jlo 3 Sogn g > ol ol
& Cato ) Llg o a5 13,8 Byme |y TS liwlg iUl Y & 4
Jdo 4 hgy pl (GIDH Decher and Hong, 1991) »,, ,i
oo oty Jl (Kool g JES LB g ol edlo sl
2 Sy s Gl 5 032 g g sl J5unS g5 sl

4- Electrostatic layer-by-layer (LbL) adsorption

EPRY

s el Sl Ul 039 il 5 I ojlgas
e bild & s (oYU Camolis &S lans dlgo 5 ol
Slsy oy gd clablre 5 Sligy oy il (gl by, b 3
oolo b 05 o palyd 1y lSal ) o] cliblos 0Dl Lapads
Joe g gloj g adl aily Llley g5 Yk loj 5 slase
Dby sslebs ol (2hb (lp sl JpS BB ol pila,
Ao Cadle (ol (Slig 2y 092w | 35> bl ejls (o
(Gunning et al., 1999) cuwl jlazs dlge 5 0,lg:3

oSl « glis mlio g pole 09,5 liwl 5 (65> (oomdih cudpay =V o)
Ol e o (93,8
(Email: m-mohebbi@um.ac.ir 2 ptane 0 ) — %)
B (9323 (0585 g ol dyldie g oabo pole 3950 jlolil Y

DOI: 10.22067/IFSTRJ.2021.72290.1090


mailto:m-mohebbi@um.ac.ir
https://doi.org/10.22067/IFSTRJ.2021.72290.1090

VFeY Clligmdyl = (295908 ) oylods N ol 4yl 2108 2 luo g pale Llunghy 4y i \td

Cuto sl b gohw 4 Wlgie & cul bl )b b SbuSs)S
wjgSamy ol ly (dale lpier cpl g ogdle 253 Ol
95l plo 4 Cand ol Pl dbul el bl S Jes
S g3 eolizal wnisSns BIF sy & JsSlso
Mol g (SusS aedgel Glusgas cle & Jb pll (sl dgaze
& bayie il cel GlaSaw — JoiST dwlis i jsSu g
SYgae ;3 oaiS ol olSy gl oslial 4 a8 5l
Doki¢, Krstonosi¢, and Nikoli¢, 2012;) 5gd 0 calise
.; Tesch et al., 2002Nilsson and Bergenstahl, 2007

clolidl oSS wuld (S Sis sl igy e 0
adl gl laii 505 JguS IS 13 1y (58 5 Slge
olyel Cygoh Wy laladl (S oadE)5
IS laladl (5 Sas gy bl Gamilwgw b Jobxe
dge Mgk cunl Sy 32y slaidey (rFdslsie 5 (n el
@le SV Jslge (59 9 peS Cunbad g ol L jlase
Shoglalasl SSis  Job b sS 0 gyide
Gharsallaoui, Roudaut, Chambin, Voilley, and Saurel, )
(2007

o odle 3985 oy dle 5 p2 JW Sl Shy (s
b alfalefl sloodls (53l 5 Gale) (g gl ead Slis
bl g ol iledie slp @YL cxenl (3L cladse
5 oialey S5 4 poxie Ay & 3 Slig o) sl
Zuidam and Nedovic, ) 5,5 o Colle Cacywds ydum,
Glale il s Lmrn Lieh ol Gl dles ) 14 £(2010
g gl Sl il bulyd (npe (e sl LRl
Fom

slasdlas ,> (Ansarifar et al., 2017) -, Ken 5 3 (5 las!
b JeaSgie 4250 b 0554 9 bgw (09 | (25l iy
R sl a¥aiz Sliecgd gy 9 oolite a¥ jgon
b ol o)l s 6,8 elitel il (65 ¢ cpged Slig
sl (Ll L (Sline» (b cnl WYL 2L 2 epMe
el Jiale) oy g aBlialS S8 cops wad eoli
[(Ansarifar, Mohebbi et al., 2017) 5445 o0 oS o2laiwld g0

uvgy j (Noshad et al, 2015) \Kex 4 olig
sl dyges (g ol 1 02lizl b 4¥ dy &Y ypesY gl
gl @l w33 odlizel oalily Slignes» ly oliss s
oilPl el o a Slinog Ghgy il & A QUi e
2 gl eioman 35500 03 g alsly SIS il ol
load Saley oasly 358 oo dwlie > ()03 B

Peyratout and ) .S o yuwe Iy yiog)See U yogil ol
; Yow and Routh, Sagis et al., 2008Daehne, 2004;

ozpan 3 o lsd sloY 3as5 s L (55lgiS5 ) 55 (2006
5 xrdded (lpe olys g Jebs Sl G Shy > e
(Sagis et al., 2008) 3,8 J 55 1, b JousS (Seillo csla S5
oS loolgd oaimd JSi5 olge Y 4 Y (xlaw o by
Sibiasg S closing abusgds 039 CadgyiSI Ly cumlo (gl
Gero ) aiiS o dbml |y JouaS 3bxl § 99500 e 0350 9,
.(Decher and Schlenoff, 2006; McClements, 2005

piY Cumgdioyz dlge Aol polus SlaS 5 Sldgy ) sl
b e psn ASle oylesd dlge y yainyse odle ygumdgel ol
2 Fe Jolge dlon 5l 003 Ay gl 5l (oglsee L g oy Sl
Caad 5 olbond Sy (Jsge 0y Ol Gl Ry
o> Cluogad (pized 9 Sy 5y lp Sl 390 o3l
Mo gl oolawlyse  auld coly 0 5 solatwldge
Jafari, Assadpoor, He, and ) >y pb |) loJousSs,S00
.(Bhandari, 2008

Sla Sy Vb Sl 55 o & bges s 3] o3l
Sy ol @l (5558 ol ol daje g culie (o3)Skes
dgpl 298 e Cguie )b Blas 13 gn wle (nywte
(lrosd oS 5 (s & o] (S5dgm Gl egMle L g
Gl (Sl el ol g JeSUse slooyors; (s pdycdllas]
Nesterenko, ) 29 o odlaol olie (sl jaugol (ylbl sl
J(Alric, Silvestre, and Durrieu, 2012

S5 P b (OSA)) ligu oo — JuS] snisprdo sl
SaiwS g ST Sl 9 atolis a8 gyl 3l Hi-Cap 100
s w13 cpl > oS Cal osd W oW Ll > O g
el o alsl awlis cawpol cbadls 4 3,50l opss;
Tesch, Gerhards, and ) ssi0 o) pSol casls
OSA saspdol amlis 3,50l cuols (Schubert, 2002
W ogde ol sladgls on 9 slasign s ol
il ol s s0yj3Seuns 5 Gl sy 3 a5 M
A e

SoiSysl o J) il slo PH 53 g cutisy g3
Jade cpl 5l YL gl PH 3 5 canl Caze YL gl (F/5 2905)
Elzoghby, Samy, and Elgindy, 2012;) >)b _aw b

; Mendanha et al., Huang, Sun, Xiao, and Yang, 2012
ol Gl Sy g9 ClawSaw  — JuxS] awelis (2009

1- Starch octenyl succinate


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&cad=rja&uact=8&ved=0CDoQFjAE&url=http%3A%2F%2Fwww.thegoodscentscompany.com%2Fdata%2Frw1611591.html&ei=12eeVZmRLMq9ggSJnr6ICg&usg=AFQjCNF-CgtpiJEw3o-vGcd7iMEbJXCEqw&sig2=upRSFcqxJFJ3Q9zsEOXYRg&bvm=bv.96952980,d.bGg

YV oo ondgloannds bl o coi o Giulay (U319 Soibinsly il i 1l pigadd a0Y sy Slibgy 31y oK 3 4290 Gl

=Y) oMol dtwlis Jlas 3y50 polde Tyl catwlis dd (gl p

2 A8 Ve Sde 4 ol o ) Yeo e & bl 8Ly (Mo ¢
Sy BBl slod b Ly cddd 035 o2 s 3,5 Bl da )0 AD )l
SIS celw V¥ @ae 4 ol )5 ol av 0 ¥ Jby 3 9 038
Nilsson and Bergenstahl, ) ¢ plul JolS" oI s b s

5 b 0eSan Aoil Gomerrend avd Sl esms <l 512007
A ool anwlis

O gl 9ol dags

L opoed (ool Sg) wop> N lsl Godsal a5 sl
Lo pH =¥/0 )3 ond gl Low oign dgnl ogmailwse
Jog 1N s 2puSstm 5 Jlogs o/ oSl Joloxs
Ogeliioen 4iBY Y Sdo (lp g 4D byl g 0ad il
48> 13 593 WA+ e v ey b (oWl AKA-T50) 5505500 lowgs
Sgul gl Coy Jl gl GilucKen (sly b el 56T glos
adn b (550! Sonics & Material < s VCX750 o)
@B Y Sde a JimglS Ve LuillE g g VB el g
3 3w ol i e boanls Job )3 diges sled a5 edlatul
e il b dudb a5 el o5 ole dapd Ve gds
b plol alsye 93 )0 (35 Josdyile hawgi Gaedgel )
438> Y (gl pgd dlsyo 5 0+XG H0 4y ¥O Sde 4 Jgl Al o
Loy Vb plool (315 ol dapd Ve) e gled 4o YO-Xg
s scsm Jplo & 033 Lz ygpedyal 13 3 ool )
2 (38 4Y) Lgw oain dajl Jslowo b g (95 42Y) o (gl
Ansarifar, ) ab 1,5 598 Lbgy Y o (gl . adlsl pH=Y/0
.(Mohebbi, et al., 2017

Jguuss 5 5530 dagd
dale]]l 23l S bguy S ard
byl b edlawl (wdew Mini Spray DryerBuchi)
oS ole a0 VAL (6359 slea (slod Jolis 0,8 s
29 Slo by g il YO (939)9 Slyd Gy sy
Oer 5 B lal by @b dS ol 4 A
Sl epSels cas b a8 )3 s > (Ansarifar et al., 2017)
oad Jitie gl Bl 55 b p sl sloydgy gy Ll

A ()RS5 )l

Sl S sl 4l (s
oo ol gmedgel Sy (oSl L (Sl
Nano-ZS, ) ,ple b ol b @l Syede uSUl  oluls

Y S sl JgunS 9,500 wdh L 4Y 50 5 S gla JgunS
Srbe d98 cups L Y 9 oSy See 4 Cus
Mohebbi, Varidi, Noshad, and Khalilian ) scs
.(Noshad et al., 2015;Movahhed, 2019;

Slo e 950 > 8 535 SIS 5 olSetmgsy b
5 (Ye, Wang, Liu, and Tong, 2005) ;4731 &Y
oI Mg ¢l Btz (sl Sy 5,Se0 S L
(Qiu, Leporatti, Donath, and Moéhwald, 2001) ‘., I8’ )0
ol g 32y 0olo Dgi5 Ly pd droyled (sladsY olas yiolidl L
cdly il

slaShy b)) g My ol s ol 5l G
Gl g bgw (B9 dopl 4V 5 5V 4Y > (laJpunS 95
R Goed Oialey (gw)p g (BBl SIS SWS 4 sadg Nl
Cod (eguae > bulpd ) b JsusSg)See (nl )3 0ad Sldg
o Sl Slg e Giagk onl gl ol cilisee (i LaylpS
ol Ghley bulpd g 0ad Sling claeb Shle) ol
Do odlaswl

