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Finite Element Analysis-based Simulation of Carton Clamp Truck Handling

Jongmin Park'*, Jongsoon Kim'!, Sewon Chang', and Hyunmo Jung’

'Department of Bio-industrial Machinery Engineering, Pusan National University, Miryang 50463
’Department of Logistic Packaging, Kyongbuk Science College, Chilgok 39913, Korea

Abstract Carton clamps and forklift attachments allow users to efficiently handle shipping units including unitized
loads, large shipping cases, and crates without the need for pallets. As the use of palletless handling by clamp trucks
increases, the need for simulation research on clamp truck handling also grows. This study defines an analysis model for
a segment of a heavyweight corrugated package (HCP) (L x W x D = 1,003 x 980 x 1,880 mm, weight = 1,760 N). Finite
element analysis (FEA) evaluated the slippage of the HCP under various conditions, using a representative load. The FEA
results indicated minimal change in slippage beyond a certain clamping pressure. The slippage was lowest when the rub-
ber contact pad on the carton-clamp truck arm was trapezoidal. Additionally, the slippage of HCP was reduced by more
than 50% when using double-wall corrugated paperboard compared to single-wall corrugated paperboard. Under the
same conditions, the error between the minimum clamping pressure estimated by the improved minimum clamping pres-
sure model and the pressure analyzed through FEA was approximately 12%. Thus, if the physical properties used in FEA
are enhanced, the FEA-based simulation technique can more accurately estimate the minimum clamping pressure during
carton clamp truck handling.

Keywards Heavyweight corrugated package; Carton-clamp truck; Minimum clamping pressure; Carton-clamp truck

handling; Finite element analysis

Introduction

A forklift truck, a typical handling machine, is suitable for
handling pallet-based freight, whereas a carton-clamp truck
can handle freight without using pallets. Carton-clamp trucks
are highly efficient when used with other handling machines,
such as push/pull with slip sheets. They increase space efficiency
and reduce management costs in factories or warehouses'.
As palletless handling by carton-clamp trucks expand across
various industries, the need for computer simulations to
optimize clamping pressure, the most crucial factor in carton-
clamp truck handling, is increasing.

Stewart and Batt? developed PSD profiles for warehouse
handling and truck loading using carton-clamp trucks to drive
a clamping-force simulation device. Singh et al.> analyzed
relationships among ride height, measuring position, stacking
patterns, shock intensity, load retention, and load containment
in carton-clamp truck handling of unitized loads. They found
that vibration levels in the 4-20 Hz range were much higher
than those in transport systems like trucks or trains. Park et

*Corresponding Author: Jongmin Park
Department of Bio-industrial Machinery En
Tel: +82-55-350-5424, Fax : +82-55-350-5429
E-mail: parkjssy@pusan.ac.kr

al.®) modeled the appropriate clamping pressure, considering
one-time handling weight and the actual contact area between
the carton-clamp truck arm and packages by measuring the
dynamic load factor and friction coefficient for handling a
heavyweight corrugated package. Park et al.” also analyzed
the effects of payload, traveling speed, and tire type on
vibration levels during carton-clamp truck handling, presenting
their PSD profiles for three test courses: the test course
designed based on a case study in the home appliance industry,
ASTM D6055%, and ISTA 3B?. The type of load generated
during carton-clamp truck handling results from handling
environmental conditions such as weight, clamping method,
road conditions, and driving speed. Additionally, the load
varies based on the package shape, packaging condition,
packaging material, and the material and shape of the rubber
contact pad on the carton-clamp truck arm.

Due to limitations in experimental methods, simulation
techniques like finite element analysis (FEA) are required.
Therefore, in this study, we developed an FEA-based
simulation technology for carton-clamp truck handling, using
various data from previous studies®”'*'). We analyzed
factors affecting load slippage between clamp arms and the
shape design factors of the rubber contact pad. Additionally, it
compared test-based minimum clamping pressure with FEA
results for carton-clamp truck handling.
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Materials and Methods

1. Analysis range

In this study, to develop an FEA simulation technique for
the load behavior of various variables in carton-clamp truck
handling (Fig. 1), we first established a representative load that
accurately considered the handling environmental conditions.
The behavior of this load was analyzed based on the outer-
packaging material, the shape of the rubber contact pad, and
clamping pressure.

To determine the representative load, the composite PSD
profile analyzed by the research team during the handling
process of the same target heavyweight corrugated package
(HCP) (weight: 1,760 N, dimensions: L x W x D= 1,003 x
980 x 1,880 mm) as in this study, was applied”. This
composite PSD profile, which included all the PSD profiles
measured for each combination of variables such as driving
speed, road surface condition, and clamping method, allowed
for the calculation of the representative load.

The target HCP behavior for this representative load was
analyzed for combinations of three types of outer-packaging
material, three types of rubber contact pads on the carton-
clamp truck arm, and three levels of clamping pressure, as
shown in Table 1. The shape and dimensions of the rubber
contact pad (Fig. 2) were determined through investigations

Load space

(heavyweight corrugated package)

Articulating arms Aluminum contact pad

by the manufacturer and the site of use. The clamping pressure
range included the pressure normally applied in practice when
handling two target HCPs, as shown in Fig. 1(b).

2. Definition of analysis model and modeling

In Fig. 1(b), the small-volume element within the real
contact area between the target HCP and the rubber contact
pad of the carton-clamp truck arm is defined as the analysis
model (Fig. 3). This element selection considered the left-right
symmetry around the HCP in carton-clamp truck handling and
the plane motion, with the center of gravity of the HCP
confined to the xz plane, ignoring movement in the traveling
direction (y).

The FEA assumptions for the analysis model are as follows:

» FEA analyzes the behavior within a defined small-
volume element;
Target HCP, wrapped in a corrugated outer-packaging
material, is considered a rigid body, and the kinetic
conditions between the outer-packaging material of the
HCP and the rubber contact pad are considered Coulomb

friction;

Total weight of the target HCP is concentrated in the area
of the rubber contact pad of the carton-clamp truck,
resulting in frictional motion;

= Due to the clamping pressure of the carton-clamp, only

MD-MD in y-direction, and
CD-CD !'n\x-direcf:'on

‘.

1}

oy

rubber plate~MD in y-direction, and
rubber plate~CD in x-direction

(with grooved rubber contact pad surface)

(a) Carton clamp structure

(b) Contact conditions

Fig. 1. Frictional contact conditions in carton clamp truck handling for target HCP.

Table 1. Analysis design for anakysis the target HCP behavior

Outer-packaging material” Handling weight (kN) Clamping pressure (kPa) Shape of rubber contact pad
AB/F-DW 3.52 3,5, 7 Trapezoid, Quadrangle, Orbicular
BB/F-DW 3.52 3,5, 7 Trapezoid, Quadrangle, Orbicular
A/F-SW 3.52 3,5, 7 Trapezoid, Quadrangle, Orbicular

Note: 1) AB/F-DW = double wall of AB flute, BB/F-DW = double wall of BB flute,

A/F-SW =single wall of A flute

(DW) KLB175/K180/K180/K180/KLB175, (SW) KLB175/K180/KLB175
[KLB175: 40% UKP +30% AOCC +30% KOCC, K180: 100% KOCC (UKP = unbleached kraft pulp,
KOCC =Korean old corrugated container, AOCC = American old corrugated container)]
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(a) Trapezoid type

0 L)

(b) Quadrangle type

Unit: mm

(c) Orbicular type

Fig. 2. Configuration of the rubber contact pad of the carton clamp truck arm.

Small-volume

element

Fig. 3. Definition of the analysis model.

elastic deformation occurs between the friction materials,
and an inelastic area is not considered.

The friction area of the analysis model was 36 mm? (36 x 1
mm), a fraction of the friction area of the entire model, which
was 1,185,800 mm? (1,210 x 980 mm): (target HCP) L x W x
D =1,003 x 980 x 1,880 mm, and (carton-clamp arm) 1,210 x
1,210 mm. The analysis model for each combination of the
three types of outer-packaging materials of the HCP and three
types of rubber contact pads of the carton-clamp truck arm
was expressed as an FE model, and MiDAS NFX (2018R2,
MiDAS IT) software was used for FE modeling'?. Fig. 4
shows the modeling results for the rubber contact pad with the
outer-packaging material BB/F as an example.

3. Load (fraction) and boundary conditions, and analysis
methods

The clamping pressures applied in FEA were 3, 4, and 5
kPa, equivalent to 3 x 103,4 %1073, and 5 x 10> N/mm in a
two-dimensional model (1 mm thick). The handling weight
supported by the rubber contact pad of the analysis model was

y l )
& Force due to the mass I 2 thickness
of package, F,,

Frictional force between package
and rubber contact pad, F,

PACKAGE 4—— Clamping pressure of

of carton clamp, P_

v, MD

xCD
(Outer-package)

determined based on the friction area ratio between the entire
model and the analysis model. Specifically:
= Handling weight supported by the rubber contact pad on
one arm: 1,760 N (half of the total handling weight of
3,520 N);
» Friction area ratio between the analysis model and the
entire model: 3.04 x 107 (36/1,185,800);
» Handling weight supported by the rubber contact pad of
the analysis model: 0.0535 N (1,760 N x 3.04x107).
The slippage of the load during carton-clamp truck handling
was significantly affected by vertical vibrations. However,
Park et al.%” found that vibration intensity during handling
was significant not only vertically but also laterally. Therefore,
in this study, the representative load was determined by
summing the vibration magnitudes (overall rms G”)) in both
directions to simulate extreme conditions for slippage.
Specifically:
» Overall rms G in the lateral direction: 1.01
= Overall rms G in the vertical direction: 0.76 + 1 (Gravity)
«» V1017 + 176> = 2.0292G, Representative load: (0.0535/

:

(a) Trapezoid type

(b) Quadrangle type

(c) Orbicular type

Fig. 4. Example of modeling results by rubber contact pad for outer-packaging material, BB/F.
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Ux=0 Ux=0 Ux=0 i e & Ux=0
Static Friction Coefficient i, = 0.78 Plane Strain plane St Static Friction Coefficient 4, = 0.70 Plane Strain

Plane Strain

(a) Step 1

(b) Step 2

Fig. 5. Constraint and boundary conditions in FEA: BB/F-A/F SW, trapezoid.

9.81)x2.0292 Gx9.81=0.1086 N

The FEA proceeds in two stages. First, the analysis model
is compressed with the clamping pressure Pc of the carton-
clamp truck to generate friction force. Then, the dynamic load
Fp from the mass of the HCP is applied to analyze the relative
displacement between the HCP and the rubber contact pad
(Fig. 3).

Fig. 5 shows the constraints and boundary conditions for
Steps 1 and 2 of the FEA. In Step 1, the x-direction motion of
the left and right sides of the rubber contact pad and the HCP,
and the z-direction motion of the HCP bottom, were
restrained. In Step 2, the x-direction motion of the left and
right sides of the rubber contact pad and the z-direction
motion of the HCP bottom were restrained. The friction
coefficient applied to the friction contact conditions in the
FEA is based on Park et al.'”). The friction coefficient between
the rubber contact pad and the corrugated outer-packaging
material varied with the flute type of the corrugated
paperboard; thus, values for each flute type were applied. The
friction coefficient between the corrugated paperboards was
averaged across the machine direction (MD), cross-machine
direction (CD), and flute type (Table 2).

4. Mechanical properties applied in FEA

The outer-packaging material of the target HCP is corrugated
paperboard. Due to its complex structure, considerable time
and effort are required for FEA. Thus, this study used
equivalent mechanical properties and simplified models for
each type of corrugated paperboard reported by Park et al.'.
Only the mechanical properties needed for the 2D model were

Table 2. Friction coefficients according to various contact conditions'

extracted from the equivalent properties of the 3D model in a
previous study by Park et al.'" and are listed in Table 3.

Similar to corrugated paperboard, applying rubber properties
in FEA is challenging and significantly affects the results and
processing time. This study used the properties of a
hydrogenated nitrile butadiene rubber (HNBR) contact pad,
determined using the Mooney-—Rivlin model'? from the
stress-strain relationship of a uniaxial tensile test (Fig. 6).

Results and Discussion

1. Package slippage due to clamping pressure and
shape of the rubber contact pad

Based on the analysis design in Table 1, the analysis model
was expressed as a FE model. FEA was performed considering
the load, boundary conditions, and representative load
according to the actual handling conditions of the carton-
clamp truck. For example, Fig. 7 shows the FEA results for
the slippage of the HCP when the outer-packaging material
was BB/F-DW, and the clamping pressure was 5 kPa.

When the outer-packaging material was BB/F-DW, the
slippage and relative displacement between the clamp arm and
the HCP gradually decreased with increasing clamping
pressure. However, after 5 kPa, the variation was minimal.
Notably, the rubber contact pad's shape had the smallest
impact when it was quadrangular (Fig. 8).

The slippage of the HCP was largest with the orbicular-
shaped rubber contact pad and smallest with the trapezoidal
shape at the same clamping pressure (Fig. 9). The difference
between the trapezoidal and quadrangular rubber contact pads
was minimal compared to the orbicular shape. Therefore, the

0)

Items

Contact conditions

RCP : AB/F-DW

RCP : BB/F-DW

RCP : A/F-SW

between CPs

Static-frictional coefficient 0.74 (£0.0198)

0.78 (£0.0082)

0.86 (£0.0129)

0.41 (£0.0383)

Dynamic-frictional coefficient 0.71 (x£0.0198)

0.73 (£0.0129)

0.80 (+£0.0129)

0.38 (£0.0249)

Note: Values in parentheses are standard deviation values.

RCP = rubber contact pad, CP = corrugated paperboard, AB/F-DW = double wall of AB flute,

BB/F-DW = double wall of BB flute, A/F-SW = single

wall of A flute
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Table 3. Equivalent material properties for the target corrugated paperboards in Table 1'V

Material properties AB/F-DW BB/F-DW A/F-SW
E. vp 345.50 298.37
Elastic modulus (MPa) E, b 151.35 106.24
E, 7.87 6.57
xy 81.25 58.83
Shear modulus (MPa) Gy, 10.50 5.26
G, 6.70 2.65
Viy 0.177 0.189
Poisson’s ratio ( - ) Vys 0.045 0.046
Vo 0.026 0.027
Note '._1-. " o e \-M)l'( _— (wam mas Uﬂ
8 0.10 -
7 0.08 4
< 6 =
E s /] £ 006 ——Trapezoid —— Quadrangle Obricular
N’ %“?
2 4 2004 4
g / 2
w
o 3 0.02 4
0.00 . .
1 — 3.00 5.00 7.00
/ Clamping pressure (kPa)
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 Fig. 8. Slippage of the HCP by clamping pressure: BB/F-DW.
True strain

Fig. 6. True stress-strain (loading-unloading) curve of HNBR
(soft) polymer at a strain-rate of 1072/s'®.

trapezoidal shape was considered the most suitable for the
carton-clamp truck arm in this study.

Fig. 10 shows the FEA results for the slippage of the HCP
according to the type of outer-packaging material when the
rubber contact pad was trapezoidal. The slippage of the HCP

was significantly smaller with DW corrugated paperboard
compared to SW corrugated paperboard. The difference
between AB/F and BB/F in the DW corrugated paperboard
was negligible. The coefficient of friction between the rubber
contact pad and the outer-packaging material was the largest
in A/F, followed by BB/F and AB/F (Table 2). However, in
Table 3, the slipage of HCP appeared to be the opposite,
which is thought to be the difference in material properties for

(a) Trapezoid type

(b) Quadrangle type

(¢) Orbicular type

Fig. 7. Example of the FEA results for slippage of HCP by the shape of rubber contact pad: BB/F-DW, clamping pressure of 5 kPa.
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0.10
u Trapezoid ® Quadrangle W Obricular
0.08 A
2 006 1
o
el
8
2 0.04
@
0.02 A
0,00 A
3 5 7

Clamping pressure (kPa)

Fig. 9. Slippage of the HCP by the shape of rubber contact pad:
BB/F-DW.

each type of corrugated paperboard applied during FEA.

The amount of HCP slippage under these conditions is best
used for relative comparisons rather than as an absolute
measure.

When the corrugated paperboard is used an outer-packaging
material, as in this study, the corrugated paperboard exhibits
nonlinearity due to its own physical characteristics, shapes,
and contact conditions. This nonlinearity makes it more
difficult to simplify and approximate FEA step that can reduce
errors during FEA. The linerboards and corrugating medium
paper comprising the corrugated paperboard have significantly
different MD and CD properties, as well as thickness directions.
Several theories assume other orthotropic properties, but their
accuracy or appropriateness is difficult to determine. The
compression test results of corrugated paperboard are also
highly sensitive to the test method and environmental
conditions.

Design variables and weights were applied to derive similar
results using FEA and tests. More practical results can be
obtained in the FEA of corrugated paperboard structures by
repeatedly integrating the weights used in tests and FEA,
based on diverse test results.

2. Comparison of test-based minimum clamping
pressure and FEA results

Park et al.% proposed a minimum clamping pressure model
for carton-clamp handling using one-time handling weight and
the effective contact area between the clamp arm and the HCP
as factors, similar to this study.

Table 4. Extension of the minimum clamping pressure model

012 4
m AB/F mBB/F MAF
0.10
E 008 4
g
5 0.06
b=
=
w004 A
- l = | =]
0.00 A }
3 5

-

Clamping pressure (kPa)

Fig. 10. Slippage of the HCP by the outer-packaging material
of HCP: Trapezoid.

1+d W /4
> __._l)(__) = Za=o0.
P ( 21 ax=, a 0.0026 )

Where P is the minimum clamping pressure (kPa), W is the
one-time handling weight (N), df is the dynamic load factor
expressed in G-force (a multiple of acceleration due to gravity,
9.81 m/s?), p is the static-frictional coefficient between the
outer-packaging material and the rubber contact pad of the
carton-clamp truck arm, A is the effective contact area
between the clamp arm and the HCP (m?), and « is the model
constant.

Table 4 shows the constant value of the recalculated model
by applying the friction coefficient according to the type of
outer-packaging material in contact with the rubber contact
pad of the carton-clamp truck arm. The previous 0.0026 value
was calculated based on the friction coefficient between the
outer-linerboard of the corrugated outer-packaging material
and the trapezoidal rubber contact pad, without considering
the type of the corrugated outer-packaging material.

The estimated minimum clamping pressure ranged from
5.06 to 5.96 kPa, using a one-time handling weight of 3.52 kN
and a real contact area of 1.1858 m? between the clamp arm
and the HCP, applied to the model in Equation (1) with the
constant value shown in Table 4. As shown in Fig. 8, when the
outer-packaging material was BB/F, the slippage of the HCP
differed by approximately 12% from the 5 kPa boundary
point, showing little change and relative similarity. Therefore,
it is believed that the minimum clamping pressure can be

Outer-packaging Model constant (-) Calculated minimum clamping pressure (kPa)"
material Previous estimate New estimate Previous estimate New estimate
AB/F-DW 0.0020 5.96
BB/F-DW 0.0026 0.0019 7.74 5.66
A/F-SW 0.0017 5.06

Note: one-time handling weigh = 3.52 kN, the effective contact area between the clamp arm and the HCP = 1.1858 m?,
rubber contact pad = trapezoidal shape
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reasonably estimated through an FEA-based simulation of

carton-clamp truck handling.

Conclusions

Carton-clamp trucks are designed to handle equipment
without using pallets, offering strengths in cost and efficiency
within factories and storage facilities. As palletless handling
by carton-clamp trucks expands across various industries, the
need for computer simulations to optimize clamping pressure,
the most critical factor in carton-clamp truck handling, is
growing. In this study, an analysis model, representing a portion
of the entire model of the target heavy-weight corrugated
package (HCP, L x W x D= 1,003 x 980 x 1,880 mm, weight
= 1,760 N), was defined. The representative load acting on
this model was calculated using existing research, and FEA
was performed on the slippage of the HCP during carton-
clamp truck handling. Based on the FEA simulation, key
factors such as the shape of the rubber contact pad were
analyzed, and the test-based minimum clamping pressure and
FEA results were compared. The detailed research findings
are summarized as follows:

1) As a result of the FEA, when the outer-packaging
material of the HCP was BB/F-DW), the slippage of the
HCP between both clamp arms of the carton-clamp truck
decreased with increasing clamping pressure, with little
change beyond 5 kPa. Among the three types of rubber
contact pads, the slippage was smallest with the
trapezoidal pad.

