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Abstract

Introduction: Evaluation of antimicrobial and probiotic properties of the microbiota isolated from fermented
pseudo-cereals is important in order to prepare adjunct and starter cultures. Probiotics are live and active
microorganisms that, if used in sufficient numbers, help the microbial balance of the gastrointestinal tract and improve
its function. Probiotics are also used as a substitute for antibiotics and synthetic preservatives in the prevention and
treatment of complications of many infectious and pathogenic gastrointestinal pathogens. Probiotic microorganisms
include lactic acid bacteria (LAB) and yeasts, and despite numerous reports on the probiotic properties of LAB, the
probiotic properties of yeasts are less reported. Probiotic yeasts are organisms resistant to antibacterial compounds and
effective against pathogens, which can rapidly increase their population in the gastrointestinal tract. These yeasts have
several properties such as antimicrobial effects, resistance to acid and bile, binding to mucosal surfaces, inhibitory
activity against pathogens and also the inability to transmit antibiotic resistance genes. In the present study, after
isolation of the predominant yeast from buckwheat sourdough, the probiotic and antifungal properties of the isolate
were investigated. Based on the literature review, no study has been presented to evaluate the probiotic and antifungal
capabilities of yeasts isolated from buckwheat sourdough.

Materials and Methods: In the present study, predominant yeast was isolated from buckwheat sourdough, and then
it was identified using PCR. Subsequently, probiotic properties of the isolate including survival in present of low pH
and bile salt, antibacterial effect, antibiotic susceptibility assay, aggregation, hydrophobicity, haemolytic activity as well
as its antifungal activity against Aspergillus niger and Aspergillus flavus were studied. After spontaneous fermentation
of buckwheat, predominant yeast was isolated using ten-fold dilution of the sourdough sample and its spread plating.
The predominant isolate was identified through PCR amplification of a 650 bp target sequence from its ribosomal gene
and sequencing of the PCR product. Then, survival of the yeast was determined at pH=2 and 0.3% bile salt as simulated
gastrointestinal conditions. Subsequently, simultaneous culture of the yeast with some food-borne indicator bacteria in
chromogenic media was used to investigate the inhibitory activity of the isolate against the studied bacteria. After that,
resistance of the yeast isolate against the common antibiotics and some antimycotic agents was evaluated using disc
method. Co-aggregation ability and hydrophobicity capability of the isolate were also determined based on the
absorbance tests. In vitro safety of the yeast isolate was checked through its cultivation on blood agar containing sheep
blood. Next stage, overlay bioassay was conducted to investigate antifungal effect of the yeast on the selected fungi.
Finally, one way analysis of variance (ANOVA) with the least significant differences (LSD) post hock at p<0.05 was
used for statistical analysis of the data.

Results and Discussions: Sequencing results of the PCR products led to the identification of Pichia kudriavzevii as
predominant yeast isolated from buckwheat sourdough. Survival rate of the isolate after treatment in simulated
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gastrointestinal conditions was 79.26% in comparison with the control. Antibacterial effect of the isolate on Escherichia
coli was also significantly (P<0.05) higher than the other studied food-borne agents. Meanwhile, the growth of Listeria
monocytogenes was decreased 19.50% in the present of the isolate. Whereas, the yeast isolate had no inhibitory effect
on Salmonella enterica. Hydrophobicity and auto-aggregation capabilities of the isolate were also 64.07 and 67.40%,
respectively. Furthermore, the isolate showed resistance towards all of the antibiotics tested, while it was resistant
against ketoconazole and fluconazole, and the yeast was semi-sensitive towards itraconazole as antimycotic agents. The
yeast isolate had no hemolytic activity, and its antifungal activity against A. niger and A. flavus was also verified.
Accordingly, it is concluded that P. kudriavzevii isolate exhibits proper potential to be used as probiotic or protective
culture in fermentation industries.

In accordance with the results, probiotic characteristics of P. kudriavzevii (as the predominant yeast isolated from
buckwheat sourdough) were approved. Accordingly, the isolate can be used as a potential probiotic culture in food
industries.

Keywords: Yeast isolate, Buck wheat sourdough, Probiotic properties, Antifungal effect.
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Fig. 1. Gel electrophoresis of PCR products. Line 1: yeast isolate, line 2: positive control, line 3: DNA ladder, line 4: negative

control.
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Fig. 2. The diameter of inhibition zone against foodborne bacteria in the presence of Pichia kudriavzevii isolated from
buckwheat sourdough. Different letters indicate significant difference at P<0.05.
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Table 1- Resistance of Pichia kudriavzevii isolated from buckwheat sourdough against some anti-mycotic compounds
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Diameter of inhibition zone Susceptibility antimycotic agents (microgram
(mm) per disc)
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*Different letters indicate significant difference at P<0.05.
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Fig. 3. Antifungal activity of Pichia kudriavzeviiisolated from buckwheat sourdough in overlay bioassay: A: control sample
containing A. niger, B: antifungal activity of the yeast isolate against A. niger, C: control sample containing A. flavus, D:
antifungal activity of the yeast isolate against A. flavus.
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Abstract

Introduction: Poultry and meat products are the largest sources of non-typhoid salmonella infections in most
countries. Studies have shown that raw foods of animal origin, especially poultry and its products, are the main source of
contamination of kitchens and restaurants. In terms of growth conditions, these microorganisms are resilient bacteria and
easily adapt to their environmental conditions. Salmonella has been known to cause intestinal disease for many years and
has been reported as the most important cause of food poisoning. According to Iranian and international standards, there
should be no S. enteritidis or S. typhimurium in 25 grams of food. DNA-based methods for the identification and
differentiation of Salmonella serovars have been designed and applied using specific primers at the genus and serovar
levels. Therefore, they can be used as useful and rapid screening tests, as well as to supplement or replace conventional
biochemical and serological tests. Real-time PCR, with the most accurate and reliable results using a fluorescence probe,
which of course has a high cost. In this method, sequence specific fluorescence probes are used, and as a result, in the
target molecule, screening and determination the presence or even the concentration of specific sequences is possible.
Therefore, even in the presence of other types of nucleic acid molecules, the results are obtained quickly and have a high
level of specificity. Under these conditions, if specific probes with different florescence dyes are used, even multiple
targets can be detected in a single PCR reaction. The aim of this study was to identify S. enteritidis or S. typhimurium by
PCR and Salmonella spp. by real time PCR method in poultry products.

Material and Method: In total, 45 samples of poultry products, including chicken breast, liver and gizzard (15
samples each) were purchased from different regions of Mashhad and from various companies and transferred to the
laboratory in accordance with hygienic standards. For each sample, 25 g of tissue was isolated and homogenized under
sterile conditions and DNA extraction was then performed using a DNA extraction kit. The extracted DNA was evaluated
by agarose gel electrophoresis. The purity and quantity of DNA extracted from each sample was examined by
spectrophotometry method. In the next step, in order to identify the genus Salmonella, the samples were examined by real
time PCR. In this method we used an internal control to ensure that negative results are not false negative due to inhibitors.
The results of real time PCR showed that out of 45 samples, nine samples were infected with Salmonella. Then, these
nine samples were evaluated for Salmonella typhimurium and Salmonella enteritidis infection by conventional PCR
method.
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Result and Discussion: The results showed that out of nine samples that were positive in real time PCR test, seven
samples were contaminated with Salmonella typhimurium, of which five samples were related to chicken breast and two
to liver. Regarding Salmonella enteritidis infection, out of nine samples, only one sample was contaminated, which was
related to chicken breast. Conventional methods have been traditionally used to enumerate target bacteria in food.
However, these methods have some limitations and require considerable time and labor. Previous studies have already
shown that real time PCR is more effective than conventional bacteriological methods for the detection of Salmonella
spp. In a study by Whyte et al. (2002) The presence of Salmonella was assessed by traditional culture methods and by a
Salmonella-specific polymerase chain reaction (PCR) test. Salmonella was recovered from 16% of samples using
traditional culture methods. In contrast, the PCR assay proved to be more sensitive and detected Salmonella DNA in 19%
of the examined samples (Whyte et al. 2002). Results of PCR with specific primers showed that reactions in real time
PCR with general primers of Salmonella spp. were done correctly. Despite of accuracy and speed of real time PCR to
detect DNA of microorganisms, further studies are developed to have more advantages. Loop-mediated isothermal
amplification (LAMP) showed a higher sensitivity of Salmonella detection in compare to gPCR (Vichaibun &
Kanchanaphum, 2020). Although LAMP could detect trace amount of Salmonella DNA but primer design for this reaction
is very difficult. However, it is important to highlight that non-viable cells can be detected by real time PCR or other
DNA-based methods, which does not occur in traditional methods of culture and isolation that require viable cells for
quantification (Zeng et al., 2016).

Keywords: Salmonella typhimurium, Salmonella enteritidis, Chicken breast, Real time PCR.
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Table 1- Reagents and volume used in Real time PCR reaction

Positive PCR  Negative PCR
Component Sample Control Control
Reconstituted
mericon Assay (including 5ul 5ul 5ul
primers and probe)
Sample DNA & Water 5ul _ _
Dissolved Positive 5 ul
Control DNA H -
QuantiTect Nucleic 5ul
Acid Dilution Buffer - H
Total volume 10 ul 10 ul 10 ul

(Borges et al., 2019) Real time PCR 81y (1, aolp -Y Jgas
Table 2- Thermal program of Real time PCR reaction

al> 50
Stage

Oloj a0 g ©yly> ay
Temperature and Time

Initial PCR activation step

Denaturation
Ol ysils
Annealing

Lyl Jlail
Extension

Silwdigb

95°C, 5 min
95°C, 15 Sec

60°C, 15 Sec

72°C, 10 Sec

PCR STy 33 s 00! poes g dlg0 —Y Jgu>
Table 3- Materials and volume used in PCR reaction

PCR product aské Jsb

PCR product aslad Job

Materials Volume : ] o
S. typhimurium S.enteritidis
Master mix 25 ul 107 bp 316 bp
DNA template 3ul B B
Primers 2ul _ _

Nuclease free water 20 pl

DNA z! 50! g s

s g lolid (ly odlatel 3)50 SWSS o5 Jglie
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Cuo iy Ygaze by ol il go (oMb 3 lulil (gyls SisS
ol el & Wi Gloj 59, £ B Y diejls JBlus g 0390 oo
Andrews and ) sad o gl Jlsl L Gls S,
055l Slogil g g0 dlyja b cm yu (aseds (Hammack, 2003
5 S iy plizpan (alid dgs oy Jsb > Silié slo
ol Jds )b bl eges code 5 mlio Lol acaes

A Wigallw 5554 agudi Cqa PCR 451
ot p Wigalluw g 051,90

Jols STy o 9 €85 ol 5y S B o2 3 a1
Fudg,See ¥ oS DNA 1)y Seo ¥ « Master mix julg Soo YO
2 Y J92) 292 WS 5 5l gl Ol g So Yo g o S3ET gl
Sl JeSis i oslizwl Ve - bp (JoSge 59 Sl I STy
Oexe g paryse (A Higalls 7Sk lp V-V DD o3gazes )
crareinptl Migalls 575k slp YAP DD o390 )3 L JoSias
TN 581 5 5585250 Laussi PCR &Y guases .5l o ] 3,00
4 55 b yesly Slasuie 35 9 PCR solaiwl 350 doliyy A o)y
Gl 0 230 o ¥ (glo Jod> j0 iy
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Table 4- PCR program

Steps Tempoerature Time Cycle
(°C)
Aol (ygamwl 9 ln
Initial 94 4min- 1
Denaturation
Oyl U3 94 Imin 35
Denaturation
B youly Jua! 62 30sec 35
Annealing
Sl 72 30sec 35
Extension
R S5lwdigb 72 5min 1

Final extension

o3liw! (Paido et al., 2013) juerteis 5/ Wigalliw o (Ben Hassena et al., 2015) 047 150 (ol Wisallwr (5 5SU 5 youl sy Joi =0 Jgun
PCR ;5 su

Table 5- Primers sequences of Salmonella typhimurium (Ben Hassena et al., 2015) and Salmonella enteritidis (Paido et al.,
2013) used in PCR

. . Sequence
Primer pair (5'>3") TM  Length
Salmonella .
pehimorium  SIAFW  ACGACTGGGATATGAACGGGGAA 647 23
SiIARV  TCGTTGTACTTGATGCTGCGGAG 647 23
iﬂgﬁgg'ﬂ:‘ IE1 Fw AGTGCCATACTTTTAATGAC 64 20
IE1 Rv ACTATGTCGATACGGTGGG 64 19

Sy 0355 sl Jobo b (i (e slasdy) S (59
ol gl DNA (Josephson et al., 1993) uiS o yi)less o
Uil b (s Hisallos 5 s 0 (i Hisallo 55 ]
VUSE 3 dbgrpe ol (CB)S 8 (yp 3590 Sye89ySdl 5 )]
A diae bl ond gl DNA col sanlin LB (A)
ooyt 203 N BT 5 55895801 5l ool b a5 48 ¢ yo
(B &V JS5) s oolazw! DNA saalin sy safe stain <, 5l

real-time i g, 5 (PCR) Jlymdd slo s sl sy

dge Sl (B s ohg Sy b Wgells a8 (gl PCR
PCR gy pa> (Ferretti et al., 2001) slaidl dswgs  olie
16S TRNA 8 5l Mgellos caliseo (sl 5 ol 1,8 Bam aluuwgs
via B (Doran et al., 1993) agfA (lida et al., 1993)
dawgs o & by ye iV ,s9 o (Hashimoto et al., 1995)
@iS (gl &S sy 0 slaiey (Mahon, and Lax, 1993) wlazl,
i iw slasbg) & o PCR gy Migells slaciss
O3k ohg 9 el s &S PCR g, a8l )3 00 (550
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1000 bp
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A

B

r et ) Wigalles 3 3t y30 o Wigalles S5 7S 5 ouh 55l DNA 3,51 J5 3,989 5501 (A) -3 S
3100 Sl DNA WL Y (ydy 9 007 490 (4 Migallr 655 51 00l 15wl DNA WL Y cydy DNA J39 )W M dy,
9 € iydy & po CU jl ol ZlySiw! DNA WL Y Y o) slaciud, DNA F39 ,S0W M <y, i(B) il oo pueriteis o0 Migallv (5 5584
by oo 1S CAL 51 oud gl ySeuw! DNA WL Y T gy g a8 b 51 oud gl 5wl DNA WL 0
Fig. 1. (A) Agarose gel electrophoresis of DNA extracted from Salmonella typhimurium and Salmonella enteritidis
bacteria. Row M indicates DNA Marker, row 1 is the DNA band extracted from Salmonella typhimuriumbacteria, and row 2
is the DNA band extracted from Sa/monella Enteritidis bacteria. (B): row M is the DNA weight marker, rows 1, 2, 3 are DNA

bands extracted from chicken tissue, rows 4 and 5 are DNA bands extracted from liver tissue, and rows 6 and 7 are DNA
bands extracted from bone tissue.

