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Table 1 Some chemical properties of Baneh skin oil and sunflower oil

parameter Baneh skin oil sunflower oil
Fatty acid composition
14:0 - 0.08+0.05
16:0 21.25+0.2 a 8.6+0.09 b
16:1 12.240.13 a 0.32+0.04 b
18:0 3.79+0.06 b 4.59+0.03 a
18:1 51.840.3a 27.840.21 b
18:2 8.71+0.2b 54.4+0.25 a
18:3 1.3+0.03 b 2.75+0.06 a
20:1 0.46+0.02 a 0.42+0.03 a
22:0 0.39+0.02 b 0.84+0.03 a
Unsaponifiable matter content (%) 2.1£0.04 a 0.65+0.03 b
Total tocopherols content (mg/kg) 734+1b 858+19 a
Total phenolics content (mg/kg) 86+1.4 a 33+2.1b

Mean + SD within a row with the same lowercase letters are not significantly different at P<0.05.
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~—— pure sunflower 0.28 0.49 0.71 0.89 107

Figure 1- Changes in the acid value of refined sunflower oil under the influence of different amounts of crude Baneh skin oil
and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing 0.05% of crude
Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil containing 0.2%
of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of sunflower oil
containing 0.5% of crude Baneh skin oil.
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Figure 2- Changes in the peroxide value of refined sunflower oil under the influence of different amounts of crude Baneh skin
oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing 0.05% of
crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil containing
0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of sunflower
oil containing 0.5% of crude Baneh skin oil.
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Figure 3- Changes in the anisidine value of refined sunflower oil under the influence of different amounts of crude Baneh skin
oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing 0.05% of
crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil containing
0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of sunflower
oil containing 0.5% of crude Baneh skin oil.
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Figure 4- Changes in the TOTOX value of refined sunflower oil under the influence of different amounts of crude Baneh skin
oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing 0.05% of
crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil containing
0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of sunflower
oil containing 0.5% of crude Baneh skin oil.
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Figure 5- Changes in the conjugated diene value of refined sunflower oil under the influence of different amounts of crude
Baneh skin oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing
0.05% of crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil
containing 0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of
sunflower oil containing 0.5% of crude Baneh skin oil.
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Figure 6- Changes in the Total tocopherols content of refined sunflower oil under the influence of different amounts of crude
Baneh skin oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing
0.05% of crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil
containing 0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of
sunflower oil containing 0.5% of crude Baneh skin oil.
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Figure 7- Changes in the Total phenolic content of refined sunflower oil under the influence of different amounts of crude
Baneh skin oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil containing
0.05% of crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of sunflower oil
containing 0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil, R: sample of
sunflower oil containing 0.5% of crude Baneh skin oil.
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Figure 8- Changes in the DPPH radical scavenging power of refined sunflower oil under the influence of different amounts of
crude Baneh skin oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample of sunflower oil
containing 0.05% of crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil; K: sample of
sunflower oil containing 0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude Baneh skin oil,
R: sample of sunflower oil containing 0.5% of crude Baneh skin oil.
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Figure 9- Changes in the oxidative stability index (measured with Rancimat device) of refined sunflower oil under the influence
of different amounts of crude Baneh skin oil and 100 ppm of TBHQ during 8 hours of thermal processing at 170 °C. H: sample
of sunflower oil containing 0.05% of crude Baneh skin oil; I: sunflower oil sample containing 0.1% of crude Baneh skin oil;
K: sample of sunflower oil containing 0.2% of crude Baneh skin oil; M: sample of sunflower oil containing 0.35% of crude
Baneh skin oil, R: sample of sunflower oil containing 0.5% of crude Baneh skin oil.
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In the present study, the effect of different amounts of Baneh skin oil (0.05%
to 0.5%) on the oxidative stability of refined sunflower oil during 8 hours of
thermal process at 170 °C was investigated, which was 100 ppm of synthetic
antioxidant TBHQ. used for comparison. Evaluating the results of various
oxidative stability tests (peroxide value, anisidine value, totox value, conjugated
diene value and acid value) showed that the use of Baneh skin oil improved the
oxidative stability of sunflower oil. The best conditions of oxidative stability
were observed in sunflower oil containing 0.05% of Baneh skin oil, followed
by the oil sample containing 0.1% of Baneh skin oil, both of which had a
superior antioxidant effect than TBHQ. In order to better interpret the results
of oxidative stability tests, the changes of tocopherol and polyphenolic
compounds as two indicator antioxidant compounds were investigated
during the thermal process. The results showed that there is no relationship
between the changes of these compounds and oxidative stability tests. The
sample containing TBHQ had the greatest protective effect on antioxidant
compounds, which due to the creation of a peroxidative state caused by the
increase of antioxidants, it decreased the oxidative stability of sunflower oil.
Also, the investigation of changes in antioxidant activity during the thermal
process with the help of two DPPH radical scavenging and Rancimet tests
also showed that the sunflower oil sample containing 0.05% of Baneh skin
oil had the best conditions, which was consistent with the results of oxidative
stability tests. The results of the present research are very important because
the oil of the Baneh skin oil was not pure at all compared to TBHQ.
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Article History: undergone many changes due to the increasing demand for high-
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Figure 1. Total phenol content (TPC) and total flavonoid content (TFC) of Anthemis cotula essential oil. GAE =
Gallic acid equivalent; QE = Quercetin equivalent.
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Figure 4. Antibacterial effect Anthemis cotula essential oil based on well diffusion agar method.
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Table 1. Antibacterial effect of Anthemis cotula essential oil based on minimum inhibitory concentration and
minimum bactericidal concentration methods.
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ARTICLE INFO ABSTRACT
This study aimed to extract essential oil from the medicinal plant
Article History: Anthemis cotula (Mayweed) and evaluate its total phenolic content,

total flavonoids, antioxidant properties, and antimicrobial activity.

Received:2024/4/13 The analysis of total phenolic content in the essential oil using the

Accepted:2024/6/1 Folin-Ciocalteu method revealed a value of 29.80 mg GAE/qg.
Additionally, the total flavonoid content was determined to be 13.47
Keywords: mg QE/g. The essential oil exhibited significant antioxidant activity
based on its ability to scavenge free radicals using the DPPH and
Essential oil, ABTS methods. The antioxidant activity against DPPH and ABTS

radicals was found to be 53% and 55%, respectively. Furthermore, the
antimicrobial activity of the essential oil was assessed against various
antimicrobial activity, pathogenic bacteria, including Salmonella typhimurium, Enterobacter
aerogenes, Staphylococcus aureus, Shigella dysenteriae, Bacillus
cereus, and Streptococcus pyogenes. The disk diffusion agar, well
bioactive compounds. diffusion agar, and minimum inhibitory concentration methods
demonstrated that the essential oil exhibited remarkable antibacterial
activity. Among the tested strains, Staphylococcus aureus and
Shigella dysenteriae were the most sensitive and resistant,
respectively, to the essential oil. These findings highlight that
Mayweed essential oil serves as a natural source of bioactive

antioxidant effects,

Mayweed,

10.22034/FSCT.22.159.43. compounds with antioxidant and antibacterial effects against
*Corresponding Author E- pathogenic bacteria.
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Figure 1. Total phenol content (TPC) and total flavonoid content (TFC) of A. nobilis essential oil. GAE = Gallic
acid equivalent; QE = Quercetin equivalent.
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Figure 3. Antibacterial effect of A. nobilis essential oil based on disc diffusion agar method.
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Figure 4. Antibacterial effect of A. nobilis essential oil based on well diffusion agar method.
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Table 1. Antibacterial effect of A. nobilis essential oil based on minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) methods

Bacterial type MIC (mg/mL) MBC (mg/mL)
B. cereus 16 256

S. pyogenes 8 256

S. aureus 4 128

Sh. dysenteriae 128 >512

E. aerogenes 64 > 512

S. typhimurium 64 > 512
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In this study, after preparing Roman chamomile (Anthemis
nobilis) essential oil, the total phenol and flavonoid content,
antioxidant properties, and antimicrobial effects were evaluated
using four methods: disk diffusion agar, well diffusion agar,
minimum inhibitory concentration, and bactericidal inhibitory
concentration. The study included various bacteria such as
Bacillus cereus, Streptococcus pyogenes, Staphylococcus
aureus, Shigella dysenteriae, Enterobacter aerogenes, and
Salmonella typhimurium. The total phenol content was 33.50
mg gallic acid per gram of essential oil, and the total flavonoid
content was 14.60 mg quercetin per gram of extract. The
antioxidant activity of A. nobilis essential oil was 51.70% in the
DPPH radical scavenging method and 57.90% in the ABTS
radical scavenging method. Among all antimicrobial methods,
the essential oil exhibited the highest antimicrobial effect
against Gram-positive bacteria Staphylococcus aureus and the
least effect against Shigella dysenteriae. The results suggest that
A. nobilis essential oil can be used in the production of food and
pharmaceutical products as an antioxidant and antimicrobial
compound.
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Table 1. Box-Benken's statistical design treatments used to optimize reaction conditions for the
production of phosphorylated starch with oxychloride

Sample pH Temperature (C) Concentration (%)
1 11.5 35 0.12
2 10.5 45 0.03
3 9.5 25 0.075
4 10.5 25 0.12
5 11.5 25 0.075
6 11.5 35 0.03
7 10.5 35 0.075
8 10.5 45 0.12
9 11.5 45 0.075
10 9.5 35 0.12

13. Final viscosity

14. Hardness
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10. Pasting temperature
11. Peak viscosity

12. Trough viscosity
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11 10.5
12 10.5
13 10.5
14 9.5
15 10.5
16 9.5
17 10.5

35
25
35
45
35
35
35

0.075
0.03
0.075
0.075
0.075
0.03
0.075
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Table 2. Chemical composition of commercial wheat starch

Chemical composition

Content (%)

Moisture
Protein

Fat s
Ash*

11.00 £ 0.40
0.77 £ 0.06

0.09 +0.02
0.30+0.01

* The content of protein, fat and ash is calculated based on dry matter.
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Fig 1. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 75°C.
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Fig 2. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 90°C.
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Fig 3. Solubility of native and crosslinked starch samples at 60, 75 and 90°C.
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Fig 7. Simple and reciprocal effects of temperature, pH and reactant concentration on the transparency

of phosphorylated wheat starch paste.
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Fig 9. Freeze-thaw stability of native and crosslinked starch samples.
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of phosphorylated wheat starch.
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Fig 11. Degree of substitution of cross-linked starches.
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Fig 12. The effect of temperature, pH and reagent concentration on the degree of phosphorylation of

wheat starch.
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Table 3. Amylose content and gel hardness of native and phosphorylated wheat starch.

Sampel Amylose Firmness of the gel (N)
Native starch 25.78 + 1.312 0.21+0.41°
Phosphorylated Starch 12.61 + 0.84° 4.83 +0.23?
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Fig 14. FT-IR spectra of native (A) and phosphorylated wheat starch (B).

Table 4. XRD and FTIR parameters of native and phosphorylated wheat starch.
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Table 6. Pasting property of native and phosphorylated wheat starch.

Viscosity (cP)
Sampel PT (°C) PV TV BD FV SB
Native starch  65.90+0.64°  1774.00+19.50° 1541+18.38% 233.00£18.50° 1869.00+11.46°  464.00+17.10°
PhOSphO%’t'::ig 64.77+0.57°  1587.00£16.94" 1460+10.32° 127.00+13.70° 3147.00+21.20°  1606.00+22.80°
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Fig 15. Scanning electron micrography of native (A) and phosphorylated wheat starch (b).

S Lo s YV/AY @ £8/0Y 5l ek aralis Sk
A;UJJdlfj:@)uélwl{ﬁ)jl{uiﬁgdléab
Sl Ol ke (Saees FTIR Ol mls 55 ol
BD 5TV PV PT Olpe ol jlod ol s G b
L FV SB Ol 5 LialS eb aralis 4 o Iy
S 55 ol & Olf oo a5 3ls 2158l
5 Al Caeslie sbml e 42l O ey it
55 sbl 1y ezl 5 as s slas,e s Y sbales
e slge A 3 o ool Ll s s Ll &S
e:@\élﬁl)emcwlwutjjdl},L;Sg:,va)\.i.a
oodke sile Cnls (69 S OV sl O gunY g0 3 5o
53 Mk la 5 sl 6l Ol o 1w analis
Olpe o b e aslel lAE slge 55 Sl Ly

.J;cbmlgﬁéayw)s&ﬁwﬁb

[1] Alcézar-Alay, S.C. and M.A.A. Meireles,
Physicochemical properties, modifications and
applications of starches from different botanical
sources. Food Science and Technology, 2015. 35: p.
215-236.

[2] Majzoobi, M. and A. Farahnaky, Granular
cold-water swelling starch; properties, preparation
and applications, a review. Food hydrocolloids, 2021.
111: p. 106393.

87

G5 am -t

SS1s T b S sls 0l sl aallias s et ) b
2 NS e e sk 4 (RSl chle L pH)
s s 4 L S 26 oS i s
ol s 5 WV STy Loyl ks ol ol
Lol oland 50 56 Slos a5 s A 55 Cilises ol
G Snswars b m al 53035 S5 s pss
(S S SV game 3 oslinal 350 aalds 5L )4
Colas GV e GG a5 8 Ll i
b 93 =zl (ML 5 ReS s e Rl e
eSS Lo sasl oled 5 s O] g 4505 Ol s @
O gl 350 b a6 ged L s bl OF 655
@S wali Ol il oS ol Ol w3 S

cL’vﬁ—O

[3] Laovachirasuwan, P., et al., The
physicochemical properties of a spray dried glutinous
rice starch biopolymer. Colloids and Surfaces B:
Biointerfaces, 2010. 78(1): p. 30-35.

[4] Kaur, B., et al, Progress in starch
modification in the last decade. Food hydrocolloids,
2012. 26(2): p. 398-404.



Gl Sl Bl g5l ag

[5] Joshi, M., et al., Physicochemical and
functional  characteristics of lentil  starch.
Carbohydrate polymers, 2013. 92(2): p. 1484-1496.
[6] Hu, A., Y. Li, and J. Zheng, Dual-frequency
ultrasonic effect on the structure and properties of
starch with different size. Lwt, 2019. 106: p. 254-262.
[7] Thirumdas, R., D. Kadam, and U. Annapure,
Cold plasma: An alternative technology for the starch
modification. Food Biophysics, 2017. 12: p. 129-139.
[8] Neelam, K., S. Vijay, and S. Lalit, Various
techniques for the modification of starch and the
applications of its derivatives. International research
journal of pharmacy, 2012. 3(5): p. 25-31.

[9] Chen, X., et al., The effect of ethanol solution
annealing on the physicochemical properties of pea
and potato starches. Food Hydrocolloids, 2022. 125:
p. 107428.

[10] Chaiwat, W., et al., Argon plasma treatment
of tapioca starch using a semi-continuous downer
reactor. Food and Bioprocess Technology, 2016. 9: p.
1125-1134.

[11] Sjod, M. and L. Nilsson, Starch in food:
Structure, function and applications. 2017:
Woodhead Publishing.

[12] Jyothi, AN., S.N. Moorthy, and K.N.
Rajasekharan,  Effect of cross-linking  with
epichlorohydrin on the properties of cassava
(Manihot esculenta Crantz) starch. Starch-Starke,
2006. 58(6): p. 292-299.

[13] Huber, K. and J. BeMiller, Modified starch:
chemistry and properties. Starches: characterization,
properties, and applications. CRC Press, Boca Raton,
FL, 2010: p. 145-203.

[14] Wei, M., et al., Preparation and application
of starch phosphate with a low degree of substitution.
Phosphorus, Sulfur, and Silicon and the Related
Elements, 2011. 186(4): p.AAY-4Ve |

[15] Horwitz, W. and G.W. Latimer, Official
methods of analysis of AOAC International. Vol. 1.
2000: AOAC international Gaithersburg.

[16] Sui, Z., K.C. Huber, and J.N. BeMiller,
Effects of the order of addition of reagents and
catalyst on modification of maize starches.
Carbohydrate polymers, 2013. 96(1): p. 118-130.
[17] McGrance, S.J., H.J. Cornell, and C.J. Rix, A
simple and rapid colorimetric method for the
determination of amylose in starch products. Starch-
Starke, 1998. 50(4): p. 158-163.

[18] Jackson, M.L., Soil chemical analysis:
advanced course: a manual of methods useful for
instruction and research in soil chemistry, physical
chemistry of soils, soil fertility, and soil genesis. 2005:
UW-Madison Libraries parallel press.

88

[19] Leach, H.W ,.Structure of starch granule I.
Swelling and solubility patterns of various starches. J.
Cereal Chem., 1959. 36: p. 534-544.

[20] Mandala, 1. and E. Bayas, Xanthan effect on
swelling, solubility and viscosity of wheat starch
dispersions. Food Hydrocolloids, 2004. 18(2): p. 191-
201.

[21] Ehtiati, A., et al., Pasting, rheological, and
retrogradation properties of starches from dual-
purpose sorghum lines. Starch-Stirke, 2017. 69(7-8):
p. 1600262.

[22] Dutta, H., et al., Effect of acid concentration
and treatment time on acid—alcohol modified jackfruit
seed starch properties. Food chemistry, 2011. 128(2):
p. 284-291.

[23] Reddy, I. and P.A. Seib, Paste properties of
modified starches from partial waxy wheats. Cereal
Chemistry, 1999. 76(3): p. 341-349.

[24] Pozo ,C., et al., Study of the structural order
of native starch granules using combined FTIR and
XRD analysis. Journal of Polymer Research, 2018. 25:

p. 1-8.
[25] Pascoal, A.M., et al., Extraction and
chemical characterization of starch from S.

lycocarpum fruits. Carbohydrate polymers, 2013.
98(2): p. 1304-1310.

[26] Singh, H., N.S. Sodhi, and N. Singh,
Characterisation of starches separated from sorghum
cultivars grown in India. Food chemistry, 2010.
119(1): p. 95-100.

[27] Committee, A.A.0.C.C.A.M., Approved
methods of the American association of cereal
chemists. Vol. 1. 2000: American Association of
Cereal Chemists.

[28] Pons, M. and S. Fiszman, Instrumental
texture profile analysis with particular reference to
gelled systems. Journal of texture studies, 1996 .
:(1)YVp. 597-624.

[29] Sasaki, T., et al., Comparison of physical
properties of wheat starch gels with different amylose
content. Cereal chemistry, 2002. 79(6): p. 861-866.
[30] Wongsagonsup, R., et al., Effect of cross-
linking on physicochemical properties of tapioca
starch and its application in soup product.
Carbohydrate polymers, 2014. 101: p. 656-665.

[31] Hwang, D.K., B.Y. Kim, and M.Y. Baik,
Physicochemical properties of non-thermally cross-
linked corn starch with phosphorus oxychloride using
ultra high pressure (UHP). Starch-Stirke, 20009.
61(8): p. 438-447.

[32] Kaur, L., J. Singh, and N. Singh, Effect of
cross-linking on some properties of potato (Solanum
tuberosum L.) starches. Journal of the Science of
Food and Agriculture, 2006. 86(12): p. 1945-1.9¢0¢



\i'i%é}‘ YY [PEL] JNod OJLM;.

C)lﬂl L;l"lb Gw‘gf}lﬁ&u

[33] Wang, Y.-J., V.-D. Truong, and L. Wang,
Structures and rheological properties of corn starch
as affected by acid hydrolysis. Carbohydrate
Polymers, 2003. 52(3): p. 327-333.

[34] Liu, H., L. Ramsden, and H. Corke, Physical
properties and enzymatic  digestibility  of
phosphorylated ae, wx, and normal maize starch
prepared at different pH levels. Cereal chemistry,
1999. 76(6): p. 938-943.

[35] Heo HyeMi, H.H., L.Y. Lee YunKyung, and
C.Y. Chang YoonHyuk, Effect of cross-linking on
physicochemical and in vitro digestibility properties
of potato starch. 2017.

