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Polylactic acid (PLA) composites were prepared by integrating Preparation of bioplastic composites Morphological Characterization by

uinoa chaff that had been refluxed in a toluene and ethanol - - : . - - Contact Anale studi h tact for PLA <
9 e Raw quinoa chaff is refluxed in a toluene:ethanol solution, dried, then added to PLA scanning electron microscopy shows ontact Angle studies show contact for

solution, with differing ratios of the c_haff. Th_ese composites dissolved in chloroform, sonicated overnight, before pouring and allowing to dry under . noreasing roughness PLA/Quinoa composites showing higher hydrophilicity
have been evaluated by bomb calorimetry, infrared (IR) vacuum .

spgctrpscopy, water uptake, yvater contact _angle & degradation, ~ | e The quinoa was added in different weight ratios with PLA being constant and having
anhoxm_iant assay and scanning electron MICToscopy (SEM) to differing percentages of quinoa, giving 25%, 50%, and 75% quinoa composites
determine chemical and physical properties. A cellulase enzyme Bioplastic Characterization

was .also purified from_E-Qoll bacteria for use in degradation e Samples were characterized using bomb calorimetry, infrared (IR) spectroscopy, water
_StUdleS- Current teS’fS |qd|cate that thg refluxmg O_f raw chaff uptake, water contact angle & degradation, antioxidant assay and scanning electron
iIncreases homogenization of composites, which in turn allows microscopy (SEM).

for the increase of properties overall as well as increased e PLA quinoa composite powder is pressed into a starch based packing peanut prior to bomb
degradation. This gives promising results concerning the future calorimetry in order to maintain pill stability.

of biodegradable materials as they are able to keep tavorable | e Cellulase enzymes were extracted for use in ongoing composite degradation studies
properties as well as decrease overall waste. o a

Figure 10. Water contact angle (WCA) images display

-» . NN T i A - : . N . o higher WCA for PLA than for PLA Quinoa composites.
A ST & al ' 3 Figure 9. SEM or PLA and PL uinoa Composite films. : o . o
- - % | T o alSely v ) gurt Q P Hydrophobic > 90°; Hydrophilic < 90
- - : \ S R - ‘ SEM images are shown above of A. PLA, B. Quinoa 25, C. 50

N : N ( 1/ ™ \ &D. 75) showing a more homogenous and regular surface 4 N\
I ntro d u Cti O n 1 i\ A Y W N PN i | | morphology for pure PLA when compared with composites IR spectra after exposure of the samples to
oy B A N " T T l displaying increased roughness and agglomerations. varying relative humidity shows more water

absorption with increasing amounts of quinoa
. . . . haff

o . : . . Antioxidant studies show increased activity \_ © Y,
Polylactic acid (PLA) is a bioplastic made from fermented plant biomass, compared to PLA alone

having similar properties to petroleum based plastics, the main difference iy il e T Tl 4 12N / = —
being the ability to degrade into lactic acid monomers and oligomers. \ A oy Y i e G | \ f el ] e
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without any special treatment, PLA can still persist for decades without pigments after refluxing containing 0.35 Quinoa : PLA composite plate used to test for cellulase activity after

any significant change or breakdown. quinoa in toluene:ethanol powaer. staining with congo red solution.
wash.
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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 : : i" ‘" ’
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Th.e Chaff prOt.eCtIng the Seeds IS natura”y r.ICh .In. Saponln and CeIIUIO.SG m Figure 11.AntiOXidant aCtiVity Of PLA qUinoa compos“es. ! ! Wave'e?gth(cm“
which could give the product useful propernes if |ntegrated properly Into a Antioxidant activity was calculated from the absorbance at 517 nm of th?suo:;t?:r; gﬁzzeilﬁ:;ﬁfansgsgtzil:ge% gYF?ELFeEtSrS::;:/ng?pyI

samples in the presence of DPPH free radicals minus DPPH in ethanol PLA25 and 75 at differing relative humidities (RH) from approximately 0

bIOplaStIC SUCh as PLA. N control. to 90% RH by monitoring the absorbance between 3000-3800 cm™.

IR spectra of powdered samples and controls Bomb Calorimetry data from Quinoa PLA > T ) & N - o ‘ .vwﬁ.,’ i
Repurposing quinoa waste into a component of a bioplastic with PLA can display distinct differences composites ; \A&' - —, 7

reduce carbon emissions produced by typical petroleum based plastics. Concl USiOns
eSS IS S e S e SEESSE

5 to 10 tons per hectare of by-product chaff is produced from quinoa ——75% Quinoa i | e | , _ . . . . . . .
harvesting; and is used to feed livestock or as compost. ——50% Quinoa ) - Emiealbai T - Treating the raw chaff before mixing with PLA increase homogenization allowing for improved composite

e 33 o 8 formation and overall properties
——Lactic Acid Empirical data shows that as quinoa:PLA ratio is increased the heat of combustion increases. Higher heat of
J 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,