L g 9 dlge
axlylalse

ol & SSpb Gl un 2e)p> AF b bgw (g Al
3 olS s ST Mol b @) sadpdlol aulis
5H((R) -(+) -limonene 97%) yse National Starch s,
(KH2PO4) pusly (y59,00n (63 wlawsd Sigma Aldrich s i
w25 9 (K2HPOM) ly (63 ()39 Sland (opdes 1S gy00
ol Merck 8,5 5l aoy3 48 slas osls &35 b jMol-Lal]
Ol ySo NaCl) i 0,8 o YV S0 0800 sl
WA aep SIgMA <S4 5l paslS” 35,18 9 (NAHCO3) py o

Ogeabys guu dags
@5 Y50 (o 0 il 3l 5> (10> +=F) bgw dgil (uSg
a0l ol axpd B glod O L Ad balee dddy & e
Schaper ples piwew) ool zlgel b cov 4id> 0 ©e
g ypud Calad > 8,8 4148 (model Unique USC 25 kHz
Sl (glp b Geat il 4@Bd Ve Cdo 4 Aere Xy ol
2 ¥ sl 3 ol Jobre dopyBiyy bws g ol ke
(Huang et al., 2012) 1 (¢,laS celo YF @io 4 2,8 Sle

1- Polystyrene sulfonate/polyallylamine hydrochloride
2- Octenyl Succinic Anhydride



VFeY Clligmdyl = (295908 ) oylods N ol 4yl 2108 2 luo g pale Llunghy 4y i YA

ZX3, velp ) dg) s b aidy S§ Gide 4y g Ay (S o)
ol oli5e i) e Yo s W05 03} oa (sCientifica, Italy
W 0d) pi g S b adBd S e 4y ddome g )5 A8l
aidd Yo e sy oS ol 4> YO slos 3 1y iulejl gl
300 BB (503 53 s oriiisn o g ALS £ )5 Ol plos J31>
A 5oty 4285 )0 5o Frrr Coguo b alBd Vo Cde 4y g A
YOV gge s 3 4l iala iged o ik 33,5 L SO b
Soottitantawat, ) ;5,5 cud g <ol )3 yiegidg Sl bawgi yiogil
s>e (Yoshii, Furuta, Ohkawara, and Linko, 2003
Ol M 5l g 8wy (I35 9 (pged I edlil b gl S

0,8 ol ol 3,8 a0 (sl piged o dald lgieay

Ryl Qe oy

Ol 0l (SLigiig)d rged e egs (2Ll il
ISl dapd YV slod > Y b g 93 slagenSs)Se
29> Ve g B e ideld gy (B (IS g (o Pl sled)
ois Jlesl ly S I8 s 4ddd Y Cde g dddd
g pole 095 by oad (2hb ey jloand ol Sl by
g9 pH ryja.u A ealawl g0 UJ»9D)§ oKl u.sl.\.f— é.sL..o
S 5008 9 S0 ISl Jlo g o/ laJolxo 5l edlanl L £/A
OhSer g Zandi s, jl eolatul b 5l5 aJei .c8)S ysus wydu
43,5 plosl (Y1)

93 SS9 See jload Sldgrg)> (iged Lialey (o)
2 oialey Olie i pdy plol Sy bulpd > Mg Y i
Ol)" Comd oI ral?o‘ dudl} u»9§x,a Voo 9 B+ ¢ L;w)J umu
ohber 5 x5 Giagh pelel p JpwS9)See 4 (Sghas
313 b S 9o oS go00ay M yees (Zandi et al., 2014)
Zandi et al.,, ) &b wyp Gialey g bolswe V @ ¥ cos @
(2014

Sloj ol 3 Gl > ged laley By ) Sl
o yize 3l Sy 3l oolasiwl b diges 51 gid Lo V lade pixe
9 Lmb)]%.) b ws Bls o) D)Lo,.f: l) uo.:]ﬁ ey )l 9 Ml.)); LS'CW
Coles 08 L baee Sl adls lolyy JowS5)See )
39290 Poodd Glipe s pSoilul sl (Sl LB 5l o )l wiges
Fogl YOV ool g (tdblyi=Sye ghwcid b9y 5l o) »
Rodriguez, Wilderjans, Sosa, & Bernik, ) s oalits!
(2013

GSoilul Hb dw Lged ja (gl b plodl (IS Malvern
J(Ansarifar et al., 2017) 15 pbx!

a3 031l

Ogemdgal diges 0B (5,S0lul (o] Fritsch Analysette 22)
S 5l oy 0w bwgs Jgud BB ()95 dlouasl ed9d5xe
Ol 59y 3 @3 oIl @jg ol Jitie )3 )95 sous dlaioeo &
25 Ome el ajla g ey Ao e e GRSy
J[(Ansarifar et al., 2017)

9 (2 IS @ 9Sn g S0 5l 3 3 g

(eSSl AXTFOrd,S-360)  aivgy (S95Sdl LgSusg ySuo sy
3 oslizal b aiges 05 odnlin iy by JgusSsySo Lblo
S aY S by g odlua osned]l 435 9y 00 e
5 M cov SBU 5 e bdiges i ol Mo uis
O g 4y (Slools V) Y 5Wg b bl (slagyg pSUl i )S
c&‘a»: )‘ L_;\.AS)J @9)*&” élz.w d.>9} Ls ) W oJ.:.:l) D.A.wwl)
ol Cowd & olay

F ROl )98 JE oaes b (3 9051

5 oyled o edlatubyge clSy ik (sleeg,S
s JEl (o b ogeil b bgl o slpiSee
Slagseedgal g 5 oSk ¥ 3 b3 (FTIR)) 5o 8050k
9 b 03,88 ey Sy SBo ) oS (e Vov G oABSUES
w8 Jas 08 ople (m b ol b bl il
ojlil ¥eee=¥eo cm? s3gae ,> (Shimadzu 6650, Japan)
(Noshad et al., 2015) i (5,8

sy 52y plesdl
9 M9 291 eed ke (6 pSoilul L ¢ Slig oy plensl,
5 doleo ) Al Bl Cysadgel 5 5] ady) e
P > Pged el (p)3) gl (gandgel > (Pgedd) XYoo
SWg 2y olesil=((p,5) (V) sl
N S oS 5ySe 53 39250 iged (635 ojlul sl
b omlejl dlgh S5 4 o3sgn ol il Yo L1y a2
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Fig. 1- Effect of soy protein isolate concentration on A: particle size and B: zeta potential of initial emulsion
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Fig. 3- SEM images of multilayered microcapsules; A: two layers and B: six layers
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six-layer microcapsules
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Fig. 5- Limonene release profile from microcapsules A: two layers and B: six layers as a function of release time under the
influence of different shear stresses
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Table 1- Parameters obtained from fitting different models on experimental results of multilayer microcapsules

Zero-order First order Korsemeyer —Peppas Higuchi
Layers of microcapsule —=p vinae K R2 K R 1 K R K R

0 0.391 0.92 0.0345 0.97 0.220 0.687 0.96 0491 0.92

L2 50 0.437 0.87 0.0413 096 0.268 0.702 0.92 0.628 0.83

100 0.461 0.86 0.0457 095 0.313 0.863 091 0.712 0.88

0 0.214 0.75 0.0192 092 0.324 0456 092 0.243 0.89

L6 50 0.253 0.79 0.0253 0.98 0.359 0.523 0.91 0.312 0.77

100 0.286 0.81 0.0302 0.97 0.363 0.571 0.93 0.421 0.86
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Table 2- Diffusion coefficient for the release of limonene from multilayered microcapsules at different shear rates
Shear rate (S Two layers Six layers

(L2) (Le)
0 4.125%10°° 8.465%10°10
Diffusion coefficient (cm?/s) 50 8.995x10"° 4.362x10°°
100 2.114x10%  6.682x10°
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Introduction

Curcumin, as a natural polyphenolic nutraceutical has been shown many health-promoting effects, mainly associated
with its chemical structure. In various studies, different properties of this compound, including anti-tumor and anti-cancer
activity, reduction of blood and liver cholesterol levels, increase of immune function, prevention of cardiovascular
diseases, prevention of damage to biological membranes against peroxidation and anti-inflammatory properties have been
reported. Despite possessing a potential health benefits to humans, the susceptibility of this polyphenol towards
environmental conditions and low chemical stability has restricted the direct usage of curcumin into aqueous-based food
formulations. The encapsulation of curcumin in liposomes is a potentially effective way to protect them from degradation
during passing the digestive system.

Materials and Methods

Curcumin (powder, purity greater than 99%, 368.38 g/mol), lecithin, cholesterol (C3045-25G), pancreacin (extracted
from porcine pancreas, P7545-25G), bile salts (B8756-10G) and calcium chloride (CaCl;) was obtained from Sigma
Aldrich (USA). Consumable ethanol was purchased from Pars Ethanol Company (96%, Iran). Lipase enzyme (extracted
from pig pancreas, L8070) and pepsin (activity 3500-3000 NFU/g, P8390) were obtained from Solarabio (China).
Potassium chloride, dipotassium hydrogen phosphate (K2HPO4) and alpha-amylase enzyme with a purity of at least 99%
were obtained from Merck, Germany, sodium chloride (NaCl), sodium bicarbonate (NaHCO3) and calcium chloride were
obtained from Sigma. The effect of lecithin content (0.02- 0.08 g), lecithin cholesterol ratio (0.5- 4), curcumin level (1.5-
6mg) and ultrasound treatment time (1-5 minutes) on production of liposomes containing curcumin was evaluated. The
particle size, particle size distribution, zeta potential and efficiency were determined by response surface methodology.
Furthermore, physical nature, molecular structure, physical stability at 4°C and 25°C and release behavior of curcumin
loaded-liposome in mouth, stomach and intestines were explored.

Results and Discussion

The results showed that all independent variables had a significant effect on liposome particle size and increasing the
ratio of lecithin: cholesterol caused more uniform particle size. Lecithin was determined to be the only component
affecting the zeta potential of liposome particles, and increasing the ultrasound time increased the efficiency of curcumin
encapsulation in liposomes. The optimal point of liposome preparation conditions in the amount of 0.08 g lecithin, 4: 1
the ratio of lecithin: cholesterol, 4.16 mg curcumin and 5 minutes the ultrasound treatment was introduced by Design
Expert software. In addition, curcumin was amorphous in optimal liposome spherical particles. Furthermore, the results
of TEM showed that the liposomes are in the form of single-layer particles, spherical and without membrane rupture. This
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makes the bilayered nature of the vesicles clearly visible in this micrograph. The size of the particles obtained from this
method was consistent with the data obtained from the dynamic light scattering method. From the results of infrared
spectroscopy, it can be seen that curcumin is trapped in the liposome through hydrogen bonding in the double-layered
vesicle of the liposome, the phenolic ring of curcumin with the phospholipid head group, as well as the hydrophobic
interactions of the aromatic rings with the acyl phospholipid chains. Liposomes were more stable at refrigeration
temperature. A very small amount of curcumin was released in the simulated oral phase, which is probably due to the
short time and lack of specific enzymes to disrupt the phospholipid bilayers of the liposome. Although the pepsin enzyme
is unable to penetrate the liposome membrane, acidic conditions change the angle of the head and tail groups of the lipids
and lead to a change in the surface charge of the liposomes. The release of curcumin from liposome vesicles was greatly
increased in the intestine. This sudden increase is due to the presence of bile salts as an emulsifying agent that can disrupt
the phospholipid membrane and make the membrane more fluid. In addition, pancreatic lipase is adsorbed on the surface
of lipids and then hydrolyzes the phospholipid into 2-acyl and 1-acyl lysophospholipids and free fatty acids. The release
behavior of curcumin under gastrointestinal conditions was based on the Fick mechanism.