2) Additionally, with the trapezoidal rubber contact pad, the
slippage of the HCP was more than 50% smaller in the
DW corrugated paperboard compared to the SW
corrugated paperboard, and this effect increased with
higher pressure. The slippage of the HCP under these
conditions is best used for relative comparison rather
than as an absolute measure.

3) For the same conditions, the error between the minimum
clamping pressure estimated by the improved model and
the clamping pressure analyzed through FEA was
approximately 12%. Therefore, if the physical properties
applied to FEA are refined, the FEA-based simulation
technique developed in this study can accurately
estimate the minimum clamping pressure during carton-
clamp truck handling.
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Investigation of Biological Safety and Chemical Leaching Properties in the
Recycling of PP/EVOH Multilayer Plastic Food Containers

Sung-Chul Ha and Chang-Yong Lee*

Department of Environmental Engineering, Kongju National University, Cheonan 31080, Korea

Abstract This study investigates the increase in chemical leachates and the biological toxicity associated with repeated
recycling of multilayer plastic food packaging composed of polypropylene (PP) and ethylene vinyl alcohol (EVOH).
Based on the ISO 10993-5 cytotoxicity assay, a slight level of cytotoxicity was detected in the recycled samples, indi-
cating a potential biological risk associated with the use of recycled materials. Chemical analyses using ICP, pH meter,
balance, UV, UV/VIS spectrophotometer confirmed a cumulative increase in the total amount of leachates. Notably, the
accumulation of heavy metals was identified in the recycled plastics, which was attributed to metal components orig-
inating from the shredding and reprocessing equipment used during recycling. SEM-EDX analysis further confirmed that
the accumulated metals matched the elemental composition of the recycling equipment. These findings highlight the
potential accumulation of heavy metals derived from processing machinery during the recycling of multilayer packaging
and underscore the need for establishing safer and more controlled recycling systems.

Keywords PP(Polypropylene), EVOH(Ethylene Vinyl Alcohol), Food packaging, Biological, Recycle.
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Fig. 1. Manufacturing process of food containers with PP/EVOH multilayer structure: raw material input, sheet extrusion, and container

thermoforming sequence.

Fig. 2. The material composition of aseptic rice containers
includes PP, EVOH for oxygen barrier, PP-g-MAH (polypro-
pylene grafted maleic anhydride) as a bonding layer with
EVOH and PP, TiOx(white pigment compound) for opacity.
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Table 1. Composition and Thickness of Co-extruded PP/EVOH Sheet
PP PP-g-MAH EVOH PP-g-MAH PP+TiO, MB
Composition 44.4% 2.8% 5.6% 2.8% 40.4%+4.0%
Thickness of multilayer 400 pm 25 um 50 pm 25 um 400 pm
Temperature Co-extruder 240°C 240°C 240°C 240°C 240°C
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Table 2. Summary of Cytotoxicity Test Method Based on ISO 10993-5:2009
Category Details
Test Standard ISO 10993-5:2009
Test Purpose Evaluation of in vitro cytotoxicity for regenerated PP/EVOH food containers
Cell Line Used Mouse-derived fibroblasts
Culture Medium MEM (Minimal Essential Medium) with 10% Fetal Bovine Serum (FBS)
Extraction Conditions 37°C for 24 hours
Sample Surface Area Diameter 35 mm wells (~10 cm?); each well treated in triplicate
Cell Seeding Density 1 x10° cells/mL
Seeding Volume per Well 2 mL
Incubation Conditions (before treatment) 37+ 1°C, 5+ 1% CO: for 24 hours to form confluent monolayers
Exposure Duration to Extracts 48 hours
Observation Method Optical microscopy (100x magnification)
Assessment Criteria - Morphological change - Presence of confluent monolayer (+/—) - Medium color change (pH)
Interpretation of pH Change - Yellow: Acidification - Purple/Crimson: Alkalization
Enzymes for Cell Harvesting Trypsin and EDTA
Evaluation Basis Qualitative observation and inhibition of cell proliferation based on ISO 10993-5 grading
Table 3. Information on Specimens Used for Toxicity Evaluation
Medium and vehicle Serum Negative control Positive control
Category Ime.:m (Mil.lirnurn essential Horse serum High Density ZDEC (Zinc Diethyldithiocarbamate)
medium) with 10% serum Polyethylene film Polyurethane film
Maker Gibco, storage 2~8°C Gibco, storage —15~20°C - -

21F-87] A%, W 2 (rice cooking), AMEEH §7] 3

L Raw 2 Al (grinding/cleaning), H & 3k(pelletizing) A11™, 3]

F ALE =8 AL 53] vHE SIS
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Fig. 3. Image of the PP/EVOH food container recycling pro- HE‘ & SH37] flell, Table 33 7o) 10% FBS(Fetal
cess. bovine serum)’} 3 7}# MEM(minimal essential medium)

Table 4. Treatment conditions for cytotoxicity testing (triplicate for each well)

Group Description
Test Group Extracts obtained from regenerated or non-regenerated samples
Reagent Control Culture medium used during the extraction process (no sample exposure)
Negative Control Extracts obtained from a known non-toxic material
Positive Control Extracts obtained from a known toxic material
Group Description

All conditions were applied in triplicate (n=3) per well after the removal of the culture medium
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Table 5. Tests Method of ISO 10993-5:2009

Steps

Test Method

1. le P i .
Sample Preparation or apply direct contact.

Prepare the medical device or material to be tested. Depending on the test method, prepare an extract

2. Cell Culture Preparation

Culture appropriate cells (e.g., L929 fibroblasts). Ensure that cells are in optimal condition for testing.

3. Selection of Test Method | Direct Contact Method, Agar Diffusion Method, Extract Method.

4. Exposure and Incubation |Expose cells to the test sample or extract, Incubate for a specified period (typically 24—72 hours).

5. Cytotoxicity Assessment

Examine cell morphology and viability, Perform cytotoxicity assays (e.g., MTT assay, neutral red
uptake, or fluorescence staining).

6. Data Analysis (Grade 0-4).

Determine cell viability percentage (e.g., >70% indicates non-cytotoxic), Assign a cytotoxicity grade

7. Reporting and Conclusion | Document test results and interpret cytotoxicity based on ISO 10993-5 guidelines.

Table 6. Grade of Cytotoxicity According to ISO 10993-5

Grade | Reactivity Conditions of all cultures
0 None No cell lysis, no reduction of cell growth
. Not more than 20% of the cells are round, loosely attached and without intracytoplasmatic granules, or
1 Slight . . . A
show changes in morphology; occasional lysed cells are present; only slight growth inhibition observable.
. Not more than 50% of the cells are round, devoid of intracytoplasmic granules; no extensive cell lysis; not
2 Mild e
more than 50% growth inhibition observable.
3 Moderate Not more than 70% of the cell layers contain rounded cells or are lysed; cell layers not completely
destroyed, but more than 50% growth inhibition observed.
4 Severe Nearly complete or complete destruction of the cell layers
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Table 7. Cytotoxicity Evaluation of PP/EVOH Food Packaging Materials Prior to Recyclin
5 -
Confluent | % Growth & .Cells without % % ..
Well R intracellular . . Reactivity Grade
monolayer | inhibition . Rounding Lysis
granulation
Test(1) ) 0 0 0 0 None 0
Test(2) +) 0 0 0 0 None 0
Test(3) ) 0 0 0 0 None 0
Negative control(1) +) 0 0 0 0 None 0
Negative control(2) @) 0 0 0 0 None 0
Negative control(3) (+) 0 0 0 0 None 0
Reagent control(1) (+) 0 0 0 0 None 0
Reagent control(2) +) 0 0 0 0 None 0
Reagent control(3) @) 0 0 0 0 None 0
Positive control(1) -) 100 N/A N/A 100 Severe 4
Positive control(2) =) 100 N/A N/A 100 Severe 4
Positive control(3) -) 100 N/A N/A 100 Severe 4
Table 8. Cytotoxicity Assessment of PP/EVOH Food Containers After 5 Recycling times
o :
Confluent | % Growth & .Cells without % % .
Well R intracellular . . Reactivity Grade
monolayer | inhibition . Rounding Lysis
granulation
Test(1) +) 25 0 10 0 Mild 2
Test(2) (+) 25 0 10 0 Mild 2
Test(3) +) 25 0 10 0 Mild 2
Negative control(1) +) 0 0 0 0 None 0
Negative control(2) ) 0 0 0 0 None 0
Negative control(3) +) 0 0 0 0 None 0
Reagent control(1) +) 0 0 0 0 None 0
Reagent control(2) ) 0 0 0 0 None 0
Reagent control(3) +) 0 0 0 0 None 0
Positive control(1) =) 100 N/A N/A 100 Severe 4
Positive control(2) &) 100 N/A N/A 100 Severe 4
Positive control(3) &) 100 N/A N/A 100 Severe 4
Table 9. Extraction test conditions and methods based on Korean Pharmacopoeia
. Surface Area Volume of Extraction . ..
Sample Type and Thickness (both sides) or Mass Solvent Extraction Condition
<0.5mm (film type) 120 cm? 20 mL (37 £ 1)°C for (72 £ 2) h
2 (50 + 2)°C for (72 £ 2) h
>0.5mm (film type) 60 cm 20 mL (70 £ 2)°C for (24 £ 2) h
Irregularly shaped solid 4.0 cm? 20 mL (121 + 2)°C for (1 £ 0.1) h
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Table 10. Extraction test methods based on Korean Pharmacopoeia

Test Item Test Method
Foamin Add 5 mL of the test solution to a cylinder (diameter: approx. 15 mm, length: approx. 200 mm),
& shake for 3 minutes, and measure the time until the foam disappears.
Using standard and test solutions, measure the turbidity at 430 nm and 650 nm using a 10 mm
Transparency
path length cell.
pH Add 1.0 g of potassium chloride to water and dilute to 1,000 mL. Mix 20 mL of the sample into

this solution and measure the pH difference.

Oxidizable Substances

Add 0.002 mol/L potassium permanganate and 1 mL of a 20.0 mL sample into a conical flask.
Heat for 3 min and cool. Add 0.01 mol/L sodium thiosulfate to titrate. Calculate the difference
in consumption between the sample and the standard.

UV Absorbance

Measure the maximum absorbance in the range of 220240 nm and 241-350 nm using UV-vis-
ible spectrophotometry, compared to the standard solution.

Water Absorption Spectrum

According to the UV-visible spectrophotometric method using standard solutions, measure the
absorbance in the range of 220-350 nm.

Residue on Evaporation (20 mL)

Take 20 mL of the test solution, evaporate in a water bath, and dry the residue at 105 °C for 1
hour. Weigh the residue.

Heavy Metals

1. Prepare a standard solution by diluting 10 mL of standard solution to 100 mL with water
(1 mL contains 0.01 mg of Pb). 2. Take 10 mL of the test solution, add 40 mL of water and 2 mL
of acetic acid, and dilute to 50 mL. 3. Similarly, prepare a comparison solution using 2 mL of
the standard solution. 4. Add 1 mL of hydrogen sulfide solution to both samples, mix, let stand
for 5 minutes, and compare the color using white background paper.
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Table 11. Extraction Test Results After Multiple Uses of Recycled PP/EVOH Containers

Evalute liems G S R
Appearance - Passed Passed Milky
Foam min 3 3 3
pH - 0.17 0.22 0.84
Potassium permanganate reducible substances (dioxides) mL 0.05 0.19 0.55
Ultraviolet-visible absorption spectrum - 0.00 0.00 0.01
Non-Volatile Residue mL 0.50 0.55 0.55
Residue on Ignition mL Passed Passed Passed
Extraction Buffering Capacity mg/L 0.00 0.00 0.00
Test IC (Ammonium ion) mg/L 0.08 0.11 0.50
ICP (Copper) mg/L 0.01 0.18 0.26
ICP (Cadmium) mg/L 0.00 0.01 0.37
ICP (Chromium) mg/L 0.01 0.26 0.89
ICP (Lead) mg/L 0.00 0.02 0.11
ICP (Zinc) mg/L 0.00 0.00 0.00
ICP (Tin) mg/L 0.00 0.00 0.01
ICP (Barium) mg/L 0.00 0.00 0.00
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Table 12. SEM-EDX Analysis of Metal Contamination during
PP/EVOH Recycling: (a) Metals Transferred to Containers and
(b) Metal Species Detected in Recycling Equipment.

Element Weight% Atomic% Element Weight% Atomic%
CK 22.06 3884 CK 24.32 43.80
oK 3240 42.82 oK 27.39 37.03
AlK 0.78 0.61 Al K 0.86 0.69
SiK 1.78 134 Si K 0.50 0.39
clK 048 0.29 SK 043 0.29
CakK 041 0.22 ClK 0.53 033
Mn K 0.25 0.10 CakK 0.13 0.07
Fe K 40.92 15.49 Mn K 0.50 0.20
Zn K 0.92 0.30 Fe K 39.11 15.15
ZnK 6.21 2.05

Totals 100.00 Totals 100.00
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Fig. 5. SEM-EDX Analysis of Metals Transferred to Containers during PP/EVOH Recycling.
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CO, Production from Coffee Influenced by Roasting Degree and Grinding
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Abstract

While carbon dioxide produced from roasted coffee products may cause problems of package swelling, it

plays beneficial role in preserving and providing the desired aroma. Thus, the information of their CO, production is
required to design the packages suppressing the package volume and enhancing aroma retention. CO: production from
roasted coffee products (whole bean or ground) at different roasting degrees was characterized at 25°C. Higher degree
of roasting led to the decreased moisture content and titratable acidity of the initial product aligning with the increasing
pH and darker color. The CO: solubility in the product increased with roasting degree probably because higher porosity
was obtained at severer roasting. The CO: production profile analyzed by Weibull function showed that higher degree
of roasting resulted in faster and higher CO: production. The powder products were much faster in the rate of CO, pro-
duction compared to the beans (14-20 times). These results provide fundamental information that can be applied to the
design of coffee packaging systems tailored to the roast level and particle form (whole bean or ground). The data infor-
mation from this study would be useful for designing the roasted coffee package to create and keep the optimal package
shape and atmosphere favorable for product quality preservation.

Keywords Whole bean coffee, Ground coffee, CO, solubility, Weibull function, CO, release
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Table 1. Conditions of the samples used in the experiment for measuring CO, solubility and CO, production

Measuring conditions

Roast d ° Ti i
oast degree | Temperature(°C) ime (min) CO, solubility CO, production
Dark 193 12.0
Medium 134 105 Ground coffee Whole bean coffee 100 g and ground

Light 182 9.5

100 g in 950 mL glass jar

coffee 50 g, each in 950 mL glass jar
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Table 2. Initial quality of roasted coffee by the roast conditions
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Fig. 1. Color difference of roasted coffee by the roast conditions.
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Fig. 2. H,, (CO, solubility) of roasted coffee depending on the
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Table 3. CO, production from whole bean coffee and ground coffee described by Weibull function

Weibull parameter CO, production rate
Condition Roast degree
M (mg/g) k A (h) Reos p (mg/glh)| Rep, ) (mg/g/h)

Dark 9.77 0.755 165.7 0.032 0.016

IWhole bean coffee Medium 6.15 0.736 208.3 0.016 0.008
Light 5.08 0.752 246.5 0.011 0.006

Dark 9.17 0.408 5.12 0.667 0.269

Ground coffee Medium 6.21 0.436 6.02 0.403 0.165
Light 5.17 0.407 6.32 0.304 0.122
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Abstract The environmental impact of petroleum-based plastics packaging continues to grow, increasing attention has
been directed toward the development of sustainable materials derived from renewable biomass. Cellulose-based biomass

from agricultural residues and food processing by-products has emerged as a promising alternative due to its abundance,
renewability, and biodegradability. To enhance the processability and applicability of cellulose derived from such sources,
recent studies have focused on chemical modification techniques such as 2,2,6,6-tetramethylpiperidinyloxy (TEMPO)-
mediated oxidation, as well as the use of advanced solvent systems including ionic liquids for the production of regen-
erated cellulose (RC) films. This review explores the fundamental principles and mechanisms of TEMPO-mediated oxi-
dation and highlights the characteristics and potential applications of TEMPO-oxidized cellulose nanofibers (TOCNFs)
derived from various biomass sources. In addition, it discusses the fabrication and performance of TOCNF composite
films, major cellulose solvent systems and their dissolution mechanisms, and the properties and applicability of RC films.

Keywords Cellulose-based biomass, Food by-products, TEMPO-mediated oxidation, Regenerated cellulose film,
DMAC/LICI solvent system, Sustainable packaging

1. Introduction

Cellulose-based biomass, including cellulose or lignocel-
lulose derived from agricultural, marine, and food processing
wastes, is considered one of the most promising alternatives to
non-renewable resources due to the environmental benefits
such as biodegradability and sustainability'*>. However, cel-
lulose-based biomass exhibits robust inter- and intra-molec-
ular H-bonding due to chain stereoregularity and high density
of the hydroxyl groups (-OH). As a result, they are insoluble
in common organic solvents, which limits their applicability in
various fields®®. To overcome this limitation and improve the
processability and applicability, appropriate mechanical and
chemical modifications are necessary for converting cellulose-
based biomass into nanomaterials®®). Cellulose-based nano-
materials have aroused significant attention in the fabrication
of packaging materials and other applications, due to their

*Corresponding Author: Dowan Kim

Department of Marine Bio Food Science, College of Life Science,
Gangneung-Wonju National University, 25457, Republic of Korea
Tel: +82-33-640-2337

E-mail: dowankim@gwnu.ac.kr

large surface area, high aspect ratio, excellent mechanical
properties, biodegradability, and low coefficient of thermal
expansion” V. Mechanical treatments such as homogeniza-
tion, grinding, blending, and ultrasonication have been suc-
cessfully applied to produce these nanomaterials. However,
such methods often require massive energy inputs, multiple
processing steps, and involve high production costs''"'¥. To
address these issues, pretreatment with chemicals such as acid
hydrolysis, alkaline-acid treatment, and oxidation has been
employed to reduce energy consumption'"'?. Among them,
acid hydrolysis with strong acids (e.g., HCl) is the most
widely used technique. However, it presents several draw-
backs, including equipment corrosion, wastewater treatment
challenges, and environmental concerns'?.

To address these limitations, 2,2,6,6-tetramethylpiperidiny-
loxy (TEMPO)-mediated oxidation has attracted recent sig-
nificant interest as an alternative chemical modification
method for cellulose-based biomass"”!*1?. Owing to the
abundance of active -OH groups on its chains, cellulose is
highly suitable for chemical modification. TEMPO-mediated
oxidation selectively converts the primary -OH groups to car-
boxylate groups (-COO"), thereby allowing for the controlled
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Fig. 1. Mechanism of TEMPO-mediated oxidation of cellulose'>!®!%),

spread of surface charge density and selective disintegration of
cellulose fibers from plant cell walls. It not only reduces the
energy required during mechanical treatment markedly but
also enables the efficient production of cellulose-based nano-
materials. Furthermore, it can enhance the hydrophilicity of
cellulose, allowing easy dissolution in solvent systems such as
aqueous or ionic liquids"”1%1?),

Despite the increasing hydrophilicity through TEMPO-
mediated oxidation, cellulose-based biomass cannot readily
dissolve in water or polar organic solvents due to strong H-
bonding and crystalline structure. Therefore, several special-
ized solvent systems, including N, N-dimethylacetamide
(DMACc)/lithium chloride (LiCl), dimethyl sulfoxide (DMSO)/
tetrabutylammonium fluoride, N-methylmorpholine-N-oxide
(NMMO), and sodium hydroxide (NaOH)/urea have been
employed to overcome this limitation®®'¥.
enabled the processing of cellulose into regenerated cellulose

These have

(RC) films, which are obtained through a two-step process
comprising its dissolution and subsequent regeneration by
physical and chemical interactions®>!!3),

Accordingly, this paper provides an overview of the recent
advances achieved in the processing of cellulose-based bio-
mass aimed at enhancing their processability and applicability.
Particular emphasis is placed on TEMPO-mediated oxidation
and the use of ionic solvents for the fabrication of RC films.
First, we outline the principles and mechanisms underlying
TEMPO-mediated oxidation. Second, we summarize recent
studies addressing the application of TEMPO-oxidized cel-
lulose in the packaging material industry. Third, we outline
key solvent systems for cellulose and their respective dis-
solution mechanisms. Finally, we review the preparation
methods and physicochemical properties of RC-based films,
highlighting their potential in the field of fabricating sus-
tainable packaging materials.

