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ABSTRACT

This current research aims to study the preparation and characterization of thermoformed
trays from poly(lactic acid)/thermoplastic cassava starch (PLA/TPS) and PLA/TPS
incorporating encapsulated black pepper essential oil. The weight ratio of PLA: TPS was
fixed at 60:40. The black pepper essential oil (BP) was encapsulated in hydroxypropyl-
beta-cyclodextrin (HPBCD) and maltodextrin-gum arabic (MG) using spray-drying
technique. The BP-HPBCD and BP-MG varied as 10%, 15%, and 20% w/w. PLA/TPS,
PLA/TPS/BP-HPBCD, and PLA/TPS/BP-MG thermoformed trays were successfully
prepared by using thermoforming machine with a heating temperature of 340 °C, a
heating time of 30 s, a vacuum time of 15 s and a cooling time of 15 s. PLA/TPS and
PLA/TPS/BP-HPBCD thermoformed trays were pale yellow, whereas PLA/TPS/BP-
MG thermoformed trays were yellow. Trays from PLA/TPS/BP-MG were easier to form
in complete shape than those from PLA/TPS/BP-HPBCD using thermoforming
machine. The loss percentage of active compounds in BP of PLA/TPS/BP-MG and
PLA/TPS/BP-HPBCD thermoformed trays were determined by Gas Chromatography-
Mass Spectrometry (GC-MS). The lowest loss of active compounds in BP were beta-
caryophyllene and d-limonene, which lost in thermoforming step from PLA/TPS/BP-
MG about 93.30-96.90% and 89.05-89.93%, respectively. Both thermoformed trays from
PLA/TPS/BP-HPBCD and PLA/TPS/BP-MG tended to decompose when buried in the
soil condition. PLA/TPS/BP-HPBCD and PLA/TPS/BP-MG have been potentially
prepared and converted to biodegradable thermoformed trays.
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INTRODUCTION

During the environmental concerns as well as COVID-19
pandemics, the growth of environmentally friendly packaging
became more interesting. The study of biodegradability of
packaging became a significant issue in Thailand. The utilization
of biodegradable materials, i.e., poly(lactic acid) (PLA), and
thermoplastic starch (TPS) for packaging application were more
pronounced (Amin et al.,, 2022). For the food packaging
application, the potential of packaging to prolong the shelf life of
food is the most significant (Ahmed et al., 2022). The active
antimicrobial and antioxidant properties of the packaging had been
reported to extent the shelf life of many kinds of food products, i.e.,
meat (Song et al., 2020), bread (Viscusi et al., 2021), etc.

Natural essential oils i.e., cinnamon (Simionato et al., 2019),
thymol (Celebioglu et al., 2018), green tea (Song et al., 2020),
rosemary (Song et al., 2020), black pepper (Rakmai et al., 2017;
Rakmai et al., 2022), etc had been reported as active compound for
antimicrobial and antioxidant packaging. However, these oils were
lost when utilized at high temperatures resulting in loss of active
properties (Woranuch, et al., 2013). The encapsulation technique
was used to protect the loss of essential substances (Celebioglu et
al., 2018; Karaaslan et al., 2021 Rakmai et al., 2017; Rakmai et al.,
2022; Woranuch, et al., 2013). Many researches had been reported
that the thermal stability of essential oils increased when
encapsulated in wall materials, i.e., hydroxypropyl-beta-
cyclodextrin (HPBCD) (Celebioglu et al., 2018), maltodextrin-gum
arabic (MG) (Karaaslan et al., 2021), etc. However, the effect of
the encapsulated essential oils after passing the 3-steps of high
thermal conventional converting process on their processibility as
well as loss of active compound contents was less explained.

Therefore, this research aims to study the effects of
encapsulated BP essential oils with different wall materials, i.e.,
HPBCD and MGQG) on processibility 3-steps of processing; 1)
extrusion, ii) sheet extrusion and thermoforming of PLA/TPS
blend. The loss active compound contents of the PLA/TPS blends
in each process and the soil burial property of the blend were
investigated.

