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Abstract: The objective of this work was the proportion and size of cane bagasse fiber in the
physical (density and thickness), mechanical (flexural strength and tensile at break) and thermal
(TG and DTG) properties of trays made from sweet potato starch. A fiber size of 75-45 um and a
2.5% ratio allowed to obtain trays with low thicknesses and densities, but with more compact
structures that improved the mechanical properties of trays made from sweet potato starch alone. In
addition, higher thermal stability and lower decomposition rate are shown for trays with fiber size
75-45 pm and ratios of 2.5% and 5%. These results show that the smaller fiber size improves the
properties of the sweet potato starch trays and that these trays can be used to replace the expanded
polymer (EPS) for use in dry foods.
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1. INTRODUCTION

Petroleum-based packaging has been used because of its high specific strength, durability,
resistance to moisture, low cost and adaptability to the product. However, these products are not
biodegradable [1], so biodegradable substitutes such as starch-based biopolymers have been
studied [2]. Baked starch foams can be obtained by the thermoforming process [3]. However,
starch-based foams have poor mechanical and hydrophilic properties, so that different additives
(fiber, glycerol, nano-clay, nanofibers, etc.) are incorporated into the polymer matrix to improve
their properties [4]-[6]. The cane bagasse fiber (20-50% cellulose) [7] has been used by different
authors in different proportions (1 - 50%) and in different sizes (120 - 700 um) as reinforcement
in trays made of starch [5], [8], [9] due to its ease of adhesion with polar matrix materials such as
biopolymer matrices [5]. The authors agree that fiber proportions above 20% generate less
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flexible and more fragile foams because the starch increases its resistance to expansion producing
more porous trays [1]. However, the authors used different fiber sizes, which could influence the
physical and thermal properties of the baked foams, since a smaller fiber size could have a better
distribution in the polymer matrix [10]. The objective of this work was to evaluate the effect of
the size and proportion of cane bagasse fiber on the physical and thermal properties of trays made
from sweet potato starch.

2. MATERIALS AND METHODS
2.1 Materials

Sweet potato (Iponomeabatata, pink variety) starch and sugarcane bagasse fiber were provided
by Laboratory of Agro-industrial Process Engineering of the National University of Trujillo
(Trujillo, Pert). Starch contained 42.65 + 0.85% amylose, 0.30 £ 0.07% protein and 9.27 +
0.38% moisture. The sugarcane bagasse fiber (SB)(size > 300 pum) contained 8.05 + 0.12
moisture, 23.69 + 0.39 cellulose, 19.29 + 1.34 hemicellulose, 1.50 + 0.24 soluble lignin and 17.93
+ 1.08 insoluble lignin. The fiber was ground in a knife mill and sieved through 50, 80, 100, 200
and 325-mesh sieves to obtain fiber distribution of 300-180 pm, 180-150 pm, 150-75 pm and 75-
45 um.Glycerol and magnesium stearate were purchased from Su Man (Pfliicker e Hijos S.A.,
Lima, Peru).

2.2 Starch foam trays preparation by thermopressing

The starch/SB foam trays were prepared by thermopressing as shown in Table 1. The proportions
of starch, fibers and other ingredients were based on previous results (not published).

Table 1.Compositions of the batters used to prepare the trays based on sweet potato starch added
of sugarcane bagasse fiber.

Fibersize (um) Starch/fiberratio* Water (g/100 g solids) Batter (g)

Control 100/0 76.25 53
97.5/2.5 76.25 53.5

180 -300 95/5 78.75 54
90/10 81.25 55

97.5/2.5 76.25 54

150 - 180 95/5 78.75 55
90/10 81.25 56

97.5/2.5 76.25 54

75 - 150 95/5 77.5 55
90/10 78.75 56

97.5/2.5 78.75 54

45 -75 95/5 80 55
90/10 81.25 56

* The starch/fiber ratios represent the percentage of starch and fiber content in the batter.
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To prepare each formulation, the proportion of starch, fiber, water, glycerol (plasticizer, 7.5%)
and magnesium stearate (release agent, 5%) were mixed for 10 min using a mechanic stirrer at
1500 rpm (Imaco, China). After, 53 — 56 g of each formulation was homogeneously layered on a
teflon mold (27 cm x 20 cm X 25 mm, 3.0 mm in thickness) in a compression molding machine
(RELES, Lima, Peru) at 160 °C for 10 min and 60 bar. Finally, the trays were removed,
unmolded and stored for 4 days at 25 °C and 60% relative humidity before characterization.

