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Abstract

:

In the event of an abrupt sunlight reduction scenario, there is a time window that occurs between when food stores would likely run out for many countries (~6 months or less) and ~1 year when resilient foods are scaled up. A promising temporary resilient food is leaf protein concentrate (LPC). Although it is possible to extract LPC from tree biomass (e.g., leaves and needles), neither the yields nor the toxicity of the protein concentrates for humans from the most common tree species has been widely investigated. To help fill this knowledge gap, this study uses high-resolution mass spectrometry and an open-source toolchain for non-targeted screening of toxins on five common North American coniferous species: Western Cedar, Douglas Fir, Ponderosa Pine, Western Hemlock, and Lodgepole Pine. The yields for LPC extraction from the conifers ranged from 1% to 7.5%. The toxicity screenings confirm that these trees may contain toxins that can be consumed in small amounts, and additional studies including measuring the quantity of each toxin are needed. The results indicate that LPC is a promising candidate to be used as resilient food, but future work is needed before LPCs from conifers can be used as a wide-scale human food.
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1. Introduction


In the event of a naturally occurring abrupt sunlight reduction scenario (ASRS), such as super volcanic eruption and asteroid or comet impact [1], or an anthropogenic cause, such as large-scale nuclear winter [2], numerical simulations indicate an anticipated reduction in crop-produced food calories of 90% [3]. If this occurs, there is likely to be widespread human starvation unless appropriate actions are taken [4]. This could negatively affect the long-run trajectory of humanity [5]. Planned responses from The Alliance to Feed the Earth in Disasters (ALLFED) and other groups include a rapid deployment of resilient or alternative foods, [6] such as natural gas consuming single celled protein (SCP) [7], conversion of fiber (plant material that humans cannot digest) via industrial methods such as cellulosic sugar [8], macroalgae production, a two-step process involving partial decomposition from bacteria or fungi fed to animals and greenhouses to expand the potentially acceptable growing conditions [9] could feasibly address a large portion of this food deficit [10], providing a cost-effective means to save lives [4]. Additional resilient foods include wild edible plants [11], hydrogen single-cell protein [12], electroactive bacteria-produced vinegar [13], chemically synthesized glycerine [14], rabbits [15], and petroleum wax transformed into edible fat [16].



Unfortunately, there is a difficult-to-overcome time window that occurs between when food stores would be likely to run out in many countries (~6 months or less depending on when the ASRS occurred) and ~1 year when the resilient foods are scaled up. In this gap of time, leaf protein concentrate (LPC) has been proposed as a solution [6]. The low-tech nature of LPC production and the potential for large amounts of tree-based biomass to be immediately available depending on the time of year at which the ASRS occurred indicates LPC could provide a source of calories to meet short-term deficits until resilient food systems are further developed. The vitamins of LPC would be a valuable addition to a resilient food diet [17]. In summation, LPC from trees would complement existing resilient foods for an ASRS response by providing critical nutrients and access to a short-term food source during a high vulnerability period after the start of ASRS. Furthermore, since low-tech methods can suffice, LPC could be valuable in scenarios where there is loss of electricity/industry [18]. Although there are several species, the predominant type of tree that would have non-wood biomass during all of the year outside the tropics is conifers. They are the dominant plants over large areas of land in the taiga of the Northern Hemisphere, but also in similar cool climates in mountains further south. Boreal conifers have adapted to survive in winter by shedding snow due to their shape and limb hanging angles. They also alter their biochemistry to make them more resistant to freezing. The immense conifer forests of the world represent the largest terrestrial carbon sink and thus the largest potential source of LPC.