MATERIALS AND METHODS
Materials

Black pepper essential oil (BP) was purchased from
Botanicessence (Bangkok, Thailand), which has 97% purity,
boiling point of 84 °C and flash point of 189 °C. Hydroxypropyl-
beta-cyclodextrin (HPBCD) was obtained from Chanjao Longevity
Co., Ltd. (Bangkok, Thailand). Arabic gum and maltodextrin were
purchased from Krungthepchemi Co., Ltd. (Bangkok, Thailand).
Muller-Hinton Broth (MHB) and Muller-Hinton Agar were
purchased from Merck (Darmstadt, Germany). Cassava starch was
supplied by Tongchan Co., Ltd. (Bangkok, Thailand). PLA
(Ingeo™ 2003D) was obtained from Nature Works LLC
(Minnesota, USA), which had a melting temperature in the range
of 145-160 °C and melt flow ability of 6 g/10 min. Glycerol used
was a commercial grade product. All other chemicals/reagents
used for analysis were analytical grade.

Preparation of poly(lactic acid)/thermoplastic starch/black
pepper encapsulated blend resins, sheets, and thermoforming
trays

Cassava starch was mixed with glycerol plasticizer at contents
of 35 parts per hundred parts of starch and fed into a twin-screw
extruder (LTE-26-40, Labtech Engineering Co., Ltd., Thailand,
L/D = 40). The temperature profile along the extruder barrel was
set in a range from 80 °C to 155 °C. The extrudates were cut by a
pelletizer (LZ-120, Labtech Engineering Co., Ltd., Thailand) to
obtain 2.5-mm length pellets. The TPS pellets were dried at 50 °C
overnight and kept in desiccators containing silica gel at an ambient
temperature.

PLA/TPS blends incorporating BP encapsulates were prepared
by mixing a fixed weight ratio of PLA:TPS of 60:40 and
encapsulated BP. The contents of encapsulated BP, i.e. BP-
HPBCD and BP-MG (maximum of both MICs and MBCs against
four strains of meat spoilage bacteria, i.e., Escherichia coli,
Micrococcus  luteus, Salmonella Typhimurium, and Staphylococcus
aureus = 102,400 mg/mL ), varied from 10%, 15%, and 20%. The
PLA/TPS pellets were physically mixed with encapsulated
material and subsequently fed into the twin-screw extruder. The
extrusion was done using a temperature range of 70-155 °C and a
screw speed of 150 rpm and pelletized to obtain 2.5-mm length
pellets. The PLA/TPS/encapsulated BP pellets were dried at 50
°C overnight and kept in desiccators containing silica gel at an
ambient temperature before the test.

The obtained PLA/TPS/encapsulated BP samples were dried
at 50 °C for 24 h in a hot-air oven before conversion into sheets by
using a single-screw sheet extrusion (SE-D30L30, CHAREON
TUT CO., LTD., Thailand) connected with a Cast film/sheet line
(CF-W400, CHAREON TUT CO., LTD., Thailand). The sheet
extrusion was performed using barrel temperature in the range of
120-165 °C, screw speed in the range of 35-47 rpm and the
calendering roll speed range of 1.0-2.4 rpm. The thickness of the
sheets was controlled in the range of 0.4-0.5 mm.

The packaging trays of PLA/TPS/encapsulated BP were
performed using a thermoforming machine (EMV200, ENMACH
CO., LTD., Thailand). The obtained sheet was cut into square
shape with an area of 25%25 cm?, then formed to be thermoformed
trays using a heating temperature of 340 °C, heating time of 30-50
s, vacuum time of 15 s and cooling time of 15-30s.

Determination of polylactic acid/thermoplastic starch/black
pepper encapsulated blend resin, sheet, and thermoforming tray
loss active compound contents

The analyses were performed on a gas chromatography-mass
spectrometry (GC-MS) QP2020 NX (Shimadzu) equipped with a
headspace sampler HS-20 (Shimadzu). The fused silica capillary
column (30 m X 0.25 mm i.d., coated with TRB 5 MS, 0.25 um film
thickness) was used. The injector and interface operated at 250 °C
and 300 °C, respectively. Column temperature was programmed
to rise from 50 °C to 290°C at a heating rate of 4 °C/min. The
carrier gas was helium with a flow of 1.0 mL/min. 500 pL samples
were injected (splitless) for HS. Conditions for post run were set as
back flush for 1.89 min, at 280 °C, with helium at 50 psi. MS
conditions were as follows: ionization voltage of 70 eV, acquisition
mass range 50-650, scan time 0.32 s. Chemical compositions were
identified by comparison of their linear retention indexes to MS
data library. The remaining beta-caryophyllene and d-limonene
was determined to represent BP as followed Eq. (1):