2.3 Tray characterization

The density was calculated as the relationship between weight and volume [3]. Twelve simple
were tested for each sample.The thickness was measured with a vernier digital (Stainless
Hardened, China) [9]. Twelve specimens were tested for each sample.

The thermal decomposition of the samples was measured under a nitrogen atmosphere (100 mL
min™) using a SETSYS Evolution TGA-DTA/DSC (SETARAM Instrumentation, France)
equipment in the temperature range of 0 — 600 °C at a heating rate of 10 °C min™. Sample
masses: ~6 mg. Sample pan type: alumina/referent pan: empty alumina.

Mechanical properties were measured using a texture analyzer model TA.HD Plus (Stable Micro
System, Surrey, UK) with a 100-kg load cell. Tensile tests (flexural strength and strain at break)
were performed according to ASTM method D790M-91 (1991)[11] with modifications. Strips
measuring 100 mm by 25 mm were used with an initial grip separation of 80 mm and a crosshead
speed of 2 mm/s.

2.4 Statistical analysis

Analysis of variance (ANOVA) and Tukey’s test were performed to compare the formulations:
fiber proportion and size fiber, with significance set at p < 0.05. Statistica software version 7.0
(Statsoft®, USA) was employed.

3. RESULTS AND DISCUSSION
3.1 Physical properties

The thickness of the trays varied from 2.588 to 2.654 mm, and the mean densities ranged from
0.144 to 0.212 g cm™ (Figure 1). The fiber size significantly influences the thickness and density
of the trays. When the starch/fiber ratio is 97.5/2.5, the sweet potato starch tray showed a low
thickness, which leads to a low density, quite the opposite when the fiber size was 300 - 180 pum
(Figure 1A). This behavior could be attributed to the high viscosity of the pulp when the fiber is
45-75 pum, which reduces the foaming capacity of the starch paste, generating trays with smaller
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thickness[1]. Figure 1A also shows that a higher starch / fiber ratio leads to an increase in tray
thickness, similar to that reported by [5] and [12]. However, fiber size does not influence
significantly when the starch/fiber ratio is 90/10, probably because the fibers agglomerate at high
concentrations [13]. The density of the trays was higher when 300-180 pum fiber was used
compared to trays with 75-45 um fiber (Figure 1B), which shows that a smaller fiber size is better
distributed in the polymer matrix, since that the density of the foams is known to be inversely
proportional to their expansion capacity [2]. It is possible that the 75-45 pm fiber will act as
reinforcing fillers which improved the foaming ability of the starch paste, resulting in more
expandable materials of lower density. These results were similar to those reported in cassava
starch trays reinforced with cane bagasse and Na-MMT fiber [5]. The density values recorded in
the present study were high compared to expanded polystyrene (EPS) (2.530 mm thickness and
0.041 g cm™ density). However, the values found for fiber size of 75-45 um and a starch/fiber
ratio of 97.5/2.5 (0.185 g cm™) present a promising option for the use of these materials.
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Figure 1. Thickness and density of composite trays based on sweet potato starch and sugarcane
bagasse fiber.

