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CHAPTER 10 – Minor Uses of Cannabis 



Oilseed 
INTRODUCTION TO EDIBLE FIXED OIL 

 

In the context of cannabis, “oil” could refer to (1) “fixed” (vegetable) oil from the seed, (2) essen- tial oil 

from the glandular secretory trichomes, or (3) “hashish oil,” i.e., solvent extracts rich in cannabinoids, 

particularly tetrahydrocannabinol (THC) (“liquid hemp” is a recent expression referring particularly to 

cannabidiol [CBD]-rich concentrates, especially for vaping; this is some- times inappropriately called 

“hemp oil”). This chapter deals with the fixed oil from the seeds of Cannabis sativa; the essential oil from 

the flowering part of the species is discussed in Chapter 9, and hashish oil is discussed in Chapter 12. To 

avoid ambiguity, the oilseed industry often prefers the phrase “hempseed oil” rather than “hemp oil.” 

Although “hemp seed” and “hemp-seed” are often encountered, hempseed has become sufficiently 

familiar that its designation as one word is justi- fied. Moreover, the term hempseed is parallel with 

other oilseed crops such as linseed and rapeseed. Fixed oils are basically triglycerides, which happen to 

be not only the chief constituents of veg- etable fats but also the main constituents of the body fat of 

animals, including humans. They are nonvolatile at room temperature (they do evaporate, but very 

slowly) and are usually obtained from seeds by extraction processes. “Vegetable oils” are fixed oils and 

include hempseed oil, the sub- ject of this chapter. By contrast, components of essential oils (volatile 

oils, ethereal oils, terpenes) evaporate rapidly, typically producing aroma. Essential oils are frequently 

obtained by distillation and are mostly used to add scent or flavor to prepared materials, but are 

sometimes employed for medicinal purposes. 

Vegetable oils are usually distinguished from vegetable fats by the former being liquid at room 

temperature, while the latter are solid. Vegetable oils are of course obtained from plants, mostly from 

“seeds” or “grain” in commercial practice. Vegetable oils are used for food, fuel (“biofuel”), medicines, 

a wide variety of consumer products such as cosmetics, and industrial processing appli- cations, such as 

paints and other technical coatings. Some vegetable oils are used for multiple pur- poses, while others 

are primarily employed for one product or purpose. 

All of the world’s major vegetable oils are edible and are produced primarily for human food, although 

most of this oil is used for other purposes, such as lubricants and soaps. The leading plant species 

responsible for the production of commercial edible oil are palm, soybean, Canola, and sun- flower 

(Figure 8.1). Together, they account for about 90% of global edible oil production. (Soybean, 

Canola/rapeseed, cotton, and sunflower are the world’s leading “oilseeds,” valued not just for edible oil 

but also for edible seeds and industrial oil.) Other edible oils with high economic value are produced 

from the seeds of coconut, corn, cotton, mustard, peanut (“groundnut”), safflower, and sesame, or the 

fruits of olive. 

The “smoke point” of an oil or fat is the temperature at which smoke becomes evident during cooking, 

often indicating that compounds in the oil are breaking down. (More dangerous is the “flash point,” 

usually a considerably higher temperature at which vapors from the oil can ignite.) Cooking oils break 

down after repeated use, and some should not be used for deep frying more than twice. The smoke 

point of a particular vegetable oil species varies, sometimes substantially, and mostly depends on the 

percentage of an oil’s unsaturation, where saturated oils have a higher smoke point.  

 

Most oils used for frying and cooking have smoke point values above 200°C. The smoke point of 

hempseed oil is approximately 165°C, which is too low for higher-temperature cooking and frying. For 

culinary purposes, as discussed later, hempseed oil is best used fresh and uncooked, as a salad oil for 

example, but can also be incorporated into a wide range of processed commercial prepared foods, such 

as baked breads. 



 

 

INTRODUCTION TO HEMPSEED AND HEMP OIL 

Cannabis sativa reproduces by small, slightly flattened, lenticular (biconvex) one-seeded fruits (Figure 

8.2b). As noted frequently in this book, the fruits of Cannabis are botanically termed “achenes,” although 

they are usually referred to as “seeds.” Depending on the cultivar, these usually vary from 2.5 to 4 mm in 

diameter and 3 to 6 mm in length (as noted in Chapter 3, wild seeds are notably smaller than those of 

domesticated plants). Thousand-seed-weight of cultivated plants generally ranges from 8 to 27 g 

(European cultivar thousand-seed-weight is mostly 17 to 25 g).  

 

 

 

 

 

 

FIGURE 8.2 Hempseed and its raw products. (a) A terminal inflorescence of a domesticated strain, with 

numerous mature “seeds” (achenes). (b) Hemp seeds (a match is shown for scale). (c) Hempseed oil. 

(b) 
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However, thousand-seed- weights of up to 67 g have been recorded (Watson and Clarke 1997). Seeds 

of monoecious cultivars are usually smaller than those of dioecious cultivars. The seeds are produced 

in large numbers, clustered against the stems, on the upper end of the main stalk (Figure 8.2a) and on 

the ends of branches. As discussed in this chapter, edible oil is extracted from the seeds (Figure 8.2c). 

The true “seed” portion is enclosed within the fruit wall (pericarp), which forms the protective “hull” 

or “shell” (Figure 8.3). Most of the seed is filled by an embryo, principally the two cotyledons 

(embryonic leaves), which are rich in oils, proteins, and carbohydrates, upon which the germinating 

seedling relies for nourishment. A rudimentary nutritive tissue (endosperm, rich in aleuron bodies, 

which are protein storage organelles) is also present (Figure 8.3; Theimer and Mölleken 1995). 

The taste of hempseed oil is pleasantly nutty, sometimes with a touch of bitter aftertaste. Unsaturated 

fatty acids make up over three-quarters of the fatty acids in hempseed oil. This high degree of 

unsaturation is responsible for extreme sensitivity to oxidative rancidity. The oil has a relatively short 

shelf life. It should be extracted rapidly under nitrogen (to prevent oxidation), stored in dark containers 

that protect against light damage, and refrigerated to avoid degradation caused by heat (curiously, all 

conditions that also promote the shelf life of cannabis drugs). Addition of antioxidants may prolong 

the longevity of the oil. Steam sterilization of the seeds, often required by law, allows oxygen to 

penetrate the protective shell and hasten rancidity. Accordingly, sterilized or roasted hemp seeds, 

and products made from hemp seed that has been subjected to heating, should be avoided for human 

foods. 

Hempseed oil varies in color from off-yellow to dark green (Figure 8.2c). The green color is due to the 

presence of chlorophyll, which is extracted along with the oil (Matthäus and Brühl 2008). Hempseed 

oil has often been merchandized in clear glass in order to attract the consumer’s interest, but this 

practice shortens shelf life. Chlorophyll is a photosensitizer, which increases the susceptibil- ity of the 

oil to oxidation, and this increases the need for protection from light by using bottles made of dark 

glass. (The presence of some chlorophyll in the achenes, should they be exposed to light, could result 

in some “auto-oxidation,” but this has not been studied.  