[36] Koo, S.H., K.Y. Lee, and H.G. Lee, Effect of
cross-linking on the physicochemical and
physiological properties of corn starch. Food

hydrocolloids, 2010. 24(6-7): p. 619-625.

[37] Chen, B., et al ,.Physicochemical properties
and micro-structural characteristics in starch from
kudzu root as affected by cross-linking. Food
chemistry, 2017. 219: p. 93-101.

[38] Liu, C., et al., Influence of phosphorylation
and acetylation on structural, physicochemical and
functional properties of chestnut starch. Polymers,
2022. 14(1): p. 172.

[39] Jacobson, M.R. and J.N. BeMiller, Method
for determining the rate and extent of accelerated
starch retrogradation. Cereal chemistry, 1998. 75(1):
p. 22-29.

[40] Landerito, N.A .and Y.J. Wang, Preparation
and properties of starch phosphates using waxy,
common, and high-amylose corn starches. 1. Oven-
heating method. Cereal chemistry, 2005. 82(3): p.
264-270.

[41] Singh, J., L. Kaur, and O. McCarthy, Factors
influencing the physico-chemical, morphological,
thermal and rheological properties of some
chemically modified starches for food applications—
A review. Food hydrocolloids, 2007. 21(1): p. 1-22.
[42] Sang, Y., et al., Effects of alkaline treatment
on the structure of phosphorylated wheat starch and
its digestibility. Food Chemistry, 2010. 118(2): p.
323-327.

[43] Lin, Q., et al., Characterization of the
pasting, flow and rheological properties of native and
phosphorylated rice starches. Starch-Stirke, 2009.
61(12): p. 709-715.

[44] Majzoobi, M., et al., Physicochemical
properties of cross-linked-annealed wheat starch.
Iranian Polymer Journal, 2012. 21: p. 513-522.

[45] Hazarika, B.J. and N. Sit, Effect of dual
modification with hydroxypropylation and cross-
linking on physicochemical properties of taro starch.
Carbohydrate polymers, 2016. 140: p. 269-278.

89

[46] Sudheesh, C., et al, Effect of dual
modification with annealing, heat moisture treatment
and cross-linking on the physico-chemical,
rheological and in vitro digestibility of underutilised
kithul (Caryota urens) starch. Journal of Food
Measurement and Characterization, 2020. 14: p.
1557-1567.

[47] Dos Santos, T.P.R., et al., Crystallinity,
thermal and pasting properties of starches from
different potato cultivars grown in Bratzil.
International Journal of Biological Macromolecules,
2016. 82: p. 144-149.

[48] Sudheesh, C., K.V. Sunooj, and J. George,
Kithul palm (Caryota urens) as a new source of
starch: Effect of single, dual chemical modifications
and annealing on the physicochemical properties and
in vitro digestibility. International journal of
biological macromolecules, 2019. 125: p. 1084-1092.
[49] Szczesniak, A.S., Texture is a sensory
property. Food quality and preference, 2002. 13(4): p.
215-225.

[50] Abd Karim, A., M. Norziah, and C. Seow,
Methods for the study of starch retrogradation. Food
chemistry, 2000. 71(1): p. 9-36.

[51] Bruni, G.P., et al., Phosphorylated and
cross-linked wheat starches in the presence of
polyethylene oxide and their application in

biocomposite films. Starch-Stiarke, 2018. 70(7-8): p.
1700192.

[52] Dong, H. and T. Vasanthan, Effect of
phosphorylation techniques on structural, thermal,
and pasting properties of pulse starches in
comparison with corn starch. Food Hydrocolloids,
2020. 109: p. 106078.

[53] Kou, T. and Q. Gao, New insight in
crosslinking degree determination for crosslinked
starch. Carbohydrate research, 2018. 458: p. 13-18.
[54] Shukri, R. and Y.-C. Shi, Physiochemical
properties of highly cross-linked maize starches and
their enzymatic digestibilities by three analytical
methods. Journal of cereal science, 2015. 63: p. 72-80.
[55] Kizil, R., J. Irudayaraj, and K. Seetharaman,
Characterization of irradiated starches by using FT-
Raman and FTIR spectroscopy. Journal of
agricultural and food chemistry, 2002. 50(14): p.
3912-3918.

[56] Shalviri, A., et al., Novel modified starch—
xanthan gum hydrogels for controlled drug delivery:
Synthesis and characterization.  Carbohydrate
Polymers, 2010. 79(4): p. 898-907.

[57] Ashwar, B.A., et al., Physicochemical
properties, in-vitro digestibility and structural
elucidation of RS4 from rice starch. International



Gl Sl Bl g5l ag

journal of biological macromolecules, 2017. 105: p.
471-477.

[58] Sang, Y., O. Prakash, and P.A. Seib,
Characterization of phosphorylated cross-linked
resistant starch by 31P nuclear magnetic resonance
(31P NMR) spectroscopy. Carbohydrate Polymers,
2007.67(2): p. 201-212.

[59] Soler, A., et al., Double helical order and
functional properties of acid-hydrolyzed maize
starches with different amylose content. Carbohydrate
research, 2020. 490: p. 107956.

[60] Zhou, D., et al., Structural characteristics
and physicochemical properties of field pea starch
modified by physical, enzymatic, and acid treatments.
Food Hydrocolloids, 2019. 93: p. 386-394.

[61] Chakraborty, 1., et al., An insight into the
gelatinization properties influencing the modified
starches used in food industry: a review. Food and
Bioprocess Technology, 2022. 15(6): p. 1195-1223.

[62] Sharma, V., et al., Barnyard millet starch
cross-linked at varying levels by sodium
trimetaphosphate (STMP): film forming, physico-
chemical, pasting and thermal properties.
Carbohydrate Polymer Technologies and
Applications, 2021. 2: p. 100161.

[63] Gonenc, . and F. Us, Effect of

glutaraldehyde crosslinking on degree of substitution,
thermal, structural, and physicochemical properties
of corn starch. Starch-Starke, 2019. 71(3-4): p.
1800046.

[64] Park, E.Y. and S.-T. Lim, Characterization
of waxy starches phosphorylated using phytic acid.
Carbohydrate polymers, 20 :YYe Y4p. 115225.

90

[65] Yoneya, T., et al., Influence of cross-linked
potato starch treated with POCI3 on DSC,
rheological  properties and granule  size.

Carbohydrate Polymers, 2003. 53(4): p. 447-457.
[66] Sriprablom, J., et al., Effect of single and
dual  modifications  with  cross-linking  and
octenylsuccinylation on physicochemical, in-vitro
digestibility, and emulsifying properties of cassava
starch. Food Research International, 2023. 163: p.
112304.

[67] Sandhu, K.S., et al., Effect of degree of cross
linking on physicochemical, rheological and
morphological properties of Sorghum starch.
Carbohydrate Polymer Technologies and
Applications, 2021. 2: p. 100073.

[68] Huber, K.C. and J.N. BeMiller, Location of
sites of reaction within starch granules. Cereal
chemistry, 2001. 78(2): p. 173-180.

[69] Aaliya, B., et al., Impact of microwave
irradiation on chemically modified talipot starches: A
characterization study on heterogeneous dual
modifications. International Journal of Biological
Macromolecules, 2022. 209: p.Y4ee-VaeY

[70] Sun, F., et al., Effect of the phytate and
hydrogen peroxide chemical modifications on the
physicochemical and functional properties of wheat
starch. Food Research International, 2017. 100: p.
180-192.

[71] Majzoubi, M., et al., Physico-chemical
properties of phosphoryl chloride cross-linked wheat
starch. 2009.



JEST No. 159, Vol. 22, May 2025

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Optimizing reaction conditions for the production of phosphorylated wheat starch in order to
be used in the formulation of canned foods

Mohammadkazem Heydarian, Majid Hashemi?*, Elnaz Milani®, gholamali Goli-Movahhed*, Shahram

Beiraghi-Toosi?

1- Department of Food Science, Faculty of Agricultural Engineering and Technology, Ferdowsi University of

Mashhad, Mashhad, Iran.

2- Assistant Professor, Food processing research department, Food science and technology research institute,
Academic Center for Education Culture and Research (ACECR), Khorasan Razavi Province, Mashhad, Iran.

3- Associate Professor, Food processing research department, Food science and technology research institute,
Academic Center for Education Culture and Research (ACECR), Khorasan Razavi Province, Mashhad, Iran.

4- Food processing research department, Food science and technology research institute, Academic Center for
Education Culture and Research (ACECR), Khorasan Razavi Province, Mashhad, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/6/8
Accepted:2024/7/22

Keywords:

Gelatination,
Canned products,
Phosphorylation,

Wheat starch

10.22034/FSCT.22.159.65.

*Corresponding Author E-

majid_hashemil@yahoo.com

Wheat is one of the main crops of Iran, most of which consists of starch and
protein. The widespread use of starch provides many possibilities in various
industries due to its reasonable price, high safety and biodegradability.
However, natural starch needs to be modified for various industrial
applications due to limitations such as insolubility in cold water and heat
intolerance. Therefore, it is necessary to modify wheat starch in order to
improve its properties and reduce the dependence on the import of modified
starches. Chemical modification is one of the most efficient starch
modification techniques, but it is associated with concerns such as
environmental pollution and high costs of chemicals. In this study, the
reaction conditions for the production of phosphorylated starch with
oxychloride (Pocl3) using three independent variables of pH (9.5, 10.5 and
11.5), temperature (25, 35 and 45 degrees Celsius) and reactant concentration
(0.03, 0.075 and 0.12 percent), were optimized. According to the results of
the physicochemical tests, the optimization criteria of starch used in canned
products with higher swelling and solubility index, high transparency of
dough, less gel syneresis, and higher freeze-thaw stability were selected, then
additional tests were carried out in order to check structural and thermal
properties. and pulping was done on selected and natural starch sample; The
results showed that phosphorylation made the resulting modified starch
suitable for use in the formulation of canned products by improving textural
characteristics, creating higher viscosity and increasing heat tolerance.
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Table 1. Box-Benken design matrix for optimization of parametrs affecting phosphorylated starch

production.

Sample pH Temperature (C)  Concentration (%)
1 11.5 130 4.5
2 10.5 150 1.5
3 9.5 110 3
4 10.5 110 4.5
5 11.5 110 3
6 11.5 130 1.5
7 10.5 130 3
8 10.5 150 4.5
9 11.5 150 3
10 9.5 130 4.5
11 10.5 130 3
12 10.5 110 1.5

6. Final viscosity

7. Hardness
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3. Pasting temperature
4. Peak viscosity

5. Trough viscosity
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13 10.5
14 9.5
15 10.5
16 9.5
17 10.5

130 3
150 3
130 3
130 1.5
130 3
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Table 2. Chemical composition of commercial wheat starch

Chemical composition

Content (%)

Moisture
Protein:
Fats
Ash*

11.00 £ 0.40
0.77 £0.06

0.09 £0.02
0.30+0.01

* The content of protein, fat and ash is calculated based on dry matter.
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Fig 1. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 60°C.
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Fig 2. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 75°C.
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Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility

rate at 90°C of phosphorylated wheat starch.
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Fig 5. Simple and reciprocal effects of temperature, pH and reactant concentration on swelling power
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Fig 10. Synersis of native and crosslinked starch samples.
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Fig 11. Effects of temperature, pH and reactant concentration on the syneresis of
phosphorylated wheat starch.
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Fig 12. The effect of temperature, pH and reactant concentration on the Freeze-thaw stability
of phosphorylated wheat starch.

Sp<0.05) s S Jls s pdS aralis OAS 4l ind
Jolo awr a3 a8 5l 0Las bl pUT bl Sos (5 e
IS s oS 555k 4 (p<0.05) 35 15 xe o) 23550
O Al phad Ol RESTy cdale 5 Loy ilsl LY

WSl 2als Ol Gl PH Gl B L 5 Al
w25 0Dy i 1 Les 36 (V449) OLKes 5 oS
3,5 Olz g e3ls D3 w3550 O39St s &
Sl a3 VAL B 51055 2aST gles bl L oas
5 deses [80] Wb o il Ol i Ol S
Sl aalis Ol jand o 1 pH 36 (Yoo o) 0L,
3L s aBlu &0 4 STPP 5 STMP 5l eslinad L
Oly Oliioes opl . dsls 513 )y 3550 SOUSS LS 5
pH 2158l ¢ oles & STMP 5l eslizl Ol ,3 S L5 S
o3lizal Lel A O e i Ol e il 53l Caslb Ve G5
4 2w pH awls s ;5 STPP 3 STMP .S 5 3

L8] 5 8 05Dl d Ol e ialS

S () s VY

o s BB sk 4 eds POl gl ol
e sl st Sl £ a s i
S G 2 P bt Rl A3 B 3,5
il ol gt sl 4 e Ll e atulls 5l ol &
s b e VLl sl STy LS [A] 3u
lad g e s OLiS &S 3 g g0 0313 OLLS wﬁb
Ol s S s sgm e ail o se Jlal Slis
ok Sl arulis el sl (S8 a0
ol rb L 5| s ke Aoy 035 oS U
Foo gata plie G5l b Ll ) s e
Die Ol dS 03 gdome canlllas ol 5y Ll Dlis 2l
b Ol 5 A3 55500 Aoy HTVEVTE O gl S
Loys /0 tY 50 eslanal 540 Cu\f wlls )3 3450 SI3
bt Jde o sl L sl BIUT el (VY USCE) 5

107



w8l S5 Ll 5 S5l e

oL 5 0Ly rléls.xw

0.791

S
e
Rl
1.
0.757

J

g S 3

N N ﬁ
S ENNNN
VNNENAN
YANNNNANN
NININNNNNN NI

e I

—) w

L Pa |
R
.

-~ -

8 9 10 11 12 13 14 15 16 17
Sample

Fig 13. Degree of substitution of cross-linked starches
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Fig 14. The effect of temperature, pH and reagent concentration on the degree of phosphorylation of
wheat starch.
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Table 3. Amylose content and gel hardness of native and phosphorylated wheat starch.

Sampel Amylose (%) Firmness of the gel (N)
Native starch 25.78 + 1.312 0.21+0.41°
Phosphorylated Starch 22,43 £0.72° 0.84 +0.342

56 O 4l slad 1 S G gel sla i 53 Jyane

Lo¥] das o 5 oy S 5501
53wl e Jlal slaamalis o sl olid Laasl
355 5 (RO) S (Soish anb analid b anlie
sl s Shasdea Lsg Jall 4 sl pldas e Ol
Jodr) A esls o oS atulis glad 5l S Jaes S
Jlasl Jsle & 2638 Oly (Y+42) Oan 5 osdoms (8
Ot deols Ll AS o Jos J S Ul5e 0 S (50
i Jly S bl a5 O ) aalld lad 5S35

2ol pl pesdle das ialS gl S J=s s

109

R gh A s 5 eSSl andl B —4-F
3 YW 5 A AV 00 sl LA g5 Sl sl Sl
Vo JSSa Sy asl oy Jlail 5 anb glaaalis ol
fﬁdw‘&u%m Lﬁ‘}ié‘}ij\ &L-w‘ ol OJ\JQL:.J
sl 4 5l LS ol ) S b wnlis wlie aul

J,ﬁla “ ‘_;*’j" Jlasl (Y+Y) Q‘)@ B u.a-)la.: u»L.J



Sl Sl Bl g5l ag

I 5 0L rbts,\w

Sl alS Sl o d e sl Jlite sy anl b
313 0L (YOA) OLan 5 4 50lS anlllas Llis 55 [¥4]
AV (SKosk sl oo,e dlail p S5 anlis oS
ol s el ls s b el 4 s
Lils pleac ol Sl g il 05,87 (B ome 5 2l
£ walis IS Gopal 4l s 2olol pl boas oS

Joe] i alis L;Lﬁdﬂy 2 P s 9 o3l

walis glad sl S Gl Gble s bies ol Sas
sl gl me gl Sl 0 blis ol &S| o i GLis)
(YoYY) OLen 5 S [Y] ditees o 2wd 3 b2
2l s dlal oS sl esle il laclle
alis 48 il ys s ol s S e s azalsS
& oo, Jlasl S slml osle prlaw (5151 L (S5
5368 Jls S bl 5> Sl 5 pland POl Lo

Diffraction intensity (cPs)

, :"J'A
5 VAV, 1B
T M T T T T T T T T T
5 10 15 20 25 30 35 40

Diffraction angle (20)

Fig 15. X-ray difraction pattern of native (A) and phosphorylated wheat starch (B).

Gloos S i8S olals,l FEvVem-l # e k)
FAYAem-1 =50 Jsb =Y «(O-H) 5555 JouSsyden
g Jsb Y (C-H) 035,080 S Ls Ol oS
Coygel bl 53 H-O-H et Slibol dgrem-1
Sl 5 el it s e ST b o) aralts
AYYAcm-1 5 \FYem-1 6“@)‘ dsb —f c(alis
-1 «CH20H (C-OH _::S \YéYem-1 -0 «C-H iis
—V C-0-C o,lizel 28 VW=V evem-1 (g 63 5doms
5 C-0-H -0 iis 4 V+VW-AYAem-1 s,

[oe] Jj.o.ﬂ‘jﬁ osls u..ol..a.":—‘ WS

Sy e peie osls &= S sl Ol @Lﬂ
9 L;!.:.]ﬂ LSL&ML.:«J DL, C-0 9 C-H O-H dwl:u“)\

110

FTIR -\ .-¥

Sl 3 Sl ey 6l b wises FTIR Cib
el b alie 3 Bl b e Jla] el IS5
031 OLENT JSE 3 6 b Olen .l ok 4| b
s alie Al i 5 e atalii e G Col ol
o Il Pl o 550 ) Sy ol ) oS
sl lanalss Sltle 55 il plesd laes S
S o LIS ) ol Glacsy i Ll oS S o
25 o Gy dacsy S Dl ) sk
P s sype phiS welts slakisel FTIR Cib o

=

L S



\i'i%é}‘ YY [PEL] JNod OJLM:

Qlﬂl L;l"lb Gw‘gf_y\&&bu

3 Cho g §l e 5 4V VA B A4t emT 5 VA
(DO ol o 3) anall sld sl § Juws 5 bl Y
Wl cal b i 52 o 30l (DD) 08 53 o (8l i
Shla s Ll St LA4E B VA em™ Gl e

VW] Gl Lo o azalis slad 51 S Gy pal

Slyss LAY em! p a4t em! s S wds s
Lo s glajedy 005 Joee S5 Sk
G VA em! s Sy ol ol S s el
53l Lo e il glad Bl S ol Oy sel bl
q9f cm? 5V VA BV AY em! ol gl i caes
P S A 008 pasde gl el S VAL
5 (DO® 5 axr)3) wralii ladsil S Jowy S
K8 ol 3 eslinal 5,46 (DD) 46 55 @)u Sl i
Ol L A48 B A em! Cder cd Jl opl b
Gl Lo o walis glad 51 S Gysel sble js b

Y]

ol e anlil oSy wud ol ol e
O gl i a5 305 LS 55 S aslis ab arulis L1
S S bl 0 St bl el L
DO)DDM&SQﬁAcK il sd Bl S
G L0 oDl pind 05 (G e Sl il 4 s
4 e pdS i Glad SIS Joy S bl s (L
il (3l Ja g a5 5448 BV VA em-1 s il 58l
Aol Koosh dos s s a5 S
S ol OLa (YoVY) O 5 o (g andlles a5 JU s
oo Jlal sl L oaxalis glad sl S G el bl
o2 b gble ol el s e cpl Al o e
2 55kl kel b Sskals kel Bl 5 515
sl Mol a1 flisls ol Al Gy gel bl

16 . Degree of double helix content

111

23 et pde 4 Dol pde pl O s a2
b i L alie 3 b Sy bt b
SR o D5 sied 4 S1[OT] A el ol
d4fem-1 5 Nltrem-1 FYliem-1 Sy wus
Dpe b ool ol s 5 L b analis 4 oo
53 Slind 0y 8 Boxe 5 Shasdes ks s o
35 0 s 2 (sla e oS pn (slaes S o
0 Ky Dl (Vo)) e 5 gl alin
L ek aalis 4 cos wl Lo e Jlal anulis
(Yor) OLen 5 Sar Jlie 5o [OV] s S 518
Y- emlades ;s O-H L2iS )l a5 Ws S sdaline
Slaanalsl Cib 55 ab ameli b aglie s Faes

LOA] dil o 550 5 al 5 28 sl b e Jlail

s YaAem™! 5 aavem! S ol s (g
Js 3l bl ek anllil 4 cond dl il analis
bl e Jlal el 53 Sy ol ol il
Uil et A3l o P-O-C 5y slowsl (slak s s
em el s ad as wnli by ol S
ol Bl b allil dged 4 Cans VYO0
(s 03ls Cad (P=0) O50nSh- aud L gy O lee 2ES
Sl YU em! s Ky ol il ol
1orodFer em s Ky ol bl 5 (OH— s
s o 0L (P=0) O5anSl— and Lsy O lane (22S)

[08] 0315 LS 2815 STMP L axuls oS

em” A4t em? s LS cds wis s G bl
Sk 5 Jl S skl 55 S ks 4 05 e 1) AY
Sy ol Gl oS J s ol cand anlis e el
walis glad 518 Gy gel bl Sl LY A em s

15 . Degree of order



J'." ebj.:‘._% L' b aewlis L;Lﬁdjﬁ)ﬁ )L?;-Lw dﬁﬁ JLAJ\

Sy i b atllis sad S50 Lo aslie o el as 8

Y]
3264 e’ 2926 e’ 1643 e’ 1336 o’
\ / N S
\ ¥ 3 ! !
N 0
! ! i
! ! i
i i i A
| !
3 o |
g ! ! i
s i i @
£ /) s 5
& ! ! i
| !
S 5 i 5
~ i | i
! ! i
i ! i
! ! i
! ! i
! ! i
! ! i
! ! i
1 1
! 994 cm’!
1082em™ 1018 cm™!
! I ' I N | ' I ' I ' I N I
4000 3500 3000 2500 2000 1500 1000 500
Wavelength (cm™)
Fig 16. FT-IR spectra of native (A) and phosphorylated wheat starch (B).
Table 4. XRD and FTIR parameters of native and phosphorylated wheat starch.
S 1082/1018 (DO) 994/1018 (DD) 1018/994 RC%
ampel
(Amorphous)
Native starch 1.38 £ 0.042 1.29 £ 0.022 0.83+0.07° 4452 +0.572
Phosphorylated 1.34 +0.09° 1.20 + 0.06" 0.87 + 0.08? 41.22+0.35°
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Table 5. Thermal properties of native and phosphorylated wheat starch.