Areay,/Area.. X 100 M
Where Areay, is peak area of active compound in bioplastic

(PLA/TPS blend), Area. is peak area of active compound in
encapsulated wall material (HPBCD or MG).
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Soil burial biodegradable test of polylactic acid/thermoplastic
starch/black pepper encapsulated blend trays

The biodegradation of PLA/TPS /encapsulated BP
thermoformed tray was studied under outdoor soil conditions for 1
month (during April 19,2021 to May 19", 2021) at Rajamangala
University of Technology Suvarnabhumi, Phra Nakhon Si
Ayutthaya Province, Thailand. The specimens were buried in the
soil at a depth of approximately 30 cm. The average atmosphere
temperature was 30-32 °C and 80% of RH.

RESULTS AND DISCUSSION

Appearances and processibility of PLA/TPS/black pepper
encapsulation trays

The appearance of PLA/TPS blend resin after extrusion process
was opaque white, whereas the blend incorporating encapsulated
BP was opaque yellow (Table 1). The BP-HPBCD was less affected
by the yellowness of the blends than the BP-MG. The yellowness
of the blends was more pronounced when the encapsulated BP
content increased due to the high number of degraded encapsulated
materials. All samples of resin could be prepared using the same
temperature and screw speed, indicating that no effect of
encapsulated BP on the processibility of the extrusion resins.

By considering the PLA/TPS and PLA/TPS/encapsulated BP
sheet samples, all samples could be prepared by the sheet extrusion

process. PLA/TPS sheet exhibited opaque white with smooth
surface, while the PLA/TPS/BP-HPBCD samples were rougher
surfaces with pale yellow. The sheet extrusion processibility of
PLA/TPS/BP-HPBCD became poor, and the surface roughness of
sheet became more pronounced when BP-HPBCD content was
increased, suggesting incompatibility and phase separation.
Similar to the result from Wang et al. (2017), they developed
antimicrobial PLA film using allyl isothiocyanate encapsulated in
beta-cyclodextrin (BCD) as an active compound. The result
showed that the suitable content of allyl isothiocyanate-BCD
encapsulate was 10% w/w with promoted extensibility of the film
due to plasticizing effect. However, increasing encapsulate content
to 15-20 % w/w caused phase separation of the film. In contrast,
the processibility of PLA/TPS containing BP-MG sheets were
better when compared with those containing BP-HPBCD. The
sheet surfaces of PLA/TPS/BP-MG were smoother through the
20% w/w of BP-MG. This evidence confirmed that the BP-MG
was less affected by processability and PLA/TPS sheet surface than
BP-HPBCD.

The PLA/TPS tray samples were successfully prepared by
thermoforming process, while PLA/TPS trays containing 15-20%
of BP-HPBCD could not be formed in complete shape due to phase
separation. However, all active PLA/TPS/BP-MG packaging
trays were successfully prepared. The result suggested that the
encapsulated wall materials significantly affected on
thermoforming processibility of the trays. Moreover, the brittleness
of trays became more pronounced when increasing BP-MG
content.

Table 1. Appearances of PLA/TPS and PLA/TPS/black pepper encapsulates after extrusion, sheet extrusion, and thermoforming process.

sample Appearances
Resins Sheets Thermoforming Trays
PLA/TPS
PLA/TPS/BP-HPBCD10
PLA/TPS/BP-HPBCD15 No sample
PLA/TPS/BP-HPBCD20 No sample
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sample Appearances
Resins Sheets Thermoforming Trays
PLA/TPS/BP-MG10
PLA/TPS/BP-MG15
PLA/TPS/BP-MG20

Table 2. Loss percentage of active compounds of encapsulated BP in HPBCD and MG wall materials after extrusion, sheet extrusion, and

thermoforming process.