2. TEMPO-mediated oxidation

2.1. TEMPO-mediated oxidation mechanism

TEMPO is a commercially available, stable, water-soluble
nitroxyl radical''®. Moreover, compared to methods involv-
ing chemical modification of the -OH groups within cellulose
chains, such as periodate oxidation or carboxymethylation
using strong acids or harmful chemicals, TEMPO is a rel-
atively safer with lower environmental impacts and toxici-
ty!>!7. Under mild reaction conditions, TEMPO-mediated
oxidation can efficiently and selectively oxidize the C6-pri-
mary -OH groups of the cellulose chain to C6 sodium car-
boxylate groups (-COONa) without the need for high
temperature and pressurel’7’16'18).

The efficiency and selectivity of TEMPO-mediated oxi-
dation strongly depend on the reaction conditions and the sys-
tem employed. The TEMPO/sodium bromide (NaBr)/sodium
hypochlorite (NaClO) oxidation system in water at pH 10-11
and room temperature is most commonly used'®'®. In this
system, TEMPO and NaBr are co-catalysts, while NaClO is
the primary oxidizing agent, which is consumed during the
reaction'®!®. NaClO oxidizes the TEMPO to its active radical
TEMPO" and NaBr to NaBrO. NaBrO further reacts with
TEMPO to produce (‘"N=0), which serves as an additional
oxidizing agent. The nitronium ion facilitates the stepwise oxi-
dation of C6 hydroxymethyl groups (-CH,OH): first to alde-
hyde groups (-CHO), subsequently to a -COONa groups, as
illustrated in Fig. 1'%161®).

2.2. Effect of TEMPO-mediated oxidation on the phy-
sicochemical and morphological properties of the cel-
lulose extracted from diverse sources

TEMPO-mediated oxidation alters the chemical and mor-
phological structure of cellulose, significantly influencing its
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physicochemical properties. To assess the feasibility of Spent
coffee grounds (SCGs) as an alternative to natural resources
like wood, Kanai et al.” employed a TEMPO/NaBr/NaClO
system to prepare TEMPO-oxidized cellulose nanofibers
(TOCNFs) from SCGs. Ground and dried SCGs were stirred
in n-hexane to remove the major lipid, triacylglycerol. The
pretreated SCGs were stirred in distilled water (DI water) con-
taining TEMPO and NaBr. Oxidation was initiated by adding
NaClO, and the mixture was stirred continuously for 3 h. The
pH was maintained at 10-10.5 with either 0.5 M NaOH or 1
M HCI. The point at which the pH was stable for 10 min was
considered the end-point, and the reaction was terminated by
adding ethanol. The TEMPO-oxidized cellulose was vacuum-
filtered, washed repeatedly with DI water, and then collected
by freeze-drying. In this study, the properties of SCGs-derived
TOCNFs were compared with those of the microcrystalline
cellulose (MCC) derived from wooden materials. '*C solid-
state Nuclear Magnetic Resonance ('*C NMR) analysis con-
firmed the conversion of the -OH groups on the surface of the
SCGs microfibers to carboxyl groups (-COOH) via TEMPO-
mediated oxidation. XRD analysis indicated that SCGs-
derived TOCNFs exhibited a lower crystalline structure com-
pared to wood-derived MCC. This effect was attributed to the
presence of residual hemicellulose, lignins, and triacylglyc-
erols in the SCGs, which likely hinder the fibrillation process.
Thermogravimetric analysis (TGA) revealed that SCGs-
derived TOCNFs began to decompose at a markedly lower
temperature (100°C) compared to MCC (280°C). Further-
more, differential thermogravimetry (DTG) revealed that
TOCNFs underwent thermal degradation in two distinct
stages. The first step observed at 251°C is attributed to the
decomposition of thermally unstable sodium hydro-glucuro-
nate units introduced during the oxidation process. The second
step, observed at 267°C, is associated with the decomposition
of unaltered cellulose chains. In contrast, MCC exhibited a
single prominent degradation peak at 344°C. This variation
might be due to the presence of anhydroglucuronate units in
TOCNFs reduces the thermal stability of crystalline cellulose
domains, leading to an earlier onset of decomposition. Khoshk
& Moeenfard'” prepared TEMPO-oxidized cellulose from
SCGs with varying particle sizes, and their physicochemical
properties were evaluated. Roasted Robusta coffee beans were
powdered using a household grinder and sieved into three dis-
tinct size ranges: 850-1400, 500-850, and 355-500 pum. The
powder was continuously stirred in DI water, followed by fil-
tration and oven-drying to obtain the SCGs. The dried SCGs
were defatted utilizing n-hexane in a Soxhlet apparatus, dis-
persed in 2 mol/L NaOH, and stirred at 90°C for 1 h. The
solid residues were filtered, washed, and bleached with a 3%
NaClO solution (v/v) at 90°C for 2 h. The bleached SCGs
were suspended in DI water containing TEMPO and NaBr.
TEMPO-mediated oxidation was initiated by adding NaClO at
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pH 10-10.5, and the reaction was terminated by adding abso-
lute ethanol after the pH stabilized after 3 h of oxidation. The
resulting TEMPO-oxidized cellulose was recovered by cen-
trifugation and thoroughly washed, followed by dialysis in DI
water at 4°C for 2 days. A 1.5% (w/v) TEMPO-oxidized cel-
lulose suspension was then homogenized by ultrasonication
using a disperser. The final TEMPO-oxidized cellulose prod-
uct was freeze-dried and subsequently analyzed. Fourier trans-
form infrared (FTIR) analysis confirmed that the TEMPO-
oxidized cellulose exhibited a distinct C=0O absorption peak
that was absent in the original SCGs, indicating the formation
of -COONa groups through oxidation. Morphological analysis
employing scanning electron microscope (SEM) images
revealed that the TEMPO-oxidized cellulose prepared from
SCGs with particle sizes of 850-1400 um formed a network-
like structure composed of cellulose bundles. In contrast,
TEMPO-oxidized cellulose derived from SCGs with particle
sizes of 500-850 and 355-500 um exhibited aggregated cel-
lulose with irregularly shaped, short, and wide fibers. XRD
showed that all TEMPO-oxidized cellulose exhibited a crys-
talline diffraction pattern characteristic of cellulose I. Among
them, the TEMPO-oxidized cellulose derived from the 850-
1400 um SCGs fraction exhibited the highest crystallinity
(49.9%), which was inversely proportional to the SCGs par-
ticle size. This trend may be attributed to a disruption of the
crystalline regions within cellulose caused by TEMPO-medi-
ated oxidation and mechanical disintegration. TGA results
indicated a reduction in the thermal stability of TEMPO-oxi-
dized cellulose with declining SCGs particle size. The
TEMPO-oxidized cellulose prepared from SCGs with a par-
ticle size of 850-1400 pm demonstrated the maximal thermal
stability, likely due to its greater crystallinity and longer fiber
structure. Conversely, TEMPO-oxidized cellulose samples
obtained from smaller-sized SCGs particles (500-850 and
355-500 um) exhibited lower thermal stability, which may be
associated with a reduction in the major crystalline domains
and a relatively lower content of -COONa groups. Soni et
al.'V synthesized four types of cellulose nanofibers (CNFs)
from cotton stalks using various chemical treatments such as
H,SO, hydrolysis and TEMPO-mediated oxidation, followed
by ultrasonication. First, the ground cotton stalks were
extracted with ethanol in a Soxhlet apparatus to remove the
wax, and then dried. To extract pure cellulose, alkaline-acid
pretreatment was used. The cotton stalks were soaked in a 15
wt% NaOH solution and then hydrolyzed with 1.0 M HCI at
80°C to dissolve the hemicelluloses. The fibers were then
retreated with a 2.0 wt% NaOH solution and added with an
acidified NaClO, solution at 75°C until the fibers turned com-
pletely white. These fully bleached fibers were then filtered
and washed. CNFs were prepared from the pretreated cotton
stalks by treating them with various chemicals. The H,SO,-
neutralized CNFs were prepared by hydrolyzing the pretreated
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cotton stalks with a 64% H,SO, solution at 45°C for 50 min,
followed by neutralization with a Na,CO; solution and cen-
trifugation. The H,SO,-dialyzed CNFs were prepared in the
same manner, followed by dialysis in DI water for 4 days until
the pH was neutralized. TOCNFs were prepared by sus-
pending the pretreated cotton stalks in DI water, adding NaBr
solution and TEMPO, and stirring for 10 min. The pH was
maintained between 10 and 11 with 0.5 M NaOH, and 13%
NaClO solution was added while stirring. After 1 h, ethanol
was added to end the reaction, and 0.5 M HCIl was used to
adjust the pH to 7.0. The oxidized suspension was vacuum-fil-
tered and washed with DI water. The H,SO,-neutralized
CNFs, H,SO,-dialyzed CNFs, and TOCNFs were collected
after ultrasonication followed by freeze-drying. In this study,
the properties of the four different types of CNFs-untreated
fully bleached pulp, H,SO,-neutralized CNFs, H,SO,-dia-
lyzed CNFs, and TOCNFs—were compared. The chemical-
ultrasonication treatment significantly affected the physio-
logical properties of CNFs. Among these, TOCNFs formed
more uniform and smaller nanofibers, due to the negative
charges introduced by -COONa groups at the C6 position,
which promoted electrostatic repulsion between fibers and
their separation. FTIR analysis revealed that the TOCNFs
exhibited a distinct C=0O peak, distinguishing them from the
other chemically treated CNFs. Moreover, TGA indicated that
the TOCNFs underwent ~70% thermal degradation and began
to decompose at a much lower temperature (215°C) compared
to the H,SO,-neutralized CNFs (285°C) and H,SO,-dialyzed
CNFs (225°C). This earlier onset of thermal degradation is
attributed to the presence of -COONa groups formed during
TEMPO-mediated oxidation. Pratama et al.'” prepared CNFs
from various cellulose sources, including corn cobs, bagasse,
wood waste, and bacterial cellulose via TEMPO-mediated
oxidation and evaluated their properties. Cellulose was iso-
lated from lignocellulosic materials such as corn cobs, bagasse,
and wood waste by grinding the raw material, followed by stir-
ring the powder in 2% (w/v) NaOH at 80°C. The resulting
precipitate was filtered and washed to remove the lignin and
alkaline residues, and then dried in an oven at 60°C for 24 h.
The dried powders were bleached using 1.7% (v/v) NaClO at
80°C, followed by filtration and washing with DI water. The
white solid obtained was oven-dried at 60°C for 24 h, ground,
and sieved through a 250 um mesh. For bacterial cellulose, the
gel obtained was processed in the same manner. The CNFs
were separated using the TEMPO/NaBr/NaClO system. Cel-
lulose sources (corn cobs, bagasse, wood waste, and bacterial
cellulose) were dispersed in DI water containing TEMPO and
NaBr. Oxidation was initiated by adding a NaClO solution.
The pH was maintained at 10.5 by adding 0.5 M NaOH drop-
wise, and subsequently neutralized with 0.5 M HCI. The
TOCNFs were recovered by vacuum filtration and washed
with DI water. A 2% (w/w) suspension of the water-insoluble

oxidized cellulose was prepared by adding DI water, followed
by ultrasonication for 30 min. The same procedure was
applied to MCC for comparison, and the TOCNFs charac-
teristics were evaluated to assess the influence of diverse cel-
lulose sources. FTIR spectroscopy was employed to analyze
the cellulose molecular structure pre- and post-oxidation. A
new peak appeared at 1740 cm™! in the spectrum of oxidized
cellulose, confirming the conversion of -OH groups to -COO™
groups. XRD analysis indicated that all samples exhibited
peaks characteristic of cellulose I crystals diffraction at 26 =
16°, 22.6°, and 34°. Notably, TOCNFs derived from MCC
and bacterial cellulose were more crystalline than those from
lignocellulosic biomass, attributed to the presence of amor-
phous regions composed of hemicellulose and lignin within
the lignocellulosic biomass. The charge-indicative surface -
COOH groups of TOCNFs obtained through TEMPO-medi-
ated oxidation were measured. TOCNFs derived from MCC
and bacterial cellulose exhibited higher surface charge than
those derived from lignocellulosic biomass. In the case of
MCC derived TOCNFs, this is attributed to residual sulfonate
groups (SO,>) remaining after acid hydrolysis during MCC
production. However, TOCNFs derived from bacterial cel-
lulose possess lacks sulfonate groups, resulting in lower sur-
face charge compared to those from MCC. The surface -
COOH groups of TOCNFs can influence suspension stability,
interactions with other compounds, and dispersibility in var-
ious solvents. Hop et al.'® also employed the TEMPO/NaBr/
NaClO oxidation system to produce nanocellulose from
bleached wood pulp. The pulp was stirred in DI water con-
taining TEMPO and NaBr. Oxidation was initiated by slowly
adding a NaClO solution, while maintaining the pH at 10,
with 0.5 M NaOH. TEMPO-oxidized cellulose was filtered,
thoroughly washed, and subsequently suspended in water to
obtain a final concentration of 3% (w/v). The suspension was
then ultrasonicated for varying durations to obtain the
TOCNFs. FTIR analysis revealed a shift in the -OH bending-
related vibration peak at 1630-1600 cm ™!, which indicated the
conversion of the -OH groups at the C6 position to -COONa
groups. XRD indicated the crystallinity values of pristine cel-
lulose and TEMPO-oxidized cellulose to be 66% and 65.2%.
This finding indicates that TEMPO-mediated oxidation selec-
tively modified only the -OH groups to form -COOH groups,
without affecting the cellulose crystalline structure. Under
phase-contrast microscopy, the TEMPO-oxidized cellulose
fibers appeared lighter than pure cellulose ones. This obser-
vation can be attributed to the negatively charged -COOH
groups formed on the surface of TEMPO-oxidized cellulose,
implying reduced interfacial interaction between the fibers due
to charge repulsion. Fukuzumi et al.> also prepared TEMPO-
oxidized cellulose from bleached softwood kraft pulp utilizing
a TEMPO/NaBr/NaClO oxidation system and evaluated their
properties. The pulp was suspended in DI water containing
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TEMPO and NaBr. NaClO solution was added, and the sus-
pension was stirred at room temperature and pH 10 until the
consumption of 0.5 M NaOH stopped. To prevent unexpected
reactions due to the -CHO groups generated during TEMPO
oxidation, the oxidized cellulose was further treated with
NaClO, in 0.5 M acetate buffer (pH 4-5) at room temperature
for 24 h to remove these groups. The TEMPO-oxidized cel-
lulose was then filtered, washed, and dispersed in DI water to
obtain a solid content of 0.1%, followed by ultrasonication to
synthesize the TOCNFs. According to the TGA analysis, the
onset decomposition temperature of pristine cellulose was
275°C, whereas that of the TOCNFSs decreased to 222°C. This
reduction was ascribed to the transformation of the -CH,OH
groups at the C6 position to -COONa groups, which facilitated
decarboxylation during thermal decomposition and weakened
the molecular interactions, thereby accelerating degradation.

Previous studies have identified that TEMPO-mediated oxi-
dation induces consistent and marked changes in the chemical
structure, morphological characteristics, and physicochemical
properties of cellulose. Chemically, TEMPO-mediated oxi-
dation selectively converts the primary -OH groups at the C6
position of the cellulose backbone into -COONa or -COOH
groups. The introduction of the negatively charged -COO™
groups imparts surface charge to the nanofibers, enhancing
dispersibility and electrostatic repulsions between the indi-
vidual fibers. Regarding morphological structure, TEMPO-
mediated oxidation reduced the size of cellulose fibers to a
nanoscale, resulting in uniform nanofibers. This phenomenon
can be attributed to the introduction of surface charges during
oxidation, which increases the electrostatic repulsion between
fibers, thereby enhancing their susceptibility to subsequent
mechanical treatments such as ultrasonication. TOCNFs typ-
ically exhibited the diffraction peaks typical of cellulose I
crystals, and their crystallinity remained largely unchanged
compared to that of pristine cellulose. This uniformity occurs
because TEMPO-mediated oxidation selectively modifies
only the primary -OH groups, converting them into -COONa
or -COOH groups, without significantly affecting the cellulose
crystalline structure. However, the TOCNFs derived from lig-
nocellulosic biomass generally exhibited lower crystallinity
than those from pristine cellulose or MCC, due to amorphous
components of the raw biomass such as hemicellulose and lig-
nin. In general, TOCNFs were less thermally stable compared
to pristine cellulose. This finding may be attributed to oxi-
dative degradation caused by the decarboxylation of -COONa
groups that were formed during the TEMPO-mediated oxi-
dation process, which weakened the cellulose molecular struc-
ture (Table 1).

2.3. Recent studies on physically blended TOCNFs
films
To optimize the performance of TOCNFs films for potential
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applications in sustainable packaging materials, researchers
have explored various physical blending strategies, including
the preparation of monolayer films for coating, polymer-
TOCNFs composite films, and plasticizers (Table 2).

To investigate the compatibility between polyvinyl alcohol
(PVA) and the TOCNFs derived from SCGs, Kanai et al.”
prepared PVA/TOCNFs composite films by mixing a PVA
solution with the TOCNFs derived from SCGs. A shift in the
characteristic peaks, such as those of carbonyl and methyl
groups, was observed when the TOCNFs were mixed with the
PVA matrix. Additionally, TGA analysis revealed that the
maximum decomposition temperature (289°C) of the PVA/
TOCNFs composite film was between that of pure PVA
(313°C) and TOCNFs films (255°C). This thermal behavior
suggests H-bonding between the PVA matrix and TOCNFs.
These results indicated that the TOCNFs derived from SCGs
were successfully incorporated into the PVA matrix. Oh &
Lee?!) investigated the potential use of SCGs as packaging
materials in the form of TEMPO-oxidized SCGs films pre-
pared through delignification, TEMPO-mediated oxidation,
and ultra-high pressure homogenization. Glycerol as a plas-
ticizer, and 0.02 wt% cinnamaldehyde as a crosslinking agent,
were used to improve the physical properties of the TEMPO-
oxidized SCGs films. Film-forming solutions were obtained
using ultra-high-pressure homogenization and subsequently
cast to form monolayer films. An analysis of the resulting
TEMPO-oxidized SCGs films showed that the addition of 1.5
wt% glycerol remarkably improved the mechanical properties,
increasing tensile strength from 15.5 MPa to 23.3 MPa and
elongation at break from 9.26% to 35.19%. This improvement
may be attributed to glycerol acting as a plasticizer that dis-
rupts the intermolecular hydrogen bonding within the cel-
lulose network. Soni et al.*? developed transparent and high-
performance bio-nanocomposite films by incorporating
TOCNFs into a chitosan matrix as reinforcing agents. In this
study, chitosan, TOCNFs, and sorbitol were dispersed in a 2%
acetic acid solution, and the mixture was dried in petri dishes
to form films. The TOCNFs composition varied at 0%, 5%,
10%, 15%, 20%, and 25%, while the sorbitol ratio was fixed
at 25%. Morphological examinations confirmed the uniform
dispersion of the TOCNFs within the chitosan matrix. As the
TOCNFs concentration within the chitosan matrix increased,
the surface of the composite films slightly roughened. In addi-
tion, the mechanical properties were improved due to robust
electrostatic interactions between the TOCNFs and chitosan.
As the water absorption rate, water vapor, and oxygen per-
meability decreased, the absorption and permeation of the gas
molecules into the composite matrix became difficult. This
phenomenon can be due to the electrostatic repulsions
between the negatively charged TOCNFs and the positively
charged chitosan.
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Table 1. Summary of the previous research findings on TEMPO-mediated oxidation and its impact on the properties of cellulose derived

from diverse natural sources

Cellulose
source

Characterization
and properties

Major findings

Ref.