STy Ko & o150 AT Wipalloo (5 7Sy sl
PCR

P90 i Wigallw 5 ySUSIA ()] 4 bgye PCR Joame
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Fig. 3. Identification of Salmonella typhimurium bacteria. Lane M is the DNA weight Marker (the ladder is 100 bp and
includes 10 bands from 100 to 1000). Lane 1, positive control (Sa/monella typhimurium strain), Lanes 9, 8,7, 6, 5, 4, 2
Samples are contaminated with Sa/monella typhimurium bacteria. Lanes 3 and 10 are contamination-free samples, and Lane
11 is the negative control.
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Fig. 4. Identification of Salmonella enteritidis bacteria. Lane M is the weight Marker of DNA (the ladder is 100 bp and ranges

from 100 to 1000), Lane 1 is the positive control (Salmonella enteritidis strain), Lane 5 is the sample contaminated with
Salmonella enteritidis bacteria. Lanes 10, 9, 8, 7, 6, 4, 3, 2 are contamination-free samples and Lane 11 is the negative control.
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Abstract

Introduction: Oxidation and food pathogens are considered two important and influential factors affecting food
quality and health. Recently, due to the increasing demand for natural products, the application of synthetic preservatives
to control microbial growth and lipid oxidation have been decreased significantly. Therefore, natural antioxidant and
antimicrobial compounds are receiving more attention in food preservation technologies. In the last 2 decades, the use of
herbal medicines rich in bioactive molecules (including polyphenols, carotenoids and flavonoids) with medicinal and
health effects such as delaying the onset of some diseases such as cardiovascular disorders, diabetes, and cancer have
increased. Furthermore, secondary metabolites in plant extracts and essential oils are able to control and inhibit free
radical-mediated reactions. The olive tree (Olea europaea) is an evergreen plant that grows in tropical and subtropical
regions. Iran is one of the most important olive growers in the world due to its suitable conditions for olive cultivation.
The leaves of the olive plant have a high potential for the production of various products such as tea and extracts. Olive
leaf extract can be used as a raw material in the production of various products, due to exhibiting various biological
activities such as antimicrobial and antiviral activity, lipid stabilizer, blood pressure regulator, antioxidant activity, and
free radical scavenger. The leaves of the olive tree also contain various phenolic compounds, mainly Oleuropein and
hydroxytyrosol, with antioxidant and antimicrobial activities. Therefore, in this study, the amount of phenolic and
flavonoid compounds of olive leaf ethanolic extract and its antioxidant effect and antimicrobial properties on Escherichia
coli, Enterobacter aerogenesis, Bacillus cereus and Listeria innocua were investigated.

Materials and Methods: The olive leaf ethanolic extract was prepared through maceration method and its total
phenolic content (Folin-Ciocalteu method), total flavonoids content (aluminum chloride colorimetric assay), antioxidant
activity (ABTS and DPPH free radical scavenging methods), and antimicrobial effect on E. coli, E. aerogenesis, B. cereus
and L. innocua (based on disk diffusion agar, well diffusion agar, minimum inhibitory concentration, and minimum
bactericidal concentration) were determined according to standard methods. Data were analyzed by SPSS software
through one-way ANOVA and Duncan test at p<0.05.

Results and Discussion: The ethanolic extract of olive leaves contained 176.58 + 0.72 mg GAE/qg total phenol and
69.85 + 0.26 mg QE/g total flavonoids. In addition, ethanolic extract of olive leaf was able to inhibit free radicals DPPH
(70.62 £ 0.59%) and ABTS (76.15 * 0.43%). The antimicrobial results showed that the antimicrobial effect of the extract
depended on its concentration and type of bacteria. Antimicrobial effect was increased as a function of ethanolic extract,
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and Gram-positive bacteria (B. cereus and L. innocua) were more sensitive to ethanolic extract of olive leaf than Gram-
negative bacteria (E. aerogenesis and E. coli). Generally, B. cereus and E. aerogenesis were the most sensitive and
resistant microbial strains to ethanolic extract of olive leaf, respectively.

The results of this study showed that the high antioxidant and antimicrobial activity of olive leaf ethanolic extract is
mainly due to its phenolic and flavonoid compounds. Olive leaf ethanolic extract was able to neutralize DPPH and ABTS
free radicals. Also, Gram-positive bacteria were more sensitive to ethanolic extract of olive leaf than Gram-negative
bacteria. In general, the ethanolic extract of olive leaf can be used as a nutraceutical to control or prevent the growth of
spoilage/infection-causing microorganisms and free radical reactions in food and the human body. However, more in-
depth studies are needed to determine the mechanism of antimicrobial and antioxidant effects of olive ethanolic extract
in vitro and in vivo.

Keywords: Olive leaf; Ethanolic extract; Antimicrobe; Antioxidant; Natural preservative.
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Fig. 3. Antimicrobial activity of olive leaf ethanolic extract based on agar disk diffusion assay.
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Abstract

Introduction: Nowadays, production and consumption of functional and dietary foods have increased. Today, the
medicinal, antibacterial and antioxidant properties of fungi have been proven. Ganoderma lucidum is one of the fungi
that has been known as the best medicinal fungus due to its various health benefits. Ganoderma lucidum is an annual
medicinal fungus which belongs to the Ganodermataceae family. G. lucidum also known as Reishi in Japan, Ling-zhi in
China, Ling chih, and Ling chi mushroom in other countries. It is popular among consumers in Japan and is widely used
by Asian physicians and herbalists. This medicinal mushroom has been used in Asia for thousands of years to increase
energy, stimulate the immune system, and promote health and longevity. In the US, G. lucidum is included in the
American Herbal Pharmacopoeia and usually recommended for its immune-supporting effects. In Poland and other
countries outside Asia, G. lucidum is used as a daily food supplement that adapts itself to correct imbalances in the body.
Influenced by an increasing number of studies on G. lucidum, modern application of G. lucidum include but not limited
to treatment of coronary heart disease, arteriosclerosis, hepatitis, arthritis, nephritis, bronchitis, hypertension, cancer and
gastric ulcers. The major chemical constituents of G. lucidum are polysaccharides, triterpenes, sterols, lectins and some
proteins having beneficial properties for the prevention and treatment of a variety of ailments. Both triterpenes and
polysaccharides contain anticancer properties thus making them important nominees for the researches. Spores, fruiting
body and mycelium have been investigated for biological active compounds. Ganoderma lucidum is a kind of mushroom
known to have various therapeutic properties such as lowering high blood sugar and high blood pressure, boosting the
immune system as well as its antibacterial and antioxidant effects.

In recent years, a number of researches were performed for the identification of biological compounds and medicinal
properties of Ganoderma lucidum.

Materials and Methods: In this study, baguette bread with 0.5, 1, 1.5, 2 and 2.5 % Ganoderma lucidum powder was
used in baguette bread formulation. The aim of this study was to investigate the possibility of enriching baguette bread
using Ganoderma lucidum and to investigate the physicochemical, rheological, texture analysing, microbial, stale and
sensory evaluation properties. Therefore, 5 treatments were designed with a control treatment and tests were performed
on the treatments in three replications. In order to analyze the data, one-way ANOVA analysis of variance and Duncan at
95% confidence level were used in Minitab 16 software.

Results and Discussion: Examination of the rheological properties of the dough showed that different percentages of
Ganoderma lucidum significantly affect the rheological characteristics of the dough (p<0.05) and addition of Ganoderma
lucidum reduced the above indices. According to the results, addition of Ganoderma lucidum caused a significant increase
(p<0.05) of phenolic compounds and fiber in bread samples. The results of microbial evaluation showed that with
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increasing Ganoderma lucidum level in baguette bread, the number of coliforms and molds in the treatments decreased
significantly (p<0.05). The results of sensory evaluation showed that the increase of Ganoderma lucidum level in baguette
samples caused a slight decrease in taste, color, odor and general acceptance compared to the control sample.

Fungi are rich in protein, pigment, carbohydrates, fatty acids, vitamins and minerals that can be used in food
enrichment. Due to the growing human tendency to use natural substances, fungi can be a suitable source to meet this
need. According to the results, up to 2.5 % of Ganordama lucidum can be added to baguette bread formula and higher
fiber content, more phenolic compounds, more freshness, less microbial load in baguette bread were obtained without
having an adverse effect on its sensory properties. Therefore, the treatment mentioned in this study was selected as the
best treatment in terms of safety, health and quality properties.

Keywords: Ganoderma lucidum, enrichment, baguette, phenolic compounds.
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Table 1- Tested treatments containing different concentrations of wheat flour, Ganoderma Ilucidum mushroom and control
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Treatment Wheat flour (%)

T1 100
T2 99.5
Ts 99

Ta 98.5
Ts 98

Ts 97.5
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Table 2- Investigating the physicochemical properties of baguette flour containing different concentrations of Ganoderma
lucidum mushroom and control

Aiged pH (S8Y apawl 7,) iy ! (%) s (%) cagb, (%) yuwss
Treatment Acidity (% lactic acid) Fiber (%) Moisture (%) Ash (%)
Ti 6.590+ 0.0102 2.240+ 0.010 1.687+0.003"  13.296+ 0.020*  0.498+ 0.064°
T2 6.490+ 0.010° 2.070£ 0.010¢ 1.779+0.003¢  13.297+ 0.050®  0.480+ 0.003"
T3 6.363+ 0.032° 2.290+ 0.010¢ 1.871+0.003¢  13.323+ 0.045*  0.510+ 0.003"
T4 6.220+ 0.010¢ 2.390+ 0.010°¢ 1.963+ 0.003°  13.327+0.050* 0.530+ 0.003%
Ts 6.120+ 0.010¢ 2.490+ 0.010° 2.055+ 0.003"  13.376+ 0.025*  0.540+ 0.003%
Te 5.990+ 0.026f 2.600£ 0.0102 2.147+ 0.003*  13.406+ 0.090*° 0.590+ 0.003?
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The results are shown as mean + standard deviation.®" Lowercase letters indicate significant difference in column.
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Table 3- Investigating the rheological properties of baguette dough containing different concentrations of Ganoderma
lucidum mushroom and control
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Treatm | Cookng s By s e ps o Douh
( 1%?’4 ) l?(.)ugh. (le) Inde.x Dougl{ _ Doug!l )
Stability Time (%) coefficient stretchability elongation
(ToL) (P/L) (G) (mm)
()

T 196.0+ 1.00° 345.33+ 1.53° 45.83+0.76° 2.49+0.09 18.20+0.10°  67.00+ 1.00? 101.00+ 1.002
T2 123.0+ 1.00® 363.00+ 1.00° 30.13+0.80° 2.15+0.03* 16.90+0.10° 58.00+ 1.00° 87.00+ 1.00P
Ts 82.0+ 4.36° 361.33+1.53% 2216+ 1.02° 1.92+0.01° 16.20+0.10° 54.00+ 1.00° 79.00+ 1.00°
Ta 79.0+ 1.00°¢ 340.33+ 1.53°  9.53+ 0.40¢ 1.37£0.01¢  15.96+ 0.49° 52.00+ 1.00° 75.00+ 1.00°
Ts 79.0+ 1.00°¢ 295.67+2.08¢  7.70+ 0.10° 1.25+0.01° 14.00+0.10¢  40.00+ 1.00¢ 67.33+ 4.93¢
Ts 72.3+1.53¢ 297.67+ 2.08¢ 5.80+ 0.10f 1.10+0.01F 12.40+ 0.10° 31.67+1.528®  52.33+ 2.08°
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The results are shown as mean + standard deviation.** Lowercase letters indicate significant difference in column.
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Table 4- Investigating the texture properties of baguette bread containing different concentrations of Ganoderma lucidum

mushroom and control

Sz’ Ngsew  FE2 up il e oy Sy
Treatment Hardness A dh(el;lijgness Chewiness Gumminess Springiness Cohesiveness
T1 5.52+ 0.592 0.09+0.009 44.20+2.59° 2.91+0.04° 18.91% 0.452 0.83+ 0.05?
T: 5.12+ 0.472 0.11+0.01¢ 37.40+1.30° 2.68+0.18" 16.87+0.48" 0.78+ 0.032
Ts 3.58+0.20° 0.15+0.01° 26.47+0.90° 2.17+0.14° 14.51+1.17° 0.64+0.03°
T4 3.15+0.52° 0.18+0.01° 25.60+2.82° 1.94+0.20° 13.10+0.52°  0.62+ 0.04°
Ts 1.64+ 0.08°¢ 0.21+0.01* 14.13+0.42¢ 1.09+0.06° 11.69+0.79¢ 0.59+0.01*
Ts 0.59+ 0.07¢ 0.28+0.00® 9.09+0.85°  0.51+0.04° 8.53+0.28° 0.49+ 0.03°
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The results are shown as mean + standard deviation. ¢ Lowercase letters indicate significant difference in column.
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Fig. 1. Investigation of phenolic compounds (mg/g) of baguette bread containing different percentages of Ganoderma
lucidum mushroom and the control
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Fig. 2. Investigation of fiber (%) of baguette bread containing different percentages of Ganoderma lucidum mushroom and
the control
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Fig. 3. Investigation of the staleness (freshness score) of baguette bread containing different percentages of Ganoderma
lucidum mushroom and the control in 72h storage
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Table 5- Investigating the microbial results of baguette bread containing different concentrations of Ganoderma lucidum
mushroom and control

Aiged s PAN
Treatm Mold Coliform

ent (cfu/g) (cfu/g)

T1 440.33+ 9.07¢2 9.00+ 1.000?
T2 391.67+ 7.64° 7.00+ 1.000%
Ts 300.00+ 9.17¢ 6.33+ 0.577"
T4 253.00+ 6.244 4.33+0.577¢
Ts 144.00+ 5.57¢ 2.33+0.577¢%
Ts 110.00+ 9.17f 1.67+0.577¢
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The results are shown as mean + standard deviation. " Lowercase letters indicate significant difference in column.
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Table 6- Investigating the sensory evaluation of baguette bread containing different concentrations of Ganoderma lucidum
mushroom and control

wiged ¥ 830 <l ) o o
Treatment Smell Taste Texture Color General acceptance
Ti 4.80£0.112 4,90+ 0.062 4,98+ 0.022 452+ 0.19% 4.85+£0.132
T2 4.85+0.112 4,93+ 0.042 4,92+ 0.052 4.65+ 0.16% 4,93+ 0.052
Ts 4.81+0.132 4,80+ 0.152 481+ 0.152 4,76+ 0.22% 4,90+ 0.062
T4 4,75+ 0.122 4,72+ 0.242 4,75+ 0.19% 4.80+0.112 4,75+ 0.192
Ts 4,72+ 0.172 4.60+ 0.18% 4.30+ 0.23% 4.48+ 0.32% 4,58+ 0.31%®
Ts 4,60+ 0.142 4.11+0.31° 4.06+ 0.28° 4.12+0.34° 4,20+ 0.27°
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The results are shown as mean + standard deviation. ¢ Lowercase letters indicate significant difference in column.
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Abstract

Introduction: Breakfast cereal products are considered as an important meal for athletes and children. By changing
eating habits and increasing the consumption of these products, choosing healthy and nutritious raw materials such as
whole grains to produce breakfast cereals with great impact on people's health. Rice grain as a technologically important
source of starch causes the expansion of extruded products. Since in the production of breakfast cereal and baby food
products, exclusively starch with low amylose is used, this indicates the suitability of this source for productionof such
products. During the dehusking process, about 14% of the rice is broken to smaller grains, which is commercially
classified as a low-value product. The broken rice can be converted to rice flour and used as a raw material in various
types of food products. To maintain consumer demand for healthy diets, it is necessary to use high-fiber flours because
these types of products will be able to modify the process of decomposition of starch. Although the integration of fiber in
products has technological challenges, but by using rice grain as an important source of starch, the technological
properties, expansion index, volumetric density and texture (texture hardness and brittleness) can be accepted. At present,
modified starch derivatives are widely used in the food industry due to the increase in the quality of the final product. In
the production of ready-to-use products for flaking, puffing, a process called extrusion is used. In this process, the product
suddenly loses its moisture and leads to the creation of a dense structure containing pores. In this study, the effect of
extrusion cooking process parameters on the desired characteristics of flax and rice meal breakfast cereal product with
desirable physicochemical and sensory properties was investigated.