Sampel To Tp Tc AH
Native starch 52.90+0.13 58.12+11° 64.37+0.06° 8.48+0.11°
Phosgtha‘;g]'ated 53.40+0.16° 58.20+0.24° 62.58+0.11° 5.47+0.10°
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Table 6. Pasting property of native and phosphorylated wheat starch.

Viscosity (cP)
Sampel PT (°C) PV TV BD FV SB
Native starch  65.90+0.64°  1774.00¢19.50° 1541+18.38° 233.00+18.50° 1869.00+11.46°  464.00+17.10°
PhOSphor%’t'::ig 66.7140.97%  1902.00+17.41° 1674+11.40° 228.00+10.66" 2487.00+12.45¢  813.00+22.50°
})S_}(Y'\/\) }Jjujujﬂm [VO] 'L'Jffgf)‘fs Ww‘sud‘,;‘;djjj‘,é)yw)ﬁ—\r—r

il 58 o 53 1y S Sl i (Yo 0) O Ses
anslie 5o 4l b, Jlall oyl annlls 5 4 )ls 0 030
L35 Olo cpudizes pl 5 S sdalie Lol and axalis b
L aalss IS5 sl sose 1 oo dlail PSlol &S
S ok a S GU JHS il 4 ey
Ao S L a5l S L alis 5o 5555 slad 51,5

[vv vi] .,U‘e..\,i‘}oﬁab S b DS

ol SEM) luss oSl QsKs Soe sl
Pl LS n ons s anl o Jlal s ek
oS il slad 515 el ol eals OLE VY IS 5o
SIS 5 oIl L il Ss (i 2,8 JISKa1 1l

AL o SHn b S S

Lhojvbbq‘wypﬁdw‘cwlsbbdm@b
el 2wl glad 5l S w555 ale S5
Cos analid Glad sl (Y000) Lyse 5 Sba 0y Lk

b ol sladyT s 5l 36 g b 5t

SignalA=QBSD  Date :1 Aug 2023 Signal A=QBSD  Date :1 Aug 2023
ENT=2000kV  WD= 9mm Photo No.=9676  Time :14:37:55 =20 s PhotoNo.=9694  Time :14:54:31

Fig 17. Scanning electron micrography of native (A) and phosphorylated wheat starch (b).
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Wheat starch is the most common type of starch in many countries and can
be modified to produce a variety of starches. The widespread use of starch
offers many opportunities in various industries due to its affordability, high
safety and biodegradability. However, characteristics such as insolubility in
cold water, heat intolerance, low resistance to applied stresses, and low
freeze-thaw stability limit the use of natural starch for various industrial uses.
One of the most efficient techniques for starch modification is chemical
modification, but it raises concerns about environmental pollution and high
chemical costs. For this reason, in this study, in order to reduce the
consumption of chemicals, the reaction conditions for the production of
phosphorylated starch with sodium trimetaphosphate (STMP) using three
independent variables: pH (9.5, 10.5 and 11.5), temperature (110, 130 and
150 degrees Celsius) and reactant concentration (1.5, 3 and 4.5%) were
optimized. According to the results of the physicochemical tests, the
optimization criteria of starch used in all kinds of sauces with higher swelling
and solubility index, higher dough transparency, less gel syneresis and higher
freeze-thaw stability were selected. Then, in order to check the structural,
thermal and pasting properties, additional tests were performed on selected
and natural starch samples; The results showed that the starch produced
under optimal conditions is suitable for use in the formulation of all kinds of
sauces due to improved textural properties, higher viscosity and increased
heat tolerance.
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Different letter between columns indicates significant statistical difference at level 5%
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color acceptance
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Different letter between columns indicates significant statistical difference at level 5%
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ARTICLE INFO ABSTRACT
Hot chocolate (a cocoa-based beverage) has gained
Article History: popularity in recent decades due to its many health benefits.

However, during the processing of the base powder, some of the
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seetve nutrients in the product are lost. Therefore, fortification is an

Accepted:2025/1/13 effective method to increase the overall nutrient content of hot
chocolate. Jujube fruit powder contains ascorbic acid,
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cerebrosides, flavonoids, polysaccharides, and minerals. In this
study, jujube fruit powder was added to hot chocolate powder
formulations at 0 (control), 10, 20, and 30%, and the physical,
chemical, sensory, and microbial properties; phenolic and

Jujube,

hot chocolate,

phenolic compounds, flavonoid content, and antioxidant capacity of the product were
evaluated. The results showed that the addition of jujube powder
antioxidant capacity, significantly increased the total phenolic compounds,

flavonoids, and antioxidant activity of the hot chocolate powder.
Jujube powder reduced the sugar, fat and pH of the product and
functional food. increased the total ash and acid-soluble ash. Adding jujube
powder up to 20% improved the sensory properties of the
product, but adding 30% jujube powder reduced the overall
acceptance score of the product from the sensory evaluators'
perspective. Therefore, adding 20% jujube powder to the hot
10.22034/FSCT.22.159.122.  chocolate powder formulation can be acceptable.
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Table 1. Textural and sensorial properties of the produced breads containing different amounts of sprouted wheat
sourdough. The different letters in each column show significant difference at p<0.05.

Overall acceptability Gumminess Crumb hardness (N) Bread sample
292+0.16a 193420+ 77.35a 400+0.37a 5 e 10
5% Sourdough

2.48+0.43ab 842.59 + 128.53 b 1.93+0.33b R JWERAP
10% Sourdough

2.16+0.29b 1474.60 + 288.50 a,b 3.43+0.19a YWY
15% Sourdough
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Table 2. Overall acceptability, pH, specific volume and crumb hardness of the produced bread samples including
control bread (C), bread containing sprouted wheat (SW), fermented sprouted wheat (FS), garlic extract (E),
calcium propionate (CP), yoghurt and vinegar (YV) and fermented sprouted wheat containing garlic extract
(FS+E). The different letters in each column indicate significant difference at p<0.05.

Overall acceptability pH Specific volume (cm®/g) Crumb hardness (N) Bread sample
440+0.21a 6.15+0.02a 2.42+0.02d 3.83+0.02d C
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414+021a 6.13+0.02a 2.52+0.02d 470+0.16 ¢ CcpP
414+0.21a 6.00 +0.00 b 3.86+0.16a 7.63+0.16¢ YV
352+0.24b 5.94+0.01c 1.93+0.03¢ 294+ 0.24 ¢ FS+E
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Fig. 1. A: surface expansion of A. flavus after five days of storage on the produced bread samples. B: inhibition
percentage of A. flavus growth on the produced bread samples including control wheat bread (C), bread containing
sprouted wheat (SW), fermented sprouted wheat (FS), garlic extract (E), calcium propionate (CP), yoghurt and
vinegar (YV) and fermented sprouted wheat containing garlic extract (FS+E). The different letters indicate

significant difference at p<0.05.
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Application of plant extracts in the formulation of sourdough
can improve sensory characteristics and shelf-life of the
produced bread. In the present study, effects of combined
application of fermented sprouted wheat and garlic extract in the
formulation of traditional sourdough containing yoghurt and
vinegar were investigated on the quality characteristics of loaf
wheat bread. Based on the results of texture analysis, among the
produced breads the lowest crumb hardness was observed in the
sample containing fermented sprouted wheat along with garlic
extract (2.94 N), which was significantly (p<0.05) lower than
those of the control sample. In addition, combined application
of fermentation and sprouting increased the specific volume and
reduced the gumminess of the product. Moreover, although the
lowest surface growth of Aspergillus flavus was observed on
breads containing yoghurt-vinegar and also garlic extract alone,
there was no significant difference between the fungal growth
rate on the sample containing fermented sprouted wheat along
with garlic extract and bread containing calcium propionate.
Bread containing fermented sprouted wheat and control sample
had no significant difference in terms of overall acceptability.
Accordingly, sprouted wheat sourdough containing garlic
extract can be used as a biological preservative to improve the
quality characteristics and shelf-life of wheat bread.
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TREATMENT SURVIVAL CELLS MICROENCAPSULATION EFFICIENCY

(PERCENTAGE)

L-FC 10.056 +£0.123 2 0.000 ¢
L-SA 9.336 +0.06 ° 92.847 + 0.805 ®
L-SC 8.436 +0.289 © 83.881 +2.146 ¢
L-SA1SCs 8.703 +0.070 « 86.551 +1.198
L-SA2SC; 9.160 + 0.141 91.096 + 1.197 b°
L-SA3SC; 9.673 + 0.047 96.197 +£1.093 2

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA:1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3SCi: 75% Sodium alginate+25% Sodium caseinate.
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Table 2 — Number (log CFU/g) of encapsulated cells surviving against bile salt at different times

TREATMENT TIME(MIN) D-VALUE
0 60 120 180 240
L-FC 10.820+0.145*  8.270+0.130°  6.940+0.098° 5.506+0.251° 4.846+0.119 40.209+1.353"
L-SA 10.140+0.220°  9.266+0.128*  8.646+0.120°  7.303+0.112% 6.630+0.190  68.985+7.9272
L-SC 9.137+0.122¢  8.210+0.147°  7.556+0.920" 6.710+0.292°  5.953+0.140°  75.720+6.142
L-SA;SCs  9.816+0.196"  8.616+0.137* 7.660+0.111" 6.820+0.155" 6.350£0.088"  69.361+3.645°
L-SA;SC,  9.416+0.116  8.273+0.085¢  7.490+0.790° 6.733+0.087° 6.093+0.179¢ 72.572+6.179°
L-SAsSC;  10.010+0.138"  8.886+0.270%  7.753+0.145"  7.213+0.080*°  6.903+0.086%  77.503+5.288°

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SAi1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA;SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3SC1. 75% Sodium alginate+25% Sodium caseinate.
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Table 3 - Number (log CFU/g) of microencapsulated cells surviving against gastric acid

TIME(MIN)

TREATMENT 0 30 60 90 120 D-VALUE
L-FC 10.486+0.170° 7.933+0.061°  5.870+0.140¢  4.893+0.257¢ 2.976+0.1809 16.001+0.744¢
L-SA 9.956+0.061*  8.863+0.145%  7.173+0.085"  6.336+0.132% 5.176+0.115® 25.120+0.7642
L-SC 0.333+0.182¢  8.543+0.462%  6.846+0.070° 5.541+0.120*° 4.076+0.159¢ 22.831+0.352P

L-SA:SCs  9.990+0.125°  9.106+0.142°  8.036+0.015°  6.103+0.159°  5.273+0.092%  25.445+0.3842

L-SA,SC,  9.543+0.070%  8.810+0.174%  7.136+0.055"  6.266+0.128% 5.036+0.140% 26.712+0.536°

L-SAsSC;  9.323+0.085¢  8.470+0.045%  7.070+0.121° 5.846+0.081%" 4.863+0.095" 26.912+0.5142

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA;SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3SC1. 75% Sodium alginate+25% Sodium caseinate.
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Table 4— Number (log CFU/qg) of microencapsulated cells surviving against the simulated intestinal environment

with bile salt
TIME(MIN)

TREATMENT 150 180 210 240 300 D-VALUE
L-FC 2.603+0.165¢  1.43+0.160¢ 0.923+0.188¢ 0.566+0.073¢ ¢ 46.220+2.974°
L-SA 4.813+0.045  4.043+0.065° 3.523+0.090° 3.556+0.187%  3.036+0.060® 67.573+1.775%®
L-SC 3.580+0.105°  3.246+0.060° 2.826+0.145°  2.426+0.135° 2.156+0.176°  86.024+14.200?

L-SA1SCs 5.046+0.065% 4.573+0.140* 4.256+0.068%  3.826+0.040°2 3.426+0.1732  74.629+7.690%
L-SA,SC; 4.423+0.450° 3.973+0.073> 3.653+0.132°  3.280+0.110° 2.866+0.135°  84.146+8.9642
L-SA3SCy 4.750+0.140%  4.550+0.079* 4.116+0.090°  3.833+0.102? 3.383+0.030% 88.184+7.078%

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates + standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA;SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3SC1. 75% Sodium alginate+25% Sodium caseinate.
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Table 5- Number (log CFU/g) of microencapsulated cells surviving against the simulated intestinal environment
without bile salt

LYe]

RHINWA

TIME(MIN)

TREATMENT 150 180 210 240 300 D-VALUE
L-FC 2.850:0.069° 2.430£0.070° 2.12040.1249 0.920+0.600° 0.296+0.145¢ 47.037+1.678°
L-SA 4.956:0.037° 4.436+0.075° 3.753+0.135° 3.326+0.136° 3.123+0.04°  65.508+2.339°
L-SC 3.830£0.110° 3.573+0.097¢ 3.153+0.106° 2.90040.045° 2.09040.953° 69.618+8.337%

L-SA;SCs  4.863:0.080° 4526+0.085° 3.986+0.055° 3.636+0.125% 3.243+0.08°  74.419+6.066%
L-SASC,  4.606:0.015° 4.153+0.060° 3.75040.090° 3.433+0.115® 3.146+0.102° 82.995+5.339"
L-SAsSC:  4.916:0.051° 4.780+0.026° 4593+0.083* 4.263+0104° 4.006:005°  131.941+3.7832

Different lowercase letters in each column indicate a significant difference at the level (p<0.05). The numbers in
the table are the mean of three replicates * standard deviation. L-Fc: Free cells, L-SA: Sodium alginate, L-SC:
Sodium caseinate, L-SA:1SCs. 25% Sodium alginate+75% Sodium caseinate, L-SA,SC,. 50% Sodium
alginate+50% Sodium caseinate, L-SA3sSC1. 75% Sodium alginate+25% Sodium caseinate.
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The viability of probiotics in sensitive environments, particularly

Article History: gastrointestinal conditions, is of significant importance. In this study, we

Received:2024/7/21 used microencapsulation to increase the viability of probiotics Lactobacillus
’ acidophilus La5 under simulated gastrointestinal conditions. These bacteria
Accepted:2024/9/11 were microencapsulated using the emulsification method in a matrix of

Sodium alginate and Sodium caseinate at five concentration levels,
individually and in combination. Then it was examined for viable cell count,
Keywords: encapsulation yield, survival against bile salts, and viability against gastric
acid and intestinal fluid with and without bile salts. Our results showed
significant differences between the treatments in all tests when comparing

Microencapsulation, the average data (p<0.05). The survival of free cells in digestive conditions
decreased sharply; however, microencapsulation acted as a protective role,
Probiotic, and the survival of microencapsulated strains was higher than that of free
cells. The results showed that microencapsulation acts as a protective
Lactobacillus acidophilus, mechanism for improving the viability of microencapsulated strains
compared to free cells. On the other hand, the combination of Sodium
Sodium alginate, alginate and Sodium caseinate as an encapsulant can significantly increase
the bacteria's resistance to digestive conditions (p<0.05). Among the
Sodium caseinate treatments, the free cells (L-FC) treatment showed the lowest survival

against the simulated digestive environment. In the viability test in the
intestinal environment with bile salt, no live cells were present after 300
minutes. However, in contrast, the treatment 75% Sodium alginate + 25%
Sodium caseinate (L-SA3SCi), had the highest encapsulation yield and
10.22034/FSCT.22.159.144.  exhibited the best protective effect against bile salts, gastric acid, and
intestinal fluid. In conclusion, microencapsulation using the emulsification
method with a combination of Sodium alginate and Sodium caseinate
ahelhamirad@yahoo.com effectively enhances the survival of Lactobacillus acidophilus, thus having
potential beneficial effects on human health, particularly in reducing
gastrointestinal diseases.
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2- Agar disk — diffusion assay
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1- Agar well diffusion assay
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Table 1 Extraction result with distilled water and ethanol solvent by Maceration method

Types of extracts Amount of Extraction yield(%)
powder(gr)
Water extract 25 2/960 £ 0.008
Maceration
Ethanol extract 25 2/956 = 0.008
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Table 2 The result of extracting with distilled water and ethanol solvent by ultrasonic method

| Types of extracts

Amount of powder(gr Extraction yield(%
p g y
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3 -Microdilution Broth assay
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Prop
Ultrasonic
(ultrasound)

Water extract 25 2/957 +0.008
(15 minutes)

Ethanol extract 25 2/958 + 0.008
(15 minutes)

Water extract 25 2/959 + 0.008
(30 minutes)

Ethanol extract 25 2/960 + 0.008
(30 minutes)
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Table 3 The result of the analysis of the amount of minerals with the ICP-MS device
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minerals The amount of minerals

(ppm)

Potassium > 100000

Calcium 28631/07

Magnesium 16121/36

Sulfur 15885/44
Phosphorus 8348/84
Iron 499/22
Boron 353/88
Manganese 186/01
Zinc 135/43

Copper, Molybdenum,

Selenium <0/1
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Table 4 The results of measuring the diameter of the growth inhibition zone in different concentrations of the

extract
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diameter of growth inhibition zone (mm)
n mg mg mg mg
Bacteria 25 (W) 50 (W 150 (W) 200 (ﬁ)
Staphylococcus 6 6 6 6
aureus
E. coli 6 6 6 6
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Table 5 The results of measuring the diameter of the growth inhibition zone in different antibiotic discs

diameter of growth inhibition zone (mm)
Bacteria Ciprofloxacin Trimethoprim Penicillin Gentamicin
(5u9) (5u9) (10pg) (10pg)
Staphylococcus 25 26 44 .
aureus
E. coli 35 27 _ 25
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Table 6 Antibacterial activity of extract by MIC and MBC determination method
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Bacteria MIC MBC
Extract Ciprofloxacin Extract Ciprofloxacin
mg ug mg ug
Stapf;h/:gﬁgccus 25 () 0/5 () >200 (=) 1()
E. coli 100 (59 0/0039 (*< > 200 (R2 0/125 (2
ml ml ml ml
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Cyperus Rotundus L plant is a monocotyledonous weed from
the Cyperaceae family. Cyperus Rotundus L of tuber is a home
remedy for indigestion, vomiting, diarrhea, bitter, astringent,
sedative, carminative, diuretic, anthelmintic, menstruate and
nerve tonic. In this study, for the first time, the flower of the
Cyperus Rotundus L plant was extracted by two methods of
maceration and ultrasound with distilled water and ethanol
solvents at times of 15 and 30 minutes. Also, the antibacterial
activity was evaluated by determining the diameter of the
growth inhibition zone, the minimum inhibitory concentration
(MIC), the minimum bactericidal concentration (MBC) and
the amount of minerals in the flower extract. The results
reported that the difference between the extraction yield of
both methods is insignificant, but the ultrasonic method is
more optimal than maceration due to the reduction of the
extraction time. Among the amounts of minerals, the highest
amount was obtained for potassium and the lowest amount for
copper, molybdenum and selenium. The results of
investigating the antibacterial properties of flower extract
compared to antibiotics show that the inhibitory effect of
antibiotics on Escherichia coli and Staphylococcus aureus
bacteria is greater.
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Table 1. Treatments produced from basil stem color marker and cmc based on rice bran fiber.