Although it is possible to extract leaf protein concentrate (LPC) from tree biomass (e.g., leaves and needles), neither the yields nor the toxicity of the protein concentrates for humans from the most common tree species has been widely investigated. To help fill this knowledge gap, the aim of this study is to use high-resolution mass spectrometry and an open-source toolchain for non-targeted screening of toxins of five common North American coniferous, including: (1) Western Cedar (WC), (2) Douglas Fir (DF), (3) Ponderosa Pine (PP), (4) Western Hemlock (WHL), and (5) Lodgepole Pine (LPP). The yields for LPC extraction from the conifers are quantified, and the LPCs are screened for toxins. This analysis is novel and is the first original comprehensive investigation of conifer LPC toxicity. The objective of this work is to lay the technical foundation for treating conifer LPCs as resilient foods. The results are presented and discussed in terms of the potential for coniferous trees to provide resilient food in a disaster and during normal times to reduce hunger and starvation. Future work is outlined for what needs to occur before LPCs from conifers can be used as a human food.




2. Materials and Methods


2.1. Materials


Raw materials were acquired from the five common North American conifer trees [19]:




	(1)

	
Western Cedar (WC) is a native tree in North America [10]. This tree is widespread from northern California to southeastern Alaska, and from McGregor River to western Montana and northern Idaho [20]. Western cedar represented about 750 million cubic meters stock in British Columbia, 5 million seedlings were planted, and 1 percent of the stock was harvested annually in 2003 [21].




	(2)

	
Douglas Fir (DF) is a native tree in temperate regions of western North America and is non-native but widely planted in Europe [22,23]. This tree covered 2–3% of forests in several European countries in 2008 [24] and is found in British Columbia [25].




	(3)

	
Ponderosa Pine (PP) trees grow in the driest and warmest zones and are food for a wide range of animals that consume the tree seeds [26]. They are one of the native widely distributed pine trees in North America [27].




	(4)

	
Western Hemlock (WH) is a large evergreen native tree in North America and distributed in temperate rainforests [28]. This tree is commercially famous because of its timber quality. It is used for construction and pulp, and represented 34% of the log harvest volume in 2015 [20].




	(5)

	
Lodgepole Pine (LPP) is one of the native trees in North America [29]. About 75 million lodgepole trees were planted in British Columbia in 2002 [30]. Native people used to consume the sweet succulent bark freshly or stored it. Also, the pitch was used in many medicines in the past [31].










2.2. Material Processing


The following procedure was followed for all of the five conifer species. Needles were cut into shorter lengths and either blended in a food processor with room-temperature water for 3 min (Lodgepole pine, Ponderosa pine, Western Red Cedar run 1, Western Hemlock) or passed through a meat grinder (Douglas Fir, Western Red Cedar run 2). Processed residue, and liquid and flushing water were retained. Liquid from processed samples was separated from the mixture by passing through a woven polyester bag to yield a green liquid. The liquid was boiled for 3 min until a curd formed on the surface. The majority of coagulated leaf protein was collected with a spoon. Smaller amounts of LPC remained in suspension and were left to sediment for 30–60 min before liquid was decanted. Sedimented LPC was combined with skimmed LPC and dried using a Crawford Kitchen-Professional Dehydrator (Alternative methods for drying could be used, including a conventional oven, food dehydrator or open source vacuum drier [32]). The curd was skimmed off and put into a dehydrator set at 66 °C (152 °F) for 16 h to yield a green solid. The following equation was used to calculate the yield (Y):


Y = Mc/Ml



(1)







In this equation Mc is the mass of dried concentrate (g), and Ml is the mass of dried leaves (g).




2.3. LC/MS Instrumentation


An ultra-high-resolution hybrid ion trap orbitrap mass spectrometer (MS) instrument (Thermo Scientific Orbitrap Elite equipped with electrospray ionization (ESI)) coupled with an ultra-high-pressure two-dimensional liquid chromatograph (HPLC) system (Thermo Scientific Dionex Ultimate 3000 standard system) was used for the non-targeted toxic screening approach.



The HPLC was calibrated with Thermo Pierce calibration solution followed by diluting the LPC in water acetonitrile 80:20 (v:v) and filtering with a 0.2 µm quartz filter for LC/MS analysis. The analytical column was Phenomenex reversed-phase Kinetex XB-C18, “150 × 2.1” mm, 100 Å, with 1.7 µm particle size [33].