SCGs

Chemical structure

« 13C NMR analysis confirmed the conversion of the surface -
OH groups of SCGs microfibers to -COOH groups via
TEMPO-mediated oxidation.

Morphological structure

* XRD analysis showed that the crystallinity of the TOCNFs derived
from SCGs (72%) was lower than that from the MCC (79%).

Thermal properties

* The main degradation temperatures of SCGs-derived TOCNFs
were observed at 251°C and 267°C, which are significantly
lower than that of MCC (344°C), indicating reduced thermal
stability of the SCGs-derived TOCNFs.

(Kanai et al., 2020)

SCGs

Chemical structure

« FTIR analysis exhibited a distinct C=O peak at 1610 cm™' in
TEMPO-oxidized cellulose, indicating the successful formation
of -COONa groups through TEMPO-mediated oxidation.

Morphological structure

* SEM analysis indicated that the SCGs particle size was
affected by TEMPO-oxidized cellulose morphology, with larger
particles forming networks and smaller particles producing
irregular, aggregated fibers.

+ XRD analysis revealed that TEMPO-oxidized cellulose
retained the cellulose I structure; the highest crystallinity was
observed in larger SCGs particles (49.2%), and it decreased
with smaller particles (37.2%).

Thermal properties

* The thermal stability of SCGs-derived TEMPO-oxidized cel-
Iulose was directly proportional to the SCGs particle size.
TEMPO-oxidized cellulose derived from SCGs with larger par-
ticle size showed higher thermal degradation temperatures
(290°C and 404°C), while samples from smaller particles
exhibited lower values (246-250°C and 353-365°C).

(Khoshk, &
Moeenfard, 2025)

Cotton stalks

Chemical structure

* FTIR analysis of the TOCNFs showed a distinct absorption

peak at 1610 cm™, corresponding to the -COONa groups intro-
duced at the C6 position.

Morphological structure

» Negatively charged -COONa groups at the C6 position
enhanced the electrostatic repulsion between fibers, promoting
separation, uniformity, and smaller TOCNFs.

Thermal properties

* The decomposition temperature of TOCNFs was observed at
215°C, which is lower than that of H,SO,-dialyzed CNFs
(225°C), indicating reduced thermal stability of TOCNFs due to
the formation of -COONa groups during the TEMPO-mediated
oxidation process.

(Soni, Hassan, &
Mahmoud, 2015)

Chemical structure

* FTIR analysis exhibited that the -OH groups on the TOCNFs
were converted to -COO™ groups through TEMPO-mediated

Morphological structure

(83%) and bacterial cellulose (82%) showed enhanced crys-
tallinity compared to those derived from lignocellulosic bio-
mass (73%-78%).

Corn cobs oxidation, resulting in the appearance of a new characteristic
Bagasse peak at 1740 cm .

WEOdt w'aTte * XRD analysis of TOCNFs exhibited characteristic cellulose I Pratama et al., 2024
C;‘fu?g:e crystalline diffraction peaks. TOCNFs derived from MCC

Bleached wood

Chemical structure

* FTIR analysis confirmed the conversion of the -OH groups at
the C6 position to -COONa groups, as evidenced by the shift of
the absorption peak from 1630 cm™ to 1600 cm™ corresponding
to the asymmetric stretching of carboxylate groups.

-COONa groups formed during TEMPO-mediated oxidation.

pulp « XRD analysis indicated that the crystallinity of TEMPO-oxi- | (Hop et al., 2022)

dized cellulose (65.2%) did not differ significantly from that of
Morphological structure |pristine cellulose (66%).
* Phase-contrast microscopy revealed that the TEMPO-oxidized
cellulose fibers appeared brighter than pristine cellulose fibers.
Bleached * The thermal decomposition temperature of TOCNFs was . )
softwood kraft Thermal properties 222°C, which is lower than t.h.at Qf pristine cellulose at 275°C. (Eukuzuml, Saito,
pulp This decrease in thermal stability is attributed to the presence of |Okita, & Isogai, 2010
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Table 2. Summary of the recent research on physically blended TOCNFs films

Cellulosic Product Preparation Major findings Ref.
source method
» The characteristic peaks (carbonyl and methyl groups) shifted
PVA/TOCNFs ) upon mixing TOCNFs with the PVA me_ltrix. ) )
SCGs composite films Casting |+ The thermal stability was enhanced with a maximum decom- |(Kanai et al., 2020)
P position temperature (289°C) between those of pure PVA (313°C)
and TOCNFs films (255°C), indicating H-bonding.
TEMPO-oxi- Solvent
SCGs dized casting, |+ The mechanical properties were improved with the addition of 1.5 (Khoshk &
SCGs-based Vacuum | wt% glycerol as a plasticizer. Moeenfard, 2025)
monolayer films| filtration
* The tensile strength and Young’s modulus were enhanced by
Chitosan/ increasing the TOCNFs contents (0%, 5%, 10%, 15%, 20%, and
Cotton TOCNFs Castin 25%) within the chitosan matrix. (Soni et al., 2016)
stalks composite € |+ The water vapor and oxygen barrier properties were improved by ”
films increasing the TOCNFs contents (0%, 5%, 10%, 15%, 20%, and
25%) within the chitosan matrix.

3. Recent studies on RC films

RC films with better biodegradability, renewability, and
recyclability have gained significant attention in recent years
due to their remarkable potential in a wide range of appli-
cations®!'#1>232Y_ Owing to their excellent mechanical, opti-
cal, and gas barrier properties, RC films are increasingly being
use in various industries, including textiles, energy, pulp and
paper, pharmaceuticals, and packaging films®'4?324,

The preparation of RC films typically involves two key
steps: the dissolution of cellulose in an appropriate organic
solvent, followed by regeneration in a coagulation bath>>?%.
Various solvent systems, including aqueous alkali, phosphoric
acid, amine oxides, and ionic liquids, have been employed for
dissolving cellulose. Among these, the sodium hydroxide/car-
bon disulfide (NaOH/CS,) system, used in viscose rayon and
cellophane production, is effective but environmentally haz-
ardous, as CS, is toxic and generates harmful wastes. Sim-
NMMO enables cellulose dissolution at high
temperatures (>85°C), but suffers from side reactions, insta-
bility, and by-product formation®3?4?>. These challenges

ilarly,

CH,OH
- 0] CH,
+ 4
] R
H.C CH,
OH 3 >
Cellulose DMAc¢

Fig. 2. Dissolution mechanism

necessitate the development of safer and more efficient sol-
vent systems.

3.1. Dissolution mechanism of cellulose in the DMAc/
LiCl system

DMAC/LICl is one of the most extensively studied cellulose
solvent systems due to its high polarity, thermal stability, and
ability to dissolve without structural degradation. Unlike other
ionic liquids, it does not require additives or specialized equip-
ment and offers excellent recyclability®'>?*?%. In this system,
LiCl exists as dissociated Li” and CI" ions®, as shown in Fig.
2. The CI' anions form H-bonds with the -OH groups of cel-
lulose, thereby disrupting their interactions with other groups,
and replacing the existing OH-OH-bonds with OH-CI" ones.
Additionally, Li" ions form a Li"(DMAc), cationic complex
by interacting with the carbonyl oxygen (C=0) of the DMAc
molecules, facilitating the dissolution of cellulose®2%%7.
McCormick et al.2” reported that when cellulose dissolves in
the DMAC/LICl system, the Li'(DMAc), cationic complex
binds with CI” ions, and the Li* ions do not interact directly
with the -OH groups of the cellulose molecules. Thus, Li* ions

CH,OH
0
0 OH

Dissolving

© T

of cellulose in DMACc/LICl solvent®?%7,
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mainly play a role in maintaining the stability of the solvent
system without direct interactions with cellulose.

Zhang et al.¥ reported that when cellulose dissolves in the
DMAC/LICI cosolvent system, H-bonds are formed between
the protons of the cellulose -OH groups and CI™ ions. During
this process, the H-bonding network between cellulose mol-
ecules is broken, and LiCl dissociates into Li* and CI™ ions.
Subsequently, the Li* ions are further solvated by the free
DMACc molecules, and these ions form an electrostatic equi-
librium with the CI” ions that are H-bonded to the cellulose
molecules. This rearrangement allows the cellulose chains to
disperse within the solvent system and form a homogeneous
solution.

Wang et al.?® investigated the dissolution mechanism of
cotton-derived MCC in the DMACc/LiCl system by employing
a pretreatment step involving the prolonged soaking of MCC
in either water or DMAc. This pretreatment induced the
delamination of cellulose particles, facilitating the formation
of nanopores on the cellulose surface, which markedly
enhanced the diffusion of CI” ions into the cellulose matrix.
The CI” ions formed H-bonds with the -OH groups of cel-
lulose and generated the electrostatic repulsion between
chains. This phenomenon disrupted the intermolecular H-
bonds and peeled off the external cellulose layers. This syn-
ergistic effect ultimately enabled the complete dissolution of
cellulose in the DMACc/LiCl solvent system. This process is
highly dependent on various parameters, such as temperature,
the DMAC/LICl ratio, and coagulation conditions, which
influence the viscosity and stability of the RC solution; their
optimization is essential for producing high-quality RC films.

3.2. Recent studies on the development of RC film
from food by-product biomass

Several recent studies have explored the preparation and
characterization of RC films from various biomass sources for
use in sustainable packaging, including biodegradable, active,
and intelligent packaging systems (Table 3).

Zhao et al.”) extracted cellulose from durian peels using the
DMAC/LICI solvent system to develop biodegradable pack-
aging materials. After mechanically grinding the peels, hemi-
cellulose and lignin were extracted with alkaline and bleaching
solutions, and cellulose via acid treatment. The extracted cel-
lulose was swollen by stirring in water, immersed in methanol
and DMACc to prevent H-bond reformation, and then dissolved
completely in a DMAc/LICI solution. The prepared cellulose
solution was cast onto a glass plate, regenerated with water,
and dried to form a transparent RC film (DC film). XRD and
FTIR confirmed that the chemical structure of cellulose
extracted from durian peels closely resembled that of com-
mercial cellulose derived from cotton linters. Morphological
analysis revealed that the DC film had a smooth and homo-
geneous surface and a cross-section similar to commercial cel-

lulose (CC) film and cellophane. TGA results indicated that
the DC film was more thermally stable compared to the CC
film. The CC film exhibited an initial weight loss at ~150°C.
However, the thermal degradation of the DC film began at
~270°C, with two distinct stages at ~270 and 345°C due to the
decomposition of the cellulose matrix and salts, respectively.
Notably, the char residue of the DC film was remarkably
lower than cellophane film at 480°C, suggesting high levels of
additives in the latter. An examination of the mechanical prop-
erties showed that the elongation at break of DC and CC films
was ~6% and 8%, much lower than cellophane film (35%).
This variation might be due to the inclusion of a plasticizer in
cellophane film. Biodegradability was assessed through a 4-
week-long soil burial test. Compared with cellophane and DC
film, the RC film exhibited a faster biodegradation rate in the
soil during the first two weeks and complete degradation at 4
weeks.

Saedi et al.¥ extracted cellulose from ginger pulp through
mechanical and chemical treatments, including grinding,
dewaxing, alkali treatment, bleaching, and acid hydrolysis.
Initially, 3 g of the extracted cellulose was dispersed in 150
mL of distilled water, followed by redispersion in methanol.
Subsequently, the cellulose was filtered and dissolved in a
DMAC/LICI solvent system while stirring for 12 h. The cel-
lulose solution obtained was centrifuged at 5°C for 10 min to
remove the air bubbles and then cast onto a Teflon-coated
glass plate. The plate was gently immersed in different coag-
ulation baths (water, ethanol, or acetone) to obtain an RC gel.
The gel was then immersed overnight in a 3% (v/v) water-
glycerol solution to remove any remaining solvent. The gel
was spread on a Teflon-coated glass plate and fixed by drying
overnight at room temperature to obtain the RC film. Mor-
phological studies revealed that the RC films obtained from
the ethanol or acetone coagulation baths exhibited smooth sur-
faces, whereas those from the water coagulation bath showed
rough surfaces. This variation can be attributed to differences
in phase inversion rates between the DMAc/LiCl solvent sys-
tem and coagulation solvents such as water, ethanol, and ace-
tone. The high mixing rate between the DMACc/LiCl solvent
system and water leads to immediate phase inversion and
coagulation on the surface of the cellulose solution. As a
result, the RC chains do not have sufficient time to align and
form a dense, uniform structure, resulting in a rough film mor-
phology. In contrast, the slower solvent exchange with organic
solvents such as ethanol or acetone allows more time for RC
chain rearrangement, promoting the formation of smoother
and more dense film surfaces. Mechanical property analyses
showed that the RC films obtained from the ethanol and water
coagulation baths had the maximum and lowest mechanical
strengths of 51.4 + 5.9 and 29.5 + 2.4 MPa, respectively. SEM
indicated that the RC film prepared using water as the coag-
ulating agent contained numerous pores, which disrupted
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Table 3. Summary of the recent research findings on the properties and potential applications of RC film
Cellulosic Dissolution | Regeneration . .
source Solvent System Method Major findings Ref.
* The durian peels based RC (DC) film exhibited enhanced thermal
stability, with thermal degradation starting at 270°C compared to
150°C for commercial cellulose (CC) film. (Zhao et al
Durian peels | DMACc/LiCl DI. Water |+ The DC film showed a smooth and homogeneous morphology 2019) ?
with similar cross-sectional structure to cellophane.
* Biodegradability was significantly improved, with complete deg-
radation observed within 4 weeks during a soil burial test.
* The mechanical strength varied significantly depending on the
coagulation solvent, with ethanol-based films achieving the highest
DI. Water, |tensile strength (51.4 + 5.9 MPa) and water-based films the lowest (Saedi et al
Ginger pulp DMACc/LiCl Ethanol, (29.5 + 2.4 MPa). 2023) °
Acetone » Composite RC films incorporating 3% ZnO nanoparticles and 1%
curcumin (RC/ZC) exhibited enhanced antimicrobial and antiox-
idant activity against multiple foodborne pathogens.
* XRD analysis indicated a transition from crystalline cellulose I in
Borassus fruit . raw fibers to predominantly amorphous cellulose in the RC film. (Reddy et al.,
fiber AmimCl DI Water |, The RC film demonstrated high mechanical performance with a 2017)
tensile strength of 111 MPa and an elastic modulus of 6149 MPa.

inter-chain bonding, significantly reducing its ability to trans-
mit and withstand mechanical stress. To provide active anti-
microbial and antioxidant functionality to the RC films, Saedi
et al.> further developed RC/zinc oxide-curcumin (RC/ZC)
composite films. To prepare these composite films, 3% ZnO
NPs and 1% curcumin were dispersed in a DMAc/LiCl solu-
tion and homogenized utilizing ultrasonication. The prepared
mixture was then added to a cellulose solution to obtain the
RC film. Compared to the RC film, the RC/ZC composite
film showed decreased tensile strength and Young’s modulus,
but an increased elongation at break. This variation was
attributed to a reduction in H-bonding between the polymer
chains caused by the incorporation of curcumin and ZnO NPs.
Furthermore, the RC/ZC composite film exhibited antimi-
crobial and antioxidant activities against various foodborne
pathogenic bacteria, including Listeria monocytogenes, Staph-
ylococcus aureus, Bacillus cereus, Escherichia coli, Salmo-
nella typhimurium, and Vibrio parahaemolyticus.

Reddy et al.? dissolved the cellulose extracted from boras-
sus fruit fibers in an ionic 1-allyl-3-methylimidazolium chlo-
ride liquid (AmimCl) to obtain the RC films. Cellulose
extraction involved delignification with a toluene-ethanol
mixture, followed by a NaClO solution at 100°C, and hemi-
cellulose removal via NaOH treatment. The extracted cel-
lulose was dissolved in AmimCl at 80°C for 120 min, and cast
onto a glass plate to form a film. The film was coagulated,
washed with DI water to remove the ionic liquid, and then
dried to obtain the final RC film. Morphological analysis of
the RC film made from borassus fruit fibers exhibited a
smooth surface and compact cross-sectional structure, indi-
cating a higher level of molecular alignment during the regen-

eration process. XRD analysis of the RC film showed that the
characteristic diffraction peaks of cellulose I in the raw fibers
transformed into those of cellulose II in the extracted cel-
lulose; these peaks almost disappeared in the RC film, where
amorphous cellulose predominated. Additionally, a broad
peak at 20 =19.6° confirmed the presence of residual cel-
lulose II in the RC film. The crystallinity indices of the raw
fibers, extracted cellulose, and RC film were 45.5%, 66.6%,
and 41%, respectively. The decreased crystallinity in the RC
film can be attributed to the disruption of H-bonds during the
dissolution and regeneration of the cellulose extracted from
the borassus fruit fibers. TGA showed that the maximum
decomposition temperatures were 379°C, 394°C, and 368°C
for the raw fibers, extracted cellulose, and the RC film, respec-
tively. This decline in the thermal stability of the RC film was
attributed to a greater disruption of the inter- and intra-molec-
ular H-bonds during dissolution compared to the raw borassus
fibers or the extracted cellulose. The RC film made from
borassus cellulose exhibited a high tensile strength (111 MPa)
and elastic modulus (6,149 MPa), demonstrating superior
properties compared to commercially available polyolefin
films (PP and PE).

4. Conclusion

The growing concern over environmental issues, the
demand for sustainable materials has been increasing. Cel-
lulose-based biomass derived from renewable resources such
as agricultural, marine, and food processing wastes is con-
sidered a promising alternative to non-renewable resources
due to its biodegradability and sustainability. Consequently,
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extensive research efforts have been dedicated to valorizing
food by-products and waste into high-value materials. This
review investigates the principles and mechanisms of TEMPO-
mediated oxidation, the characteristics of TOCNFs and their
applications, the main solvent systems and dissolution mech-
anisms of cellulose, as well as the properties and utilization of
RC films. Previous studies have extensively demonstrated the
fabrication of TOCNFs and TOCNFs composite films via
TEMPO-mediated oxidation from various biomass resources,
evaluations of their physicochemical properties. Characteri-
zation of TOCNFs has confirmed their high aspect ratio, abun-
dant functional groups (-COONa), and excellent thermal
stability. Furthermore, TOCNFs composite films exhibit supe-
rior mechanical strength, thermal properties, and oxygen bar-
rier performance. Recent research has reported that RC films
exhibit excellent biodegradability, renewability, and mechan-
ical properties, indicating their high potential as eco-friendly
packaging materials. Especially, the DMAc/LiCl solvent sys-
tem has attracted attention as a promising solvent due to its
effective cellulose dissolution capability while minimizing
structural damage. Extensive studies have been conducted on
the fabrication and property evaluation of RC films derived
from various food by-products. These films have demon-
strated thermal stability, crystallinity, and mechanical strength
comparable to or exceeding those of commercial cellulose
films. TOCNFs and RC films are recognized as promising
sustainable materials with diverse potential applications. The
complementary properties of these materials provide oppor-
tunities for the development of multilayer films through a
layer-by-layer coating approach. However, there are still some
challenges that limit industrial applications. Future research
and technological development should focus on the large scale
production of high-quality materials, enhancement of func-
tional properties, design integration with food products, cost-
effectiveness, and comprehensive safety assessments.
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Interfacial Properties and Barrier Performance of Recycled PP/EVOH
Multilayer Plastics Using SEBS-g-MAH

Sung-Chul Ha, and Chang-Yong Lee*

Department of Environmental Engineering, Kongju National University, Cheonan 31080, Korea.

