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Catastrophes such as a nuclear war would generate atmospheric soot and reduce sunlight, making it difficult to
grow crops. Under such conditions, people might turn to inedible plant biomass for nutrition, but the convert-
ibility and nutritional content of this biomass have not been rigorously analyzed. We found that if plant biomass
were converted into food at 30% efficiency, 6.7 kg of biomass per day would yield adequate carbohydrates, but
contain potentially toxic or insufficient levels of other nutrients for a family of four. Therefore, exploiting

biomass with low mineral content for carbohydrates and consuming other sources of protein, fat, and vitamins
such as edible insects/single-cell proteins and vitamin supplements could provide a balanced diet in a global

catastrophic environment.

1. Introduction

Global catastrophes such as supervolcano eruptions and large
asteroid strikes, as well as human-caused events of mass destruction
such as nuclear conflicts, would create widespread firestorms on Earth
(Wagman et al., 2020). These firestorms would produce soot that could
remain in the upper atmosphere for over a decade, limiting sunlight and
lowering global temperatures (Coupe et al., 2019; Neild et al., 1998).
These environmental disruptions would prevent photosynthesis, leading
to crop failures (Jagermeyr et al., 2020; Neild et al., 1998). Ashfall on
plant leaves would also limit their exposure to sunlight (Neild et al.,
1998). Stored foods, remaining edible crops, and surviving animals
might provide sustenance for survivors of a global catastrophe for a
short period, but alternative nutritional solutions would be needed for
long-term survival (Denkenberger and Pearce, 2014; Pham et al., 2022).

One such alternative is the use of inedible plant biomass for human
nutrition. Forests cover 31% percent of the world’s land surface (FAO,
2020b) and grasslands occupy another 20-40% (FAO, 2020a). Overall,
plants are estimated to embody a total global biomass of 450 Gt of
carbon (Bar-On et al., 2018), roughly half of which is in the form of
cellulose (Bengtsson et al., 2020). If the cellulose in this biomass were
depolymerized to glucose, it could potentially fulfill the caloric re-
quirements of the current worldwide population (8 billion) for 324 years
given the caloric content of glucose (USDA, 2020a) and daily energy
requirements per person (USDA, 2020b) (Supplementary Material 1).
However, cellulose and other components of plant biomass, such as
lignin, cannot be digested by humans due to the lack of appropriate
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enzymes. Thus, processing is necessary to transform lignocellulosic
biomass into food.

Recovering soluble sugars from plant cell walls is challenging
because these walls are composed of interacting networks of cellulose,
hemicelluloses, pectins, and lignin and have undergone natural selection
for recalcitrance to degradation (Holland et al., 2020). Physical treat-
ments, such as soaking or cooking in water, chewing, or grinding can
release free sugars, amino acids, fats, minerals, and vitamins from soft
plant tissues that can be readily digested by humans (Parada and
Aguilera, 2007; Saiga and Oikawa, 1995; Zheng et al., 2011). Human gut
microbiomes can also metabolize some complex carbohydrates to
short-chain fatty acids (Bhattacharya et al., 2015; Ndeh et al., 2017;
Oliphant and Allen-Vercoe, 2019), but the energy produced by this
metabolism is only 10% of the daily energy requirement (Bergman,
1990). Therefore, in a lignocellulose-based diet, deconstruction of
complex cell wall components to convert them into simple sugars would
be needed prior to consumption to obtain enough energy for survival
and daily activity (Mahmood et al., 2019).

Much research has been conducted to identify effective strategies for
breaking down cell walls into sugars to produce biofuels and other plant-
derived products (Kumar et al., 2020; Onumaegbu et al., 2018), but
these methods do not typically focus on providing nutrients for humans.
A subset of these deconstruction strategies might be adapted to convert
inedible plant biomass to edible foods to provide nutrition after a
catastrophic event, but this possibility has not been thoroughly
examined.

During industrial processing, plant biomass can be physically or
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chemically pretreated by grinding/milling, soaking, heating, or adding
acid or alkali solutions to degrade and separate lignin and pectin from
cellulose and hemicellulose (Carvalheiro et al., 2008; Mahmood et al.,
2019). However, to release substantial amounts of sugars, these treat-
ments must often be combined with enzymatic or biological treatments,
such as addition of cellulase-containing enzyme cocktails or bacterial or
fungal fermentation (Carvalheiro et al., 2008). All of these processes can
be energy-consuming, costly, and resource-intensive (Roy et al., 2020).
After a catastrophic event, extracting carbohydrates and other essential
nutrients from plants could be particularly challenging because people
might lack resources.