Mobile phase A and mobile phase B were 0.1% formic acid in 100% LC/MS grade water, and 0.1% formic acid in LC/MS grade acetonitrile–water 95:5 (v:v) solution respectively. The flow rate was constant, equal to 0.2 mL/min and the mobile phase gradient was 0 min; 5%B, 5 min; 5%B, 65 min; 90%B, 70 min; 90%B. Mobile phase A was used to calibrate the column for 15 min. The column oven temperature was 35 °C and the full loop injection volume was 5 µL. The resolving power was set at 120 K at mass to charge ratio (m/z) 400. Positive and negative electrospray ionization modes (ESI+ and ESI−) were used for two separate LC/MS runs for samples. Full screen mode was used for recording the masses in 100–600 m/z ranges. Also, to identify co-eluting compounds, data-dependent MS/MS fragmentation was also recorded for the 5 tallest peaks on each spectral scan with a collision energy of 25 (arbitrary unit).




2.4. Data Analysis


An open-source software toolchain was used to analyze the samples. The software included mass spectrometry analysis with MZmine 2, formula assignment with MFAssignR, and data filtering with ToxAssign, which has been previously described in detail in [34]. ToxAssign worked by comparing the existing database of the OpenFoodTox Chemical Hazards achieved by the European Food Safety Authority [35].



Based on the toxicity of toxic components, four classes are defined by the U.S. EPA. These classes include oral and dermal LD50 (lethal dose in 50% of test animals), inhalation LC50 (lethal air concentration in 50% of test animals), and the level of eye or skin irritation after contact [36]. In Appendix B, the class of characteristics for pesticides and other agents is shown. Agents in Category I are highly toxic and harmful by exposure [36]. Those in category II are moderately toxic and harmful in the case of consuming or absorbing by the body [36]. Those in category III are slightly toxic and could be harmful if exposed to a large quantity. Also, substrates in category IV have very low toxicity and are not harmful when not consumed in large quantities [36]. Since Category I and II are more dangerous and toxic, the focus in this study is on these categories.



The toxicity tests were run for all five tree samples twice. In addition, for Western Cedar both the LPC and the viscous liquid were also tested. Finally, to start to gauge the repeatability of LPC extraction, it was repeated for the Ponderosa Pine samples. Differing mass spectra for the sample (shown in Appendix A) generally resulted from small changes in sensitivity parameters. Assuming the distinct peaks (those with listed values) are the same across samples, high confidence can be had in the initial mass spectrometry analysis.





3. Results


The results for each of five trees for both yield and toxic analysis are detailed below. The total ion chromatograms are available in Appendix A for all LPC analyzed in Figure A1, Figure A2, Figure A3, Figure A4, Figure A5, Figure A6, Figure A7, Figure A8, Figure A9, Figure A10, Figure A11, Figure A12, Figure A13, Figure A14, Figure A15, Figure A16, Figure A17, Figure A18, Figure A19, Figure A20, Figure A21 and Figure A22 for both the positive and negative ionization. There are also two runs of tests for each tree. Analysis of each tree and differences for each run are explained in separated sections in the following.



3.1. Western Cedar


The parameters considered for cedar are shown in Table 1. The dry yield is 2.07% of the original dry mass.



The first run was performed using a food processor type blender. When separating the liquid from the fiber mass, the liquid obtained appeared more viscous, having a slightly gelatinous/syrupy consistency. When boiled, the ability for the protein to coagulate into a layer was significantly reduced, yielding little to no LPC. Attempts to isolate protein through cooling and resting to induce sedimentation were also ineffective, resulting in minimal isolated protein. A meat grinder type processor was used in the second run. The second run also failed to show coagulation of leaf protein. A combination of partially sedimented large portion of protein and liquid was dried to yield a crystalline solid. This crystalline solid likely contained protein and water-soluble solids and rheology-altering compounds.



Cedar returned multiple toxins in class 1 and 2 seen in Table 2 for the first run and the second run.



