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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
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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
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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
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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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(P < 0.05). A-D, means followed by the different letters in the each column for storage times are significantly different (P <
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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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

1, 2, 3 and 4- M.Sc Student, Associate Professor, Professor and Assistant Professor, Department of Food Science and
Technology, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran, respectively.

(*- Corresponding Author Email: mkashiri@gau.ac.ir)

DOI: 10.22067/1IFSTRJ.2022.71095.1066


http://ifstrj.um.ac.ir/
https://ifstrj.um.ac.ir/?_action=article&au=177454&_au=Parisa++Shahiri+Tabrestani&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=29499&_au=Mahboobeh++Kashiri&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=29499&_au=Mahboobeh++Kashiri&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=26475&_au=yahya++maghsoudlou&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=52139&_au=Hoda++Shahiri-tabarestani&lang=en
mailto:mkashiri@gau.ac.ir
https://doi.org/10.22067/IFSTRJ.2022.71095.1066
https://ifstrj.um.ac.ir/?_action=article&au=177454&_au=Parisa++Shahiri+Tabrestani&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=29499&_au=Mahboobeh++Kashiri&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=26475&_au=yahya++maghsoudlou&lang=en
https://ifstrj.um.ac.ir/?_action=article&au=52139&_au=Hoda++Shahiri-tabarestani&lang=en
https://doi.org/10.22067/IFSTRJ.2022.71095.1066

VFo¥ Clngeu S5l = 3393959 ) oleds N4 Al (gl (2108 @oboo g pole licdgly a9 pis Y'Y

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

e (FYe /e EXVIE) Cpyin Sy W LI jog doyd
ool A5, gl el @ lagye jol ol Cle 0l sanlie
MBS S jed Sy 4 e oS B M Il
Uil;él (Diaz Sanchez et al., 2006; Obon et al., 2009)
(#57) 255 padld (il a0, (M5 L g dod
& Gy calid 5 olbe b blod g & 15
2yS )8 oS B pas drgi 3)90 g Ml ALl 555 sla)S
Kharrat et ) o,Ses o bl mls b g ol 5l Jobs b
bgS 03,8 33 410, M ogee o)las 34381 L (al., 2018

el cisllas oYl

S ol ol 35 S, clapasle byl 5 Job @l

B (Y6 QI o oy GRIEHL (LT by, pesls
Mold dged ;o &S gyobay (P <e/-0) il b pxe ials
b g o> VIO (el Jlows po g (FY/AD £ </¥VF ) i
Nunes et al., ) cul s o)l Lol Jdo bS5y maw
sl 0 03l L5 ) USG5 s g Sy 5l Lles (2015
ORI (4] (5308 sadls g e palie & (gpsboplen
S gk @ Bl )b GBI B M 9 aop
YIO Gl Sy p0 5 (F WIFY £ /YY) p S sals dged

per

Pl (sl )5 5 SPUT 51 IS led-) S
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°

ke glo,) s (P> +/+0) Cublys gyl ine s Sl
Gl §) Ly SS9 gl s &y lie oslo (S, S
23,5 oo 0dalie ¥ Jodo 3 &5 (ysblon Allie > 59y
@ b g dopd Gl b sadg Solll a3y elos)) culls
A )yl ool o a5 (p <-/-0) cél Lials (gl gxe y5bo
b oo)lidlo dbol caw o5 aSl uBgn S (Sl Lials
b olie ole (g cly p3Y (55l O Coms jieS atpuin]
Pg oy il b (e cubl) ab odlel Jgase 4 oliwwd

Koy y B (ML g 938 S ol b

o el sdal ¥ Jgs ) asy Sl a5 b
OIBl obine b b g dod GRlEI L Sy L
oM whae Sy el opl e (p<0/00) cdl
3L B @I b g 53 390 odmy SOl )Amg S
Soxp 9 WO S hend (5 4Sud bgw (nFgn b olyen
b e ol 5 amde Gl 1y lié osle USG5 es (sl p3Y
Soltanizade and ) haol Sle 4 ol Sl clalio
S e i 4 Lyl 39380 5 e (Ghiasi-Esfahani, 2015
Sl olie ool S 1o liee 4 «dl porus] iy cisllas



