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Introduction

Sapodilla is a tropical fruit well-known for its sweet taste and soft texture. It is a fruit that continues to ripen
naturally after being harvested. Therefore, the fruit harvesting time must be chosen carefully to ensure that the
fruit reaches a stage of ripeness where it has the desired flavor and quality. Sapodilla continues to ripen naturally
after harvest, so selecting the right time for picking is crucial for ensuring optimal flavor and quality. Proper post-
harvest handling, such as controlling temperature and humidity, can extend its shelf life. Using edible coatings or
suitable packaging also helps preserve its freshness and delay spoilage. Maintaining quality and reducing post-
harvest fruit deterioration is one of the significant challenges in the agricultural supply chain, requiring effective
protective methods. The spoilage of sapodilla fruit is due to its sensitivity to temperature conditions and water
loss. Application of amino acids can help preserve its quality and extend its shelf life. In this study, phenylalanine,
glutathione, melatonin, L-arginine, and control (distilled water) were applied to evaluate post-harvest quality of
sapodilla over five storage periods with three replications.

Materials and Methods

First, sapodilla fruits were harvested from an orchard located in Rodan City at the stage of commercial maturity
in the second half of July. Immediately after harvesting, the fruits were transported to the Horticultural Science
Laboratory at the Faculty of Agriculture, University of Hormozgan. The harvested fruits were healthy and free
from pests and diseases. They were selected based on uniform shape and weight. After being washed, the fruits
were disinfected in a 1% sodium hypochlorite solution for 2 minutes. Following disinfection, the fruits were dried
in ambient air.

The fruits were treated with four amino acids (phenylalanine (8 mM), glutathione (0.05%), melatonin (0.5 mM)
and L-arginine (1 mM)) and control (distilled water) for 10 minutes. After the treatment, they were transferred to
the cold room with a temperature of 8 + 1 C° and a relative humidity of 90 £ 5 .. The factorial experiment was
conducted in five storage times (0, 10, 20 30 and 40) in three replications as a completely random design and the
quality and biochemical factors of sapodilla were measured.

Results and Discussion
In this study, the weight loss of Sapodilla fruit increased with storage time, while the treatments helped prevent
weight loss. At the end of the 40-day storage, the phenylalanine treatment prevented 37.9% of the weight loss
compared to the control. Phenylalanine treatment prevented 92.33% of the weight loss relative to the control. The

©2025 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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fruit firmness decreased over time, whereas treatments helped increase this parameter. The highest and lowest
firmness values at the end of the experiment were observed in the melatonin and glutathione treatments (97.67 and
66.66 N, respectively), with the control having the lowest firmness (57.55 N). Soluble solids content increased
over time. The highest and lowest soluble solids were found in the control and the treatments with arginine,
melatonin, and glutathione, respectively. At the end of the 40-day experiment, the arginine, melatonin, and
glutathione treatments reduced soluble solids content, compared to the control by 6.98%, 6.60%, and 6.41%,
respectively. The greatest and least increases in soluble solids were observed in the control and the treatments with
L-arginine and glutathione, respectively. After 40 days of storage, the L-arginine and glutathione treatments
reduced the decay percentage by 45.81% and 41.43%, respectively, compared to the control. Glutathione treatment
increased the ascorbic acid content of sapodilla fruit at most storage times. At the end of storage (40 days),
glutathione treatment increased ascorbic acid content by 56.79% compared to the control. An increase in
antioxidant activity was observed in Sapodilla fruit over time. On day 30 of storage, phenylalanine treatment
increased antioxidant activity by 28.67%, and on day 40, melatonin treatment showed a 30.61% increase. This
increase in antioxidant activity is considered a defense response to environmental and physiological stress during
storage. At the end of 40-day storage period, catalase activity increased. The highest and lowest catalase activities
were observed at 33.06 and 25.22 units/mg fresh weight, respectively. By day 40, catalase activity was increased
to 31.08% in the arginine treatment compared to the control.

Conclusion

In conclusion, using these treatments, particularly phenylalanine, melatonin, and glutathione, can serve as
effective strategies for preserving the quality of sapodilla fruit during long-term storage and mitigating the negative
effects of physiological and environmental stress. These treatments not only reduce weight loss, maintain firmness,
and prevent decay, but also improve the nutritional properties and health benefits of the fruit by enhancing
antioxidant activity and defense enzyme levels. In the future, further research could focus on identifying the precise
mechanisms by which these compounds influence the biochemical processes in sapodilla and other fruits.
Furthermore, studying the long-term effects of these treatments, as well as their interactions with various
environmental and physiological factors in real-world storage conditions, could pave the way for wider adoption
of these strategies in the fruit storage and packaging industry. These investigations could enhance fruit preservation
methods, minimize food waste, and prolong the shelf life of fruits and decresing postharvest loss.

Keywords: Antioxidant activity, Glutathione, L-arginine, Melatonin, Phenylalanine
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Table 1- Variance analysis of simple and reciprocal effects of L-arginine, melatonin, glutathione and phenylalanine
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Fig. 1. Comparison of the average interaction effect of L-arginine, melatonin, glutathione and phenylalanine treatments on
weight loss of sapodilla fruit during storage (0, 10, 20, 30 and 40 days)
Different letters indicate significant differences between treatments based on Duncan's range test (p<0.05). Error bars indicate
standard error (n = 3).
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Fig. 2. Comparison of the average interaction effect of L-arginine, melatonin, glutathione and phenylalanine treatments on
the soluble solids of Sapodilla fruit during storage (0, 10, 20, 30 and 40 days)

Different letters indicate significant differences between treatments based on Duncan's range test (p<0.05). Error bars indicate
standard error (n = 3).
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Fig. 4. Comparison of the average interaction effect of L-arginine, melatonin, glutathione and phenylalanine treatments on
fruit decay percentage of Sapodilla fruit during storage (0, 10, 20, 30 and 40 days)

Different letters indicate significant differences between treatments based on Duncan's range test (p<0.05). Error bars indicate
standard error (n = 3).
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Fig. 5. Comparison of the average interaction effect of L-arginine, melatonin, glutathione and phenylalanine treatments on

ascorbic acid of Sapodilla fruit during storage (0, 10, 20, 30 and 40 days)
The mean of similar letters does not have a significant difference at the 5 % probability level. Error bar indicates standard error.
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Table 2- Analysis of variance of simple and interaction effects of arginine, melatonin, glutathione and phenylalanine
treatments on ascorbic acid, antioxidant and catalase traits of chico fruit
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ns, **and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Fig. 6. Comparison of the average interaction effect of L-arginine, melatonin, glutathione, and phenylalanine treatments on)

antioxidant activity of Sapodilla fruit firmness during storage (0, 10, 20, 30, and 40 days)
The mean of similar letters does not have a significant difference at the 5 % probability level. Error bar indicates standard error.
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catalase enzyme activity of sapodilla fruit during storage (0, 10, 20, 30 and 40 days)
The mean of similar letters does not have a significant difference at the 5% probability level. Error bar indicates standard error.
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Introduction

Packaging is an intermediary between the produced food products and the customer, which maintains the
quality of the product and provides the information required by the customer. The primary function of packaging
is to preserve the nutritional quality of products and extend their shelf life. Conventional packaging materials, such
as polyethylene, polypropylene, and polystyrene, are derived from petroleum-based sources and are widely utilized
in food packaging due to their advantageous properties, including high durability, lightweight nature, cost-
effectiveness, ease of manufacturing, and low water vapor permeability. However, degradation of these synthetic
materials is very slowly in the environment, leading to significant ecological pollution. In response to this issue,
there has been growing interest in the use of biopolymer materials as a sustainable alternative to non-
biodegradable, petroleum-derived packaging. Biodegradable biopolymers offer several benefits, such as
environmental degradability and lower production costs compared to synthetic polymers. Additionally, in certain
applications, biopolymers can enhance product shelf life and quality, making them a promising solution for
sustainable packaging.

Materials and Methods
In this study, a polylactic acid/polyethylene blend film reinforced with graphene oxide nanoparticles was
produced and then its mechanical, physical, and antimicrobial properties were investigated in two phases.

Phase 1

In this phase, three-component blends of blown film-type linear low-density polyethylene, general film-type
low-density polyethylene, and extruded sheet-type polylactic acid were prepared. For this purpose, 80 wt% linear
low-density polyethylene with 20 wt% low-density polyethylene and part 3, 6, and 9 part per hundred (phr)
polylactic acid in the presence of 0.05 phr of maleic anhydride-linked polyethylene compatibilizer were melt-
blended in a high-performance twin-screw extruder. Before mixing and extruding, linear polyethylene,
polyethylene, and polylactic acid granules were dried in a dryer at 80°C for 6 hours to remove moisture before the
process. After mixing, a blown film was prepared from the mixture using a single-layer blown extrusion machine.
In this stage, the optimal film was selected by performing various analyses.

Phase 2
The optimal film selected from the first stage was used to investigate the effect of graphene nanooxide in the
second stage. For this purpose, first, graphene nanooxide with phr concentrations of 0, 1, 3 and 5 relative to the
three-component mixture was well dispersed in the polylactic acid solution by ultrasonication. After drying in a
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thermal oven, the solution was poured into a co-rotating twin-screw extruder along with linear low-density
polyethylene, low-density polyethylene, and maleic anhydride-linked polyethylene compatibilizer for processing
and granulation. After that, a nanocomposite film was prepared according to the first phase method. In order to
investigate the effect of nano graphene oxide on the properties of the produced films, all relevant analyses were
performed.

Results and Discussion

The results showed that with the addition of PLA to the polyethylene matrix, due to the immiscibility of these
two materials, two peaks appeared at 122 and 165 °C in the thermogram of the blend, which was related to the
melting temperatures of polyethylene and polylactic acid, respectively. The tensile strength and tensile modulus
of the blends increased significantly with increasing PLA and GO content, so that the sample with 9 phrof
polylactic acid and 5 phr of graphene oxide (LDP9-G5), had the highest tensile strength and tensile modulus, 19.2
and 224 MPa. The oxygen transfer rate decreased with increasing GO content. So that the transmission rate for
sample LDP9 was 425 cm®m?2.d and for samples LDP9-G1, LDP9-G3 and LDP9-G5 were 417, 402 and 380
cm®/m?2.d, respectively. The ultraviolet light transmittance also showed that with increasing GO content in the film,
the ultraviolet light transmittance and transparency of the films decreased. The antimicrobial and antifungal test
of nanocomposite films also showed a decrease in the microbial population with increasing GO concentration.
Positively charged ions on the GO surface react with negative charges on the bacterial membrane and inactivate
the bacterial function. Sample LDP9-G5 had the highest antifungal activity in the culture medium of Candida
albicans. Also, the biodegradability of sample LDP9-G5 was 11% within 8 weeks.

Conclusion
According to the results obtained, it can be said that the obtained nanocomposite film showed excellent
mechanical and antimicrobial properties compared to the control film sample due to the presence of graphene
oxide in its structure.

Keywords: Biodegradability, Biopolymer, Packaging, Reinforced, Tensile strength
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1- Polylactic acid (PLA)
2- Low density polyethylene (LDPE)
3- Rotor disperser
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Table 1- Specifications of materials used in the research
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Name of the substance Property

8 jlw 5w 3,
Manufacturer Application

NANERIAN [N
Density 0.91-0.94 g.cm?
yoshgen g5
V- °C lod o Ulie ol
Homopolymer type
Melt flow at 190 (2 g.10
min)

V=AY s
Density 0.91-0.92 g.cm?
yoshgen g9
ya- °C sl » gta‘;\n ub)>
Homopolymer type
Melt flow at 190 °C (2 g.10
min™)

YD JISs
Density 1.25 g.cm™
VAo Jsse s
Lol SISV Molecular weight 196,000

Polylactic acid g.mol*

\a. °C L;Lz.} » q;\n ub)>
Melt flow at 190 °C (2.5
g.10 mint)
FYVUFA JsSse o3
Molecular weight 4239.48

S ol
Low density polyethylene

e s

Linear low density polyethylene

OS2 gmol
Nano graphene oxi Y
15-20 plates
Sl ™ HEISWAY 51 V¥A S
Al 2,51 025 AL Density 1.48 g.cm?