Abstract This study examines the influence of SEBS-g-MAH (styrene ethylene butadiene styrene grafted maleic anhy-
dride) content (0, 10, and 20 wt%) on the oxygen and moisture barrier properties, as well as the morphological and chemical
structural changes in multilayer plastics composed of recycled polypropylene (PP) and ethylene vinyl alcohol (EVOH). Oxy-
gen transmission rate (OTR) and water vapor transmission rate (WVTR) analyses revealed a gradual decrease in per-

meability with increasing SEBS-g-MAH content, indicating improved barrier performance. Fourier-transform infrared
(FTIR) spectroscopy confirmed the formation of ester bonds between the anhydride groups of SEBS-g-MAH and the
hydroxyl groups of EVOH, as evidenced by a distinct absorption peak near 1735 cm™. This covalent interaction suggests
enhanced interfacial compatibility. Transmission electron microscopy (TEM) revealed significant morphological evolution:
without SEBS-g-MAH, EVOH domains were irregularly and coarsely dispersed within the PP matrix, whereas the addition
of 10 wt% SEBS-g-MAH led to smaller domains and improved interfacial diffusion. At 20 wt%, the EVOH phase was finely
and uniformly distributed, indicating stabilized phase morphology. These improvements in both chemical and morphological
compatibility contributed to reduced interfacial tension, suppressed phase separation, and enhanced blend homogeneity.
Overall, the results highlight the effectiveness of SEBS-g-MAH as a compatibilizer for recycled PP/EVOH plastics, pro-
viding a promising strategy for the development of sustainable, high-performance packaging materials.

Keywords PP (Polypropylene), EVOH (Ethylene Vinyl Alcohol), SEBS-g-MAH (Styrene Ethylene Butadiene Styrene
grafted Maleic anhydride), OTR (Oxygen Transmission Rate), WVTR (Water Vapor Transmission Rate), Recy-

cled PP/EVOH
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Fig. 1. Chemical structure of Styrene-Ethylene-Butylene-Sty-
rene (SEBS) block copolymer.

Fig. 2. Chemical structure of Styrene-Ethylene-Butylene-Sty-
rene grafted with Maleic Anhydride (SEBS-g-MAH).
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Table 1. Multilayer compositions of recycled PP/EVOH sheets with varying SEBS-g-MAH content

Multilayer 1 2 3 2 4 1, 4
. Recycled . . . . Recycled
specimen PP 50/EVOH 50 Tie resin EVOH Tie resin PP 50/EVOH 50 SEBS-g-MAH
45% 3% 2% 3% 45% 0%
45% 3% 2% 3% 45% 10%
45% 3% 2% 3% 45% 20%
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Sheet structure

Compositions
of multilayer po

Layer 1 Recycled PP 50/ EVOH 50 + SEBS-g-MAH
Layer 2 Tie resin

Layer 3 EVOH

Layer 2 Tie resin

Layer 4 Recycled PP 50/ EVOH 50 + SEBS-g-MAH

Fig. 3. Schematic illustration of the multilayer cross-sectional structure of the recycled PP/EVOH container with SEBS-g-MAH-mod-

ified interfacial layer (magnified view of the wall section).
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Fig. 4. TEM analysis images (5,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.

Fig. 5. TEM analysis images (20,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.

Fig. 6. TEM analysis images (50,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:
(a) 0%, (b) 10%, and (c) 20% SEBS-g-MAH.
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Fig. 7. TEM analysis images (>50,000x magnification) show the morphological changes in recycled PP/EVOH blends with different
SEBS-g-MAH concentrations. white regions indicate the PP phase, while dark regions represent the SEBS-g-MAH & EVOH phases:

(a) 0%, (b) 10%, and (c¢) 20% SEBS-g-MAH.
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Fig. 8. FT-IR spectra of (a) PP/EVOH blend without SEBS-g-MAH and (b) PP/EVOH blend with 10 wt% SEBS-g-MAH. In
spectrum (b), a new absorption band appears near 1735 cm™, corresponding to the C=0 stretching vibration of ester groups.
This indicates the formation of ester linkages resulting from the chemical reaction between maleic anhydride (MAH) groups
in SEBS-g-MAH and hydroxyl (-OH) groups in EVOH, confirming interfacial compatibilization.
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Table 2. Oxygen Transmission Rate (OTR) of recycled PP/

EVOH without SEBS-g-MAH
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Table 3. Oxygen Transmission Rate (OTR) of recycled PP/
EVOH with 10% SEBS-g-MAH

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 0% Test 1 0% Test 2 0% Test 3 (hr) 10% Test 1 10% Test 2 10% Test 3
0 0.00 0.00 0.00 0 0.00 0.00 0.00
1 29.27 30.24 28.13 1 28.17 29.04 26.93
2 11.62 12.58 11.45 2 10.52 11.38 10.25
3 6.93 7.22 5.86 3 5.83 6.02 4.66
4 6.20 5.98 4.51 4 4.10 4.78 3.31
5 5.34 4.22 3.95 5 3.26 4.04 2.75
6 5.13 3.96 3.54 6 3.05 3.78 2.34
7 4.92 3.64 3.31 7 2.84 3.46 2.11
8 4.90 3.45 3.21 8 2.82 3.27 2.01
9 4.67 3.25 3.19 9 2.59 3.17 1.99
10 4.62 3.22 3.17 10 2.54 3.04 1.97
11 4.55 3.20 3.16 11 2.47 3.11 1.96
12 4.55 3.18 3.15 12 2.45 2.98 1.95
% ~&— SEBS-g-MAH 0% Test 1 B SEBS-g-MAH 10% Test 1
304 @ SEBS-g-MAH 10% Test 2

Owygen Transmission Rate (co/{ ™ .day})

—#— SEBS-g-MAH 0% Test 2]

—&— SEBS-g-MAH 0% Test 3|

Fig. 9. Oxygen Transmission Rate (OTR) measurements (n=3)

Timethr)

for recycled PP/EVOH without SEBS-g-MAH.

Table 4. Oxygen Transmission Rate (OTR) of recycled PP/

EVOH with 20% SEBS-g-MAH

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 20% Test 1 20% Test 2 20% Test 3

0 0.00 0.00 0.00

1 26.17 26.14 25.13

2 8.52 8.48 8.43

3 3.83 3.12 2.84

4 2.10 1.88 1.49

5 1.26 1.14 0.93

6 1.05 0.88 0.52

7 0.84 0.56 0.29

8 0.82 0.37 0.19

9 0.59 0.17 0.17

10 0.54 0.14 0.15

11 0.47 0.10 0.14

12 0.45 0.08 0.15
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Fig. 10. Oxygen Transmission Rate (OTR) measurements (n=3)
for recycled PP/EVOH with 10% SEBS-g-MAH.
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Fig. 11. Oxygen Transmission Rate (OTR) measurements (n=3)
for recycled PP/EVOH with 20% SEBS-g-MAH.
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Table 5. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH without SEBS-g-MAH
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Table 6. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH with 10% SEBS-g-MAH

o lo O

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 0% Test 1 0% Test 2 0% Test 3 (hr) 10% Test 1 10% Test 2 10% Test 3
0 0.000 0.000 0.000 0 0.000 0.000 0.000
1 0.372 0.348 0.346 1 0.131 0.125 0.137
2 0.591 0.551 0.564 2 0.358 0.398 0.365
3 0.742 0.704 0.714 3 0.677 0.663 0.677
4 0.686 0.654 0.654 4 0.522 0.517 0.528
5 0.639 0.606 0.605 5 0.375 0.406 0.389
6 0.613 0.559 0.574 6 0.330 0.362 0.346
7 0.586 0.535 0.558 7 0.310 0.340 0.322
8 0.565 0.517 0.534 8 0.294 0.323 0.308
9 0.538 0.495 0.518 9 0.274 0.309 0.289
10 0.524 0.485 0.499 10 0.269 0.299 0.279
11 0.511 0.478 0.493 11 0.265 0.292 0.273
12 0.505 0.470 0.483 12 0.256 0.284 0.265
13 0.498 0.468 0.476 13 0.250 0.279 0.263
14 0.497 0.460 0.471 14 0.250 0.278 0.261
15 0.497 0.457 0.467 15 0.249 0.277 0.261
16 0.495 0.459 0.466 16 0.245 0.275 0.260
17 0.496 0.458 0.467 17 0.245 0.276 0.258
18 0.495 0.457 0.466 18 0.242 0.275 0.258
19 0.496 0.458 0.465 19 0.243 0.276 0.259
20 0.495 0.458 0.465 20 0.242 0.275 0.259
21 0.496 0.457 0.465 21 0.243 0.275 0.258
22 0.494 0.458 0.466 22 0.242 0.276 0.259
23 0.496 0.458 0.465 23 0.243 0.275 0.258
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Table 7. Water Vapor Transmission Rate (WVTR) of recycled
PP/EVOH with 20% SEBS-g-MAH

2 PP/EVOH LHE Ba b Elo] et 521 3 AHEh 017

Time | SEBS-g-MAH | SEBS-g-MAH | SEBS-g-MAH
(hr) 20% Test 1 20% Test 2 20% Test 3
0 0.000 0.000 0.000

1 0.137 0.125 0.131

2 0.271 0.302 0.296

3 0.653 0.647 0.655

4 0.450 0.430 0.467

5 0.394 0.370 0.409

6 0.325 0.318 0.357

7 0.286 0.270 0.309

8 0.272 0.253 0.296

9 0.253 0.240 0.278

10 0.244 0.230 0.265

11 0.237 0.223 0.260

12 0.230 0.215 0.251

13 0.228 0.210 0.247

14 0.226 0.209 0.245

15 0.226 0.208 0.244

16 0.225 0.206 0.240

17 0.223 0.207 0.240

18 0.224 0.206 0.237

19 0.224 0.207 0.238

20 0.223 0.206 0.237

21 0.223 0.207 0.238

22 0.224 0.209 0.237

23 0.223 0.208 0.237
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Fig. 12. Water Vapor Transmission Rate (WVTR) measure-

ments (n=3) for recycled PP/EVOH without SEBS-g-MAH.
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Fig. 13. Water Vapor Transmission Rate (WVTR) measurements
(n=3) for recycled PP/EVOH with 10% SEBS-g-MAH.
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Fig. 14. Water Vapor Transmission Rate (WVTR) measure-
ments (n=3) for recycled PP/EVOH with 20% SEBS-g-MAH.

s 72 R T AREES ST

i A 54 d3= SEBS-g-MAHZF A4 PP/
EVOH t& AES AW 54& P71, 724 d%
A3 A 7S SAll A e fEE A
712 A (interfacial compatibilizer)Z 715 HS-
B e

3], SEBS-g-MAH 20 wt% Atk g 5ol
SdistE e A4S Age 7]HP T A A N
o Aol Fas AA WrE &89 F Urh
o OF
A i
2 A7E A28 PP/EVOH 7)4t b AlEo| SEBS-
g-MAHE 0, 10, 20 wt% H7I1AS o "X FFS F

Ao IRk

2% A3}, SEBS-g-MAH F%o] Z7I5tel mwel OTR
2 WVTRe] folu|ail #tasle] 714 9 5 2petido]
FAFES et TEM 494 SEBS-g-MAH7} 3
7V A 9k Al B3 EVOH Tw|Qle] SEBS-g-



M

o

t

Ol

138

MAH 37} Al WYie FFos gdsp] Eatse d4ol
UERTH FTIR £4& FdiM= SEBS-g-MAHZF 37
AL 1735em™ H2olA o2H AFH(C=0) T H=A
7} FElo] #EE|Qin). o= SEBS-g-MAHS| THIAF F-
E(MAH) #4717} EVOHS] 3lo|=22417](-0H)9} 818+
2 Ak

—==
o= ukga] S T ATS PSS

ol2]3t A= SEBS-g-MAHS] %3 1) A (amphiphilic)
TZ7F EVOHS}O| s18H4] s a8t ppefe] E814 435
225 B WAld wZ(molecular bridge) GTS S
7] o2 MEt. o] <ls) AW MAs), A F
Al, THQl wASE o], AAH O R EGA O
Aq5Hy A P S HY &8 SUE 7SIt 5
3] SEBS-g-MAH®| 3 F7h= AW x1stg ZJsie} vlA|
T2 QPESIE FXsle, Mg M E F71HQ] Ak

3]
=
[e=]
=
E

o2 B A= SEBS-g-MAH7| A12-& PP/EVOH

e 9 At s A F e &9
A HEAALE HEs] AAgT} ©]= PP
il EA] TRl o] A& Tsg 34
Al EFA0ZAM0 &8 7S HAFE F8

Aot

Ao
e

N
<

ik
ofo
grr fr
B

o
<
Q
s

al
I

o
ol
N
N

-

71

hul

=]
=

o2t

ra

[ ]
A=

. Kang, H.W. 2024. Overcoming the limitations of complex
materials in instant rice containers. Daily Pharm. Retrieved
from https://v.daum.net/v/thbllr7Ale

. Chun, YJ. and Ahn, TK. 2006. A study of properties of recycled
PP/EVOH/PP scrap by compatibilizers. J. Korea Academia-
Industrial Cooperation Society. 11: 283-286. Retrieved from https:/
www.koreascience.or.kr/article/CFK0200606950836411.page.

. Bauer, A.S., Tacker, M., Uysal, .U., Cruz, RM.S., Varzakas,
T, V. 2021.
challenges in multilayer flexible food packaging—A review.
Foods, 10(11), 2702. Retrieved from https://www.mdpi.com/
2304-8158/10/11/2702#

. Kim, D.H. and Kim, J.S. 2016. The grafted polypropylene
copolymer containing itaconic acid and the compatibilizer
for its use in PP/EVOH blends. KR Patent 1020160023987.

. Chun, Y.J. and Ahn, T.K. 2008. The thermal and mechanical
properties of recycled PP/EVOH/PP scrap with compatibilizers.
J. Korea Academia-Industrial Cooperation Society. 9(1): 176-
181. Retrieved from https://doi.org/10.5762/KAIS.2008.9.1.176

. Wang, L. 2019. Effect of regrind content on PP-EVOH
sheets properties and effect of orientation on permeability of
EVOH multilayer films. M.Eng. dissertation, Polytechnique
Montreal Technological University. Retrieved from https://
publications.polymtl.ca/4013/1/2019_LiliWang.pdf

. Gimenez, E., Lagaron, J.M., Cabedo, L., Gavara, R. and Saura,
J. 2004. Study of the thermoformability of ethylene-vinyl

and Krauter, Recyclability and redesign

S N

2]

18.

19.

20.

LA
S

alcohol copolymer based barrier blends of interest in food
packaging applications. J. Appl. Polym. Sci. 91: 3851~3855.
Retrieved from https://www.researchgate.net/publication/
229868738 Study of the thermoformability of ethylene-
vinyl_alcohol copolymer based barrier blends of interest in fo
od_packaging_ applications

. DESU Plastic. n.d. High barrier PE/EVOH/PP plastic sheet
for thermoforming. DESU Plastic. Retrieved from https://
desuplastic.com/study/high-barrier-pe-evoh-pp-plastic-sheet-
for-thermoforming/

. Maddah, H. 2016. Polypropylene as a promising plastic: A
review. J. Chem. Eng. Process Technol. 7(3): 2163-1352.
Retrieved
290439450 Polypropylene as a Promising Plastic A Review

. Uyor, U.O., Popoola, P.A., Popoola, O.M. and Aigbodion,
V.S. 2023. A review of recent advances on the properties of

from  https://www.researchgate.net/publication/

polypropylene - carbon nanotubes composites. J. Thermoplast.
Compos. Mater. 36(9): 3737-3770. Retrieved from 10.1177/
08927057221077868

. Wikipedia contributors. 2025. Polypropylene. Wikipedia: The
Free Encyclopedia. Retrieved from https:/en.wikipedia.org/
wiki/Polypropylene

. Mokwena, K. 2010. Barrier properties of ethylene vinyl alcohol
films. Ph.D. dissertation, Washington State University, USA
Retrieved from https:/www.dissertations.wsu.edu/Dissertations/
Spring2010/k_mokwena_050310.pdf

. Matsui, Y. 2004. Study on orientable EVOH. TAPPI Journal,
3(10): 29-35. Retrieved from https://www.tappi.org/content/
enewsletters/eplace/2004/10-3matsui.pdf

. Dalgicdir, C. 2015. Investigation of barrier properties of as
cast and oriented EVOH films. M.Eng. dissertation, Sabanci
University. Retrieved from https://research.sabanciuniv.edu/
16333/1/CahitDalgicdir.PDF

. Detogni, G. 2012. Tie layers development for Triple Bubble®
technology. M.Eng. dissertation, Politecnico di Milano. Retrieved
from  https://www.politesi.polimi.it/retrieve/a81cb05d-7922-616b-
¢053-1605fe0a889a/Detogni_thesis.pdf

. Lee, S.H. 2015. The microstructure of polypropylene blends
with ethylene vinyl alcohol copolymer. Ph.D. dissertation,
McGill University. Retrieved from https://escholarship.mcgill.ca/
downloads/wp988m10n.PDF

. Mokwena, K. 2010. Barrier properties of ethylene vinyl alcohol

films. Ph.D. dissertation, Washington State University. Retrieved

from https:/www.dissertations.wsu.edw/Dissertations/Spring2010/

k mokwena 050310.pdf

Kim, J. S., Jang, J. H., Jeon, D. G. and Kim, D. H. 2014.

Preparation of PP-g-IA and its compatibilizing effects in PP/

EVOH blends. Elastomers and Composites, 49(3), pp. 241-

247. Retrieved from https://doi.org/10.7473/EC.2014.49.3.225

Yeo, J. H., Lee, C. H., Park, C. S., Lee, K. J., Nam, J. D.

and Kim, S. W. 2001. Rheological, morphological, mechanical,

and barrier properties of PP/EVOH blends. Advances in Polymer

Technology. Retrieved from https://onlinelibrary.wiley.com/

doi/10.1002/adv.1015

Utracki, L. A. and Wilkie, C. A. 2014. Polymer Blends



Vol. 31, No. 2 (2025) SEBSgMAHEZ O|E¢t All2tE PP/EVOH LHE Z2t~E{9f HIH 57 B RlEbed 14t 139

21.

22.

23.

24.

25.

26.

27.

Handbook. Springer.

Sperling, L. H. 2006. Introduction to physical polymer
science. 4th Ed. Wiley.

Rubinstein, M. and Colby, R. H. 2003. Polymer physics.
Oxford University Press.

Pajares, E., Maestu, J. F., Fernandez-de-Mendiola, 1., Silvan,
U., Costa, P, Agirrezabal-Telleria, 1., Tubio, C. R., Corona-
Galvan, S. and Lanceros-Mendez, S. 2024. Strategies for
improving sustainability in the of high-
performance styrenic block copolymers by developing blends
with cellulose derivatives. Polymers, 16(6), pp. 856. Retrieved
from https://doi.org/10.3390/polym16060856

Kusmono, Ishak, Z. A. M., Chow, W. S., Takeichi, T. and
Rochmadi. 2008. Compatibilizing effect of SEBS-g-MA on
the mechanical properties of different types of OMMT filled
polyamide 6/polypropylene nanocomposites. Composites Part
A: Applied Science and Manufacturing. Retrieved from
https://doi.org/10.1016/j.compositesa.2008.08.009

Cui, J., Wang, C., Zhang, T., Xiao, Z. and Xie, X. 2024.
Super Tough PA6/PP/ABS/SEBS Blends Compatibilized by
a Combination of Multi-Phase Compatibilizers. Materials,
17(21), pp. 5370. Retrieved from https://doi.org/10.3390/
mal7215370

Zhang, X., Li, Y. and Wang, J. 2021. Structure and
properties of PP/EVOH blends: Influence of MAH-based
compatibilizers. Plast. Mater. China.

Jung, J. S., Kim, D. H., Kim, D. H.

development

and Lee, Y. S. 2021. Various properties of PP/EVOH blends

28.

29.

30.