Keywords: Curcumin, Liposome, Optimization, Release behavior
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Table 1- The results of the central composite design for the independent and dependent variables of the liposome

preparation process

Row Lecithin Lecithin: Cholesterol Curcumin | Ultrasound Size Particle Zeta Efficiency
(A) (9) (B) (C) (mg) treatment | (Nnometer) size potential | (Percent)
o] Jg i cpinnd s 595 (D) (min) 031431 distribution (mV) ool
Sosd il &g | el
Sgeol 4 olyd G
1 0.05 2.25 3.75 3.00 25341 0.15 -12.51 66.78
2 0.02 0.50 6.00 5.00 251.88 0.23 -8.87 69.09
3 0.08 2.25 3.75 3.00 238.18 0.12 -15.72 71.01
4 0.08 4.00 6.00 5.00 215.03 0.13 -16.60 67.28
5 0.05 0.50 3.75 3.00 245.16 0.12 -12.56 69.70
6 0.02 0.50 1.50 5.00 249.52 0.25 -10.56 67.56
7 0.05 2.25 3.75 5.00 245.39 0.14 -12.17 71.61
8 0.02 4.00 1.50 5.00 245.11 0.21 -11.28 74.72
9 0.08 4.00 1.50 1.00 221.79 0.20 -19.50 64.34
10 0.05 2.25 1.50 3.00 262.13 0.24 -11.47 68.34
11 0.02 4.00 6.00 1.00 271.88 0.14 -9.51 73.01
12 0.05 2.25 3.75 3.00 245.54 0.13 -11.75 66.65
13 0.05 2.25 3.75 1.00 259.20 0.12 -12.59 68.59
14 0.05 2.25 3.75 3.00 254.26 0.12 -13.91 70.36
15 0.05 4.00 3.75 3.00 235.36 0.10 -13.57 71.34
16 0.08 0.50 1.50 5.00 225.66 0.27 -14.16 70.86
17 0.02 4.00 1.50 1.00 264.07 0.20 -10.02 70.98
18 0.08 0.50 6.00 1.00 242.40 0.16 -18.16 69.31
19 0.02 2.25 3.75 3.00 279.25 0.10 -8.19 70.43
20 0.05 2.25 6.00 3.00 276.34 0.15 -12.36 70.11
21 0.05 2.25 3.75 3.00 271.06 0.14 -13.76 67.72
22 0.05 2.25 3.75 3.00 250.20 0.09 -10.27 70.65
23 0.05 2.25 3.75 3.00 257.10 0.10 -12.21 69.96
24 0.08 0.50 1.50 1.00 234.01 0.23 -15.21 65.99
25 0.08 0.50 6.00 5.00 231.76 0.18 -17.45 73.28
26 0.02 0.50 1.50 1.00 250.49 0.23 -8.31 59.47
27 0.08 4.00 1.50 5.00 210.00 0.23 -15.91 69.10
28 0.02 4.00 6.00 5.00 248.85 0.15 -11.56 76.82
29 0.08 4.00 6.00 1.00 225.30 0.13 -19.81 63.23
30 0.02 0.50 6.00 1.00 286.32 0.17 -11.12 60.12
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Table 2- The results of the variance analysis of the fitted models on the response data
Response Source Sum of squares Degrees of Average of F Probability of F
&b & Olz o Eg000 fregdom squares JloislF
Il e Sl (ke
Particle size Average 1.85E+00 1 1.85E+00
oy ojlal oSbe
Linear 6854.58 4 1713.64 13.12 <0.0001
s
2FI 469.39 78.23 0.53 0.7777
Quadratic 2110.03 527.51 11.52 0.0002
Yoasy
Yy 224.12 28.01 0.42 0.8741
Residual 462.96 66.14
sladly
Total 1.85E+00 30 61951.36
&9ore
Particle size Average 0.80 1 0.80
distribution oSobe
alyd o3lul x 505
Linear 0.031 4 7.63E-003 381 0.0149
s
2FI 1.76E-003 2.93E-004 0.12 0.9934
Quadratic 0.043 0.011 33.75 <0.0001
Yas
Y as 1.75E-003 2.18E-004 0.50 0.8267
Residual 3.09E-003 4.40E-004
osile By
Total 0.89 30 0.03
E9ore
Zeta potential Average 5097.86 1 5097.86
b5 Jyesliy ole
Linear 234.68 4 58.67 30.19 <0.0001
b
2FI 15.48 2.58 1.48 0.2375
Quadratic 13.07 3.27 2.45 0.0916
Y 4>,
Y4y 8.52 1.07 0.65 0.7224
Residual 1151 1.64
ool
Total 5381.11 30 179.37
g9ore
Efficiency Average 1.43E+00 1.43E+00
QLoAJl) u,_i;L,o
Linear 159.83 4 39.36 3.95 0.0128
b
2FI1 199.88 3331 11.94 <0.0001
Quadratic 8.15 2.04 0.68 0.6159
Yas,0
Yoy 17.52 291 0.56 0.7828
Residual 27.36 391
ooy
Total 1.43E+00 30 4767.45
Egone
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Table 3- The results of the statistical analysis of the selected models for each of the response data

Response R? adj (Adjusted R? (Coefficient of Coefficient of Standard Average
&b R-squared) Determination) variation deviation ol
AR el g O g O gt g oo Sure Bl
XYW
Particle size 0.82 0.85 3.16 7.85 248.22
s o))l
Particle size 0.88 0.90 10.84 0.02 0.16
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Table 4- Results of analysis of variance and regression coefficients of the selected model for response variables

Source Sum of squares Degrees of Average of F Probability of F
& Olzy o Ego00 freedom squares JloislF
&3l a2y Olasyo ik
Particle size
il o3l
Model 8640.63 5 1728.13 28.02 <0.0001
Jse
A 5108.58 1 5108.58 82.82 <0.0001
B 353.87 1 358.87 5.74 0.0248
C 420.31 1 420.31 6.81 0.0153
D 971.82 1 971.82 15.75 0.0006
B2 1786.05 1 1786.05 28.95 <0.0001
Residual 1480.45 24 61.69
sladly
Lack of fit 1102.92 19 58.05 0.77 0.6949
e B3l e aidlge
Total 10121.07 29
Eyoe
Particle size
distribution
Wlyd o3l 2395
Model 0.07 4 0.02 57.64 <0.0001
Jse
B 7.12E-003 1 7.12E-003 22.58 <0.0001
C 0.02 1 0.02 67.52 <0.0001
D 2.09E-003 1 2.09E-003 6.63 0.0163
C2 0.04 1 0.04 133.84 <0.0001
Residual 7.88E-003 25 3.15E-004
asile By
Lack of fit 4.90E-003 20 2.45E-004 0.41 09292
B
Total 0.08 29
Eyoxe
Zeta potential
U5 Jemdly
Model 221.20 1
Jse
A 221.20 1 221.20 99.81 <0.0001
Residual 62.05 28 221.20 99.81 <0.0001
asilely
Lack of fit 52.92 23 2.22
L
Total 283.25 29 2.30 1.26 0.4352
Eyoxe
Efficiency
olessly
Model 340.79 4 85.20 29.61 <0.0001
Jse
A 3.38 1 3.38 1.17 0.2888
B 35.96 1 35.96 12.49 0.0016
D 113.90 1 113.90 39.58 <0.0001
AB 187.55 1 187.55 65.17 <0.0001
Residual 71.94 25 2.88
ol
Lack of fit 54.95 20 2.75 0.81 0.6711
Joo il pis adlge
Total 412.74 29
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Fig. 1- The response surface diagram of the variable effect of lecithin, lecithin: cholesterol ratio, curcumin amount and
ultrasound time on the size of liposomal particles.
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Figure 2- Response surface graphs of variable effect of lecithin, lecithin: cholesterol ratio, curcumin amount and
ultrasound treatment on liposome particle size distribution
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Table 5- The minimum and maximum responses obtained based on the optimization response level plan

Response Minimum value Predicted value Maximum value
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Fig. 6- Infrared spectroscopy of optimized liposome containing curcumin and pure curcumin

4000

3000

N
o
o
o

H
o
o
o

Intensity (A.U)

0 20 40 60 80
2 Theta

QAL (095555 9 (oS 595 (S9l> Nkt 09 59m) uS] Al yil gy (oI -V S

Fig. 7- X-ray diffraction pattern of optimal liposome containing curcumin and pure curcumin
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Table 6- The parameters obtained by fitting different models on the experimental results for the release of curcumin from

liposome in the conditions of simulating the digestive system
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Introduction

The addition of chemical preservatives increases the shelf life of food products, but prolonged and indiscriminate
use of chemical preservatives increases the resistance of microorganisms and the health risks associated with
theiruptake. Medicinal plants have a wide variety in the world as well as in Iran. In recent years, the use of natural
preservatives such as plant extracts and essential oils, due to their importance and role in controlling the growth of
pathogenic microorganisms, has been proposed as an alternative to chemical preservatives. Black pepper is an aromatic
medicinal plant. The specific properties of black pepper essential oil, such as its antimicrobial and antioxidant activity,
have also been confirmed. Amphotericin B is one of the effective antibiotics for treating infections caused by
pathogenic fungi. The mechanism of action of amphotericin B is to destroy fungal cells in such a way that by binding to
ergosterol in the cell membrane of fungi, it creates pores and eventually destroys them. One of the most important and
common antibiotics used in the treatment of infections caused by pathogenic bacteria is chloramphenicol. This
antibiotic is effective against gram-positive and gram-negative bacteria due to its broad spectrum. The aim of this study
was to identify bioactive functional groups, antioxidant potential, phenol and total flavonoid compounds and to evaluate
the antimicrobial activity of black pepper extract against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus coagulans and Aspergillus niger.
Materials and Methods

In this study, the antimicrobial effect of black pepper aqueous extract was investigated against Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus coagulans and Aspergillus niger by disc diffusion agar,
well diffusion agar, minimum inhibitory concentration, and minimum bactericidal concentration methods. Total phenol
and flavonoid contents of the species were determined by Folin-Ciocalteu and AICI; assays, respectively. Three
biochemical assays, namely 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2-azinobis 3-ethyl-benzothiazoline-6-sulfonic
acid (ABTS) free radical scavenging and g- caroten/linoleic acid activity systems, were used to evaluate antioxidant
activity. Identification of functional groups as well as the structure of organic compounds in black pepper extract was
also performed by Fourier transform infrared spectroscopy (FTIR). To evaluate the synergistic effect of black pepper
extract in combination with amphotericin B and chloramphenicol antibiotics, Sub-MIC was used.
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Results and Discussion

The peaks observed in aqueous black pepper extract confirmed the presence of O-H (3000-3500 cmt), C-H (2800-
3000 cmY), C=0 (1613.62-1633.52 cm™) and C-O (100.57-1038.82 cm™) functional groups of bioactive compounds.
The total phenol and flavonoids content of the extract were 45.12 mg GAE/g extract and its flavonoid content was 29.66
mg QUE/g extract which had an important role in its antioxidant activity. The aqueous black pepper extract had
remarkable DPPH free radical scavenging activity (ICs0=32.37 pg/ml), ABTS free radical scavenging activity
(IC50=28.45 pg/ml) and beta-carotene bleaching inhibitory effect (46.45%), revealing the electron/hydrogen donating
ability of the essential oil. The results of measuring the antimicrobial activity of extract by disk diffusion and agar well
showed that black pepper extract showed more antimicrobial effect on gram-positive bacteria Staphylococcus aureus
and Bacillus coagulans than gram-negative bacteria Escherichia coli and Pseudomonas aeruginosa. This could be due
to the difference in their cell wall structure. Aspergillus niger is the most sensitive species to aqueous black pepper
extract. The minimum inhibitory concentrations of extract for Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus coagulans and Aspergillus niger were equal to 32, 16, 4, 8 and 4 mg/ml, respectively.
The minimum bactericidal concentration of black pepper extract for two bacterial species, Escherichia coli and
Pseudomonas aeruginosa was more than 512 mg/ml. Also, the minimum bactericidal concentration for Staphylococcus
aureus and Bacillus coagulans was 128 and 256 mg/ml, respectively, and 128 mg/ml for Aspergillus niger. The results
of interaction of black pepper extract with chloramphenicol antibiotic showed that the Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus were synergistic, but antagonism was observed for the gram-positive Bacillus
coagulans.