Name Sample(film) CMC(g) Glycerol 10Stock cmc (g) DDW
% (9)%souton

FilmC - 0.2 0.75 - 75

Film 1 Fiber 100ppm+200ppm En anto 0.2 0.75 5 75

Film 2 Fiber 100ppm+400ppm En anto 0.2 0.75 5 75

Film 3 Fiber 100ppm+600ppm En anto 0.2 0.75 5 75

o3ls 5 xe Sl YXY slal 53 ol 4 (,J.e REYA N S 9w 6u31§ FY-v-)
ok 55 R SLsal 58 1) oo 270 (b3l pl 3 A2

173



SO sl Wb s Shes o)

:ﬁW)rSljaLﬁgl;ﬁ@M

2 Oy Bl (K5 KL L ale a3 i YA
B2 oo b 4l

055 L (Siganus commersonnii) _.le b b et ale
RSB U B R T TN pf 0re B ger s
oCilesl w0 oy (lgmn (b wnr L el g 550
Covsz Sl 5 (G503 5 o Sy 31 ey 5 S Jise
Al g 3 8l a3 YO gles s ale Ol
LSt Jglos L1, sddoslal sladld 5 S L
A esls piaes b 5lss e Ol L w5 Ao
0355 Ao gl p ST (ale sl 535l ol sk
o3 0313 Sl ey s A i el d el Sy S
oolas glachle gl ol 0T (55, 5 O S o (VL
350 0k oo Ol aSle Sl ol W pnSSl il g
£l 4 e S35 15 b5l sy (V dsax)
(slord gla sl ] s Lz s S sle s
(Fo=YoV o in) Sley Jolss s FTIR awiwcids
A el (S5, S s g5l oale ald 555

PH (5 xS0 31a51-Y-A-)

Sl e Ve Sl a5l Al Ct S wipad p S Y
iy bawy aids V' S a4 5 alol ki
L o3 sen (Germany HD3200 Bandelin) 5L 5 son
(Metrohm 713)Jus 2o pH &G L bt yos PH s
Ire] ws o Sesll

(FFA)C 2 el (5,5 651 61-Y-A-Y

305 53 531 o gladend (2t Ol s sk o
Lot Son oale Cd 8 wigad p SV alo 02 S
o Al B IS ) Jee e s dsile 1) e
Blol Jdows w0 jhaie OF 2 s $A (el Y208 5
A1 50151 sl b dsee) IV 1) e 00 il
YUV e bl ) dsad o (Sl LSIes 5 Ao
Sheslizal U bglss .l 6lol bl a0 s b o Jas

] s w5 Jle s o/ s 25

174

R N - (L " JEN TN R IR AU
Lo ol Ky an ol Sl e e 23 S 1
Ira]

Casb Y-V

e 3 A5 055 Wi ged Ll (b (S eIl gl
Cole Y Sde w5l S le a3 Ve gles 53 051 s
b Cosb s ol s 58 S 15l s 4 dew, U
Ire] el s w4 (Y) a5

O3 My (%) = M1-M2/M1 Al
Al o o S ) g diged 035 M2 L g0l 4
NI EETRCIN ) PRI SSTRY B SV o

st o b St esle Aoy Do 4 O s S
Slapks 5 Oy OF L3 s s el YE I s
o5 abse i s ke O 2 le 00 s sdaSis
Loy ocole 1 o @ ol S sluas)s Yok s
Skt SaaSS g A 03508 4l 35 53555 Vot
e 00 gl 3 0AaKES Gl s A s O
doss s Oy cole cole YE Ol 4 ol S sl
L] s il (7) el 51 gk oD
% Solubility = wl-w2/wl x 100
sl S W2 4l S

059wl Y
CwlBeo-Y-V-£

O e des /) B L ey See Lo 5 lagld s
Pl e sl 4 el ebel (slagkd (sl s
L S el o sl 53 abB A s Cabis SS
Jxv]

(Opacity)e, y45-Y-v-0

Aoy S S Skl Dpe 4 eddag glagkd
Schimadzu ) ey s il o&aws oo 0553 Ly
Jsb o3 Lol Gl 5 As esls Ll 3 (UV/Vis-240 IPC
o Sl (8) alaly 5l el gl Ver 2
I s sl oy sas

Opacity = Absorbance 600 nm/ Film £

thickness (mm)



\i'i%é}‘ YY [PEL] JNod OJLM:

Qlﬂl L;l"lb Gw‘gf_y\&&bu

As TBARS content = 50 x (As — Ab) / .0
dals Ol AD 5 4 sed ol 200

FTIR o b O 4051-Y-A-0

Spectrum Two, ) oK 51 FTIR 0ga31 plnil sl 5
Sob sla o 3.0 eslinal (FTIR Perkin Elemer, USA
oolae Jls sl sddyng el gladisl
Sl b i s Sl O Wil (il 531
Looshs il s bases 5 Of bl 51 e Juo V51 S
operon)  (sslaxl (SSLF hug 5 by Ay
G e 5 S 5l S Sl 4z -V gles s (Korea
Ode as JKLLhs e spas 5Lis Jlasl 5 VY s
g by el s o 3 ey olSas 3 i ) s
3 el plees Blvy g0 sde 03 3dome 53 ladd 5ol
Jra] co 15 00T 555 e sl 0 S oL L
sl ti-v-4

bl s w2
s T s e balas e 5 e S0 33
a5 akas SLE £ b LB s (ANOVA) & b
o3l 3 eslizad b b Sile e glie 3 plnil 1SS
Jelo 5 4 plaeil A3 0 Jlazm| mha oSSl
o3liial b smeia oy 5 SPSS l3ile 3 5l sslizal L Lassls

A.”Jl:.s&)—ﬂ? d\j aosls 9

45 pnil EXCEL 33l 5 5

B s cou Y

Bl 5 ol gl b T s pH o ST
(Ocimum basilicum) ol

S, oW 5 el slakie 3 el i3]
Sl Olge 4 K uid ol s e OLES 555 5 il
by Ky ol pl s e alipH L L pH
Sl 5 xSl L ol mllSt Sl s s
b s )03 b iz ol odiens 36 PHl ba il 55
53 el ,adss 5 sdnS| el o dsls PH i
JB 0 Ll PH sl S e ks sl i

gl s Al anils bl ol 5 Ky p s

175

TVB-),1 3 553 75 a3k gseoms (6 8031 F-A-Y

(N
oSVl S s 1wl slse Sl s sl
H&\"'MJQ&)J‘J&L&@;/
Ub\;ﬁ“&j&f&).&&c%uTﬁj
Do sl 4 agds Ve Sl e mb@)\f\)g}l{uﬁ:
ol s s Lt el U 5l aS sl e
.)ﬁb)&dﬂb#v\}}ﬁj“))\‘ &)};Jg:w‘
e 4 b Gl s S denl Jslome 5 Lol Comar
Jee G yme b S s ol sl S ey 2l e VO
o b es 38 Sl Cools s il s S s
35 e;@\hﬁhﬁéu)l}gc@rjj\ yu J)bu ‘[)L;L;
Sl g Sy s Oy B b /) Sy 5] o Al

4 o

L0530 8 e e il ) sl se e e A
IVl e s wpas e S

BNV T in mgN.100g = 14.(150 + A).V .F.N.100 /V
a.P

sl G S5 L-E-A-Y

(TBARS)
Voo b b s e SV Lss e el Ci S Ll S
5 eadlol OF 4y ade O o S AV/0 s asls 13 2] e
J,.AlJ:.«JvJ.:AY/OW.,\.JoJJV.Ad.:B;Y INVEPY

ejla_; .)m?: Q;j).é‘ )‘ Ao A 52)}5‘ )yjﬁi ;g.i)u\.:fkg

SoFambss g

(s Olejy 3l adds Vv Ode s el )l > L Sas
b3 A e 0 e el s el e 2 e 00
A b los el S5 8 500l G re A e £ L kB
bos 5 obory 53 4B YO e o ij slad
L5 Ol Cdor e .23 S 515 51 S ol asmp3) v e
> (Schimadzu UV/Vis-240 IPC) e 325 5 xSl o8

LAl (0 aal) as (g Sesluil el OFA 50 b



SO sl Wb s Shas w0

:Jéd"‘:“"')J.‘s‘Jdtt’,ob}id“aiM

e [10] 55 o (lesed 0 o5 S ST, (il
Ladpa PH ol slagls (Y070) OLISn 5 255
ol 5T 5l Wil b 5 5 OSG S 525 )
—oS S Sk S Lo S IS 5 s S A 5 3 IS
S AL 3 ) e 5 BB SO Dk ol 5T L e
SLgel Jlou ol Sl s Sl 5 PH e
et St b Sl e b [EY] sl ol
RO NN HERE <PRCH U BN FEON

Wl o3ls F5PH i L (W

(e mlio il s glas 6 53 WIS e Sis
st ] 5,8 3 eslinal sy 50 08 5 AKELST Cliies
S odd o3y 0L (VY B Y) pH ol 36 ) IS s L[ 8)
25 Soge Sy e 4 Sl PH 3 il sl
5ol e e Ky i 3y e 4 2 LSPH
Sy Sl e 4 ades s (VYY) OSks
SLs# ok (L.Crocus sativus) Ol yies pH 4 Sl
o N il ssl b edd Jled Il o
K, WJsbss pH s &8 sl ol pH conlas>

T RRIPVR |- IPCN PN VNS SPIPS S W

Table 2. Effects of pH (2-12) on anthocyanin extracted from basil stem (Ocimum basilicum).

pH Absorption
control 0.295
7 0.2710
2 0.2369
4 0.3124
6 1.2188
8 0.1806
10 0.1782
12 0.2552

——_,

Figure 1. Examination of entocyanine extracted from basil stem (Ocimum basilicum) at pH (2-12)
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Table 3. The amount of TFC, DPPH of anthocyanin extracted from basil stem (Ocimum basilicum)

Property Amount Unit
TFC 365.32 GAE/g
DPPH 82.25 %
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Figure 2. Calibration of TFC, DPPH of anthocyanin extracted from basil stem (Ocimum basilicum)
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Figure 3. Fourier transform infrared spectroscopy in the identification of functional groups of anthocyanin
extracted from basil stem from wavelength 400 to 4000 cm™* (Ocimum basilicum)
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Figure 4. Changes of bioenic gases on the film containing anthocyanin marker extracted from basil stem
(Ocimum basilicum)
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Figure 5. Morphology of the film containing endocyanine marker of basil stem (OC|mum basilicum). (Film C
(control): 0.2 gr of CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+
200ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % +
75 g Double distilled water, Film 2: Rice bran fiber 100ppm+ 400ppm Basil stem anthocyanin extract
encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10 Stock cmc souton % + 75 g Double distilled water, Film 3: Rice
bran fiber 100ppm+ 600ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10
Stock cmc souton %+ 75 g Double distilled water)
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Table 4. The results of the physicochemical characteristics of the film containing the color indicator of basil
stem based on rice bran fiber.

Treatment Day 1 Day10 Day20 Day30
density(g/mm®) 1.114+0.018 1.116 +0.018 1.139+0.014 1.149+ 0.014
Thickness (mm) 1.62 +0.024 1.67 +£0.054 1.10+0.058 1.70 £ 0.054
solubility (%) 28.39 +1.004 23.14 +1.00¢ 24.47 £ 1.00¢ 46.53 +1.004
Moisture (%) 19.29 +0.5°€ 16.32+0.58 17.69+0.5€ 22.53+1.004
Opacity (mm™ 1) 43.26 +1.00A 22.45+1.008 20.92+1.008 18.34+0.58

Different alphabets a,b indicates significant difference between groups. (Film C (control): 0.2 gr of CMC + 0.75%
Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem anthocyanin extract
encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled water, Film 2: Rice
bran fiber 100ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10
Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g Double distilled
water)
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Table 5. Examining the pH of fish samples coated with a film containing basil stem color indicator based on rice

bran fiber.
Treatment Day 1 Day10 Day20 Day30
FilmC 7.10 +0.05 8.30 £ 0.05 A¢ 9.60 + 0.05 Ap 10.30 £ 0.05 A2
Film 1 7.40 +0.05 B 7.10 +0.05 bd 8.30 £ 0.05 b 10.10 + 0.05 Ba
Film 2 6.90 + 0.05 Pd 7.80 £ 0.05 B 8.10 + 0.05 PP 9.70 £ 0.05¢
Film 3 7.50 +0.05 A¢ 7.20 +0.05 ¢d 8.30 + 0.05 Bb 8.70 + 0.05Pa

The results are presented in the form of average standard deviation for each treatment, all experiments were done
in three repetitions. In each column, the values with different uppercase letters and in each row the values with
different lowercase letters have a significant difference at the 5% level. (Film C (control): 0.2 gr of CMC + 0.75%
Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem anthocyanin extract
encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled water, Film 2: Rice
bran fiber 100ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10
Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g Double distilled

water)
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Table 6. Fatty acid results of fish coated with rice bran fiber-based basil stem color indicator.

Treatment Day 1 Day10 Day20 Day30
Film C 0.015 + 0.001 Pd 2.43+0.05 A° 3.87 +£0.05 B0 527+0.5 A2
Film 1 1.32 +0.05 1.82 +0.05 B¢ 2.37 +£0.05 PP 465+ 0. 5482
Film 2 1.45 +0.05 BP 1.78 +0.05 BP 3.98 +0.05 A2 421+0.582
Film 3 1.72 £0.05 A° 1.81 +0.05 B¢ 3.65 +0.05 P 454+0,5A82

The results are presented in the form of average standard deviation for each of the treatments, all the experiments
were done in three repetitions. In each column, the values with different uppercase letters and in each row the
values with different lowercase letters have a significant difference at the 5% level. (Film C (control): 0.2 gr of
CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled
water, Film 2: Rice bran fiber 100ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75
% Glycerol +10 Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 200ppm+ 600ppm
Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g
Double distilled water)
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Figure 6. Color change of anthocyanin indicator extracted from basil stem on the freshness of lionfish (Siganus

commersonnii) at 4°C
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Table 7. The results of trimethylamine changes of fish coated with a film containing basil stem color marker

based on rice bran fiber

Treatment Day 1 Day10 Day20 Day30
Control 0.59 +0.05 ©P 1.15+0.02 B¢ 0.71+0.05 P2 0.06 +0.01 ™
Film 1 2.43 +0.05 B 0.25 +0.02 Ad 1.65+0.05 ¢ 2.54 +0.05
Film2 2.34 +0.05 B 0.12 +0.02 B 2.24 +0.05 B¢ 3.31+0.05 48
Film3 2.56 +0.05 A 0.03+0.01 ¢ 2.54 £0.05 AP 2.97 +0.05 B2

The results are presented in the form of average standard deviation for each of the treatments, all the experiments
were done in three repetitions. In each column, the values with different uppercase letters and in each row the
values with different lowercase letters have a significant difference at the 5% level. (Film C (control): 0.2 gr of
CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled
water, Film 2: Rice bran fiber 100ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75
% Glycerol +10 Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm
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Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g
Double distilled water)

Table 8. The results of protein changes of fish coated with a film containing basil stem color marker based on rice
bran fiber

Treatment Day 1 Day10 Day20 Day30
Film C 20.32 +1.00 A2 21.34 +1.00 ABa 20.74 +1.00 A2 20.54 +1.00 A2
Film 1 21.32+1.00 A2 19.32 +1.00 €0 21.47 +1.00 A2 21.16 +1.00 A2
Film 2 20.32 +1.00 AP 2234 +1.00 A2 22.43 +1.00 A2 19.15+ 0.5 AP
Film 3 20.16 + 1.00 A2 20.45 + 1.00 BC2 21.27 +1.00 A2 20.47 +1.00 A2

The results are presented in the form of average standard deviation for each of the treatments, all the experiments
were done in three repetitions. In each column, the values with different uppercase letters and in each row the
values with different lowercase letters have a significant difference at the 5% level. (Film C (control): 0.2 gr of
CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled
water, Film 2: Rice bran fiber 1200ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75
% Glycerol +10 Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 200ppm+ 600ppm
Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g
Double distilled water)

Table 9. The results of changes in volatile nitrogen of whole fish coated with a film containing basil stem color
marker based on rice bran fiber

Treatment Day 1 Day10 Day20 Day30
Film C 11.01+05 11.3+05 A0 14.45 +0.5 A0 12.43 + 0.5 BCa
Film 1 11.06 £0.5 A¢ 112405 A¢ 12.65+0.5 AP 14.81+05 A2
Film 2 11.06 £ 0.5 A° 1111+ 0.5 A¢ 12.24+ 0.5 Ab 135+ 05 B2
Film 3 11.06 + 0.5 AP 11.04+ 0.5 Ab 12.32+05 A2 13.09 0.5 ©2