 
 

 

FIGURE 8.3 Diagrams of sectioned achenes of C. sativa. Left: Cross-section. Right: Longitudinal section 

through widest dimension. Most of the seed is made up of the oil-rich cotyledons. The nutritive tissue 

(endo- sperm) feeds the embryo during early development and persists as a layer around it (Ram 1960). 

Diagrams based on Small, E., Antle, T., J. Ind. Hemp, 12, 3–14, 2007 (drawn by B. Flahey). Compare 

anatomical details in the developing seedling shown in Figure 3.6. 
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The presence of antioxidants in  the achenes is an obvious adaptation to reduce such oxidation.) The 

number of green seeds present should be minimized after harvesting, to reduce the presence of 

chlorophyll in the oil. Insufficient protection of the oil from light can be indicated by a change in the 

color of the oil over time from green to yellow. 

 

HISTORY 

Cannabis seeds were discovered in Chinese tombs over 4500 years of age (Jiang et al. 2006) and have 

been employed for at least 3000 years as food for both humans and livestock (Schultes 1973). Indeed, 

hempseed was one of the “five grains” of ancient China, along with foxtail millet, broom- corn millet, 

rice, and barley or wheat (Huang 2000; Figure 8.4) and remained a staple until the tenth century, when 

other grains became more important (Cheatham et al. 2009). Archaeological evidence for the food use 

of hempseed in ancient times in Europe is very limited, but given the existence of traditional European 

hempseed recipes, it seems that for at least centuries, the seeds were employed for food to a minor 

extent (Leson 2013). In the past, hemp seed has generally been a food of the impoverished social 

classes, or a famine food. Often, the whole seed, including the hull, was eaten. Crushed peanut-butter-

type preparations have been produced from hempseed in Europe for centuries but were rather gritty 

since technology for removing the hulls was rudimentary when it existed, and interest in producing 

commercial hulled hempseed for culinary purposes dates back only to about 1990. In some areas of 

Southeast Asia, the hull was removed by filtration, after grind- ing the seed in water. The resulting 

hempseed “milk” was then heated until the proteins solidified into curds, which were subsequently 

pressed to form a solid mass, much like tofu from soy, but without the need for chemical precipitants. 

 

 

FIGURE  8.4  Chinese emperor of the five grains (also known as Zao Jun, the kitchen god, who allegedly  
lived 2737–2699 BC), to whom the grains, presumably including hempseed, were ritually offered. 
Illustration from Werner, E.T.C., Myths and Legends of China, George G. Harrap, London, U.K., 1922. 



 

As will be discussed, in very recent times, hemp seeds have been “discovered” to have nutritional-

therapeutic, medicinal properties. In fact, hempseed has been employed in the treatment of various 

health disorders for millennia in traditional eastern medicine (Callaway 2004). Historical accounts 

indicate that “hemp seeds” were used for many medical purposes: as an analgesic, for sores and skin 

diseases, and for coughs, jaundice, and colic. However, it is unclear whether hemp seeds alone were 

employed or also the fruit bracts, which would have added cannabinoids (discussed in Chapter 11). In 

ancient China, various parts of the plant were used medicinally, including the foliage and roots (Wang 

and Wei 2012). In recent times in China, hempseed has been used to treat blood problems and 

constipation (Wang and Wei 2012). A traditional Chinese medicine called “hemp seed pill” (made in part 

with hempseed) has been demonstrated to be safe and effective for alleviating constipation (Cheng et 

al. 2011). Maltos-Cannabis, a drink formulated with hempseed, was popular in Scandinavia in the early 

twentieth century as “a health medicine that has been employed with great success against pulmonary 

diseases, anemia, gastric catarrh, scrofula, neurasthenia, asthenia and emaciation” (Dahl and Frank 

2011; Figure 8.5). 

The cultivation of hemp as an oilseed crop reached a zenith in nineteenth and early twenti-    eth century 

Russia, when, in addition to the edible uses, the seed oil was employed for making soap, paints, and 

varnishes. Until about 1800, hempseed oil was one of the more popular light-  ing oils, being cheaper 

than whale oil, but kerosene subsequently replaced both for this purpose. However, for most of history, 

the seeds were of very minor economic importance, and by the middle of the twentieth century, 

commercial use was negligible, and cultivated plant selections suitable for dedicated oilseed production 

were virtually unavailable until the 1990s. For most of the latter part of the twentieth century, the seeds 

were usually employed as wild bird and poultry feed, although occasionally also as human food. World 

hemp seed production (mostly in China) fell from about 70,000 tonnes in the early 1960s to about 34,000 

tonnes at the beginning of the twenty-first century (Figure 8.6). 

At the close of the twentieth century, reminiscent of how new hemp fiber applications resurrected the 

fiber crop mostly in Europe (as discussed in Chapter 7), a similar development of oilseed prod- ucts, 

particularly in Canada, witnessed the founding of an expanding hempseed industry by the year 2000 and 

a consequent increase in world production as a food crop (Figure 8.6). Cannabis sativa is now being 

grown as a major new source of edible and industrial oilseed products. With the grow- ing recognition 

of the health benefits from the dietary use of hempseed oil, discussed in the section “Nutritional 

Qualities of Hemp Seed and Oil,” hempseed production has been increasing. Indeed, the economic 

prospects for continued development as an oilseed crop are considerably better than for continued 

development as a fiber crop. 

 

 

 

 



 

 

FIGURE 8.5 An advertisement (public domain) for Maltos-Cannabis, a beverage based on hemp seed and  malt sugar. It was often supplied 
to young children to protect them against harm (note the mother holding a child with one hand and with the other sending the Grim 
Reaper away). 
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FIGURE 8.6 Yearly world production of hempseed from 1961 to 2012 (FAOSTAT data). 

 

 

 

 

 

 

 

 

 

 

 

 

 



OIL EXTRACTION AND PROCESSING TECHNOLOGY 

Pressure extraction 

Edible vegetable oils are frequently extracted mechanically from seeds and fruits by the use of  oil 

presses. Depending on design, these may be true “mills” or “oil seed mills” (which crush and macerate 

the material), true “presses” (which compress), or a combination (“expeller presses,” which squeeze 

continuously fed material, providing separated streams of oil and solid residue). The design of oil 

presses has evolved from ancient times, when just grinding stones were com- monly employed (Figure 

8.7, left), to complex, huge commercial machinery (Figure 8.7, right). Several physical characteristics of 

hempseed (dimensions, hull proportion, hardness, and frac- ture characteristics) are very suitable for 

oil pressing (Berenji et al. 2005). Unlike fiber process- ing technology, which today is economical only 

on a large-scale basis, it is possible to carry     out hempseed oil extraction on a cottage industry scale, 

using small-capacity screw presses or hydraulic presses, which can extract 60%–80% of the oil 

(Matthäus and Brühl 2008), although large-scale processing is much more efficient.  