Polyethylene crosslinked with vor
maleic anhydride vy °C e sl

Boiling point 202 °C

AR Y
pyd)lS Density 1.49 g.cm™
Chloroform £Y °C Lbe> lod

Boiling point 62 °C

Arak Petrochemical company

Arak Petrochemical company

Kunststoff GmbH Siemensring

Grorky pld il

Polymer film matrix

Sl oy <8y

Sk pld uyile

Polymer film matrix

Sl oy iy <8y

Kunststoff GmbH < ,s

. . 0Pl S Jole = pudica i j ol
Siemensring

Biodegradable film — property

company improvement agent

Gty Jols —olss dge Jole
Merck Property-improving agent -
antimicrobial agent

Merck °m’L_§}lf°
Compatiblizer
Merck S
Solvent
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3- Polyethylene grafted anhydride maleic (PE-g-MA)
4- Part Per Hundred (phr)
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1- Linear Low Density Polyethylene (LLDPE)
2- Nano-Graphene Oxide (NGO)
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Table 2- Percentage composition and coding of samples

Waos S LLDPE ,lads LDPE laéo PLA ,lado GO ,lade PE-g-MA ,lado
Sam:T; code LLDPE content LDPE content PLA content GO content PE-g-MA content
(percentage weight)  (percentage weight) (phr) (phr) (phr)

LDP9 80 20 9 - 3
LDP9-G1 80 20 9 1 3
LDP9-G3 80 20 9 3 3
LDP9-G5 80 20 9 5 3

1- Oxygen Transmission Rate (OTR)



YAY (95900l 9l slaplad (o9 )Knoid 9 (Soilso (S0 jud Sluoguas oy 9 At ()0 g 48 b

T2 o905
yoo Sl cuiS 5l @) A3 g (Shie (w)p Gl
ool aaw (g9, bl 7 L Ly i/ g ° LS Lutils
SoS 4 Sdawar oo o 4 & b ol Sl b
1 JoL5 ¥ il sl b 233,5 deulons (5359 Sy S
SDB® i) e g b (ATCC 90028) L5 Luis yuil § LuuiS]
e s 0013 S 01)S il a2 YV glod pd el VF tony
odlal coddodls cusS sl Jobe (soiind (gl PBS? Jgloro
lodises g9y p Sl Wbl St 25yl Sy 05
o (ol 55 b V) sl e s il i ol
A 4Ll gy a3 3 L5 ] ) ladiges 4 (w900 olSoly) Sal> ya
IS5 o 53 Wntigns (555 A oy oSl Lyl 5 s
2 g Celo b Sdedy (5mlbgSSl 5l e ldio (g)lbe o
oSl Ly Gl g gutisinis b.\m S FyolS le e > VY les
amiuo oyledd gy« 338 (6 pSojlul (gl s ploul PBS L ol
S5 oy lp 38 L5 edlatul 390 iKW Luils”
o3lil g, plon 5l 5o Wdiged g9y i) Ll plidcny
OembioSSl g 8Ll ladiges 4 SDB i) luo duw 48" gl oyl b et
93 Loy ploul b baygejl ol ,1,S5 0 plosl gilgn balys )

858 oy 2590 3k

SRR AT ) (903

o e S 58 gyt igel G (s jod
Lo didd Culd Lo ,@ Gde 4y adiged (yjs ials 5 )5 Hl\8
kol 3 (Mo) ads) 0 b quye sioishes Yo X Yo sl L ladigas .05
U o b (slojgd jobods g w0 (495 SB- 5 (6 yte Bl )+
b sas bl (s oMb sbiains S 5l oads)slaos)
oy Jolgd 3 Gl uedl b CusgieS 355 plol (s 59
loyed ©ypody 08 sladises b ALBl &5 Cobye e
DS Sl ol 59 6 g oo dtad et Ol b e 0k oL
@ 515 55 (M) 2l 0ig sl Cewdty gl caled 2
(Ru) o8lo Bl 5y wop> Sl cuus - Sl PO
WA dewlors ¥ dldlee gillas

6- Escherichia coli (E. coli)

7- Suspension solution

8- Sabouraud Dextrose Broth (SDB)
9- Phosphate- Buffered Saline (PBS)

((WVTR) o jlas JBS £ 53 o303

(Slod 3 Py oy tiges (WVTR) s JUasl ¢ 5
Sylulinl mllas dop OF s Cugby 5 oS ko asy YO
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1- Water Vapor Transmission Rate (WVTR)
2- Light transmission

3- Staphylococcus Aureus

4- Antifungal

5- Candida Albicans (C. albicans)
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2- X-ray Diffraction (XRD)
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Ry, (%) = (—5—) x 100 (v)
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Fig. 1. Stress-strain curve of LDPE/LLDPE/PLA blend and blends containing different concentrations of GO
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Table 3- Tensile strength, tensile modulus, and elongation at break of LDPE/LLDPE/PLA blends and blends containing
different concentrations of GO
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Sample  Tensile modulus (MPa) Tensile strength (MPa) Elongation at break (%)
LDP9 2008 17.2+0.3 198+ 8
LDP9-G1 208+ 12 17.7+04 178 +5
LDP9-G3 2165 18.3+0.5 17711
LDP9-G5 224 £9 19.2+0.2 1774
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Fig. 2- Oxygen transfer rates of LDPE/LLDPE/PLA blends and blends containing different concentrations of GO
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Introduction
Recovery of active ingredients from plants is generally carried out using solid-liquid extraction. Selecting an
appropriate solvent is one of the parameters that strongly affects the extraction performance and the type of
extracted compounds. So far, various solvents have been used to extract these compounds. In addition to the need
for large amounts of solvent, the high consumption of organic solvents causes problems such as environmental
pollution and possible destruction of active compounds. Green solvents have been considered for the extraction
process to reduce the consumption of non-toxic solvents and protect the environment. Natural deep eutectic
solvents (NADES) are a new class of solvents used in extraction that consist of a mixture of two or more
biodegradable natural compounds with low or no toxicity. The important features of these solvents are their low
toxicity, biocompatibility, simple preparation, and low cost. Given the significant advantages of these solvents, in
recent years, the use of NADES in the extraction of phenolic and antioxidant compounds has been considered.
Applying appropriate auxiliary treatments to the sample or the sample-solvent combination during the extraction
process can improve the performance of the extraction process. The use of ultrasonic waves allows for better
extraction by creating shear force, disrupting the integrity of the cell wall, and better penetration of the solvent
into the tissue. Pulsed electric waves also create pores in the cell membrane without causing minimal damage to
the other parts, while maintaining consistency and structure, accelerating the permeability and transport of water
and dissolved substances from the cell membrane, and allowing the extraction of active substances under better

conditions.

Materials and Methods

This study was conducted in 3 phases to extract the compounds of the golden plant using natural deep eutectic
solvents. In the first phase, effect of the type of solvent used including carboxylic acids (citric acid and malic acid),
sugars (glucose and fructose), and sugar alcohols (ethylene glycol and glycerol) on the quality of the extracted
material was evaluated. In the second phase, to improve the possibility of extracting the active ingredient of this
plant, the sample was treated with pulsed electric waves, and in the third phase, the extraction of phenolic
compounds from the sample was carried out with the solvent type selected from the first phase under the conditions
of applying and non applying ultrasonic waves. ldentification of the compounds present in the extract was carried
out on the selected samples using HPLC. Finally, the ability to recover the extracted compounds was carried out
from the best sample. Statistical analysis of the results was carried out using a completely randomized design -
factorial test with SAS VERSION 9 software.

Results and Discussion
The extract from the eutectic solvent containing ethylene glycol due to its high antioxidant activity and the
extract from the eutectic solvent containing maleic acid due to its high phenolic compounds were selected as the
best solvents for making the Dracocephalum kotschyi extract. Considering the total number of identified

©2025 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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compounds, the content of identified compounds in the extract with a eutectic solvent containing ethylene glycol
was 17000.05 pg/g, and in the extract with a eutectic solvent containing maleic acid was 10029.1 pg/g. Therefore,
the content of active compounds of an extract with a eutectic solvent containing ethylene glycol was about 70%
higher than the content of active compounds of an extract with a eutectic solvent containing maleic acid, and this
solvent was selected for further studies. The study of the effect of applying electric pulses and ultrasonic waves
on the extraction process shows that by increasing the intensity of the electric pulse and the duration of using
ultrasonic waves, the content of phenolic compounds and antioxidant properties of the extract increased. Electric
pulses accelerate the permeability and transport of water and dissolved substances by creating pores in the cell
membrane. The change in the properties of the cell wall membrane in such a way that the substances inside the
cell can be quickly and easily removed from the cell, causes the extraction to be carried out in the minimum time
and energy required. The total weight of phenolic compounds identified in the extract with a eutectic solvent
containing ethylene glycol with the application of auxiliary was 25275.41 pg/g, without the application of auxiliary
treatments was 17000.05 pg/g, and in the sample extracted with ethanol was 21652.89 pg/g. Therefore, the
application of auxiliary treatments was effective and superior to the ethanol solvent in increasing the extraction of
compounds from the plant. The polyphenol content extracted with ethylene glycol-choline chloride with and
without auxiliary treatments was determined as 53 and 45 percent, respectively.

Conclusion
The solvent containing choline chloride-ethylene glycol had the best conditions for extracting the active
compounds of Dracocephalum kotschyi. Applying a 5000 W electric pulse pretreatment and using ultrasonic
waves for 30 minutes in the extraction stage had a significant effect in increasing the extractability of the active
compounds. Using the anti-solvent (water) precipitation method, 53% of the phenolic compounds were recovered
and the eutectic solvent was returned to the system.

Keywords: Antioxidant activity, Dracocephalum kotschyi, Natural deep eutectic solvent, Phenolic
compounds, Pulse electric field, Ultrasonic waves
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Fig. 1. Effect of solvents on the extracted phenolic compounds

(Solvent type includes eutectic solvents with 1: choline chloride-sucrose; 2: choline chloride-fructose; 3: choline chloride-glycerol; 4:
choline chloride-ethylene glycol; 5: choline chloride-citric acid; 6: choline chloride-maleic acid; 7: 50% ethanol)
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Fig. 2. Effect of solvent type on the antioxidant properties of extracts

(Solvent type includes eutectic solvents with 1: choline chloride-sucrose; 2: choline chloride-fructose; 3: choline chloride-glycerol; 4:
choline chloride-ethylene glycol; 5: choline chloride-citric acid; 6: choline chloride-maleic acid; 7: 50% ethanol)

oSy slee Dracocephalum kotschyi Boiss LS oudd 7l yadeul slas jlas Gl 3 AuS g oS b
el Seleg) (iged dlex | egtie angisde 5 Sps Al Sl g1 Mo b



TV ol y) 0 bac gl il 13 (Ko g jlosi 3,0) g P> S 5 il il e olis 3 SUS

oS b dlike LSy clili s g oleld o
logT )\l _iomie cymess 5 oglito grghans 55 Lyl (sl Ll
e Saifasy soiped b il S ch)S ol
3l 5 e U5 s oy Senstl 1 iy
slaojlas 3 sl osal ¥ Jgan 3 bl wlipy &S gy g

L o lwlid g S

o3l 23S st 1 o JW3 3o 3 Seosl3S1 Jgidsy
rmobin pliad il Sgis S 5 o Sl g el o5y o
&l @YU SlasT sl el syl sl ela 0], Bls (¢l
Grizpen sl 05 (IS oSl gtes il g ol
Pl Gl g pell WS Ol 3y p e SUIS
2929 0LS (nl 3 39290 0550 ge sl gy 18 g Slbpuis
cwl S5 L8 (Foroozandeh & Asadi-Gharneh, 2021) sl