Materials and Methods: Extrusion: In this study, a parallel twin-screw extruder (Jinan Saxin, China) was applied, die
diameter of 3 mm, and extrusion temperature of 140 °C. Central composite statistical design was used to study the effect
of feed moisture (12, 15 and 18%), screw speed (140, 170 and 200 rpm) and Flaxseed oil cake addition (10, 20 and 30%)
on technological and functional properties expanded extrudates. The chemical composition of flax meal and rice flour
was measured by standard AACC (2000) methods. The expansion ratio was calculated by dividing the mean diameter
(mm) by the diameter of the extruder die (4 mm) (Brennan et al, 2008). Textural measurement: The hardness of the
extruded breakfast cereals was measured using Texture Analyzer (TA plus Ametek, UK). The cylinder steel probe (2 mm
diameter) was set to move at a speed of 1 mm/s The samples were punctured by the probe to a distance of 10 mm. Bowl
life hardness: Breakfast cereal samples were immersed in whole milk (3% fat) at 5 ° C for 3 minutes, Then rinsing was
performed for 10 seconds and finally the samples were tested similar to the tissue hardness test procedure before
immersion by a tissue analyzer (Oliveira et al, 2017). The color parameters L* (lightness), a*(redness), b*(yellowness)
values of the samples were determined by the Hunterlab machine (Reston VA, US) (Rhee et al, 2004). Water absorption
index in terms of grams of bonded water was calculated. The WSI of the dry solids regained through the evaporation of
the supernatant obtained from the water absorption test was calculated (Alam et al, 2019). Sensory evaluation was
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performed using a 9-point hedonic test. Response surface methodology was applied for experimental data using a
commercial statistical package, Design Expert (version 7.0) for the generation of response surface plot and statistical
analysis of the experimental data.

Results and Discussion: One of the most important parameters in the evaluation of breakfast cereal products is the
amount of bowl-life hardness, which in this study, the highest amount was obtained at the level of 30% of flaxseed meal,
18% moisture and the lowest amount of screw rotation speed. After immersing breakfast cereal in milk, by increasing the
percentage of flax meal due to the harder flow path, moisture absorption decreases and thus prevents the expansion of the
product and increases the density of the mass and the hardness of the tissue. Due to the formation of a layer of lipids and
micelles on the surface of the product prevents moisture transfer and absorption, so tissue hardness decreases and bowl-
life hardness time increases. In fact, the amount of moisture absorption is a good model that shows the potential of bowl
hardness-life of the samples. It is also compact and dense, which increases the retention time of breakfast cereal texture.
Moisture can also reduce the shear force as a plasticizer and increase the amount of moisture absorption of the product.
While increasing the speed of screw rotation, the effect of shear force on starch dextrinization increases and reduces
moisture absorption. Another important feature of breakfast cereals is the lightness index, the highest value of which was
obtained at the speed of screw rotation, humidity and low flax meal level. In the study of sensory properties of products
produced at meal levels less than 20%, moisture content less than 15% and screw speed of 200 rpm showed the highest
overall acceptance.

Keywords: Extrusion, Rice flour, Breakfast cereal, Flaxseed oil cake.
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Chemical Flaxseed Broken rice  Maltodextrin
compositions (%) oil cake
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Fat 16.69 +0.33 1.05+0.2 -
Total fiber 12.90+0.37 4.05+£0.13 -
Moisture 7.46 £0.19 9.13+0.04 6
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Fig. 1. Effect of extrusion conditions: flax cake, screw speed on the expansion ratio
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Abstract

Introduction: Non-uniformity of dried paddy using conventional batch type dryer is one of the important factors on
rice breakage and losses in milling operations in Iran. For optimizing drying process, a laboratory batch type paddy dryer
with agitator and automatic moisture controller was designed and fabricated. The performance of the dryer was evaluated
after fabrication.

Materials and Methods: The experimental variables were dryer type in two levels (batch dryer with agitator and
batch dryer without agitator) and paddy variety in four levels (Hashemi, Gohar, Tarom and Shirodi). The time of drying,
drying rate, milling yield, head rice yield, track percentage and whiteness, was conducted in factorial layout based on
completely randomized design with three replications.

Results and Discussion: The results obtained revealed that the drying time from initial paddy moisture content
(average of 14.2 %) to final moisture content (about 8.5 %) lasted about 14.2 h and 43.1 h in batch dryer with and without
agitator, respectively. The average drying rate in batch dryer without agitator for all varieties was 0.135%.h! and that of
the batch dryer with agitator was 0.412%.h™. There was a significant effect of dryer type on milling recovery and head
rice yield (P<0.01) of different variety (P<0.05). The highest milling recovery and head rice yield was determined in
Hashemi (69.16 and 87.66 %, respectively) and the lowest corresponding values were registered in Shirodi (62.16 and
57.83 %, respectively). The head rice yield in batch dryer without and with agitator was found to be 67.91 % and 73.16
%, respectively. There was non-significant difference between percentages of track in two types of dryers. The rice
whiteness of Hashemi variety dried with batch dryer with agitator (50.46 %) was significantly (P<0.01) higher than the
rice whiteness in batch dryer without agitator (46.10 %), however there was non-significant difference between the means
of rice whiteness in the other paddy varieties in the two tested dryers.

Fabrication and installation of dryer with agitator and automatic moisture controller has benefit of saving time of
drying to one third and increasing head rice yield to 5% compare with traditional paddy dryer.

Keywords: Paddy dryer, Drying rate, Head rice yield, Whiteness.

1. PhD, Department of food science and technology, Assistant Professor, Rice Research Institute of Iran, Mazandaran
branch, Agricultural Research, Education and Extension Organization (AREEO), Amol, Iran.

2. Graduate researcher, Dalhousie University, Halifax, NS, Canada.

3. PhD, Department of agricultural Machinery, Associate Professor, Rice Research Institute of Iran, Agricultural
Research, Education and Extension Organization (AREEO), Rasht, Iran.

(*Corresponding Author Email: asefeh59@yahoo.com)

DOI: 10.22067/ifstrj.2021.71130.1068


http://ifstrj.um.ac.ir/
mailto:asefeh59@yahoo.com
https://doi.org/10.22067/ifstrj.2021.71130.1068
https://www.orcid.org/0000-0003-3866-2408
https://ifstrj.um.ac.ir/journal/about?lang=en
https://ifstrj.um.ac.ir/journal/about?lang=en

Iranian Food Science and Technology

2 §
Research Journal ’1@ o
", S Ak

Vol. 18, No. 5, Dec- Jan 2022, p. 648-656 S
03 S S5 Al Cagby J S s b 130 pen ol s oS SKCES 5 eslitul G
ks gla,sSU 5 S el

ro:‘};.l& Lb)Jw;u —Y:|}§‘5:‘9J:b. 4:5 J&M —':M‘-;L:EJ aole

Olnl 2188 @buo g pole Ghedgyy 4 pid
FEA-505.00 VF+) (&3 — 53T b 0louis VA ol

VE /R 3l 5 b

VE /AN 15 K55k sl

VRS AYO 1y e
oS

SESih oy Gl i Joge (S Sl IS IS5 gt ol o5 S5 oslina L Sl 0,8 K5 5 SIS,

IS s 5 o0 & om0 ol gl (5 Sl olKd Sy 3,5 Suid w8 (il sk D9d o0 Cguine b A e 3 Sluls 5 wp
4 o) o 93 )3 S SS g9 ctalei] slayeite 8,5 8 il 3y90 o DS 5 45 4l g (Sl (AL (ol 13 Seild gy S35
0392 (62958 9 (e pylb 25 (oble p)lb) o Yoz > SElS g9 5 (D) Cion Cg g (Medsn (S SiS) Cughy JyiS w9 Gjen
MO Cogboy 4 2o p3 VFIY cogb, 5l Sils 19,8 SKiid oo by (L ol b ploil 1,5 aw 55 dobas JolS -yl LB )3 o958 &jgu 0 yinle]
Sid ) o8y Hloa slp 95 s 5 She welodl Jgb 4y caelus VEIY Wiaddign S Siid b g celo YV 1. 80ke jobas goly S Sis o doyd
2 0SS g Sy (P<e/N) Wl @ plesily 5 ot ol 08y Sl canl 039 sl diops VY diadgn (SSUES 3 g VYD odnls oS
o8y 2 ol 0S5 (Koyd AVIV 5 PAY (i) ol o) )3 olls @ ooy 5 e plosily s g2 sl sine (P<0/+0) Wl 0 el
O 2o > YYIY iadgn S KiS )3 9 2oy SY/A (1Kike yobds goly S SKiid 5 Wl gy lodily el Caundds (Juoyd OYIA 9 EVIY ol ) (639 s
Sl LS diadgr (SIS D (gl ) e (odle pylb b 08 Hloz o ISl P S5y (s 2 (5)bline 15U (S SES g5 D

0P Sits & el @i okl (sdpiun 430 (STl (S St 1 gulS saejly

W Pl?u‘ Oladss &Jo I)J) Do o guxo U_")Do Ls‘é\l>).a
ol gl Cans 2B 13,8 Sits 5l 3L oMe Sluls Jole oy yioge
lolse (YAA+) Battacharya jla; 5.l .(Brooker et al., 1992)
- o0 Moo 0 4 Sl g Slles b Olols syl cely oS
(Jgpae 4 byrpo) (03) 9 (2BE0d Jole 93 4 lyie |) 293
RS2y g 0395 S0 I Jitee Jele 93 ol 2905 (SAn o
4 @ p Sqls (Battacharya, 1980) suil o (38,56 (6,55
- S Slles 4 Cund (0l 4 ol S5glam 03le S lgie
SF e (S Olyd Jlod g md e (L5 (1STg 295 5l (08
(Zheng and Lan, 2007) 35 0 pab 5 Jlac galS 5 53,55
Lyl g o) by yloy Cugloy Iyl (Yeor) o, Ken 4 Fan

Sladns duwge ale St o ¢5)9liS YT frile (6583 wdljle Lo ysoo ¥
938 @y
Email: asefeh59@yah00.com : Jstus ot g — =

DOI: 10.22067/ifstrj.2021.71130.1068

EVRER
Sl o)y 2o yd Y VA oy gby cudild gy uad o Sl
OBl 5 g s B 29 o5 o] gl 0l 2l S (655l
Cugh)y ©de (Yol (65l (sl 395 S0 LSS e 5 by
Qo TN s Moo g & s sl 9 20T JBlis 4 b Sl
ddo @y 4 Sl s Slles 4 by e wluls (Hall, 1970)
S |y bl g ]9 )0 g Sl | a2 LB (25
9 b e £95 (2SS Sy Wil lelge nd s
dhox 31 (8)) Jspame (SlSe 5 (S5 Shogad dag] Cloglas
o sl Sgld Jas CedSp ljea B oS wes (63)lge
O3 Suid (218 g (65)0liS SV gz Wy ad e > ules

olydjle Coglas ¢yauiS g0 3y OlREES dumwge (ole Ol ( lie mlio (85 -)
(859U gy g el «lidos lojls

9 By 09)5 Bie phibos sl (5 Pl plammgn SlKe (puiige (558 =Y
DU (g500dl oSy guels’


mailto:asefeh59@yahoo.com
https://doi.org/10.22067/ifstrj.2021.71130.1068

1FY o0 — 55T dBojlod IA o ooyl (21 @aliow g pole glodudgs & piis PO

St Glomes olpl 3 gy Caio )3 )5 SlapSSas
S S SUS (£35S 2o b g oanles ol i b (S sloS
Jote ool iy SIS Sis it (305 Sl esliu
Gos b Syl & wiil o (5 5 B Y 5 glisie ol b yls (ol
233 839015 25 lor 9 3550 G x5)k P 3 yie Sy 9>
3 Gt S 2580 o3 LS (ke 515 & Ko ks
Oluls Golidl 1 age Jole gt opl 50 Seilds gy s
» 03 Sis Shlas bl s 85 Gl 5500 s
s Y 3 s cbadl cugb, dapSSKis gg ol
G Sl Cagy ooy sl loyglyl ) b oS Sas
Oyl s yd o0, Siid Sldas JLL als o 30 ¢ las 550 0dga0e
el pl oyl sy il aad o Gilidl ]y (S Sis
sbSels 5l s S8l Y o jatue S gl wgd o
-Sus (Tajadoditalab, 2010) sl oYL a0 jdiwe
Cuoglio S )5yl g ol aily 3 S5 dboy) s d> 1 iy A
Loy o yialS ase BB jeba | cusE 4 ab
» Seld ses il 4> )51 (Siebenmorgen et al., 2005)
=09y 3l 82909 Sl slod 9 (20 S b g e Bl ¥ b 55
b wgwe hgy nl Al poedly i Al sl
B> S asSlls cbasli IS el )5 s (Sabori, 2001)
Ot 92,1 3929 odulgd pu (Sl (S SUtS )3 (13,8 St w18
Tt (FwSd Lop> iolEl g (S Suts ey Gials cage ol
Dy g Jas Al ye 5
Suid Sllos 90l (805 by slapsSis gl
ol o5 §) oolinal cad oxs (Sl 35 b5 5 o
Kocsis et ) 25 0 3,5 Suid Ollas (23198 s (b )5
5 0y S awl,s (Y+4)4) Moumeni 4 Gazor .(al., 2011
825 Gl (SSUS g9 93 23 |y pylb o8y Sl b cudS
L0y3 5lai )50 35 43 33 1B gy 3)50 ) odelsS e
oy 5SS S T 505 ol S K 2 i S5
Moumeni) sgy a8l ials chns 4 0 ol Sis oyl 5 0dules
A1y (Y+VY) ol)Ken 4 Gharnasi Gharavi .(and Gazor, 2019
Obgy il odlisl L Jlgs (alKinlefl S Sts S 5 0,8 St
Ol S 9 (305 Sid ploj (S olul g Gl pdaw
Woyd A U 5l Sley calises aoly 0 Sy g (Sl oy
Wdged Ay e (P ¢ Ol g e S sl
o )d 0F gl wlwl oyl 4 (Gharnasi Gharavi et al., 2017)
OF wlgial (392 3 Oliee 9 4> 32 9> Ve gl 352 ey
3959 S gl adgl cogby 4 Lol s > andl el Cawdds duo