In this study, we analyze whether plant biomass would be sufficient
to meet the basic nutritional needs of a typical family of two adults and
two children under post-catastrophic conditions. We find that although
caloric (from carbohydrates) requirements could be met using reason-
able quantities of biomass, toxicity for certain vitamins and minerals
would be a problem (depending on the biomass type). Requirements for
protein, fat, and several micronutrients would need to be met using
additional nutritional sources. We also make recommendations for food
readiness and resilience that could be used for pre-catastrophic
planning.

2. Human nutritional needs would increase under post-
catastrophic conditions

For this analysis, we first obtained the Acceptable Macronutrient
Distribution Range (AMDR), Recommended Dietary Allowance (RDA),
and Upper Tolerable Limits (UTL) data for the people at the age of 2-50
years from (USDA, 2020b) and (National Academies of Sciences, Engi-
neering, and Medicine, 2019) and aligned the data to define the baseline
nutrient requirements for a family with two adults (between 18 and 50
years old) and two children (10 years old and 2 years old) (Supple-
mentary Material 2). Macronutrient requirements are calculated based
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on the energy requirement of individuals with moderate daily activity
(equivalent to walking 1.5 to 3 miles per day at 3 to 4 miles per hour, in
addition to the activities of independent living) (USDA, 2020b) wherein
voluntary travel is limited but abundant stocks of lignocellulosic
biomass and basic tools for harvesting and transporting the biomass are
available. Then, we calculated the total required nutrients for the family
by adding up the individual nutrient requirements (Supplementary
Material 2).

Carbohydrate intake should be 45-65% of the total energy require-
ment for all age groups and protein intake should be 5-20% of the total
energy intake for 1-3 year old children, 10-30% for 4-18 year old
children, and 10-35% for adults. Acceptable fat intake ranges from
30-40%, 25-35%, and 20-35% of total energy intake for the respective
age groups, and a variety of minerals and vitamins are also required in
relatively small amounts (Supplementary Material 3).

Considering post-catastrophic environmental conditions, lower
ambient temperatures would necessitate increased macronutrient intake
to maintain proper body function. For example, depending on activity
level and the availability of shelter, heating, and appropriate clothing, a
temperature reduction from 20 °C to 0 °C might require at least an
additional 400 kcal/day (WHO, 2004) which accounts for an additional
intake of 45-65 g of carbohydrates, 10-35 g of protein, and 9-16 g of fat
(Fig. 1). Micronutrient needs for individuals might increase along with
increased caloric requirements under cold temperatures due to the
functions of several micronutrients in human metabolism to produce
energy (Reynolds, 1996). Under cold conditions, it is suggested to in-
crease the intake of vitamin E, thiamin, riboflavin, niacin, pantothenic
acid, folic acid, vitamin Bjj, vitamin C, magnesium, iron, and zinc
(Reynolds, 1996). However, precise recommendations for intake levels
of micronutrients for humans in cold environments do not yet exist due
to ethical and practical research limitations.

Fig. 1. Gender-averaged nutrient requirements (g/
day) for 2-year-old, 10-year-old, and adult (18-50
years old) humans with moderate activity increase
under low temperatures. Energy consumption should
be increased by 100 kcal/day for every 5 °C reduction
in the environmental temperature for proper body
function (WHO, 2004) and therefore, carbohydrate,
protein, and fat intake should be increased. Micro-
Sii nutrient requirements for individuals might increase
1 under cold temperatures due to their functions in
human metabolism to produce energy. However,
there are no recommended intake levels of micro-
nutrients for the cold environment. Scales for energy,
macronutrients (carbohydrates, proteins, and fats)
and micronutrients (minerals and vitamins) differ.
Minerals and vitamins represent all minerals and vi-
. tamins combined but individual acceptable limits
05 differ depending on the specific mineral and vitamin.
- Portions of this figure use images that are in Bio-

Render (https://biorender.com).