The results are presented in the form of average standard deviation for each of the treatments, all the experiments
were done in three repetitions. In each column, the values with different uppercase letters and in each row the
values with different lowercase letters have a significant difference at the 5% level. (Film C (control): 0.2 gr of
CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled
water, Film 2: Rice bran fiber 1200ppm+ 400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75
% Glycerol +10 Stock cmc souton % + 75 g Double distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm
Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g
Double distilled water)
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Figure 7. Comparison of antioxidant changes of fish coated with a film containing basil stem color marker based
on rice bran fiber. (Film C (control): 0.2 gr of CMC + 0.75% Glycerol + 75 gr double distilled water, Film 1: Rice
bran fiber 100ppm+ 200ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 % Glycerol+ 10
Stock cmc souton % + 75 g Double distilled water, Film 2: Rice bran fiber 100ppm+ 400ppm Basil stem
anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10 Stock cmc souton % + 75 g Double distilled
water, Film 3: Rice bran fiber 100ppm+ 600ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75
% Glycerol+ 10 Stock cmc souton %+ 75 g Double distilled water)
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Figure 8.Comparison of changes in thiobarbiotic acid of fish coated with a film containing basil stem color marker
based on rice bran fiber. (Film C (control): 0.2 gr of CMC + 0.75% Glycerol + 75 gr double distilled water, Film
1: Rice bran fiber 100ppm+ 200ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC + 0.75 %
Glycerol+ 10 Stock cmc souton % + 75 g Double distilled water, Film 2: Rice bran fiber 100ppm+ 400ppm Basil
stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10 Stock cmc souton % + 75 g Double
distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm Basil stem anthocyanin extract encapsulated+ 0.2 g
CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g Double distilled water)
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Figure 9.Spectrometry FTIR of coated fish containing anthocyanin indicator from the film containing basil stem
color indicator based on rice bran fiber. (Film C (control): 0.2 gr of CMC + 0.75% Glycerol + 75 gr double
distilled water, Film 1: Rice bran fiber 100ppm+ 200ppm Basil stem anthocyanin extract encapsulated+ 0.2 g
CMC +0.75 % Glycerol+ 10 Stock cmc souton % + 75 g Double distilled water, Film 2: Rice bran fiber 100ppm-+
400ppm Basil stem anthocyanin extract encapsulated+ 0.2 g CMC+ 0.75 % Glycerol +10 Stock cmc souton % +
75 g Double distilled water, Film 3: Rice bran fiber 100ppm+ 600ppm Basil stem anthocyanin extract
encapsulated+ 0.2 g CMC+ 0.75 % Glycerol+ 10 Stock cmc souton %+ 75 g Double distilled water)
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The production this trend, the aim of this research is to design a sensor
containing a basil stem color indicator based on rice bran fiber to
determine the quality of lionfish (Siganus commersonnii) kept for 1-
Received:2024/8/3 30 days at refrigerator temperature. In this study, a factorial design
was used to evaluate the effects of control treatments, 200 ppm, 400
ppm and 600 ppm. The results of scanning electron microscopy
showed that basil stem anthocyanin extract causes changes in polymer
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Keywords: chains and reduces film matrix porosity. Anthosanin with many

hydroxy groups as a plasticizer increased the free volume and inter-
Color marker, polymeric macromolecular mobility due to the reduction of
Edible film, intermolecular forces and lower density, and as a result improved the
Spoilage monitoring stretchability and flexibility of the layers. In addition, the chemical

properties (pH, thiobarbituric acid and nitrogen compounds) for all
samples increased with increasing storage time up to 30 days. In FTIR
spectroscopy, it was observed that on day zero, life of lionfish fillets.
Basil stem anthocyanin extract and rice bran fiber can be used as a
10.22034/FSCT.22.159.169.  suitable indicator the removal of carbonyl in anthocyanin extract of
basil stem increased the hydroxyl band and acidified the environment.
Antioxidant properties of basil stem anthocyanin extract in the
yazdanpanah2004@gmail.com presence of phenolic compounds have prevented the initiation of free
radical chain reactions and reduced it. The film containing the color
indicator of anthocyanin extract of basil stem based on rice bran fiber
has the potential to increase the quality and shelf to investigate
changes in spoilage in packaged food products.
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Table 1- Analysis of variance for Pb removal

Sum of squares df F-value p-value
Model 292.66 11 188.74 < 0.0001
A-Time 240.37 1 1705.16 < 0.0001
B-Temperature 7.63 1 54.12 <0.0001
C-Strain 4.82 2 17.08 < 0.0001
AB 1.58 1 11.21 0.0015
AC 151 2 5.35 0.0078
BC 8.43 2 29.92 < 0.0001
A? 24.53 1 174.04 < 0.0001
B2 3.79 1 26.89 < 0.0001
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Figure 1- the effect of time and temperature on the Pb removal by Lactiplantibacillus paraplantarum
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Figure 3- the effect of time and temperature on the Pb removal by Limosilatobacillus reuteri
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Table 2- Analysis of variance for Cd removal

Sum of squares df F-value p-value
Model 228.32 11 155.54 < 0.0001
A-Time 200.02 1 1498.86 < 0.0001
B-Temperature 5.21 1 39.02 < 0.0001
C-Strain 1.79 2 6.72 0.0026
AB 1.01 1 7.57 0.0082
AC 0.79 2 2.96 0.0606
BC 4.76 2 17.85 < 0.0001
A? 12.34 1 92.43 < 0.0001
B2 2.40 1 17.97 < 0.0001
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Figure 6- the effect of time and temperature on the Cd removal by Limosilatobacillus reuteri
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Pollution in industrial areas due to the release of heavy metals is one
of the important environmental concerns. Heavy metals can have very
adverse effects on human and animal health. In this regard, food
products contaminated with heavy metals, even in low concentrations,
can have harmful effects on human health. In this regard, the use of
microorganisms is known as a new and low-cost method for the
biological removal of metals. The purpose of this study was to
investigate the effect of the type of microorganism
(Lactiplantibacillus paraplantarum, Lactobacillus paragasseri, and
Limosilatobacillus reuteri), temperature, and incubation time on the
removal of lead and cadmium metals using the response surface
methodology. The results showed that the removal rate of lead metal
using microorganisms was significantly higher than that of cadmium.
Increasing the time from 0 to 24 hours significantly increased the
amount of metal removal. On the other side, increasing the
temperature up to about 38 °C positively affected the removal of
metals, but increasing the temperature further reduced the ability of
microorganisms to remove metals. In general, the software
determined the optimal conditions to achieve the maximum removal
of lead and cadmium metals by 45.9% and 39.65%, respectively, at
24 hours incubation time and 33.98 °C temperature using
Lactobacillus paragasseri bacteria. Therefore, according to the
results of this research, the use of microorganisms such as
Lactobacillus paragasseri is a useful solution for removing heavy
metals from various sources, such as industrial wastewater.
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Table 1. Factor loadings and t-value for questions (Confirmatory Factor Analysis)

Questions Factor - Questions Factor — T-
loading  value loading  value
1.Size 4. Attitude
Small 0.51 9.26  Pleasure feeling 0.63 11.23
Medium 0.29 498  Good feeling 0.42 7.86
Big 0.45 8.34  Bad feeling 0.49 9.12
Very big 0.64 11.25 5. Intention
2. Type of supply | want to purchase 0.55 9.68
Bulk 0.71 12.87 | have a plan to purchase 0.54 9.49
Packaging 0.58 10.18 Try to purchase 0.84 17.11
Combined 0.47 8.69 6. purchase
3. Species of shrimp 1-2 times purchase in year 0.32 5.82
Farmed 0.35 5.77  3-4 times purchase in year 0.53 9.63
Marine 0.43 7.98  5-6 times purchase in year 0.66 11.24
Combined 0.3 511 7-8 times purchase in year 0.40 7.36
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Table 2. Socio-demographic characteristics of the sample (% respondents, n=600)

Characteristics Abundance

Characteristics Abundance

Gender

Place of birth
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Male 50.2

Female 49.8
Age

<20 years 1

20-35 years 29.3

35-50 years 60.5

50-65 years 8.2

65-80 years 1
Education

College education 80.2

Diploma & less 19.8
Marital Status

Married 86.7

Single 13.3
Job

Free 43.5

Employee 25.1

Student 4.9

Unemployed 11

Retired 25.4

Coastal city 21.6
Non-coastal city 78.4
Household size
Two 41
Three 16.8
Four 54.4
Five and more 24.7
Income (Rials)
100-150 millions 1.1
150-200 millions 18
200-250 millions 55.2
> 250 millions 25.7
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Table 3. Frequency of purchases, amount of each purchase of shrimp and reasons of
consumption

ﬁ:&ﬁgﬁ? Abundance Paunr:;rzja;te Abundance Main reasons of Abundance
) (%) . (%) consumption (%)
in year per time
lor2 26.73 05to1 28.76 Just nutritional value 26.01
3or4 54.33 1to 1.5 56.34 Nutritional value and taste 64.56
50r6 10.27 15t02 10.23 Just taste 9.43
Tor8 5.86 2t0 2.5 3.57
9and 581 2.5and 11
more more
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Table 4. The priorities of the statistical community regarding shrimp size, packaging
characteristics and packed size

Options Consumer preferences  Average Rank  Eriedman Significance
score level
1 2 3 4
Size (pieces per kg)
Small (51 to 70) 24 111 394 471  3.66 4
Medium (36 to 50) 112 245 255 388 297 3 323.26 0.001
Big (26 to 35) 49.3 339 147 21 1.82 1
Very big (16 to 25) 371 305 204 12 2.29 2
Packed shrimp
Size and weight 124 216 345 315 285 3
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Color and design 322 321
Material 45 116
Brand 50.9 34.7
Packed size

250 to 500 gr 36.8 354
500 to 750 gr 44.3 40.6
750 to 1000 gr 12.1 198
More than 1000gr 6.8 4.2

193 164 1.96 2 293.64 0.001
364 475 3.74 4
9.8 46 1.18 1
151 127 173 2
124 2.7 111 1 301.57 0.001
36.7 314  2.68 3
358 532 3.39 4
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Table 5. The priorities of the statistical community regarding types of supply and species of

shrimp
Consumer Average Significance

Options preferences 9 Rank Friedman 9

score level

1 2 3

Type of supply
Bulk 724 197 7.9 1.12 1
Packaged 226 618 156 1.85 2 296.58 0.001
Combined 5 185 76.5 2.47 3
Species of shrimp
Farmed 176 45 374 1.99 2
Marine 815 88 97 128 1 28133 0.001
Combined 09 46.2 529 2.67 3
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0.19 (3.48)

0.33 (5.94)
supply

0.47 (8.72)

Species of
shrimp

0.68 (11.56)

Intention to
purchase

Chi-gquare: 542.15
Degree of freedom: 157
P value: 0.00000
RMSEA: 0.064

0.71 (12.82)

Figure 2. Implementation of the research model in two standard and significant modes
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Table 6. The measurement of model goodness of fit index (GOFI)

Fit Index Result The Fit Criteria Model Evalution
Chi-Square/Df 3.45 Chi-Square/Df <5 Good Fit
RMSEA 0.064 RMSEA <0.08 Good Fit
CFlI 0.96 CFI>0.90 Good Fit
GFI 0.92 GFI1>0.90 Good Fit
AGFI 0.93 AGFI>0.90 Good Fit
IFI 0.95 IFI>0.90 Good Fit
NFI 0.92 NFI> 0.90 Good Fit
NNFI 0.95 NNFI > 0.90 Good Fit
Cow -0
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The present study was conducted in order to investigate the behavior of
shrimp buyers and evaluate their preferences with a statistical population of
600 people in Tehran's Besat market. In this research, shrimp buyers were
asked three categories of questions. The questions of the first category were
related to demographic characteristics and the questions of the second
category were related to the amount and reasons for purchasing shrimp, as
well as evaluating the preferences of buyers in indicators such as size, types
of supply models, and species of shrimp (Friedman test). The third group of
questions were prepared based on the Likert five-option scale and in order to
investigate the factors affecting the attitude of the statistical community to
the purchase of shrimp by using conceptual model design and structural
equation modeling method (Lisrel software). The results of this research
showed that buyers who purchase 3 or 4 times a year and selected each time
1 to 1.5 kg of shrimp, had the highest frequency (54.33 and 56.34%,
respectively). 64.56 percent of the buyers cited the nutritional value and good
taste (together) as the main reason for buying and consuming shrimp. In the
study of buyer’s preferences, it was found that large size shrimp (26 to 35
pieces per kilogram), bulk shrimp (compared to packaged and combined
shrimp), marine shrimps (compared to cultured and combined shrimp) and
the size of 500 to 750 grams of shrimp package have more fans. The results
of the implementation of the research conceptual model showed that all
hypotheses were confirmed; in such a way that variables of size, types of
supply and shrimp species were significantly effective on buyer’s attitudes
with effect coefficients of 0.19, 0.33 and 0.47, respectively. In the following,
the attitude of buyers with an effect coefficients of 0.68 on the decision to
purchase and this element with an effect coefficients of 0.71 was effective
on the purchase of shrimp. The results of such research will be of great help
to production managers and sellers in order to meet the needs of the market,
maintain its balance and sustainable profit.
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Fig. 2. AFM images of 2D surface (a) and 3D topography (b) of chia seed mucilage (CSM) films with different

concentrations (2, 4, and 6%o) of cinnamon essential oil nanoemulsion.
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Imaging is a crucial tool for evaluating the structure of food
materials. Image processing encompasses two-dimensional
(2D) images of surfaces and cross-sections, such as those
observed with microscopy, and three-dimensional (3D) internal
structures obtained using confocal microscopy, computed
tomography, and magnetic resonance imaging. This research
utilized image processing to determine the hardness and
compactness of edible biofilms infused with nanoemulsions.
Chia seed gum edible films containing cinnamon essential oil
were prepared at concentrations of 2%, 4%, and 6%. Scanning
Electron Microscopy (SEM) and Atomic Force Microscopy
(AFM) images of the films were acquired. The AFM and image
processing results demonstrated that increasing the essential oil
concentration from 2% to 6% decreased compactness and
increased surface roughness, consistent with the image
processing findings.  Therefore, this interpretive image
processing offers a potential capability for determining the
compactness of edible and non-edible films in the packaging
industry.
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Table 1: Treatments used to coating the Kabkab dates

Row Coating composition Sample Code

1 GL (1 %) + OPE (5 mg/ml) G-E5

2 GL (1 %) + OPE (10 mg/ml) G-E10

3 CH (2 %) + OPE (5 mg/ml) CH-E5

4 CH (2 %) + OPE (10 mg/ml) CH-E10

5 GL (1 %) + CH (2 %) + OPE (5 mg/ml) G-CH-E5

6 GL (1 %)+ CH (2 %) + OPE (10 mg/ml) G-CH10E
7 Control sample (uncoated) C
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Table 2: Effect of coating, temperature and storage time on the weight (g) loss of Kabkab dates

Te;tsgfgfure Edible Coating Day 1 Day 30 Day 60 Day 90
G-E5 ¢ 2.34 £0.038™ 4.93 +0.07"8 7.11 £0.09%8

G-E10 ¢ 2.23 £0.03¢ 4.80 +0.05°¢ 7.02 £0.05%8

CH-E5 ¢ 2.04 £0.04° 4,31 +0.04°P 6.80 +0.04%¢

* CH-E10 ¢ 1.97 +£0.07¢P 4.22 +0.05°PF 6.88 +£0.074¢
G-CH-E5 ¢ 1.78 +0.03°F 4.16 +0.04°F 6.49 +0.02%°

G-CH-E10 ¢ 1.70 £0.03F 4.02 +0.06°" 6.52 £0.1%°
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C 0 5.56 £0.07¢A 7.64 +0.13 9.12 +0.12A

G-E5 (1 4.42 +0.05%™ 6.81+0.04°8  8.01 +0.13%8C

G-E10 (1 4.40 £0.04°8 6.87 +£0.04°8 8.17 £0.06%8

CH-E5 (1 4.23 +0.03<¢ 6.52 £0.12°¢0 7,79 +0.03%°F

25 CH-E10 (1 4.15 +0.08<¢ 6.60 £0.17°¢  7.91 +0.08%P
G-CH-E5 (1 4.11 +0.05¢ 6.46 £0.06°® 7,72 +0.123PF

G-CH-E10 (1 3.92 +0.05C 6.37 +£0.06"° 7.61 £0.11%

C 0d 6.39 £0.11°A 9.43 £0.06"  11.39 +0.16%

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (L0G-E): gelatin + 10 mg/ml orange
peel extract; (CH-E5): chitosan + 5 mg/ml orange peel extract; (LOCH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Table 3: Effect of coating, temperature and storage time on the pH of Kabkab dates

Te;tsgf‘agfu o Edible Coating Day 1 Day 30 Day 60 Day 90
G-E5 5.080.024  6.17%0.02®  6.38%0.03"®  6.58*0.02%®

G-E10 5.960.001%  6.17*0.005® 6.370.04®  6.58*0.02%

CH-E5 5980.02%"  6.13%0.01C  6.35%0.04®  6.53*0.03%C

4 CH-E10 5980.02%4  6.14*0.01€C  6.37*0.05®  6.52 *0.02¢P
G-CH-E5 5970.03%*  6.10%0.01®°  6.39*0.01°®  6.53*0.04%C

G-CH-E10 5990.01%"  6.10%0.01%  6.35%0.02®  6.47 *0.03

c 5970.01%  627%0.25"  6.64*0.04"  6.86*0.027%

G-E5 5.99£0.02 CA**  6.08*0.02®  6.20*0.06"®  6.43*0.05%

G-E10 5.97+0.005%  6.06%0.025® 6.21*0.01"®  6.43%0.03%

CH-E5 597%0.03%  6.07%0.02® 6.19%0.02%®  6.35%0.03%

25 CH-E10 6.00*0.01%A  6.07*0.005%® 6.17*0.02%®  6.330.028%
G-CH-E5 5.98+0.011%  6.06*0.011°® 6.16*0.005"®  6.30*0.02%

G-CH-E10 5.980.02%  6.05%0.025® 6.16*0.005" 6.320.025%

c 5970.017%%  6.19%0.02°% 6.35%0.06""  6.62%0.04%

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (10G-E): gelatin + 10 mg/ml orange
peel extract; (CH-E5): chitosan + 5 mg/ml orange peel extract; (LOCH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.

Table 4: effect of coating, temperature and storage time on the acidity of Kabkab dates

Storage Edible

Temperature Coating Day 1 Day 30 Day 60 Day 90
G-E5 0.276 *0.005*A™  0.276 *0.005**  0.243*0.011°*  0.216 *0.025"A
G-E10 0.286 *0.015% 0.266 *0.02**  0.256 *0.011**  0.203 *0.015°*
CH-E5 0.286 *0.011* 0.276 *0.005% 0.256 *0.01°4 0.20 *0.01°A
4 CH-E10 0.28 *0.01#A 0.263 *0.011* 0.24 *0.01°A 0.203 *0.011°A
G-CH-E5 0.296 *0.005% 0.27 *0.01°* 0.25 *0.01°A 0.216 *0.005%
G-CH-E10  0.293 *0.011* 0.283 *0.005% 0.26 *0.011°A 0.22 *0.01°A
C 0.293*0.011**  0.236 *0.005°®  0.206 *0.015°®®  0.163 *0.011%
G-E5 0.30*0.01%™  0.286 *0.015%A  0.256 *0.005"*  0.196 *0.011°A
% G-E10 0.293 *0.011* 0.276 *0.015*  0.256 *0.005°* 0.196 *0.005%*
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CH-E5 0.286 *0.005**  0.273 *0.005%A 0.26 *0.02°4 0.203 *0.011°A
CH-E10 0.296 *0.005% 0.28 *0.01°A 0.26 *0.01°A 0.196 *0.005%
G-CH-E5 0.28 *0.01% 0.28 *0.01% 0.263*0.011**  0.203 *0.011"*
G-CH-E10 0.29 *0.017%A 0.29 *0.017%A 0.263*0.005"*  0.203 *0.011%A
C 0.29 *0.02% 0.266 *0.005%A  0.243 *0.01® 0.166 *0.0058

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (L0G-E): gelatin + 10 mg/ml orange
peel extract; (CH-E5): chitosan + 5 mg/ml orange peel extract; (LOCH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin

+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Table 5: Effect of coating, temperature and storage time on the soluble solids of Kabkab dates

Storage Edible

Temperature Coating Day 1 Day 30 Day 60 Day 90
G-E5 66.42 +0.026 9A* 69.04 +0.06 B 70.04 +0.068 72.05 +0.0728

G-E10 66.40 +0.037 %A 69.04 +0.08¢B 70.06 +0.068 72.1+0.03%8

CH-E5 66.45 +0.005 %A 68.50 +0.08<C 69.76 +0.16¢ 70.95 *0.072¢
4 CH-E10 66.46 +0.005 9A 68.52 +0.09 < 69.74 +0.09 ¢ 70.92 +0.06 2
G-CH-E5 66.42 +0.04 9A 67.8 £0.14 D 68.24 *0.05P 70.30 £0.0120
G-CH-E10 66.43 +0.04 9A 67.93 +0.1¢P 68.22 +0.07 P 70.26 +0.0720