&l pB)) Wl s gy duo > ialS |y 0,5 (glen b 0,8 Sis
By a5 ol ol bl lidss gl 53,8 )y bawgie g aib
Al gl 9,8 Sis loj Wie g ogos by oyl ) wily cugls
Fanetal., ) cosl 4l Wl ddw g p doyd LialS (gl gixe
o35 Suis oloj g o algs 51 (YAAY) Rigor s Mondoza (2000
Lod a5 Wdges pMel g Wald J1\8 oy 2yg0 dils ([ S50y95 Sy
2l & G s (59,585 1) Jl oy (9)5 Sid loj
Jsae gl Coshoy 5 S5l o) dsn s e Lnsil
(V++Y) o, 5 Zhang .(Mondoza and Rigor, 1983) 1l
0ol b aily Cunsls (6551 5 Canglin ol L 295 Ciliass )
Zhang et al.,) uS' o lay (158 Jas & g0 4 Cogby (slgiore
2 8,80 Jole oy yione ST A asubie (awyp opl b (2002
o Sk gl yliae b lis 245 wladss b (VAAY) Kent
dame @l dpd s )l a3 g adgl Cagbo) o8 g8 4 4l
(Kent, 1982) s)ls Siws 0,8 s jhg) g (oo Cuobo,
~oise ol JUasl s & el alS ey dans gl i
0 ua».c.m 9 DA,,{?)% P9 dl.(bdu\/ ‘ui a.b.w 4 &l L;l>1.) LSL&’
bluwl 0,8 Sis oldoe (b YL @yl ds iy (655,84 5l 40 4
2 SiSs Sl el cilsee glacasb) b gy lis jl 8L
235 o 33,5 Mbuo Slles (b odg 4 (o5 a0,
sy dlon 1 b S SzS glgil 350 50 (o0b5 S8 Sl
yge @02)5 slagSSis glgl g 9995l oS gdle (Jlw
Qi 4353 VA LY 5l 0,8 Siis Galises slaled 5 cunl a8 S
2 Ll 56 g osd ealil Sgilis adgl cugb, g oS Suid g5 4
Aquerreta) cuol 48,3 )8 ) 290 CutsS g dubuo g0 lons]y
et al., 2007; Iguaz et al., 2006; Pan et al., 2008
Sy S Sis I (Y++A) Zomorrodian 4 Mehdizadeh
a3 00 clod > Sglis 5,5 Siid glp SibaY Kkl
53905 o3lisul GBI )3 b 59y 4 3,5 Siid b o)l awglio
280 pae g ()8 SiS plo pSede 8 Skl
39 Gy (SSUS )yl K5 (Sl g had sla el
s Tahmasbi .(Mehdizadeh and Zomorrodian, 2008)
ly aBilojl o) s b Sgls (S (VoeA) Ko
S Suid b awlio 1y o] ) Sgals 5,5 S bl s g b
2 0y St loj puReuin (bl dgag b wbidged dunlie (gt
0ud ol 45 393 Y o) ) (xS deoyd e} w5 S
A pials ) (Sasls Glise plgice (saw (55 0978 J S L 2g
(Tahmasbi et al., 2008)



POV oy by J oS pe b o030k sduwles (S i 5l ooliwl w5 [ oy Son g kel

Y lod o (S Kid 90 ya 0 S gl 0 S Sis Jolye 9 0
b deoldl Juo D AD 385 Cargoy 4 gy U318 Sl a0 ¥

OFoR @ R bdlgd py (SSWE (S8 Olasuie
(Mhowiga)

Jold e & joome odlgd s (S Suid il (glaciend
«Sdio axiuo diyjen il oy jeige dbiyien (S SIS i
25 S Wbl b ySus 5 dlge Jl w5yl pia
Oped (S (SIS D9 e 03> zyd AoME Hobdy 3)50 2
() JS8) Bl bojgunian 5 (500 (9 e

OS S diny
015 45l PVC (olaad g i 1 inlogl 390 o5 S i
Sl Ble g Csd plSoninl 39 S I 2 Il g (pl ]
ol g oo zen by o3 4 Cund 2blje > culie
Ao JiSuzs 0454 4 Jate 40Y sz JIPVC (sladd g 08l o

Byjen
sbaY § (SSis B calysy gl Jusl jlate
albases ol Cuowd 1 Oyl il oud edlaw] e 5l oS gl
Skl 0358 (ppj Suend d (8 bawg 5 odpld i (S SIS
905 9y 9 pj by (D)5 sme dw ) bagfen 29 oo 0dsed
Cuond 1) ol JWS) 5 oppj @Y S gld 058 (98 bals
ol ST L oS b jan ol iz i o plosil]) (s 5 Y
sk Olrio Sl laB S8 Lo seme dw Sy p b A S
IS sy o sd8le (gl Gl pl &S 03 Jung ]
PS5 Sels e b plad pllie 3 5 w3lpe ol o
Sl gy 4 G o polie g ol sl > 4 YU (clod
orl blie 5303 5l g pes Sglis ails 4y by ol o YU
ulio (gl plSoxinl g Vb (s phySllasil 4 Gl (o0 g £90
oSz Jo 3 5 JBg by (19)3 ayjan ol o) o)Ll
@l g opb p)S Slgn coladlgd jleslanl Ly wlad S8
2Bl gl Sl g eSSl g 03 Jitie bayge cpl (1950
@ ol Gub g alioe (S e (1903 & ysme ol sl
oM g Gyl Jash 4 U oogd e colin Seild slaaY

S S8 Sl el

Lyze jlailely ;9590

S5 ) St cawlie (lod o9l Canday Ty s ol
dayn )l ol gl Cagby 4 (ool (Suly Sls (dlals
035 Suid YL glod 4 Sl L3l YL (08 adsl cugbs)
gl Jsl glos (goxio J) 58 ge o] o o 395 00 ity
i sbed Gl o S 05 S sl el (ol edgae Ll
@ 8 9dS b 2SI als )l 550l ke a2y 0+
(Latifi, 2011) 125lei oo o3lital a5 B0 5 ¥+ glo j1 iy oo
Sis p g (S Sis Ll 5 (Y+¥+) Alizadeh ¢ Gazor
o odulgs (S b duglio 1) (ebla 08) Sild (3,8

S Jlgd (S SUES )3 (3,5 SiS loj 3 Gz i aaiged
09 Vb Cygs 53 dg 6 Sy iy g dgy 00l dexgy oduled
ol bbb il gy (S St )3 ploj (Sl adgl Cag,
Alizadeh) 59 0as y1eS Y Slgn S Kid )3 (KtwSs duoyd >
.(and Gazor, 2020
Jolite oanlgs s (S St (giludingy yolaiods 3,855 cpl 53
e Sl 0Pl b b (G3en) o)l Sl essdls claale )57 5
e bl eus Gyl cpl U ] osd odlitul Seils )5
0205 Kt > IS (5K £ Gl 08 K oo
@ e » Seld Gbule ol g ogde B (I Jpans
gl (Jpamo COISS, (350n (e & 25 plodl (SligS
byl Ban b o pl W sy JBls 4 50 b 1 o)lg (SOl
OSSKES g (@) 3en gk edplsd i S SS g5 90 LI
s 5l (diabgn) Casb) JyHS whusms 9 (e 4 joime odelys
Slai 4230 9 Ja5 pelsd Sl S £ 5 plej Oa
8,5 )8 2l 5)9e

g, 9 2lge
Coglae youiS 20y Olauiod duwho 0 VWAV Jlo ;3 3aiod ol
odle p)lb) oo pl)l ol 5ls 3590 Sgils .l plosil 55l
PI oS Ver e ) (3900 9 y255) 023 2l g (e )l
halejl Pl 1 8 A g g8y GliS duwge I 68) 5o
adgl Cugboy s s Sels Jlbg jl eolitel b b 2Bl alS
O (e 0,5 MK303 ) M giwcugb jl edlatol b S'gilis
S ak g e VW o VWY NFE AFIY cwupa 128 5 edls
OSKid sy K0 Clend 5 ply sl g SSUS
485 o )3 (Megn) Cugb) SS9 (1jed 4 jrome odnled i



1Fe) 60 — 3T Boylois A sl (ol ol 108 asbuo g pole Slaindsy & pis FOY

slaY & lapjen Gk 5l e g ooy JB g poye oo
Do e Jiie S sl

Sgo JUEG! pww

@52 b b oS Seld b Sl ey (e b9 5
e Jos ool o5 Sles oo (S StS Sl a5 4y 3l Jilog 1503 4
Sl b #6157 5 St dilo b alBL usbgbre Jlais! pion
O L i 4 aome ol yian (SIS )3 ) 392
4 Sl jen i L plojen 5 (e Ly Cewd 4y
Py 455 3% Sl gy

L SKws

Sl sl 5> gl S £55 & 5 K5 g5 3
dw loolatul b o350 950 S'ailds Cueloy yliue ol oa odlatl
Cawl 04 (535031051 (6356 9,0 s 351 priaw Cugboy S i
db:w.wlomwaliua&lgj&buzmﬁqd
WY soglie jgmins dae il oolitwl b olSiwd (90 Seilis
o)’L\Sl m.).g..))f cuas o&iwd Oil 09 LS‘ o)llm Jﬁm & &S L;o.h‘
Lol ol S5

© ()

N sem (o) yome dw (2913 €8> a5 gjlibly g

odd oalil Hbr ol ez ol b BT glodis A y5ige S
Juate b jjad joe 4 (Joy 5 dows jl odlatwl b jeige (pl .l
9535 ey b oy cpl (5,910 S 4 carge g Cusl o
Lld 4dBs 51 )95 9> bjen jome (295 (i 2 Sy 9

) 005

wxio jl odplgd yian (SIS (pj daise | p)S lga

IV o & o Gl b g 00,55 (00 e 93 (o5l o
DSt 3 et 35 i sy 5500 J3 Sl slasY
pF Sl «Sodo aio pj g by g ogdle (jen 4 Joone
4 sl odd Sb) (JB 5 joe 0)lpd 3 &5 oaglgw o)k
b ol Seld oog b 4 S ld (35 ) 9 pj pn

e
Oly & Slabee I ¥l (S Sis 5 daie (35055 (S
o Ko 5l ookl b &l o oolisel g0 g Ve v pliS m
polipw 2 p)S (clom 4dB> 32 )9> Wee g yia Blo WX gtalo
A 3l oolawl b ¢ piorod b o 0ded oduled iy S SES
aw b Bl Sy e b g 19S5 sk o) (slgm ot

(€) Sgiai b Niowigr S SWid g (b) diowigr S SWid 31 da) guly (S SUid 51 0,5 Glod (U yous 0950 - UKD
Fig. 1. Passing of warm weather through tradition dryer (a) intelligence dryer (b) intelligence dryer with paddy (c)

sy xSl ol lagygefl (285 pll (o) YO S5
Seld ojg 4 Mo @p Oy Ced S s ol
Jolis &S Il o 0 Lol Ao p> (Soponronnarit et al., 2008)
b (o 20 9 29 b 0 S5 09 @ el dede @0 0
> st &S opls Whitness Tester Kett Cioo g gduiuw

0§ S 0311 (5 ol )by
9 b5 dy90 Cughy 4 ey b Sl (as Sl ploj e
Gl slacels )3 cagby Sinls Kial) Sgils (13Sis ¢
b gy (Gl Cagby il Moyd ey (2SS
Shle Sy oKiwd lwy Miw wp & LSl Jas
dw yd ol STle SHle umli:gb)’i ol S b g (S



4~ )

eyt Cagby S i b 5100 30 ousles (S SiS 3l ooliiw! 3G [ ) en g auddl

4 &S 5 s Slao (Sl auglie 5 i)y 38 @l
ooy 3 08y S1Y Jsie Billao sl osal Y gV Jga 13 i
il ool 5y & bgyyn i3 olosly o5V i lins o5
PB)l s lasily (Y Jgio) 292 (63908 68 4 bguye (2508 o
9 48biee O (Su3d Cluogad 5 03) g9 4 danly (63b) 3900 b
@ b has cogby 9 @l aeyd oSl e Jelgs
.(Alizadeh and Habibi, 2016) 1,15 3t

Rosls (g,lf Jaloi g 41350

Johie oaplss yiw (S Sutd o) 93 Shee oy yolaton;
93 g o 4 ool edtodgn (S Sts L ] dulie
e o)l g (edle o)l (e 08 93) aw g 53 8 95
Taw 9 )3 (SSUS £95 9 (29mh 9 g5 odd gl 05 93 4
A5 plsl 1SS dw jd ol MolS )b LB jd (Maidsn 5 gul)y)
A ldo 9 SPSSz0 Lg)LoT )l}élp)i )‘ odlazwl b b o3l> uujlg.)b LYyed
LB Cpge 5B g, b oSl

S 9 o syl (SIS £65 9 68 P wilyly 4525 Y S
Table 1- Aanalize of variance effect of variety and dryer on milling factor

Sig. Treatment Parameter
0.000™ Variety Milling recovery
0.832™ Dryer Jd el
0.807™ dryerxvariety
0.000™ Variety Head rice yield
0.034" Dryer o 0 ool
0.418™ dryerxvariety
0.711m™ Variety Track percentage
0.671™ Dryer Sy oy
0.433"™ dryerxvariety
0.000™ Variety Whitness
0.204" Dryer Cidw 453
0.005" dryerxvariety

“significant at the 0.05 level, ™ significant at the 0.01 level, "™ not significant
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Table 2- Mean comparison of milling factor

Whitness Track % %Head %Milling Treatment
rice yield recovery
Variety
56.72 14.78 57.8° 62.0C Shiroodi
54.2b 15-? 62.5¢ 66.7° rl(‘;::i:):;
48.7 14a 74.2° 69° Hashemi
48.3° 14 87.7° 69.2¢
Dryer
51.72 14.82 67.9° Tl‘adi'tional
52.3% 14.32 73.22 gg?: Intelligence

Same letters have not significant difference at the column

OSSiS £95 93 )0 ol ] b (1SSl Ayl Y Joan
Table 3- Mean comparison of whitness in two dryer

Mean of varietes Gohar Shiroodi Tarom Hashemi Dryer
51.72 4922 56.6% 54.52 46.1° Traditional
52.32 48.22 572 53.92 50.62 Intelligence
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Abstract

Introduction: Nowadays, there is a great tendency to consume functional foods, with special medicinal and
extranutritional value in addition to basic nutritional properties. Foods containing probiotics and prebiotic compounds are
classified in this category. Inulin is a water soluble storage polysaccharide and belongs to a group of non-digestible
carbohydrates called fructans. Inulin is naturally present in some flowering plant species such as chicory and burdock
root. The amount of inulin in these plants is in the range of 1 to 20% of the weight of the fresh plant. Pharmacological
studies report that Burdock root contains significant amounts of the inulin as a prebiotic compounds, also exhibits a wide
range of biological activities, specifically antioxidative, anti-inflammatory, and free radical scavenging activities. The
aim of this study was to encapsulate the aqueous extract of burdock root and use it in a probiotic drink based on orange-
carrot juice.