Mineral (g)  Vitamin (g)


https://biorender.com

N. Siva and C.T. Anderson

3. Inedible plant biomass is generally rich in carbohydrates,
vitamins, and minerals but deficient in proteins and fats
depending on the type of biomass

We next sought to quantify the nutritional composition of different
types of plant biomass. We categorized plant biomass into five types:
leaves, forages, grasses, crop residues, and woods (Supplementary Ma-
terial 4), and assumed a conservative case of 30% nutrient extraction
efficiency for each type. Based on available data (Supplementary Ma-
terial 4), under normal environmental temperatures (i.e., 20 °C), all
biomass types contain sufficient carbohydrates (after converting to
digestible sugars) to meet the daily nutritional requirement of an adult
provided they consume 2.1 kg of a single type of biomass, which equals
the average current mass of food intake per person per day (Fig. 2 and
Supplementary Material 5). Obtaining nutrients from 2.1 kg of leaves or
forages, but not other biomass types, could also provide the minimum
protein daily requirement of an adult under normal environmental
conditions, but any of the biomass types alone does not fulfill the protein
requirement under cold conditions (i.e., 0 °C). Also, the same amount of
biomass does not fulfill needs for fat and several vitamins while
exceeding the upper tolerable limit of minerals depending on the
biomass type (Figs. 2 and 3). This information is based on the data
provided in Supplementary Material 4 and therefore the potential of
biomass to meet nutrient requirements might differ depending on the
actual biomass, extraction technique, human factors such as age, gender,
pregnancy, and activity level as well as environmental factors such as
temperature and resources in a catastrophic environment.

Different types of biomass vary in composition, and long-term
nutrition derived from one type of biomass might lead to nutrient
deficiency or toxicity for certain nutrients (Figs. 2 and 3). For example,
considering a location where wood is abundant and other biomass types
are limited and when optimizing for carbohydrates, 2.1 kg of wood
would meet carbohydrate and several mineral requirements for an adult,
but only 3% of protein requirements would be met and fat and multiple
vitamin requirements would not be fulfilled (Figs. 2 and 3). In a location
lacking wood, 1.4 kg of forage and 0.34 kg of crop residues would fulfill
100% of carbohydrate and 160% of mineral requirements, but only 37%
of protein, 14% of fat, and 18% of total vitamin needs would be met
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(Figs. 2 and 3). Therefore, separating nutrients from several types of
biomass and mixing them in appropriate ratios to develop nutrient-
balanced foods, or exploiting biomass only for carbohydrates and also
consuming other foods such as insects (6-66% protein and 2-62% fat on
a dry weight basis) (Varelas and Langton, 2017) or single-cell proteins
(39-65% protein on a dry weight basis) (Spalvins et al., 2018) along
with mineral and vitamin supplements, could meet the nutritional needs
of a family.

4. Large stockpiles of biomass would be required by a family to
meet its nutritional needs for the duration of a post-catastrophic
winter

Previous work has predicted that a nuclear winter following a global
nuclear conflict would last at least 10 years (Coupe et al., 2019). Based
on the nutritional needs of the individuals in the family, Table 1 shows
the biomass requirement per day at 100% (ideal) or 30% (conservative)
nutrient extraction efficiencies (Supplementary Material 6). Assuming
ideal extraction efficiency, 6.2 kg of biomass per day would fulfill the
nutritional requirements of a family, with fat being the limiting factor.
Under the conservative extraction assumption, which is likely more
realistic, 20.6 kg of biomass would be required per day (with the as-
sumptions that fat and certain vitamin sources would not be directly
available from biomass). For the conservative case, this translates into
75190 kg of biomass required to feed a family of four per year (Sup-
plementary Material 7) and therefore, the current global forest biomass
could be used to feed ~6 billion families (24 billion people) for 10 years
using a forest area of 0.7 ha (7000 m?) per family. However, considering
only caloric requirements and assuming that calories come only from
carbohydrates, forest biomass could be used to feed 10-30 billion fam-
ilies for 10 years or 2 billion families for 50-150 years with a required
forest area per family of 0.13 ha (1300 m?) for the ideal case and 0.41 ha
(4100 m?) for the conservative case.