 

 

 
 

 

FIGURE 8.7 Examples of simple and complex edible vegetable oil extraction systems. Left: A simple, grind- ing wheel oil press. Photo by 
Avishai Teicher (CC BY 2.5). Right: A complex vegetable oil extraction factory. Photo by Bracodbk (CC BY 3.0). 



The raw seed is first cleaned, then crushed or mac- erated, and finally squeezed under high pressure, 

extruding most of the oil and leaving behind a pasty material (“pomace”), which is occasionally used as 

fertilizer but is usually compressed into “oil cake” (“de-oiled cake” would be a more accurate phrase) 

or “seed cake,” with about 10% oil remaining in the solid material. The oil cake is usually fed to 

livestock, where regulations allow, so it is a valuable secondary product, although sometimes 

mistermed as a waste product. Seed particles are removed from the oil by filtration, sedimentation, 

and/or centrifugation (these opera- tions may be considered part of “refining” the oil, which may also 

include deodorizing and/or bleaching with diatomaceous earth). The friction from pressing produces 

heat, which can degrade flavor, aroma, and nutritional value, so the temperature is kept to about 40°C 

by cooling apparatus to produce “cold-pressed oil.” The phrase “cold-pressed oil” is regulated in some 

jurisdictions,  but not in others, where it is sometimes used simply to convey the impression that a given 

oil is of particularly high quality. However, it is true that genuine cold-pressed oil can preserve bioactive 

compounds such as essential fatty acids (EFAs), phenolics, flavonoids, and tocopherol (Teh and Birch 

2013). The desirable properties of these compounds are generally preserved at tempera- tures less 

than 50°C, with only brief exposure to temperatures this high. For edible purposes, the quality of 

hempseed oil is improved by using only the first pressing, as a virgin oil. However, the key to high quality 

is to use high-quality grain. Carrying out extraction in an environment free   of light and oxygen can 

assist in minimizing degradation. Hempseed oil is mostly employed as  an edible oil, and so it is 

standardly cold-pressed. The relatively primitive way that hempseed oil was produced in the past 

amounted to cold-pressing, although this was not necessary for such nonedible uses as the 

manufacture of soaps, paints, varnishes, and lamp fuel oil. Should noned- ible uses of hempseed oil 

become popular in the future, different extraction systems would likely be employed. 

 

Solvent  Extraction 

Some vegetable oils are extracted using heat and/or solvents. These methods are faster, extract more 

oil, and are much more economical, but have been considered to be unsuitable for edible hempseed oil 

because of degradative changes that they cause (Dimić 2005). According to Callaway and Pate (2009), 

“Solvent extraction is used for the inexpensive industrial processing of many vegetable oils, although it 

is not suitable for the production of human food or animal feed because residual sol- vents (typically 

hexanes) contaminate the final product.” Nevertheless, solvent extraction systems are under 

investigation for hempseed oil. 

When hempseed oil is extracted by solvents, this is most often conducted with n-hexane (Oomah et al. 

2002; Kostić et al. 2013). Solvent extraction using n-hexane is relatively inexpensive and effi- cient, but 

the residual solvent in the oil is potentially hazardous for food purposes, and extraction time is longer 

compared to cold pressing. Lin et al. (2012) examined the effects of using ultrasonic sound waves to 

enhance traditional solvent extraction of hempseed oil and claimed that there are benefits. 

“Supercritical fluids” are liquefied gases that evaporate rapidly and completely at atmospheric pressure. 

Supercritical carbon dioxide is CO2 that is transformed from a gas to a liquid state by keeping it above 

the “critical” temperature and pressure point. Supercritical carbon dioxide fluid extraction is a new 

commercial and industrial technique that uses liquid CO2 as an extractive solvent under pressure. The 

technique, like the use of conventional chemical solvents, extracts a higher percentage of oil than 

possible with presses, but unlike most solvents, CO2 is nontoxic and nonflam- mable. This technology is 

now used in the food industry to extract heat-sensitive, easily oxidized compounds such as 

polyunsaturated fatty acids (PUFAs)  and has been experimentally employed  to extract the seed oil of 

hempseed (Da Porto et al. 2012a,b).  

 

 



The resulting seed residue is virtu- ally devoid of residual oil, and its protein content can be processed 

into various food products with longer shelf lives. The main disadvantages of this technique, according 

to Kostić et al. (2014), are high costs, high expenditure of time compared to cold pressing, and relatively 

low throughput when compared to industrial-scale processes. 

 

NUTRITIONAL QUALITIES OF HEMP SEED AND OIL 

According to an ancient legend (Abel 1980), Buddha (Prince Siddhartha Guatama, died 480 BC; Figure 

8.8), the founder of Buddhism, survived a six-year interval of asceticism by eating nothing but one hemp 

seed daily. This apocryphal story holds a germ of truth—hemp seed is quite nutri- tional, primarily 

because of the very high content of unsaturated fatty acids (of the order of 80% of the fatty acids) and 

digestible protein (ca. 25%). In addition, it has been suggested that other com- ponents, including trace 

amounts of terpenes and cannabinoids, could have health benefits (Leizer et al. 2000). Good general 

accounts of dietary aspects of hempseed oil are Jones (1995), Conrad (1997), Pate (1998b), Leson et al. 

(1999), Callaway (2002, 2004), Leson and Pless (2002), Oomah et al. (2002), Small (2007), Matthäus and 

Brühl (2008), and Bureau (2010). The value of hempseed oil from the point of view of its primary 

components is discussed in the remainder of this section. 

 

Fatty acids 

Almost all reputable medical organizations have advised that saturated fat is a significant risk factor for 

cardiovascular disease, although this has been disputed by some recent studies, most notably that of 

Chowdhury et al. (2014). The following discussion is based in part on the conventional view that 

unsaturated fats are healthier than saturated fats. 

Just as with exaggerated claims for the virtues of fiber hemp and medical marijuana, there have also 

been hyperbolic declarations about the marvels of hempseed oil. Nevertheless, hempseed oil is 

remarkably nutritious. Udo Erasmus’ (1993) book Fats That Heal, Fats That Kill pronounced hemp to be 

“the most perfectly balanced, natural essential fatty acid-rich oil available” and “nature’s most perfectly 

balanced oil.” In fact, the composition of omega-6 and omega-3 EFAs in hempseed oil is quite optimal 

for human metabolism.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

FIGURE 8.8 Statue of Buddha at a temple in South Korea. The ancient usage of Cannabis for oilseed and  fiber coincided to a considerable 

degree with the development of Buddhism in Asia. “Big Buddha Seeds”     is one of the larger online suppliers of marijuana strains, several 

with “Buddha” in their names. However, Buddhism is opposed to the use of any inebriant, as reflected by the “Fifth Precept”: “abstain 

from wines, liquors and intoxicants that cause heedlessness.” Photo by Steve46814 at en.wikipedia (CC BY 3.0). 