Alternariol monomethyl ether found in the results is a mycotoxin which is known to be mutagenic and genotoxic, but it is not very acutely toxic [37]. Mycotoxins can cause a range of symptoms based on the dosage, exposure, and other conditions [38]. 4-Vinylphenol is a natural product driven from hydride of a styrene [39] and has a potent cytotoxicity [40]. This chemical is found in wine and because of that, it is assumed that it is not harmful for humans when consumed in small amounts [41], but needs to be quantified. Moreover, T-2 Toxin tetraol and HT-2 are mycotoxins and are byproducts of naturally occurring fungi in soil and on plants. The concentration of HT-2 toxin is two-thirds the sum of T-2 toxin tetraol and HT-2 toxin concentration [42]. These two chemicals are potentially harmful for humans if they are orally consumed, inhaled, and dermally exposed [42]. They, however, unavoidably exist in human foods, including wheat, rye, and cereals, and the permitted content of these toxins in human food are determined in some countries [43]. In this regard, the daily exposure, E, level to T-2 and HT-2 toxins are calculated as shown in Equation (2) [43]:


  E ( kg / bw / day ) =   c × d   w    



(2)




where c is the toxin concentration in samples (µg/kg), d is the daily consumption of the sample (g/day/person), and w is the mean body weight of the person (kg/person).



Deoxynivalenol 3-glucoside, a toxin from class 2, is a masked mycotoxin that has a drastically decreased toxicity in the intestines [44,45].



Western Cedar and Viscose Liquid (WC #2 LPC (+))


The parameters used for Western Cedar and viscose liquid are shown in Table 3.



As can be seen by comparing Table 3 and Table 4, there are far more toxic compounds found in the viscose liquid than in the LPC.





3.2. Douglas Fir (DF)


Douglas Fir LPC parameters can be seen in Table 4. The LPC yield is 1.06%.



The toxic compounds are shown in Table 5.



Except HT-2 toxin and Deoxynivalenol 3-glucoside, the Douglas Fir has the same toxins as Western Cedar along with 15-Acetyldeoxynivalenol and Dimethyl dicarbonate. 15-Acetyldeoxynivalenol is a mycotoxin related to a deoxynivalenol with acute toxicity [46] Dimethyl dicarbonate is an acute toxin chemical which is a organooxygen compound. This compound is used for sterilizing soft drinks and wines [47].




3.3. Ponderosa Pine (PP)


The Ponderosa Pine LPC parameters are shown in Table 6 and the average of LPC yield is calculated as 3.05%. The LPC yield is shown to have a large variation in values indicating that future work should consider a high number of experiments under various conditions and tool sets to get a reliable estimate for the average LPC yield that could be expected globally during a disaster.



Ponderosa Pine returned multiple toxic compounds in class 1 and class 2 which are shown in Table 7.



Except H-2 Toxin tetraol, the same toxins found in Western Cedar were found in Ponderosa Pine along with Altenuene and Dimethyl dicarbonate. Altenuene, a metabolite of alternariol, is a mycotoxin and is not very acutely toxic [37].




3.4. Western Hemlock (WHL)


The LPC parameters for Western Hemlock samples are shown in Table 8. The LPC yield was 7.29%.



Table 9 represents the toxic compounds in Western Hemlock.



Except T-2 Toxin and Altenuene, Western Hemlock has the same toxin as Ponderosa Pine along with Carbofuran and Aflatoxin B2. All of aflatoxins are mycotoxins. One of the most common aflatoxins, Aflatoxin B2, is considered to be much less toxic than Aflatoxin B1 [48]. Generally, aflatoxins are unsafe only for people who are exposed to this chemical continuously, including agricultural workers [49]. Carbofuran is a common pesticide and one of the most toxic pesticides of its class. It is “fairly persistent in soil and water ecosystems” [50].




3.5. LodgePole Pine (LPP)


The parameters used for Lodgepole Pine are shown in Table 10 with an LPC yield of 2.55%.



The toxic compound results for LPP are shown in Table 11.