Material and Method: The Burdock roots were obtained from the local medical plant market, Tehran, Iran. Orange
and carrot juice were purchased from Nooshin and Tandis (Food Company, Tehran, Iran) respectively. Maltodextrin and
gum Arabic were prepared from Merck, Germany. First, the plant roots were dried to 5.2% moisture and then its aqueous
extract was extracted with the help of ultrasonication. Then burdock roots extracts were encapsulated by spray drying
(microencapsulation) and freeze drying (nanocapsulation) using maltodextrin and gum Arabic as wall coating agents.
Capsule properties including encapsulation efficiency, particle size distribution, moisture, density, structural properties,
TPC and antioxidant were determined. Then the encapsulated extracts (at levels of 0.5 and 1%) and free extract were used
in the formulation of probiotic orange-carrot juice and its effect on the survival of probiotic bacteria as well as
physicochemical and sensory properties of the final product during 30 days in refrigerator (4+0.5 °C) were investigated.
All experiments were carried out based on complete randomized design and the results represent the mean of at least three
replicates. The data obtained were analyzed by the analysis of variance (ANOVA) using Minitab 16.0 statistical software.
Significant differences between means were determined by Duncan’s multiple range test at a probability levels of P<0.05.

Results and Discussion: The results of encapsulation phase showed that Nanocapsules had higher efficiency and
phenolic compounds content than microcapsules. The highest level of efficiency (92.75%) and phenolic compounds
(0.385 mg GAE/g) and the smallest capsule particle size (14.33+£0.22 um) were observed in Nanocapsules prepared with
gum Arabic. The SEM images showed that the produced capsules in terms of microstructure, had flaky/glassy and angular
surfaces and did not have a regular shape. By adding different forms of the extract (free/micro/Nano) to the orange-carrot
juice, it was found that its characteristics including viability of probiotics, formalin index, turbidity, viscosity and
antioxidant activity were significantly enhanced during cold storage compared to the control (p<0.05). During
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refrigeration, turbidity, acidity and 1C50 increased in all treatments, especially in the control sample, while other
characteristics (including the viability of probiotic bacteria), showed a decreasing trend. Addition of different forms of
burdock root extract did not have an adverse effect on the flavor and odor of the samples, so that, all treatments were
acceptable. Therefore, based on the results of this study, it can be stated that encapsulated burdock root extracts, especially
in the form of nanocapsulation, can be used to increase the viability of probiotics and enhancement the antioxidant activity
of functional foods.

Key words: Functional food, Encapsulation, Burdock root extract, Synbiotic, Formalin index.
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1 Dynamic Light Scattering (DLS)
2 Scanning Electron Microscopy (SEM)
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Fig. 1. Microencapsulation and nanoencapsulation efficiency of burdock root extract using maltodextrin and Arabic gum
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Fig. 2. The electron microscope images (SEM) of burdock root extract capsules
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Fig. 3. Comparison of total phenol content (mg GAE/g) of burdock root extract micro and nanoencapsules
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Table 4- Comparison of the probiotic bacteria survival (Log CFU/ml) in different symbiotic beverage treatments based on
orange-carrot juice during storage period
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Table 5- Comparison of the acidity values (%) of different symbiotic beverage treatments based on orange-carrot juice
during storage period
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Table 6- Comparison of the viscosity values (cp) of different symbiotic beverage treatments based on orange-carrot juice
during storage period

(595) ol oo
Storage time (Day)
30 20 10 1
7.67+1.158¢9 8.33+1.53 8¢9 11.00+ 1.00 A9 11.33+ 0.58 A9 Ctrl
10.67 + 0.58 Bf 12.00+ 1.00 ABf 12.33+0.58 A9 12.33+ 0.58 A9 T1
12.33£ 0.58 B* 14.33+0.58 A¢ 14.67+0.58 Af 14.67 +£0.58 Af T2
14.33+0.58 ¢4 15.67+0.58 Bd 17.00+ 1.00 AB.de 17.33£0.58 A¢ T3
18.67+0.58 A¢ 19.00+ 1.00 A¢ 19.33+ 0.58 A¢ 19.33+ 0.58A¢ T4
23.67+0.58A% 24,00+ 1.00 A 25.33+ 0.58 AP 25.67 £ 0.58 AP T5
24.33+0.58 B2 24.67+0.58 B2 28.67+1.1544 28.67+0.58 A2 T6
15.33+0.58 8¢  15.67+ 0.58 ABd 16.33+0.58 ABe 16.67+0.58 A¢ T7
18.33+0.58 A¢ 18.67+0.58 A¢ 19.00+ 1.00 Acd 19.33+0.58A¢ T8
22.67+0.58 AP 22.67 £0.58 AP 23.67+1.15AP 23.33+£ 0.58 A¢ T9
24,33+ 0.58 A2 24.67+0.58 A2 25.33+ 0.58 AP 25.33+ 0.58 AP T10
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Table 7- Comparison of the formalin number values of different symbiotic beverage treatments based on orange-carrot juice
during storage period

(95) eSS oo
Storage time (Day)

30 20 10 1
3.33+0.06°° 3.43+0.06B°¢  3.47+0.067B° 3.50+0.00~° Ctrl
3.53£0.06 %> 3.53+0.068" 357+0.0678%® 3.,60+0.00”% TI
3.53+0.06%° 3.53+0.06%P 3.57+0.067® 3.60+£0.004* T2
3.57+0.067%® 357+0.064%*  357+0.06%%*  3.60+0.007* T3
3.57+0.067%  3.60+0.00 A2 3.60£0.00A%  3.60+0.00~% T4
3.57+0.067%  3.60+0.00A2 3.60£0.00A%  3.60+0.00”% T5
3.60£0.00A%  3.60+0.00A2 3.60£0.00A%  3.60+0.00”% T6
3.60£0.00A%  3.60+0.00A2 3.60+0.00A%  3.60+0.00A% T7
3.57+0.06 A% 3,57 +0.06 A% 3.57+0.06A%  3.60+0.00~% T8
3.60£0.00A%  3.60+0.00A2 3.60£0.00**  3.60+0.007% T9
3.60£0.00A%  3.60+0.00A2 3.60£0.00**  3.60+0.007* T10
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Table 8- Comparison of the turbidity values (NTU) of different symbiotic beverage treatments based on orange-carrot juice
during storage period

(59,) 8515 oo
Storage time (Day)
30 20 10 1

1.35+ 0.00 A4 1.28+0.01 B9 1.22 +0.01 ©9 1.14 +£0.01°"  Ctrl
1.37+0.00 A 1.29 +£0.01 B9 1.24 +0.01 ©9 1.16 +£0.01 P9 T1
1.42 +0.00 AN 1.33+ 0.00 Bf 1.27 £0.01 ©f 1.95 +0.00 Bf T2
1.46 +£0.00 Af 1.34 +0.00 Bde 1.31£0.00¢¢  1.26+0.01°% T3
1.55+0.01 A¢ 1.46+ 0.00 B 1.40+ 0.00 ©P 1.31+0.00 PP T4
1.47 £0.00 A¢ 1.37 +£0.00 Bd 1.33+0.00 ¢4 1.27 +£0.01 B¢ T5
1.57+0.01 A2 1.48 £0.01 B2 1.42+0.00 ©2 1.32 +0.00 P2 T6
1.45 +0.00 A9 1.36 +0.00 Be 1.31+0.01¢# 1.23 +0.00 B¢ T7
1.51+ 0.00 A 1.42 +0.00 B¢ 1.37+0.01¢¢ 1.26+0.01°« T8
1.47+0.00 A¢ 1.36 +0.00 Be 1.31+0.00 ©* 1.25+ 0.01 P4 T9
1.56+ 0.00 AP 1.47+0.00 B 1.40 +£0.00 ©P 1.32+0.01°% T10
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Table 9- Comparison of the 1C50 values (mg/ml) of different symbiotic beverage treatments based on orange-carrot juice

during storage period

(39,) & ko
Storage time (Day)

30 20 10 1
30.78£0.41A% 2391+ 0.1582  20.53+0.34“®  14.11+0.02P2 Ctrl
21.95£0.09AY  16.11+0.018¢  13.99+0.16 ¢  10.26+0.05°¢ T1
10.55+ 0.01 Af 8.63 +0.06 B9 7.51+0.01 ¢9 5.40+0.01%1 T2
18.75+0.16 A¢  16.45+0.27B°  15.01+0.07 “*  14.01+0.06°° T3
9.20+0.11 A9 8.29+0.05 BN 7.51+0.18 ©9 7.38+0.04C9 T4
15.07 £0.51A9  14.36+0.018¢  12.88+0.12%¢ 12.37+0.09P¢ T5
7.89+0.49 AN 7.30 £0.14 A1 6.60+ 0.01 BN 6.27+0.00°"  T6
15.43 £0.49 Ad 13.55+0.30 ¢ 12.23+0.10°¢  11.48+0.01°¢ T7
7.91+0.20 AN 7.10 +0.05 Bd 6.43 +£0.07 & 6.03+0.07% T8
13.36 +£0.12 A* 12.51+0.02 Bf 11.30+0.16 ©*  10.12+0.01°f T9

6.67 £0.39 A1 6.38+ 0.08 Ak 5.83+ 0.01 BJ 542+ 0.03% T10
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Table 10- Comparison of the overall acceptance scores of different symbiotic beverage treatments based on orange-carrot
juice during storage period

(392) 8RS ylo
Storage time (Day)
30 20 10 1

7.00+ 0.00' 7.70+0.119  8.20+0.23%"  8.80+ 0.21%® Ctrl
7.50+0.099"  8.10+0.19°"  8.30+0.19%  8.60+0.25%%  T1
7.70+0.21¢ 8.10+0.25¢"  8.20+0.12%  8.40+0.22°< T2
8.00+0.21"F  8.30+0.07%  8.70+0.14%° 8.90+0.162 T3
8.30+0.14%¢ 830+ 0.05%  8.70+0.21%  8.80+0.18%® T4
7.00+ 0.16' 6.90+ 0.16' 7.00+ 0.05' 7.00+0.08' T5
6.80+0.11' 6.90+0.21' 6.90+ 0.12' 7.00+£0.10' T6
8.10+0.18°"  8.40+0.12°  8.80+0.08%® 9.80+ 0.15%2 T7
8.20+0.10%" 850+ 0.09°% 8,80+ 0.06%® 8.80+ 0.15% T8
6.90+ 0.08' 6.90+ 0.16' 7.00+ 0.22 7.10+ 0.11N T9
6.90+0.15' 6.80+ 0.21' 6.80+ 0.16' 7.00+0.09' T10
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Abstract

Introduction: The biodegradability of synthetic plastics derived from petroleum is a very slow process and complete
decomposition of them lasts several years. This increases environmental pollution. Extensive efforts have been made to
develop and improve biopolymers-based packaging. Biopolymers derived from renewable agricultural resources are an
appropriate alternative to synthetic plastics. The use of nanotechnology in the field of polymer science has led to the
production of nanocomposite polymers. The valuable nanocomposites would be produced if natural nanoparticles are
used in composites preparation. Because of the importance of nanocomposites in the production of biodegradable films
and due to desired properties of gelatin and carboxymethyl cellulose in film production, this study aimed to investigate
the effect of glycerol and nanocellulose on the properties of gelatin-carboxymethyl cellulose nanocomposites.

Materials and Methods: To prepare 12 different treatments based on statistical design, 1 g of gelatin and 1 g of
carboxymethylcellulose were dissolved in distilled water to form a uniform solution. Then, glycerol as a plasticizer was
added to the prepared solutions at different levels (20 to 60% w/w). The determined amount of nanocellulose (0- 30%
w/w), based on the biopolymers weight, was added to the cooled blend at 70°C. Nanocellulose was extracted from cotton
through the chemical method, cotton was gone under chemical hydrolysis by the sulfuric acid solution (65% wi/v). The
properties of gelatin-carboxymethylcellulose nanocomposites were studied. The produced nanocellulos evaluated by
scanning electron microscopy and X-ray diffraction techniques. The thickness of the films was measured using a caliper
with a precision of 0.01. At five different parts of each film. Water vapor flux and water vapor permeability through the
film samples were determined. The dry matter of 20x 20 mm film samples before and after immersion in 50 ml of distilled
water for 24h at 25 °C was determined to calculate the solubility in water of the films. To measure the moisture absorption
of the nanocomposite samples, 20x 20 mm film pieces were kept in a container containing potassium sulfate saturated
solution (RH= 97%) at 25°C for 4 days. Films were weighted initially and at the end of the experiment. Sessile drop
method, a common technique for determining the wetting properties of solid surfaces, was then used to determine the
contact angle. Ultimate tensile strength and elongation at break were measured. The belt-shaped sample (8% 1 cm) of the
film was stretched by the instrument at a velocity of 1 mm/s. The color and transparency of the samples were evaluated
in the black box by image processing technique. Total color difference (AE), yellow index (YT), and white index (WI) of
the samples were calculated. Treatments were prepared according to central composite design (CCD) and were statically
analyzed by response surface method (RSM).

Results and Discussion: The prepared films showed low water vapor permeability (3.62x 10 to 2.23x 1012
gm/m?Pas). The lowest amount of water vapor permeability was obtained when the low level of nanocrystalline cellulose
(4.4%) was used. The high amounts of glycerol and nanocellulose increased the solubility of the films and even in some
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treatments the samples were completely dissolved in water. The hydrophilic nature of the gelatin and carboxymethyl
cellulose used in the preparation of composites may be the reason for the high solubility of the produced films. At the
same time, the samples showed high moisture absorption. Moisture absorption decreased as a result of the glycerol content
increased, also the effects of the presence of nanocrystalline cellulose as a filler on the moisture absorption decrease
cannot be neglected. A moderate contact angle of about 60° was observed, the interactions between the polar and the
hydroxyl groups of the biomaterials used in the production of composites caused different behaviors observed in the
various treatments. The interaction of nanocellulose and glycerol had a significant effect on the contact angle. The films
had high ultimate tensile strength (84.37 MPa) while the elongation at break was 4.14% for the same treatment, which
indicates low flexibility of the produced films. The color of the samples was evaluated as suitable. The use of 60% glycerol
and 4.4% nanocellulose results in the production of films with desirable properties. The use of gelatin and
carboxymethylcellulose produced composites that had improved properties in the terms of water vapor permeability and
surface wetting compared to pure films.