Hempseed oil contains significant amounts of omega-6 gamma-linolenic acid (GLA) and omega-3 

stearidonic acid (SDA), which are also produced in human bodies from the EFAs. It seems that these 

“super unsaturated” fatty acids are responsible for at least some of the numerous health claims that 

are currently ascribed to hempseed oil. In any event, the best way to achieve a balanced diet is to 

consume a wide variety of healthy foods, and this applies to sources of fats and oils. Given the health-

promoting qualities that hempseed possesses, as described in the following discussion, hempseed 

deserves to be added to the human diet. 

The quality of an oil or fat is most importantly determined by its fatty acid composition. Polyunsaturated 

fatty acids (PUFAs)  are fatty acids that contain more than one double  bond in   the backbone of their 

molecule. By contrast, saturated fatty acid molecules have no double bonds. Saturated fat molecules can 

pack together more easily than unsaturated fats, which is why the former are solids at room temperatures 

while unsaturated fats are liquids. Hempseed oil is of high nutritional quality because it contains high 

amounts (generally over 80%) of PUFAs (Figure 8.9), mostly the EFAs linoleic acid (18:2, 50%–60% content 

in the achenes, depending on strain) and alpha-linolenic acid (18:3, 20%–25%). GLA (18:3, 1%–6%) and SDA 

(18:4, 0%–3%) are also metabolically important fatty acids, which are present in hempseed oil. (The C:D 

ratio notation is a shorthand way to describe these molecular species, where C specifies the number of 

carbon atoms in the molecule and D gives the number of double bonds.) Additionally present is the 

monounsaturated fatty acid (MUFA) oleic acid (18:1, 10%–16%), also considered healthy, although oleic 

acid and other MUFAs are not essential for health. Numerous studies have demonstrated that fatty acids 

are important for human health (e.g., Connor et al. 1993; Holub and Holub 2004; Fedor and Kelley 2009; 

Panza et al. 2009; Wendel and Heller 2009). Animal experimentation using hempseed as a dietary source 

has shown that it has sig- nificant cardioprotective effects (Prociuk et al. 2006; Al-Khalifa et al. 2007), 

preventing cholesterol- induced stimulation of platelet aggregation (Prociuk et al. 2008). Indeed, studies 

of hempseed intake in both humans and laboratory animals have reported that dietary hempseed can 

induce significant improvements in serum lipid profiles in humans and other animals (Callaway et al. 

2005; Karimi and Hayatghaibi 2006; Schwab et al. 2006; Kang and Park 2007). 

GLA is a widely consumed supplement known to affect vital metabolic roles in humans, ranging from 

control of inflammation and vascular tone to initiation of contractions during childbirth (Dimić et al. 

2009). GLA has been found to alleviate psoriasis, atopic eczema, and mastalgia and may also benefit 

rheumatoid arthritis and cardiovascular, psychiatric, and immunological disorders (De Luca et al. 1995; 

Clarke 1996; Deferne and Pate 1996; Fan and Chapkin 1998; Yu et al. 2005). Aging, diet, and pathology 

(diabetes, hypertension, alcoholism, etc.) may impair GLA metabolism, making supplementation desir- able. As 

much as 15% of the human population may benefit from addition of GLA to their diet (The Furrow 1990). At 

present, GLA is available in health food shops and pharmacies primarily as soft gelatin capsules of borage (Borago 

officinalis L.) or evening primrose (Oenothera biennis L.) oil, but hempseed is almost certainly a much more 

economic source of GLA and EFAs. Although the content of GLA in the seeds is lower, hemp is far easier to cultivate 

and higher-yielding. 
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FIGURE 8.9  Mean content of principal fatty acids in hempseed oil. Based on 62 different accessions grown  in southern Ontario and 

reported in Small and Marcus (2000). 

P
er

ce
n
ta

g
e 



Essential Fatty Acids 

Linoleic acid and alpha-linolenic acid are the only two fatty acids that must be obtained from     the diet 

to maintain human health and, for this reason, are considered essential to human welfare (Callaway 

2004). Several other fatty acids are sometimes termed “conditionally essential” because they can 

become essential under some physiological or disease conditions (GLA and SDA, for  example, discussed 

in this and the next section). Linoleic acid and alpha-linolenic acid were once designated “vitamin F,” a 

terminology that has been abandoned. The relative amounts of the EFAs vary among different strains 

(Small and Marcus 2000; Kriese et al. 2004) and with seed maturity (Peiretti 2009). In contrast to 

shorter-chain and more saturated fatty acids, the EFAs usually do not serve primarily as energy sources. 

Instead, the bulk of dietary EFAs serve as raw materials for the production of cell membranes and as 

precursors for the biosynthesis of many of the body’s regula- tory biochemicals in the course of normal 

metabolism (Spielmann et al. 1988). The omega-3 fatty acids are available in other oils, particularly fish 

and flaxseed, but these tend to have unpleasant flavors compared to the mellow, slightly nutty flavor of 

hempseed oil. 

While the value of unsaturated fats is generally appreciated, it is much less well known that many 

dieticians consider the Western diet to be nutritionally unbalanced by an excess of lin- oleic (the 

omega-6 EFA, unsaturated with two double bonds, named “linoleic” because it was  first identified 

from linseed oil), over alpha-linonenic acid (the omega-3 EFA, unsaturated with three double bonds) 

(Simopoulos 2002; Figure 8.10). GLA is also an omega-6 fatty acid, and its omega-3 analogue is SDA. 

Both are present in nutritionally significant amounts in hempseed oil, and at the same ratio as their 

EFA precursors. A century ago, the typical North American diet ratio of omega-6 to omega-3 fatty acids 

was about 1–3:1; today, it is about 10–14:1. In hempseed, linoleic and alpha-linolenic occur in a ratio 

between 2.1 and 3:1. This ratio is considered optimal in healthy human adipose tissue and is apparently 

unique among common plant oils (Deferne and Pate 1996). Rapeseed oil has a similar ratio of omega-

6 to omega-3, but the overall amounts of EFAs are lower, and both GLA and SDA are lacking. (Note, 

however, that some researchers, such as Harris 2006, dispute the medical significance of the ratio of 

omega-6 to omega-3, although this opinion is clearly in the minority.)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

FIGURE 8.10  Health significance of relative balance of omega-6 to omega-3 fatty acids. Left: An ideal  dietary balance requires two to 

three times as much omega-6 as omega-3 fatty acids. Right: The seriously unbalanced diet typical of much of society today has far too 

much omega-6 compared to omega-3 fatty acids. Prepared by B. Brookes. 
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The primary reasons why an optimal ratio has been proposed are the observed negative effect from 

diets that are too heavy in omega-6 and observations of the enzyme kinetics for delta-6-desaturase, 

the enzyme that metabolizes both EFAs to GLA and SDA. Too much omega-3 from flaxseed oil, for 

example, can actually suppress the normal production of GLA in humans (Schwab et al. 2006). Long-

chain omega-3 fatty acids from fish, such as EPA and docosahexanoic acid (DHA), seem to reduce 

inflammation, prevent heart arrhythmias, dilate bloods vessels, and counter blood clotting. By 

contrast, excessive dietary omega-6 fatty acids pro- mote an inflammatory response and encourage 

clotting. When insufficient omega-3 is provided (relative to omega-6), there seems to be an increased 

incidence of common diseases, including heart disease, Crohn’s disease, asthma, Alzheimer’s, and 

some kidney diseases. Rodriguez-Leyva and Pierce (2010)  pointed out that hempseed oil could be 

useful for reduction of the symptoms   of chronic illnesses like coronary artery disease, hypertension, 

diabetes, arthritis, osteoporosis, inflammatory and autoimmune disorders, and cancer, although 

human research is required to validate these claims specifically for hempseed oil. 