5. Discussion

Here we analyzed the post-catastrophic nutritional needs of a typical
family of four and calculated the amounts of plant biomass that would

Fig. 2. Potential of different types of plant biomass to
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Fig. 3. Potential of different types of plant biomass to provide minerals (a) and vitamins (b) under post-catastrophic conditions. Regions indicated by green to
magenta shaded bar show acceptable nutrient distribution ranges for an adult (18-50 years old) living in a 20 °C environment with a daily food intake of 2.1 kg of
biomass (at 30% nutrient extraction efficiency). Data for mineral and vitamin requirements at low temperatures (i.e., 0 °C) are not available but the requirements
might be higher in colder temperatures due to their involvement in human metabolic activities (Reynolds, 1996). Scales for acceptable range, below recommended
intake, and upper tolerable intake differ. *Several minerals and vitamins do not have upper tolerable limits due to no toxicity or lack of data. *There are no available
data for minerals and vitamins for the biomass types provided in Supplementary Material 4. **Vitamin D content of wild tree-grown mushrooms is used as a proxy for

the vitamin D content of wood.

Table 1

Amount of plant biomass required to obtain adequate nutrients for a family of
two adults between 18 and 50 years old and two children (10 years old and 2
years old) under a post-catastrophe condition*.

Nutrients Preferred biomass type Amount of biomass (kg)**
Ideal Conservative
case case

Carbohydrates Plant leaves, forages, grasses, 2.0 6.7

crop residues, and woods

Protein Plant leaves, forages, grasses, and 6.2 20.6

crop residues

Fat Forage, grasses, and crop residues  17.6 58.6

Minerals Plant leaves, forage, grasses, crop 1.6 5.5

residues, and woods

Vitamins Plant leaves 1.1 3.7

* Post-catastrophic environmental temperature is considered as 0 °C.

™ The amount of biomass is calculated for two scenarios: ideal condition
(100% extraction efficiency of biomass) and conservative condition (30%
extraction efficiency of biomass).

be required to meet those needs. We determined how much plant
biomass would be required to meet the nutritional needs of a family of
two adults and two children and described appropriate adjustments for
nutritional requirements under post-catastrophic conditions (i.e., low
environment temperature). Depending on the type of biomass and the
conversion technique, the amount of nutrients that could be obtained
varies substantially (Supplementary Material 4 and 8).

Our analysis shows that several biomass types can meet the carbo-
hydrate, mineral, and multiple vitamin requirements of a family, but the
protein and fat requirements would not generally be met under post-
catastrophic conditions (Figs. 2 and 3). Therefore, alternative food
sources such as single-cell foods (for protein), edible insects (for protein
and fat), and supplements (for several minerals and vitamins) would be
needed. Certain edible fungi such as Polyporus tenuiculus and Neurospora

intermedia can be grown on lignocellulosic biomass and agricultural
wastes, although additional nitrogen might be required to produce
sufficient protein (Andayani et al., 2020; Karimi et al., 2019; Omarini
et al., 2009). Several edible insects such as Arhopalus rusticus (wood--
boring beetle), Nasutitermes jaraguae (termite), and Hermetia illucens
(Black Soldier Fly) can use biomass as an energy source and provide
essential nutrients for humans (Varelas, 2019). For example, H. illucens
larvae grown on agricultural waste contain 40-47% protein and 24-32%
fat, requiring only 0.9-1.0 kg and 0.8-1.4 kg of insect biomass (dry
weight) to meet the protein and fat needs of a family per day, respec-
tively (Ramzy et al., 2022).

Resources for the conversion of biomass to food will vary depending
on the size and the nature of the catastrophe. Fig. 4 shows potential food
conversion methods that would require moderate to high resources such
as electricity, access to drinking water, and less damaged infrastructure.
At a household level, people might have basic methods to preprocess
biomass such as cutting the wood into small pieces and grinding them to
reduce the particle size. Preprocessed biomass can be used to grow
edible mushrooms or insects and grow single cell species (yeast or green
algae) after converting lignocellulosic biomass into sugars or acetate via
digestion and/or fermentation (Hann et al., 2022; Sun et al., 2021). Raw
biomass or the residual biomass after mushroom cultivation can be used
to grow small ruminants or pseudo-ruminants such as rabbits (Meyer
etal., 2021; Spinosa et al., 2008). Further, household-level greenhouses
could be maintained to grow vegetables and microgreens using artificial
lights and room heaters (Appolloni et al., 2022). The grown and con-
verted foods might require additional processing such as boiling before
consumption to increase the digestibility and reduce toxicity (Becker,
2007; Hadi and Brightwell, 2021). For example, solanine, a compound
that can cause diarrhea, abdominal pain, dizziness, and numbness, can
be removed from potato leaves by dipping in vinegar (0.3-1.0% acetic
acid) at 30-60 °C for 2-5 min (Lee Byung-cheol, 1999). Further, these
foods might be canned or dried for long-term storage.