VORISR X Wiy J PV I EY S TR WCRL B R PRES

Table 2— Compounds of Dracocephalum kotschyi extracts
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Means with different letters are statistically significantly different at the 5% probability level.
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Table 3- Effect of electric pulses and ultrasonic waves on the phenolic content and antioxidant activity of Dracocephalum kotschyi extract
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Fig. 3. Effect of electric pulses and ultrasonic time on the extraction of phenolic compounds from Dracocephalum kotschyi
using the selected eutectic solvent
Means with different letters are statistically significantly different at the 5% probability level.
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Introduction

Foams are colloidal systems that are formed by the accumulation of gas bubbles separated from each other by
thin liquid layers. Foams have attracted a lot of attention from the food industry and culinary arts due to their
unique flavor and texture properties. Marshmallows are an aerated confectionery product that is mainly prepared
from gelatin (as a foaming and gelling agent), sugar solution (including glucose syrup and sugar), flavoring, and
coloring agents. Gelatins are amphiphilic macromolecules and are obtained from hydrolyzed collagens. Gelatin
is a quite digestible protein and contains all essential amino acids except tryptophan. The simplest way to
produce gelatin is to convert collagen into gelatin by denaturing or breaking down the collagen molecule to make
it soluble in water. This process generally involves an acidic, alkaline, or enzymatic pretreatment. In food
applications, gelatin can act as a foaming agent, emulsifier, biodegradable film former, colloidal stabilizer, and
microencapsulating agent. Due to health, religious, and economic restrictions on the consumption of gelatin from
mammals, other sources for gelatin production must have characteristics such as high amounts of by-product
availability (Because continuous production in the industry is an essential economic issue) and a value close to
the rheological properties of mammalian gelatin in order to be considered as a alternative suitable source for
replacement. Hence, poultry by-products can be investigated as a new source of gelatin extraction.

Materials and Methods

In this study, gelatin was extracted, from chicken feet using an acidic method. The gelatin production process
consists of three main steps: pretreatment of raw materials, gelatin extraction, purification, and drying. Gelatin of
chicken feet was used in the marshmallow product at two levels of 6 and 8 percent. Physicochemical properties
of gelatin including moisture, color, gel strength, rheology, fat, protein, and ash were analyzed. In the evaluation
of the marshmallow, textural components, rheology, electron microscopy, differential thermal scanning, and
sensory evaluation (Appearance, color, aroma, sweetness, texture, hardness, and gumminess) were determined.
The sensory evaluation was conducted on a five-point hedonic scale. Statistical analysis of this study was
performed with Duncan's multiple range test using SPSS software.

Result and Discussion
In the physicochemical analysis of gelatin extracted from chicken feet, the protein content was 78.27+0.445,
fat 10+2, ash 47.6+£0.46 and moisture 70.12+0.28%. In the frequency sweep test, the storage modulus was
always higher than the loss modulus, indicating the high strength and viscoelastic behavior of gelatin at a given
strain. In evaluating the flow behavior of gelatin obtained from chicken feet, the viscosity of the sample
decreased with increasing shear rate, indicating the shear-thinning behavior of gelatin. Adding 8% gelatin to the

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
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marshmallow sample significantly increased the hardness, gumminess, and texture adhesion indices. The
Overran in the sample contained 8% gelatin was 40, and the marshmallow contained 6% gelatin was 30. The
presence of more protein has a positive effect on the process of reducing surface tension, and more proteins, with
the polar parts of the molecule is opened towards the water, are absorbed at the interface, creating a stabilizing
layer around the bubbles, which causes more foam to form and increases overran. There was no significant
difference between the samples in moisture, water activity, and color a, b indices. In terms of sensory parameters
of sweetness, texture firmness, gumminess, and overall acceptance, the 8% gelatin sample was given the lowest
score. In the applied frequency range, the G' modulus in all samples was higher than the G" modulus, indicating
viscoelastic behavior and gel strength at a definite strain. In all samples, the complex viscosity decreases linearly
with increasing applied frequency, reflecting the shear-thinning behavior of the samples. Marshmallow
consisting of 6% gelatin was determined as the selected formulation in terms of physicochemical, rheological,
and sensory evaluation properties.

Conclusion
Based on the results obtained from this research and In order to optimally utilize chicken waste, this
innovation can be used to produce health-oriented and cost-effective product.

Keywords: Chicken feet gelatin, Marshmallow, Rheology, Texture, Thermal properties
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Table 1- Physicochemical properties of gelatin extracted from chicken feet

093! NG
Analysis Result
S 6.47+ 0.46
Ash (%)
w2 10+2
Fat (%)
u-’5)’ 78.27+ 0.445
Protein (%)
sk 12.70+0.28
Moisture
<l 889.33+108.51
Texture
el 3.25+1.81
Yield (%)
(IPH 028 Sas 03 54, 1043
pH before drying
IPH 0o)8 Sis a6 05
pH after drying
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Table 2- The color of extracted gelatin powder and solution

A a b L
Sample
"WY) »% -0.56 £ 0.61 3.67£0.107 15.98 +0.360
Gelatin powder
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o5 -0.33 +0.66 3.61 £0.343 20.80 +0.817

Gelatin solution
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Fig. 3. Storage modulus G and drop modulus G of chicken leg gelatin gel in the linear viscoelastic region
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Table 3- The results of the qualitative examination of marshmallow samples

dgos Overrun Aw Moisture
Sample SrdpdS  Jlodls Cugb,
7 e 30 0.783 3354
Marshmallow6%
A Pl 40 0.797 33.79

Marshmallow 8%
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Table 4- The results of examination of tissue factors inTPA analysis

diged S v glow )l cub Curond TS O Culid
Sample Hardness Cohesivenes Springines Gummines Adhesivenes Chewines
1 Pl le 460° 0.93622 7.312 420.33° 1.116° 32.992
Marshmallow6%
FA ot lo 1108.332 0.95° 4,592 822.332 2.592 37.102
Marshmallow8%
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Different letters in each column indicate a significant difference at the confidence level of 0.05%.
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Table 5- Measurement of color factors in marshmallow

diged

a b L
Sample
77 Jlod o 10158 03432 2.267°
Marshmallow6%
IAJdle 003 03428 3.603°

Marshmallow8%

A3l o 7o+ lieb pdan jd o dme OS] SSly gt yb )0 aliiepd gy
Different letters in each column indicate a significant difference at the confidence level of 0.05%.
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Fig. 7. Storage modulus G and drop modulus G of marshmallows containing 8% gelatin in the linear viscoelastic region
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containing 6% gelatin (diagram b) in the frequency range of 100 Hz
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Table 6- Melting point and enthalpy results of marshmallow
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Fig. 10. DSC thermogram of marshmallow samples containing 6% (a) and 8% (b) chicken feet gelatin
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Fig. 11. Microscopic image of marshmallow tissue containing 6% gelatin by electron microscope with 20 magnifications
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Fig. 12. Microscopic image of marshmallow tissue containing 8% gelatin by electron microscope with 20 magnifications



Vo T g0 oF oylod ¥V il oyl ) (1€ 2yl g pole lpiudghy 4y pis  FYP
—=— |lenght6%
350 *— lenght8%
1™
3004 \
l'""'-.
250
1%
+ 200 =
g . Sa
N S Y
[} ° —
-— 150_ | . . I—_._\.
\
-— g \l—l\.\_-
100 ~
* e
| &
N
50 - —a
D T T T T T
5 10 15 20
bubble
AR5 3590 Sl jlo (adiges )3 ol JSWS (slap SLe Jsb ,ldg05 VT JSU
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Table 7- Marshmallow sensory evaluation results

aige T A 5 oy
Sample Color Sweets Hardness Aroma Gumminess Appearance Overall acceptnace
77 Jlas o 3.625%  3.625 3.8752 3.252 3.6252 4.752 3.52
Marshmallow6%
FA o Lo 4 275 2250 2875 2,25 4.75° 2.875b
Marshmallow 8%
wlagledlle o750 3625 31250 3250 3.125 40 3.125

Control sample
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Different letters in each column indicate a significant difference at the confidence level of 0.05%.
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Introduction

Probiotics are live, beneficial microorganisms that, when administered in adequate amounts, provide
significant health benefits to the host. They play a vital role in maintaining and restoring gastrointestinal microbiota
balance, improving digestion, modulating the immune system, and protecting against pathogenic bacteria.
Prebiotics are non-digestible food components—typically fibers or complex carbohydrates—that selectively
stimulate the growth and activity of beneficial gut microorganisms. By fostering a favorable environment for
probiotics, prebiotics indirectly promote host health.

Recently, the search for natural and cost-effective prebiotic sources has intensified. Medicinal mushrooms,
particularly Ganoderma lucidum (reishi) and Lentinula edodes (shiitake), have emerged as promising candidates
due to their abundance of bioactive polysaccharides. These polysaccharides not only exhibit prebiotic potential
but also possess antioxidant, immunomodulatory, and anti-inflammatory properties.

This study aimed to investigate the prebiotic properties of polysaccharides extracted from G. lucidum and L.
edodes. Specifically, we evaluated their ability to stimulate the growth and metabolic activity of probiotic yeast
and bacterial isolates obtained from traditional and industrial dairy products. These natural polysaccharides may
contribute to the development of novel synbiotic products with enhanced health benefits.

Materials and Methods

Twenty dairy product samples were collected and subjected to microbial isolation to obtain yeast and bacterial
strains with probiotic potential. Isolates were identified using morphological, biochemical, and molecular
techniques, including PCR and sequencing.

Polysaccharides were extracted from the mycelium of G. lucidum and L. edodes via lyophilization and aqueous
extraction. Carbohydrate content was determined using the phenol-sulfuric acid assay, while antioxidant capacity
was assessed using the DPPH free radical scavenging method. FT-IR spectroscopy was employed to characterize
chemical structures.

The prebiotic effects of the mushroom polysaccharides were evaluated by supplementing sugar-free culture
media with these extracts. Growth and metabolic activity of selected probiotic isolates were compared to the
ontrols supplemented with glucose and inulin. Enzymatic and acid digestion assays were also performed to assess
the stability of the polysaccharides under simulated gastrointestinal conditions.

Results and Discussion
Multiple yeast and bacterial isolates were obtained from the dairy samples. Following biochemical screening,
four isolates—A3, Al10, B1, and B3—were selected for detailed analysis based on their probiotic potential.
Antibiogram testing revealed varied resistance and sensitivity profiles.
Molecular identification showed that isolate A10 was closely related to Candida tropicalis, while A3 matched

©2025 The author(s). This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Saccharomyces cerevisiae. Among the bacterial isolates, B1 was identified as Lactobacillus casei and B3 as
Lactobacillus acidophilus.

Polysaccharides extracted from G. lucidum and L. edodes exhibited lower reducing sugar content compared to
inulin, indicating a more complex carbohydrate structure and greater resistance to enzymatic breakdown.
Antioxidant assay demonstrated that, while inulin had the highest free radical scavenging activity, the mushroom
polysaccharides also showed significant antioxidant properties.

FT-IR spectra confirmed the presence of characteristic polysaccharide functional groups, such as hydroxyl,
carboxyl, and glycosidic linkages, consistent with previous findings on medicinal mushroom polysaccharides.

When added to sugar-free media, polysaccharides from both mushrooms stimulated the growth of probiotic
isolates, though to a lesser extent than glucose and inulin. This suggests that while these fungal polysaccharides
act as prebiotics, their fermentability and utilization by probiotics may differ from conventional prebiotics.

Optimal growth conditions for the probiotic isolates were observed at pH 5 and 37°C. The ability of these
isolates to thrive under such conditions, along with their positive response to mushroom polysaccharides,
underscores the potential of these compounds as functional prebiotic ingredients.