Keywords: Antioxidant activity, Antimicrobial activity, Black pepper, Fourier transform infrared spectroscopy,
Extract
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Fig. 1- FTIR spectrum of black pepper aqueous extract

Table 1- Total phenol and flavonoid content and antioxidant activity of black pepper extract
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Table 2- Mean inhibition zone (mm) of black pepper extract on pathogenic microorganisms (disk diffusion agar)
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Microorganism Concentration (mg/ml)
10 30 50 70
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Aspergillus niger
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Values are expressed as mean tstandard deviations, n =3.
Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 3- Mean inhibition zone (mm) of black pepper extract on pathogenic bacteria (well diffusion agar)
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Values are expressed as mean tstandard deviations, n =3.
Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 4- Minimum inhibitory concentration and minimum bactericidal concentration of black pepper extract on pathogenic

microorganisms
ot 1;,1,;?4 MIC (mg/ml) MBC/MFC (mg/ml)
Microorganism
A bl 32 >512
E. coli
L‘%)))j/u“ [’.)“i"ﬁ“’ 16 >512
Pseudomonas aeruginosa
w&f/ﬂ/w}’/ﬁ’/;‘[‘-"“/ 4 128
Staphylococcus aureus
Y55 oghets 8 256
Bacillus Coagulans

Aspergillus niger

MIC= Minimum inhibitory concentration
MBC= Minimum bactericidal concentration
MFC= Minimum fungicidal concentration
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Table 5- Antimicrobial effect of chloramphenicol and amphotericin B and their interaction with black pepper extract on
pathogenic microorganisms
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Antimicrobial agent
il 19 S0
Microorganism ol 5 B cyman o] Ca;lt.ac + l_: R --,1),:5 a):ac :l B ‘:_: . “,);9.64!
. - S oramphenicol + mphotericin B +
Chloramphenicol Amphotericin B Extract Extract
oA el 14 + 0.442 - 17.80 + 0.722 -
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Introduction

Chitosan, as a bio-polymer, has many applications in agriculture. Coating fruits and vegetables with chitosan plays a
positive role in increasing their shelf-life, since the chitosan coating reduce growth of fungi and preserves the quality of
the fruits longer.

Materials and Methods

This study was conducted to evaluate the effect of chitosan treatments (0, 0.25, 0.5 and 1%) and storage time (0, 20,
40 and 60 days) on maintaining quantitative and qualitative parameters and shelf life of grape fruit of Fakhri cultivar.
The experiments were factorial based on a completely randomized design with three replications. The fruits were stored
for 2 months. Some characteristics of fruits including percentage of weight loss, percentage of berries abscission,
percentage of decay of berries, browning of berries and biochemical characteristics including titratable acidity, ascorbic
acid content, total phenol, enzymes activity including peroxidase (POD), phenylalanine ammonia-lyase (PAL) and
polyphenol oxidase (PPO) were measured in order to investigate the best treatment.

Results and Discussion

The results showed that the traits under study were affected by different concentrations of chitosan, with the lowest
percentage of weight loss associated with the concentration of 0.5% chitosan. Chitosan, by forming a semi-permeable
membrane, regulates gases,and reduces the transfer of water from fruit tissues. The lowest amount of browning of
berries was observed in the concentration of 0.5% chitosan. Chitosan is partly prevented from increasing the activity of
brown-peroxidase in chitosan-treated fruits. There was no significant difference in concentration of 0.5% chitosan with
1% concentration. The lowest percentage of contamination and percentage of berries abscission was observed in 1%
chitosan concentration. It seems that these treatments prevent the effects of ethylene levels and the formation of a swab
layer at the site of fruit attachment to the cluster. The slightest increase in the titratable acidity and the lowest decrease
of ascorbic acid was observed in the concentration of 1% chitosan. Higher levels of ascorbic acid in fruits that are
coated with chitosan may be due to decreased oxygen levels and respiration inhibition. The highest total phenol was
related to the control treatment, which may be due to the loss of chlorophyll and the onset of synthesis of phenolic
compounds. The highest level of activity of PAL enzyme was observed in the concentration of 0.5% chitosan and the
control. This enzyme is stimulated by various live and non-living stresses. In general, the highest activity of peroxidase
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enzyme was observed in the concentration of 0.5% chitosan and the highest activity of polyphenol oxidase in 1%
concentration of chitosan.

Conclusion
It seems that the concentration of 1% chitosan can improve the quality of fruits for a longer time while increasing

the shelf life of fruit.

Keywords: Contamination percentage, Peroxidase enzyme, Polyphenol oxidase enzyme, phenylalanine ammonia-
lyase (PAL), Storage life
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Fig. 1- Effect of different concentrations of chitosan and storage time on the percentage of weight loss
(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test

(P<0.05) and the standard error of the Mean (+SE)).
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Fig. 2- Effect of different concentrations of chitosan and storage time on the percentage of berry contamination (A) and the
percentage of berry falling (B)

(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test
(P<0.05) and the standard error of the Mean (+SE)).
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Fig. 3- Effect of different concentrations of chitosan and storage time on the browning of berries
(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test
(P<0.05) and the standard error of the Mean (+SE)).
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Fig. 4- Effect of different concentrations of chitosan and storage time on ascorbic acid (A) and titratable acidity (B)

(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test
(P<0.05) and the standard error of the Mean (+SE)).
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Fig. 5- Effect of different concentrations of chitosan and storage time on the amount of total phenol

(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test
(P<0.05) and the standard error of the Mean (+SE)).
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enzyme (dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the
LSD test (P<0.05) and the standard error of the Mean (+SE)).
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Figure 7- Effect of different concentrations of chitosan and storage time on the activity of peroxidase (A) and polyphenol
oxidase (B)
(Dissimilar letters and bars on each column (Error Bars), respectively, indicate a significant difference based on the LSD test
(P<0.05) and the standard error of the Mean (+SE)).
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Introduction

The most important component of wheat proteins is gluten, and the most prominent bonds in gluten are disulfide
bonds, which bind glutenin subunits. Therefore, oxidizing and reducing agents with great effects on the thiol-disulfide
system of the dough can change the mechanical and rheological properties of the dough. Due to the positive effects of
ascorbic acid on the properties of the dough, it is used as a flour improver. To weaken the structure of the dough,
reducing agents such as cysteine-L can be used, and by adding organic acids, increasing the specific volume and
decreasing the moisture, the pH and hardness are observed in comparison with the control. This study is performed to
evaluate the effect of adding reducing compounds, vitamin C and organic acids during the conditioning of wheat and
their effect on the yield of the resulting pulp.

Materials and Methods

First, Physical properties of wheat include: specific density, colorimetry, estimation of grain length, width and
thickness, grain hardness, hectoliters, 1000-grain weight, grain moisture, degree of extraction were measured for the
tested wheat. Moisture, pH, ash, particle size, fat, protein and zeal number tests were performed on wheat flour. From
elementary cleaned and weighed wheat, 13 samples of 240 g each were weighed separately and poured into plastic
bottles. One sample was conditioned with only 30 ml of distilled water and the other 12 samples were conditioned with
the following solutions, respectively:

1- Cysteine solution at three levels of 0.25, 0.5 and 0.75% by weight

2- Citric acid solution in three levels of 0.3, 0.4 and 0.5% by weight

3. Vitamin C solution in three levels of 100, 150 and 200 ppm

4- solution of 80 ppm vitamin C and 0.1% cysteine, solution of 100 ppm vitamin C and 0.2% cysteine, solution of
120 ppm vitamin C and 0.3% cysteine

After 24 hours, the conditioned wheat samples were milled by a laboratory waltz mill, and then subsequent tests
including gluten, sulfhydryl-disulfide, glutathione, and solvent retention capacity (SRC) were performed on the
samples.

Statistical analysis was performed using SAS statistical software in a randomized complete block design. Each
measurement was performed in at least three replications and the means were compared at 95% confidence level with
the least significant difference in LSD.

Results and Discussion

The results of physical tests on wheat grain and chemical tests on flour obtained by milling the wheat samples
without adding additives during conditioning are presented in tables. The results of gluten, glutathione, sulfhydryl-
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disulfide and solvent storage capacity tests on samples of conditioned wheat flours are also presented. Based on the
results of gluten and glutathione test, it was shown that ascorbic acid is oxidizing and strengthening the dough, but
cysteine is reducing and weakening the dough. Simultaneous addition of cysteine and ascorbic acid strengthened the
dough, adding citric acid to certain level strengthened the dough as exhibited in the gluten test. However, byond that
level, weakened the dough, but in the glutathione test it was almost ineffective. The results of sulfhydryl-disulfide test
showed that increasing the amount of vitamin C at three levels of 100, 150 and 200 ppm increases the number of
disulfide bonds, although this increase was not in linear trend, which can be due to the limited number of groups of
sulfhydryl with a suitable spatial arrangement for oxidation. Accordingly, the number of sulfhydryl groups is
significantly reduced, although it does not reach zero. With the addition of reducing cysteine, the opposite trend was the
case, as the number of thiol groups increased, the number of disulfide bonds and bridges decreased. The addition of
organic acid had no significant effect on both parameters and showed that the performance of these two variables is
independent. By adding both reducing and oxidizing compounds, it was found that the oxidizing effect of vitamin C is
far greater than the reducing effect of cysteine. Regarding the solvent retention capacity test performed with 4 solvents
of deionized water, 50% sucrose, 5% sodium carbonate and 5% lactic acid, the expected results are that the addition of
cysteine has a reducing and weakening effect on the dough, adding vitamin C and cysteine + vitamin C strengthens the
dough and the addition of citric acid initially strengthens the dough, but by increasing its level weakens the dough, but
this effect is small and can beneglected . The results obtained by comparing the samples conditioned with cysteing,
vitamin C, citric acid and cysteine + vitamin C, with the sample conditioned with distilled water in some additive levels
matched the expected results, but in some cases did not.

