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● Treating the raw chaff before mixing with PLA increase homogenization allowing for improved composite 
formation and overall properties

● Empirical data shows that as quinoa:PLA ratio is increased the heat of combustion increases. Higher heat of 
combustion allows the material to break down easier in high temperature environments

● Increasing the amount of quinoa chaff in the PLA composites led to increased water absorption. Additionally, 
the composite with 25% ratio quinoa had greater water permeability compared to composite with 75% ratio

● Antioxidant activity was determined using DPPH, and was significantly higher in quinoa containing composites 
vs PLA 

● Water degradation study shows that composites containing higher amounts of quinoa will have particle size 
breakdown

● Future testing on the refluxed composites including tensile strength, cellulase degradation as well as 
repetition of previous tests 

● Continued testing will allow for the determination of how effective the increased degradation of reusable 
polymer composites are after being integrated with natural cellulose

Morphological Characterization by 
scanning electron microscopy shows 

increasing roughness

Figure 9. SEM or PLA and PLA/Quinoa Composite films. 
SEM images are shown above of A. PLA, B. Quinoa 25, C. 50 
&D. 75) showing a more homogenous and regular surface 
morphology for pure PLA when compared with composites 
displaying increased roughness and agglomerations. 

Contact Angle studies show contact for PLA < 
PLA/Quinoa composites showing higher hydrophilicity

Figure 10. Water contact angle (WCA) images display 
higher WCA for PLA than for PLA Quinoa composites.  
Hydrophobic > 90°;  Hydrophilic < 90 °

Figure 11. Antioxidant activity of PLA quinoa composites. 
Antioxidant activity was calculated from the absorbance at 517 nm of 
samples in the presence of DPPH free radicals minus DPPH in ethanol 
control.

Antioxidant studies show increased activity 
compared to PLA alone● Polylactic acid (PLA) is a bioplastic made from fermented plant biomass, 

having similar properties to petroleum based plastics, the main difference 
being the ability to degrade into lactic acid monomers and oligomers. 

● While PLA takes less time for degradation than traditional plastics, 
without any special treatment, PLA can still persist for decades without 
any significant change or breakdown. 

● Quinoa chaff is a byproduct of quinoa seed production that has no real 
use outside of cattle feed and is generally considered to be a waste 
product. 

● The chaff protecting the seeds is naturally rich in saponin and cellulose 
which could give the product useful properties if integrated properly into a 
bioplastic such as PLA. 

● Repurposing quinoa waste into a component of a bioplastic with PLA can 
reduce carbon emissions produced by typical petroleum based plastics. 

● 5 to 10 tons per hectare of by-product chaff is produced from quinoa 
harvesting; and is used to feed livestock or as compost. 

● Utilizing natural and eco-friendly materials can is a step toward reduction 
of demand for petroleum-based plastics. 

● By integrating the quinoa chaff that contains cellulose into PLA 
composites, we hope to keep the current properties of the polymer, as 
well as use a cellulase enzyme to degrade the bioplastic in a shorter 
period of time compared to industrial treatment.

Polylactic acid (PLA) composites were prepared by integrating 
quinoa chaff that had been refluxed in a toluene and ethanol 
solution, with differing ratios of the chaff. These composites 
have been evaluated by bomb calorimetry, infrared (IR) 
spectroscopy, water uptake, water contact angle & degradation, 
antioxidant assay and scanning electron microscopy (SEM) to 
determine chemical and physical properties. A cellulase enzyme 
was also purified from E-Coli bacteria for use in degradation 
studies. Current tests indicate that the refluxing of raw chaff 
increases homogenization of composites, which in turn allows 
for the increase of properties overall as well as increased 
degradation. This gives promising results concerning the future 
of biodegradable materials as they are able to keep favorable 
properties as well as decrease overall  waste.

Figure 1. PLA-Quinoa composite films with reflux treatment (left) and without (right)

Preparation of bioplastic composites
● Raw quinoa chaff is refluxed in a toluene:ethanol solution, dried, then added to PLA 

dissolved in chloroform, sonicated overnight, before pouring and allowing to dry under 
vacuum

● The quinoa was added in different weight ratios with PLA being constant and having 
differing percentages of quinoa, giving 25%, 50%, and 75% quinoa composites

Bioplastic Characterization
● Samples were characterized using bomb calorimetry, infrared (IR) spectroscopy, water 

uptake, water contact angle & degradation, antioxidant assay and scanning electron 
microscopy (SEM).

● PLA quinoa composite powder is pressed into a starch based packing peanut prior to bomb 
calorimetry in order to maintain pill stability.

● Cellulase enzymes were extracted for use in ongoing composite degradation studies

Figure 12. Water absorption determined by DRIFT spectroscopy. 
Absorption of water was measured using DRIFT spectroscopy for 
PLA25 and 75 at differing relative humidities (RH) from approximately 0 
to 90% RH by monitoring the absorbance between 3000-3800 cm-1.

IR spectra of powdered samples and controls 
display distinct differences

Figure 5. IR spectra of powdered samples and controls 
are shown.  Distinct functional groups are observed for 
PLA (blue) versus PLA/quinoa composites (75% red, 50% 
orange, 25% green) and controls of pure Lactic acid 
(purple) and pure quinoa chaff (black). 

Bomb Calorimetry data from Quinoa PLA 
composites

Particle size increases as quinoa ratio to PLA increases 

Figure 6. Heat of combustion data plotted against 
Quinoa:PLA ratio. Observed heat of combustion patterns 
indicate that the heat of combustion increases as the mass 
ratio of quinoa:PLA increases, this was modeled using a linear 
fit

Figure 3. Starch-based packing peanut pill 
containing 0.35 Quinoa : PLA composite 
powder. 

IR spectra after exposure of the samples to 
varying relative humidity shows more water 

absorption with increasing amounts of quinoa 
chaff

Figure 7. Dynamic Light Scattering particle size 
data shows distribution of particles increasing with 
quinoa concentration. 

Water permeability decreases with increased 
quinoa concentration and decreased PLA 

concentration 

Figure 8. Water permeability data is shown for both 
PLA/Quinoa 25 & PLA/Quinoa 75. There is an increased 
permeability for PLA25 compared to PLA75. 

Figure 2. Extracted oils and 
pigments after refluxing 
quinoa in toluene:ethanol 
wash.

Figure 4. Carboxymethylcellulose (CMC) 
plate used to test for cellulase activity after 
staining with congo red solution.
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