This study highlights the promising prebiotic and antioxidant properties of polysaccharides extracted from G.
lucidum and L. edodes. These natural compounds supported the growth of beneficial probiotic yeasts and bacteria
isolated from dairy products, suggesting their potential as synbiotic supplements.

Conclusion
Incorporating mushroom-derived polysaccharides into functional foods and dietary supplements could enhance
gastrointestinal microbiota balance and promote overall health. However, further research involving in vivo animal
models and human clinical trials is necessary to fully validate the health benefits and safety of these
polysaccharides. Such studies will help clarify their mechanisms of action, determine optimal dosages, and assess
long-term effects, paving the way for their application in health-promoting dietary and medicinal products.

Keywords: Ganoderma lucidum, Lentinula edodes, Prebiotic, Probiotic, Polysaccharide
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bl ol b 4 05 e pile 4ddd O )5 59
9 59b [l Jebl 5l poms dus Lot o155 e o gl sl
A e doyn ¥ oglod o Cel VWY Cdedy 5 odjed b &
YO« v 590 olaai U §aats y5lw dliwsds pls 8l Ly 5 A (510455
ool yii b el jolaieds ¢ del Cawddy 483D VO 4D e
yuda g3l e (Ren, Xu, Lu, & Yin, 2018) 15,8
&> S oS SIS Pleg)S gt | end glzl )8l
9es S Caa )5 odliwl A-25 Sl Jsly el sl
JUasl Bl J31s g oad ()59 Sid p39y jl e )5 0 Jlade Ll eygpies
S b AD 0203 )18 jo) il G e wom> lol38l jslateds i
@ 595 Dbl lga Ol gt > a5 ggosiar ol )] & e ol 0
e g 235 Colin x5S 05 4 ol Jate (g Jb
b ogiw @2l ¥ Y 900 b digel gl > (6565158

2- Freeze dryer
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P eSS ojlas g e Y gl il
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Stamets, 2011; ) ¢é,5 )8 Ly 3y90 )8 poslouse oSl
(Zarmi et al., 2022

ol Touyls e 9 p gbaviss g gl jlad gl
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el Y Caody o5 ol doyn Ve glod 3 0,5 35,8 5l amy
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1- Fruiting body
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553 3l 5 (NaOH) 55 (KHZPOL) i 35,0505
b a3 V¥ ply pH L (Pancreatin, Sigma-Aldrich, P1750)
B9 Jobre 93 039y g 0dne 0yud (oS 5 (gilwdnd sl (ieen
zlyzel b8 le b sad S5 F/0 ply pH L YAPY Cows &
bS5 )3 5 oad il Ggd LS & sl 5 0ad
Celo S Gody 3,8 5l 4> 2 YV (glod g 48D )5 50 Vo v g0
Sl e AL g oad Seble e @S )lSLeS
Skl 9325 (63 by 5 45 syl paiges AT 4B (5,03l
2 ieyhd Lo yd 05 ookl ol5T w8 (6 5o lul gl T(DNS) sl
Fan, ) as o)l5 S a8 4 cuws ord ol 08 lise ol
Mazza, & Liao, 2010; Jain, Jain, Gupta, & Ahirwar,

(2007

solslunly  Slunsl 0T cusgad iy
ouddi 7l Al

bl Jolio il o O b )l Lo Sl p)S /Y eyglate cnl &
0 30 L 03,5 boloro Celo ¥ Gody J10 S 553150l lawgs 4
A8 odliiulyyge (29) @le 9 oAb Joks yile 4GB Ve Ddedy Yeve
5 oyt el SeopgSial VgogSan Voo Jgbrs 51 5
sk GlasIl el cdale Syl b oslitnl Cuta
dges +[e—+e0/¥ g/mL  aale odgie oid glyscisl b,k
4355 bl (35 Joh pile 5 jed Cldes upw 9 03,5 45
il JosSey b 60 ) el el
ookl by g Liled AV MM )3 s g i odliw! T(DPPH)
Fanetal., ) 15,5 alxe Sl ol cdlé e ) Jge)8 ]
(2010
Scavenging activity% = (Abs [blank] _Abs [sample ])

[Abs [blank] x 100

b s 90 DPPH Jgilie Jolore wids :Absblank
EESLLY

b dges L DPPH  Jglie Jsbxo is :Abssample
sl

sy gr oadi ALl wlslaly 8l cuy
S 93953 S AL
03l 8L plsedr ualdgdew] uslwlsSY s ySh
b (W) asyd ¥ o gyl B 9 MRS Lo 1 aas bl
Y sl b 5 SIS 003 ¥ gsls Lagee o gzl el Sk

3- 2,2 diphenyl-1-picrylhydrazyl (DPPH)

i 25,5 ol P8 g0 PH b s lia 3l Sipdg)
slel b Oygw L'),{‘ Jsb L;}L.uchB yokaiody 0 Cl Sl L go0
s Sy ygtes 4 oy ol 4 b lae] o 5lo) ox /)
o +/FF s b Sl e LNACT ge /¥ x Vo Jglono 51 s
Vole 4 0og)See b (2 lapiSTE g At iy > yul
oo Dge Gl e jolateds 5 )9l g S > e
Jgaze (13905 (339 b ) Slu (bl lie s 23,5 &l

(Nielsen, 2009) 1,5, dusloxs 4] (55 b duslio 5 oles

oudd 7l yadeul wu ylsbes by IS GBI (6 paS0

= Jsd Uy ) el L)l cble e jslaied,
S e d diged 1 g )Sio 00 000,8 oalatwl dpwl S y98) gu
W lade Copu g oad Jite (Sal 8 cud glacsSaly
4 g Bl bSaly I G ,o 4 e S )ealgw dl 1y S
g ySao B¢ Jlade L 35 balote ¢S lawgs dddd ¥ Ge
e lod b p)S Ol plos )3 aiBa 0 g adlol Ol > asyd 0 Jgid
» e oMb S oSl a9 A 02l @yl s 0 S il 4y
e 928,515 48 0 e slod b Jolee ;500 O ples
oiwd by YA+ MM 250 Job )0 adiged yidiljle Ol
.(Masuko et al., 2005) 15,5 yuilgs )15

Tl Al aaySles o (5 B s guod aluslid
'8 099k ey 88 JaasS (g, s ok

Gl ) oolitl b o1 glpstl 1,8l b Skl lolis

o&iwd I eslatwl b (FT-IR) 50,8 (ygole dyyed b o

Norajit, Kim, & ) 15,5 pbol ATR i 4 jo5xe jiog il
(Ryu, 2010

Sl i JI ) oud ) yAdienl wylSbos Ly o 3
)
Loy ol g sl pan 4 Cuglie sy sl
Sd)S eolatwl b)lsS glro it (gilwdnd | ol gl sl
awlie lp adld Sdsmen olisa @b odgnl oS5
Jolds om0 050 Joloro codne Loyl s (g 5lodund Cps 9,3 oolaul
ot @39 (HC) Sl syl (NCl) s )18
ags +/6 £ /Y ,ly pH L (Pepsin, Sigma-Aldrich, P6887)

el Jold 039 0508 Joloe 039 Ll (gilodend (sl 3,5

1- Fourier Transform Infrared Spectrometer (FT-IR)
2- 3,5-Dinitrosalicylic acid (DNS)
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sbod PH~5 ;5 A3 alis 5 ALD ailis ¢ joses 3 lusbisl 45505
Opzeen WSl 5yt (5) 5l g 48 3,5 Bl x> e 5 VO
ol T sy Lol s yls 1y solyho (clacSas jouis j3 a5y oUlgs
CubdS l am Lol aily oo ai) il ¥ oagds PH jo pisren 8l
& Caus ¥ dgds PH 0 A3 ailis .cél ials ui) celw £ Iogus
Coglio aoyp gols cudb gppe by Lus d)lulio] 4w
IS8 sglhe Sai g gl PH el > a (6050 (gladiges
s 9 Bl alis ¢ oL S o luliv] diged .cuslodds oal> lis )
Iy B3k oy e 3,8 e a0 YV glod b 390> PH ,> B3
Lol cyla 1y (g9l (sl joudns p3 by (obles puiocan Laidld
2 2bSl g @y sloalis ggeme 3.8l il bl wi,
Iy My oy yiae aglas 28T .08 Wby (o dy90 slo PH don
& G ¥ 290 PH 3 (50000 ladlis sl & 2545 pH jo
sslod )3 (gpeie ladlin il oy A3y LS cladlis
FY lod 4 Cans (g5 ()8 5o g 0y 01,8 il a3 Ve 4 VO
YV lod o b S slaalis sl ol 5 ol 453 YV
29 3 38y & bgye ol il 1) )5k cn e 315 ole
iy Ul a5 5y00 cladlas ol aS Db lis (goly00 S
olos ol awsly gals JmS 4 cuws bl as, Ll sl
Sogo 4 @l 5 ond plogl (173) Jitus S5 a1 laialol
Caolods 0l HLS Y S5 0 jlee Ul ool £ . S5be

Ladalaa (Assige (alulich
125k 1335 plol PCR ) oslizal b oyl JoSgo ololis
2 esia 2bSl g gpese glaale PCR L Job S 5
oy oL o Iy cawdl zols .culosds 3,9l DY g At s
ALD wlis s yd A4/F sgis wlis wsyd b &S sl L NCBI
Olysar A3 wlie NP wsn LedlKygs Ll Glgisa
Olsisar ez Ol Wgel ¢ Td ppgie eanlog Bl
I sbolsSY Glyea Bl alia g unnlog) Bl
dgod 5 pushdpdea] pushaolsTY (lgicar B3 ala TVAY 450
JCM g pbpton] posbslsiSY gty 7St 3wl
Calord ol ¥ s 3 b JIg b s sluls #1132
Maximum Likelihood g, 5l eslitwl b (S5ekd C& )0 (pioren
Caolodds 031y L dY 5 CF JSb 50 48" 1335 puoy ¥V 1Ko yl38le 5 L

4- Lactobacillus acidophilus
5- Lactobacillus acidophilus JCM 1132

bl sSY 555l gmeiliges 43,5 izl gl oy
So p Joleo cale b (gpe5te gl 5 oL Sh gladle
S5 dolsl (oS slalase 4 (VIV) 0o pd ¥ cod 4y 4,6
SEAY N AEF N oo Juolgd 40 odds 00ly cuiS sladiges
FYNM zgo Job ;0 Gla yliue 5 00 (510 paiges celio YV g FA
Gomes & Malcata, ) 15,5 jilsd egisds Sl o&iws b

(1999

&kl U

YoV JuST doly 51 oolatnl b Lo jlages wusy 9 gult (sdiodiwd
ploul YO a5es SPSS ¢l jl38le 5 3l enlil b guls (g,lel 5JUT
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S35155,90 luo guad o)y 9 Laslua (55lulua

wlia Ve (55999890 gl (Lol Sl ey gl () gei ¥+ ]
3 g del canty (BI-BA) b sSL wlix ¥ g (AL-ALD) (je5
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wlix ¥ ggd 5l b8l alie V usle I (gpee i ¥y
bl cale Jl 2Ly a4l Vg b 5l 6L

@) ol B edd g oda) obeadisn glacud
(Olaseas! g JYGLS ‘j 6,9

ol 04 by ¥V Jgi pd bl olesdsn slacuws mls
sskaieds B39 BLALO A3 4l ¥ odel Cawddy bl olel
130,85 Ol ST slacaws plol

plS g oy

0;l61B3 s BLALD A3 oo alis ¥ 3w pac dlla ylab
P odd asule (Breakpoints) by bl L owdd 5.8
2 908,85 pbsl S, |, R gandibs ¢ duslie CLSI 2023 Jglas
438 IS Y Jgan