C 66.42 +0.03 9A 71.24 +0.11¢A 73.76 £0.075 A 77.040.12A

G-E5 66.45 *0.011 9A* 71.62 *0.05¢B 72.33*0.068 73.45 *0.07 %8

G-E10 66.42 *0.04 9A 71.71*0.06¢B 72.26 *0.07 8 73.48 *0.03%8

CH-E5 66.45 *0.015 %A 70.23 *0.04<C 70.97 *0.07¢ 72.98 *0.04 %€

o5 CH-E10 66.45 *0.00 9A 70.20 *0.05¢<C 70.99 *0.05 ¢ 73.01 *0.04 %
G-CH-E5 66.43 *0.0439A 68.28 *0.07 <P 70.43 *0.06 PP 72.24 %0.072P

G-CH- + dA + D + bD + D

£10 66.44 *0.036 68.26 *0.06 ¢ 70.46 *0.02 72.23 *0.054
C 66.43 *0.047 9A 75.34 *0.07 <A 77.65 *0.06 PA 81.06 *0.09 2A

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (10G-E): gelatin + 10 mg/ml orange
peel extract; (CH-ES5): chitosan + 5 mg/ml orange peel extract; (LOCH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-ES5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Table 6: Effect of coating, temperature and storage time on the moisture content of Kabkab dates

Storage Edible
Temperature Coating Day 1 Day 30 Day 60 Day 90
G-E5 24,52 *0.05A""  18.71*0.17°® 15.88*0.63°® 12.98 *0.78%
4
G-E10 24,51 *0.07% 18.79 *0.08"*B  15.96 *0.94°®  12.85 *0.95®
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CH-E5 24.51*0.05  19.02 *0.37°8 17.05 *0.38°A® 13.67 *0.16%8
CH-E10 24.52*0.06*A  18.89 *0.33"8 17.09 *0.35°48 13.76 *0.359A8
G-CH-E5 24.510.03*A  19.48*0.79°A  17.77*0.4°A  14.22*0.33%
G-CH-E10 245*0.02%* 1950 *0.36"*  17.72*1.41°A 14.14*0.57%
C 245%0.02%*  14.59*0.16°C  10.74*0.63°C  7.8*0.35%
G-E5 24.52 *0.05A™  14.20 *0.64"® 13.768 *0.313°® 11.42 *0.3°A
G-E10 24.49*0.06*  14.29*0.19°®  13.85%0.19°®  11.4*1.14%A
CH-E5 24.52*0.06*  15.55*0.16" 14.89 *0.16°® 13.11*0.31%
25 CH-E10 24.50*0.02%A  15.75*0.57°* 14.75*0.94*AB 13,08 *0.28*
G-CH-E5 24.48*0.01**  16.11*1.48" 15.88*0.77°4 13.88 *0.52°A
G-CH-E10 24.510.03*A  16.27*0.17°A 15.71*1.64°A 13.82*3.18A
C 24.51*0.05% 12.8*0.65°¢  8.80*0.31°C 6.8 *0.31%

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (L0G-E): gelatin + 10 mg/ml orange
peel extract; (CH-ES5): chitosan + 5 mg/ml orange peel extract; (L0CH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Table 7: Effect of coating, temperature and storage time on the reducing sugar (/) of Kabkab dates

Teztggfgteu .o Edible Coating Day 1 Day 30 Day 60 Day 90
G-E5 42.22 +0.03 dA**  43.14*0.05%®  43.95%0.06"®  44.98*0.06%

G-E10  4223%*0.07%  4316%0.08°®  43.99%0.08%®  44.99*0.11%

CH-E5  4221%0.06%  4277%0.08°  4315*0.06"C  43.98*0.08%

4 CH-E10  4226%0.06%  42.73*0.09°  43.12*0.04"  43.87 *0.13%P
G-CH-E5  4220%0.04%  42.84*0.06C  43.26%0.05°C  43.720.06%°

G-CH-E10  4221%0.04%  42.86*0.1°  43.19%0.11°C  43.84%0.12°

c 42.23%0.06%  43.67*0.11°A  45.44%0.09%A  47.23%0.06%

G-ES5 4220 £0.04 dA** 43.80%0.04%  44.27%0.08"  45.76*0.1%

G-E10 42.26*0.06%  43.84%0.04®  44.28%0.14%®  45.80*0.11%

CH-E5  4222%0.03%  4304%*0.07  43.63*0.15"  44.19*0.08°

25 CH-E10  42.19%0.05%  4306*0.1°  43560.24"C  44.24%0.1%
G-CH-E5  4226%0.04%  42.95*0.06°C  43.52%0.21°C  44.26*0.13°C

G-CH-E10  4221%0.04%  42.94*0.06°C 4351%0.21'C  44.26*0.09°

c 42.23*0.079%  4451%0.09%%  46.84*0.09%A  47.77%0.13%

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (10G-E): gelatin + 10 mg/ml orange
peel extract; (CH-ES5): chitosan + 5 mg/ml orange peel extract; (L0CH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Table 8: Effect of coating, temperature and storage time on the Hardness of Kabkab dates

Ter?wtggfgfu re Edible Coating Day 1 Day 30 Day 60 Day 90
G-E5 26.61 +0.14 cA**  26.87 *0.17°B 27.56 *0.39%®  28.44 *0.37%

G-E10 26.6*0.37°A  27.16 +0.26 bcAB  27.5*0.35"®  28.54%0.34°%

4 CH-E5 26.57 *0.21 A 26.54 *0.35°B 27.6*0.32"®  28.37*0.31%
CH-E10 26.41 £0.2 cA 26.49*0.42° 27.60 *0.43 "8 28.7*0.27%

G-CH-E5 26.66 £0.2 cA 26.6 *0.34 B 27.47%0.25"®  28.46 *0.46%®
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G-CH-E10 26.66 *0.12A 26.58 *0.32°B 27.4*0.25"8 28.32*0.21%

C 26.58 *0.27 <A 27.6 *0.48°A 28.81%0.523A  29.57 *0.42%

G-E5 26.45 +0.18 dA**  27.16 *0.21°B 27.76*0.39"®  28.36 *0.33%

G-E10 26.45*0.18* 27.23*0.22%® 27.7*0.32P®  28.41*0.324%®

CH-E5 26.62 *0.28 A 27.06 *0.065 B 27.75*0.38 28.49*0.36 %

25 CH-E10 26.74*0.11 27.27 *0.28 B 27.64*0.45"®  28.31%0.36%
G-CH-E5 26.49 *0.13 27.24*0.38 27.69*0.35%  28.39*0.4%

G-CH-E10 26.41%0.2°A 27.12*0.25%8 27.81*0.31%  28.29*0.27%

C 26.68 £0.21 9A 28.41*0.38* 29.15%0.25PA  29.85*0.29%

*Data are reported as (mean + standard deviation) in three replicates.

"The same lowercase letters (a-d) in each row and the same uppercase letters (A-F) in each column indicate no significant difference
(P>05.0) between the data based on Duncan's test. (G-E5): gelatin + 5 mg/ml orange peel extract; (L0G-E): gelatin + 10 mg/ml orange
peel extract; (CH-E5): chitosan + 5 mg/ml orange peel extract; (LOCH-E): chitosan+mg/ml 10 orange peel extract; (G-CH-E5): gelatin
+ chitosan + 5 mg/ml orange peel extract; (10G-CH-E): gelatin + chitosan + 10 mg/ml orange peel extract.
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Dates are nutritionally rich and commercially important. Various
solutions have been implemented to increase the shelf life of the
product, allowing it to be available to consumers for a longer period.
This study aims to use a chitosan-gelatin edible coating containing
natural orange peel extract on stored dates at 4 and 25 °C for 90 days.
Physical and chemical tests (weight loss, pH, acidity, moisture,
reducing sugars, soluble solids, and texture) and sensory evaluations
were conducted to assess the treatments over the storage period. The
lowest weight loss occurred in the sample treated with the chitosan-
gelatin coating containing orange peel extract on day 90 at both
temperatures. Results indicated that with increased storage time and
temperature, pH and moisture decreased while acidity, soluble solids,
reducing sugars, and texture increased significantly. Additionally, a
decrease in sensory attributes was observed with increased storage
time and temperature, with samples treated with chitosan-gelatin
coating containing 4 and 10 mg/ml orange peel extract showing the
highest preference in sensory properties for the dates. Based on the
findings, the chitosan-gelatin edible coating containing orange peel
extract can be introduced as the best formulation for increasing the
shelf life of dates for up to 90 days.

250


mailto:abdi@pgu.ac.ir

Vet \L.,i.é,:‘:)‘ Y 093 g\oq n)La..f'a g;)\;ll &U& GLﬁaJa (‘_}J‘-“ A_LN

Ol e s 5 pske alaus

www.fsct.modares.ac.ir :dow Colu

&ASAU'C|ﬁ¢n|j‘oéwnn|lew}§ikj‘,)%#uﬁg)): |#U\q&5}|oﬁc‘ﬁm‘w£§idu;}g‘3w)ﬁ

Taner plal 25 (5 5005 (s3la A Ol Lo

295

jtjlﬁ a);%sj}s};ﬁﬁ LSL“J%TJAL;”J“@‘°L<*;{L‘)T‘L;1"\;@W&J“@‘}f}J&ujdm6)53 b))bé}?u:-;\b =)

dl}i‘ LC}S au‘].g_v al{.ﬁ.’v‘} nw]a CL.A 9 ng)jl.&s a.lf...:»l) “;1..1.5 Gu

;L_;)')}Liscﬁi.}ls ‘Q_Ll.‘l.b GL.J}erG aj)f ‘ng)er)f LgL&Jv.JJ,.% wa aK.;..:Lo)T AQ_LL.Lé Gl“"jf)k’ ‘5}*53 -y

U‘J—." LCJS ‘Q‘Jéj Rl ‘;;":J‘ C’L"‘

jéj)JLiSamlé Lwl.l.'c du‘gr}l& oj‘)f LL;;,J,.Q% 6&.)\.3]).9 &u.)..\.@»\ o&i{bjiawufa dujcjlﬁ 6‘;55 -y

U‘J—." LCJS ‘Q‘Jéj Rl ‘;;":J‘ C’L"‘

oS>

. e

dlae Sl

G312 02 45l Jame S Ll e 20l H1E DS Sl o)l 53 45 WSS 550 Olsie 4 (S
oS 51 iy il (1 el (s 51 2V ol shyls (2S5 S g 1S 3L e s
Vo S5 L) sl SaS 4y jpa pde 5 i b e 5T esdes gl sl alis by 51 1S
2 osa,Sale GG Ol 5l sy 28,5 515 eslinad 5500 (ai33 0 9 Y ) (hw 0o lex L Sl
SlaShs A5 plnil sdipl gl oSy (SO 5 bt S sl Shs s gl 5 S
S 53 8das (ol s e 5295 S0l AT b s 4 L0l OLES pland 5 SC3 55 (Se
1A 5SS glpal o33l e VG (P 2/00) 58 Juged 1y sl Al b 5 Al 3 5egs 0 ) S
By Sl CulB L 5SSl (SaS Al s s Sl LB L g A6 EEs 0 s (S5 55s)
S5 b5 B IS 3 iy S SVE dnl (g gie 5 O (6l ry3 S AT
S SVE sl (gl gimmn 3L slis o5 SV peamn 55 5 AL azils ) (S A5 olas gl 55 J)
435 0 Oloj o ol pnal G Ll VL U5 oSS b Bl OLid o8 0 T 51 SV b &g plas s
(L VVON) K3 SV dol (gl ST b 1y e Sty g Sly Noe SplB b gy Sole (NG
S AT p g ls &1 1 (L4074 Y) O e gl (6L 5 (LOA/S ) SUsS & gand gol ol o 5V
sleol cd b5 (b aids 0 s LE¥NN) sly zalS ) iSG of Joes o (23S slis 455 SOl
33 5 b iy 3 conls 13 S0 o 1) O (AENY 50 aids 0 55 Jldie o 2i) G UiS
ol (SIS Sy Wil (S Sl Sy 03 S Sl el s Sl 0l b

s JS5 1y VL CadS L S5 A Of (ol e b s S s

Tl gla @)U
VEOPITIYS il s st

VEAIY i b

(ehds olds
IS dls

O

(o3 st
33,50k SaS aul B
el Sl

0diiS O e sl llad

DOI:10.22034/FSCT.22.159.251.

RGOy Prvy

n.mobahi@ut.ac.ir

251


http://www.fsct.modares.ac.ir/

S CIJ?{W«\ Lﬂ:"<'~° 6[.&;}:‘5 oA

OLes 5 ol Lo

soole JS5 55 a0 S S8 Oler e bl s Ol
W5 38 ooyl S8l Wl ls 35 oLl i
Jual Sl Ol gl s e bl 5 Lol (Il IS ]
Jymamme V5l 025, ol I 0S5 (505 Ol L3
das e LSS 1y als 035 80 spdm 5 Sl olS ol Lol
D 5 Sy R Kb SSUS mle ss ) ol
S g e L (P
s (S Ol 5 s 035,00 15IS oS [+ 415,05 D315 5,008
AleS [N 5,8 e 0l eslinal 3550 g1k mls 5 L s
G5 o) St s S 51 sV eslie 5l 1518 wils
hs ol (N 30 ) s O 5 i) s
33 gl Glp pie S Olge 4 LIS o5l 5k
Sl Sty S 5o i lsee [VY] ASL Jl 55
DYT el a5l b sl 51z G 158 dlws
S g0 WSS S Sy ml el s 2 8 l Rl
w5 il S WS Slday S slS LS
W ol bz e L 1S lael&asVL (galad]
St s e3ls gy el 5SS 358 3 (b8 Slalllas
Sl 0l Cou IS WS ks o 5 ok 55

VY]

AL bl S el oS A5 g SSle
2 5355k 4 bl FAKS T b Y Sl bl
5 o8 ssle gla UlS 8 peblian s SO il IS
(bl s S g o5 Olge 4 il ol
] bliie 5 S sl s g5 Sl
ol s 1ols sy 5 prss Sole Ll e LiiSan el
Spe (V) 13,5 (sl b ¢ 55 a0 015 o 1 o3le G O

235,50k glael il 5 0 4 Jg el 5 DT e 3L

3- Low Methylation

4 -Brassica napus

252

dodo—

0 eolle O 1 S sulle L Olse 4 S
348 o 8l Jle Dl Jle Y 5 sl Jole glaesl s
S ol g8l L Sl WSS ol ol sl atlis
ol sl S5 SVE (oW (8-1) 51 Sk 0F Lol i
ol sl s 5kl5 5 3 SYE Gl e glaad L
Bt " 0pmdlte a3 bl b oSG ol a5 1
TS JeeSse 5 MD>50%) VL oS 5o slaas «
5,08 pesle S S N L 5d e s aib (DM<50%)
e 5 LT sl (S ey (gl mlo s
oSk Of 63, Shas Gla Sis 5 ol s 4 s & ol
Gl 0 U Oz o)l 136 55 Jaloms i Ol gie
(el ol 5 s lase i gl SIS 0I5 [Y]
gl ol al el 035 e ) Rl M e
S O iten Olsl 3 5 (oliaBl ¢ Jame &S ilins Aok
[3] 1 a5 15 x5 5550 M gl o ol slalil
o505 Sbe b (pssls 5 oM mlo 5o ol ulide 5o
W5 o 5 DS e Sl Sl Vsans gl Sloda sy S
Olpe 5 550 U5s Opmdlte 4z yd [ 4 15 055 00
b S 8] ol b ol iy ol s 0L, SV s
e Sl Yo oS O g el 5 oS U5 Jolse Olge w
[V0] wsd o eslinad gl o la Saiip 5 45 L
Sl bS5 o b el 4 LIy e ramen b 5y
I 3150 (55l 50 5 5 S0 s oS g 8l 505 i3
S b Lo e sla LB ol oDl [V 50 eolinad g5
e g SIS o (LAl (Al Al il LSy
el 0k 55058 el s 3500 5 Sl e slad sl L

IA 2]
s 03,3 Jilsl 55 Ul 53 sy €l Jsaams Olge 4 FI3IS
Liy 5035 @l Ul Ws a1 ey, sl wils . s

‘_5.445@.«.»-‘ L;‘éjJ u‘})).a:u S gdxe )\écwb_ &Lﬁlﬁ)).}

1- Methylation degree (MD)

2- High Methylation



\i'i%é)‘ YY [PEL] JNod OJLM:

Qlﬂl L;l"lb Gw‘gf}l&&u

S £ e b Sl 5 Oll ol 5k 4 (O] 5528
alsl s A rl;,;:\ Laals j3 g 5 atws 5lald (00 oy
CS5E) 2w pen b edd s 2 glakils sl Sy, AnT S
Ol I 3l oslinal b e g3 - o 31 planil (011 cals S
Cole ¥ 8) blin Open S35 2 o/ S35 V1 Zd L
5351 3V O ol M (U G sa3 OIS Jses 5L S
Vorer Copn b S b Sleslial b e A3 oSS 4l
0P sl dlBs Yo e 4 5 Lo (glos 5o adds p5 50
sdile 3L 3,0 5o S I IS &ls 3 g 511 eile 3L JM>
YO les 53 (Ol pl g simis 03,5) Mt ol 051 KaS 4
Soluldar adds Vv e a4 LY LIS s 5 e saeds a s
DY as eSS 01K

NP EATS W  PPPIRNCY g Al YT
Novozymes ) = V‘Jj 353l or B 0T 5l e
oslial 3550 3gsde Cgr (5 0 S )5S Korea Ltd
OV Olse FGO g V0 L codsduico 5 3
odd del clb L Trichoderma reesei 1 sii W5
U & GYSID EXO ¢ v/0 L 5NSIT 4 ve+ EGU/g
<Jé U Bacillus licheniformis 1 sii Ay Gy,
e O3 S 2y 0 Sy Y/0 AU-A/g oaz el
Voo sesls 5l gl ke YOu 1S s 05 IS
of & (070 Ry PH) J¥se +/00 i bl 3L 20 e
V00 3l als— o 3T s b VST 5 codST s s il
S JSaze o 5SS (ulg s s eslinal S5 e
AeS 55 (e oz Vi1) VST ) ST e
o) edkns OIS 5Ll 55 Ol sl 51 g A L]
L aids 53 53100 L sl a3 00 gl 3 (Ol ) el
oot il ilo SIS S aslinal b sy mle ks 40 Sk
(435 )+ Sode w0 S VATNTH) s g 5l 5 0k 2ld
bkt S 3l s A5 (s e 5y Sl L
ol 5, Sla Shoda s S B s and 4 40 J 5t

Oy Sl e s Gl (LBl (6 5 e Ale)

6- Rapeseed defatted cake (RSDC)

253

o ot 5 s SOl Sl g Ss e
o 33,50l el 45 (S35 bes) bs (ol (T) 550
Sae ol gl ol i 5 S 3, T ils
3PS e SIL Gl sl b ls Bile (7)) 5 52
Ll Dok Dsee o3l mas Sbe mlpel 4 oS O
s Olge 4 Ypame 35 S0le Sl (65 ims o
S Gramad 155,500 5 a5 o ealiad (1l S
o Sl et 8Ly Zlmnd s bt o sbilse
W5 SR i S 5 T ey A Jeily
Sl I gle I 51 2aS eslind a3 SLSL
TP 3 odd gl glad Sy ol 5035k
Sl bl 5 e i IS gl Al pa (5L S

D]l aul 3 b 55 2 s

=S 5 Al Sl eslial L1y S ) sl candllae ) 5
3 8s sl Bl st Jsb s ae Lals o
L gl LS o il 3 s S o) 2 VU (5
Gl 0l b o5l sdosdes e 5 A3 Sl I
Cod 5 RSC il s 3T dasds il
bz 5 PH s QYIS sk o) T IS8
2 A st Bl s Al pesdle s el ol
233k 5 1S b oy 5 2 alie Gl 0SS 2l A
S e e 5SS 5 edd ol suSel glans
RO

s s, 5 ol 5eY

aJsl 5lee V=Y

158 S g V-V =Y

Aos3 (S b il g 5l L (3)) 1S WLS Wl
O Ol (3,558 sl ool 31 (AR L s i ol

(oo 01l oS 8) ARl Ol SaS w5 il s ag

5- Enzymatic Hydrolysis (EH)