3.2 Mechanical properties

El flexural strength (MPa) and elongation at break (%) for the trays of sweet potato starch and
cane bagasse fiber is shown in Figure 2. A reduction in fiber size of 300-180 pum at 75-45 um
leads to an increase in the flexural strength of the sweetpotato trays when compared to the control
(100/0) (from 0.52 MPa to 0.84 MPa) (Figure 2A). A higher value of flexural strength was found
for the tray with 2.5% fiber 75-45 pum (1.04 MPa), which could be explained as a better
distribution of fiber in the matrix, without significant interference between the connections of the
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molecules of starch [3], allowing starch to expand to form a more compact structure [14]. The
same test used to evaluate the trays was used to evaluate the mechanical properties of expanded
polystyrene (EPS) (0.83 £ 0.11 MPa, 2.82+ 0.38%). The results of the present study suggest that
baked fiber-reinforced sweet potato starch foams of size 75-45 pm can be used as a substitute for
EPS trays. An increase in the fiber ratio (from 2.5% to 10%) increases the flexural strength of the
trays when the fiber size is 300-180 um, 180-150 pm and 150-75 um. On the other hand, when
the fiber size is 75-45 um, the flexural strength decreases with the increase in the proportion of
fiber, almost agreeing on the same value as registered for the other fiber sizes. This is probably
because when we increase the fiber we decrease the content of starch, hence the content of
amylose [15], so under stress forces, the stress is transferred to the fiber and therefore the
resistance depends more on the proportion That of the distribution. In addition, at 10% the
densities of the trays with different fiber sizes have close values, so the flexural strength values
are also close, since there is a direct relationship between density and flexural strength [15].

The strain at break of the trays (% elongation) increases with the decrease in fiber size, showing
higher values (1.52% - 1.68%) for the fiber size 75-45 um when compared to the control (100/0).
Although these trays had the lowest density values, their structure should be more compact, so
that it would not only prevent the ingress of water molecules but also retain it inside the matrix,
forming hydrogen bonds with the compounds Present and the water acting as plasticizer [16], an
increase in the elongation of the trays is justified.
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Figure 2. Mechanical properties of the trays based on sweet potato starch and sugarcane bagasse
fiber.
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3.3 Thermal properties

The behavior during the thermal degradation of the sweetpotato starch trays with different sizes
and proportions of cane bagasse fiber is detailed through the TG and DTG curves (Figure 3).The
decomposition of the trays takes place in three stages. The first stage up to around 200 ° C was
associated with the loss of free and bound water absorbed by the trays [17]-[18]. A higher water
loss rate 1s observed for the larger fiber trays (300 - 180 um) (Figure 3A), probably due to a less
compact and more porous structure that allows the exit of the water molecules [10]. The second
stage showed the initiation of the decomposition of the phase rich in glycerol and starch (210 °C -
370 °C), with the thermo-oxidation of cellulose, hemicellulose and lignin [16], with a loss of
surrounding mass of 70%. Trays with fiber size of 75-45 um and proportions of 2.5% and 5%
showed a higher thermal stability with a lower decomposition rate than the other samples (Figure
3B), which is due to stronger interactions within the mixture [14]. The thermal data are in
agreement with the physical and mechanical properties of the starch foams. The third stage shows
the oxidation of partially decomposed starch, which generates solid waste such as ash and
inorganic material (about 20% of the initial mass) [10], [19].
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Figure 3. Thermogravimetric curves of foam trays made from sweet potato starch and sugarcane
bagasse fiber.

4 CONCLUSIONS

Trays of sweetpotato starch reinforced with fiber of different sizes and in different proportions
were prepared by thermopressing. The results showed that a size reduction of 300-180 um at 75-
45 pum produces less dense but more compact trays with better mechanical properties when
compared to the non-fiber tray. Flexural strength values higher than those of expanded
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polystyrene were found for trays with fiber of 75 - 45 um in 2.5% proportion. Likewise, the
results show that when the fiber is in a proportion of 10% in the mixture, the physical and
mechanical properties of the tray are independent of the fiber size. The addition of 75-45 um fiber
in ratios of 2.5% and 5% improves the thermal stability of the trays, which could expand the use
of these materials. This work provides information that allows the researcher a correct selection
of fiber size for use as reinforcement in polymeric materials. In future work, the behavior of these
materials should be analyzed under different relative humidity conditions and baked foams made
from another type of starch.
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