The essential omega-6 fatty acid linoleic acid, which is present in elevated amounts in hempseed oil, is 

of particular significance to cardiovascular health. Linoleic acid is metabolized to produce arachidonic 

acid, which begins a vast and important biochemical metabolic pathway known as   the arachidonic acid 

cascade. From this, important classes of chemicals, including eicosanoids, prostaglandins, leukotriens, 

and even endocannabinoids (see Chapter 13), are produced to regulate many biological processes 

(Simopoulos 2008). Hempseed is thought to have potential for reducing platelet aggregation and, 

therefore, blood clots, which initiate heart attacks and stroke; however, animal studies and limited 

human studies to date have not yet clarified the relative value of hemp- seed oil consumption 

(Rodriguez-Leyva and Pierce 2010). Hempseed protein contains a significant amount of the amino acid 

arginine, which is an important chemical in the normal regulation of blood pressure. 

Seo et al. (2012) noted, “Cardiovascular disease is a principal cause of mortality in many coun- tries, and 

accounts for up to 16.7 million deaths annually. Cardiovascular disease is primarily caused by 

atherosclerosis, a chronic inflammatory disease of the arteries that generally clinically manifests as 

thrombosis. In the past, atherosclerosis was thought to be due to a passive accumula- tion of cholesterol 

in the blood vessel wall. However, current data corroborate the hypothesis that atherosclerosis involves 

chronic inflammatory features… Hempseed might prove to be a promis- ing…anti-atherosclerotic… 

Although several previous studies have attempted to characterize the effects of dietary hempseed 

intake, its effects on atherosclerotic heart disease have yet to be thor- oughly elucidated.” 

 

Minor Fatty Acids 

There are other fatty acids in small concentrations in hemp seed that have some dietary signifi- cance, 

including SDA (18:4, up to 2.5% in the achenes), an omega-3 fatty acid (Callaway et al. 1996), and 

eicosenoic acid (20:1, about 1%), an omega-9 fatty acid (Mölleken and Theimer 1997). Nutritional 

supplements featuring SDA are currently made from black currant (Ribes species) seed, but some hemp 

cultivars are potential alternative sources. SDA is apparently not an important human dietary 

supplement because we normally make it ourselves from dietary alpha-linolenic acid. However, SDA 

supplementation may be helpful for infants and the elderly, who tend to be deficient in delta-6-

desaturase activity (Pate 1998b). Eicosenoic acid is important in the production of cerebrosides, which 

are components of nerve membranes and the “white matter” of the brain. 

 

 

 



TocoPherols 

Tocopherols are major dietary antioxidants in human serum (Mölleken et al. 2001). Alpha-, beta-, 

gamma-, and delta-tocopherol represent the vitamin E group. They can comprise up to 0.1% of hemp- 

seed oil. These fat-soluble vitamins are essential for human nutrition. About 80% of the tocopherols in 

hempseed oil are in the gamma form. The vitamin E content of hempseed is comparatively   high relative 

to other dietary oils. Natural antioxidants in hempseed oil, such as alpha-tocopherol, stabilize the highly 

polyunsaturated oil, thus keeping it from going rancid, at least within the intact seed (Kamal-Eldin and 

Appelqvist 1996; Sapino et al. 2005; Yu et al. 2005). 

 

Sterols 

Up to about 0.7% of hempseed oil may be phytosterols, such as sitosterol and campesterol (Matthäus 

and Brühl 2008). Sterols in hemp seeds, like the tocopherols, probably serve the same antioxi- dant 

function of protecting the seed oil and are also desirable from a human health viewpoint. Phytosterols 

are membrane constituents in all plants. Medically, they are known to reduce total blood cholesterol 

and low-density lipoprotein (LDL) cholesterol levels in serum and so seem to be therapeutic for 

atherosclerosis (Malini and Vanithakumari 1990; Mölleken et al. 2001; Miettinen and Gylling 2004; 

Patch et al. 2006). 

 

Protein 

Hempseed protein has recently become very popular as a nutritional supplement, although evidence for 

its health value is relatively limited. Hemp seeds contain 25%–30% protein, with all eight of the amino 

acids that are essential in the human diet and a reasonably complete amino acid spectrum, although 

lysine is relatively low as in most vegetable protein (Tang et al. 2006); however, arginine is relatively high 

(and is discussed in the next section). About two-thirds of hempseed protein is of the edestin (legumin) 

type, which is easily digestible. Hemp protein also includes vegetable albumin, which is also easily 

digested and has a reasonable balance of amino acids, comparable to that of soy- bean or egg white 

(Callaway 2004). Although the total protein content in hemp seed is smaller than that of soybean, hemp 

protein is much higher than in grains like wheat, rye, maize, oat, and barley (House et al. 2010), and it is 

well suited to human consumption (Wang et al. 2008b). The oilcake remaining after oil is expressed from 

the seeds is employed as a very nutritious feed supplement for livestock, but it also has potential for 

production of a high-protein flour for humans. 

Proteins are potential allergens, but human allergies to hemp protein have rarely been reported 

(Stadtmauer et al. 2003; Gamboa et al. 2007; Nayak et al. 2013). Fractions of hemp protein have been 

experimentally demonstrated to reduce hypertension in rats (Girgih et al. 2011). Hempseed lacks gluten 

proteins and is suitable for those with gluten intolerance. 

 

Arginine 

Rodriguez-Leyva and Pierce (2010) noted that hempseed contains “surprisingly high levels of the amino 

acid arginine, a metabolic precursor for the production of nitric oxide, a molecule now recog- nized as a 

pivotal signaling messenger in the cardiovascular system that participates in the control of hemostasis, 

fibrinolysis, platelet and leukocyte interactions with the arterial wall, regulation of vascular tone, 

proliferation of vascular smooth muscle cells, and homeostasis of blood pressure… individuals may be 

able to decrease their risk for cardiovascular disease by following a diet that is high in arginine-rich 

foods.” 

 



Phenolics 

Phenolics (phenols) include chemical compounds with a hydroxyl group (-OH) bonded to an aro- matic 

hydrocarbon group (with one or more six-carbon rings; sterols, noted previously, are struc- turally 

similar, but the hydroxyl group bond is different). The largest group of phenolics is the flavonoids. The 

cannabinoids are also phenols. CBD, with two phenolic groups, is a polyphenol. Phenolic compounds 

are effective antioxidants and often have additional physiologically beneficial effects such as 

cardioprotection and anti-inflammation. Hemp seed is rich in phenols and polyphe- nols (Vonapartis et 

al. 2015). 