Except Altenuene and T-2 Toxin found in Ponderosa Pine, the same toxins are found in LodgePole Pine along with Aflatoxin M1, Aflatoxin G1, and 2-Acetylfuran. Aflatoxin G1, which is one of the most common aflatoxins is considered to be much less toxic than Aflatoxin B1. Also, Aflatoxin M1, which is a common metabolite, is even less toxic than Aflatoxin G1 [48]. 2-Acetylfuran, which is returned in the second run and is a toxic class 2, is toxic if consumed [51].





4. Discussion


All of the yields for LPCs are summarized in Table 12, where values ranged from 1% to 7%. These are somewhat low as compared to agriculture residue LPC and other LPCs. In one study of agricultural residue LPC, yield values ranged from 7 to 14.5% [52]. Additional studies of various agricultural products and other common tropical, subtropical, and temperate vegetation showed yield values ranging from 2% to 9% [53]. Overall, needles (fir, ponderosa, lodgepole) were extremely difficult to blend using a food processor, because of the length and cylindrical nature of the needles as well as the extreme toughness and fibrousness of the needle fibers. This often resulted in needles bouncing off the yield blades, rendering them non-processible with the meat grinder. The cedar was comparatively easy to blend, but has some compounds with rheological modifying properties because they formed a soapy, gelatinous type texture that was difficult to separate. The consistency of the liquid ended up making it difficult to isolate the protein, which appeared to be suspended as very small coagulate chunks in the liquid. The hemlock’s small leaves were much more like ‘crop’ leaves in terms of toughness and texture, though they had to be stripped from small branches, which was time intensive.



Western Cedar contains several toxins. Many of these chemicals are not considered as acutely toxic if consumed in low concentrations. HT-2 toxin along with T-2 toxin tetraol, however, are of greater concern and they could be harmful for human consumption. It should be noted that they are found in many foods which are already used. Thus, the dosage of these chemicals should be considered and the LPC could be consumed only if the dosage does not exceed that which can be measured from Equation (1) [43]. Similarly, toxins in Douglas Fir and Ponderosa Pine are mostly mycotoxins, which can already be found in many foods, and they can be consumed if their dosage is less than specific levels. Conifer pine needles are already eaten regularly [53] in a number of recipes, in pine needle tea, which is high in vitamin C, and they are available commercially [54]. The majority of the substances found in Western Hemlock and Lodgepole Pine do not preclude the use of these trees as a candidate for food. However, they do contain Aflatoxins. The amount of this toxin should be measured since large amounts can be dangerous, but again it should be noted small dosages of them are not harmful and they already exist in many cereals and grains. These trees may, however, require significant decontamination before human consumption if they contain high concentrations of aflatoxins [35]. As the results show, potential toxins were found in all leaves. These are only potential toxins and future work is necessary to quantify them to determine if consuming large quantities of conifer LPC represents a danger. This can be done by running the identified potential toxins through the same system with calibration standards and repeating the measurements. In addition, animal studies can be run on the LPCs eaten in high volumes to help ensure no toxicity to obtain FDA approval. As some of these species are already commercially available for food (e.g., pine needle tea) [55], work can already be done to determine the potential cost effectiveness of using conifer LPCs as a resilient food and compare it to other approaches [56,57,58].




5. Conclusions


The average yield ranging from 1% to 7% is investigated for five coniferous LPCs. While this range is lower than that found in other LPC analyses (e.g., agricultural waste), coniferous LPC provides a viable option for protein in forested areas in the event of extreme food shortage. Moreover, this study provided the first original high-resolution mass spectrometry of coniferous LPC samples and ran them through an open-source toolchain for non-targeted screening of five tree residues. The results confirm that these trees may contain toxins that can be consumed in small amounts, and additional studies including measuring the quantity of each toxin and determining the conditions that enable these toxins to grow are required (e.g., were some of them caused by the environment in which they were found?) Generally, the objectives of this study was met, and LPC was shown to be a promising candidate to be used as a resilient food; however, this field requires a wider range of studies to screen the LPC based on different conditions in which they are harvested, handled and stored.
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Appendix A


Total ion chromatograms are shown for all needles analyzed in Figure A1, Figure A2, Figure A3, Figure A4, Figure A5, Figure A6, Figure A7, Figure A8, Figure A9, Figure A10, Figure A11, Figure A12, Figure A13, Figure A14, Figure A15, Figure A16, Figure A17, Figure A18, Figure A19, Figure A20, Figure A21, Figure A22, Figure A23 and Figure A24 for both the positive and negative ionization.
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Figure A1. First run WC #1 negative. 