Catastrophic events would create an unfavorable environment for
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agricultural activities. We recommend growing nutrient-rich edible
plants around households at present (e.g., fruit trees) to use as foods
during a catastrophe and maintaining emergency grain stockpiles, pro-
tein bars, oils, canned and dried food products, and mineral and vitamin
supplements to fulfill immediate food needs. Growing frost-resistant
crops such as winter wheat (Triticum aestivum) (Wilson et al., 2023)
and scaling greenhouses to grow crops in low light (Alvarado et al.,
2020) might be possible, but they alone would not be enough to feed
large populations. For longer-term needs, people might depend on
leftover crop residues, tree leaves, grasses, woods, and biomass-derived
insect/single-cell food farming to get nutrients to survive. At present,
there are limited efficient, cost-effective extraction methods to convert
biomass into edible foods, especially after a catastrophic event. There-
fore, new extraction techniques and process optimization are needed to
increase the conversion efficiency of inedible plant biomass to edible
food. Further, an inventory of potentially toxic components of plant
biomass and toxin removal methods prior to consumption is needed
(Mottaghi et al., 2023; Pearce et al., 2019).

CRediT authorship contribution statement

Niroshan Siva: Conceptualization, Methodology, Formal analysis,
Writing - original draft, Visualization. Charles T. Anderson:

[

=

Infrastructure with
basic resources

Greenhouses A

Mushroom/insect food Single cell food Vegetables/microgreens

| — e

Current Research in Food Science 7 (2023) 100586

Fig. 4. Resources needed to convert biomass into
/ edible foods in a moderately affected area after a
0 catastrophe. Four stages are identified for effective
\ conversion techniques and storage of foods. First
stage: acquiring biomass and preprocessing; second
stage: converting the biomass into foods in several
methods (mushroom products, single cell foods, veg-
etables/microgreens, and small-scale ruminants/
pseudo ruminants); third stage: food processing to
remove toxins, increase digestibility, and increase
shelflife; fourth stage: consuming nutritionally
balanced converted food by mixing several types of
foods, storing foods for future consumption, and
waste management via recycling. Portions of this
figure use images that are available for non-
commercial use in Google and BioRender (htt
ps://biorender.com/).

Nw

i[

Fertilizer

| —

m

Waste

Conceptualization, Writing — review & editing, Supervision, Funding
acquisition.
Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
none.

Data availability

Data will be made available on request.

Acknowledgements

We thank all the researchers whose data were used in this analysis.
This work was financially supported by Open Philanthropy.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.crfs.2023.100586.


https://doi.org/10.1016/j.crfs.2023.100586
https://doi.org/10.1016/j.crfs.2023.100586
https://biorender.com/
https://biorender.com/

N. Siva and C.T. Anderson
References

Alvarado, K.A., Mill, A., Pearce, J.M., Vocaet, A., Denkenberger, D., 2020. Scaling of
greenhouse crop production in low sunlight scenarios. Sci. Total Environ. 707,
136012.

Andayani, S.N., Lioe, H.N., Wijaya, C.H., Ogawa, M., 2020. Umami fractions obtained
from water-soluble extracts of red oncom and black oncom—Indonesian fermented
soybean and peanut products. J. Food Sci. 85, 657-665.

Appolloni, E., Pennisi, G., Zauli, I., Carotti, L., Paucek, I., Quaini, S., Orsini, F.,
Gianquinto, G., 2022. Beyond vegetables: effects of indoor LED light on specialized
metabolite biosynthesis in medicinal and aromatic plants, edible flowers, and
microgreens. J. Sci. Food Agric. 102, 472-487.

Bar-On, Y.M., Phillips, R., Milo, R., 2018. The biomass distribution on Earth. Proc. Natl.
Acad. Sci. U. S. A. 115, 6506-6511.