Keywords: Additives, Citric acid, G, Oxidizing, Reducer
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1- The least significant difference
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Table 1- Physical characteristics of seeds
) ) 192 ) basiw! as 43
o903 oy JE> (Hardness "'*‘95& 09 I3 51 09 (Moisture) J ] -
- : Index)  (Hectoliter weight)  (TKW) (Degree of extraction)
(Test) (Specific density) naex . .
; (kg) (9r) () (%)
(gr/mm')
e 1.2025 1811 79.5 35 8.08 73
(M)
e Sl 0.13 0.42 3.89 3.6 0.14 3.6
(Sd)
dlal g S5y —aild (K58 s S9-Y Jgu>
Table 2- Physical characteristics of seeds- Color and dimensions
(mm) als sl G K,
a0 S pd (Seed dimensions) (Seed color)
(Sphericity ol R
(Test) factor) Ceo oo b . e L
(M) (W) (L)
S 2.47 31 6.38 10.81 25.03 53.8
Lfl\i)n) 0.57
e 0.35 0.43 0.51 0.36 0.2 0.83
JLWS 0.02
(Sd)
PNS 3,1 (oloosuds 9 (S 58 S Shg T g
Table 3- Physical and chemical characteristics of wheat flour
093! (M) 5 230 (D) owan (1) o () use 0 (7) cosb,
(Test) (Zeleny sedimentation) (Pro) (Fat) (Ash) (Moisture)
0k 21.93 13.1 0.56 11 616 89
(M)
Siro 3l
(Sd) 0.71 0.3 0.01 0.14 0.06 0.24
153 83105 - 3,1 (S 528 SS9 -F Jg
Table 4- Physical characteristics of wheat flour- particle size
o905 (5190 )0 13 4 1,3 o101
(Test) (Particles Size in percent(Maximum))
095w 106 Ul paj (49,50 106 S g9y (9,50 125 I (g, 09550 180 SJI (59, 095540 425 SJN (5,
(Under the 106 micron  (On a 106 micron (On a 125 micron sieve) (On a 180 micron (On a 425 micron
sieve) sieve) sieve) sieve)
oSSk _ -
(M) 75 sl 20 zShes 5 Sl
(Maximum 75) (Maximum 20) (Maximum 5)
Hme Bl — —
(Sd) 3.6 1.73 2.64

do Y gxe Lials cpl bl cél ials sald L oawlie j
bug gy S 3Sle p il sl (P50.05)
oms 35 gy FolS ool | oy 4 sl ygsligls
o)y sl sald dges b (gl pxe Colds badigel dad ol
O3 Sl g CLale 131 ogge S ol End

5 03bsS ulpnn ol oxiS Lol il 4

O)Ser 5 )5 bwg Voo PPM 5 VO D+ zolaw ;> g
b g easS el Jelge @il 3l eolasl (Kaur et al., 2013)
RAJ- g PBW-343 £u5 )] (¢l 5ol5 ials oy g 5el8
Gsbye 3515 il waSlal Jelse 03958 b A3 (suees 3765
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Table 5- The gluten content of wheat flour

PEVENFY S iyl o3l 5 e

(Type of wheat fiour) (Gluten index (%))  (Wet gluten(%))
(Conditf:;;cvl;t;ﬁi;?ﬂ; water) 234021 27.2 +0.3 abcd
(cin‘éﬁﬁﬁig Svﬁﬁr\?itbéﬁozsgm) 25.8+0.727 30.3+0.652
(ciéﬁfﬁefxnﬁpv%ﬁé’ ;g;) 22.9+0.36 " 286+1.12%
(ccén‘aﬁﬁﬁg Svﬁﬁr\?itbé?ojgsgm) 21.2£0.62%"  27.5:0.87%
(Sgélﬂ.igem gys?/gg);:) 20.9 +1.34¢" 25.8 +0.62 b
(é;ﬁd?{iim; C;‘; ;’5";2 ) 18.2+0.87 9" 25.1+0.65
(;)r:d?t;iem l;y:)/l;?;;) 14.2£1.04" 245 +0.62 ¢
(ch;:;ibt%r?ej w);:r: ::T:rlli ;ﬁ?dbéﬁ/o ) 48.1+05% 29.3+0.88
(C;Sigéief\}vm Z?r'.i ;ﬁdbéﬁ@ 444055  28.80.52°%"
(c::gigéiej\}vﬁ ZZ}'.E ;:db(;;;‘"%) 40.2+1.04¢ 28.1 +0.45 @cd
C(g:rfasitSignezper:té ;;Jo(jllvm(:l) g:pjgﬁ;;‘ 49.70.43° 24.5+0.55 ¢
C(g:r:itt?rig SVriT:hj xogi,m ‘iog“’p:;;')‘“ 43406 25.8 +0.43
C 1polig 120 pPM 5 00,3 0.3 s b o by putio 35 5 41.08°¢ 17 6 50,65

(Conditioned with cys 0/3 %+ vit C 120 ppm)

D)3 I ime BT 5y cdY> Syiiie puf By 5 ()10 Sixe pis il S yidie By >
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.
Al o hme Glpul Sl slacl
#The number are mean * standard deviation.

90 cpl 3Sles oS ol i g cusly gel)l g0 g (o) bxe
g bl S5 9 s (2938l bl 03g o Sl e 9
lyos C el (SaiS S gl a8 05,5 jasde 0aiiSsus]
O S Sl oo sl ol 45 591 it (S8 Lol 130 ) it
5 85l Ot 2 palitns ysbay 395 10T (cloy il o 3L,
IS el oS conl sl SgpsSwlgyiad (o0 jals o L
&S Gl g U Cundg cpl Dod o palyd cadow 0 o)
@ oiehl 93 5o plojen (19381 Jlib suilsw 0 sy Sl

(Belitz et al., 1986) 395 o35 adgl 5,1 15l fy )l5e

S8 g (59— yasdd g
P dese 3 ddlsw 63 9 Jopdlgw ploxie I Job b
i p C poling Slade (il b olel cpl o sl ous &3l
.)9> ula> O )ged 4)5) L)Jl Ay W) 0.39)5] AA.OJW 8 Lglb.by)
Jopdadlaw (sboog,S dlawi Cudgiome oy Wlgi o oS Dl L 1,
@ a0 wwlS bysdlae laog)S ol I I sne S
I 558 s e 0aiS Ll Cptins 29380 b w5 youo
6> sl 5 sy S el b pRen & SlaieS 4 i
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Table 6- Amount of sulfhydryl and disulfide

P8 ol £y Sl g (63 e i uilgu (ol 0

(Type of wheat fiour) (Amount of disulfide( ™))  (Amount of sulfhydryl( "))
(Conditi)](:rf;;\llvl;triijsotsiﬂ:d water) 12.25+1.03° 0.54 £0.05
Comne it 0 100 13.44 0,87 ° 0.31£0.05 *
(cinm;;ij evifhpi?féfs?ﬁfm) 13.26 091 0.26 £0.07 f
(Cﬁnﬁ:ic? Svﬁmiféfoz’éfm) 1328+1.11% 0.150.02 '
(gg;;ﬁlir?em 5;:5/15?32) 8.74£0.61° 0.66 £0.04 °
(;;Dd?tlirmt: c;; (j)o/is);;)) 6.114047 ¢ 0.88 +0.08 "
(Sﬁﬁd?t.ﬁem iﬁﬁ’s’?};) 3.76£0.55° 1.38 £0.06 *
(ch;lod)ibt%r?ej o e it 030 ) 1212:+0.49° 0.59 +0.04
(C;Qit?oie?vﬁ e :;dbéjf%) 11.98£0.98" 0.49 £0.02 *
(cggéit?o:e?vﬁ e ;A;dbég%) 1267067 0.51+0.03
iﬁﬁftiifdpwitﬁtoy)sb;'ll «Jﬂf é ;B&p;z; 12.87£039 % 0.44 £0.04 *
iﬁfti?gdp&?h’c;’égim blo?)ij;i;; 13.41£0.76° 0.49 +0.03
C 1oy 120 PPM 5 0015 0.3 ttisas b 03 bg it 13.89 +0.47 0612002

(Conditioned with cys 0/3 %+ vit C 120 ppm)

D)3 I ime BB 5y cdY Syiiie puf By 5 (400 Gixe pis il S yidie By >
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.
bl e Hlre Glyoul £ Sle Slacls
#The number are mean + standard deviation.

Doyt dloye o 81 cplply il gy b 450 L)
ke B0 b ol (g3l Sl 5,8 118 eolatal 3)50 (38
Jds 4 58 SOy dul b odds bg piie diged 3y50 10 3,0 2959
Ay e O L osd byt diged b Loy (U i 45l
31 1 a5 ol (g9 0 &S5 oyl S anl 0390 Sl o AiSyd g
3 S g Slogge (Bl o)1 5 03)556 s JSity (lislS olS
b aalie > €ily o S 3,1 ol ol e als Y
0980505 (e 292y aB)S gees Ll 3] plan jload as ob
2135 51 U5 C g oinss 53938l Slgn o3l ol bty o
sals Sie (JolS 5, ans Syge 0 U dgd e el Ol
(Kaur et al., 2013) ,Kan 5,55 Dgud 0030 yaS U o>
1y sl 5 e S S Sizg p ealal e 30
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O (x Cawl Bl G181 VYE @ Jlade ol i
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Table 7- The amount of glutathione in wheat flour

5 3yl g9 0 Ul ol
(Type of wheat fiour) (Amount of glutathione)
e T b o g pie N
9+0.04°¢
(Conditioned with distilled water) 0.90.0
C oelzy 100 ppm L oas by o
.71+0.03 ¢
(Conditioned with vit C 100 ppm) 0 0.03
C oelzy 150 PpML oa by o
0.57 £0.04 @
(Conditioned with vit C 150 ppm)
C oelizy 200 PPM L oas b o
0.46 £0.07 @
(Conditioned with vit C 200 ppm)
2eoyd 0.25 st b ol bg puiie
1.02 +0.08 ¢
(Conditioned with cys 0/25 % )
M)boswiwba,\w]osw b
1.26 +0.07
(Conditioned with cys 0/5 %)
1.43+0.052
(Conditioned with cys 0/75 %)
20yd 0.3 S s ol b 00 g o 093+
.93+0.03 ¢
(Conditioned with citric acid 0/3 %)
duoyd 0.4 Sy dpal b 0 bg o 0.85+0.07 ©
(Conditioned with citric acid 0/4 %) DA
203 0.5 S s dpal b 0 g o 0.89 +0.04 ©
(Conditioned with citric acid 0/5 %) DR
C oyeoling 80 pPM 5 003 0.1 piancias b o by pudio 0.75 +0.05 b
(Conditioned with cys 0/1 %+ vit C 80 ppm) o
(Conditioned with cys 0/2 %+ vit C 100 ppm) DA

(Conditioned with cys 0/3 %+ vit C 120 ppm)

Dl b e MRy CdY Syilio pe By 5 ()00 re pis S S yidie By > #
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.

bl e Hlre Glyoul £ . Sle Slacls
%The number are mean + standard deviation.
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Table 8- The comparison results of the average percentage of solvent retention capacity in different solvents of water, sucrose
50%, sodium carbonate 5% and lactic acid 5% and different treatments of vitamin C, cysteine and citric acid

Jos spigs ol w505, 2235 OlayS mdw s 35 sl SSY
- (Distilled (Sucrose 50 %) (Sodium carbonate A
(Treatment) water) 59%) (Lactic acid 5%)
(slate < b) o0 by e +0.45
(Conditioned with distilled 52'79 114.29 +4.11 98.84 +2.70 108.13 +3.70
water) '
(100 ppm) C iyl +0.65 . . .
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Table 9- Variance analysis of the results of the percentage of solvent holding capacity in different solvents of water, sucrose
50%, sodium carbonate 5% and lactic acid 5% and different treatments of vitamin C, cysteine and citric acid

o b
(Mean of squares)

NN 0jmigd &

o> 505,50

2o )05 Ol yS s 2030 5 ! SSY

(Df) (Distilled water)  (Sucrose 50 % (Sodium ca)rbonate (Lactic acid 5%)
5%

kY 2 50.09+ 8.82+ 2.81= 1.57%
(Repetition)