1 ; | the composite with 25% ratio quinoa had greater water permeability compared to composite with 75% ratio
By integrating the quinoa chaff that contains cellulose into PLA Wavelength (cm ) ] :: Antioxidant activity was determined using DPPH, and was significantly higher in quinoa containing composites
composites, we hope to keep the current properties of the polymer, as Figure 5. IR spectra of powdered samples and controls ] 33 : vs PLA | | S | | | |
well as use a cellulase enzyme to degrade the bioplastic in a shorter are shown. Distinct functional groups are observed for e Water degradation study shows that composites containing higher amounts of quinoa will have particle size

period of time compared to industrial treatment. PLA (blue) versus PLA/quinoa composites (757 red, 50% Figure 6. Heat of combustion data plotted against ‘ breakdown L | _ _
orange, 25% green) and controls of pure Lactic acid Quinoa:PLA ratio. Observed heat of combustion patterns ¥ Future testing on the refluxed composites including tensile strength, cellulase degradation as well as
(purple) and pure quinoa chaff (black). indicate that the heat of combustion increases as the mass « repetition of previous tests

ratio of quinoa:PLA increases, this was modeled using a linear ' Continued testing will allow for the determination of how effective the increased degradation of reusable

Particle size incr inoa ratio to PLA increases i : L. :
[ Arcle slze reases as qu ! | } fit polymer composites are after being integrated with natural cellulose

Absorbance

Utilizing natural and eco-friendly materials can is a step toward reduction
of demand for petroleum-based plastics.
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Water permeability decreases with increased
quinoa concentration and decreased PLA

concentration - ‘
Acknowledgments References

® PLA7S ' . . . (N.d.). Sustainable Active Food Packaging from Poly(Lactic Acid) and Cocoa Bean Shells. https://doi.org/10.1021/ .909755.5001
We would like to thank the COMPASS program and Nievita | Stonn T (2017, Janary 08), DAY 23 - The Guinon roceseing Process. 1P Gererario 1oz acsam )
. T http://www.tamarastenn.com/2017/01/day-23-the-quinoa-processing-process/
Bueno Watts and Nanette M Durbin for prOV|d|ng SUppOI"t and . How much oil is used to make plastic? (May 17, 2017). <https://www.eia.gov/tools/fags/fag.php?id=348t=6>

. . Tedeschi, G., Guzman-Puyol, S., Paul, U. C., Barthel, M. J., Goldoni, L., Caputo, G., Ceseracciu, L., Athanassiou, A., & Heredia-Guerrero,
. g u |da n Ce . J. A. (2018). Thermoplastic cellulose acetate oleate films with high barrier properties and ductile behaviour. Chemical Engineering

. . Journal, 348, 840-849. https://doi.org/10.1016/j.cej.2018.05.031
/ Rafael Bernard was funded by a gra nt from California State . Jamshidian, M., Tehrany, E. A., Imran, M., Akhtar, M. J., Cleymand, F., & Desobry, S. (2012). Structural, mechanical and barrier properties
of active PLA-Antioxidant Films. Journal of Food Engineering, 110(3), 380-389. https://doi.org/10.1016/j.jfoodeng.2011.12.034

L Un iversity STEM Pathways and Research Alliance . Mustapha, R., Zoughaib, A., Ghaddar, N., & Ghali, K. (2020). Modified upright cup method for testing water vapor permeability in porous

= \ et & & & o ) membranes. Energy, 195, 117057. https://doi.org/10.1016/j.energy.2020.117057
2.00 3.00 ] (CS U 'S Pa RA) . Baliyan S, Mukherjee R, Priyadarshini A, Vibhuti A, Gupta A, Pandey RP, Chang CM. Determination of Antioxidants by DPPH Radical
= : Z : ] . . . . . Scavenging Activity and Quantitative Phytochemical Analysis of Ficus religiosa. Molecules. 2022 Feb 16;27(4):1326. doi:
T | Thank you Brandon Wilcox and Cristina Tusei for their 10.3390/molecules27041326. PMID: 35209118; PMCID: PMCB37542.
N

Diameter (p'm) 0.00 0.05 0.10 0.15 0.20 0.25 Tran, Q.; Altman, |.; Dube, P.; Malkoun, M.; Sadangi, R.; Koch, R.; Pantoya, M. L. Direct Demonstration of Complete Combustion of

Time Passed (days) amaZIng aSSIStance In the ChemIStry StOCkroom as We” as - Gas-,Su;pended,P.c’)wder I,\/Ie-t‘al Fuel Us,ing;Bomb Ca,lor.i,metry. Meas. Sci. Technol. 2022, 33 (4), 047002.

. . . . . . . g . . ! H https://doi.org/10.1088/1361-6501/ac47bc.
Flgure 7. Dynamlc nght Scatterlng pal'tIC|e 3|ze Flgure 8- Water permeablllty data |S ShOWﬂ fOl' bOth « Tyler HOOker In the PhySICS StOCkroom . Ren, H,; Xu, Z; Du, C,; Ling, Z.; Yang, W.; Pan, L.; Tian, Y.; Fan, W.; Zheng, Y. Preparation and Characterization of Starch-Based
. . . . . . . H H Composite Films Reinforced by Quinoa (Chenopodium Quinoa Willd.) Straw Cellulose Nanocrystals. International Journal of Biological
data shows distribution of particles increasing with PLA/Quinoa 25 & PLA/Quinoa 75. There is an increased o9 Rachel Sechan for providing starch based packing peanuts. Vctomolacules 2003, 245, 124938, 1ioe i alt0 10101 thiomon 2008 st ¥

quinoa concentration. permeability for PLA25 compared to PLA75.

, ‘” ‘ . o o . - I "

'

S

S
8

S

Mass Evaporated (g)

Size Distribution Intensity Weighted (%)

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