@ Ll S glis)ladalan (Siliga g ool 93 (aaad
(S8 Ao Sad 9 sasesl pH 2yl o

1- Candida tropicalis 1691
2- Saccharomyces cerevisiae
3- Lactobacillus casei 1197
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Table 2- Results of biochemical tests of isolates

Ly las Ol jadgs )5 pods gl
Results of carbohydrate fermentation of isolates

©lyaag: S

Carbohydrate . . - e g . WPRE .
Y Jywygw  Jgwile sl ol 38 FHE o
Sorbitol Mannitol Maltose Arabinose Sucrose Glucose Dextrin

[EXVIRES
Isolates

Al + - - - + + -

A2 - + - - + + +

A3 - - + - + + +

A4 - - + - - + -

A5 - + + - + + -

Ab6 - + + - + + +

A7 - - + + + + -

A8 - - + - + + -

A9 + - + + + + -

Al10 - - + - + + -

Bl - + - - + + +

B2 - + - + - + +

B3 - - + - + + -

B4 - - + - + + +

oo sl o590 ialejl g Wil il v losl s
Results of the nitrate reduction test and the urease test of yeast isolates

[EYARYS Oy ol iy lojf 51259l Lilojl
Isolates Nitrate Reduction Test Urease Test

Al + +

A2 + +

A3 + -

Ad - _

A5 - +

A6 + +

A7 - +

A8 - +

A9 + -

A10 + -

S2bSL sbalas jlawsT o YUK ‘_,z.llo}i =W
Catalase and oxidase test results of bacterial isolates

Baylas YU Lkl SoewsT il
Isolates Catalase Test Oxidase Test
Bl - -
B2 + -
B3 - -

B4 - -
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Table 3- Antibiogram results of isolates
[EXVIKES

Isolates A3 A10 B1 B3

Antibiotics
Ja3lss 65 S S _ _
Ketoconazole
JastisS oo R R - -
Fluconazole
B (s yighal | | _ _
Amphotrypsin B
CelSalels - - s s
Tetracycline
Gentamicin
Oalogiy il - - R R
Streptomycin
CrelegSSy ~ _ R R
Vancomycin
O Lol S
Clindamycin
RS L
Cefazidime
oS losg - R
Levofloxacin
Sl t5 . s s
Chloramphenicol
ool Lo ol epgliia (R ¢ ol 1S*

*S: Susceptible, R: Resistant, I: Intermediately Susceptible

SRR

i

Cled il 45 Cooglio .d A10 wlua ;3. A3 wlua 13 .b 3,luilic] posee diged yd Blisee W PH iy 43 Coglio oy a-) JSG
aglas 43 h ,lailiwl podte diged ;3 (59l dee S w10 Cuoglie .8 A0 wlas 13 A3 wlaa 13 e 3 lilin] yodeo diges 4> AlSw
Al10 qlas 3.0 A3
(loss o3l Liales (N=3) Hlre Gl ool F Sl ygu0 4 odld)

Fig. 1. a. Study of resistance to different pH in the standard yeast sample, b. In isolate A3, c. In isolate A10, d. Resistance to
different temperatures in the standard yeast sample, e. In isolate A3, f. In isolate A10, g. Resistance to bile salts in the

standard yeast sample, h. In isolate A3, i. In isolate A10
(The data are presented as mean + standard deviation (n=3)).



VFoF (LT 0 o F 0 lois ¥ sy oyl ) 108 aoliuo g pole slaitrgly a9 pis YYY

a d
; Z—
" 5 / . .
= ' Time{h) ) |ImH‘"I’
b e ., h
C f i

Tiemedh) ) : ) -
Timeth) Time(h)

Clod ply 45 Cwglie .d B3 alas j3.¢ Bl wlaa 3. b 3 luiluw] g 25U diged > iliseo o pH pl 1 40 Coglile o)y .a —F S
33 h Il 5550 diges 43 (s9l o S Koyl )3 Cuoglio .8 B3 wlas 13 f (Bl wlas 43 .e o luiliw! 555U diges jd Bliseo
B3 alas 0.0 Blagls

Fig. 2. a. Study of resistance to different pH in the standard bacteria sample, b. In isolate B1, c. In isolate B3, d. Resistance to
different temperatures in the standard bacteria sample, e. In isolate B1, f. In isolate B3, g. Resistance to bile salts in the
standard bacteria sample, h. In isolate B1, i. In isolate B3

- Standard
A3 Standard - g

Standard B1

91.5% - e 2 p o :
c @ Candida tropicalis d Loigolactobacillus coryniformis subsp. torquens strain 30
X Lentilactobacillus parabuchneri strain LMG 11457
candida.sp
Lentilactobacillus parabuchneri strain JCM 12493
Saccharomyces cerevisiae strain 39
Lentilactobacillus kefiri strain NBRC 15888
3;‘6"‘"""""“""'"“-"" 91.58% @ Lactwbacillus casei
e .
; har: o5 corevisiae strai
@ Saccharomtyces cerevisiae strain Loigolactobacillus coryniformis strain DSM 20001
100.0° i
Saccharomyces cerevisiae L Lactobacillus crispatus strain DSM 20584
| Soecharomyces cereisie srin XSS 9341% @ Lactobacillus acidophilus strain
1 v "
b =t L _ 100.0% @ Lactobacillus acidophilus JCM 1132
Saccharomyces cerevisiae strain Makgeolli
—
0080
 ovan |

cyodre salis Seijeld Ci 4 e . U sSL sl b g sedw jIPCR I Jols S1b J5 malad a balis Jes0 (o lwlid - IS
b5 Sl Ssijski b, d
Fig. 3. Molecular identification of isolates. a. Images of PCR-derived gel doc of yeast and b. bacterial isolates. c. Phylogenetic
tree of yeast isolates, d. Phylogenetic tree of bacterial isolates
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3 bl diged g Lyl Jlgi (ol gl € Jo>
Table 4- Sequencing results of isolates and the standard sample

S5 dgb s o o

digod FXW ‘sgl.wl.wa Calud ) d:l.wl».w Al
Sample Identified Similarity Sequence Accession RID
length number
B1 "aCtg:;‘;'”“S 91.58% 1486 MW-073405.1  KUGW7ABS016
B3 Lactobacillus. 93.41% 1104 CP-025428.1  KUDZCWFJ013
acidophilus strain
5kl (68l a4y g Lactobacillus
Standard bacterial acidophilus JCM 100.00% 1176 CP025428 KU794UGF016
strain 1132
Saccharomyces o
A3 cerevisiae strain 99.0% 781 MT136553.1 KVOCA4FBO1R
Al0 Candida tropicalis 91.50% 1295 KT-807957.1 KV0GZAJA016
3,5kl yaste 4 gus
Standard yeast Sa‘é‘:;:‘\;iosri';fes 100.0% 2158 MH047190.1  KV2HHGVRO13
strain

S by, 4 0,8 Bioneer < ,s Applied Biosystems 3730/3730xI DNA Analyzer slaolKuos b g5 oy : JIg5 s i o
*Sequencing details: Applied Biosystems 3730/3730xI DNA Analyzers Sequencing Bioneer, Korea, Sanger method

swyp DNS sl ooliiul b oo 5o saiiSsbal 03 500
odel Canddy 6y Lo Lla Cuslons YD Jads p3 a5 W3S
05 31 00 sl W3 50 oaimd LS «jzogil OFY zge Jobo 5
daodld u,.:lml > ..\.«:L‘-;a Lm.b)lfl.wu.b LSN)J] 9 d.)..uwl p.‘al’b )] o=
52IYY) o9 @l Ol VL gl (ilejl 3k g3 52 5
Egd90 O.;.] Wb olis PR XSLEPRN EARY Oy iy 4u5 )0 g ('/\"
ot sl ol g sl o3 )3 sl Y (s s Sil
b ploren Lol canl pglie gl 4 Coms ) lo by cnl a2
4 Joy)x: oS ;Lo‘ BW 9 ub ul)m O")“"S .)9;»@ 450 (g
Cuoglio Sly oS sl (+/VY 5 +NO) g Yoird 0,8l

Bl 0325 g wdn plp )3 48 25 VL

Lo lsluuly (ol oo
LY (WIW) 93 oo palls slay Sloly (2bil (s
23,5 dobre adgl dged S 59 4 Cand

oudds gl yadeul (slaw sl oy IS () jas
Uigy jl eslael b ond glysel gl Bl b clale 5
Fogb ¥ zoe Jsb )3 ()95 o g (o) Sl S ol — S5
L0l (b ocds sl cusddy ol wlel g5 isles
Jolee ol clale g /YA Joleo pgtiws/ Lo)3gil5 I osis gl el
w29 Yoiid il onis gl ysawl 3,8l (b Gls 9 AY/Y ug/mL

el Gty VFF pg/mL Jole o] cdale o +/¥0 Joleo

ada a3 owd gl Ak slassStugly gauy s
s pl g ozl

DNS g 31 03lswl b (g 58051050 gl -0 Jgun
Table 5- Measurement results using the DNS method

Sy P

Y 8l )3 el O£Y £ 90 Jsb 3 s
oD Absorbance at 543 nm in buffer 1

Y 5L 3 el OFY 5o Jgb 3 i

dgod Absorbance at 543 nm in buffer 2
Sample
oA 0.22 0.40
Inulin
o) loyagils 3,8l
Ganoderma lucidum 0.17 0.35
polysaccharides
gl Yo 3,8l
Lentinula edodes 0.15 0.21

polysaccharides




VFoF (LT o0 F olois ¥ sl oyl 0l (108 aolio 5 pale Gletdgly 4 pis  FFY

slculd s )y 45 sadednliv cglas a8 sl L (p<0.05) ()l
Lppils 5 (FEN) puogdl Ypirid 3, Laily (FDA) il o
asl, oyl (p<0.05) ol Joiine ()l ki 5 (¥4 gy
SIS lacled (613 ino yobots lgta] o sl 1 ST
)6l 93 Ol ©glds Ll )l ()8 )by 93 4 o
13 DPPH ¢ gl (020.05) 345 s sixe cgylel ,lai j1 o)

Calods 03,9] 5 g

oAkl s lSleu ly (Slasnasl 0T (oo guod (o 53
o
w2 DPPH 5l oalazwl b w5l L ujbt.wSlu;:ﬂ RWIWLS
o gl g 0nd hlojl L) Bloil £5 Y o 0 2)S
gl & borye iy DPPH ST (clo JIS00)) (g5lusy cllad
o @l Sl o pgdews/ Lo)29l5 g gl Vit 3,8l s
sine g b (ANOVA) e3> S5 (puilyly 5061 olsl 2 (Lol

A, s dges b Jeilie DPPH Jglowo da gl - Jous
Table 6- Results of the adsorption of methanolic DPPH solution with the polysaccharide sample

S e w0 Cdlad DPPH Jsiio ’
oD Il (] Cd 2l o 0 Joile Jglowe >
_ Percentage of antioxidant Absorbance of DPPH methanol
Agod L. .
activity solution
Sample
o 58 0.073
Inulin
oty Lopogils 3 Sl s
Ganoderma lucidum 40 0.10
polysaccharides
gl Yo 3 Sl b
Lentinula edodes 41 011

polysaccharides

cm? asl ;i..s cLa:QKJT L;w.u.»; C-H dl.mo”f do.\;.mohﬁd
P S cLasQSJT siniS C=C (sl S (gonmdlis VSFY
N-H 5 C-H (slaog)S (gosmslis VO-o=Vere cm? slg
ol Voot omt sl )3 S g Jgl g5 slappsl 5 Lo
313 Lss ool Cawdas gl AL o by ST C-H slanog )5 gosimd
ol 5l osel Camsas (cladiges b Jlglyd ciillas ous AJg3 (sladiges