YA oyl M Il jogs sl ey 3] slSe0 g (il pub (6 s

Joyd s M b g o yd il Loyl 6065 pas
Cafs IRl L (p>10) il IRl Sy Cogb, ks
A ) gy S 5wl 35 (99381 513 S Ol ()l
Ol GRgh b Glngk (nl @l WS e b 38 il
» o (Aleson-Carbonll et al., 2005) ,Kea o Jig)S
OlSon g 930563 (izman o Sy i & gadd sl 4V (0938
a5 5 4 pgS 9w 3, 3438 »» e (DO Prado et al., 2018)
il callas iy

bil p 0 @ L e 3958l Sl Jels ol
O 5 ) gl el 0l ¥ Jsin 53 Sl gl S5y s
P bz s Y M LI g oy il b oas ol
S Lol (0 >+/+0) s sanlie ST cla,S g5 5 ) il
plo b duslie 3 s oM b 390 2o yd VB (glls Syl
5 b Sl ity S (P <o 100) (s fosine sob & Lnises
P9 IS Sy

odnlin L;)bu_:um gy L;;JLT ‘513:»)?).3 Ol AL 0 ;,Jb
(p>el-b) i

Srlal p ol Ml g (o958l 5l Sl b
b g dop Ll bl osel ¥ Jgas > 4y S
<ofod) cdly il o)l gae b 4 W)y glul syl WS
@ Al pe 3 35290 Gawge Joo 4 ol cpl el (p
J&w 45\“}3 2 ui upl.b] 'Dl.) L Cuw as Ml’u" Joy)n )|.))l$
5l Ol g b oslel 5 03,8 4S5l i 3l 9 29550 03
rxilyd dsed ) oad )y JLid Sl g coy e S
S;bi ssy, &l ol SIS cud b liel sy
Las” 0,8 5,155 (Ali et al., 2017) o)h)Sen g b 0 ]38l
Gl 2 S SlS Y el ca a lsls 995 0y (3958
233)5 2byl cute S LS (e )5 0 ol e

Bis ol S A g ol ) Juob gl
5 Cagoy 1085 ol 030] ¥ Jps 3 5y S 5 g
Sl cellas Slad s obol o b w5, cél

Sy SPUT 65 1 s ) -F Jgo
Table 4- Sensory evaluations of burgers analouge

2%
Powder (%) ~ Control (0%)  0.5% 1.5% 2.5%
o s Sy
Sensory characteristics
«él, Texture 6.57+1.272 714+06* 7.43+1.13° 7.14+1382
s, Colour 7.00+1.292 7.57+0.97* 7.43+1.13% 7.14+152¢2
b Taste 6.71+1.38% 671+0.75® 8.00 +1.412 6.43 +1.39°
& Odour 6.71+1.25% 643+053° 6.85+0.89°2 6.14 +1.06 °
IS i 3 Overall acceptability 5.85+0.692 6.28+048" 8.42+0.532 6.28 £0.95°

S5 by M wbe cads GluS 5 il ealaiwl y 0gMe g o
loodyglp 4y 0l calud 08005 b i (LS 03518
Bl el b 0 sy pllelS lp pepatay b
1345 SIUT (gln,S s golignS] sl 5 (55l 0,93 1 g

ol gy Caawd

S 51 5wl
ple Sk g OB b plie 5 (55pliS pole oKl )
oo opl wlpl pegad d clacoles Sy phaijle (555l

20,8 o Gloya8 g Sis

8 5 4o
SIS 50 gmagod )3 0, M5 b 3y 5l oot
(R Cagby gl g dopy IEIL a5 ol L
8l il lang S ke Ll il S 5 oSy
oRlBl 508 pasls g Ll PH o (635 «alidy) Slewadls
i g ooy Sacliang S j9i> o & pimen L
2l IS cudyls g s SJUI S <l > Ol (Jj s
SuSgyr g eyl g (il Cogb) bais 1o 9 gyl e
SISy e b)) 0geil 2 Bl talS 4y clo Sy
b nlple ety 1y (5 Gndy cnyee Il o9 20y3 VB )l
Sl Sy gmVged 3 56 M b g 0