Figure A1. First run WC #1 negative.
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Figure A2. Second run WC #1 negative. 






Figure A2. Second run WC #1 negative.
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Figure A3. First run WC #2 LPC(+) negative. 






Figure A3. First run WC #2 LPC(+) negative.
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Figure A4. Second run WC #2 LPC (+) negative. 






Figure A4. Second run WC #2 LPC (+) negative.
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Figure A5. First run DF negative. 






Figure A5. First run DF negative.
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Figure A6. Second run DF negative. 






Figure A6. Second run DF negative.
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Figure A7. First run PP negative. 






Figure A7. First run PP negative.
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Figure A8. Second run DP negative. 






Figure A8. Second run DP negative.
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Figure A9. First run WHL negative. 






Figure A9. First run WHL negative.
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Figure A10. Second run WHL negative. 






Figure A10. Second run WHL negative.
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Figure A11. First run LPP negative. 






Figure A11. First run LPP negative.
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Figure A12. Second run LPP negative. 






Figure A12. Second run LPP negative.
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Figure A13. First run WC #1 positive. 






Figure A13. First run WC #1 positive.
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Figure A14. Second run WC #1 positive. 






Figure A14. Second run WC #1 positive.
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Figure A15. First run DF positive. 






Figure A15. First run DF positive.
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Figure A16. Second run DF positive. 






Figure A16. Second run DF positive.
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Figure A17. First run PP positive. 






Figure A17. First run PP positive.
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Figure A18. Second run PP positive. 






Figure A18. Second run PP positive.
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Figure A19. First run WHL positive. 






Figure A19. First run WHL positive.
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Figure A20. Second run WHL positive. 






Figure A20. Second run WHL positive.
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Figure A21. First run LPP positive. 






Figure A21. First run LPP positive.
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Figure A22. Second run LPP positive. 






Figure A22. Second run LPP positive.
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Figure A23. First run WC #2 LPC (+) positive. 






Figure A23. First run WC #2 LPC (+) positive.
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Figure A24. Second run WC #2 LPC (+) positive. 






Figure A24. Second run WC #2 LPC (+) positive.
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Table A1. Acute Toxicity Categories for Pesticide Products [36].






Table A1. Acute Toxicity Categories for Pesticide Products [36].





	Hazard Indicators
	I
	II
	III
	IV





	Oral LD50
	Up to and including 50 mg/kg
	>50 thru 500 mg/kg
	>500 thru 5000 mg/kg
	>5000 mg/kg



	Dermal LD50
	Up to and including 200 mg/kg
	>200 thru 2000 mg/kg
	>2000 thru 20,000 mg/kg
	>20,000 mg/kg



	Inhalation LC50
	Up to and including 0.2 mg/L
	>0.2 thru 2 mg/L
	>2 thru 20 mg/L
	>20 mg/L



	Eye irritation
	Corrosive; corneal opacity not reversible within 7 days
	Corneal opacity reversible within 7 days; irritation persisting for 7 days
	No corneal opacity; irritation reversible within 7 days
	No irritation



	Skin irritation
	Corrosive
	Severe irritation at 72 h
	Moderate irritation at 72 h
	Mild or slight irritation at 72 h
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Table 1. Yield and sample preparation data for WC #1.






Table 1. Yield and sample preparation data for WC #1.





	Sample
	WC #1





	Wet weight of leaf (g wet biomass)
	50.01



	LPC drying paper weight (g)
	2.33



	Fiber Mass drying paper weight (g)
	1.79



	Drying time (hours)
	16



	Heating time (minutes)
	3.0



	Blending time (minutes)
	3.0



	Paper + Fiber Mass (g dry)
	23.59



	Fiber Mass (g dry)
	21.8



	Fiber Mass yield (% dry fiber mass to dry leaf weight)
	81.89%



	Paper + LPC (g dry)
	2.88



	LPC (g dry)
	0.55



	LPC yield % (dry LPC to dry leaf weight)
	2.07%
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Table 2. Toxic compound screening results for WC #1 samples.