31.

applying itaconic acid-based compatibilizer according to
ethylene content in the EVOH. Polymer-Plastics Technology
and Materials, 60(11), pp. 1176-1184. Retrieved from https://
doi.org/10.1080/25740881.2021.1882492

Yeo, J. H., Lee, C. H., Park, C. S., Lee, K. J., Nam, J. D. and
Kim, S. W. 2001. Rheological, morphological, mechanical,
and barrier properties of PP/EVOH blends. Advances in
Polymer Technology. Retrieved from https://doi.org/10.1002/
adv.1015.

Ait-Kadi, A., Bousmina, M., Yousefi, A. A. and Mighri, F.
2007. High performance structured polymer barrier films
obtained from compatibilized polypropylene/ethylene vinyl
alcohol blends. Polymer Engineering and Science, 47(7), pp.
895~901. Retrieved from https://doi.org/10.1002/pen.20794
Zhang, Q., Xu, K., Deng, J., Wu, H. and Guo, S. 2012.
Effects of SEBS-g-MAH on morphology and mechanical
properties of PPO/HIPS/talc composites. Gaofenzi Cailiao
Kexue Yu Gongcheng (Polymeric Materials Science and
Engineering), 28(11), pp. 109-112. Retrieved from https:/
www.researchgate net/publication/281908401_Effects_of SEBS-g-
MAH_on_morphology and mechanical_properties_of PP
OHIPStalc_composites

Koning, C., Van Duin, M., Pagnoulle, C. and Jérome, R.
1998. Strategies for compatibilization of polymer blends.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Progress in Polymer Science, 23(4), pp. 707-757. Retrieved
from https://doi.org/10.1016/S0079-6700(97)00054-3

Kim, J. S, Jang, J. H.,, Kim, J. H,, Lim, D. Y., Lee, Y. S,,
Chang, Y. W. and Kim, D. H. 2016. Morphological, thermal,
rheological and mechanical properties of PP/EVOH blends
compatibilized with PP-g-IA. Polymer Engineering & Science,
56(10), pp. 1148-1156. Retrieved from https://doi.org/10.1002/
pen.24357

Jazani, O. M., Arefazar, A., Jafari, S. H. and Peymanfar, M.
R. 2013. SEBS-g-MAH as a reactive compatibilizer precursor
for PP/PTT/SEBS terary blends: Morphology and mechanical
properties. Polymer-Plastics Technology and Engineering,
52(2), pp. 206-212. Retrieved from https://doi.org/10.1080/
03602559.2012.735739

Khan, 1., Chohan, M. M. and Mazumder, M. A. J. 2018.
Polymer Blends. In Functional Polymers. Polymers and
Polymeric Composites: A Reference Series (1st Ed. Chap. 16,
pp- 1~38). Springer, Cham. Retrieved from https://doi.org/
10.1007/978-3-319-92067-2

Jazani, O. M., Arefazar, A., Jafari, S. H., Peymanfar, M. R,
Kiasat, A. R. and Sadeghi, M. 2013. Corrigendum to SEBS-
g-MAH as a Reactive Compatibilizer Precursor for PP/PTT/
SEBS Temary Blends: Morphology and Mechanical Properties.
Polymer-Plastics Technology and Engineering, 52(9). Retrieved
from https://doi.org/10.1080/03602559.2013.801312

Bayer, U., Berberich, D., Jones, R. L., Neubig, A. and Sun, Q.
2016. Polymer blends for improved gas barrier properties WIPO
2017066189A1. Retrieved from https://patents.google.com/
patent/ WO2017066189A1/en

Abedin, F. N. J., Hamid, H. A., Alkarkhi, A. F. M., Abu Amr,
S. S., Khalil, N. A., Yahaya, A. N. A. and Zulkifili, M. 2021.
The effect of graphene oxide and SEBS-g-MAH compatibilizer
on mechanical and thermal properties of acrylonitrile-butadiene-
styrene/talc composite. Polymers, 13(18), pp. 3180. Retrieved
from https:/doi.org/10.3390/polym 13183180

Wolf, C., Angellier-Coussy, H., Gontard, N., Doghieri, F. and
Guillard, V. 2018. How the shape of fillers affects the barrier
properties of polymer/non-porous particles nanocomposites:
A review. Journal of Membrane Science. 556: 393-418.
Retrieved from https://doi.org/10.1016/j.memsci.2018.03.085
Frounchi, M. and Dourbash, A. 2009. Oxygen barrier properties
of poly(ethylene terephthalate) nanocomposite films. Macro-
molecular Materials and Engineering, 294(1), pp. 68-74.
Retrieved from https://doi.org/10.1002/mame.200800238

Tarig, A., Afzal, A., Abdul Rashid, I. and Shakir, M. F. 2020.
Study of thermal, morphological, barrier and viscoelastic
properties of PP grafted with maleic anhydride (PP-g-MAH)
and PET blends. Journal of Polymer Research. 27: Article
309. Retrieved from https:/link.springer.com/article/10.1007/
$10965-020-02291-2

FO1: 2025.07.14 / AAFES: 2025.07.28 / AAEA : 2025.08.11






KOREAN JOURNAL OF PACKAGING SCIENCE & TECHNOLOGY

Vol. 31, No. 2 141~155 (2025)
https:/ /doi.org/10.20909/ kopast.2025.31.2.141

MM Z&0|{A(Sparassis latifolia)?] ME-RE & Z& |4 ¢
2 8 7|=0] cist & 0
R - AL’ IAE - SR OB - FUMT - YER

rE0Ed FYLNSAAe AFRES
A WA =Y 719
B5EAEY FYANSAANY APEAY- WA

A Comprehensive Review of Quality Preservation and Processing Utilization
Techniques for Fresh Sparassis latifolia During Storage and Distribution

Ji Weon Choi'*, Nayeong Kwon!, Jae-Han Cho!, Byong-Soo Heo’, Gi-Hong An®, Min-Sun Chang',
and Jong-Guk Lim!
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Abstract This review comprehensively examines current and emerging technologies for maintaining quality and
enhancing the processing utilization of Sparassis latifolia, a high-value edible mushroom primarily cultivated in Korea.
S. latifolia is rich in B-glucan and various functional compounds, but its high moisture content and delicate texture make
it highly susceptible to rapid quality deterioration during storage and distribution. This paper summarizes established
freshness preservation techniques, including micro-perforated films, functional and intelligent packaging, and modified
or controlled atmosphere (MA/CA) packaging. In addition, emerging technologies for non-thermal sterilization, pho-
todynamic inactivation (PDI), and nanocomposite packaging are discussed. The review also outlines the general com-
position, standard specifications, and domestic quality standards for S. /atifolia. Furthermore, various processing methods
including hot water and ethanol extraction, hot-air drying, and freeze-drying are compared in terms of their applicability
and extraction efficiency. These findings are expected to provide a practical foundation for future research aimed at
improving the storability and value-added utilization of fresh S. latifolia.

Keywords Sparassis, Freshness preservation, Storage and distribution, Packaging technology, Processing utilization
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Table 1. Comparison of growth environment and morphological characteristics between Sparassis latifolia and S. crispa.(2, 54, 55)

Characteristics
Category - — - -
Sparassis latifolia Sparassis crispa
Appearance
Mostl ifers: Pinus densi Pinus koraiensis; . . . .
Host trees ostly conifers: Pinus densiflora, Pinus koraiensis; Conifers: Picea spp., Abies spp., Pinus spp.

some broadleaf trees: Quercus spp.

Fruiting body form color and texture (azonate)

Solitary, 300400 mm diameter, white to cream, uni-

100-450 mm diameter, pale yellow to light brown

Flabella

Wide, flat, slightly twisted with wavy or serrated edge | Narrow, intricately twisted with irregularly curled ends

Stipe from base

15-20 mm thick at base, short and thick, branches | Relatively thinner and longer, branches from upper

part

Basidiospores

5.0-6.0 x 4.0-5.0 um, Q value: 1.26, ovoid, thick wall,

4-6 x 3-5 um, ovoid, smooth surface

colorless
Basidia 4-spored, 39-51 um in length, clavate 4-spored
Clamp connection | Present Present

Chemical reaction | Negative for KOH and Melzer’s reagent — inamyloid | Negative for KOH and Melzer’s reagent — inamyloid
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Table 2. Bioactive compounds and pharmacological activities of Sparassis latifolia

Classification

Compound or Extract

Pharmacological activity

References

Total phenolics and
flavonoids

gallic acid, protocatechuic acid, p-hydroxybenzoic
acid, caffeic acid, syringic acid, ferulic acid,
coumaric acid, cinnamic acid, vanillic acid, catechin,
quercetin, naringenin, kaempferol, xanthoangelol, 2
chalcones

antioxidant, anti-inflammatory,
free radical scavenging, SOD
activity, antibacterial

[14-16]

isoverninic acid, 4-hydroxydyricin

antibacterial

[17]

4,6-dihydroxy-3-methoxyphthalic acid, 5,6-dihydroxy
-7-methoxyphthalide, 3-formylsalicylic acid

antioxidant, antihypertensive

[18-20]

isoverninic acid

antibacterial

xanthoangelol, 2 chalcones, 4-hydroxydyricin

antibacterial

Polysaccharides

1,3-B-d-glucan, B{1—3,1—6)-d-glucan, polysaccharide

fractions

anticancer, immunomodulatory,
anti-inflammatory, innate immunity
enhancement, wound healing

[13,21-24]

other polysaccharides

high-molecular-weight polysaccharides, acid hydro-
lysates (including glucose, galactose, mannose)

improved bioavailability,
gut microbiota modulation

[25,26]

Amino acids and Proteins

17 amino acids including glutamic acid, aspartic
acid, lysine, leucine; tryptophan, indole, tryptamine,
melatonin, serotonin

nutritional value, antioxidant,
neurotransmitter function

[15,16]

lectin

antibacterial, antifungal

[19]

Enzymatic proteins

alkaliphilic esterase

biocatalytic potential, hydrolysis of
bioactive substances

[56]

Lipids and derivatives

linoleic acid, oleic acid, palmitic acid, stearic acid,
pentadecanoic acid

anti-inflammatory, hypolipidemic
effect, flavor contribution

[9,57,58]

Sterols and Vitamins

ergosterol, ergocalciferol, a-, y-, 8-tocopherol, -
carotene, vitamin b group

antioxidant, anti-inflammatory,
inhibition of melanin synthesis,
immune regulation

[59-61]

Terpenoids

isodaucane-type sesquiterpenoid, So,60-epoxy-
(22e,24r)-ergosta-8(14),22-diene-3f,7p-diol,
hanabiratakelide d

anticancer, anti-hyperlipidemic

[9,59]

Table 3. Comparison of B-glucan content and total yield in different parts of the fruiting body of Sparassis latifolia at various harvest

times. (15)
Harvest time (days) B-glucan content in pileus (%/g) B-glucan content in stipe (%/g) Total yield (g)
21 46.26+3.44 46.50 £ 5.47 78.22
26 47.72+£4.90 47.80+3.86 111.48
31 43.42+4.08 36.28+3.11 84.47
36 42.81+6.12 35.30+2.57 103.79
41 39.04£5.66 3449+ 1.85 99.67

 Data are presented as mean =+ standard deviation.
* Harvest dates were determined by the number of days after primordium formation according to the 2023 standard cultivation guide-

line for forest products.

29 39.04%, T} &

TG =

9] 34.49%F P-
solAl= 2102 SRIE AT

Hol| M= 2642} =8 A] 11148 g0 & 71
=4I, o]F 31UxK84.47 g), 362 2H103.79 g), 41L =}
(99.67 9= 2t FAastAY AAEE FEE HER o]
23k A= AR Aol 478 717 X E o] HE

227 gl FAS &

Q3 F

s Z—l_O_

v o,

A D7) dAH T 26U A
I AJ-o] 7H FA ' 3 A7 A" EF
=, Ao g Ty Al H7lEE o B

9 o)

Rol% AR R0 pEFRNL TR

<
stal glef

Z A3} WA S =4 S x13H8}£ 9/]1:1]‘3]—1:]-
uebA] FZEoIHAlY] 8 A7 715
S E=A) 0

=4 B4 ?SPEkJ,} Ag

O




Vol. 31, No. 2 (2025) A 2E0IHAL Z2
AEEAM ] 2 % 7Fs7de] Erhe Holth. ol& AHdAl A

o,

Aol AF ol
= 2A7} %E}.

S Faf wAle] PPINE

=thske = 3

4, 88 H
Faoluile] £4 FAE TYiE BEFE WA
w2t A= o, AR AFH AR AF ] ol

s Wie] Bt 71z hslel ALhAYA, 2023). %
NFe F2 Qe ), U, Ryt A, ShE V18,
) 52 NEOR Bl B, v, 0

[¢)
A7 47cmH X]J“X%i/ﬂ 5% ©] 25
S ET S8, HE5ES A4 4om VTS 5F) X

§”* lHW"l

thal A= F&

>

1 o
032
%
N
Jo
B
N 2
o
N
N

A Howmxnuﬂ, %XVHHH, SEA) 7k 913 Folzt
sk, U 57 /%0l Aguw, o) e
A4 2 Ao Age Baghow WHsk v,

5 4N XFOHN +HFUATNS

51. &%

AgMAE S F DY, TONEA 2 92d 72
2 Qs A 5 F2 Ast wEA Ry o5 oAl
371 919 ke £ 710l e Qlos, dEde.
2 uAAYE 28 Ux B3I 5F 7 (active

packaging), A58 37 (intelligent packaging)®] TFdgh 2]
& WAlol] FE5 3L QITH(Table 4)').

5.1.1. "AIEF B (Micro-perforated films)

durd oz A T Al AMgElE EECEd(PE),
EHsHIE(PVO), |22 (PP) 59 A= 2
7183 FEAoR Qe 2 el oliisleart e

A2 7L

R
et

2 7|5 145

sl SHEAY 75717t Ak AIE o1 ol
Hlel vAAE D52 F712 F50] A olHd
TAE gt 5 vk 53] dee A%, e, 225
=43 d52 ¥4 W &5 :
RS AL, W =0k TS FAReEN &

il

512, Yx=¥4 2 Y83 ¥ Z(Nanopackaging and
nanocomposite packaging)

Werles $83 A= Hold 71A1 Awet 3+t
8, 7IA 248 7155 AFete] A F Al F4 ¥s
£ Alste ol 2 AR HrhEnh A oE o}
=2 (nano-Ag), W0 BT (nano-Ti0,), =0l kst
2(nano-Si0,), W=otEREALO] E (nano-attapulgite) 5 THF
gk 771 YeEZo] Zgjdddloly AdE Eldd
A7 B3] xAo] okbolujAle] 2 oA = =&
7H"*§L-+* BATHS 9 ol Uie AAj9] gt 2] 9

gk Hal) vAE 4 A, Al Zeel gk SNAE
AA B Az 2d Lkt A, 2 G54 71A 2
T I 54 W] mE 555 2 FYdsEsAt
oAl B4 Asrt HeHog 2Rgek Axfolnt. B3 do]
wAle] A9 e B3gE wgo] mEZEgo} 7SS
BEEa ‘E* FEFROS) S IAlst AT T F2
Aete AAANAG. olgjet e X 7| ksl &
4 7429 24, PPO(polyphenol oxidase) &4 A, @
Zhd A A 3 2 AslE el A4S AAA
7le AE&71E T, A% T 93, 243, 0 AR
of 71998 = 3

5.1.3. 5% E*(Active packaging)

1-MCP(1-methylcyclopropene)2} 3}7Hibdgo] ©AlE
F2HA (molecular sieve)S XEZAN| A-8-3le] gt, 42kt
A, W<, 9 59 71548 EE4E A FAlEle T
& XA (active packaging) 71&S ZaHAl| HE83 A
FEaWAe] ALAA W oddl A B /A 2 aa
S AAletaL o ogdle FAReEN s, 72,
F 4Aas ayoz AAANAT, T3 MgO Yy
= Poly(3-hydr0xybutyrate)°ﬂ st E
. aureus 2 E. COll—/] A At =R U

S A 6L7A A AT

2L ofy et
o}in:
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pEASUEE
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Fi

5.1.4. A5% XA (Intelligent packaging)

I-MCPE ®AI stol==d 232 37 tﬁi} Al -
MCPE HLZ o].cq u]/j\ 111 2;5:' 5]
24 oddlle] 282 et oﬂﬁ} ‘th_" &
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Table 4. Packaging technologies and effects for mushrooms
Packaging technology Packaging material characteristics Target mushroom and major findings Reference
Agaricus bisporus — maintained total phenolics
A/PE film, thickness 76 um, pore size|and flavonoids, reduced electrical conductivity [62]
0.5 mm and MDA content, suppressed specific gene
Micro-perforated film expression, lowered browning index
PE film, thickness 25.1 um, 8 pores of Agarzcus bisporus ireduced browning index,
. increased concentration of 13 key aroma [63]
0.3 mm diameter
compounds
Micro-perforated film | Polyolefin film (PSF-700), thickness 25 um, | Agaricus bisporus — preserved color, reduced [64]
with high CO, (80%) |25 pores, pore size 143 um MDA content, suppressed browning index
PE-based nano-Ag film, thickness 35 pm, quricys bisporus — high gnt10x1dant capaf:lty
d with 2711 me/m?> maintained, delayed browning and softening, [19]
treated w1 , mg/m~ ozone preserved up to 9 days
PE-based nano-Ag/TiO, film, thickness |Agaricus bisporus — delayed phospholipid [65]
40 pm degradation, suppressed lipid peroxidation
LDPE with anti-condensation agent, thickness | Agaricus bisporus — preserved total phenolics and
Nano and nano- 40 um: . . . . .
. . pm; nano-Ag, nano-TiO,, nano-SiO,, | flavonoids, suppressed melanin accumulation and |  [18]
composite packaging . .
nano-attapulgite, browning
PE-based film, thickness 40 um; nano-Ag, F lammulina velutipes — mamtau}ed mitochondrial
. . . function and energy balance, improved storage| [66]
nano-TiO,, nano-attapulgite, nano-SiO, .
quality
PE-based film, thickness 40 um; nano-Ag, | Flammulina velutipes — suppressed ROS generation
. . . .. . [67]
nano-TiO,, nano-attapulgite, nano-SiO, pathway, delayed lignin accumulation
1-MCP, potassium permanganate, cinnamon | Agaricus bisporus — removed ethylene, delayed
S . . . . [21]
essential oil, packaging film browning and softening, reduced weight loss
Agaricus bisporus — enhanced antioxidant activity,
zeolite, ginseng extract, gelatin, glycerol |suppressed ethylene production, reduced browning| [68]
rate
Active packaging - — —
Pleurotus ostreatus — improved antimicrobial activity,
gelatin, pomegranate peel powder, PE film | maintained tissue firmness, extended shelf life up | [69]
to 11 days
MgO nanoparticles, grape seed oil, poly(3- | Agaricus bisporus — high antimicrobial activity,
. [22]
hydroxybutyrate) extended storage period up to 6 days
. . Agaricus bisporus — suppressed ethylene emission
activated carbon/palladium, 1-MCP and removal, delayed browning and weight loss (23]
Intelligent packaging Agaricus bisporus — controlled moisture and
citrus pectin, cellulose nanofiber, thymol |ethylene release, stabilized relative humidity,| [24]
inhibited microbial growth
e ogd fE w3E AN, AL BAT QSR o) Dgolr. ol P 2vkE WY gL
AUABTS thelf /|0 SIS ojolzd £3 T 48w RF HeIH nrk Advbsan w1
& FEomAe] A T W FES 90-95% HIE <t Al A7le2 B 7hede BolFn, A ol
ROz fASle] MR PP SR SUR A% FD A= A8 A FE £9L 938+ 92 Roln
Asks AL, 24 A=t HeE BESe 895
peRiT), 5.5, ZEolstle] £4 2§ 7Fs4 2 3
JEG T 7% TH WO L&, FE, pH, i FolAle AR BRI FHF TR A8
dgdl = wslel 2L B4 ASS wEA MEQI] ¥ 2w Holy Ws), 2w Sol WA wask: 540
e B S dslR g, of Wisjel wek ¥ ok WAA) Eaoludlel A% Lol BE SEE, o
Ao AgE A= FAAE: 1-MCP, 7HIE)E Alod g3 B F, A7) ARSI AR 2 2460 vigk 7]
SE2 WEde] EuAe TP AR A FES 2 ARt $EG Aotk meb et 19 /1% 5
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8 7S s Slel 94 A & B4 we 54
o e Hot4] A FHo] Aaslolef s, o]F Hpeo.