Composites made of gelatin and carboxymethylcellulose showed high ultimate tensile strength, although the
elongation at break of them was not desirable. In terms of barrier properties against the water vapor, prepared composites
demonstrated improved properties when compared to other bio-based made films. On the other hand, in terms of
hydrophilicity, they are classified as moisture-sensitive films, which limits their use for foods with high moisture content.
The use of carboxymethyl cellulose can improve the water vapor permeability of pure gelatin films. Also, the use of
gelatin increases the contact angle of water of pure carboxymethyl cellulose films. Gelatin-carboxymethyl cellulose
nanocomposite contains 60% glycerol and 4.4% nanocellulose presents improved and desirable properties.

Keywords: Gelatin, Carboxymethyl cellulose, Nanocellulose, Hudrophilicity, Mechanical properties.
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Table 1. The combination of different treatments and measured characteristics including thickness, water vapor permeability
and color characteristics of nanocomposites

Treatments Glycerol (%) NCC (%)  Tickness (um) WVP (x1012 AE vi Wi
slowd Jg s Holwgili Colsus gm/m’sPa)
1 26 4.4 50 2.23 3.01 0.04 83.77
2 26 25.6 50 11.17 4.50 0.08 82.74
3 54 4.4 30 5.36 458 0.09 82.95
4 54 25.6 80 17.87 2.38 0.04 84.39
5 40 0 30 2.68 2.16 0.05 84.99
6 40 30 70 1251 2.39 0.06 85.21
7 20 15 80 21.44 2.40 0.04 84.45
8 60 15 120 16.08 412 0.08 83.64
9 40 15 160 71.46 2.69 0.05 84.34
10 40 15 135 60.30 4.58 0.09 82.95
11 40 15 45 12.06 6.04 0.12 82.08
12 40 15 90 36.18 3.03 0.06 84.05
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Fig 1. Contour plot of solubility in water of nanocomposites contain different glycerol and NCC levels
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Fig 2. Response-surface plot of moisture absorption of nanocomposites contain different glycerol and NCC levels
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Fig 3. Contour plot of water drop contact angle of nanocomposites contain different glycerol and NCC levels
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Fig. 4. UTS and EB of gelatin- carboxy methyl cellulose nanocomposites
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Fig. 5. The optimization process and the obtained solution due to the permeability to water vapor, solubility in water,
moisture absorption and contact angle parameters.
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Abstract

Introduction: Economic losses can occur due to the growth of fungi on foods that lead to food spoilage and plant
diseases. Fruits and vegetables are often exposed to microbial activity, caused by pathogenic fungi, during post-harvest
storage. Diseases of food origin are a growing public health problem. Thus, food safety has become a major public concern
as microbial contamination increases the risk of foodborne illnesses and shortens the shelf life of foods. Infection with
fungi such as Aspergillus, Rhizopus, and Penicillium species is considered as the primary cause of rapid spoilage of fresh
produce, which reduces their quality and shelf life. Synthetic fungicides have been applied to solve this problem for many
years. Nonetheless, the adverse effects of synthetic chemicals on human health and the emergence of fungicide-resistant
strains have motivated the scientists and food industries to find out safe preservatives to control postharvest rot/diseases.
On this point, natural antimicrobial agents such as plant extracts and essential oils are gaining more and more interest. In
this study, we used Levisticum officinale Koch essential oil, which its antimicrobial and antioxidant activity has been
reported in literatures.

Materials and Methods: L. officinale Koch essential oil was obtained by hydrodistillation method and its total phenol
content, total flavonoids, antioxidant activity (based on DPPH and ABTS free radical scavenging and B-carotene
bleaching tests) and its antifungal effect against fungi causing apple and orange rotting (Alternaria alternata, Penicillium
expansum, Penicillium digitatum, Penicillium italicum, and Botrytis cinerea) were examined according to antimicrobial
tests of disk diffusion agar, well diffusion agar, minimum inhibitory concentration, and minimum fungicidal
concentration.

Results and Discussion:L. officinale Koch essential oil contained 61.27 + 0.34 mg GAE/g and 20.14 + 0.21 mg QE/g
total phenol and flavonoids, respectively. Its antioxidant activity, based on DPPH free radical scavenging, ABTS free
radical scavenging, and B-carotene bleaching inhibition were 69.72 + 0.65%, 78.54 + 0.3% and 57.50 + 0.41%,
respectively. L. officinale Koch essential oil was effective against all fungal species and the highest susceptibility was
observed for Penicillium expansum. According to the results, L. officinale Koch essential oil can be used as a natural
antifungal agent to prevent post-harvest diseases of fruits and vegetables.
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Fig. 1. Total phenolic content (TPC) and total flavonoid content (TFC) of Levisticum officinale Koch essential oil.
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Fig. 2- Antioxidant activity of Levisticum officinale Koch essential oil.
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Fig. 3. Antifungal activity of Levisticum officinale Koch essential oil based on agar disk diffusion method.
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Table 1- The results of minimum inhibitory concentration (MIC) of Levisticum officinale Koch essential oil by
broth macrodilution method

Levisticum officinale Koch essential oil

concentration (mg/ml)
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Fig. 5. Antifungal activity of Levisticum officinale Koch essential oil based on the minimum fungicidal concentration (MFC).
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Abstract

Introduction: Bread is an important staple food widely consumed all over the world including Iran. The
consumption of traditional breads in Iran, including Barbari, Sangak, Taftoon and Lavash, is steadily increasing because
of its convenience and being a ready-to-eat food product normally consumed at breakfast, lunch and dinner. Hence,
fortification of several types of bread with other cereals, pseudo cereals, legumes and oil seeds flours, has received
considerable attention. Sesame, although referred to as “seed of immortality” and “queen of oilseeds” is considered as a
rich food as it has a high nutritive quality. Apart from being a prominent oilseed (45-50%), sesame seeds are a rich
source of protein (18-40%). Also, sesame was reported as a rich source of vitamins and minerals. Therefore, in the
current study, the effect of wheat flour fortification with sesame flour at the ratio of 0, 5, 10 and 15 % on flour, dough,
Sangak and Barbari samples properties was evaluated.

Material and Methods: Proximate analysis of flour samples (sesame, wheat and composite flour samples)
including acid value, moisture, ash, protein and wet gluten contents of the flour samples were determined according to
the AACC methods. Water absorption, dough development time, dough stability time, degree of softening and the ratio
between resistance to extension and extensibility (R/E), of prepared dough samples were determined according to
AACC 21-54 and AACC 10-54 standard methods. After 2 h of bread baking the crust color parameters (L*, a* and b*)
were determined using the Hunter—Lab Color flex Colorimeter (Hunter Associated Lab, Inc., Reston, VA, USA).
Crumb Hardness was also measured 2 h after baking using a texture analyzer (Texture Analyzer, Brookfield, CT3,
USA). The organoleptic characteristics (taste, aroma, color, texture and overall acceptability) of the prepared bread
samples were evaluated by 15 trained panelists familiar with the traditional bread usually consumed, using 5-point
hedonic scale (5 = like extremely, 1 =dislike extremely) test. The data was analyzed by one way analysis of variance
(ANOVA). A multiple comparison procedure was performed by Duncan’s new multiple range test using SPSS
Software. Significance of the difference was defined as p <0.05.

Results and Discussion: According to the results obtained from flour samples analysis, sesame flour contained
higher amounts of protein, lipid and ash and low amount of moisture and gluten than wheat flour. Furthermore, with
increasing the amount of sesame flour, ash and protein contents of flour samples were increased, but their moisture and
gluten contents were decreased. Furthermore, Farinograph parameters including water absorption and stability were
decreased, but dough development time and degree of softening were increased with increasing the amount of sesame
flour in the formulation. The results of Extensograph test also, showed the R/E ratio, which indicates dough stability
during fermentation, was decreased when the sesame flour content increased. Therefore, the addition of sesame flour
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induced to weaken the gluten network formation in dough samples. The qualitative characteristics results of bread
samples showed that addition of sesame flour to bread formulation tends to decrease crumb hardness and had no effect
on color attributes (L*, a* and b*). Sensory evaluation results showed the higher total acceptability of Sangak and
Barbari bread samples containing 10 and 5 % of sesame flour, respectively. In these ratios the color and texture of bread
samples were also similar to related control bread samples. According to the results obtained in the current study and
based on the functional properties of sesame flour (rich source of oil, protein, minerals, vitamins and antioxidant
compounds) that reported by several previous studies, addition of 5 and 10 % of sesame flour in large scale production
of Barbari and Sangak breads is recommended. Due to the high consumption of Sangak and Barbari breads in Iran,
fortification of these breads can be effective in providing the daily needs of several nutrients.

Keywords: Barbari, Fortification, Sangak, Sesame flour, Wheat flour.
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Table 1- Physical and chemical characteristics of Sangak and Barbari flours in different amounts of replacement with sesame

flour

Flour sample Ash (%)  Moisture (%) Protein (%) Wet(,?A:‘)“e” Acidity (%) (rzgaoé'z‘j'ig)
0 127+002° 13.23+012° 12.63+0.06° 3353+040° 140+000%  0.75+ 0.20°

Sangak 5 120+001° 12.77+0.25° 12.67+0.06° 32.80+0.10° 153+0.06°  0.75+ 0.10°
10 1.33+001° 12.23+0.06° 12.78+0.12° 32.07+0.15° 1.57+0.00°  0.76+0.152

15  1.34+002° 11.93+021¢ 1313+006° 31.10+0.36% 1.65+0.06°  0.77+0.10°

0  0.85t002° 13.23+006° 10.73+0.12° 28.97+021° 1.03+0.06°  0.65+ 0.30°

Barbari 5  0.85+001° 12.80+0.10° 10.77+0.06" 27.23+0.15° 1.10+0.02°  0.65+ 0.20°
10 0.86+001° 12.07+0.06° 11.00+0.00° 25.77+0.16° 1.15+0.00°  0.67+0.21°

15  088+0.01° 11.80+0.20° 11.10+0.00° 24.13+0.12¢ 1.25+0.06°  0.68+ 0.20°

Sesame flour 325020  0.80+0.03  20.8+0.21 - 178020  0.66+0.10
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#Data are the mean of three replicates + standard deviation. Different letters in each column indicate significant differences between
means at the 95% confidence level.
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Table 2- Particle size of Sangak and Barbari flours containing different amounts of sesame flour replacement (percentage of
above and under the sieves)

On the sieve On the sieve On the sieve Under the

Replacement of flours (%) of 475 of 180 of 125 sieve of 125

0 0.1+ 0.01¢ 10.8+0.01¢ 11.5+0.07¢ 77.6+0.022
Sangak 5 0.2+ 0.01¢ 11.7+0.01¢ 17.1+0.01°¢ 71.00+ 0.07°

10 1.1+ 0.01° 16.1+ 0.01° 16.1+ 0.07° 58.8+ 0.03¢

15 1.2+ 0.012 19.3+0.018 19.3+0.028 49,5+ 0.01¢
Standard range Max. 5 Max. 25 Max. 30 Min. 40

0 0.05+ 0.01¢ 6.4+ 0.01¢ 13.1+0.01¢ 80.45+ 0.012
Barbari 5 0.30+ 0.01°¢ 8.8+ 0.10° 15.1+0.01° 75.48+ 0.01°

10 0.5+ 0.01° 11.4+0.01° 19.2+0.01° 68.9+ 0.01°¢

15 1.00+ 0.012 22.00+ 0.012 21.1+0.01° 55.9+ 0.01¢
Standard range Max. 2 Max. 18 Max. 30 Min. 50
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* Data are the mean of three replicates + standard deviation. Different letters in each column indicate significant differences
between means at the 95% confidence level.
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Table 3- Farinograph and extensograph characteristics of dough samples obtained from flours with different replacement

percentages
Replacement of Water Development Stabilit Mixing Tolerance
ﬂml:rs (%) absorption (%) time (ll)nin) (min)y In(%ex (BU) RE (Cm/N)
0 54.55+ 0.078 1.90+ 0.14¢ 2.41+0.012 48.00+ 1.41¢ 1.65+ 0.072
Barbari 5  49.45+2.90° 1.93+0.11° 2.40+ 0.00° 51.00+ 0.00° 1.60+ 0.01°
10 47.55+ 0.49°¢ 1.95+ 0.06° 2.38+ 0.04° 54.00+ 1.41° 1.45+ 0.07°¢
15 45,50+ 0.00¢ 2.15+ 0.072 2.28+ 0.04¢ 62.5+ 2.122 1.30+ 0.01¢
0 63.45+ 0.492 2.95+ 0.07¢ 3.30+ 0.142 50.5+ 0.71¢ 1.80+ 0.012
Sangak 5 58.30+ 1.84° 2.90+ 0.14° 3.20+ 0.14° 53.00+ 1.40° 1.734 0.04°
10 56.20+ 0.14°¢ 3.60+ 0.28° 3.15+ 0.35°¢ 57.00+ 1.41° 1.63+ 0.04°¢
15 53.45+ 0.49¢ 3.65+ 0.212 2.90+ 0.28¢ 63.5+ 2.102 1.51+0.01¢
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* Data are the mean of three replicates + standard deviation. Different letters in each column indicate significant differences between
means at the 95% confidence level
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Fig. 1. Firmness of Sangak and Barbari
Data are the mean of three replicates + standard deviation. Different letters in each column indicate significant differences between
means at the 95% confidence level.
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Fig. 2. Crust color of Sangak (a) and Barbari (b)

Data are the mean of five replicates + standard deviation at the 95% confidence level.