...oﬁdﬁlﬁéu;kjwjﬂ

Ol 5 oo Lo

3 et oz s ST ) L Vs blse i e S
JKA) blias 05 5y » 4ids 53 555100 Co b
@aﬂbﬁdﬂj\aﬁng:.wozjﬁ(dwi

WA al e 55l 25 Jbe i /N NaOH b 5 6Ll J goms
5 A Blol & sel Jsle 4 Jle s /Y NaOH ) e Ve
ook SESI B sy e S8 Il b ais 10 ke
e gad a5 Jla g 0V WIS g5 2d e Vb s 58 JlS
035 o2 358 Bl WalS S5 S5 65 ey b5 A Ll
b was 25 Jle s /Y NaOH U le @5l cculg 5o a
e Sl Y dsles sl Ll Sose s &S e
Vo] as sl (DE) O sl 2l Az s

V2

DE = X 100 Y dJales

Va+vy

S SVE el S (sl g (5 S 6310 Y-Y-Y

Sl kLo 63-0X Gme olid i Ky i, )
gl sl G IS s VB sl (gl (68 o510
Sl eslizal |l iy 55 e 4 IS S 5l el
eSS Yor Clle b S sl 1) e ) bl !
dool e VG 5 A ;S s 2 e
Sl pla 5o ol 5 A BLSI s 5 5/ S5 54 g
&3puug;,;uom&upwgw..u&};ﬁq
Al (g3l S5 Ol plem 53 035 0 8 (s S S
A esls QG 4ids 0 e 4 A Bl G ma cal> o cpl s
SP-UV 500) UV/Vis e b5 Sl 51 eslizad L od 5

DT il 2056 0Yr 250 Isb 55 (o L5238

S b b5 03 S S (el IS ol £-Y-Y

i

9- Esterification Degree

10 -Total Galacturonic Acid (TGA)

Sl Vo e 4y g s B0 les L Ol 55 Csb s
DT e S sl aied sla g s 5 S
Vs Sole S sy s a o5Sg ) Al YV
gl Slp e SAIL (VYY) Ol 5 258 o)
235550 o8s S Sl eslinad b IS (5535 dlns 5l 0
MLS Ethos 1600) O3 st S @ seome
oslizl (OLJT Leutkirch MLS Microwave System
OLlly S a4 Oy sl adsl Sl sy s a5 LS
1515 oS 535 0,50 0k Jlast (2505 5 (sl el {5
V0 ol PH) Ny v/00 i Slaad 56 ) La Ver s
Ol 5 ely Tre 555,500 ol (S s sl Lo a5
3 b L 5T QLS 3 5l g B30 5T A0
A sl 135 My walsl iyl 5 5 6L Y=Y iy
sedkd i) oyled ells blo B 5 b Sl edel cs @
Glid mle b (s Vo e w0 514N ) U § 5k 5l
00 bl b5l aw S slge o b Sl a2
S L) el 55 gl Sl ST AL s Ao s
051 03 sb e S alg 3 ipd Gl (gL (3
dgd o s St Cell)r Do 4 spdis 4z a b Gl
DET s S S sl aded sl
@)Jﬂki:wu S 5 3l eslizad 3550 gl 3l e plas Y)Y
A 4 (K ol sdmaze VL)
ol 531 Y=Y
el Dladily (s Se31l VY=Y
gl Gy 53 8 ) Jeol (BY) s 2l sl 0lai
(C;) OH9 4 (W Dried-Pectin) i w-&g (fjf) 5%) V-gﬂ'“-i; L
DT as 5,50 2 (V Isles) (WhriedRSC) 1518 S (sla s 5
EY = Whbried—Pectin \ Jsbee
Wpried-Rsc
10 el jml a 55 (g S0 5100 Y-Y-Y
O (il a3 s (Gl SIS gl 25 255 )

Y do AN J 501 nd e Y 0s 58l 51 ey S eslanad

7 -Microwave-Assisted (MAE)

8 -Extraction yields (EYs)

254



\i'i%é)‘ YY [PEL] JNod OJLM:

Qlﬂl L;l"lb Gw‘gf}l&&u

v 10
L0 ) § asles

tl/z:(ZXKS
BUI slos 1 Al Gla S @ e 3 T (61K b b
WLl his OT 2 o Ve p S0/ G pa 51as o)
@by Y Do 4 g LS STy adds ) S 4 bl (LS
03 akds Ve Dde a a3y p3 5 VO 5o Sad il Sl LS
I8 4y ekile 3L G Al STl s a5 YO (Gles
uAJJN'WHC)\m.mojjdb@ug&j\mdﬁ

[\V]Mdl:.)w‘;Q(;\ Lﬂjé“hﬂ}quﬁQ)}&M
s, oty g an; Sy 5 0-Y-Y

Brookfield ) _ix = 5, b, B s
4 e (K el sdswe VU1 Engineering Inc, DVBT
Jsloes 0L o 55 5 43 55 e 8 438 iy UL s2ls
Chle s g amys YEE Y 3 Gl e Y 0 sl
ol o3 eslinal (Laze/ 535) ) 5 IVO /0 /Y /) (gla
b Sk SIS JLaSTSS st (5,8 03101 e 31 0505
bS53 &S jskiles Al o3 0, LVALO (Cy ) S
S Gl Jlaa! oo il 0l apn 5 S 5 5 slacal
RO PR R R RS PR C T IRY LN W NN ¢
IV 55 435 0 L5 (6,5 o3Il o gl ) ploil 0L
O g 3ol oI 5 "0 diS & pond sl ol V=YY

303 pEas ke 0 Sladshe 055 b sl L el sed sl
S eslizad b Llaze 5 a4 (Lo V1)) S5 Ao 0
558 JIKA Ultraturrax T25) | sbuk 55, 55055
w3 YE 3 aids 3 a3 VOre 53 aids 0 e 4 (OLJI
bt Sladad (ol sla O pd pol L Kan o sl
UP400S) 5 a5ks Y& sl b w51 oslinad
SSla= L (OWT 55 Hielscher Ultrasonics GmbH

5o oSl a0 sed gl A5 gl Dly e g 2 Ol

14 -Water Holding Capacity (WHC)

15 -Emulsifying Activity (EA)

jlc:u@‘l{jéjjjzwuir})lﬁdéwnﬁdm
&S o3lul (Kruss K20 Easy Dyne) m his olSews
gl s 3 badised Do Ghle3T al ol A2
AW 2 osSs e S L (G ) chle L)
Ggad S Jsloes A 4 gendes a3 W Glos 5y lade
sk a3 b glos 53 Cell YE e 4 (6,8 o510 I LS
Sis ULl L 8 o3b Of b (R3S AE (5SS

D8] sslizad o 2 Olpe 4 ¥\ mN/m

Slpe @ ol GlapsSy Jie (SS S ol
st b s o FS) uis ol 5 FCO) Vs e b
Sl bl eols e 5 (Y1) O 5 058 Lo oS
M) 58Sy Jsbme 035 oxiisen bops Al el G
Sles 5o ards ) e w4l 3y 3 e WV o (el S35
Ultraturrax ) ;5055 31 eslizal b eseeds a3 Yo
YO U aids 0 apsh e A 4 (OWT 528 JKA (T25
o L e 5 A Sl Jlzs s Sl eslinal L adds
<5 4 FS ;FC s Lls 5 4 20 Imagel] 1.46r 331
S ol S gl S gLl e (S o5l L

DV N E] s ns 4 ds Yo jtw”,éw

S Sdbs 5l et sl (St 3ledds 4 ax 5 L
ol psb g2 glaesls (Shan sl () Woles)
t= Gt=0 JS bl cod s p 58 i)l oy 4 45
o5 Gl edias OLE &S (112) b 4e A2 Oy 4ids 35
wla el ((8) dslae) i a5 K00 Gilae
G 3 Ve ol sde 5 (i 3 o o) Kt S
MATLAB R2008a 135l ¢ 5 oo (25 S5l Oge S5

IWT s ns (K el sasze <L The Mathworks)

Vr = Vro - K1t0'01 Y dsles

11 -Surface Tension (ST)
12 -Foam Capacity (FC)

13- Foam Stability (FS)



...oﬁdﬁlﬁéu;kjwjﬂ

Ol 5 oo Lo

o LABTS M;,J 63 Sad 1 s dse e ViE 51 )

s s A bl KoSoOs 2 s Jge e YU 20 L
V0 Sode 4y gk a3 YE 2 ) Glos L3 SOLL Lo
Jobee 58 1S5 ABTS JIGsl, b w01 el
Ol e 4 B A 33, doys AT J 561 05555 L ABTS

Jgbos 2d o ¥ OT 51 oy 20 sUVYE 5 o /Ve £ /0
il gl clile 53 i Jle 1) e o/ L ABTS
Yool o 2der 5 A bk () (e g S e 710
e gy Sl 31 eslinal U el VFE 3 0peel 5SOL ad3s

33 (6,8 ol (e 528 SP-UV 500) UV/Vis

Gla J S s (6,5 o3l (i J,mS) 280 bl ol o
doys dng C ulvs 5 BHA (absl o s et

LY ] A Jsles) i acusla R aJslae L.SAABTS

SAABTS = (1 - M) X 100 A dsles

Abscontrol

ool Lo 5 4 o Y-Y
IBM SPSS Statistics | ;3! el Bl sle el
Al o a2 55 50 (I el sdze VLI CYO/4/Y/Y)
o3lital b ol (5 o311 (gla 03 3w (6415 Lore oslis
40 Oluebsl o L (ANOVA) 43 b S bl 5L
Ol ol K 0051 5035 a5 5l o o pan s
el 5 a0 . eslized Tukey HSD 0505 51 5l
g5 2 Gl SSE s $ln LDA) o jasts
CHlE gy s e D bl Sl S
mjf,lsgw\;h”v\.ppoCladpdsjsojﬁjTLJ\;tM

Cow @\IJ -y
O gl Al Qe Ol 1T
jEH L;L‘bu"’j) )‘ oalanal l; oS C\f;ﬁ«a\ u::.(._: oJ)'L! J.l)ULa

sdalie a5 J}la.'l.a.h RGO P AP K L)L..Z.« \ J&J BE) MAE

17- Emulsion Stability (ES)

256

i3l g s dslidl Opmadpol Sl 05 )0 L & sl b
s Ol & grbos ams YE 5 £ slas 55 5 S ai
0 S O gond sl ol S (1SS 55 YA ke 4 6165
(V dsles (1) ES) ™o sl g5l 5 (0 dsles (/) EA)

A loen s 93 a5l e el lesSy

\Y
EA = V—‘ 0 Wiles
t
ES = —EAf_dzg -\ Aj:bu
EAj—od

r.>_=>—_55.)..fu QﬁNJJA‘ Aiyr»v:.;)? Ad.Vt}Vel QT)JAS
s NPV EAf2g 4 )EAi_od L Qj,:..Jj,a\ JS
Ol (YA 555) slenl 5 (v 555) adsl Oles 53 (SauS O sand 5ol

DA N Kss g3l o b
St B e les V-Y-Y
DPPH Ul 5l Ul \-V-Y-Y

Sl gl 0230) OLes 5 (Sl el Dol 2y,
A ek sl le oS ST GladSsls 6les e
LSS oslas nd Jue Vaodlr b ol eslizad 55 52
Ak YL Gl 08 e VoY) il (glac il
oy Y6 glos 53 5 15 bylies DPPH N po o +/¥ J jlous
A3 (AbS) Gl s 4SOl aids Yo Do 4y e s
SP-UV 500) UV/ViS e 555 5l 51 osbicd L J giis
ol s BHA 05 8 2 U 0V 2 5e b s (ppr 558
23 ddaly el b ad eslinad ke J x5 Olse 4 C

VAT s 50 5 (V Jslee)

M) x 100 V dslas

Abscontrol

SApppy = (1
ABTS J&sl; lge b b Y-V-Y-Y

5SS sl Jsle (SAaTs) ABTS JCsly Sl ol
a:‘;@.\a};("\o)&b&m;hjC\ﬂub‘}fdswlj)d)b

ke Y0 AN b 4 s (6,8 ol s SWIL A

16 -storage temperature (ST)



\i'i%é)‘ Y [PEL] 5\0* b)w

A SRl BlE e Aul B Oles Rl B[V ] Al s s
3 S ol 5l S led SGS bl Jshome 0353 4 (5
S S 5 eSS gl 4 ol (T 0liKes
G50 03 gl Qledkil; Olpe 45 Ais g2 03 S Pl ks
oS anly 5 455 &S g adse cnl g LVYY PSSR PPN
sl e ) S S sl s OF glim! slie 5o Ll e
Lol o3 3m 31 YT 55 Ll s L OV Lo ) il Ol 5
055 gl 53 (SeS ke Sl Olse 4 s ol Al b
s DS o 5l sdalie b 3 gk, sladils
3 oSy gl o33k oS sls 0L (YY) OLSes 5 Sl
Woore 0lg 53 MAE Lug do)s VA0 dlsie Sy

ITY] 55 aibs V ol sl 0les 5 V/0 L i pH

Wsed 53 edd ol Sl O5eS e3l 5 Olelily i 55
Dlie bl (aids 0 Ol s 5 ily er 0l 5) MAES
gl EH 6sas w0 by o Jlade o a8 5 A2L 0 A7/
spm bl IV e b (s, S0le (STl 3 st
IS WS o gy 51 0y ) el DLl Ao s (SaS ) b
Jelse e 5l Se s Sl 555 4B Ol 23k )
G TAE 31 0ol a3 VT il il Ol i3
05 A sdalin g AU adds 0 U agds ) ol b AU/
23 s BB LS s Sl 0sls ol ol pnal T
S Lol Kl e s &S e bl g slaals L=l
Sl Lo g b g0 al as i | ol il ol 55
I 358 Ll 5 s 5255 500 ol gl 45 ooy DU & Oliios S

ol ols 5 gslualsl 5 balse a0 (6531 Jlasl ccsl «

EY (%)

EXTRACTION YIELDS (EYS)

I
EH

MAE1

o =]

MAE3 MAES

EXTRACTION METHODS

Fig 1. The effect of Enzymatic and microwave-assisted treatment on pectin extraction efficiency of
defatted-cake rapeseed *:

* Operating conditions in an acidic medium (pH 1.5): EH (Enzymatic Hydrolysis), MAE (Microwave-Assisted) (600 W, 1,3 and 5 min)
# Means within each column with the same letters are not significantly different (P < 0.05).
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Fig 2. The effect of Enzymatic and microwave-assisted treatment on pectin Degree of Esterification
(DE) of defatted-cake rapeseed *+

* Operating conditions in an acidic medium (pH 1.5): EH (Enzymatic Hydrolysis), MAE (Microwave-Assisted) (600 W, 1,3 and 5 min)
# Means within each column with the same letters are not significantly different (P < 0.05).
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* Operating conditions in an acidic medium (pH 1.5): EH (Enzymatic Hydrolysis), MAE (Microwave-Assisted) (600 W, 1,3 and 5 min)
# Means within each column with the same letters are not significantly different (P < 0.05).
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Table 1. Effect of extraction method (1% (w/v) pectin solutions at 25 °C) on Surface Tension, Water holding capacity,
foam properties, Viscosity, emulsifying activity, emulsion stability, SAppen, and SAapts **

Characters’ Pectin types obtained with different extraction methods ®
EH MAE] MAE3 MAES5

SF (%) 45.45+0.14 44.38+0.24° 43.69+0.17° 43.11+0.15°
WHC (%) 11.67+0.112 11.7240.1° 11.71+0.18° 11.75+0.39¢
FS (%) 3 0'48f0‘12 31.2120.23° 31.8+0.05¢ 31.87+0.41¢
FC (%) 81.1+0.09? 82.45+0.21° 84.1240.09¢ 84.1340.14¢
Viscosity (Pa.s)  8.54+0.09° 9.34+0.31° 11.5740.2¢ 12.394+0.33¢
EA (%, 4°C) 50.6+0.13% 52.33+0.15° 55.87+0.19¢ 58.01+0.394
EA (%, 24°C)  49.87+0.11° 50.0440.14¢ 51.08+0.27F 52.1+0.11%
ES’ (%, 4°C) 81.7+0.12° 85.54+0.2° 89.88+0.31°¢ 93.05+0.214
ES' (%, 24°C) 79.09+0.12 83.68+0.09° 88.16+0.33¢ 92.04+0.244
SAprrH’ 67.3+0.2° 69.9+0.19° 70.5+0.14° 71.2+0.264
SAABTS' 70.5+0.13° 72.4+0.16° 75.1£0.15¢ 78.8+0.47¢

@ SF (Surface Tension), WHC (Water Holding Capacity), FS (Foam Stability), FC (Foam Capacity), EA (emulsifying activity), ES
(emulsion stability), SApppy (DPPH scavenging activity), SAagrs (ABTS scavenging activity)

b Operating conditions in an acidic medium (pH 1.5): EH (Enzymatic Hydrolysis), MAE (Microwave-Assisted) (600 W, 1,3 and 5 min)
 Means within each row followed with the same letters are not significantly different (P < 0.05).