2 ZpolwAle] FAL #AT F Y= ARl mgAsh
24 e 79 Bart o

5.2. N2E2 A0} (cold plasma)

HI7 e AF AE 38 F skl 2= k=0 AE
ZEd god AY B FH fHeR F FES v Q)
o} Stz ARAAlAM B2 v WA JEE, Joly
PRI Pl oS 1 B e B o et D e
7] 5 ZIAA A7) S el AAdEE vheke vk
7 3ekES 23, Alet, w8l E4}, vlolgie &
& 5o FEolsad g8l =2 AA a3 vERith
188 27 UiollA 2= Fg=viE A4QIE7IA &
2}=n}; in-package plasma)sld WA EZo] 28-S 1]
Aol FAstA7]aL AR A ¢ o, FA9
A2 T 2HS AT & YU, Qu7IA] EZEpzn) 7)E
& FHATks Ao AFolt AL AFe] A 1
A7NEEAM NEL 7FsS AAgh 29l 459, i
3 2 A ErREY), gpolmA 250 1l F3 24 Ay
=
A

=

oA JAAf71A] FEZepzet X2 Qe {3 1

oA 2 AN s AW H 248 aIFeR
HE = Advke A9 At ZaEAE 3. Misra 5
(201932 Al Al gk QIsf71A] Zep=e} 22 e
2+ volumetric DBD, W53 SDBD(surface dielectric
barrier discharge), ¢]%-& SDBDOZ &g = JEH, ©]
% volumetric DBD "o 7P =& wAE APE a3t
2 Bty ¥HU?). Volumetric DBD WS E3 4]

AJSRe ol w, W5 SDBD WAS AFE A )

5 A Bolmsle] Ag-HE FHelN AHE £

A S8, MA 243 AAg £ W Ae-Zekzrt Az

o] 3 HAsle} vAESHE HA-EFE X @3 Ul
st A A7t Fesi
53. HZH|

i

HEAE A, 5, 2280], 35 5 uds W2

HEol Agaivl, G, PAB, A oA, s w3t

5.3.1. 1-MCP(1-Methylcyclopropene)
I-MCP= A3l olg=ll A3hd 9 28 A=, 2
2 24 W oEd FEAl nrteiz e Aeete] od

A AT s Adte sy 43 w3t S AAA

716& ZH=thPY. gpolmAle] 1-MCP 0.5 pL-L'E
AP IEFA BEMPPE A3 A, AR F
B A, AE A, ol A Asl 5 2 A
aIZel Aoz BuEJePY. RN (lohvariella volvacea)
o] 7%, 1-MCP 0.75 pL- LS X33 Fo|2 MA AF
7 15+1°CoA 12717 A2 A, o3, AV, 243, F
1] & ¥ FHo] tixol Hls felsiAl skl an,
A TEE 075l L2 SR, 5, Bdusle]
1-MCP 250 ppbs 25°CollA 6A17F &5 A&l stA, 40%
COE &Y AR &t A A¢ BF FARE 2
ZhH oA gl AP Y B3 LR e, o] polyphenol
oxidase(PPO) S ©JA|S}2L malondialdehyde(MDA) 28
AdAezA FA fA 71 2oz YR, Ak
LE}2](Pleurotus pulmonarius) 1-MCP 0.75 uL-L'& *]
g A, A% F Ae, SFERL &%, T-S0D 245
FrASHAA Alze B3d, F7F A&, MDA s 7
2AA ANsE sE A A FEo] YU vhd, oE]
= 0.05% A= PPO 242 S7MIT7IAL bkt o=
RS Fst] S 7iEstsiith dAA 24 AR
T 542009 A5 EE A% 5 vl AT 24
EA44 AL, 2-SAa7HEAE gAY, wEE QEelE F A
P T ARG FAI DI AL AR BolHow o
o2, 1-MCP] #1773 7R el wigh 4 712
S AAEATE). F WM (Lentinus edodes)® 1-MCP
0.25-0.75 mg'L'E 6AI7F 5 Mg A, 2o 4w o
A, &5 Asll, PPO &4 749} 7 A F ATPase,
succinate dehydrogenase(SDH), cytochrome c¢ oxidase(CCO)
Aol FAE] oA oAb 2EE B FE A 2
7b SR AT,

FEOIHAS 2Fo] FEHL thdR ol Eob A%
T AN W3l AW, #E & 5 FE g3t w2
AYPE= EAS vepdrt. oj2fdt 542 71 AellA
B o WAlRel fARE FE As FEeE, ol w
2t I-MCP7F A1 3 f5 & Ak Aol 23 d 2l
2 7|99t} 1-MCPE 0.5-1.0 uL-L! 552 6-1247F &
T At & AEd IYANE B89 AT 2102 £E0
wAle] A & F2 A Y Ao oddn o
T AA 8-S SEiMe EEolHM frel F5 54
ZA8H] 540 wet HAel AxE] 2%, TAA
MA A& o Fo] A% 21e AAs] A A48H 4
E7} dg)Eojof gt

o

5.3.2. o]4ks}d & (Chlorine dioxide; ClO,)
o|Abst 4= Listeria monocytogenes, Escherichia coli
O157:H7 5 Thst Alat, #38°], nlolziol| thsf 2 <l
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ot

bt gas 7RHY), ddele] o3 A B A
7= Ao ® Hiwo] At} International Chemical
Safety Cards (ICSC)dll WE=W o|tsldie] AYPH =&
SHAIAl= 0.1ppmF 3L &8 F=)olt}k. ClO,= v+ FDA
T8 (21 CFR 173.300)9 w2} H]s4ke AR5 AlF e
AREEE BolM ZF Clo,7F 3 ppmS 2AEA] 2 W
9 WellA FAZ AR 5 2

Ku 5(006)& CIO,Z 5, 10, 50 ppm FL= *2|g A},
oAl T A4S AAAF]AL, polyphenol oxidase
(PPO) E/4& Aok, nAE Z24S ExF o= A%
Tl BUSIeH, HekE opolmAlel Clo,E AEe F
A24°Cyelr AgshHA F4 WslE Hrist 43, Clo,
10 ppm A2FollM A= A4, 298 JA|, TF &4 A7,
Al oA 5 A% 5 F4 A6 7P 254420 AL
2 Uepgen, 747 AreibE gk 7SS fAEH
H9). Jin 5(2024)= ©]4k8}d 4 (50 mg L) HE7b Aek
g oAl BH 14 Mt 5 BRATIAL 5%
e oA B Ax A4, WY P fA, FeHUE A
FA ol G|tk B S0, o]2jd Axk= Clo,
7b g #E s S -, dutsl 84 fA
9 nAE AAE T8l A male] AGEE IAE &
Ueg ou|gh}

wEb CloE 718 A4 i 7123t Hesle] 2%

o

o

4
4 27 2 AF 59 e HHst A7) Basie

53.3. 7]g

AgolulAl EHo) o Z37E] Q1|2 (ergothioneine)yS FAL
gk A3, T dlE ) oA ERIGE ko] fA|Ho] 7
Hol A A Q). Zrulofu] €] 2 Ak(y-aminobutyric
acid)0 &2 FFolHALS A Ageds wl, Adgeid o
o} ®3|aA(PAL) E4d0] Svtslal #E fAA @
=] A2 A T 2w IA G Yeleoh.
Ald Y (essential oilsy> FeHdo] 74k A kA
o FEEE, 9 st B A AES AYH, F
F% (fumigation) FERZ AFRETHD), oS Sof, Hunl
YR RoAlE FF5 AER A, WAl Ax

Az, ofasEZRILE Hefo] Frlstal, T At E1
=3} oA E37F e, H2ole e 2
et T4 55 T8l vl g F FEE aHHoE

FAT F dFol BTG,

2

o (M kU fo =2

H| 2 3}(PDI; Photodynamic inactivation)

=
[¢]
HES) frehte Zol AAS] AR PPz ne

1S - FEIM - QlE Bt st 8l A
Rib-Excited
— O, H.O
Intersystem
Absorption Crossing

@i— Type | ROS

| l_ < W Electron transfer
Light RibsGround  pih.intermediate
s state Type Il

Electron transfer

Phosphorescence

l
| |

Cell membrane Cell wall
surface topography; damage disruption
Increased roughness, RNA Degradation of DNA

reduced thickness and  damage proteins and lipids damage
volume

Removed of biofilm

Fig. 1. Mechanism of reactive oxygen species generation and
microbial inactivation by riboflavin-mediated photodynamic
activation.
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14 RS BEEATE YEE 7]
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20199 ol F2 AREE|o] gho}, ZH IS ¢ A
Halal ePgAdol wom o | niztsle] AE8 Bt
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71k Fols HEAgshs F54, 1334, vl At
A3 A a3 22 AFHORE <ls) 2018 o]F 2%
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6. HZ
6.1. N AFH
An 5(2020y2 ZEFoHAe] AAE 1,400 g 7mm 2

712 S §, Ui €78 ol&ste 1A=

45°Ce] Z7] =8} 55°Ce] &5 % ZZ9A 30A%F

S AZSAYY. o]F, FY ARl Ax U] x5

60°C, &5 L2 70°CE AAsl] 124178 B9t 231 A

2%
Z5 TPt ol2fd ¥z AEe T HE
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Vol. 31, No. 2 (2025) Al Z2EOIHALS] =
T F 7% TR FEHAT ETARE EdolH
AL GatsldA] Zmolx DPPH 22 27%S A&
oF WA fo]4 Aole QI v, H3hls sk
(FRAP) A 5ol Hlal F7kshe Z&oldnt. & &9
= SRS AR OF] aske e, AR EA
o] = ZYdE S 14.84+0.53 mg GAE/go|on),
Az ABAME 1139+ 020 mg GAE/ge® §2l5H @
OMATHp <0.05). °l& E3FAx FFoIA 4F EHds
shetzo] dell oalf alE ALY ] e sS4
o}, opplicat Ao JoME HAHR opnieAt FHego)
AAERT F7FeIsith IS5 om|eike] A, S]ZEY

off off il

.
Aot BUke FESR ofr|=al AR FRYA, A

Gehd Fw &% F74SHATH,

6.2. FAMAN RFOIHNS ET HA

25 FHdASAHS AGETH2024)= Al
d3IA] 52 Sparassis latifolia B AHEAE dPFeE %
A% x| mE FE S, AF 28 A7 Ax wis)
= 2¥x0z R THFig 2, Fig 3). A% &%
30, 35, 40, 50, 60, 70°CZ AP o, LE 2]+
HE 7 T oF 10% W2 246 i &4

A B A%, BE S 2404 27] 2% B F
PN

2

5]

rr

i -

gk g AT e O M, o]F 71X &t Haf ek
Ae ATS BATE 53] 30°C 2HAME 27] 447
BOF & SR ENEO] 9F 50% g HEH O, 60°C
9} 70°C ZZoMAM = 22 ATkl 80% ol/de] &AEo]
Ao Az HErF A FFEAJT X S48 AR
30°C 27904 oF 154)7F, 35°CollA 12A17F, 40°C ©)%ol]
AME 6~TA17E, 70°C ZZAM = 6417 PITe R TEER]
o} o7 Wahs Ax 2= uet FEisk FEEeH,

Fig. 2. External appearance of Sparassis latifolia fruiting bodies
at different hot-air drying temperatures
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Fig. 3. Moisture loss rate of whole fruiting bodies of Sparassis
latifolia during hot-air drying at different temperatures and times.

Z71(30-35°CplM= AAEA L] F55 /A 27 &
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dFo] gk Aoz WA YR A|FoA
Ego] Bt BEE 3000004 7P =4 A
EoAFE L gro] fojAog hast
oA Bl g4 W g (rfojokE Wk
| 377 WEo=z siaEc}
Az A7 Ax Wl e TR I o
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< WA 4 & 37 slellA F3kE Fall RS AlAs
= Y93E o83t Li 5(2022)2 I F-o|WMA(Tremella

fuciformis)®] &
A, g A
st 9 vAE Az
A2tk g’ XEe AlEe SA] Wl AR sk
4:3] WZH(pre-cooling)t ¥, #H3 7AXE Fxsl7]| ¢
7443 27|12 At dxg] 54 (pre-freezing) &
O &= 25°CollA 3AZF Al¥e ARSI o™, old &
e —1549°C, 5§ EFLEE 8.35°CE FRIFAUTH
Wang 52014y WA A% A= —80°CIA 24
17 B¢ §4 A4S TN oH, olF F 4uAle
Lx 2o wel FAARE ARG, sAUxE
80°ColA 3A17F, 70°CellA 5A1ZE, 60°COlA 12417F, miA)
2o 2 50°CoA Y A fiAlshe AR XIEL oM,
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Z 21z AIZEE oF 25717kl AE Al oF 8AIZE ©] £ 50°C, 60°C, 70°Ce] Al 7 &% 7ol ZHzt Az
FHEE o] F43] AAEE F8 58 WAl WY Ak 2FAz2719 Fell= 7HE 3 heating shelf)e] A
skt o] FAolA XF A= °F 10Pad] IFFOR 2)E]o] glom, o]& Fall AR Fride] o] FozIth
FAENeH, o= i F3lE X8l 71X §&S FFE=E 0.085MPaZ FAE o, ZAxE A8 HF
=ol7] SIgk 2o|t). F% 54 A= AlE W gl oF 13%0l =2 w7kx] A&E AT 60°C =
S vAS I A4 FEE Adkele] 234 x2E st oM Rgazst Tawsle A fR19) ikt @ B
A7)AL, o]F Az GAlI AEY B3 Hislehe b & SHoA 7P e A3E YISl JEdze
E2o] JATh HEFHOE AxE A8 ™F FE TFF ezl vlE] F EEdE B FHhEolE S ¢
2 5% olatE 2EEYer, w9 FF 21E U aHor HESPOH, o 7154 AR fX9 4
Aojgh & F4L A i S a9H 02 AAsH ol st FHo= = AT
UME 724 S48 AR o2 HrEUY AeAzE e JdHEY) 0N 4 st S
TA7Z 38E AFoIwAle] A83 A9, Li 5(2022) S B3 AlE U RS B8H0E A g T2
2 HT AFe] A= fA4, 24 22 E Aol ¢ 2, 83 g 2xoMx Fke] riEsiths Aol 9l
3 2 EAS UERSS B s, A3 g&o) . AFgAZE kvt A" S s Ez kst
WA FZFAZ(55°C, 5217, FFAZ(60°C, —0.098 MPa, Hhgo] Ao EdlEs R FofEiol=e 2 754
TAZY), BAAZ(-40°CAM T2 F -55°C, 10PaclA] 24 AE-o] B fFElsitl T3 A WalyF o o] o
AlZhet A3, SAAZTE A, 784 TR T, Al A=, 3 Fu] o] &Aoo FHo] WAl fe] T
38 5ol 7P 93 1 B Vg, 9% A FAE Gl 1y MF7Re 7R AlZte] thik
Al s WsPt 7P A diog 9t FZo] A3t A3, oA &H7L mom, HFAZ vls| Adu] Hlgo]
HA, 784 thdF FEe] 7P wekth w4 A% Al o @] Sl Edh, e YO ol % B
HAF 78 e F 6.6%, AFES 700% o) FoE ol wpe} 22 9] FEolt Wo] AT 4 9t
Eiton, ol HAAZ oM AE 7H=F0] axHos ZEolmAlel MFAZRE AN A9 2 7] FARE
FAERE n @, FAAEE 7 (SEM) 22 A3 o] @FHLt ¢A, AT Ax exo] AHdo] FQaah,
Azl FI F5o] A §lo] 27 & FAHAL AL E ZTE etE 22 dol vizel i) &
H, o]e A7t Mzt 7|sw Aol A Y lE 4 itk T3, s 2F el AR 2]
Zt Wb FAAR FAHS SZo|wAl B ol £ S A WEA A At YF e olF Sk &
oAl 75 E o FAL P AT F U= 43S ZAFOEH 24 4SS F Aok mERA
a3 7 Ve &8 7FsAdel v =k AABIL FLs 1y dEe] fAE sk, ol &3
Liu 52020y 527A%e} EF A% dd 2wl of oJgt F4 Asht 7|2 AL WA sk Hl 7]t
A 48 A% A5, Ax Wil uet o
T AR, T Y, FRA B4, st 24 9wy 7. 2AR gH X 2
z4 o) folaH gEAE RS I, A An $(20200% A=A Z2E 7 (rotary drum
ZE A7 B XF AEE AxEgen, @3 Uxe type roasting cooker)& ©|-&3to] FEFo|HAS RAE Gl
60°CollA SAIZE B3t G% 7Ax7]E o83t Falsidith AENEE AT, ZAE ARRE ARE YRk
TAAZR A2 Al R X=9 sk ABTS #oz o2 AT AT BAg AMGEHE Aot FYg 7
27Tl Eol ksl o] fpslsion, 3% A oz, Fdst GG 3Ae T AlEe] At 7he
Aole ZEEe s B 924 3 7k amlE T2 M| SHEE A Utk EFURE vkl EdolmAl AlE
& Z712 Qe WYAIES NO, TNF-q, IL-6 #H] &3 YRS B2y Agulo] B9Je &, 170°Ce] AA =4
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Table 5. B-glucan yield according to extraction methods of Sparassis latifolia

Extraction method Summary of extraction procedure P-Glucan yield
(mg/g
Hot water extraction Extracted three times using distilled water at 120 °C 66.41 +2.20
Ethanol extraction Reflux extraction three times using 95% ethanol 13.58 £ 1.94
Ethanol—distilled water mixed solvent extraction Extracted three times using 1:1 mixed solvent 76.34 +1.63
(ethanol:water)
Stepwise extraction with distilled water and ethanol Sequentlal. extraction ,Wl‘th distilled water = ethanol 90.91 £2.47
— 1:1 mixture — distilled water
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A Study on Establishing AI-Based Design Planning Solutions in Corporations
- Focus on the Design of the I’m Vita Edition Package -

Kim, Na Young*

Department of Industrial Design, Inha Technical College, Korea

Abstract It is intended to establish Al-based design planning solutions that effectively integrate artificial intelligence (Al) in
the design development process of research backgrounds and purpose companies to improve creativity and efficiency. To this
end, we analyzed the design development process of Chong Geun Dang Health and presented a strategic framework to max-
imize the IDIT performance in the design thinking methodology using the generic Al tool. As digital conversion accelerates,
creative problem-solving approaches such as design thinking are also changing. At the center of this change is the development
of the productive Al, which is widely applied not only to analytical and perceptual function but also to areas where creativity
is required. The research method of research is empirically analyzed through the web design and package design project when
the generated Al is used as a tool for the design thinking process (Discover - Define - Develop - Deliver). Studies show that
the study results increase the progress of each stage, improve the data collection accuracy, and high quality visuals. We have
confirmed that we can support prototype development. In addition, each step suitable Al tools and its features were derived, and
the actual application plan was proposed. Research results will provide real guidelines for the use of Al in design planning, and
to contribute to expanding the theoretical exterior of Al integrated design methodology in the corporate environment.