Table 4- Main fatty acids profile of wheat and sesame flours and bread samples (%)

Bread sample

Main fatty acids

Palmitic (C16:0) Stearic (C18:0) Oleic (C18:1) Linoleic (C18:2)
0 23.94+ 0.882 3.99+ 0.02° 17.37+ 0.87° 46.15+ 0.982
Sangak 5 22.10+ 0.15° 4.92+0.19? 19.81+ 0.392 44.63+ 0.48%
10 21.99+ 0.36° 5.556+ 0.202 23.73+ 0.60% 44.79+ 0.27%
15 20.48+ 0.12¢ 5.76+ 0.05° 27.94+ 0.072 43.65+ 1.05°
0 23.03+ 0.502 4.20+ 0.04° 17.93+ 0.99° 46.53+ 1.032
Barbari 5 22.51+ 0.27° 5.05+ 0.812 19.70+ 0.48% 45.01+ 0.52%
10 21.15+ 0.26° 5.22+0.17° 23.98+ 0.612 45.00+ 2.36%
15 20.65+ 0.51¢ 5.84+ 0.05° 27.19+ 0.522 44.08+ 0.58"
Wheat flour 23.83+ 0.81 3.75+ 0.38 17.27+0.21 46.25+ 0.71
Sesame flour 11.07+ 0.20 2.66+ 0.30 40.36+ 0.30 42.52+ 0.50

sl 720 ool o )3 by Sile s I gine BN 0simd )Lt 5y )3 Caliro g ys LBl g0 )Mkl Blysl E ) SS dw (ke dmodls 3
* Data are the mean of three replicates + standard deviation. Different letters in each column indicate significant differences between
means at the 95% confidence level.
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Fig. 3. Sensory evaluation of Sangak (a) and Barbari (b) with different percentages of sesame flour.
Data are the mean of fifteen replicates+ standard deviation. Latin lowercase letters indicate significant differences between means at
the 95% confidence level.
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Abstract

Introduction: Bioactive compounds are substances found in small amounts in food. In addition to their influence
on human development, these compounds also play a crucial role in reducing diseases in human. Polysaccharides are a
group of bioactive compounds that come from a variety of sources. Polysaccharides are macromolecules that are usually
composed of more than ten monosaccharides. The constituent monosaccharides are arranged linearly or branched
together through glycoside bonds, depending on the length of the chain and the number of constituent monosaccharides.
They also have different molecular weight. Polysaccharides, like other essential macromolecules such as proteins and
poly-nucleotides in the body, are essential for the flaxseed body's daily activities and play an influential role in cell-cell
communication, cell adhesion, and the identification of molecules in the immune system. A group of polysaccharides
derived from marine sources are sulfated polysaccharides. These polysaccharides are a broad branch of the resulting
polysaccharides. In industrial quantities, sulfated polysaccharides are produced from pig skin and pig bone, and there
are some restrictions on the use of these products in some countries. The limitations on the use of these products made
from pig waste are the risks of transmitting influenza, as well as the prohibition of pork in some Islamic countries. In
this regard, by-products from seafood processing, which account for about 20 to 50 percent of the initial weight of raw
material, are one of the sources that researchers are considering to extract these compounds.

Material and Method: After preparation of the by-product, it was covered with ice in a ratio of 1 to 3 and
transferred to the laboratory of Tarbiat Modares University. The sample was then washed and then ground. Finally, it
was packed in plastic bags and kept in the freezer at -18 ° C until the day of experiment. Then, the enzymatic hydrolysis
method and precipitation by ethanol were used to get sulfated polysaccharides. Chemical analyses were performed to
determine carbohydrates, sulfates, proteins, and uronic acid content. The FTIR spectrum of extracted sulfate
polysaccharide was determined using an FTIR spectrophotometer in the range of 400-4000 cm. Evaluation of
antioxidant properties of obtained sulfate polysaccharide was assessed by DPPH free radical scavenging activity, ABTS
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free radical scavenging activity, and ferrozine tests. Emulsifying and foaming properties were also evaluated as
functional properties.

Results and Discussion: In the present study, sulfated polysaccharide was extracted from Rainbow trout
(Oncorhynchus mykiss) skin by pepsin enzyme and its FTIR spectrum, carbohydrate, sulfate, uronic acid and protein
were analyzed. The results of the chemical analysis of the extracted polysaccharide showed that the extraction
efficiency was 3.23+ 0.02%, as well as the percentage of carbohydrate and protein of the obtained polysaccharide was
57.03+ 2 2.56, 7.78+ 0.43% respectively. Also, the amount of sulfate and uronic acid were 6.54+ 0.77 and 3.86+ 0.43,
respectively. The results of infrared spectroscopy showed the presence of a broad peak in the range between 3350 and
3450 cm? for the —~OH group and the S=0O sulfate flexural band in the range of 1245 cm™. An increasing and significant
trend was observed in different concentrations used for the DPPH test (p <0.05) which had the highest neutralizing
power (38.85%) at a concentration of 2 mg/ml. The highest percentage of ABTS radical chelating was observed at a
concentration of 4 mg/mm of distilled water with 71.70% (p <0.05). The chelating results of the extracted
polysaccharide against ferrous ions showed that the highest chelating percentage was 98.43% (p <0.05). The foaming
capacity, stability properties of the foam, and the emulsifying ability of the studied sample showed a trend of increasing
the concentration coefficient of the sample (p <0.05), and the concentration of 10% used sulfated polysaccharide had
the highest foaming percentage (72/22%) and foam stability (62.22%) (p <0.05). The emulsifying property of extracted
sulfate polysaccharide against soybean oil was higher in all concentrations used than sunflower oil (p <0.05), and the
highest value of that was related to the concentration of 10% with 86.57% and 92.59% against sunflower oil and
soybean oil (p <0.05). The obtained results demonstrated that the fish skin extracted polysaccharide can serve as a
natural antioxidant and functional agent in the food industry.

Keywords: Rainbow trout (Oncorhynchus mykiss), Sulfated polysaccharide, Antioxidant properties, Foaming
properties, Emulsifying properties.
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Table 1- Chemical analysis of extracted sulfated polysaccharide
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Extraction yield (%) Protein (%) Carbohydrate (%) Sulfate (%) Uronic acid (%)
3.23+ 0.02 7.78+£0.43 57.03+ 2.56 6.54+ 0.77 3.86+ 0.42
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The experiments were repeated 3 times. The date are expressed as mean = standard deviation.
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Fig. 1. FTIR spectrum of sulfated polysaccharide extracted from rainbow trout skin
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Fig. 2. Analysis diagram of DPPH radical-scavenging activity of sulfated polysaccharide extracted from the skin of rainbow
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Fig. 5. Chart of foaming activity and foam stability of sulfated polysaccharide extracted from the skin of rainbow trout
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Abstract

Introduction: Collagen is the most abundant and important structural protein in the connective tissue of animals, the
production of which is of great importance in the fields of medicine, cosmetics and food. Due to religious restrictions as
well as common diseases between livestock and humans, today collagen extraction has turned to other sources, especially
aquatic sources. Therefore, the aim of this study was to extract collagen by conventional acidic and enzymatic methods
from common carp scales and determine its characteristics in order to make optimal use of this waste to produce valuable
products and find alternatives to collagen obtained from land animals.

Material and Method: Acid-soluble collagen (ASC) and pepsin-soluble collagen (PSC) were extracted from common
carp scales (Cyprinus carpio) and their properties were determined. Common carp scales were prepared with the use of
0.5 M acetic acid and pepsin enzyme. Finally, the extracted collagens were lyophilized and after calculating the extraction
efficiencies, their characteristics were determined by electrophoresis tests, UV spectroscopy, X-ray diffraction and
isoelectric point determination.

Results and Discussion: The results showed that the extraction efficiencies of ASC and PSC were 1.9% and 2.96%
(based on dry weight), respectively, which means digestion with pepsin could increase collagen efficiency up to 1.54
times. The results of SDS-PAGE analysis showed that both ASC and PSC are type I collagen and are composed of a1, o
and P in the (a1) 20, chain structure; the isoelectric point of collagens was in the pH range of 5-6. The maximum absorption
peak of the UV spectrum of collagen was observed at 235 nm. Although pepsin enzyme (1% dry weight of scales)
increases efficiency without significant changes in collagen native structure, but its use for mass production of type |
collagen in Iran is not recommended unless self-sufficiency and reduction of pepsin price achieved, while collagen
extraction by acidic method is very simple and research to design a production line for this method is recommended.
Common carp scales have the potential to be used as an alternative source of collagen in the food and health-
pharmaceutical industries. These results can provide a solution to control the waste of the aquatic processing industry in
creating environmental pollution, as well as producing a high value-added product from common carp scales.

Keywords: Scales, Common carp (Cyprinus carpio), Acid-soluble collagen, Pepsin-soluble collagen, Waste.
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molecular marker, ASC: acid-soluble collagen, PSC: pepsin-soluble collagen
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Fig. 2. Zeta potential in acid-soluble collagen (ASC) and pepsin-soluble collagen (PSC) samples of common carp scales
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Abstract

Introduction: Butter is a type of dairy product made of sweet cream or sour cream. It is a perishable food that can
be spoiled due to chemical changes during storage. Rancidity is one of the main problems caused by lipolysis and
oxidation of fatty acids, which cause off-flavor and reduce the nutritional quality of butter. By adding low
concentrations of antioxidant compounds, autooxidation can be prevented or delayed. It is also possible to increase the
shelf life of butter by adding antioxidants. However, the carcinogenic effect of some synthetic antioxidants and
consumer preference has led manufacturers to use more natural antioxidants. Chia seeds contain significant amounts of
protein, fat, carbohydrates, minerals, and vitamins. Moreover, many bioactive compounds with high antioxidant
potential are found in chia seeds such as phenolic acids, flavonoids, tocopherols, and sterols. Therefore, the present
study was conducted to investigate the effects of chia seed extract in sweet cream butter to improve its chemical and
sensory properties during refrigeration storage.

Materials and Methods: For this purpose, the alcoholic extract of chia seed was prepared by adding chia seed
powder to 70% ethanol (5% wi/v) with stirring for 24 h, at room temperature. The filtered extracts were concentrated
with a rotary evaporator. The concentrated mixture was dried in an oven at 40 °C and kept in an amber glass container
in the refrigerator at 4 °C until the experiment was performed. Total phenolics content and antioxidant activity of chia
seed extract were evaluated by the Folin—Ciocalteu colorimetric method using gallic acid as standard and for free
radical scavenging ability by DPPH (2,2-diphenyl-1-picryl-hydrazyl) method, respectively. Then, chia seed extract was
added to butter with different percentages (0.05, 0.1, 0.25, and 0.5%) and its effects on chemical properties including
acidity, acid value, peroxide value, and thiobarbituric acid were evaluated for two months at 15-day intervals in
refrigerated storage. Also, sensory properties including color, odor, taste, texture, and overall acceptance of butter
samples were assessed using 15 untrained evaluators based on a 5-point hedonic test as above conditions. The results
were reported as meanst standard deviation and they were analyzed with analysis of variance using the software SPSS
version 14. Statistical differences were analyzed by Duncan’s multiple range test (p<0.05).

Results and Discussion: The results of total polyphenols content were 1108.78 + 111.79 mg gallic acid per 100 g of
extract and radical scavenging activity of chia seed extract in the concentration range of 4 to 20% was 35.17 + 0.47 to
64.92 + 2.95%. Also, the efficient concentration (EC50) of chia seed extract was 12.13 + 0.59 mg/L in this study. It is
known that the smaller the EC50, it will be the greater the antioxidant or free radical scavenging activity. According to
the results, it was found that the concentration of chia extract has a significant effect on free radical scavenging (p<0.05)
so that with increasing the concentration of the extract, its inhibitory properties increased. The results showed that the
addition of different concentrations of chia seed extract and storage time were significant on the acidity and acid value
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of butter samples so that with increasing the amount of chia seed extract in treatments, the amounts of acidity and acid
value increased significantly (p<0.05). Also, the acidity and acid value in all samples of butter increased significantly
with increasing storage time during refrigeration (p<0.05). However, the amount of these two indices in treatments
containing chia extract increased at a slower rate than the control sample during storage time, which could be due to the
effect of phenolic compounds in chia seed extract in controlling the activity of lipolytic enzymes. Moreover, the results
revealed that with increasing the concentration of the chia seed extract from the 15th day to the end of the storage
period, the amounts of peroxide value and thiobarbituric acid of butter treatments significantly decreased compared to
the control sample (p<0.05). This is due to the antioxidant effects of phenolic compounds in chia seed extract that delay
the oxidation process. In this study, all chemical indices increased significantly during the storage time (p<0.05). All the
samples in evaluated sensory properties were significantly different from the control sample (except odor) during 60
days of storage (p<0.05), in this way treatments had better sensory scores in color and taste properties compared to the
control. In general, a concentration of 0.5% chia extract delayed oxidative damage, but in terms of sensory evaluation, a
treatment containing 0.25% chia extract is selected and introduced as the most desirable treatment.

Keywords: Chia seed extract, Butter, Antioxidant activity, Chemical properties, Sensory properties.
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Table 1- Acidity (%) of butter samples containing chia seed extract during 60 days refrigerated storage (Mean SD)

Treatment Day
39
1 15 30 45 60

C 0.62+£0.00°°  0.65+0.00°®  0.66 +0.00% 0.66 +0.005¢ 0.67 +0.004¢

Ti 0.65+0.00°®  0.66 £0.008¢  0.66 +0.005¢ 0.66 +0.008¢ 0.67 +£0.00¢

T2 0.66 £0.00°¢  0.67 +0.008¢  0.67 +0.005¢ 0.67 £0.008¢ 0.69 +£0.00%¢

Ts 0.67 +0.00°®  0.69+0.008°  0.69 +0.008° 0.69 +0.0080 0.70 +0.00%°

T4 0.72 +0.00% 0.72+0.00%*  0.72 +0.00% 0.72 +0.0082 0.73 +£0.00%2

@¢ Different lowercase in each column indicate a significant differences between treatments at the level of 5% (p<0.05).
AE Different uppercase in each row indicate a significant differences between storage days at the level of 5% (p<0.05).
(C: Control sample, T1. Treatment of 0.05% chia extract, T»: Treatment of 0.1% chia extract, T3 Treatment of 0.25%
chia extract, T4. Treatment of 0.5% chia extract)
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Table 2- Acid value (mg/g) of butter samples containing chia seed extract during 60 days refrigerated storage (Meanz SD)

Treatment Day
39
1 15 30 45 60

C 1.23+0.00% 1.29+0.00°®  1.32 +0.008¢ 1.32 +0.008d 1.34 +0.00Ad

Ti 1.29 £0.00%¢ 1.32+0.01B¢  1.32 +0.018d 1.32 +0.008d 1.34 +0.00Ad

T2 1.32£0.01%¢  1.34+0.00%¢  1.34 +0.008° 1.34 +0.005¢ 1.37 £0.00%¢

Ts 1.34 £0.00°®  1.37 +0.008°  1.37 +0.00B° 1.37 +£0.008P 1.43 +£0.007°

T4 1.43 £0.0082  1.43+0.00%  1.43 +0.00B2 1.43 +0.00B2 1.46 +0.0542

@¢ Different lowercase in each column indicate a significant differences between treatments at the level of 5% (p<0.05).
AE Different uppercase in each row indicate a significant differences between storage days at the level of 5% (p<0.05).
(C: Control sample, T1. Treatment of 0.05% chia extract, T»: Treatment of 0.1% chia extract, Ts. Treatment of 0.25%
chia extract, T4. Treatment of 0.5% chia extract)
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Table 3- Peroxide value (meq O2/kg) of butter samples containing chia seed extract during 60 days refrigerated storage