 

Other significant dietary constituents 

Hempseed is considered to be a good source of carbohydrates (20%–30%), dietary fiber (10%– 15%; 

about 20% of the fiber is digestible), and minerals (4%–6%), particularly calcium, iron,  magnesium, 

phosphorus, potassium, sulfur, and zinc (Theimer and Mölleken 1995; Deferne and Pate 1996; Pate 

1998b). 

 

ENVIRONMENTAL CONTROL OF THE DEVELOPMENT OF FATTY 
ACIDS 

In Chapter 11, it is noted that the concentration of THC, the principal intoxicant of C. sativa, depends to 

an extent on the environment in which the plant develops, the genetics of the seed, and if the female 

flower has been pollinated. Similarly, the relative percentage of oil in the seeds has been observed to vary 

with variety, year of cultivation, climatic conditions, and location (Matthäus and Brühl 2008; Grigor’ev et 

al. 2010). Environment can also alter the fatty acid quality (profile) of Cannabis seed. This was dem- 

onstrated by Przybylski et al. (1997), who compared oilseed quality of hemp grown in Canada (under 

colder conditions) with the same varieties grown in Europe (under warmer conditions). The Canadian- 

grown seed oil was about 15% higher in unsaturated fatty acids, with about 10% more of alpha-linolenic 

acid and GLAs. Theimer and Mölleken (1995) similarly noted that hemp grown in warmer areas tends to 

produce oil with more saturated fatty acids, and indeed, this pattern has been recorded for other oilseed 

plants. It appears that a cooler climate may be preferable for development of the unsaturated fatty acids, 

but if the growing season is too short, grain productivity can be low and the fatty acid profile may be 

inferior. The more unsaturated a fatty acid is, the lower is its freezing point (i.e., changing from a liquid to a 

solid form). Callaway and Pate (2009) suggested that this protects the seeds from low winter tempera- 

tures in colder regions. Ross et al. (1996) noted that, with increasing maturation of the seeds, consistent 

with observations of many other oilseed plants, the percentage of unsaturated fatty acids increases and 

the percentage of saturated fatty acids decreases in the mature seed. 

 

 

 

 

 

 



HOW DOMESTICATION HAS ALTERED CANNABIS SATIVA FOR 
OILSEED PRODUCTION 

Review of key information presented in previous chapters 

In Chapter 3, it was noted that “seeds” (achenes) in domesticated plants of C. sativa differ in several 

respects from those of wild plants. This information is not repeated here, but it should be noted that 

oilseed hemp seeds show all of the features characteristic of domesticated plant seeds. 

Chapter 5, dealing with photoperiodism, pointed out that plants of C. sativa are locally adapted to 

increasingly shorter seasons of northern latitudes by becoming smaller, and this pattern applies to 

plants grown for oilseed, as well as those cultivated for fiber and intoxicating chemicals. The very 

popular, northern, early-flowering oilseed cultivar FINOLA is autoflowering (day-neutral); the flowering 

date is not affected by day length, although the flowering time may be shortened by other 

environmental variables, such as drought. 

Chapter 6, which discusses the evolution of shoot architecture and planting density patterns in the 

various kinds of domesticated plants, supplements the information presented here on oilseed varieties. 

It was pointed out that plants grown either for marijuana or seeds are spaced sufficiently apart to 

provide for branches (hence flowers, seeds, and THC content) to develop well, and likely, farmers learned 

the appropriate planting density required to maximize seed production (while keep- ing in mind that 

weeds are a common problem when planting density is low). 

Chapter 7, which discusses fiber production, noted that there are currently very few cultivars bred 

specifically for oilseed production, and indeed, most hemp seed is currently obtained from so-called 

“dual usage” plants (employed for harvest of both fiber and seeds), which are not capable of producing 

as much seed as oilseed varieties. As noted in Chapter 7, growing hemp to the stage that mature seeds 

are present compromises the quality of the fiber, because of lignification in the stem. As well, the woody 

hurds that are useful as a secondary product become more difficult to separate. The lower-quality fiber, 

however, is quite utilizable for pulp and other nonwoven usages. It seems that generally in the past, as 

in the present, when seeds were harvested from cultivated 

C. sativa, they came from plants that were usually grown additionally for other purposes, either for fiber 

or marijuana. Of the dual-usage cultivars, the European cultivars Uniko B and Fasamo and the Canadian 

cultivar Anka are particularly suited to being grown as a source of oilseed. FINOLA, an oilseed cultivar, 

can also be grown for dual usage. 

 

The  traditional  use  of  tall, highly  branched  plants  to  produce  
hempseed 

From time immemorial, China has been the world’s major producer of hempseed. Small and Marcus 

(2000) examined the growth of Chinese hemp land races, which were quite branched (Figure 8.11) and 

so capable of very high production of seeds. Chinese hemp grown for dual usage or just for seeds are 

typically planted at lower densities than hemp grown only for fiber, as this promotes branching, 

although it should be understood that the genetic propensity for branching of cultivars has been 

selected. It appears clear that considerable branching is a characteristic that farmers have stressed in 

order to maximize seed production. 

 



 

 

FIGURE 8.11 A highly branched Chinese land race capable of considerable seed production. 



 

Dewey (1914) noted that a Turkish type of land race called Smyrna was commonly used in the early 

twentieth century in the United States to produce birdseed because (like most marijuana types of 

Cannabis and unlike fiber types) it is quite branched, producing many flowers, hence seeds. Indeed, 

Dewey’s description of Smyrna is reminiscent of the well-branched kind of Chinese land race shown in 

Figure 8.11. 

Based on the preceding discussion, it seems that large, well-branched plants have been the stan- dard 

form of plant used particularly for seed production in the past. However, such plants have been grown 

not just for seeds but also either for fiber or for marijuana, and so they are “general purpose” kinds. 

 

The use of short, compact plants to produce hempseed 

Until very recent times, the widespread cultivation of hemp primarily as an oilseed was largely 

unknown, except in pre–World War II Russia. It is uncertain whether the kind of Russian land races once 

grown as oilseeds are still extant. It is difficult to reconstruct the type of hemp plant that was grown in 

Russia as an oilseed crop because (1) such cultivation has essentially been abandoned and 

(2) land race germplasm in the Vavilov Research Institute (St. Petersburg) seed bank, the world’s largest 

public cannabis seed collection, has been extensively hybridized (Small and Marcus 2003; Hillig 2004b) 

due to inadequate maintenance. A land race certainly was grown in Russia spe- cifically for seeds, and 

Dewey (1914) gave the following information about it: “The short oil-seed hemp with slender stems, 

about 30 inches high, bearing compact clusters of seeds and maturing in 60 to 90 days, is of little value 

for fiber production, but the experimental plants, grown from seed imported from Russia, indicate that 

it may be valuable as an oil-seed crop to be harvested and threshed in the same manner as oil-seed 

flax.” 