25l FT-IR (9050 4 bgsyo ol

sy gp oadd glALM wlslucly Bl ey
3l slad g g 5 a3 sladalaa
S IS 4w odlizal )5S g ) Salejl plosl e
(S5 Syt Gialejl ) 35250 slaaille I LS ja 58l o i
sie 93 D9y Jddd ()5 1B pwyp 3)90 AU w5 2By
locdls oles 45 cedls 3oy Lol (S 5 (el Lilizo (bl
Sgmgn $xSk Ko gy » ) Blok ,8b Caslosd )
@ & €85 )3 () )90 (s ushaolsiSV) 3 il
Soy 2 a8 le b 15U cpioen o ooy lis a0 S
CO DA (sl IS5 1> i pay ALD 9 A3 wlis g3 g olyuliwl jesee

Cuwlodds odld UL.M) do 9

Tl Al ag sl by (5 AL Olus gad (bl
FT-IR higy L ouds
Yoz j) o gl yScl 1,8 lo b 5l odel cossay FT-IR cabs
PYea em? anb ) Sy cwlosd ey ol a¥ s jd g/
5 cJ5| &9 dl-"’():-"] u"‘““f N-H dl.mo”f do.mubow
4l )l sl iiS C=0 gosmdlis VA-Y cm? slg
N Lmuiﬂ S C=C (slaog )3 (godimajlis VY cm?
Lmugﬂ s C-H (glaog )3 (gonimd L £ o0 - cmt Y
5 oas zlysal 1) Blo bl edel cundas FT-IR cab .0l o
Sy digos opl 53 Cowlodds odls i Y S )3 potews/ Lo)opil5
S C-H (claog,S osmsylis YeooomYAT cm? sly
C-H og,S (sonmdjlis VYO em? asl p» S ‘Lmdliﬂ
sodimdylis V=Yoo cm‘lu_>l93 P Sy Amol&ﬂ >
AV em?t asl Sy o)l Sy S C-F (claog,S
cm? le 2 Sy g L:zsugﬂ s C=C (slaog )3 (gonimd slis
el alSy idS Gl slaog)S (gosmdlis Fer—0e-
clan,Blo b oS5 5l enel camsa FT-IR b il o
Okt CF USs )3 judgd) Yo g podaws) lo)aails il s g ol
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Fig. 4. FT-IR spectrum of polysaccharide extracted from a. Lentinula edodes, b. Ganoderma lucidum, c. Combination of
polysaccharide extracted from Ganoderma lucidum and Lentinula edodes
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Table 7- Quantitative comparison of growth parameters affected by different treatments

diged Slow iy & OD z51ss
Sample Treatment Slope Max OD
GL 0.021 + 0.001 0.85+0.03
b8l o lkiol 49 Ino 0.018 £ 0.002 0.78 £0.02
Standard strain of bacterial G 0.015 +0.001 0.68 +£0.01
L 0.014 £ 0.001 0.65+0.02
GL 0.024 +0.002 0.82+0.03
oo 3yl & gus Ino 0.019 + 0.001 0.74 £ 0.02
Standard strain of yeast G 0.016 £ 0.001 0.63+0.01
L 0.015 + 0.001 0.61+0.01
GL 0.023 £ 0.002 0.80 £ 0.02
A34las Ino 0.018 + 0.001 0.72+£0.02
Isolate A3 G 0.015 + 0.001 0.64 +0.01
L 0.014 +0.001 0.62 +0.01
GL 0.022 + 0.001 0.79+£0.02
AlO4y s> Ino 0.017 £ 0.001 0.70+£0.01
Isolate A10 G 0.014 + 0.001 0.61+0.01
L 0.013 + 0.001 0.59+0.01
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Fig. 5. Effect of prebiotics on the growth of a. Standard strain of bacterial probiotic, b. Standard strain of yeast probiotic, c.
Isolate A3, d. Isolate A10 (B: bacteria, Y: yeast, G: Ganoderma lucidum polysaccharides, L: Lentinula edodes
polysaccharides, GL: Glucose and Ino: Inulin)
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Introduction

In 2023, North Khorasan province hosted 188,000 bee colonies, producing over 2,900 tons of honey.
Approximately 20% of the honey in the province is produced in the Mane and Semelgan region, which is rich in
orchards and agricultural fields. To increase agricultural production, various pesticides are widely used in this area,
thereby increasing the potential for contamination of bees and their products, which are often located near these
fields. Pesticides residues have been reported to be toxic, carcinogenic, and capable of causing chromosomal
changes (Demirhan et al., 2019). They can also affect the endocrine, reproductive, and nervous systems (Brander,
Gabler, Fowler, Connon, & Schlenk, 2016; Watermann et al., 2016; Febvey, Schiiz, & Bailey, 2016). Diazinon,
an organophosphorus insecticide, is classified in the second category of the World Health Organization's
classification and is considered a relatively dangerous pesticide (Taghavi, Naghipour, Mohagheghyan, & Jamali,
2007). This study aims to investigate the residual levels of diazinon in honey produced in the Mane and Semelgan
region, including Buor Buor village (cotton flower honey), Chakhmaghloo village (kanar honey), Keshanak village
(spring honey), and Darkesh village (thyme honey), with the goal of evaluating the safety of honey produced in
this region.

Materials and Methods

Honey samples were collected in the spring (May) and winter (March) of 2023. To prepare the honey samples
for determining diazinon pesticide residue, the method of Jime'nez, Bernal, & Lorente, (2000) was used. A
standard dilution of diazinon was prepared at concentrations of 0.12, 0.06, 0.024, 0.012, and 0.006 ppm. The
absorption spectrum of the diluted solutions was then recorded using an ultraviolet-visible (UV-Vis) spectrometer
in the wavelength range of 200 to 400 nm. Based on the spectral results, the maximum absorption wavelength
(A_max) of diazinon was determined to be 292 nm. The best-fit equation with a correlation coefficient (R? =
0.9905) was calculated. Data were analyzed using a completely randomized design with five replicates for each
season (spring and winter) through the GLM procedure of SAS 9.1 statistical software (SAS, 2009).

Result and Discussion
The results showed that the amounts of diazinon in the honey samples from Buor Buor, Darkesh, Keshanak,
and Chakhmaghloo villages were 3.46, 2.73, 1.81, and 1.49 ppm, respectively. The diazinon residue in the honey
from Buor Buor (3.46 ppm) and Darkesh (2.37 ppm) villages was significantly higher than the diazinon residue in

©2025 The author(s). This is an open access article distributed under Creative Commons
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the honey from Chakhmaghloo (1.49 ppm) and Keshanak (1.81 ppm) villages (P < 0.001). Additionally, the
residual amount of diazinon in honey harvested in the spring was 4.23 ppm, significantly higher than in the winter
samples, which had 0.34 ppm (P< 0.001). Unfortunately, the residual amount of diazinon pesticide in all honey
samples from different regions of Mane and Semelgan exceeded the standard limit set by authorities in Iran and
Europe.

Conclusion

It can be concluded that the honey from Mane and Semelghan region contains higher levels of diazinon residue
compared to the standard limit, which can be attributed to the spraying of pesticides in orchrds and fields.
Additionally, the lower pesticide residue in the winter honey samples may be due to manual feeding of bees,
reduced agricultural activity during the winter season, and possibly the washing off of pesticide residues by
rainfall. Therefore, considering the higher levels of diazinon residue in the honey samples compared to the
permissible limit, and the higher amount in this residue during the spring season, it is recommended to strengthen
the monitoring of pesticide application in agricultural fields surrounding beekeeping areas, particularly in the
spring. Additionally, educating farmers on the proper use of pesticides, informing beekeepers about high-risk
areas, and regularly screening honey samples can help reduce the risks associated with pesticide residues.
Investigating safer alternatives to diazinon and establishing regional regulations are also among recommended
measures to improve food safety and protect consumer health.

Keywords: Calibration curve, Diazinon, Honey, Mane and Samalgan
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Introduction

Acorn, a traditional component of the human diet, is a rich source of bioactive compounds, especially
polyphenols and tannins, which possess antioxidant, antibacterial, and antiviral properties. These compounds have
extensive applications in the food, pharmaceutical, and chemical industries. However, their yield and purity depend
highly on extraction conditions, including solvent type and polarity, temperature, extraction time, particle size,
and solid-to-solvent ratio. Solvent extraction is the most widely used among various extraction techniques due to
its simplicity and efficiency. Given the limited data on tannins from native acorns in Chaharmahal and Bakhtiari
Province, this study aims to evaluate the effect of solvents with varying polarity and pH on tannin extraction. The
purity of extracted tannins was also determined using HPLC. The findings of this research could serve as a basis
for optimizing the extraction of valuable compounds from acorn and facilitating the industrial utilization of these
native resources.

Materials and Methods

To extract tannins from acorn shell, cupule, and shell-cupule mix, the samples were ground and passed through
a 40-mesh sieve. Extraction was carried out using three types of solvents: distilled water, 40% ethanol solution,
and 0.22% sodium hydroxide solution. The process was performed at two temperatures (60°C and 90°C) with a
solid-to-liquid ratio of 1:10, for one hour under continuous stirring. The resulting extracts were filtered and then
dried at 50°C. To determine the actual extraction yield in alkaline-treated samples, the amount of sodium hydroxide
was quantified by titration with HCI, and its mass was subtracted from the dry extract weight to obtain the real
extraction yield. Total phenolic content was measured using the Folin—Ciocalteu method by determining
absorbance at 760 nm. Tannin content was estimated by subtracting non-tannin phenolics from total phenolics
using PVPP as an adsorbent. In this method, PVPP was added to the extract, and after centrifugation, non-tannin
phenolics were separated, allowing tannin content to be calculated by difference. HPLC analysis was performed
using a C18 column and a detector set at 280 nm to confirm the presence of tannins. Tannic acid was used as the
standard, and separation was achieved using a gradient of formic acid and acetonitrile. Statistical analyses were
conducted using SPSS, and graphs were plotted using Excel.

Results and Discussion
The effects of solvent type and extraction temperature were examined for tannin extraction. The results indicated
that increasing the temperature from 60°C to 90°C enhanced extraction yields for both distilled water and 0.22%
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sodium hydroxide solution. However, the effect of temperature increase was significantly more pronounced under
alkaline conditions. Higher temperatures improve solvent penetration, reduce viscosity, and accelerate the diffusion
of bioactive compounds, which markedly boosts tannin extraction in combination with an alkaline solvent. Regarding
solvent type, ethanol demonstrated superior performance in tannin extraction. Due to its dual nature (polar and non-
polar), ethanol efficiently extracted a broad spectrum of phenolic compounds. The average tannin yield using ethanol
was around 51.41%, which surpassed other treatments, including alkaline extraction at high temperature (48.06%).
This highlights ethanol’s strong capacity to extract condensed tannins, which are abundant in acorns. Moreover,
ethanol tended to extract fewer impurities, such as carbohydrates, than polar solvents like sodium hydroxide, thereby
increasing the purity of the tannin extracts. Further analysis of the total phenolic content revealed that the source
material (cupule or shell) and solvent type significantly influenced the extraction yield. The highest total phenolic
content (61.22%) was obtained from the cupule using sodium hydroxide, significantly exceeding other materials and
treatments. This confirms the cupule’s richness in phenolic compounds, though given its lower proportion in the acorn
structure, using a blend of cupule and shell is more practical. Additionally, ethanol and sodium hydroxide achieved
higher yields than water, underscoring the beneficial role of alkaline and semi-polar solvents in phenolic compound
release. Further specific analysis of tannin extraction also showed that ethanol-based treatments yielded the highest
results. The use of 40% ethanol nearly doubled the tannin yield compared to aqueous and alkaline treatments. This
high efficiency is attributed to the better solubility of tannins in polar-organic solvents like ethanol. On the other hand,
extraction with sodium hydroxide at lower temperatures (60°C) resulted in lower yields, emphasizing the combined
effect of temperature and solvent on extraction efficiency. HPLC analysis for tannic acid quantification confirmed that
the tannin content of the shell-cupule mix and cupule alone was 48.06% and 61.23%, respectively. These findings
emphasize the practical value of using a shell-cupule mixture as an industrial tannin source, as it not only contains a
substantial amount of tannin but also offers better availability and a higher weight proportion compared to the cupule
alone.