Table 2. Toxic compound screening results for WC #1 samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
WC #1

	
Toxic Class 1

	
Alternariol monomethyl ether (+,−)

	
✓

	
✓




	
4-Vinylphenol (−)

	
✓

	
✓




	
HT-2 toxin (−)

	
✓

	
✓




	
T-2 Toxin tetraol (−)

	
✓

	
-




	
Toxic Class 2

	
Deoxynivalenol 3-glucoside (−)

	
✓

	
✓
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Table 3. Toxic compound screening results for WC #2 samples.






Table 3. Toxic compound screening results for WC #2 samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
WC #2 LPC (+)

	
Toxic Class 1

	
4-Vinylphenol (+,−)

	
✓

	
✓




	
Alternariol monomethyl ether (+,−)

	
✓

	
✓




	
Aflatoxin M1 (−)

	
✓

	
✓




	
HT-2 toxin (+)

	
✓

	
✓




	
T-2 Toxin tetraol (−)

	
✓

	
-




	
Altenuene (+)

	
✓

	
-




	
Neosolaniol (+)

	
-

	
✓




	
Toxic Class 2

	
Deoxynivalenol 3-glucoside (+,−)

	
✓

	
✓




	
Aflatoxin G1 (−)

	
✓

	
✓




	
15-Acetyldeoxynivalenol (−)

	
✓

	
✓




	
Glutaraldehyde (+)

	
✓

	
✓




	
Carbofuran (+)

	
✓

	
✓




	
2-Acetylfuran (+)

	
✓

	
-




	
Anguidine (−)

	
-

	
✓




	
Nivalenol (+)

	
-

	
✓
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Table 4. Yield and sample preparation data for DF.






Table 4. Yield and sample preparation data for DF.





	Sample
	DF





	Wet weight of leaf (g wet biomass)
	50.2



	LPC drying paper weight (g)
	1.27



	Fiber Mass drying paper weight (g)
	1.55



	Drying time (hours)
	16



	Heating time (minutes)
	3.0



	Blending time (minutes)
	3.0



	Paper + Fiber Mass (g dry)
	19.6



	Fiber Mass (g dry)
	18.05



	Fiber Mass yield (% dry fiber mass to dry leaf weight)
	61.65%



	Paper + LPC (g dry)
	1.58



	LPC (g dry)
	0.31



	LPC yield % (dry LPC to dry leaf weight)
	1.06%
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Table 5. Toxic compound screening results for DF samples.






Table 5. Toxic compound screening results for DF samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
DF

	
Toxic Class 1

	
Alternariol monomethyl ether (+,−)

	
✓

	
✓




	
4-Vinylphenol (+,−)

	
✓

	
✓




	
Toxic Class 2

	
T-2 Toxin tetraol (−)

	
-

	
✓




	
15-Acetyldeoxynivalenol (−)

	
✓

	
✓




	
Dimethyl dicarbonate (−)

	
✓

	
-
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Table 6. Yield and sample preparation data for PP.






Table 6. Yield and sample preparation data for PP.





	Sample
	#1
	#2
	Average





	Wet weight of leaf (g wet biomass)
	50
	50
	50



	LPC drying paper weight (g)
	2.1
	1.9
	2.0



	Fiber Mass drying paper weight (g)
	2.12
	2.60
	2.36



	Drying time (hours)
	14
	14
	14



	Heating time (minutes)
	3.0
	3.0
	3.0



	Blending time (minutes)
	3.0
	3.0
	3.0



	Fiber Mass (g dry)
	20.58
	20.58
	20.58



	Fiber Mass yield (% dry fiber mass to dry leaf weight)
	78.12%
	78.12%
	78.12%



	Paper + LPC (g dry)
	3.01
	2.59
	2.85



	LPC (g dry)
	0.91
	0.7
	0.80



	LPC yield % (dry LPC to dry leaf weight)
	3.45%
	2.66%
	3.05%
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Table 7. Toxic compound screening results for PP samples.