(Mean+ SD)
Treatment Day
39
1 15 30 45 60
C 0.20 +0.00%%  0.28 £0.01°*  0.42 +0.01® 0.94 +0.01%2 1.76 £0.0142
Ti 0.20 +0.00%%  0.32 £0.02°%  0.38 +:0.01" 0.49 +0.008° 1.28 £0.014°
T2 0.20 +0.01%¢  0.26 +0.00°¢  0.34 +0.00¢° 0.37 +£0.01B¢ 0.86 +0.00"¢
T3 0.20 +£0.00°®  0.27 £0.01B¢  0.30 +0.00%¢ 0.36 +0.008¢ 0.92 £0.02A¢
Ty 0.20 +£0.00¢®  0.22 +0.008¢  0.22 +0.008¢ 0.22 +0.008¢ 0.42 +£0.00%¢

@¢ Different lowercase in each column indicate a significant differences between treatments at the level of 5% (p<0.05).
AE Different uppercase in each row indicate a significant differences between storage days at the level of 5% (p<0.05).
(C: Control sample, T1: Treatment of 0.05% chia extract, T: Treatment of 0.1% chia extract, Ts: Treatment of 0.25%
chia extract, T4 Treatment of 0.5% chia extract)
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Table 4- Thiobarbituric acid value (mg MDA/kg) of butter samples containing chia seed extract during 60 days refrigerated
storage (Meanz SD)
Treatment Day
39)
1 15 30 45 60

C 0.32+0.00%@  0.49+0.01°* 0.85+0.01% 1.20 +0.0082 1.82 £0.00%2

T: 0.32 +0.00%@  0.38+0.01°*  0.54 £0.01° 0.67 +0.008° 1.41 +£0.007

T2 0.32+0.01%  0.38 +0.00°®  0.46 +0.00¢° 0.53 +£0.008¢ 1.10 +£0.004¢

Ts 0.32+0.00%  0.36+0.01°¢  0.40 +0.00¢¢ 0.49 +0.008¢ 0.90 +0.02Ad

Ty 0.32 +0.00P2 0.37 £0.00¢¢  0.37 +0.00¢® 0.43 +0.008¢ 0.70 +£0.00%¢

@¢ Different lowercase in each column indicate a significant differences between treatments at the level of 5% (p<0.05).
AE Different uppercase in each row indicate a significant differences between storage days at the level of 5% (p<0.05).
(C: Control sample, T1. Treatment of 0.05% chia extract, T.: Treatment of 0.1% chia extract, Ts. Treatment of 0.25%
chia extract, T4 Treatment of 0.5% chia extract)
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Fig. 1. Color scores of butter samples containing chia seed extract during 60 days refrigerated storage
* Different lowercase in each day indicate a significant differences between treatments at the level of 5% (p<0.05).

(C: Control, T1;0.05% chia extract, T»: 0.1% chia extract, Ts: 0.25% chia extract, T4, 0.5% chia extract)

6
5

g

S

Z 4

= —C

g

23 —T1

o

& T2

L 2

= T3

5

= —T4
0

1 15 30 45 60
Storage time (day)

sy Il 55 (65150 59, T (b )3 Ly &l (ST 0 jlas (golo 0,5 Glaraiges CBL jlitel ol puk g, —F S
Fig. 2. Texture scores of butter samples containing chia seed extract during 60 days refrigerated storage
* Different lowercase in each day indicate a significant differences between treatments at the level of 5% (p<0.05).

(C: Control, T1.0.05% chia extract, T»: 0.1% chia extract, Ts. 0.25% chia extract, T4 0.5% chia extract)
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Fig. 3. Flavor scores of butter samples containing chia seed extract during 60 days refrigerated storage
= Different lowercase in each day indicate a significant differences between treatments at the level of 5% (p<0.05).

(C: Control, T1:0.05% chia extract, T»: 0.1% chia extract, Ts: 0.25% chia extract, T, 0.5% chia extract)
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Fig. 4. Overall acceptance scores of butter samples containing chia seed extract during 60 days refrigerated storage
* Different lowercase in each day indicate a significant differences between treatments at the level of 5% (p<0.05).

(C: Control, T1.0.05% chia extract, T»: 0.1% chia extract, Ts. 0.25% chia extract, T 0.5% chia extract)
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Abstract

Introduction: Anthocyanins are one of the most important of food colorants, which are found in many fruits, flowers,
and vegetables, and have been used as natural pigments in commercial foods and beverage products due to their desirable
colors and potential nutritional benefits. Saffron (Crocus sativus) is the most expensive spice of the world and an average
86.4% of wet weight or 96.4% of dry weight of saffron flowers is related to petals. Saffron petals usually do not have a
commercial value but contain large amounts of anthocyanins, flavonoids and glycosides. Thus, these petals can be a good
source of natural dyes applicable in pharmaceuticals, confectionery, and soft drinks. However, anthocyanins are readily
unstable compounds with exposure to oxygen, pH, temperature, enzyme, light, as well as surrounding components, which
reduces food color and quality. Losses of anthocyanins occur during juice processing and storage, and methods are needed
to prevent these losses. Up to now, various methods including the encapsulation and the co-pigmentation have been tried
to intensify the stability of anthocyanins. The co-pigmentation based on the molecular interactions, has been shown to be
an efficient way to stabilize anthocyanins. The addition of organic acids, flavonoids, alkaloids, polysaccharides, proteins,
etc. as a co-pigment, can improve the stability, and change the bioactivity of anthocyanins. Encapsulation of anthocyanins
by alpha and beta cyclodextrins is a potential treatment that could d anthocyanin losses. Anthocyanins can form inclusion
complexes with cyclodextrin molecules, which may protect anthocyanins from hydration and polymerization reactions.
Therefore, saffron petal is a potential resource of anthocyanin in Iran. Low thermal stability of the anthocyanins caused a
tendency to the synthetic colorants. Therefore, the main goal of this research was to investigate the effect of cyclodextrins
and co-pigmentation on the anthocyanin extract of saffron petal during heat treatment.

Materials and Methods: Anthocyanin extract of saffron petal was extracted by 50% acidic ethanol solution at
ambient temperature. Acidified extract was concentrated by a rotary evaporator at 40°C up to 9 percent concentration of
solid materials. Different concentrations of alpha and beta cyclodextrin (10, 25, 50, 75 and 100 mole alpha or beta
cyclodextrin to one mole anthocyanin) and also, different co-pigments such as gallic acid (at two molar ratio of 50:1 and
100:1of galic acid/anthocyanin), ferulic acid (at two molar ratio of 50:1 and 100:1of ferulic acid/anthocyanin), quercetin
(at two molar ratio of 2.5:1 and 5:1 of quercetin/anthocyanin) and rutin (at two molar ratio of 10:1 and 25:1 of
rutin/anthocyanin) were used to study the thermal stability of anthocyanin. Furthermore, the hydroalcoholic extract of
rosehip was prepared and concentrated thereby, the rosehip extract (at two molar ratio of 50:1 and 100:1gallic acid
equivalent/anthocyanin) was used as a co-pigment. Total anthocyanin content was measured using differential pH method
and reported based on mg of cyanidin 3-glucoside per 100 ml the model drink. a* value was measured by Hunter Lab.
Model drink (20 mM acid citric buffer in pH of 3) containing 0.01 % CaCl, and anthocyanin extract was prepared.
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Prepared model drinks were heated at 90 °C during 0, 15, 30, 45, 60, 90 and 120 min and then, were cooled up to room
temperature. Half time of anthocyanin was calculated and the mentioned treatments were investigated to evaluate the
stability of the different compounds.

Results and Discussion: The results indicated that alpha cyclodextrin at molar ratio of 50:1 (alpha cyclodextrin to
anthocyanin) hadn’t any significant effect on the anthocyanin stability but beta cyclodextrin at molar ratio of 50:1
increased the colorant stability, which can be due to the smaller cavity of alpha cyclodextrin rather than beta cyclodextrin
that lead to the lower interaction between alpha cyclodextrin and anthocyanin. Although, phenolic co-pigments hadn’t
any significant effect on the anthocyanin stability of the model drink but the rosehip extract at two molar ratios of 50:1
and 100: 1 increased the anthocyanin retention. Total phenolic content of rosehip extract was 14.56 g gallic acid equivalent
per liter of the extract and total flavonoid content was 365 mg quercetin equivalent per liter of the extract. According to
the studies and our results about total phenol and flavonoid content, the increased retention of the anthocyanin can be
related to the variety of the phenolic and flavonoid compounds of the rosehip extract. Therefore, beta cyclodextrin as a
trapping agent and rosehip extract as a co-pigment, can increase the anthocyanin stability of the saffron petal during heat
treatment.

Keywords: Thermal stabilization, Anthocyanin, saffron petal, B-cyclodextrin, Rosehip extract.
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Fig. 1. Heat stability in the model drink

e Jgo sl (g9l Jio laidedys 503 gl
DB pt 2350 il e J dm g B o S 2oty 5 ]
Sl sl J1 U8 b Sds g50)8 (adld wyp e )5
S S S 298l Y Jgo slacad )3 o 351 ]
25 JygS B gyl B o jiie (b9 3)S (o0 pu (oS
Do 0 03 Cund Syl slewd 4 laliidl (g50,8 sl

5 oS 9lSe g5 ()l Jles S 25 ol 5l Sb b
0 Jpis) 358 308 523l » sibiine b ol clile
Slodigel (g508 (Al ogd e saalie ¥ JSS 5 oS jshalen
Sob slodiges I jitn )b gme sobdr (S 35lSnly ol
llasdo LB jgbar ()l o izmed D9 (o S 29l il
S 23 ol pials cage g b )3 b cov ) (g)e)8 padl
D9 0313 Cans )l e (b by pslewgil o 56 4 Kl e

Jsse G b puslia8” S5 (gl (58l (slo JsSge 2 Ulg5
lapiSeny 5 (oldd Calee Jolo g3 4 atuly loge
990 ¢S 39S s e SLS 5 (o (Seladge
sllagyly logys Judil gy cna b (Mo g Glote
N S uSen y g (ks> = s> 5 (9dgriep s S )
OB Glode J9Sge 9 (S 29l 0 G Sy 3 (ST9ye

el L Lpslaegdl  gleluly

ot oS 398Ky

ez Ggllas 2518 1 0y S 6l b o bl Sl
PH 5 Lo> 5 555 Juud ) (oo Ll ol 3 b)) o 55 ials
9 5912 (2 nS 9ISl b Wit 208 syl A3 oo (008
Ozl o s 9 gelilen o tisTy 1T wins uSleS JSUis
6wy cas J(Howard et al, 2013) asle ol o
dl.m&.,mj ‘meLwyT 2 u;),.mf.!;lﬁm)l» 9 h’zﬂ d}L»)lJ.ili
ol ool ) olegtl @ (S5l oo il
D91 cpsbewgtl Jgo V el 4 o S 290l /)]

O S 35Sty 10938l 39 oo 0B liie ¥ JSU5 534S jolailan
2P 100) ibine GilBl cage ) 4 0 Jgo Cunid
(U L0 & o) Jdo b 53 o8l (Bl pplwgis] cale
Voo lA ©se 4y o) il 4y A glod y3) )l Hle 5 e
JriS Hgei b s gme gldl (Jgo slacuns plo g 45 (add>
6 eSomd S 3olSeld] 958l (Jb ol b izl

(7 JS5) s oo (Saedgs ) ilewsis] (65l 1 (55 gime



VP (60 — 53T Bojlods MA al> ! (138 &luo g pole Glaiidgy 4 pii YVY

iy g9 4 Cod (2 1S 39Sl i (391 i Sa S b 4y &S
9 u’).wjb}lﬁ.wbﬂ o o 6oL b iiSeny Yl
JAp S pcims slaligy calpl g Cusl oadi 85 Gilugs]
(Y+VY¥) oS g Howard .(Fernandes et al., 2013) cusl o
olas & paSndSonly AY 0958 a5 15,5 ssalis
cdale (il coge Y8 U Y/A calises slpH > Chokeberry

B S 905 & S ZFR line 0 g3l Jglee (piliwss]

(mg/L)
& &

) [ B L R R R )
o =T B = RV
1 1 1

Anthocvanin content
=
(¥}
1

[T, |

.(Bourvellec, 2003) s jlal (oSS |5 4y 5018 48" 35l
Wl Caliseo  Jgo (slacams 156 a5 (V+1Y) ]S o Fernandes
2395l sl (Jgo SG) 0 (Jge 00 —F) 0y 25l
i S 9lS okt (35381 48 03,8 waalite 53,5 o (g,
SapH 1> S5 ol g 43 (ilsil Jolne S5 lalS 4
638 < S 298 nldl] (9381 b e Jlo ol b 3gr st YL
3585 423 ] 53,55 o0t il Sl 5, 3 5

e e (0)
at

Iy
.ﬂ?arment

a
‘ c b bec b be bc
1o 25 S0 75 1p

Beta cyclodextrin/Anthocyanin ratio (mol/mol)

31,5 0w a2 )3 Qe 3 ()l jlowi s Voo 51y bl ()1l 22 wilwgisT &1 (2 anS gl (Jgo G 30 Y JSS
Fig. 2. The effect of molar ratio of B-cyclodextrin to anthocyanin on the anthocyanin stability after 100 min heat
treatment at 90°C
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Table 1- The variance analysis of the effect of cyclodextrins on the a* value

Source DF SS MS F-Value  P-Value
T1 1 7.9138 7.91375 529.57 0.000
T2 1 2.6744  2.67435 178.96 0.000
T3 5 34392 0.68784  46.03 0.000
T1*T2 1 2.6744  2.67435 178.96 0.000
T1*T3 5 7.2338  1.44677 96.81 0.000
T2*T3 5 0.0942  0.01884 1.26 0.313
T1*T2*T3 5 0.0942  0.01884 1.26 0.313
Error 24 0.3586  0.01494
Total 47 24.4825
T1: heat treatment (before and after), T2: Cyclodextrin type (o and B), T3: Cyclodextrin/anthocyanin molar ratio (10:1
to 100:1)
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Fig. 4. The effect of molar ratio of cyclodextrins to anthocyanin on the a* value of the model drink after 100 min heat
treatment at 90°C
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Table 2- The effect of different copigments on the anthocyanin retention and total color change (AE) of the model drink

Copigman Molar ratio of Anthocyanin AE
copigment/Anthocyanin _ retention (%)

Blank 51.6 +1.112 1.37 +0.04¢
Galic acid 50:1 51.00 +0.28%  1.68 +0.16¢
100:1 46.26+0.11°  1.85+0.14¢
Quercetin 251 49.92 +0.232  4.01 +0.23¢
51 48.58 +0.52 4.05 +0.68°
Ferolic acid 50:1 48.46 +0.352 1.69 +0.11¢
100:1 48.07 +0.692 1.71 +0.04¢
Rutin 10:1 49.20 +0.222  8.43 +0.37°
251 4594 +1.88* 13.82 +0.18%
Rosehip extract 50:1 54,31 +0.17° 4.73 +0.07°¢
100:1 58.84 +1.59° 3.66 +0.24°
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