Conclusion
This study highlights the significant influence of extraction conditions, particularly solvent type and temperature,
on the extraction yield of tannins and phenolic compounds from acorn resources. Alkaline extraction at elevated
temperatures was more effective for tannin extraction from the shell-cupule mix, while ethanol exhibited high efficiency
due to its semi-polar nature. Although the acorn cupule is richer in total phenolics, the higher abundance of the cupule-
shell blend in the fruit makes it a more practical target for industrial tannin production.

Keywords: Acorn, Polyphenolic compounds, Solvent extraction, Tannin
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Results followed by different small letters in the column indicate significant difference (p < 0.05) according to Tukey's test.



YVY bgly cter g gy JJgid 0l 5 9 3 033 1 gl poies! Bl 5ol oS0 g 0015

40 o

35 A b
g 30 A
= & 25 A
2
S & 20 A
(ST
g < 15

a

=10 - 2

5 - . .

0

water 90 NaOH 90 ethanol
o A g0 Jsbe s

Extraction condition

ol Lyl

IS U w0 2 g sl bl el iU € JSCS
Fig. 4. Effect of extraction conditions on total tannin content
Results followed by different small letters in the column indicate significant difference (p < 0.01) according to Tukey's test.

gl Sl g (s Cggu pogls plas Jelge (58,5 jlas >
2y Oypo el b (So)ld 5 2l mlio 12008 rren
O Gilepalls (i lagiagh ) 358 (o iy Grioren
25 518 )8 Hged )3 (gxiuo g (Fo)ld )5 capr (2Pl

o ool glee
PRI e g ol RSS (o sl (Jlo coles b dllis )
b gy el )b B j3 (ACECR) lkiol nio s5lg
3 o393l (a5l b e game glgl g (8 (S S lgis
ol o plosl VEAY=VFY o Lo b VYYD 08 L «bsl,
Il sssde sbglejl 5l 1y 395 (1,48 5 St5 ilye dbpgions

NSTANS
&L?MQ “5.; CLJ)L.&A

sy § S ¢ gauwy alod dmodly Cu e 10158 ,15 1 5

ouPoi e ey Jobo daedly Cupte tpRg 8 e

@ign Copde plalpg g (wyp —ouby 10k e el Lol
«sold bs

A Ll og e ol 4 bl i 3 U e a2 S
a8 Yhas! cas g Cavg bl I aolatwl ¢ sxio (glad S
a9 3l 900 (VL (Fjg Mo (ygx Deub e guine (§ Fsllas
Sl S (23l Sl cage gl Jlay08 5 (s yiae (galatd]
HPLC p¥l SSé5 &)i8 pozmen (Jolse @ plgie 1) (olond
iy » ol Sl SIS pae Dl el s
Caus (550310 ;3 HPLC o8t yiin Camlus 5 81 )S5ileg,S
oyl o1y boly s g Cuvgy bolses jlodliiwl (slse pizean
Ldd o Ui ixio

S 5 4o
gy bglss 31 55 ] Setaal o35l 48 ol L5 adllas oyl ol
glpl slos g Mo g5 5536 Cov perg BB psboa sl iz
s o)l @ e AFe Syl b gl sl (pols jsbay )l i3
2 ghoyd 1YY dgw b glseisl o3jl a8 Jbs jo il go o VY
4 Jobl .l iolidl Joyd YA 25 4 womudu 4350 A+ glod
3 U ll > (2 YY) @Y ) 05 (phadas conle
§ it ase bl s b ol bl s g Casgy byl
9 g Cin g Cungy bolie 4251wl JS Jgb S 5
Ll gl gy 9 ae GLal cale 2 0y gyt Sl



VFoF (LT o F o by ¥ sl oyl 0l (108 aolio 5 pale Gletdgly 4 pis YV

cupul
20
4 Rt=5.77 min
15
2
< 10
S
5
0
0 1 2 3 4 5 6 7
Retention time (min)
<3k glej
Mix
Cawgy 9 S bl
16
Rt=5.75
14
12
5 10
<é: 8
6
4
2
0
0 1 2 3 4 5 6 7
Retention (time)
SPik ol
gl Sl bl p3 8,las g Cudin g Cowgy bglbw g Sl (Wl a0 -0 JSS
Fig. 5. Tannin content of cupule and mix based on tannic acid equivalent
References

1. Arina, M.l., & Harisun, Y. (2019). Effect of extraction temperatures on tannin content and antioxidant activity of
Quercus infectoria  (Manjakani).  Biocatalysis and  Agricultural  Biotechnology, 19, 101104.
https://doi.org/10.1016/j.bcab.2019.101104

2. Azade del, S., Hanachi, P., & Saboora, O. (2016). Investigation of soluble and insoluble tannins and anthocyanins
assay in two Cultivar pistachio (Pistacia vera L.). Journal of Food Science and Technology (Iran), 14(63), 179-186.
(In Persian with English abstract)

3. Azizah, Y.N., & Azizah, M. (2021). Proximate composition of dried powder of Passiflora foetida leaves and fruits
and its phytochemical content of crude aqueous and ethanol extract. Universiti Malaysia Terengganu Journal of
Undergraduate Research, 3(4), 99-108. https://doi.org/10.46754/umtjur.2021.10.011

4. Bertelli, A., Biagi, M., Corsini, M., Baini, G., Cappellucci, G., & Miraldi, E. (2021). Polyphenols: From theory to
practice. Foods, 10(11), 2595. https://doi.org/10.3390/foods10112595

5. Bitwell, C., Indra, S.S., Luke, C., & Kakoma, M.K. (2023). A review of modern and conventional extraction

techniques and their applications for extracting phytochemicals from plants. Scientific African, 19, e01585.
https://doi.org/10.1016/j.sciaf.2023.e01585


https://doi.org/10.1016/j.bcab.2019.101104
https://doi.org/10.46754/umtjur.2021.10.011
https://doi.org/10.3390/foods10112595
https://doi.org/10.1016/j.sciaf.2023.e01585

¥vo

bl i g Congy (Joid SlaS 55 5 6 033 2 gyl bl 55T (oS0 g 0015 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Blackwell, D.L., Herald, T.J., Bean, S.R., & Gadgil, P. (2012). Alkaline extraction of phenolic compounds from
intact sorghum kernels. International Journal of Food Science and Technology, 47(12), 2671-2675.
https://doi.org/10.1111/j.1365-2621.2012.03138.x

Bouras, M., Chadni, M., Barba, F.J., Grimi, N., Bals, O., & Vorobiev, E. (2015). Optimization of microwave-
assisted extraction of polyphenols from Quercus bark. Industrial Crops and Products, 77, 590-601.
https://doi.org/10.1016/j.indcrop.2015.09.018

Claudia, P. (2013). Acorn bread: A traditional food of the past in Sardinia (Italy). Journal of Cultural Heritage,
14(3), S71-S74. https://doi.org/10.1016/j.culher.2012.11.012

Das, A.K,, Islam, M.N., Faruk, M.O., Ashaduzzaman, M., & Dungani, R. (2020). Review on tannins: Extraction
processes, applications and possibilities.  South  African Journal of Botany, 135, 58-70.
https://doi.org/10.1016/j.sajb.2020.08.008

Dehghanian, Z., Habibi, K., Dehghanian, M., Aliyar, S., Lajayer, B.A., Astatkie, T., & Keswani, C. (2022).
Reinforcing the bulwark: unravelling the efficient applications of plant phenolics and tannins against environmental
stresses. Heliyon, 8(3). https://doi.org/10.1016/j.heliyon.2022.e09094

Du, G., Zhao, H., Song, Y., Zhang, Q., & Wang, Y.(2011). Rapid simultaneous determination of isoflavones in
Radix puerariae using high-performance liquid chromatography-triple quadrupole mass spectrometry with novel
shell-type column. Journal of Separation Science, 34(19), 2576-2585. https://doi.org/10.1002/jssc.201100295
Ghaderi Ghahfarokhi, Sadeghi Mahoonak, A.R., Alami, M., Azizi, M.H., & Ghorbani, M. (2012). Study on
antioxidant activities of phenolic extracts from fruit of a variety of Iranian acorn (Q. castaneifolia var castaneifolia).
Journal of Food Science and Technology (Iran), 9(35), 45-56. (In Persian with English abstract)

Heidari, F., & Zarei, R. (2016). Study of Tannin Levels in Oak Trees in the Zagros Region, Yasuj Forest Areas
International Conference on Research in Science and Technology. (In persian)

Hosseinzadeh, R., Khorsandi, K., & Hemmaty, S. (2013). Study of the effect of surfactants on extraction and
determination of polyphenolic compounds and antioxidant capacity of fruits extracts. PloS One, 8(3), e57353.
https://doi.org/10.1371/journal.pone.0057353

Iranmanesh, Y., & Goujani, H.J. (2015). Investigation of extractable oil from Brant's oak (Quercus brantii Lindl.)
acorn in Chaharmahal and Bakhtiari forests. Iranian Journal of Forest and Poplar Research, 23(3), 527-535.
Jahanshahi, S., Tabarsa, T., Asghari, Z., & Resalati, H. (2011). Investigation of the amount of tannic acid in bark
oak (Quercus castanifolia). Iranian Journal of Wood and Paper Industries, 1(1), 27-35. (In Persian)

Jian, X., & Zhang, J. (2022). Component and structure of Aspergillus flavipes sp. Biodegraded bayberry tannins: a
potential routine for condensed tannin cleaner degradation and disposal. ACS Omega, 7(7), 5809-5816.
https://doi.org/10.1021/acsomega.1c05768

Khanbabaee, K., & Van Ree, T. (2001). Tannins: classification and definition. Natural Product Reports, 18(6), 641-
649.

Kusuma, S., Wulandari, S., Nurfitriani, R., & Awaludin, A. (2022). The potential solvent for tannin extraction as a
feed additive made of coffee husk (Coffea canephora) using Soxhlet Method. IOP Conference Series: Earth and
Environmental Science, 980(1), 012024. https://doi.org/10.1088/1755 <Y+ YY/V/AA«/ATY oo

Lee, J.-E., Jayakody, J.T.M., Kim, J.-l., Jeong, J.-W., Choi, K.-M., Kim, T.-S., & Ryu, B. (2024). The influence of
solvent choice on the extraction of bioactive compounds from Asteraceae: A comparative review. Foods, 13(19),
3151. https://doi.org/10.3390/foods13193151

Makkar, H.P. (2003). Treatment of plant material, extraction of tannins, and an overview of tannin assays presented
in the manual. In Quantification of Tannins in Tree and Shrub Foliage — A Laboratory Manual (1st Edition ed., pp.
43-48). Springer Science. https://doi.org/10.1007/978-94-017-0273-7_2

Mokhtarpour, A., Naserian, A.A., Valizadeh, R., Mesgaran, M.D., & Pourmollae, F. (2014). Extraction of phenolic
compounds and tannins from pistachio by-products. Annual Research & Review in Biology, 4(8), 1330.
https://doi.org/10.9734/ARRB/2014/7793

Pasqualone, A., Makhlouf, F.Z., Barkat, M., Difonzo, G., Summo, C., Squeo, G., & Caponio, F. (2019). Effect of
acorn flour on the physico-chemical and sensory properties of biscuits. Heliyon, 5(8).
https://doi.org/10.1016/j.heliyon.2019.e02242

Payab, M., Chaichi, M.J., Nazari, O.L., & Maleki, F.Y. (2019). Tannin extraction from oak gall and evaluation of
anti-oxidant activity and tannin iron chelation compared with deferoxamine drug. Journal of Drug Design and
Medicinal Chemistry, 5(2), 18-25. https://doi.org/10.11648/j.jddmc.20190502.11

Pietta, P., Minoggio, M., & Bramati, L. (2003). Plant polyphenols: Structure, occurrence and bioactivity. Studies in
Natural Products Chemistry, 28, 257-312. https://doi.org/10.1016/S1572-5995(03)80143-6

Pourhashemi, M., & Sadeghi, S.M.M. (2020). A review on ecological causes of oak decline phenomenon in forests
of Iran. Ecology of Iranian Forests, 8(16), 148-164. https://doi.org/10.52/0¥Vifej.8.16.148


https://doi.org/10.1111/j.1365-2621.2012.03138.x
https://doi.org/10.1016/j.indcrop.2015.09.018
https://doi.org/10.1016/j.culher.2012.11.012
https://doi.org/10.1016/j.sajb.2020.08.008
https://doi.org/10.1016/j.heliyon.2022.e09094
https://doi.org/10.1002/jssc.201100295
https://doi.org/10.1371/journal.pone.0057353
https://doi.org/10.1021/acsomega.1c05768
https://doi.org/10.1088/1755-1315/980/1/012024
https://doi.org/10.1088/1755-1315/980/1/012024
https://doi.org/10.3390/foods13193151
https://doi.org/10.1007/978-94-017-0273-7_2
https://doi.org/10.9734/ARRB/2014/7793
https://doi.org/10.1016/j.heliyon.2019.e02242
https://doi.org/10.11648/j.jddmc.20190502.11
https://doi.org/10.1016/S1572-5995(03)80143-6
https://doi.org/10.52547/ifej.8.16.148

VFoF (LT o0 F o)lois ¥ sl oyl 0l (108 aolio 5 pale Gletdgly 4 pis  YVF

217.

