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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).

https://doi.org/10.22067/ifstrj.2025.91169.1389



mailto:jafari.leila@hormozgan.ac.ir
https://doi.org/10.22067/ifstrj.2025.91169.1389
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2025.91169.1389
https://orcid.org/0000-0003-4811-8406
https://orcid.org/0000-0002-7140-0971
https://orcid.org/0000-0002-0514-3954
https://ifstrj.um.ac.ir/

VPP UT— po0 F oylosds FY aler (ol (10 @l g pole GldRgfs 4 pi  YFo

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

treatments and time on quantitative and

qualitative traits of Sapodilla fruit
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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).

(Wang et al., 2023) 15 Joloeo dol> dlgo dgups o a3l I
Waodo VL /Y 5osMe 3l eslawl ol LS @ls dagh 5o
o90 Sy B 9 (PO o Jolore ol dlge ialS
2 Js0g,See Verr uigMe aiss o .(Liu et al., 2018) ai
el ogee 53 Jolowo ol dlge (LAl o Wajgd ol 4 syl
2 Js09)Sse Voo igMe (Bal, 2021) uis (g)beSS joy Fr o
A5 (Newhall) Job J&y og0 )0 g8 JB Ltals el )
Ma Qiaoli et ) 1. sgue cutS il | Culos oaimd L oS
salS el [Yao Lo B sslslS Jlos Slisiss y (al., 2021
{(Zhou et al., 2023) s asl > Jole dols lgo (s00,d V+/VD

(TSS) Jglas sola uf g0
Age 32 oloj g e e S mosls (puib)ly 425 @ls Bubo
9 5B ne dopy So Jleinl v )3 5SS o Jslore el
(Y JSs) 8l Jalifl ploj asdS LTSS Gl () Jsi2)
05 slless 5 a8ls 55 (e 54 TSS liee (a8 g iy
jor ¥ bl o (Y JS) A oaalie (95bgls 5 (igMa
FIF - FIAN Sisoar 158655 5 5N (5] slo e <o)
B 65> om0 )0 TSS yials o dald & s 1o 3 £/FY
Vbosd jleg (S0 slrogee (sladllae > (Y JS)
30l b duglie 5> Jolomo sl Slgo (20l s 55 Y50 Lo
gy o5yl e Cute I > ) (Shu et al., 2020) ws



YPY  Lowwlgiue] 89,5 b Sloylil wae 4o (Manilkara zapota) gSuz ogun caiuS Lo ooy 5od g dowo ot !

&9y » Sl o oy3)] (Fernandez-Lobato, & Alacid, 2021
S Ceow & 1y bl g asliS 5T Glise  Sgilie sl prano
Jiang, Sheng, Wu, Ye, & Zhang, ) &5 colia JT claswl
S:0e 42 Y g0 oo S 05 (S O 9y oS ) (2021
5,5 SaS dlud ply 30 Cuoglie Linli8l g ygumlyis LB db sl
g Al bis el i)l jles (cladlle 4> (Shu et al., 2020)
s 59 S 5 b S5m0 4 45 A3 (555 egen (S ke ol
Khan, Al Azzawi, Ali, & Yun, ) 55" SeS" (,I0e5 )93

(2023

0930 (S g3 o 5

Jlie 5l as sl lis v e slaoals usbyly 40 ol
2oy3 Sy Jloinl gdaw 3 58z o9s0 (St Ol 2 0loj 5 Jlowd
Ol e loj (b > Bajles g IS8T (gl e sl
S g oty Gialojl Gloj (bl )3 0 S o300 (St
2 odalie (155UglS 5 gyl Ul jless g dald )3 sy Lol
5 o Jl slayles S ose (6,065 5o, Fe 5 (F S
Olieds 5 95 0910 53 (Shpwgr 10> (LS s (95 glS
deoyd S (¥ USCE) b aald b duslie )0 o yd FV/YY 4 YO/AY
Jihes gLl 5 oyl I slayles 1 )3 5 ogme (S,
sl ) &8 ol S8 5 ol 598 (eI oS
L s S e sl (S dops o 5 Bk
SOy b g (S dopd (il Eael )90l g s p3 (58glS
ShU ) 397 geitsnT (glaps 31 clled Jloo L3y 45 L5 ngmo md
e (59,905 5l 3l eslil Kb s s (et al., 2020
Jb 3 ogee sl o S5y bais 4y 5 Al (Spesgy o p> il 4
(Shu et al., 2020) 5,5 S (510455 093

S gSal sl

2 obs g jles blie 3las ol HLis Y Jodz slrodly o)y
st dioys o Jloin] e )3 S ogre SopsSolipal ko
55 Slaglos 51 5 5l s 2g: €25 LB (oo e
oles bl o el ous S ysSnl ol (Sig lde Ll el
SatygSasl dusl 5o (I3 s 956518 Lo (59, F+) (510485
D JS5) s aald 4y s duoyd BFIVA jlaie 4y oS> 0900 50