* Data are means + SD.
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Fig. 4. The flow behavior of pectic solutions containing RSC pectins extracted by Enzymatic
Hydrolysis (EH) and Microwave-Assisted Extraction (MAE) methods at different times
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Pectin as a hydrocolloid located in the cell wall of plants can be a secondary
product in food industry processing. Canola after de-oiling has high amounts
of pectin. To extract pectin from rapeseed meal, the comparison method of
enzymatic hydrolysis extraction was used with and without the presence of
microwaves (with power of 600 W at four times zero, 1, 3, and 5 minutes).
The effect of microwave irradiation time on extraction performance and
physicochemical and mechanical characteristics of extracted pectin was
investigated. Physical, mechanical, and chemical characteristics showed that
the presence of the microwave process improved the functional properties of
the extracted pectin and facilitated the extraction process (p<0.5). The
highest yield of pectin extraction was 9.1% (W/W) in 5 minutes of radiation
with 600 W power in the microwave-assisted process with 600 W power.
This auxiliary process affected the degree of esterification and galacturonic
acid content of pectin so that it can form a gel in the presence of low sugar
amounts and is suitable in diet products. The content of galacturonic acid in
all samples was higher than 60%, which indicates a high gel formation
capacity. Pectin extracted during 5 minutes of microwave irradiation with
600 W power presented the best characteristics with the maximum content
of galacturonic acid (76.51%), the highest emulsifying activity (58.01%),
and emulsion stability (95.03%). The presence of the microwave-assisted
process reduced the surface tension values of the pectin aqueous solution
(43.11% in 5 minutes of irradiation) and affected and improved the foaming
capacity of pectin (the highest value in 5 minutes of irradiation was 84.13%).
Irradiation during microwave time caused significant changes in pectin
properties, such as intrinsic viscosity, mean viscosity, and water holding
capacity, to form a higher-quality gel.
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Table 3-1-Analysis Variance of pH values of Samples of synbiotic apple jelly

Dependent Variable:pH

Source Type Il Sum of Squares  df  Mean Square F Sig.
Corrected Model 4252 23 .018 328.377  .000
Intercept 1168.620 1 1168.620 2.078E7  .000
Inulin 316 3 .105 1.874E3  .000
Probiotic .010 1 .010 174.222  .000
StorageTime .094 2 .047 833.167  .000
Inulin * Probiotic .003 3 .001 15.556 .000
Inulin * StorageTime .001 6 .000 3.537 .006
Probiotic * StorageTime .001 2 .000 5.056 .010
Inulin * Probiotic * 001 6 000 1944 093
StorageTime
Error .003 48 5.625E-5
Total 1169.047 72
Corrected Total 428 71

a. R Squared = .994 (Adjusted R Squared =.991)
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Fig. 3-1. Changes in the pH value of gel samples with changes in the percentage of inulin
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Table 3-2. Analysis Variance of Brix values of synbiotic apple jelly samples
Dependent Variable:Brix

Source Type I11 Sum of df Mean Square F Sig.
Squares
Corrected Model 493.991° 23 21.478 1.093E5 .000
Intercept 43000.054 1 43000.054 2.189E8 .000
Inulin 395.557 3 131.852 6.711E5 .000
Probiotic 33.397 1 33.397 1.700E5 .000
StorageTime 32.344 2 16.172 8.231E4 .000
Inulin * Probiotic 125 3 .042 211.936 .000
Inulin * StorageTime .005 6 .001 4.110 .002
Probiotic * StorageTime 32.562 2 16.281 8.287E4 .000
Inulin * Probiotic * StorageTime .002 6 .000 1.785 122
Error .009 48 .000
Total 43494.055 72
Corrected Total 494.001 71

a. R Squared = 1.000 (Adjusted R Squared = 1.000)
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Fig.3-4. Changes in Brix value of gel samples with changes in inulin percentage
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Table 3-3. Analysis Variance of Turbidity values of synbiotic apple jelly samples
Dependent Variable: Turbidity

Source Type 11 Sum of df Mean Square F Sig.
Squares
Corrected Model 4001.704 23 173.987 1.711E5 .000
Intercept 13162.531 1 13162.531 1.295E7 .000
Inulin 3863.079 3 1287.693 1.267E6 .000
Probiotic 146 1 .146 143.410 .000
StorageTime 138.384 2 69.192 6.806E4 .000
Inulin * Probiotic .084 3 .028 27.451 .000
Inulin * StorageTime .002 6 .000 276 946
Probiotic * StorageTime .003 2 .001 1.392 258
Inulin * Prop'Ot'C * .007 6 .001 1.192 327
StorageTime
Error .049 48 .001
Total 17164.284 72
Corrected Total 4001.753 71

a. R Squared = 1.000 (Adjusted R Squared = 1.000)
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Fig.3-7. Changes in Turbidity value of gel samples with different percentage of Inulin
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Fig. 3-9. Changes in turbidity value of gel samples during the storage period
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Table 3-4. Variance analysis table of syneresis values of synbiotic apple jelly samples

Source Type Il Sum df Mean Square F Sig.
of Squares
Corrected Model 1016.4542 23 44.194 3.924E3 .000
Intercept 1785.315 1 1785.315 1.585E5 .000
Inulin 24.418 3 8.139 722.757 .000
Probiotic .050 1 .050 4.399 .041
StorageTime 980.178 2 490.089 4.352E4 .000
Inulin * Probiotic .003 3 .001 .090 .965
Inulin * StorageTime 11.696 6 1.949 173.104 .000
Probiotic * StorageTime .076 2 .038 3.368 .043
Inulin * Probiotic * StorageTime .033 6 .005 488 .814
Error 541 48 .011
Total 2802.309 72
Corrected Total 1016.994 71

a. R Squared =.999 (Adjusted R Squared =.999)
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Fig. 3-10. Changes in the amount of syneresis of gel samples against changes in the percentage of inulin
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Fig.3-12. Changes in syneresis value of gel samples during the storage period
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Fig.3-13. Changes in the population of Lactobacillus acidophilus bacteria in two periods of 0 and 30 days
after inoculation in apple jelly samples
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Table 3-5. Texture characteristics of synbiotic and control apple jelly samples

Treatments Texture characteristics
Hardness Adhesivness Cohesivness Springines Chewiness
Control 3783.7 -105.103 0.855 140 4530.94
Synbiotic 2200 -73.5 0.851 96.67 1810.81
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Table 3-6- Variance analysis table of sensory evaluation results of biotic apple jelly samples

Source Dependent Variable Type I11 Sum of Squares df Mean Square F Sig.
Corrected Model Flavor 1.500? 1 1.500 4.500 101
Color 2.667° 1 2.667 8.000 .047
Taste 2.667¢ 1 2.667 8.000 .047
MouthFeeling .1674 1 167 .500 519
Desirability 2.667¢ 1 2.667 8.000 .047
Intercept Flavor 104.167 1 104.167 312.500 .000
Color 96.000 1 96.000 288.000 .000
Taste 96.000 1 96.000 288.000 .000
MouthFeeling 73.500 1 73.500 220.500 .000
Desirability 96.000 1 96.000 288.000 .000
Treatment Flavor 1.500 1 1.500 4.500 101
Color 2.667 1 2.667 8.000 .047
Taste 2.667 1 2.667 8.000 .047
MouthFeeling 167 1 167 .500 519
Desirability 2.667 1 2.667 8.000 .047
Error Flavor 1.333 4 .333
Color 1.333 4 .333
Taste 1.333 4 .333
MouthFeeling 1.333 4 .333

1 -Texture Profile Analysis
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Desirability 1.333 4 .333
Total Flavor 107.000 6
Color 100.000 6
Taste 100.000 6
MouthFeeling 75.000 6
Desirability 100.000 6
Corrected Total Flavor 2.833 5
Color 4.000 5
Taste 4.000 5
MouthFeel 1.500 5
Desirability 4.000 5

a. R Squared = .529 (Adjusted R Squared = .412)

b. R Squared = .667 (Adjusted R Squared = .583)

c. R Squared = .667 (Adjusted R Squared = .583)

d. R Squared = .111 (Adjusted R Squared = -.111)
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Fig. 3-17. Changes in organoleptic parameters including aroma (a), taste (b), color (c), mouthfeel (d) and
overall acceptance (e)
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In this study, the production of synbiotic apple jelly containing
inulin (0 to 3%) and Lactobacillus acidophilus bacteria (10!
cfu/ml) was studied. The amount of pH, brix, syneresis,
turbidity, viability, textural characteristics and sensory
evaluation tests were conducted. These evaluations were
performed during the 30-day maintenance period. The results
indicated that with the increase in the amount of inulin, pH, Brix
and turbidity of the samples increased. The syneresis of apple
jelly samples also decreased with the increase of inulin. Adding
probiotic bacteria to apple jelly increased the syneresis of the
samples. The results showed that with increasing time, the pH
of apple jelly samples decreased from 4.07 to 3.98. The turbidity
of the samples also increased significantly during the storage
period. The most changes in the 30-day storage period were
related to the syneresis tests, which increased the syneresis of
the samples as the storage time increased. Synbiotic apple jelly
samples had a softer texture than the control sample. The
synbiotic apple jelly sample had better chewability than the
control sample. Lactobacillus acidophilus had a higher viability
in the sample containing inulin, which decreased with
increasing time.
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Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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Fig2 The Effect of processing method and harvest time on Moisture content in two cultivation area (Fouman &
Lahijan)

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer

292



\i'i%é)‘ Y [PEL] 5\0* b)w

Lo JAJ‘YL{ASMJ L;"JJ” @ (8 Jﬁ.&).).amdag)l.w (/.
O oslp 5ol asy Jole b s ol Jlesl
&“jé\b.hlz-ebLAM)J)aJ‘JJ&LSbAJJ_}‘J}C,{jk)
Casby Ol b el esle Ol s Sl & das
)‘ g;_’).b) Lo &.(Jﬁ‘bdmu ).)).))\JJS&&&IQ.:‘)
dﬁfguut&&Jﬁd,uﬁmm;u“ueu_fﬁ
Ly e e g e g5 Sl 4 5 L s AL
@W&l}'&\ﬁslﬁ&\j}\pobﬂbwUpr
JSJ.«L;;esuolj:ﬂﬁca.i\;)ua;;lo\j:ﬂ,«‘;,\j)lf&.aki

[18] st Jle b 5l i Sl e a0 Olsls Lo s

< 80 150
= 71.82a s
()
= .18b g
2
g 70 ©
- m1l 1S
5 65 8
%) 2 [e)
60 9
A

Cultivation area

100

del> osle

dbie S col O Sl bsze it J1 o)y
2SI e U Gusl B g s s Ol eiidls
Soosb a4 el sdd (S el dalr esle Ay (5,
e Sl (L VVAY Dol 53 ol o3le Ol e o 2
JK8) Col sl (5,80 511 (L VY/AY) Ol 5 (. 4Y/8)
03le Oljoe 1 SV 55 La e Bl 3l (o) 2 s (T
5 (LAY e adlais Gl o Gl o 1) el

Y\/Y')yﬁ@e)%ﬁgf)ibdid\ﬂwf“s

80
03,44 92780 S 71.97
ia E 75 69T8b T
ml T 70
26.49 =
.49¢ 2 T 65
| 3
m3 60
B [¢

Processing Method Harvest Time
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Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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Fig4 The Effect of processing method and harvest time on Solid Matter content in two cultivation area (Fouman & Lahijan)

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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294

ml



\i'i%:;‘ XY 693 JNod OJLQ.-::I

Q|j_| &L'\.b 6\.—&3‘33.\.94.1;54

3 caffeine(%
2.54bc 2.48¢ ( 2_)54bc 2653 3 58ab
T 2.36d ~ I E I 2.38d
25 & 2.20e I
I 2.09f 2.05fg
1.87h e 1.97g
— 2 . I I
X I i
ko)
£ 15
9
kS
S 1
0.5
0
BL B B3 Bl B2 B3 Bl B2 B3 Bl B2 B3
c1 c2 c1 c2
Al A2

fig6 The Effect of processing method and harvest time on Caffeine content in two cultivation area (Fouman &
Lahijan)

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer

SOl e S Jil G 5o s S Olo o Gud s
o3latal 3)50 Sl Gl Gl 5 Lpier oder Gl 4
Sl pnb 5 K0S sl age DS 5 5 LS e S
Gla Sy anme 5358 e 58 A3 L ol 5 li &
5o ol g 53 Jol Sl 05 5 el iy U
(ol 4 S o Ol s (53 ) s> il
235 038y als o3l sl S g 5 e 5 8
ol sl (5 as el 5 e lile DS 5 ad
5203 sy ped e 03 SRS Bk SlS S el
53 5 il S 35 s OlenST T Cdlad Ol e alsl s

T19] 8 oy G131 55 818 Oin 33500 ] aes

St Bl ols 5

5ol ke (s Ol ) e e Jiews S oy
e Sl GleST ol LS 5 A3 p (o3l g5
Lo)s Ol o YL s o DL Wadigad oy |y (5ls
5 bl ke (ol 5 Ol s J,umsb.j olS 5
slr 5 (L AVEY) Sle ((IANEY) s 55 (sl &
U Gemmen (V SE)Cl ol (55018 (L AVAE) e
03013 e Sl 55 S de gl it Jilie Sl w2
SLS 5 Olsee oYL oS o5k 4 s bl
M e 33 A 3 e Sl 5 e S 3 GlAeS]
05t Ol e Sl praes 5 ObeaY s 0Ll
53 OMeeSIBT Oln 0 S 85 (o g 53 ok SIS
A JK2) A eaalia (L OVIYY) fesh il ol (gl
LS 5 0l 5 oSt T cdle 2als a4
o Bl o3 e s Ol b s S
b b ol Jead o 5 lala 5 5 Ol s S
b S s edd a5 SLS 5 0kl fad 0> 4S5k o
W5 65 cand OLS 55 adls s gl 6 5 0l

295



il s adlate 5 0les esysT G

95

Cultivation Area

Processing Method

_ 88.43a 150 9

S 87.75b X 96.31b 96.64a X 89.43a
= 90 = =90 86.75b
s S 10 T 713 s '
5 85 s ml G 85

< ml < 5o <

€ 80 € 2 € 80

3 2 3 3

= 75 =% 0 us3 = 75

o] [e] o]

= A = B =

c c c C
< < <

Harvest Time

Fig7 The Effect of cultivation area (A), Processing Method (B) and Harvest Time (C) on Antioxidant Content

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer

Antioxidant activity(%)

120
3 96.73a96.72a 96.67a96.71a 95.65¢ 96.7a 96.21096.44b
00 3 T & I F ss2sd T I
£ 77.18¢e I
5 80 66.57f I
S I 57.27g
= 60 I
c
3
S 40
S
£ 20
<

0

Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3
c1 c2 c1 c2
Al A2

fig8 The Effect of processing method and harvest time on Antioxidant Activity content in two cultivation area (Fouman & Lahijan)

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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Fig9 The Effect of cultivation area (A), Processing Method (B) and Harvest Time (C) on Phenolic compounds
Content

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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Fig10 The Effect of processing method and harvest time on Phenolic compounds content in two cultivation area (Fouman &
Lahijan)

Al:Lahijan, A2:Fouman, B1:green leaves, B2:green tea, B3:black tea, C1:spring, C2:summer
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Tea, after water, is one of the most consumed beverages in the world due to
its chemical compounds such as polyphenols, antioxidant compounds, and
caffeine, which are beneficial. Factors such as tea leaf processing, harvest
time, and cultivation region can affect the composition of tea leaves. This
research was conducted in a factorial design and as a completely randomized
design, with independent variables including raw green tea leaves, processed
green tea, and black tea, and dependent variables in this design include
measuring the amount of polyphenols, antioxidant activity, and The amount
of caffeine and soil properties have been carried out in two harvest seasons:
spring (May) and summer (July) and two cultivation zones in the east of
Guilan (Lahijan) and west of Guilan (Fouman). According to the results, the
interaction effects were, the moisture content of spring green tea in Fouman
region (78.83%) was at its highest and summer green tea in Fouman region
(6.22%) had the lowest value. The highest amount of solid matter was
reported in summer green tea from the Fuman region (93.76%), while the
lowest amount was found in spring green tea leaves from Fuman (21.20%)
Additionally, the highest caffeine content was observed in spring green tea
from Fuman (2.65%), and the lowest amount was in summer green tea leaves
from Lahijan (1.87%) The highest and lowest levels of antioxidant
compounds were also seen in both spring and summer green tea leaves from
Lahijan, as well as in summer black tea from Fuman (57.27%). Furthermore,
the highest amount of polyphenols was observed in the spring green tea from
Fouman (12.37%), while the lowest amount was found in the summer green
tea from Fouman (12.29%).
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The purpose of this study is to investigate the ability of smart scaffolds of
Kappa-carrageenan (Carr) and the combination of Kappa-carrageenan and
quince seed mucilage (Carr:Quc) to support C2C12 viability and growth for
cultured meat production. Carr and Carr:Quc with a final concentration of
1.5% (v/w) were developed using a 5% potassium chloride solution. The
capability of the scaffolds to respond to the pH change of the environment
was evaluated, and the viability of C2C12 at normal pH (7.4) and varying
pH levels (7.4-5.5) was assessed. The evaluation of swelling changes with
varying pH (pH 1-7) showed that for the Carr scaffold, the highest swelling
was observed at pH 5, reaching 145%, which showed a significant difference
compared to swelling at other pH levels (p < 0.05). The highest swelling for
the Carr:Quc scaffold was also observed at pH 5, reaching 428%, with a
significant difference compared to swelling at other pH levels (p < 0.05).
Moreover, the change in the swelling behavior of the scaffolds was evaluated
by changing the pH from 7.4 to 5.5. Carr did not show any swelling change,
while Carr:Quc demonstrated a significant change in swelling after exposure
to pH 5.5 for 30, 45, 60, 180, and 360 min. On Carr:Quc, C2C12 showed
higher viability in normal conditions compared to varying pH levels from 7.4
to 5.5. Furthermore, after culturing on Carr:Quc, C2C12 maintained their
viability throughout the culture period for 15 days at pH 7.4 and showed the
potential for spheroid formation. The findings of this study could pave the
way for the design of scaffolds made of edible biopolymers to facilitate tissue
engineering of cultured meat
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Figure 5: The effect of frying method (deep and hot air ) and formulation batter (wheat, Rice, quinoa) on coating
adhesion percentage(%) of the chicken nuggets, Different letters indicate significant difference (p< 0.05).
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Figure 6: The effect of frying method (hot air and deep) and formulation batter (wheat flour, rice flour, quinoa
(%). 1(hot air frying wheat), 2(hot air frying rice), 3(hot air frying flour) on coating adhesion percentage
quinoa), 4(deep frying wheat), 5(deep frying rice), 6(deep frying quinoa).
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Table 1: The effect of frying method (deep and hot air) and formulation batter (wheat,Rice,quinoa) on color
parameters of the chicken nuggets. The results were expressed as mean + standard deviation. Different letters

indicate significant difference (P< 0.05).

. Type
Frying g‘f) L* a* H* c* AE
method b
atter
Deep V}Yf(‘)‘fﬁt 57.61£3.4°  113+19% 30.62+0.8° 87.87+#3.6° 30.68+0.7¢ 28.11#3.1°
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Figure 7: The effect of frying method (deep fat-frying and air frying) and formulation batter (wheat,Rice,quinoa)
on Textural attributes of the chicken nuggets. The results were expressed as mean + standard deviation. Different

letters indicate significant difference (P< 0.05).

Frying method Type of batter Hardness cohesiveness Gumminess
wheat flour 1.17+0.3% 0.75+0.08° 0.88+0.3%

Deep fat frying Rice flour 0.65+0.23b¢ 0.80+0.07° 0.52+0.2%
Quinoa flour 0.30+0.1° 0.84+0.03° 0.25+0.3?
Wheat flour 140,30 0.54+0.12 0.55+0.2%

Hot air frying Rice flour 1.45+0.5¢ 0.80+0.04° 1.19+0.5¢
Quinoa flour 0.51+0.4%® 0.86+0.02° 0.44+0.2%

._sl;JoL.J)l|j§>)TMﬁJM&j)@euCﬂ
gy Sl gy 53 (Y0YE) O1Saa 5 Ghaitaranpour
Ee 13 b s b S Ol 3 e 2Slss)
U,Z‘ALS g;_:j.b) Jn>=n3 J_.JJ a (.5'1")'_9 osls e)\.,\_:\ QJJS
a3 5 ol P 4w el pl 5 Al e

Le+] b}«'}dﬂ L;_:.U& osle bl;u\ Qlj.:,:.z_?

324

> Ol puis =AY
Al et il ol N e b 5 038 & )
(VUS2) sls e ks (p<0.05) (gols e
Lot ools iy 5 Gras (B 4 odd & e slac ST
O3 ) (F£.0) aomem Dlppdd (S 158 al e
Fro sleShcash, Glyme w015 o 1) s dins



\i'i%:;‘ XY 693 JNod OJLQ.-::I

Q|ﬁ| &L'\.b @W}f}b‘d}u

50

40 4

€

Volume change (%)

BDeep frring  DAir frying

wheat flour

Quinoa flour

Figure 7: The effect of frying method (deep and hot air) and formulation batter (wheat,Rice,quinoa) on volume
change (%) of the chicken nuggets, Different letters indicate significant difference (p< 0.05).
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As one of the most popular fried ready-to-eat foods in the world, chicken
nuggets are deep fried. Due to the immersion of the product in this method,
the oil content increases, thus causing obesity and related diseases. For this
reason, reducing the fat of the product while maintaining the organoleptic
properties has been given much attention and research. In this study, chicken
nuggets with different batter formulations (wheat flour, rice flour, and quinoa
flour) were fried by two methods (deep and hot air) in terms of moisture
content, oil content, weight loss, batter absorption rate, and stickiness
percentage, color, texture, viscosity, diameter and sensory evaluation were
investigated. The oil content, moisture content and percentage of adhesion
of the coating to the core were higher in deep frying than in hot air frying.
Texture, deep fried chicken nuggets had less firmness and gumminess. The
results also showed that the samples coated with quinoa flour had higher
moisture content, batter pickup and oil content while they experienced lower
cooking loss and coating adhesion to the core. In terms of color, the coating
of quinoa dough showed lower L*, b*, and higher a*. The hardness of the
nuggets coated with quinoa paste was lower than the other two samples. The
results show that hot air frying is generally a healthy method for producing
chicken nuggets and a valuable alternative for producing fried protein foods.
As a gluten-free grain with high nutritional value, quinoa flour paste can be
a good substitute for wheat in reducing the oil content of fried products.
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