Becker, E.W., 2007. Micro-algae as a source of protein. Biotechnol. Adv. 25, 207-210.
Bengtsson, A., Hecht, P., Sommertune, J., Ek, M., Sedin, M., Sjoholm, E., 2020. Carbon
fibers from lignin—cellulose precursors: effect of carbonization conditions. ACS

Sustain. Chem. Eng. 8, 6826-6833.

Bergman, E., 1990. Energy contributions of volatile fatty acids from the gastrointestinal
tract in various species. Physiol. Rev. 70, 567-590.

Bhattacharya, T., Ghosh, T.S., Mande, S.S., 2015. Global profiling of carbohydrate active
enzymes in human gut microbiome. PLoS One 10, e0142038.

Carvalheiro, F., Duarte, L.C., Girio, F.M., 2008. Hemicellulose biorefineries: a review on
biomass pretreatments. J. Sci. Ind. Res. 849-864.

Coupe, J., Bardeen, C.G., Robock, A., Toon, O.B., 2019. Nuclear winter responses to
nuclear war between the United States and Russia in the whole atmosphere
community climate model version 4 and the Goddard Institute for Space Studies
ModelE. J. Geophys. Res. Atmos. 124, 8522-8543.

Denkenberger, D., Pearce, J.M., 2014. Feeding Everyone No Matter what: Managing
Food Security after Global Catastrophe. Academic Press.

FAO, 2020a. Grasslands of the World. http://www.fao.org/3/y8344e/y8344e05.
htm#TopOfPage. (Accessed 16 June 2022).

FAO, 2020b. The State of the World’s Forests. http://www.fao.org/state-of-forests/en/.
(Accessed 16 June 2022).

Hadi, J., Brightwell, G., 2021. Safety of Alternative Proteins: technological,
environmental and regulatory aspects of cultured meat, plant-based meat, insect
protein and single-cell protein. Foods 10, 1226.

Hann, E.C., Overa, S., Harland-Dunaway, M., Narvaez, A.F., Le, D.N., Orozco-
Cardenas, M.L., Jiao, F., Jinkerson, R.E., 2022. A hybrid inorganic-biological
artificial photosynthesis system for energy-efficient food production. Nat. Food. 3,
461-471.

Holland, C., Ryden, P., Edwards, C.H., Grundy, M.M., 2020. Plant cell walls: impact on
nutrient bioaccessibility and digestibility. Foods 9, 201.

Jagermeyr, J., Robock, A., Elliott, J., Miiller, C., Xia, L., Khabarov, N., Folberth, C.,
Schmid, E., Liu, W., Zabel, F., 2020. A regional nuclear conflict would compromise
global food security. Proc. Natl. Acad. Sci. U.S.A. 117, 7071-7081.

Karimi, S., Mahboobi Soofiani, N., Lundh, T., Mahboubi, A., Kiessling, A.,

Taherzadeh, M.J., 2019. Evaluation of filamentous fungal biomass cultivated on
vinasse as an alternative nutrient source of fish feed: protein, lipid, and mineral
composition. Ferment 5, 99.

Kumar, M., Sun, Y., Rathour, R., Pandey, A., Thakur, LS., Tsang, D.C., 2020. Algae as
potential feedstock for the production of biofuels and value-added products:
opportunities and challenges. Sci. Total Environ. 716, 137116.

Lee Byung-cheol, K.J., 1999. The Method for Removing Solanine in Potato and Method
for Processing Potato Using it. South Korea, vol. 5.

Mahmood, H., Moniruzzaman, M., Igbal, T., Khan, M.J., 2019. Recent advances in the
pretreatment of lignocellulosic biomass for biofuels and value-added products. Curr.
Opin. Green Sustainable Chem. 20, 18-24.

Meyer, T.K., Pascaris, A., Denkenberger, D., Pearce, J.M., 2021. US potential of
sustainable backyard distributed animal and plant protein production during and
after pandemics. Sustainability 13, 5067.

Mottaghi, M., Meyer, T.K., Tieman, R.J., Denkenberger, D., Pearce, J.M., 2023. Yield and
Toxin Analysis of Leaf Protein Concentrate from Common North American
Coniferous Trees. Biomass, vol. 3, pp. 163-187.