Sloss 11 #» 37.24 ns 59.42 " 36.91 ns 44.45
(Treatment)

las- 22 4.30 4.06 8.45 10.49

(Error)
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*Significant at level of 5%
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Fig. 1- The percentage of solvent storage capacity in deionized water solvent and in different treatments of vitamin C,

cysteine and citric acid
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Fig. 2- The percentage of solvent storage capacity in sucrose 50% solvent and in different treatments of vitamin C, cysteine

and citric acid
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Common letters indicate lack of significance and non-common letters indicate meaningful differences. s
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Fig. 3- The percentage of solvent storage capacity in sodium carbonate 5% solvent and in different treatments of vitamin C,
cysteine and citric acid
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Fig. 4- The percentage of solvent storage capacity in lactic acid 5% solvent and in different treatments of vitamin C, cysteine
and citric acid
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Introduction

The demand for non-dairy and reduced-calorie products has increased substantially for several reasons. Almond
(Prunus dulcis) milk is highly appreciated by lactose-intolerant, hypertensive people and celiac patients whom are not
able to consume animal's milk. Thus, the development of various non-dairy products is essential. Desserts are the most
common and popular product containing high amount of fat and sucrose. The consumption of sucrose is restricted for
diabetic people due to its high glycemic index. Stevia as a low-calorie sweetener is one of the sucrose substitutes in
food products. Sucrose substitutes must mimic the techno-functional properties of sucrose. Generally, commercially
available sucrose substitutes do not possess all of the required characteristics. Therefore, using them in blend form with
sucrose is suggested. Moreover, sucrose replacement especially in desserts generates a negative effect due to low
firmness or higher syneresis. In this regard, hydrocolloids can be used to overcome those drawbacks. Therefore, the
current study was carried out to investigate and optimize the non-dairy dessert formulation based on almond milk
containing Tragacanth gum and stevia. For this purpose, the effect of Tragacanth gum and stevia as a sucrose replacer
on the physicochemical properties such as hardness, viscosity, color coordinates including lightness, redness-greenness
(a*), yellowness-blueness (b*), total soluble solids and syneresis was evaluated and optimized using Response Surface
Methodology (RSM).

Materials and Methods

All of the materials used for the manufacturing of non-dairy dessert including raw almond, stevia and Tragacanth
gum were purchased from a local market of Zanjan, Iran. For the production of non-dairy dessert, the almond milk
warmed up to 40 °C and then stevia as a sucrose substitutes and tragacanth gum powder as a stabilizer were added in the
ranges of 25-75% and 0.4-1% wi/w, respectively. Later, the temperature of the mixture increased to 72 °C and kept for
10 min and then, the temperature decreased to 42 °C to inoculate the starter culture (a mixture of Streptococcus
thermophilus and Lactobacillus bulgaricus, 2% w/w). The fermentation process was completed at 37 °C for 24 h.
Finally, the temperature of non-dairy dessert based on almond milk was decreased to 4°C and kept at the same
temperature until further analysis. The pH of the desserts was measured using a pH meter model AZ 86502 (AZ,
Taiwan). Total soluble of the desserts was determined using a refractometer (ATAGO, Japan). Firmness was
determined using a STM-5 texture analyzer (SANTAM Co., Iran) equipped with a 20 Kg load cell and 10 mm probe.
Viscosity was measured using a programmable Viscometer (R/S-CPS+, Brookfield, USA) equipped with a cone-plate
geometry at shear rate of 100 s™*. Instrumental color measurement was carried out by a handheld colorimeter (TES135-
A, Taiwan) considering L*, 2" and b* as color coordinates. Syneresis was measured by a centrifugation test. Fifteen
semi-trained panelists (7 male and 8 female) were selected to evaluate sensory properties of the control (only contains
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sucrose) and optimized formulation samples for texture, color, appearance, taste, flavor, total acceptance using a 5-point
Hedonic scale (1= dislike extremely and 5=like extremely). The RSM-central composite design was used to build up the
experimental design and identify the conditions that yield highest firmness, viscosity, L, and total soluble solids as well
as lowest a”, b™ and syneresis.

Results and Discussion

The results obtained revealed that the hardness, viscosity, a* and total soluble solids increased significantly
(p<0.05) while the lightness, b* and syneresis decreased significantly (p<0.05) with increasing the Tragacanth gum in
the formulation of non-dairy dessert based on almond milk. In addition, increasing the replacement of sucrose with
stevia significantly (p<0.05) reduced the hardness, viscosity, total soluble solids, and increasing lightness and syneresis.
However, increasing the percentage of sucrose replacement with stevia had no significant effect (p>0.05) on the
changes of a* and b*. Optimization of non-dairy dessert formulation based on almond milk was carried out using
numerical technique. The optimal formula was 1% Tragacanth gum and 45% replacement of sucrose with stevia. Under
these conditions, hardness 0.08 N, viscosity 1.20 Pa.s, lightness 82.77, redness-greenness 0.95, yellowness-blueness
5.60, total soluble solids 8.29 °Brix and syneresis 11.88% were obtained. The results of sensory evaluation showed that
addition of Tragacanth gum and replacing stevia at the optimal levels improved the total acceptance score compared to
the control sample.

It can be concluded that in addition to the reliability of the RSM to select the optimal formulation conditions,
Tragacanth gum and stevia can be used to produce a new, reduced-calorie and customer-friendly non-dairy dessert
based on almond milk.

Keywords: Color, Response surface methodology, Sensorial properties, Syneresis, Viscosity
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Table 1- Central composite experimental design matrix and experimental values

Independent variables Responses
JEe (5l e bawl
Run Gum concentration  Stevia Firmness Viscosity Brix Syneresis
(%) (%) (N) (Pas) L" a* b* (°B) (%)
&ovo ks b gins! s & joSmnsy e R
1 0.28 50.00 0.021 0.161 84.5 -0.630 6.870 6.5 25.26
2 0.28 50.00 0.020 0.163 84.7 -0.636 6.840 6.40 25.29
3 0.40 25.00 0.032 0.269 87.66 -0.333 6.230 7.30 18.12
4 0.40 75.00 0.024 0.220 88.38 -0.298 5.938 6.70 21.10
5 0.40 25.00 0.031 0.268 87.68 -0.336 6.200 7.31 18.15
6 0.40 75.00 0.024 0.221 88.35 -0.290 5.940 6.72 21.00
7 0.70 50.00 0.050 0.730 85.58 0.230 6.181 7.30 17.60
8 0.70 50.00 0.050 0.730 85.59 0.240 6.180 7.60 17.55
9 0.70 14.64 0.071 0.850 85.64 0.110 6.800 8.00 15.42
10 0.70 85.36 0.041 0.680 87.89 0.350 6.300 7.01 18.66
11 0.70 14.64 0.069 0.860 85.65 0.110 6.820 8.00 15.39
12 0.70 50.00 0.052 0.729 85.55 0.210 6.180 7.30 17.58
13 0.70 50.00 0.050 0.730 85.56 0.230 6.181 7.50 17.61
14 0.70 85.36 0.040 0.682 87.87 0.330 6.320 7.00 18.69
15 0.70 50.00 0.051 0.731 85.56 0.220 6.179 7.30 17.59
16 1.00 75.00 0.065 1.060 86.19 0.535 5.410 7.60 13.55
17 1.00 25.00 0.083 1.269 80.87 0.790 5.332 7.90 12.26
18 1.00 75.00 0.064 1.050 86.21 0.530 5.430 7.70 13.57
19 1.00 25.00 0.082 1.268 80.88 0.78 5.331 7.89 12.28
20 1.12 50.00 0.100 1.400 82.27 1.825 5.214 9.50 8.00
21 1.12 50.00 0.101 1.402 82.25 1.826 5.216 9.40 8.12
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Fig. 1- (a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia
substitution (B; %) on Firmness (N)
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Fig. 2-(a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia substitution
(B; %) on viscosity (Pa.s)
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Fig. 7-(a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia substitution
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Table 2- Analysis of variance (ANOVA) of the regression models for studied responses

Source Sum of squares Df ngji?gs F-value p-value
&o Slu o g9 $3ljl e Olag po b F sl P o9i)
Firmness
(e
Model
o 0.012 2 5.79x10°3 185.66 <0.0001
A-Gum conc.
o il — il 0.010 1 0.010 335.26 <0.0001
B-Stevia
bz 1.12x103 1 1.12x103 36.07 <0.0001
2wl T
Residual 4 5
oslasdl 5.62x10 18 3.12x10
Lack-of-Fit
- 5.53x10 6 9.23x10° 133.28 <0.0001
Uiy pis
Pure Error 5 5
oAl olas 8.31x10 12 6.92x10
Cor Total 0.012 20
s .
R? Adj-R? CV.%
. . 0.9538 O . 0.9486 g . 10.47
O Gyl ol sy oy Zorsbly cups
Viscosity
Al 595t g
Model
3.29 3 1.10 809.82 <0.0001
NEY
A-Gum conc.
oo il — il 3.22 1 3.22 2371.85 <0.0001
B-Stevia
b et 0.064 1 0.064 47.50 <0.0001
2ol T
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AB 0.014 1 0.014 10.10 0.0055
Residual 0.023 17 1.35x103
olasil .0 .35x10
Lack-of-Fit
- 0.023 5 4.58%103 502.83 < 0.0001
Qeilp pas
Pure Error 1.09x10* 12 9.12x106
oAl ol .09x10 .12x10
Cor Total 3.32 20
s .
R? Adj-R? CV.%
. . 0.9931 . R . 0.9918 g . . 5.00
O o 00l 85 e g T bl oy
L*
Model
91.70 5 18.34 23.11 < 0.0001
Jse
A-Gum conc. 37.63 1 37.63 47.42 0001
oo clile il . . . < 0.000
B-Stevia
bt 21.07 1 21.07 26.55 0.0001
2wl T
AB 10.72 1 10.72 13.50 0.0023
A? 8.34 1 8.34 10.50 0.0055
B2 6.08 1 6.08 7.66 0.0144
Residual
olasdl 11.91 15 0.79
Lack-of-Fit
- 11.88 3 3.96 2119.11 < 0.0001
Gy pis
Pure Error ” 1 1 10°
oAl olas 0.0 .86x10
Cor Total 103.61 20
s .
R? Adj-R? CV.%
. . 0.8851 R . 0.8468 g . 1.04
Ome o pd oid a5 (el i T ibly oy
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Model
7.36 2 3.68 54.21 < 0.0001
LY
A-Gum conc. 7 1 7 1 1
oo e — il .35 .35 08.38 < 0.000
B-Stevia
bz 3.20%x103 1 3.20x10°8 0.047 0.8303
2wl T
Residual 122 18 0.068
o.\ila.,..'élg ' !
Lack-of-Fit
ol 1.22 6 0.20 2913.95 < 0.0001
Gy pis
Pure Error » 5
oAl olas 8.37x10 12 6.97x10
Cor Total 8.58 20
U .
R? Adj-R? CV.%
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VWA Ll 0sicS (2 b 9 15038 @00 (591> P10l o 1 3 (Sl o yod (g 9033 (53 urionty <31y S02 9 Gy >