Initial load

Active compound

Loss percentage of active compounds (%)
(Converting process)

Sample types (cgo/nltgg;s) Resins (Ssh}?eeéi Trays
(Extrusion) . (Thermoforming)
extrusion)
limonene 90.90 98.00 98.30
PLA/TPS/BP-HPBCD10 caryophyllene 10.00 99 40 ND ND
PLA/TPS/BP-HPBCDI5 limonene 15.00 7587 o1.53 No sample
caryophyllene - -
PLA/TPS/BP-HPBCD20 limonene 20.00 67.15 82.15 No sample
caryophyllene - -
limonene 61.50 86.50 89.40
PLA/TPS/BP-MG10 caryophyllene 10.00 89.50 96.50 96.90
limonene 73.53 89.27 89.93
PLA/TPS/BP-MGI5 caryophyllene 15.00 79.80 93.93 95.53
limonene 33.30 80.75 89.05
PLA/TPS/BP-MG20 caryophyllene 20.00 70.90 84.60 93.30

Loss percentage of active compounds of encapsulated BP in
HPBCD and MG wall materials after extrusion, sheet extrusion,
and thermoforming process

In this research, encapsulated BP was incorporated in PLA/TPS
blends and formed into packaging tray by using 3 steps of converting:
i) extrusion process at the temperature range of 80-155 °C, ii) sheet
extrusion at the temperature range of 120-165 °C, and iii)
thermoforming at the temperature of 340 °C with 30-50 s of heating
time. The BP-HPBDC and BP-MG encapsulated with contents of 10,
15 and 20 parts per hundred parts of PLA/TPS blends were used.
After the first heating steps, the loss percentage of main active
compounds (i.e., beta-caryophyllene and d-limonene) (Bastos et al.,
2020) in BP of all trays were enhanced due to evaporation of active
compounds. The lowest loss percentage of beta-caryophyllene and d-
limonene were found in a PLA/TPS/BP-MG20 sample due to high
initial contents of BP and the good protection of MG wall materials.
The BP-MG encapsulate was pronounced more thermal stability of

BP in PLA/TPS blends than that of BP-HPBDC. The loss
percentage of active compounds clearly increased after passing the
sheet extrusion and thermoforming due to thermal degradation.
However, the loss percentage of active compounds happened more
at the first extrusion step due to direct heating of encapsulated
materials with barrel and screws of extrusion.

Biodegradation

Figure 1 shows the pictures of the biodegradability of PLA/TPS
and PLA/TPS/black pepper encapsulated samples before and after
soil burial biodegradable test. The original sample surfaces were
relatively smooth without visible cracks before the test. After 30 days
of the test, all tray samples were rough surfaces with cracks due to
disintegration by hydrolysis. The result confirmed that the addition
of BP-HPBCD and BP-MG did not influence the degradation of the
blends. However, 30 days of soil burial could not complete the
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biodegradation of PLA/TPS in real conditions and should have
taken more time. For the mechanism of biodegradability in the soil
condition, Lv et al. (2017) explained that the degradation of
PLA/TPS blend was heterogeneous degradation, the PLA

@

component in the blend preferred to hydrolyze at the core of the
materials, while starch components in the blends preferred to
degradation from the surface of blends to the inner of blends.

Figure 1. Appearances before (left) and after (right) soil burial biodegradation of (a) PLAPLA/TPS and (b)-(¢) PLA/TPS/black pepper
encapsulation; (b) PLA/TPS/BP-HPBCD10, (c) PLA/TPS/BP-MG10, (d) PLA/TPS/BP-MG15, and (e¢) PLA/TPS/BP-MG20.

CONCLUSIONS

The encapsulates, i.e., BP-HPBCD and BP-MG did not
influence on resin extrusion and sheet extrusion processibility of the
PLA/TPS blends. However, the addition of BP-HPBCD
encapsulates inhibited thermoforming processibility of the blend due
to phase separation at content up to 10%. The remaining contents of
active compound in BP were highest remaining or lowest loss in
PLA/TPS/BP-MG20 sample. The loss of active compounds was
highest during the first extrusion step. The biodegradability of
PLA/TPS in soil burial did not influence by the addition of BP
encapsulates.
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