While oilseed land races in northern Russia would have been short, early-maturing plants in view of the 

short growing season, in more southern areas, oilseed landraces would be expected    to have had 

moderate height and to be spaced more widely to allow abundant branching and seed production to 

develop. Curiously, land races from Russia have been observed to be shorter as sowing latitude 

decreases, not taller (J. Callaway, personal communication). 

There are only a few cultivated varieties currently available that have been bred specifically for the 

production of grain. Some very recently bred oilseed cultivars are short, compact, and ideal for high-

density planting. These include FINOLA, formerly known as FIN-314 (Figure 8.12), which is relatively 

short and little-branched, matures early in north-temperate regions, and is ideal for high-density 

planting and harvest with conventional equipment. It appears that modern hempseed breeders have 

intuitively or intentionally reconstructed the kind of plant that used to  be grown in Russia for oilseed. 

Low stature is desirable in oilseed selections to avoid channeling the plants’ energy into stem tissue, in 

contrast to fiber cultivars, for which a very tall main stalk is desired. Compact clustering of seeds also 

decreases stem tissue, promotes retention of seeds, and facilitates collection. The efficiency of grain 

production by crops is often measured by “harvest index,” the ratio of harvested grain to above-ground 

dry matter, and crop breeders are strongly motivated to increase the harvest index by maximizing 

grain yield while minimizing other plant tissues. Modern selection is also occurring with regard to 

mechanized harvesting, particularly the ability to grow in high density as single-headed stalks with very 

short branches bearing consid- erable seed, an architecture that not only maximizes harvest index but 

also facilitates machine harvesting. 

 

 



Plants with limited (or  at least short) branching are naturally superior to irregularly branch-   ing plants 

for the purpose of fully and uniformly occupying a field and maximally utilizing solar irradiation. This is 

obviously desirable for optimizing production, a very important goal in modern plant breeding that will 

become increasingly significant. As a matter of interest, short plants with compact branching is an 

architecture that has been selected not just for oilseed production but also for producing marijuana (see 

the discussion of the “indica type” of marijuana plant in Chapters 12, 13, and 17). 

 

 

 

 

FIGURE  8.12    Fields of C. sativa FINOLA, the first hemp cultivar developed exclusively  for grain. The     low stature facilitates machine 

harvest and the limited branching minimizes production of stem tissue while allowing a substantial number of plants to be grown in a 

given area, maximizing production on an acreage basis. Top: The breeder, Dr. J.C. Callaway, is shown (photo by Anita Hemmilä, Finola Inc.). 

Bottom: A har- vester gathering the crop (photo by J.C. Callaway, Finola Inc.). 

 

 

 

 

 



Selection for Seed Characteristics 

Seed Whiteness 

This section examines relative seed whiteness (lightness of hue), which appears to have been selected 

in domesticated Cannabis as a result of human preference. 

Seeds that are edible and therefore attractive to various herbivores need to be inconspicuous, and 

Chapter 3 discussed how a camouflagic mottled layer based on perianth (petal tissue) covering the 

achenes of wild C. sativa serves to hide them from herbivores. It was also pointed out that this layer 

tends to be sloughed off in domesticated strains because it is no longer needed since humans protect 

the plants against herbivores. The exposed outer layer of the seed (actually fruit) has been observed to 

differ in shading—either light or dark. Figure 8.13a contrasts the quite dark seeds of a domesticated 

marijuana strain (typical of the “seeds” of numerous criminal confiscations observed in Canada) and the 

much lighter seeds of a fiber variety (indeed, most European cultivars have seeds that tend to be lighter 

shades of brown or gray). In these samples, the camouflagic perianth layer is absent and the color 

pigmentation resides in the “pericarp” (achene wall, surrounding the true seed). (It should be noted that 

achenes exposed to sunlight for long periods may become bleached and that light coloring is also 

characteristic of immature seed.) 

Larger achenes are appropriately planted deeper in the soil, and this may be related to their color. 

Kluyver et al. (2013) proposed that ancient agricultural practices buried seeds quite deeply, leading to 

an increase in seed size under domestication so that seedlings would have the energy to grow out of the 

soil. Deeply buried seeds are probably more protected against herbivores and may therefore be more 

tolerant of light coloration which would tend to attract herbivores. However, darkness of the pericarp 

of domesticated achenes does not seem to be correlated with their size. Differences in darkness of 

pericarps among domesticated strains of C. sativa may be the result of random fixation, but they may 

also reflect a frequently observed preference for light-colored achenes in other species, as exemplified 

in Figure 8.13b and c (for additional examples of similar color selection of fruits and seeds, see Heiser 

1988; Small 2013a). The presence of lighter-colored achenes in European fiber hemp cultivars has been 

recorded by Vavilov (1931) and Serebriakova (1940). Lighter-colored achenes also are present in Chinese 

fiber strains, and indeed, Clarke and Merlin (2013) hypothesized that Chinese fiber strains imported into 

Europe in the nineteenth century contributed genes to European land races and were responsible for the 

origin of lighter-colored achenes in European cultivars. However, human preference for lighter- colored 

propagules seems to be so universal that probably such selection occurred independently in Europe and 

China. It is possible that lighter-colored achenes arose in Cannabis not because of   a human preference for 

lighter color but because lighter color is associated with some other aspect of the achenes that is of value. 

Diederichsen and Raney (2006) found that in a large collection of oilseed flax (Linum usitatissimum L.) lighter-

colored (yellow) seeds were heavier and had a higher oil content than darker-colored (brown) seeds, and it 

seems possible that the lighter color of the flax seeds is the result of correlation with selection for larger, 

more nutritious seeds. 

 

 

 

 

 

 



 

 

FIGURE 8.13 Selection for whitish achenes (“seeds”) under domestication. (a) Left: dark  domesticated achenes (lacking a perianth layer) 

of a marijuana selection of C. sativa. Right: whitish domesticated achenes (also lacking a perianth layer) of a fiber cultivar. (b) Left: normal 

brown achenes of coast tarweed (Madia sativa Mol.). Right: white achenes of a cultivar. (c) Left: normal brownish achenes of golden chia 

(Salvia columbariae Benth.). Right: white achenes of a cultivar. Photos (public domain) for b and c by Steve Hurst, 

U.S. Department of Agriculture. 

1 mm 
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Seed Size vs. Seed Quantity 

Although some forms of C. sativa have quite large seeds, until recently, oilseed forms appear to have 

been selected mainly for a heavy yield of seeds. In Europe, most cultivars have been selected for fiber 

yield, and these do not differ much in oilseed potential (Mölleken and Theimer 1997). By contrast, some 

drug strains (which have been selected for prodigious production of flowers), when left to go to seed, 

can yield a kilogram of seeds on a single plant (Clarke and Merlin 2013). Piluzza et al. (2013) reported 

that the seeds of fiber cultivars are larger than those of drug strains, which is consistent with fiber plants 

having a more extensive historical food usage for seeds than those of drug forms. 