=Y Joss ol
Continue of Table 2-
Source Sum of squares Df Mean squares F-value p-value
& Sl po oo &35l a4 Sl il F 85 P syl
b*
Model
3.66 2 1.83 14.27 0.0002
Jse
A-Gum cone. 3.46 1 3.46 26.99 < 0.0001
oo clale —ill : : : :
B-Stevia
bt 0.20 1 0.20 1.56 0.2278
gl T
Residual
oulasdl 231 18 0.13
Lack-of-Fit
- 231 6 0.38 3061.83 < 0.0001
ooln e
Pure Error 3 "
oAl ot 1.50x10 12 1.25x10
Cor Total 507 20
U .
R? Adj-R? CV.%
" . 0.6133 . . 0.5703 g . 5.92
O oy odd b5 ymtd oy T obyly oo
Total soluble solids
5 Joloma el 2136
Model
9.59 2 4.80 28.55 < 0.0001
Jse
A-Gum conc.
oo il — il 8.33 1 8.33 49.58 <0.0001
B-Stevia
bt 1.26 1 1.26 7.51 0.0134
Lyl T
Residual
oxlagl 3.02 18 0.17
Lack-of-Fit
- 2.93 6 0.49 61.44 <0.0001
Geiln pas
Pure Error 3
oalls olas 0.095 12 7.94x10
Cor Total 12,62 20
s .
R? Adj-R? CV.%
. . 0.7603 . L. . 0.7337 g . 5.45
O oy oAl s (e g Zerbly Gy
Syneresis
st
Model
Jae 374.83 2 187.41 90.30 <0.0001
A-Gum conc.
o il — il 355.34 1 355.34 171.22 <0.0001
B-Stevia
bt 19.49 1 19.49 9.39 0.0067
Dl T
Residual
oulasdl 37.36 18 2.08
Lack-of-Fit
- 37.34 6 6.22 4520.56 <0.0001
ooln ps
Pure Error 3
oAl s 0.017 12 1.37x10
Cor Total 412.18 20
s .
R? Adj-R? CV.%
0.9094 0.8993 8.58

O Gy 01 A5 e oy Ty oy




\FeY %.é)l - O'.’.")S)é J o)Lo.S: ALIRVES ‘O‘J‘l‘ ‘svl..\.: éILHO 9 p,J.C GWSR LYo \¥e

Loy dlge e &S Cuwl S5 @ piY Lwly cpl o LNdig oS
iy 4SS dgel dbjeSuny g GOl (e (JS Jobxe
YA I g s [N E [N (oS doy BID-E /YD
g W90 | 1S (P<2/10) ()l dme pobots & 392 b SISl
Gold Aulgl o 4L 3)] odel Cawddy b lel il
Gge b g jlas g 0je (0 Sl SRy 2 (P</40) )b
Sy slaadlye @l (poyp Ned B SRS dged g dinge
SOy sbadlge G (p>+/40) Jlagne ©olis 3529 pas (S
Ao JAS aigad (ly Sopsbar dp Ay g S gl
— 6305 5 (IVEINY) o —308 AFIAMEVVY) L,
ISt s ol oy gobs el canda (Y/AE-/5Y)
Dgo5 b dulio ;5 Lgiwl g 1S rewo (gyl> diges a5 canl
el )95 0 6 VL Sltel 1 (p<e/0) I (dne pobo & S
Lyl 51565 gowo it gsbaw o> aiged yalb sl g0 YL
Ol @l A S 1S deo (SIS )0k 4 Gy )
g Sges pYL jall jlasl oaiS anb 5 ladiges (il
(303 YA £ V) i8S diges gjlo] e aSTs wib o
WEAENY) e dged I jidin (P<+/+0) )i psboy
gowo (P98l 3900 Mo ¥ Joio )3 & psblen g (1)
Oy Stel Gl s Ao golaw )3 bgtel (L 3le g S
ool Conddy ol 4 dngi b cawl o S diged 4 G IS
S Sk 90 cuw S geo (29581 &5 390 el e
SRl b aS Jl 3358 00 ol o by g () uf pd o
b slodygld 4 plyice (e sl Shy 2 (ke 10 (g Lyt

el Cawd il LialS S

plabs yacd daly g3 (b pens § gaeal 90 3 (6 jLeudiags
5 1S deo g5l ol el aly () g pd gV ge b
9 (s2liady) el joSmg (Bl (St 1> 4 olitwd Ban b bgiul
5 ol m80)) i —sje b pSle) il a4y g Jglore ol s
tlied Gy 35 (il (o348 S5 Bk ) gl
o pd ¥ g duopd V liae 4 1S dews 1 les o jeS 0 CBlaal &
Ol balyd ol cog e eliul bgial b )L (Kl
by (b JSwly VY +) d oSy cige +/+A) bl (gtdus
al> Slse (05 ) (ol —g2)5 (+130) i —is3e)8 (ATIVY)
pis g (Moyd VWAA) (GIBICT o (LuSop doyd AIVA) gl
Slialie g Jio il odel canday pilie o pSeuds glis dgng
leie Sl Jao 2D a8 4 (S5 0 Jile) a0
Wigkamy g NNeELoT) Bl e (g8 polie
—&3ey (AYIYEVAY)  olids, asbJSul V/10E/YY)
Joloe sals dlge (D/¥FEIAS) ol =63y ((+IANEIN <) (oium
g2 (Juoyd W/ AEN/+Y) (o5I810T g (o 4oyd YIASE-/AL)

s oS
St golaw Sl (G d (o S SRy b))
(5,8l sl 9 1455 gouo 86) J S diged 9 bigial g 155 oo
b o bl alilael ool sl sad ooy lis ¥ Jgus j2
el () e pd Ggmge)d 4 bl (03l g Geo (3959
Sl s il l3l (p<+/+0) (gl me sobay <l Sy
@ ol |y byl 5 18 goo (sl ladiges j> <l sl
aS s il b pe gawo (339380 31 )0 wd Sl elusl dup0
hbde s by 38 Ml (BusSras Lges

JS Diged g dister gew¥90 8 L oIl juad 0l 2 (S e pwd (owe GBS g (L) Sl Y Jgaa
Table 3- Sensorial properties evaluation scores for optimized and control formulation of non-dairy dessert based on almond

milk
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Introduction

The beneficial use of ultrasonic systems has been proven in many applications. Among them, ultrasonic atomization
is widely used in various industries, including food and coating industries. Ultrasonic vibrations of liquids can produce
fine droplets called atomized fluid. During the fluid atomization process, droplet size and distribution can be precisely
controlled so that the droplets become very small and high-level particle distribution is achieved which can be easily
evaporated. This method is widely used in various industries, including food industry (for the production of
driedpowder products) and coating industry. The key factor that affects droplet size is the frequency and amplitude of
the ultrasonic vibrations and the properties of the fluid, including the fluid viscosity and surface tension.

Materials and Methods

Based on a review of literature, it is clear that the modeling of the ultrasonic method for spray dryers and the
production of milk powder has not been done so far. In the present work, first, the research background is reviewed and
then, using the relationships provided for the ultrasonic atomization of different fluids in the reviewed articles, the effect
of ultrasonic vibrations on the atomization and evaporation of milk as a food and the powder production was studied
using spray drying process. Then the effects of various oscillation parameters such as frequency, amplitude and also the
temperature of the fluid, which affects its viscosity, density and surface tension, on the rate of atomization of the fluid
was investigated. In the present work, we first examine the fluid whose range of properties is true in relations. One of
the most widely used liquids in the food industry is milk. By examining the viscosity, surface tension and density of the
milk and obtaining the dimensionless numbers We, In and Oh, it is determined that the provided relations can also be
used for milk. After calculating the diameter of the evaporated particles of milk due to ultrasonic vibrations as well as
the evaporation rate, the independent variables of the research can be changed. First, in the constant physical properties
of a fluid, we change the frequency and amplitude of ultrasonic oscillations and studied their effect on the produced
particle diameter and evaporation rate. In the next step, with the constant frequency and amplitude of ultrasonic
oscillations, the effect of changes in fluid properties (temperature change) on the produced particle diameter and
evaporation rate was investigated. In the next stepthe effect of frequency and amplitude of ultrasonic fluctuations as
well as changes in fluid properties (temperature change) on the powder diameter produced and the time required for the
drying process was investigated. The analysis of all data obtained from the above steps was performed using Mathlab
software.

Results and Discussion

The main and summary results obtained from the present study are as follows:

e As the amplitude of the vibrations and the temperature of the milk increased, the drying time required for the
evaporation of droplets decreased, but the powder diameter and the evaporation rate increased.
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e  As the frequency of vibrations increased, the drying time required for the evaporation of droplets increased,
but the powder diameter and the evaporation rate decreased.

e  The results showed that quadrupling the amplitude of the vibrations reduces the time required for the droplets
to dry by 14.4% and increases the evaporation rate by 62.6%. At a constant temperature of the gas dryer and the milk,
changing the frequency from 10 to 40 kHz results in 21.4% increase in the time required for the droplets to dry. Also,
with increasing the temperature of the milk from 15 to 30°C, at a constant frequency and amplitude of vibrations, the
time required for drying the droplets decreases by 12.4% and the diameter of the particles produced increases by 11.3%.

Conclusion

In this research, the process of ultrasonic assisted evaporation of whole milk and drying and production of milk
powder has been modeled mathematically and thermodynamically. The calculation code was written using Mathlab
software and after making sure that the solution conditions are in the desired range of equations, the results were
presented. In the present work, the effect of the frequency and amplitude of ultrasonic vibrations as well as the initial
temperature of milk on the diameter of the evaporated particles, the evaporation rate, the diameter of the powder
produced and the time required for the evaporated droplets to dry by ultrasonic method was investigated.
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(Dryer gas temperature is 100 ° C and milk temperature is 15 ° C)



\fev c;‘..:‘..e‘.,.:“.:)l = o;“é)s)é Al o)w ALY JJ.'> ‘O‘)i‘ ‘sﬂ..\.c éILHé 9 Fg.l.c 6%5}' A.v).-.'u \OA

4.2 T T

w
®

(o) 0y3 lad
Particle Diameter [m]
w w
IS >

3.2

m— Tmilk=30 C
s Tmilk=25 C T

Tmilk=20 C
s Tmilk=15 C

2 Sled

3 . . : . A
1 1.5 2 25 3 3.5 4
Frequency [Hz| «10%

(5358) 03853

(09,50 ¥ ol clislesyl aiels g 515 b s jo Vov plyy 8 Sis 5 slod)

different milk temperatures

Crglike o (Slaled ;3 g Lilieo (S ilS 58 3 (i SWld 9 Sigul I (B9, 4 jaded 1 g 0 Wi y3gy HlaB -V v JSU

Fig. 10- The diameter of the produced powder after ultrasonic evaporation and drying at different frequencies and at

(Drying gas temperature equals to 100 ° C and vibration amplitude equals to 2 microns)
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Fig. 11- Time required for drying the ultrasonic evaporated droplets to dry at different frequencies and in different vibration
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(Vibration amplitude equals to 2 microns and dryer gas temperature equals to 100 ° C)
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VAN il oo )5 s gy 4 e jog8 Ol gy Sedgual 1 (gl el a1 48 (g 3Lud e

%107

1.8 . |

—— Frequency= 10kHz

s Frequency= 12.5kHz
Frequency= 15kHz

1.7 | == Frequency= 17.5kHz

1.75

35
~ 1.65

(fa) oskad yiad
Droplet Diameter [m]
>

1.55
1.5
1.45
1 -4 1 1 1 1 1
1.5 2 2.5 3 3.5 4
Flactuation amplitude [m)] %1078

(Ao) Cillwgs dials

Sglse (gL il 13 1> g cAlliseo iLilad )] ladield 4 Sigul 2l (Wigy 4 b e Wl yhad Jad —VF IS
(35l 423 Yo ply yed slod 9 31,5 (8l a2 )3 Vool o8 S 58 (sloo)
Fig. 14- Diameter of ultrasonic evaporated droplets at different vibration amplitudes and at different frequencies
(Dryer gas temperature is 100 ° C and milk temperature is 20 ° C)
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Fig. 15- Ultrasonic evaporation rate at different vibration amplitudes and at different milk temperatures
(Dryer gas temperature equals to 100 ° C and vibration frequency equals to 15 kHz)
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Fig. 16- Ultrasonic evaporation rate at different amplitudes and frequencies of vibrations
(Dryer gas temperature is 100 ° C and milk temperature is 20 ° C)
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Introduction

Capparis spinosa is a perennial herb from the Capparidaceae family that is mainly distributed in arid and semi-arid
regions. Its fruits are oval shaped, approximately 3 cm long, greenish in color with red pulp. Capparis spinosa extract is
a rich source of phenolic compounds. The instability of phenolic compounds in the environmental conditions as well as
their bitter or astringent taste has created challenges for the use of these compounds in the food industry. Encapsulation
is a method that can positively affect bioaccessibility and bioavailability as it ensures the coating of the active
component and its targeted delivery to a specific part of the digestive tract and controlled release. Encapsulation using
nanoliposomes seems to be an appropriate technique to overcome these issues. Nanoliposomes are the nanometric
version of liposomes. Liposomes are spherical particles composed of lipid molecules (mainly phospholipids) that tend
to accumulate in polar solvents such as water in the form of bilayer membranes. Encapsulation with liposomes is an
effective way to preserve the intrinsic properties of bioactive compounds during storage and production of foods
fortified with them, as well as a physicochemical barrier against prooxidant agents such as free radicals, oxygen and
uv.