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

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

&l
Adeniyi, P., Obatolu, V.A., & Kehinde, H.A. (2018). Comparative evaluation of the nutritional, physical and
sensory properties of beef, chicken and soy burgers. Agriculture and Food Science Research 5(2): 57-63.
Aleson-Carbonll, L., Fernandes-Lopez, J., Perez-Alvarez, J.A., & Kuri, V. (2005). Characreristics of beef burger
as influenced by various types of lemon albedo. Innovative Food Science & Emerging Technologies 6: 247-255.
Ali, H.A., Mansour, E.H., EIBedawey, A.E-F., & Osheba, A.S. (2017). Evaluation of tilapia fish burgers as
effected by different replacement levels of mashed pumpkin or mashed potato. Journal of the Saudi Society of
Agricultural Sciences. http://doi.org/10.1016/j.jssas.2017.01.003.
Asgar, M.A,, Fazilah, A., Huda, N., Bhat, R., & Karim, A. (2010). Nonmeat protein alternative as meat extender
and meat analogs. Comprehensive Reviews in Food Science and Safety 9: 51-521.
Association of Official Analitical Chemists. (2006). 18" end AOAC Washington DC.
Barba, F., Putnik, P., Kovacevic, D., Poojary, M., Roohinejad, Sh., Lorenzo, J., & Koubba, M. (2017). Impact of
conventional and non-conventional processing on prickiy pear and their derived products: from preservation of
beverages to valorization of by-products. Trends in Food Science & Technology 67: 260-270.
Bassati, A., & Hosseini, S.E. (2018). The effect of adding xanthan and carboxy methyl cellulose on cooking and
sensory characteristics of soya burger. Journal of Food Biosciences and Technology 8(1): 59-64.
Beth Small, P. (2007). Development of soy-blueberry burger and the changes in anthocyanins and phenolics
during storage and broiling. M.Sc. Theses, University of Maine.
Bohrer, B.M. (2019). An investigation of the formulation and nutritional composition of modern meat analogue
products. Food Science and Human Wellness. https://doi.org/10.1016/j.fshw.2019.11.006.
Castellar, R., Obon, J.M., Alacid, M., & Fernandes-Lopez, J.A. (2003). Color properties and stability betacyanins
from Opuntia fruits. Journal of Agricultural and Food Chemisrty 51: 2772-2776.
Cengiz, E., & Gokoglu, N. (2005). Changes in energy and cholesterol contents of frankfurter-type sausages with
fat reduction and fat replacer addition. Food Chemistry 91: 443-447.
Devine, D. 2002. Soya and health- clinical evidence, dietetic applications. British Nutrition Foundation 27: 195-
198.
Diaz Sanchez, F., Santos Lopez, E.M., Filardo Kerstupp, S., Villagomez, R., & Scheinvar, L. (2006). Colorant
extraction from red prickly pear (Opuntia lasiacantha) for food application. Electronic Journal of Enviromental
Agricultural and Food Chemistry 5(2): 1330-1337.
Do Prado, M.E.A., Queiroz, V.A.V., Correia, V.T.V., Neves, E.O., Roncheti, E.F.S., Goncalves, A.C.A., Menezes,
C.B., & Oliveira, F.C.E. (2018). Physicochemical and sensorial characteristics of beef burgers with added tannin-
free whole sorghum fiours isolated soy protein replacer. Meat Science
https://doi.org/10.1016/j.meatsci.2018.12.006.
El-Samahy, S.K., Youssef, K.M., & Moussa-Ayoub, T.E. (2009). Producing ice cream with concentrated cactus
pear pulp: A preliminary study. Journal of PACD 11: 1-12.
Ennouri, M., Evelyne, B., Laurence, M., & Hamadi, A. (2005). Fatty acid composition and rheological behavior of
prickly pear seed oils. Food Chemistry 93: 431-437.
Felker, P., Stintzing, F.C., Mussig, E., Leitenberger, M., Carle, R., Vogt, T., & Bunch, R. (2008). Colour
inheritance in cactus pear (Opuntia ficus-indica) fruits. Annals of Applied Biology 307-318.
Hassan, Sh. (2013). Soybean, nutrition and health. Intech open. 453-473.
Kharrat, N., Salem, H., & Mrabet, A. (2018). Synergistics effect of polysaccharides, betalain pigment and phenolic
compounds of red prickly pear (Opuntia stricta) in the stabilization of salami. International Journal of Biological
Macromolecules 111: 561-568.
Kumar, P., Chatli, M.K., Mehta, N., Singh, P., Malav, O.P., & Verma, A.K. (2017). Meat analogues: Health
promising sustainable meat substitutes. Critical Reviews in Food Science Technology 57: 923-932.
Ledesma, E., Rendueles, M., & Diaz, M. (2015). Contamination of meat products during smoking by polycyclic
aromatic hydrocarbons: Processes and Prevention. Food Control. https://doi.org/10.1016/j.foodcont.2015.07.016.
Majdoub, H., Roudesli, S., & Deratani, A. (2001). Polysaccharides from prickly pear peal and nopals of Opuntia
ficus-indica: extraction, characterization and polyelectrolyte behavior. Polymer International 50: 552-560.
Nemzer, B., Pietrzkowski, Z., Sporna, A., Stalica, P., Thresher, W., Michalowski, T., & Wybraniec, S. (2011).
Betalainic and nutritional profiles of pigment-enriched red beet root (Beta vulgaris L.) dried extracts. Food
Chemistry 127: 42-53.
Nunes, A.N., Saldanha do carmo, C., & Duarte, C. (2015). Production of natural red pigment derived from opuntia
spp. using a novel high pressure CO, assisted-process. Royal Society of Chemistry 5: 83106-83114.
Obon, J.M., Castellar, M.R., Alasid, M., & Fernandes-Lopez, J.A. (2009). Production of red purple food colorant
from opuntia stricta fruits by spray drying and its application in food models systems. Journal of Food
Engineering 90: 471-479.