Keyword Al-Based Design Planning Solutions, Al tools, Design thinking, Package Design
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Fig. 1. LG Household & Health Care, 11st, Coach, and Queen Style Al Utilization Cases.
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Table 1. Generative Al Utilization Tools(Choi Jeong-su, 2024)
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Table 2. Image generation tool features and usability by type of generative Al program
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Table 4. I'm Vita Christmas Edition Package Development Concept
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A Study on Consumers’ Purchase Intention for Products Using Plastic Packaging
- Centered on Cognitive Dissonance Arising from Personal and Social Factors -

Wook Chang? and Nam Tae Park'*

'Department of Venture Investment Finance, The Graduate School of Venture, Hoseo University, Seoul, Korea. 2497 Nam-
busunhwan-ro , Seocho-gu, Seoul 06724, Republic of Korea
’Korea Plastic Packaging Container Association, 42-4, Jangji 9-gil, Gwangju-si, Gyeonggi, 12776, Republic of Korea,

Abstract This study empirically analyzed the mediating effects of personal and social factors and cognitive dissonance
on the purchase intention of plastic packaging products. A theoretical model focused on personal factors (ethical respon-
sibility, self-justification) and social factors (reference group influence, government policies), and structural equation mod-
eling was conducted using SPSS(ver.27) and AMOS(ver.24). A survey was conducted on 275 general residents in the Seoul
metropolitan area, and the hypotheses were tested through confirmatory factor analysis, path analysis, and bootstrapping.
Results showed that ethical responsibility negatively influenced purchase intention, while self-justification had a positive
influence. Reference group influence and government policies had no direct effects but showed significant indirect effects
through cognitive dissonance. However, ethical responsibility and self-justification did not exhibit indirect effects via cog-
nitive dissonance. These findings indicate that consumers recognize environmental burdens but justify practicality or expe-
rience conflicts due to social pressure before deciding on purchases. This study extends the application of cognitive
dissonance theory to plastic packaging. Practically, messages reducing dissonance may encourage purchases among con-
sumers with high ethical awareness, while emphasizing practicality may work for those high in self-justification. Policies
evoking internal conflict and social norms may be more effective than coercive measures.

Keywords Plastic Packaging, Purchase Intention, Cognitive Dissonance, Self-Justification, Environmental Policy
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Fig. 1. Research Model.
*(# %) EthiRes : Ethical Responsibility Awareness, £ 2% 2| <] <] 2]
Selflus  : Self-Justification, #}7]3%}2] 3}
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CogDisso : Cognitive Dissonance, 1A 23}
Purchas : Purchase Intention, 829 ZZA A F o=

o] du|zALE Fote] Jid BEErF "olAe s At Q1A 723K CogDissoy= 7M%1¢] 2187324 A, 714 &

A, 78 9 Hesle] HF AR B3 PRSIt & © RS AA 2H] A Afelo] BUXY FEo] WS

FARs 2 ARIES] Googled-2 o831, 2025 649 18 m d¥shs A = 3 aR 3 ASHE,

ARE 20259 79 16474 1Y <t %— 279%-2] A Cancino-Montecinos 5>, ElliotZ} Devine’?] A& #3

tlolBE FHsIien, A5X7F X3 4575 A7k 275 = & A7l s s vl £deE S5t

5ol A HolHE HFHoR A6 Sy 2R AF el 2 (Purchas)ye &HIAE &

giE PR | AEFS Fol= Flstele AT B

23 Had FHLA Zejek ) el digk 332 BlEE, Yoon'e] A
2 AT Table 13} o] A752 2948 9% W s & A7l 3 85k sl 2o SAsII

SAETE ARESIoH, 51 YAEY HER S
24 A9 o)A (EthiResy> &HIAPF S2pY ARgo] 24. 2MYH

o) mAlE FAgA Gl thall AAIstaL, ool gk 2 AdTodes £3E AE S dolHE B35 ¢

S IS Y, Zephg ARS SOl sl 3l SPSS(version 27.0)2} AMOS(version 24.0)2 2835}

y5o] T o7l FERE, Gu T, Park'®9} Yoon’” Atk FAFoE W B4 7% 2 At 2o

o] A S £ A7l sl At i £3deR = SPSSE Fall FEN o™, ER14 Q<214 (Confirmatory

A3t Factor Analysis) 2 A2 #2](Path Analysis)> AMOSE
A71gH e sk(Selflusy= 2H|AF SehE ARG 1% Z-gato] JP=|Art.

A A7PS SasAY FAEkL, ol e ARl

o] Ao} P& Wizt s Iystde XA A 3. 9% &

oz Na?), Park 527 Ding 579 A% E3S = 3.1. AR FHEA EN

Aol Al st Tl EFoR s 2 AT FEY QAIFEAIRH 542 Table 291 2t} &
A Y RAGrouy> 7HR10] L3l UAY FSAHE- S AR, dHe B 1527, o4 123m°b— A=

sk A FATET, 71, a5 Jd 5l 3 & 2 204 o]l 159, 30~394 ©]3l 669, 40~494 ©]a}

2], B B3] JiQle] 7 #E &) gl WA= 931, 50~594 °Jst 79, 604l o)’ 22‘ﬂ°lt‘r WEFELS

geke] F==, Park 527 Ding 523 Yoon’"e] A& TS £ olsl 189, Ew ¢ 1974, ek o)

Ts & A7l 2 85k Il £doE SAHsIITh 60980]5L, 7THAS 191 7H 447, 291 T 4T, 34
45 A3 (Gorvern) BF7F FHSIAL Al she g ?l 7H- 17078, 591 o1 7h7 14822 et

273 A ZA 9 A7E A1) Sl gk <12, F<

A, 2Ea AH] B s wsle] mixls 9] A==, 32. %N 29124

Gu 5, Feng 573 Yoon’"o] M #3& & A7l 321 JAFEIY 24

S st i wEeE st 2 AFoMe 34 2EY g A5 28 gld



Vol. 31, No. 2 (2025) ZdtaE R E AE ol 2 2 177
Table 1. Measurement Instruments of Variables
Variable Measurement Instruments of Variables References
e ZeiE ARgol S alFohal A zet
e SEtAES AT w FHA o] &t
EthiRes e SgEHE Fole Aol S Azeith 5, 18, 37
He ZHLE AFS dote o] fEder &y =24
Ue ZHaE ALgol &R AV € 4 dnkal Azt
St §A E dFE FA v A
Zat2ge] A EAE AARY $gdE A 2o Azhe
SelfJus Z2t2g EAls Aol AU AA=gA dAdE Relgta Azteitt 21, 22, 23
Ad FEE ETEY AHES FolA ¥tk "Ev Azeith
stay BAe U AgsiA A4 do] ofyetal Azt
W7h &3 Fdke] S-S S U SHE R 9 Frh
A3 715§ F9 AMge] #4E AA2H Ur d3s vt
RefGrou Wt &gk o] 3H RS E FRSH Uk 4TS deth 22, 23, 37
FH Abge] $AHR S PFE AHsH e 9FE derh
Wt A5 &Fste AFRESY A2 W 84 #4d 4H gFel dFS Foh
A SRS U7t A4S o T8 A7A e
AR SAAAE B SA4S A7 ATE Ade] =0k
Govern SRS E 9T AR AN W AF P ARl 9FS Frh 5, 24, 37
Ao BAFAE &7 #E 4] Pl dFE Frh
7 #AE AR AL | d5e wsE Frt
g dst Ak AA 7o) PFo] FEST
AARS7F F83AT, AAZ= A Xdhe= A7t U
CogDisso A7 A4 FHAQ 2H] Abolo|A ZFo] Utk 56, 57
A wf 2ol SAHEAE HstA =,
A @3t 27 Atolol A deo] 47 gtk
e gozw Febay 244 AFL Y Aotk
e goEE FeaY T4 AFES J4H0E H9F Aol
Purchas g Sy w44 AFS Fuishse Al gk 37
e Fohay 234 AES 140 FHE F vk
Eetay T4A AF P dAE G4H9 Lolrt
2REA S AAsldlen, ITEHIEES 4T A vk =S Btk 53], B pe CRol 19655
Table 3% 2ot JFEES 54 WTE0] 4 A ZIeto] FAHCE Fold Aom SRIHAUT
4rE AEel ZYEAS el ARE, EFEE & TG, 7 g W5e] AVE g 824 Aoy
91 53} F(Factor Loading, B), 4 AlH](Critical Ratio, CR.), 0.638, A71&E3F 0.686, =AXNT IF 0.826, FH 2
A2 (Average Variance Extracted, AVE), Z12]3L 0.733, QAX|HEZ3} 0.579, AZFjel= 0.5952 EF 0.5
7 EA12) % (Construct Reliability, CR)E 753l I3t oS TE3ATE. CR 7t 9Al S8 AUl 0.898,
e A% 272 v 2ok e 0.5 oA 2718218 0916, ARG G 0.960, FH G2 0.932,
£ 0.7 o), CRE 1.965 °1%, AVEE 0.5 ©4, CR AA| T2} 0.870, AF FHHEE 0.8792 BT 0.7 oS
< 0.7 o]delth. = et
A A, &2 Ao, At A I, ojgigt A= & AFlM ASE EE 4 WUt 8
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Table 2. Demographic Characteristics

Category Frequency Percentage(%)
Male 152 55.3
Gender Female 123 447
Under 29 15 5.5
30~39 66 24.0
Age 40~49 93 33.8
50~59 79 28.7
60 and above 22 8.0
High School or Below 18 6.5
Education Level Bachelor’s Degree 197 71.6
Graduate Degree or Above 60 21.8
Single-Person 44 16.0
. Two-Person 47 17.1
Household Composition 34 Person 70 6138
5 or More Person 14 5.1

Table 3. Convergent Validity of Constructs

C\)Ziie;l‘)lleed Latent Variable B C.R. b AVE ISST;&E:;
EthiResl — EthiRes 0.857 0.317

EthiRes2 — EthiRes 0.785 15.619 0.406

EthiRes3 — EthiRes 0.836 17.275 0.316 0.638 0.898
EthiRes4 — EthiRes 0.804 16.169 0.380

EthiRes5 — EthiRes 0.765 14.938 0.444

Selflusl — SelfJus 0.836 0.279

SelfJus2 — SelfJus 0.851 17.588 0.405

SelfJus3 — SelfJus 0.798 15.872 0.477 0.686 0916
SelfJus4 — SelfJus 0.874 18.383 0.252

SelfJus5 — Selflus 0.893 19.048 0.248

RefGroul — RefGrou 0.823 0.217

RefGrou2 — RefGrou 0.874 18.084 0.178

RefGrou3 — RefGrou 0.923 19.818 0.106 0.826 0.960
RefGrou4 — RefGrou 0.931 20.110 0.095

RefGrou5 — RefGrou 0.856 17.498 0.223

Governl — Govern 0.762 0.401

Govern2 — Govern 0.812 21.167 0.321

Govern3 — Govern 0.907 16.266 0.165 0.733 0.932
Govern4 — Govern 0.840 14.841 0.277

Govern5 — Govern 0.917 16.459 0.150
CogDissol — CogDisso 0.805 0.329
CogDisso2 — CogDisso 0.678 11.503 0.371
CogDisso3 — CogDisso 0.860 14.985 0.235 0.579 0.870
CogDisso4 — CogDisso 0.505 8.192 0.618
CogDisso5 — CogDisso 0.763 13.236 0.402

Purchasl — Purchas 0.849 0.226

Purchas2 — Purchas 0.586 10.343 0.886

Purchas3 — Purchas 0.860 17.722 0.322 0.595 0.879
Purchas4 — Purchas 0.855 17.544 0.286

Purchas5 — Purchas 0.777 15.163 0.412

SR B BEE Qs CR.: YA Y| (Critical Ratio), b: #2¥W 5] A 34 2], AVE:

H
F-{E >
o
T Ay
o
i)
ko

AN

o N
s}
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Table 4. Results of Discriminant Validity Analysis
Path 0] S.E. o - 2 x S.E. ¢ + 2 x S.E.

EthiRes S SelfJus —0.813 0.069 —-0.951 -0.675
Selflus & RefGrou —0.444 0.040 —0.524 —0.364
RefGrou =3 Govern 0.429 0.037 0.355 0.503
Govern =3 CogDisso 0.403 0.044 0.315 0.491
Purchas =3 CogDisso —0.198 0.041 —0.280 —-0.116
EthiRes =3 RefGrou 0.497 0.048 0.401 0.593
Selflus S Govern -0.410 0.044 —0.498 -0.322
RefGrou =3 CogDisso 0.425 0.039 0.347 0.503
Purchas =3 Govern —0.227 0.039 —0.305 —0.149
EthiRes & Govern 0.387 0.052 0.283 0.491
Selflus & CogDisso —0.437 0.048 —-0.533 —-0.341
Purchas & RefGrou —0.281 0.035 —-0.351 -0.211
EthiRes & CogDisso 0.470 0.057 0.356 0.584
Purchas & SelfJus 0.622 0.050 0.522 0.722
Purchas =3 EthiRes —0.651 0.060 —0.771 —0.531

23
©
P
HN

- FAAF, SE: FEA

Elle ARE, A ®g 2 daAITe] 95% AT He
+2 x S.E.(Standard Error, 3-%-4Fe] 92l 1] 23
=R gJofof drhs 20
7 Hell 10] IETHE, 7 A WgTE FAH R
HA 3L A3 NEE SAHske Aew & 5 Qrh
A A3, Be A w4 7k A (o) tig
95% M ZT7He-2xSE, 9+2xSE)S 19 s
BT ASE UERT ol & ATllA ARE BE R
FE°] AR 59Hor aEE fEdS e, &
23e] yhdelde] SHEASS AR ZE A
T 4 7] Waerd A A= Table 49 2t

B oX B

3JNETH Y 4 2
33.1 71&5A4 B4 A3
B AFelA AAge 2 RAHSEY] VeEA B4

Table 5. Results of Descriptive Statistical Analysis

22}, g£2xS.E.: A3t AF 7t

AABIR e, 1 A= Table 59F 7t} zF W] HAagk
(Min), 2% (Max), He(Mean), 35 2}(Standard Devia-
tion, SD), 9= (Skewness), 3= (Kurtosis)S 2151t}
Atz o 2 gwo) AxE HAA 7HS Ak 7S
o2 ARgEM, Aigte] 38 Z3she et Adizte] 10

Zeke e A7

3 glom, Feley
[e)

3 Ap719telskt

=
EEUAE EEER 2

A5 Q4 RES) Aoy

247|182 3k(SD =
7b oA Ewte

+ o

1478 vehdoar o

WA Wl dmet P ghe

oo}, "lole7t g4t 7M1

1o
=

0.966)=
A

10& &~
ek ks Ao® yEn
W] Baghs AuEE, 59 HE VEeR F
A AF FEel=7r 3.5730% 7P A4 Vel
, A7 87 2.3800% 71 @Al UERT o=
H2}So] Zalrg T AE Fojo] FAAQ
A AF e AT Bl o

—E
=

ol

Mean Standard Deviation Skewness Kurtosis
EthiRes 3.121 0.899 —-0.380 —-0.054
SelfJus 2.380 0.966 0.630 0.070
RefGrou 3.489 0.779 —-0.720 0.851
Govern 3.128 0.865 —-0.426 0.070
CogDisso 3.442 0.746 —0.438 0.628
Purchas 3.573 0.867 —0.348 —0.026
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(B=0.292, p<0.01). o]& A7|g2]3} 50|
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Art.

A, A7 AR ZepE XA AFe] Fuele
of folgt JaFe vIRA] e Aoz YERSATHB=0.018,
p>0.05). o= A 2187 Ao} A7t AH|AE
213 AlF Fojelrel AHFoR JFS F7lole

7} 9he- AARRIL,

3.42 miNZHHES

B Ao T ASE SlEl A RYe g98s 2 AFoxe FESEZF (Bootstrapping) WHS 2§
of Fo WAASE 1) APEIANE BSOS, T A slel o WAEFE ) AIQEDESE EHe0R,
Table 6. Results of Correlation Analysis

1 2 3 4 5 6
EthiRes 1
SelfJus —.724%** 1
RefGrou A58H** —406%** 1
Govern 373k —372%** A22%** 1
CogDisso 375k —347%** 330%** 309%** 1
Purchas —.593%** 582%** —244%** —.190** —-0.114 1
F) * p<0.05, **: p<0.01, ***: p<0.001
Table 7. Results of Direct Effects Analysis
Independent Dependent Hypothesis
VaI;iable Vgriable B SE. CR p Ayfcepted
EthiRes = Purchas —0.400 0.091 —4.400 0.000 Accepted
Selflus = Purchas 0.292 0.099 2.949 0.003 Accepted
RefGrou = Purchas 0.036 0.072 0.497 0.619 Rejected
Govern = Purchas 0.018 0.063 0.291 0.771 Rejected

F1) B: 3|9 715X (Regression Weight), B]3 53} d 2 A4 (Unstandardized Path Coefficient)

F2) S.E.: ¥ 2} (Standard Error)
F3) CR.: YAH] (Critical Ratio)

F4) p: 2] & (p-value)
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Table 8. Results of Mediating Effect Analysis
Hypothesis
2
d = B p LLCI ULCI Accepted
EthiRes = CogDisso = Purchas 0.025 0.140 —-0.006 0.142 Rejected
SelfJus = CogDisso = Purchas —0.013 0.384 0.079 0.029 Rejected
RefGrou = CogDisso = Purchas 0.030 0.046 0.005 0.101 Accepted
Govern = CogDisso = Purchas 0.029 0.049 0.001 0.095 Accepted

1) LLCI: Hgk
F2) ULCL: A% - E 2

2 A= Table 83 2t w7 &) frelde 95% 2
FFZHLLCI;, Lower Level Confidence Interval, ULCI;
Upper Level Confidence Interval)el]l 0] Z3F==x] o5
£ zoz Bt AT 0o] T o E
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Guideline for Authors

Original manuscripts containing new significant results in
the fields of science and technology for packaging, and
not published or not scheduled for publication elsewhere
will be considered for publication of Korean Journal of
Packaging Science and Technology published by Korea
Society of Packaging Science and Technology. Reviews
and manuscripts based on preprints from conferences may
also be accepted. The copyright of the published article
belongs to the author(s). All manuscripts will be refereed
by two or more members of the KOPAST Editorial Board
who make a critical appraisal of the substance and structure
of the paper and recommend whether it should be
published taking into consideration what is already published

in the literature on the subject concerned.

Manuscript Preparation

The manuscript should preferably be submitted by e-mail
or by other electronic copy. Figures and tables should be
supplied on separate pages. KOPAST is published in black
and white, but only if asked by related authors, the relevant
papers may be published in color with the payment of actual

expenses.

English Language

The manuscripts must be written by MS words in good
English, linguistically revised. The font style should be
Time New Roman. Either American or British spelling may
be used, but consistency is desired.

Title, authors and headings
The title must be short but shall contain essential information.
It should not contain abbreviations. Authors' names and
affiliation follow the title.
Headings, sub headings and sub-sub headings should be
written as follows;

Introduction

Materials and Methods

1.

Abstract

The summary at the beginning of the paper should be
informative, not merely indicative. It should state briefly
the purpose of the work, the significant results and conclusions.
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It should be no more than 200 words. Abbreviations

and acronyms should be avoided.

Keywords
Keywords should be given to help abstracting services
to classify the paper.

Address(es) of the author(s)
Addresses (including corresponding author's e-mail) at the
time of the publication are given for each author in a

footnote.

Introduction
State scope of the problem investigated, review of pertinent
literature, method of investigation, and the aim of the

work.

Materials and Methods
Give full details of all the experiments, so that they

can be repeated. Results should not be reported here.

Results and Discussion

Representative data shall be presented. Methods shall
not be described here. Discuss principles and relationships,
pointing out exceptions. Show agreement with published
research work. The significance of the work or conclusions
should be presented in the end of the discussion or in a
separate section.

Mathematics

The SI system (metric system) shall be used throughout.
Each equation should be set on the separate line and
numbered with square brackets ‘Eq. [X]’. Use arabic
numerals. All mathematical symbols must be explained.
Tables

Wherever tables are mentioned, write ‘Table X’. A
short heading should be provided for each table. Tables
should be consecutively numbered with arabic numerals
like ‘Table X’. Units should preferably be given in
column headings. Use capital letters sparingly.
lllustrations

Wherever figures are mentioned, write ‘Fig(s). X .
Figures should be consecutively numbered with arabic
numerals with a short heading. The lines of the figures,
on separate sheets, must be sufficiently heavy to be
readily legible and the letters and symbols sufficiently

large. The minimum resolution of pictures must be 300
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dpi (10cm width). Units should be given on the axes.
Photographs must have good contrast when printed. Magnification
of photomicrographs must be indicated e.g., with a scale

line.

Conclusions
The conclusions of the work should be clearly stated in a

separate section.
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