National Academies of Sciences, Engineering, and Medicine, 2019. Dietary Reference
Intakes (DRIs): Recommended Dietary Allowances and Adequate Intakes Elements.

Current Research in Food Science 7 (2023) 100586

https://www.ncbi.nlm.nih.gov/books/NBK545442/table/appJ_tab3/?report
=objectonly. (Accessed 18 May 2022).

Ndeh, D., Rogowski, A., Cartmell, A., Luis, A.S., Baslé, A., Gray, J., Venditto, 1., Briggs, J.,
Zhang, X., Labourel, A., 2017. Complex pectin metabolism by gut bacteria reveals
novel catalytic functions. Nature 544 (7648), 65-70.

Neild, J., O’Flaherty, P., Hedley, P., Underwood, R., Johnston, D., Christenson, B.,
Brown, P., 1998. Impact of a Volcanic Eruption on Agriculture and Forestry in New
Zealand, p. 101. MAF policy technical paper. 99.

Oliphant, K., Allen-Vercoe, E., 2019. Macronutrient metabolism by the human gut
microbiome: major fermentation by-products and their impact on host health.
Microbiome 7, 1-15.

Omarini, A., Lechner, B.E., Albertd, E., 2009. Polyporus tenuiculus: a new naturally
occurring mushroom that can be industrially cultivated on agricultural waste. J. Ind.
Microbiol. Biotechnol. 36, 635-642.

Onumaegbu, C., Mooney, J., Alaswad, A., Olabi, A., 2018. Pre-treatment methods for
production of biofuel from microalgae biomass. Renew. Sustain. Energy Rev. 93,
16-26.

Parada, J., Aguilera, J., 2007. Food microstructure affects the bioavailability of several
nutrients. J. Food Sci. 72, R21-R32.

Pearce, J.M., Khaksari, M., Denkenberger, D., 2019. Preliminary automated
determination of edibility of alternative foods: non-targeted screening for toxins in
red maple leaf concentrate. Plants 8, 110.

Pham, A., Garcia Martinez, J.B., Brynych, V., Stormbjorne, R., Pearce, J.M.,
Denkenberger, D.C., 2022. Nutrition in abrupt sunlight reduction scenarios:
envisioning feasible balanced diets on resilient foods. Nutrients 14, 492.

Ramzy, R.R., El-Dakar, M.A., Wang, D., Ji, H., 2022. Conversion efficiency of lignin-rich
olive pomace to produce nutrient-rich insect biomass by black soldier fly larvae,
Hermetia illucens. Waste and Biomass Valorization 13, 893-903.

Reynolds, R.D., 1996. Effects of cold and altitude on vitamin and mineral requirements.
In: Marriott, B., Carlson, S. (Eds.), Nutritional Needs in Cold and High-Altitude
Environments: Applications for Military Personnel in Field Operations. National
Academies Press (US), Washington (DC), pp. 189-202. https://doi.org/10.17226/
5197.

Roy, R., Rahman, M.S., Raynie, D.E., 2020. Recent advances of greener pretreatment
technologies of lignocellulose. Curr. Opin. Green Sustainable Chem. 3, 100035.

Saiga, S., Oikawa, H., 1995. Release of macrominerals from a cross section of three
forage grasses during water-soaking. Jpn J. Grassl. Sci. 40, 381-389.

Spalvins, K., Zihare, L., Blumberga, D., 2018. Single cell protein production from waste
biomass: comparison of various industrial by-products. Energy Proc. 147, 409-418.

Spinosa, R., Stamets, P., Running, M., 2008. Fungi and sustainability. Fungi 1, 38-43.

Sun, L., Lee, J.W., Yook, S., Lane, S., Sun, Z., Kim, S.R., Jin, Y.-S., 2021. Complete and
efficient conversion of plant cell wall hemicellulose into high-value bioproducts by
engineered yeast. Nat. Commun. 12, 4975.

USDA, 2020a. https://www.nal.usda.gov/fnic/how-many-calories-are-one-gram-fat-ca
rbohydrate-or-protein. (Accessed 5 December 2022).

USDA, 2020b. Dietary Guidelines for Americans, 9 ed, pp. 2020-2025. https://die
taryguidelines.gov/. (Accessed 4 February 2022).