Table 7. Toxic compound screening results for PP samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
PP

	
Toxic Class 1

	
4-Vinylphenol (+,−)

	
✓

	
-




	
Alternariol monomethyl ether (−)

	
✓

	
✓




	
Altenuene (−)

	
-

	
✓




	
Toxic Class 2

	
T-2 Toxin tetraol (+)

	
-

	
✓




	
Deoxynivalenol 3-glucoside (−)

	
✓

	
✓




	
Dimethyl dicarbonate (−)

	
-

	
✓
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Table 8. Yield and sample preparation data for WHL.






Table 8. Yield and sample preparation data for WHL.





	Sample
	WHL





	Wet weight of leaf (g wet biomass)
	42.7



	LPC drying paper weight (g)
	0.97



	Fiber Mass drying paper weight (g)
	2.52



	Drying time (hours)
	16



	Heating time (minutes)
	3.0



	Blending time (minutes)
	3.0



	Paper + Fiber Mass (g dry)
	18.4



	Fiber Mass (g dry)
	15.88



	Fiber Mass yield (% dry fiber mass to dry leaf weight)
	74.71%



	Paper + LPC (g dry)
	2.52



	LPC (g dry)
	1.55



	LPC yield % (dry LPC to dry leaf weight)
	7.29%










[image: Table] 





Table 9. Toxic compound screening results for PP samples.






Table 9. Toxic compound screening results for PP samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
Western Hemlock

	
Toxic Class 1

	
Alternariol monomethyl ether (+,−)

	
✓

	
✓




	
4-Vinylphenol (+,−)

	
✓

	
✓




	
Toxic Class 2

	
Carbofuran (+)

	
✓

	




	
Aflatoxin B2 (−)

	
-

	
✓




	
Deoxynivalenol 3-glucoside (−)

	
-

	
✓




	
Dimethyl dicarbonate (−)

	
-

	
✓
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Table 10. Yield and sample preparation data for LPP.






Table 10. Yield and sample preparation data for LPP.





	Sample
	LPP





	Wet weight of leaf (g wet biomass)
	50.27



	LPC drying paper weight (g)
	1.26



	Fiber Mass drying paper weight (g)
	2.07



	Drying time (hours)
	16



	Heating time (minutes)
	3.0



	Blending time (minutes)
	3.0



	Paper + Fiber Mass (g dry)
	22.1



	Fiber Mass (g dry)
	20.03



	Fiber Mass yield (% dry fiber mass to dry leaf weight)
	23%



	Paper + LPC (g dry)
	2



	LPC (g dry)
	0.74



	LPC yield % (dry LPC to dry leaf weight)
	2.55%
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Table 11. Toxic compound screening results for LPP samples.






Table 11. Toxic compound screening results for LPP samples.





	
Material

	
Class

	
Toxin (In ESI+ or ESI−)

	
Run 1

	
Run 2






	
LPP

	
Toxic Class 1

	
Alternariol monomethyl ether (+,−)

	
✓

	
✓




	
4-Vinylphenol (−)

	
✓

	
✓




	
Aflatoxin M1 (−)

	
-

	
✓




	
Toxic Class 2

	
Dimethyl dicarbonate (−)

	
✓

	
✓




	
Deoxynivalenol 3-glucoside (+)

	
✓

	
✓




	
Aflatoxin G1 (−)

	
-

	
✓




	
2-Acetylfuran (+)

	
✓

	
-
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Table 12. Summary of residues yields and average yields.






Table 12. Summary of residues yields and average yields.





	Tree
	Yield % (Dry LPC/Dry Leaf Weight)





	Western Cedar
	2.07



	Douglas Fir
	1.06



	Ponderosa Pine
	3.05 (2.66–3.45)



	Western Hemlock
	7.29



	Lodgepole Pine
	2.55
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