http://doi.org/10.1016/j.jssas.2017.01.003
https://doi/
https://doi.org/10.1016/j.meatsci.2018.12.006
https://doi.org/10.1016/j.foodcont.2015.07.016

¥

a0y (WS Al jogy pSU oy 1 )02 g (liw b (5 gt

26.

217.

28.
29.

30.

31

32.

33.

Palmeri, R., Parafati, L., Restuccia, C., & Fallico, B. (2018). Application of prickly pear ftuit extract to improve
domestic shelf life, quality and microbial safety of sliced beef. Food and Chemical Toxicology
https://doi.org/10.1016/j.fct.2018.05.044.

Panda, S.K., Behera, S.K., Qaku, X.V., Sekar, S., Ndinteh, D.T., Nanjundaswamy, H.M., Ray, R.C., & Kayitesi, E.
(2017). Quality enhancement of prickly pears (Opuntia sp.) juice through probiotic fermentation using
Lactobacillus fermentum — ATCC 9338. Food Science and Technology 75: 453-459.

Riaz, M.N. (2011). Texturized vegetable proteins. Hand Book of proteins 395-418.

Shahiri Tabarestani, H., & Mazaheri Tehrani, M. (2014). Optimization of physicochemical properties of low-fat
hamburger formulation using blend of soy flour, split-pea flour and wheat starch as part of fat replacer system.
Journal of Food Processing and Preservation 38: 278-288.

Soltanizadeh, N., & Ghiasi-Esfahani, H. (2015). Qualitative improvement of low meat beef burger using Aloe vera.
Meat Science 99: 75-80.

Summo, C., Centomani, |., Paradiso, V., Caponio, F., & Pasqualone, A. (2015). The effect of the type of cereal on
the chemical and textural properties and on the consumer acceptance of pre-cooked, legume-based burgers. Food
Science and Technology 65: 290-296.

Van Mierlo, K., Rohmer, S., & Gerdessen, J.C. (2017). A model for composing meat replacers: Reducing the
environmental impact for our food consumption pattern while retaining its nutritional value. Journal of Cleaner
Production 165: 930-950.

Zion Market Research. (2019). Accessed June 23, 2019 at http://www.globenewswire.com/news-
release/2019/03/28/1781303/0/en.


https://doi.org/10.1016/j.fct.2018.05.044

Iranian Food Science and Technology ) @ ; . ICIPRT Lo .y
Research Journal ’1}( ) =z, olrl 238 @l s ol sledingly 4 5
Vol. 19, No. 1, Mar- Apr 2023, p. 43-56 N A P850 VP it 3y — 0339395 ) 05kes A4 alo>

® Homepage: http://ifstrj.um.ac.ir
Research Paper

Encapsulated Limonene based Multi-layer Electrostatic Adsorption and
Evaluate Its Release under Simulated Oral Conditions

M. Khalilian-Movahhed!, M. Mohebbi‘=?*, Ch. Sinding?
Received: 2021.09.02
Revised: 2021.11.11
Accepted: 2021.12.01
Available Online: 2021.12.01

How to cite this article:

Khalilian-Movahhed, M., Mohebi, M., & Sinding, Ch. (2023). Encapsulated limonene based multi-layer
electrostatic adsorption and evaluate its release under simulated oral conditions. Iranian Food Science and
Technology Research Journal 19(2): 43-56. (In Persian with English abstract).
http://doi.ora/10.22067/IFSTRJ.2021.72290.1090

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
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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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