Varelas, V., 2019. Food wastes as a potential new source for edible insect mass
production for food and feed: a review. Ferment 5, 81.

Varelas, V., Langton, M., 2017. Forest biomass waste as a potential innovative source for
rearing edible insects for food and feed-A review. Innovat. Food Sci. Emerg.
Technol. 41, 193-205.

Wagman, B.M., Lundquist, K.A., Tang, Q., Glascoe, L.G., Bader, D.C., 2020. Examining
the climate effects of a regional nuclear weapons exchange using a multiscale
atmospheric modeling approach. J. Geophys. Res., [Atmos.] 125, e2020JD033056.

WHO, 2004. Food and Nutrition Needs in Emergencies. https://www.who.int/
publications/i/item/food-and-nutrition-needs-in-emergencies. (Accessed 18 May
2022).

Wilson, N., Payne, B., Boyd, M., 2023. Mathematical optimization of frost resistant crop
production to ensure food supply during a nuclear winter catastrophe. Sci. Rep. 13,
8254,

Zheng, H., Yin, J., Gao, Z., Huang, H., Ji, X., Dou, C., 2011. Disruption of Chlorella
vulgaris cells for the release of biodiesel-producing lipids: a comparison of grinding,
ultrasonication, bead milling, enzymatic lysis, and microwaves. Appl. Biochem.
Biotechnol. 164, 1215-1224. https://doi.org/10.1007/512010-011-9207-1.


http://refhub.elsevier.com/S2665-9271(23)00154-5/sref1
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref1
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref1
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref2
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref2
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref2
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref3
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref3
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref3
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref3
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref4
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref4
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref5
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref6
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref6
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref6
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref7
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref7
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref8
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref8
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref9
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref9
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref11
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref11
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref11
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref11
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref12
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref12
http://www.fao.org/3/y8344e/y8344e05.htm#TopOfPage
http://www.fao.org/3/y8344e/y8344e05.htm#TopOfPage
http://www.fao.org/state-of-forests/en/
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref15
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref15
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref15
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref16
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref16
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref16
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref16
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref17
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref17
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref18
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref18
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref18
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref19
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref19
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref19
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref19
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref20
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref20
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref20
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref21
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref21
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref22
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref22
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref22
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref23
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref23
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref23
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref24
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref24
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref24
https://www.ncbi.nlm.nih.gov/books/NBK545442/table/appJ_tab3/?report=objectonly
https://www.ncbi.nlm.nih.gov/books/NBK545442/table/appJ_tab3/?report=objectonly
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref26
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref26
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref26
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref27
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref27
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref27
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref28
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref28
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref28
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref29
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref29
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref29
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref30
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref30
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref30
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref31
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref31
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref32
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref32
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref32
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref33
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref33
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref33
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref34
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref34
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref34
https://doi.org/10.17226/5197
https://doi.org/10.17226/5197
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref36
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref36
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref37
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref37
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref38
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref38
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref39
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref40
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref40
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref40
https://www.nal.usda.gov/fnic/how-many-calories-are-one-gram-fat-carbohydrate-or-protein
https://www.nal.usda.gov/fnic/how-many-calories-are-one-gram-fat-carbohydrate-or-protein
https://dietaryguidelines.gov/
https://dietaryguidelines.gov/
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref43
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref43
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref44
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref44
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref44
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref45
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref45
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref45
https://www.who.int/publications/i/item/food-and-nutrition-needs-in-emergencies
https://www.who.int/publications/i/item/food-and-nutrition-needs-in-emergencies
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref47
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref47
http://refhub.elsevier.com/S2665-9271(23)00154-5/sref47
https://doi.org/10.1007/s12010-011-9207-1

	Assessing lignocellulosic biomass as a source of emergency foods
	1 Introduction
	2 Human nutritional needs would increase under post-catastrophic conditions
	3 Inedible plant biomass is generally rich in carbohydrates, vitamins, and minerals but deficient in proteins and fats depe ...
	4 Large stockpiles of biomass would be required by a family to meet its nutritional needs for the duration of a post-catast ...
	5 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