28.

29.

30.

3L

32.

33.

34.

Rahnemoon, P., Sarabi Jamab, M., Javanmard Dakheli, M., Bostan, A., & Safari, O. (2018). Comparison of two
methods of solvent extraction of phenolic compounds from pomegranate (Punica granatum L.) Peels. Journal of
Agricultural Science and Technology, 20(5), 939-952. https://doi.org/10.1016/j.fbi0.2021.101331

Salarkarimi, V., Varidi, M.J., & Varidi, M. (2019). The effect of chestnut (Quercus brantii) flour substitution on the
physicochemical and sensory properties of burgers. Research and Innovation in Food Science and Technology, 8(1),
15-30.

Spigno, G., Tramelli, L., & De Faveri, D.M. (2007). Effects of extraction time, temperature and solvent on
concentration and antioxidant activity of grape marc phenolics. Journal of Food Engineering, 81(1), 200-208.
https://doi.org/10.1016/j.jfoodeng.2006.10.021

Torkaman, J., & Seyam, S. (2009). Measurement of tannin in treebarks of Oak, Beech, Alder, Horn beam and Black
Walnut [Research]. Journal of Medicinal Plants, 8(29), 58-63.

Valizadeh Yonjalli, R., Mirzaei Aghjehgheshlagh, F., Mahdavi, A., Navidshad, B., & Staji, H. (2020). The effects
of tannin extract and linseed oil on yield, physicochemical characteristics and fatty acid profile of ewe milk.
International Journal of Dairy Technology, 73(4), 656-666. https://doi.org/10.1111/1471-0307.12716

Zhang, L., Guan, Q., Zhang, H., & Tang, L. (2023). Effect of metal ions on the interaction of condensed tannins
with protein. Foods, 12(4), 829. https://doi.org/10.3390/foods12040829

Zhang, Q.-W., Lin, L.-G., & Ye, W.-C. (2018). Techniques for extraction and isolation of natural products: A
comprehensive review. Chinese Medicine, 13(1), 20.

Zhu, Y., Ouyang, H., Lv, Z,, Yao, G., Ge, M., Cao, X., & He, J. (2024). Simultaneous determination of multiple
components in rat plasma by UPLC-MS/MS for pharmacokinetic studies after oral administration of Pogostemon
cablin extract. Frontiers in Pharmacology, 15, 1293464. https://doi.org/10.3389/fphar. 2024.1293464


https://doi.org/10.1016/j.fbio.2021.101331
https://doi.org/10.1016/j.jfoodeng.2006.10.021
https://doi.org/10.1111/1471-0307.12716
https://doi.org/10.3390/foods12040829




Contents

Research Articles

Maintaining the Quality of Chico Fruit (Manilkara zapota) during Storage Using Amino Acids
(Phenylalanine, Glutathione, and L-arginine) and Growth Regulator (Melatonin)
S. Ebrahimi Meymand, L. Jafari, A. Mirzaalian Dastjerdi, A. Ramazanian

Preparation and Study the Physical, Mechanical and Antimicrobial Properties of Polyethylene/Polylactic
Acid Nanocomposite Films Reinforced with Nano-graphene Oxide
M. Fathifar, N. Sedaghat, M.R. Abdollahi Moghadam

Effect of Solvent Composition and Auxiliary Treatments on the Extraction of Dracocephalum kotschyi
Boiss Extract Using Deep Eutectic Solvents

S. Kiani, H. Abbasi

Extraction and Qualitative Analysis of Chicken feet Gelatin and Investigating Its Effect on the Physical
and Chemical Properties of Marshmallow

F. Islami, Z. Raftani Amiri, A. Motamedzadegan, H. Gorjian

Evaluation of the Prebiotic Properties of Ganoderma lucidum and Lentinula edodes Polysaccharides in
Enhancing Dairy Yeast and Bacterial Isolates

M. Larypoor, N. Jameyi, H. Dadgostar, J. Nowroozi

Short Articles

Determination of Diazinon Residue in Honey Samples from Mane and Samalgan Region in North
Khorasan Province Using UV-Vis Spectrophotometry
Z. Rahimi, V. Hakimzadeh

The Effect of Extraction Conditions on the Yield of Tannins and Phenolics from Acorn Shell and Cupule
Z. Zarezade, A. Forouhar, H. Saberian

359

377

393

409

431

451

463



Iranian Food Science and Technology Research Journal

Published by:
Executive Manager:

Editor-in-Chief:
Editorial Board:
Mortazavi, Seyed A.
Shahidi, F.

Habibi najafi, M.
Razavi, Seyed M. A.
Kashaninejad, M.

Khomeiri, M.

Farhoosh, R.
Fazli Bazzaz, S.

Koocheki, A.
Mohebbi, M.
Ghanbarzadeh, B.

Alemzadeh, I.

Rajabzadeh, GH.

Heydarpour, M.
Ghoddusi, H. B.

Khosravidarani, K.

Abbaszadegan, M.

Mohammadifar, M. A.

Vosoughi, M.

Almasi, H.

Fathi, M.

Abbasi, S.
Borges, N.

Moazzami, Ali A.
Dr. Nkemnaso Obi C.

Dr, Olalekan Adeyeye S.A.

Publisher
Address:
P.0.BOX:
Fax:
E-Mail:
Web Site:

Vol. 21 No. 4 2025
Ferdowsi University of Mashhad, (College of Agriculture), Iran
N. Shahnoushi, Department of Agricultural Economics, Ferdowsi University of Mashhad, Iran

M. Yavarmanesh, Department of Food Science and Technology, Ferdowsi University of Mashhad, Iran

Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Iran

Professor. Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
Professor, Department of Food Science and Technology, Agricultural Sciences & Natural Resources
University of Gorgan, Gorgan, Iran

Professor, Department of Food Science and Technology, Agricultural Sciences & Natural Resources
University of Gorgan, Gorgan, Iran

Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
Professor, Department of Pharmaceutical Chemistry, School of Pharmacy, Mashhad University of Medical
Sciences, Mashhad, Iran

Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran
Professor, Department of Food Science and Technology, Ferdowsi University of Mashhad, Mashhad, Iran

Professor, Department of Food Science and Technology, Faculty of Agriculture, Tabriz University, Tabriz,
Iran

Professor, Department of Food Chemical Engineering, Faculty of Chemical and Petroleum Engineering, Sharif
University of Technology, Tehran, Iran

Associate Professor, Department of Food Nanotechnology, Research Institute of Food Science and
Technology, Mashhad, Iran
Associate Professor, Brigham and Women's Hospital, Boston, Massachusetts. United States America

Associate Professor, School of Human Sciences, London Metropolitan University, England

Professor, Department of Food Industry, School of Nutrition Sciences & Food Technology, Shahid Beheshti
University of Medical Sciences, Tehran, Iran

Professor, Director Water & Environmental Technology Center, Arizona State University, United States of
America

Associate Professor, Research Group for Food Production Engineering, Technical University of Denmark,
Denmark

Professor, Department of Food Chemical Engineering, Faculty of Chemical and Petroleum Engineering, Sharif
University of Technology, Tehran, Iran

Associate Professor, Department of Food Science and Technology, Urmia University, Urmia , Iran
Associate Professor, Department of Food Science and Technology, Isfahan University of Technology Isfahan,

Iran
Professor, Department of Food Science and Technology, Tarbiat Modares University, Tehran, Iran

Professor, Faculty of Nutrition and Food Sciences, University of Porto; Portugal

Doctor of Philosophy, Department of Molecular Sciences, Swedish University, Sweden
Department of Microbiology, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria
Department of Food Technology, Hindustan Institute of Technology and Science, Chennai, Tamil Nadu, India

Ferdowsi University of Mashhad

College of Agriculture, Ferdowsi University of Mashhad, Iran

91775- 1163

(98)051-38787430

ifstrj@um.ac.ir

https://ifstrj.um.ac.ir


https://ifstrj.um.ac.ir/

Iranian Food Science and

> Ap— Technology Research Journal

of Mashhad

Sey yoo
ce and tec™

ISSN:1735-4161

Contents

Research Articles

Maintaining the Quality of Chico Fruit (Manilkara zapota) during Storage Using
Amino Acids (Phenylalanine, Glutathione, and L-arginine) and Growth Regulator (Melatonin) ....... 359
S. Ebrahimi Meymand, L. Jafari, A. Mirzaalian Dastjerdi, A. Ramazanian

Preparation and Study the Physical, Mechanical and Antimicrobial Properties
of Polyethylene/Polylactic Acid Nanocomposite Films Reinforced with Nano-graphene Oxide.......... 377
M. Fathifar, N. Sedaghat, M.R. Abdollahi Moghadam

Effect of Solvent Composition and Auxiliary Treatments on the Extraction of
Dracocephalum kotschyi Boiss Extract Using Deep Eutectic Solvents 393
S. Kiani, H. Abbasi

Extraction and Qualitative Analysis of Chicken feet Gelatin and Investigating Its
Effect on the Physical and Chemical Properties of Marshmallow 409
F. Islami, Z. Raftani Amiri, A. Motamedzadegan, H. Gorjian

Evaluation of the Prebiotic Properties of Ganoderma lucidum and Lentinula edodes
Polysaccharides in Enhancing Dairy Yeast and Bacterial Isolates 431
M. Larypoor, N. Jameyi, H. Dadgostar, J. Nowroozi

Short Articles

Determination of Diazinon Residue in Honey Samples from Mane and Samalqan

Region in North Khorasan Province Using UV-Vis Spectrophotometry 451
Z. Rahimi, V. Hakimzadeh

The Effect of Extraction Conditions on the Yield of Tannins and Phenolics from
Acorn Shell and Cupule....... 463
Z. Zarezade, A. Forouhar, H. Saberian




	Cover- 21-4فارسی.pdf (p.1)
	content fa.pdf (p.2)
	01-1389-jafari.pdf (p.3-20)
	02-1397-Sedaghat.pdf (p.21-35)
	04-1408-Raftani Amiri.pdf (p.51-71)
	05-1443-Larypoor.pdf (p.72-91)
	06-1368-Hakimzadeh.pdf (p.92-103)
	07-1432-Saberian.pdf (p.104-117)
	content en.pdf (p.118)
	Cover-21-4لاتین.pdf (p.119)