Materials and Methods

Materials: Capparis spinosa fruits, were collected from subtropical regions of llam province (Iran). Folin ciocalteu,
gallic acid and tween 80 from Merck (Germany), cholesterol and phosphatidylcholine from Sigma- Aldrich (Germany)
were obtained.

Methods: The extract was obtained from capparis spinosa fruit powder using ultrasonic bath (Backer, vCLEAN 1-
L6, Iran). The phenolic content was measured by folin ciocalteu method. Nanoliposomes containing capparis spinosa
extract were prepared in ratios of 60- 0, 50- 10, 40- 20 and 30- 30 w/w lecithin- cholesterol. Then, particle size, Pl and
zeta potential were measured by DLS (Horiba, Japan) at 25 °C. After calculating the encapsulation efficiency using its
corresponding equation, the investigation of possible reactions between capparis spinosa extract and phospholipids was
performed using FTIR at a frequency of 400- 4000 cm™. In order to observe shape and morphology of nanoliposomes
loaded with capparis spinosa extract by field emission scanning electron microscopy (FESEM), a drop of sample was
poured on the laboratory slide, dried at ambient temperature and then, the sample was coated with gold layer using an
ion sputtering device. The stability of the samples was evaluated by visual observation of phase separation and the
release rate of phenolic compounds encapsulated in nanoliposomes at ambient temperature over a period of 60 days.

Results and Discussion
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The amount of phenolic extract was 6.328 mg of GAE/g dry sample. The average particle size (Z- Average) was in
the range of 95.05 to 164.25 nm. Increasing the cholesterol concentration resulted in enhancement of particle size of
nanoliposomes. The particle size distribution was in an acceptable range of 0.3 to 0.5 (Pl = 0.5). The Pl of the
cholesterol-free nanoliposomes was maximum and significantly higher than that of the others. Addition of cholesterol
increased zeta potential from -60.40 to -68.55. Higher zeta potential values indicate a higher and long term stability of
the particles. Also, cholesterol led to an increase of encapsulation efficiency (EE). The stability of phenolic compounds
loaded in nanoliposomes was affected by cholesterol during storage time via reducing fluidity and permeability of
liposomal membrane. Presence of cholesterol also inhibited the membrane rupture and any changes into it. Results of
FTIR showed interactions between wall constituents of nanoliposome and capparis spinosa extract, and confirmed
successful loading of the extract within nanoliposomes. Images of FESEM were in agreement with DLS results
regarding particle size and particle size distribution.

Conclusion

This study indicate that the nanoliposomes have potential applications in improvement of the shelf life of
nutraceuticals, stability of cosmetic materials and drug delivery systems. The phenolic compounds of encapsulated
extract showed good stability within two months of storage at room temperature. The results showed that the problem of
instability of phenolic compounds, which leads to their limited commercial application, can be solved by encapsulation.

Keywords: Nanoliposome, Nutraceutical, Phenolic compounds
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2- Encapsulation Efficiency
3- Fourier-Transform Infrared Spectroscopy
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1- Dynamic Light Scattering
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2- Cavitation
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Fig. 3- FTIR, (A= cholesterol, B= phosphatidyl choline, C= Capparis spinosa extract, D= Capparis spinosa loaded
nanoliposomes prepared in ratio of 60- 0 lecithin- cholesterol, E= blank nanoliposomes prepared in ratio of 60- 0 lecithin-

cholesterol, F= Capparis spinosa loaded nanoliposomes prepared in ratio of 50- 10 lecithin- cholesterol, G= blank
nanoliposomes prepared in ratio of 50- 10 lecithin- cholesterol)
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Introduction

High levels of free radicals can damage biomolecules and eventually cause oxidative stress. Bioactive peptides
produced during enzymatic hydrolysis keep high health properties, such as antioxidant properties. The production of
antioxidant peptides has received much attention as a new generation of natural antioxidants. Plants are one of the most
abundant sources of biopolymers, especially protein. As long as the protein structure is intact, its amino acid sequence is
inactive; however, during proteolysis, fermentation, and gastrointestinal digestion, these amino acids are released as
oligopeptides ordinally with less than 20 amino acids and below 10 kDa in molecular weight. These peptides are more
digestible and can exhibit specific bioactive properties such antioxidant properties. In this regard, the use of food waste
containing protein to produce bioactive peptides and increase their value has received increasing attention. Enzymatic
hydrolysis can increase their functional properties by converting proteins into peptides without affecting their
nutritional value. Pomegranate seed protein is a by-product of the pomegranate seed oil industry and can be a good
source of bioactive peptides with antioxidant properties. According to our knowledge, there isn’t any data about the
enzymatic hydrolysis of pomegranate seed protein for antioxidant peptides production. In this study, the optimal
conditions for enzymatic hydrolysis of pomegranate seed protein with trypsin using the responses surface method and
the effect of hydrolysis on protein structure were investigated.

Materials and Methods

In this study, the protein was extracted from pomegranate seed, and using trypsin the optimization of enzymatic
hydrolysis conditions of protein was determined by Face-Centered Central Composite design, which is one of the
responses surface design methods. The effect of independent variables including temperature (30 to 45 °C), time (30 to
180 minutes), and enzyme to substrate ratio (1 to 3 w/w) on DPPH free radical scavenging activity and Fe*® reducing
power as responses, was evaluated. Validation tests were performed for confirmation of the proposed values by
software and the degree of hydrolysis of the samples was determined. In the next step, the unhydrolyzed and hydrolyzed
protein was evaluated for molecular weight distribution and their surface hydrophobicity was compared. Finally,
scanning electron microscopy images were used to confirm the hydrolysis process.

Results and Discussion

Under optimal conditions obtained from the response surface method (temperature: 37.6 °C, time: 136.55 minutes,
and enzyme to substrate ratio: 2.2%), trypsin-derived hydrolyzate, showed DPPH free radical scavenging power:
87+0.89% and Fe*® reduction power: 0.293+0.44. Under these conditions, the degree of hydrolysis was equal to
30.1+1%. The optimum conditions of hydrolysis were validated by RSM. The increase in the surface hydrophobicity of
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the protein after the hydrolysis process indicated the unfolding of the pomegranate seed protein chain and the exposure
of its structure during the reaction. The electrophoretic profile of denatured pomegranate seed protein showed smaller
peptide bands and lower band intensity, along with losing some of the peptide fractions after hydrolysis. so the efficacy
of trypsin at cleaving the protein was confirmed. Evaluation of images obtained by scanning electron microscopy
showed that unhydrolyzed protein had complex structures comprised of random sheets of different sizes and shapes and
the protein degraded into small fragments and looser structure with many folds after enzyme hydrolysis, resulting in
smaller particles compared with untreated samples with the same SEM parameters

Conclusion

Considering the consumer’s tendency toward functional foods and present concerns about the application of
synthetic additives and according to the results, the hydrolyzed pomegranate seed protein prepared by trypsin shows
good antioxidant capacity. In addition, there will be a reduction in waste generated by the pomegranate processing
industry. Further studies will need for the isolation and identification of the specific peptides and amino acid sequences
and the evaluation of their possible incorporation in food matrices.

Keywords: Enzymatic hydrolysis, Pomegranate seed, Scanning electron microscopy (SEM), SDS-PAGE
electrophoresis, Surface hydrophobicity
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Table 1- Independent variables and their levels used in the RSM
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Table 2- Levels of independent variables for Central composite design and its responces

Bwo U i
Independent variables

wnnly (S ko
Dependent variables

gegates B2 0w L eSS DPPH S pe clled S5 o (Sl 28
Run Tempreture T|r_ne E/S ratio DPPH scavenging power  Ferric reducing power
°c min Yow/w
X1 X2 X3 Y1 Y2
1 45 30 1 86 0.17
2 30 180 1 86.1 0.176
3 375 105 2 87.1 0.243
4 30 30 1 86 0.166
5 375 105 2 87.4 0.291
6 375 30 2 87 0.282
7 45 180 3 86.7 0.19
8 375 105 2 87.4 0.293
9 375 105 2 87.3 0.284
10 375 105 2 87.3 0.289
11 30 105 2 86.5 0.207
12 30 30 3 86.4 0.19
13 375 105 3 87.1 0.26
14 45 180 1 87 0.153
15 375 105 1 87.1 0.265
16 45 105 2 86.3 0.191
17 375 105 2 87.2 0.28
18 45 30 3 85.8 0.201
19 30 180 3 86.9 0.145
20 375 180 2 87.2 0.255
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Table 3- Analysis of variance (ANOVA) of response surface quadratic model

DPPH $uiS o cudlad Sapd g Sl Ol
. DPPH scavenging power Ferric reducing power
& Y1 Y2
Source F ki Plsie O9sS ) F ol Pl 095 ) Gy
F Value P Value Regression coefficient F Value P Value Regression coefficient
s 2175 <0.0001 2024 <0.0001
Model
ol
Time 0.040 0.8460 -0.010 0.16 0.6945 +0.0021
X1
L>
Temprature 28.97 0.0003 +0.27 3.00 0.1138 -0.009
X2
I paans g 43 2 331 o
E/S ratio 1.95 0.1931 +0.070 1.16 0.3062 +0.0056
X3
abyx Lo
Temprature x Time 8.40 0.0159 +0.16 0.023 0.8832 +0.0008
X1X2
Oloj I g 4 o 55 Cad
E/S ratio x Time 14.36 0.0035 -0.21 2.61 0.1375 +0.0093
X1X3
LodX 1yt g 41 o2 351 Commad
E/S ratio x Temprature 0.45 0.5188 +0.038 1.11 0.3163 -0.00612
X2X3
(o))
(Time)? 63.73  <0.0001 -0.76 64.58  <0.0001 -0.080
X12
(W)
(Temprature)? 0.44 0.5209 -0.064 1.04 0.3323 -0.0100
X2?
T husnzgon 41 o2 31 Copas)
(E/S ratio)? 0.44 0.5209 -0.064 2.64 0.1353 -0.0161
X3?
il i 268 01514 0.54  0.7448
Lack of Fit
D 0.9514 0.9480
R-Squared
o it el e pd g gq77 0.9011
Adj R-Squared
CV.% 0.18 7.25
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