(TA) O3l s S8 s

Sy Johize clogasli ) (S oloj g 5 TSS il
Jol> dlge (Beckles, 2012) ol baogee 13 So550gs 348 il s g
oS ditwn e LS 5 g I slaswl dand Jols baee Joloxe
Aol GRll 6)0aS5 0y93 Jsb 53 (551 mBD 4 aoms
Famiani, Battistelli, Moscatello, Cruz-Castillo, &)
Ol bl (San 95695 5 (igiMe (55,1 .(Walker, 2015
o i) SIS closialjp 318 a3 4 ogeo S oy
2Bl a8 eolat] (glize a4y yioS s S S8 (A8 4y dtwliss
Joloee dal> dlge & onzmy laclnng)S has el &)
Oloieds 93,8 455U55 o oM (Kader & Yahia, 2011) cuwl
1y glinnST (i A5lg5 oo 45 Kgib oo adlid (o958 (sl lamns] il
Reiter et al., ) Wil Giow 4 1) Jolo o 50 g 02l Lials
S5 ok (o8 RS @ pw 45l Cwsl (See 9290 (0] (2016
Sleeas ozl aas Gials 1y Joloe dals dlge Lial33l g A8
58S o oo (595 muerdgplie (sl 1> (518 drslginel S
Pild e pre scdplie ;3 9 by jiw walal 4 Ly e
Gl g (gloydd LS 5w (ol AL 4 cel gsdge ol
Pedrazini, Martinez, dos Santos, & ) 39 go Sty s puo

.(Groppo, 2024

TSSITA

p ole3 5 e e 5145 5l (s g o ol
Lo Y 90 Jls) maw )3 i g 5S> oae TSSITA 3 TA
sl 55 6 ol G381 log] bl () Jpin) ol o sine
s0ld & Cons (555)] Jloss bauwgs 103 YV ljeds 5 0510 5
TSSITA ol ial5dl ciialejl 5o, Fe o (o ¥ US) 05 oamlie
o5l = les &SIl 3 b saalie loj (o 53 5 0gr
L5 dals b dwslis (0 Cao opl (S Couw duopd YAIYA 50 4
§) ks lsisay ogse 3 TSSITA Cond iglidl (2 ¥ US5)
Sy GBS G005 loj S 3 b Sl (S
3 o) Hlew b s o) ialS Ll (Fawole & Opara, 2013)
L b Wl oo opsyl a5 ol opl gosims L5 sals b dwslie
K9y 0l Jobo 5 atndpl gy S 5l 55l 5 JI sloaed
Conl S 33yl =l S 35Sy 050 (somd (e 9 (S )
s > 8 gl gl eSS L ety o glyisa
5y il 4 e gel cpl ST Jes 1) i JT slaal
Aguayo, Martinez-Sanchez, ) 54 o o550 y> SluS 5 ol 5w



YFA

) €3 GRY PRV g R POV § IOV E RN [OY ) VP Y SOV PPN P POV TS PR PRV

BMelatonin  ®Glutathione  BPhenylalanine

BL-Arginine

@Control

<l

O
(

P

O )

mc-w e
-p

-}
apd

|
y-a

My
B-p

._.- b
1y

[
ﬂ_ [iorrcciicczsranyed

Yol
™

o N o .n o .nw o
M N N

(%) spijos ajanjos
Aoy

T30 T40

T20

Sl olej
Storage time (days)

T10

TO

2 o @
—_ o
5 = E s
= =
g =
5 g
= <
o o
=) [}

Q o
(3] o
5 - P
£ EGEGRRIRK £
5 5
2 =
a W % 8

. >
- m 3 .% o
£ F D29 £ [
=] 3 E 5
] P =1
© S @ >
> YW e s
o S o
[9p)
() o @ o
f= —
= - = -
= =
< <
- 4
S O T 8
— e
s ¢ E =
m e 5
b O ] 9
~N 9 0 ¥ M N o o o o o o o o
(%) Aupiae ajqeren L V1/SS1

) o e &R0 O AT g rririe i e

Sl ple;
Storage time (days)

Y1 e g (19 G glS

bl 51 Sl dwmlho Y S5

Lows
[Jgloe sols Slgo

Mo syl sy

Ry

w2 00 Cygawl i b

(& Jgtomo ol slgo (A

(Gos £ g ¥Wo Yo Ve o) (5,855 Hloj 45

B !

(2 ool s b

[EJRWW

3) el 5kl gllas saims L s g (0<0.05) cunl Sy (yg0jl Lolislpr bajloss opo Jlo re glds simd yLis Ciliseo by >

Fig. 3. Comparison of the average interaction effect of L
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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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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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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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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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4- Polyethylene grafted Glycidyl Methacrylate (PE-g-
GMA)
5- Wood flour
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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

odlo U SR
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)
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6- Escherichia coli (E. coli)

7- Suspension solution

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

((WVTR) o jlas JBS £ 53 o303
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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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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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Fig. 3. WVTR values of LDPE/LLDPE/PLA blends and blends containing different concentrations of nano-graphene oxide
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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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(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)
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Table 2— Compounds of Dracocephalum kotschyi extracts
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Means with different letters are statistically significantly different at the 5% probability level.

Ol Cllad g

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
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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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