 

Fatty Acid Quality 

Percentage and quality of oil in the seeds do not appear to have been important in the past, in part 

because techniques for analyzing the nutritional chemicals were simply not available until fairly 

recently. Theimer and Mölleken (1995) concluded that breeding to obtain hemp varieties producing oils 

with specifically desired fatty acids had not taken place, although selection for oil quality is now being 

conducted. 

 

Hull Thickness 

As noted in Chapter 3, domesticated achenes are thinner-walled than wild achenes, and thinness  of 

pericarp (hull) is an important criterion for modern hemp oil seed breeders since the pericarp is a waste 

product. Small and Marcus (2000) surveyed 62 accessions and found the hull varied from about 30% to 

42% of the weight of the seed. 

 

HEMP SEED AND OIL CULINARY LIMITATIONS 

Hemp seeds and hempseed oil are tasty, with an attractive nutty taste when fresh. Untreated hemp- 

seed is normally not susceptible to oxidative deterioration during storage because the protective seed 

hull prevents oxygen from reaching the fatty acids. However, because of fear of viable seeds being used 

to produce plants, in some jurisdictions, only sterilized seeds or hulled seed is com- mercially available. 

Because of the very high content of unsaturated fatty acids (of the order of 80%), heat-treated 

hempseed and its extracted oil are easily oxidized. Hulled hempseed is normally marketed as a hand 

food, in closed containers, and once opened, it should be consumed promptly. 

There are two consequences of the susceptibility to oxidation of hempseed oil. (1) Heat produces 

oxidation much more rapidly for hemp than for most of the common edible oils, so hempseed oil 

deteriorates so rapidly when heated that it is unsuitable for frying. As noted in the early part of this 

chapter, the smoke point, i.e., the temperature when smoke is produced, is low for hempseed oil, adding 

to its poor performance as a frying oil. (2) The storage life is also limited, unless the oil is frozen and 

protected from light. 

Callaway and Pate (2009) made the following recommendations regarding cooking tempera- tures: “In 

general, the use of hempseed oil in any type of cooking should be limited to the tem- perature of boiling 

water. Interestingly, the internal temperature of baking bread does not surpass this threshold. At most, 

the temperature of hempseed oil should not exceed about 120°C, which is approximately the 

temperature found in pressure-cooking, and then only for relatively short periods of time.” 

Hempseed oil is best stored in glass, ceramic, or glazed-metal containers. The oil should be consumed 

within a short time after a bottle is opened because of degradation due to oxygen in air. Cold storage 

of the oil, bottled under nitrogen, in sealed, light-proof containers, and possibly with the addition of 

antioxidants, will prolong shelf life.  



Small bottles that can be used up in a short time are recommended. Matthäus and Brühl (2008) noted 

that once bottles are opened, within two months a fishy or varnish-like smell reminiscent of linoleum, 

paint, or putty can result, and such oil should not be used for human consumption. Because of its 

susceptibility to oxidation, hempseed oil is mostly used fresh as a salad oil or in processed foods with 

short shelf lives. 

 

PROCESSED FOOD PRODUCTS FOR HUMANS 

For human consumption, the achene is hulled (=dehulled); that is, the inedible shell covering is removed. 

The remaining edible portion is the embryo. Hulled hemp seed (Figure 8.14, right) is a very recent 

phenomenon, first produced in quantity in Germany. The quality of modern hemp seed for human con- 

sumption far exceeds anything produced historically. Commercial hemp seed is now often found canned 

or vacuum-packed for the human food markets (Figure 8.14, left). “Hemp nut” is hulled hemp seed. 

(“HempNut” was a trademark that lapsed into the public  domain. “Hemp Hearts,” also trademarked,  is 

used in North America.) Modern seed hulling uses mechanical separation and cleaning to produce a 

smooth, white, gritless hempseed embryo that needs no additional treatment before it is consumed. This 

product should be distinguished from the protein-rich, oil-poor seed cake that remains after oil has been 

expressed from the seed. Ordinarily, seed cake from other oilseeds is used for livestock feed. Instead, a 

protein-rich powder is sometimes sieved from hempseed cake for human food markets. 

Hemp seeds and hempseed oil are incorporated into many food preparations, sometimes mim- icking 

familiar foods (Figure 8.15). These include nutritional (granola-type) or snack bars, “nut butters” and 

other spreads, bread, pretzels, cookies, yogurts, pancakes, muffins, porridge, fruit crumble, frozen 

desserts (“ice cream”), pasta, burgers, pizza, salt substitute, salad dressings, may- onnaise, “cheese,” 

and beverages (“lemonade,” “beer,” “wine,” and “coffee nog”). One of these products, “hemp milk,” 

comprising a filtered watery mixture of crushed seed, is new in Western countries but is a traditional 

drink in southern China (Tang et al. 2009). Alcoholic beverages made with hemp utilize hemp essential 

oil as a flavorant. Hemp food products currently have a niche mar- ket, based particularly on natural food 

and specialty food outlets. As the production area increases and prices decrease, foods from hemp seed 

will become more common in the Western diet because the taste and nutritional profile are exceptional. 

 

 

 

FIGURE 8.14 Hulled (shelled) hempseed. Left: A can of hulled hemp seed. Right: A serving of hulled hempseed. Photo by G. McKeith (CC 

BY 3.0). 



 

 

 

 

FIGURE 8.15 Some packaged, processed edible food products made with hemp seed and/or hemp seed oil. Bottom photo by Dave O (CC 

BY SA 2.0). 

 

RAW HEMPSEED SPROUTS FOR HUMANS 

Sprouts (recently germinated, live, edible seedlings) of various species (e.g., mung, alfalfa, mustard, cress) 

are widely marketed and consumed as an especially healthy form of vegetable, since the ger- mination 

process often makes some nutritious constituents more available, and sometimes detoxifies constituents 

that protect seeds from being consumed by wild herbivores. Improperly produced sprouts can be 

contaminated with microorganisms, and periodic outbreaks of disease occur because of inade- quate 

commercial production practices. Nevertheless, in a world dominated by nutritionally unhealthy 

processed foods, sprouts represent a marvellously healthy contribution to our diet. Hempseed sprouts 

are just germinated hemp seeds, and while information on their nutritional qualities has not been care- 

fully researched, almost certainly, they are at least as nutritious as commonly sold seed sprouts. Young 

hemp seedlings have hardly begun to produce secretory trichomes or cannabinoids, so the production of 

cannabinoids should not be an issue. However, sprouts of C. sativa are living plants of C. sativa and 

therefore may be illicit in many countries. Sprouts can be used to produce mature plants and so are of 

concern to law enforcement. Of course, viable seeds of C. sativa can also be used to produce mature 

plants, and so these may also be forbidden to the general public (and unfortunately, as noted in this 

chapter, sterilizing hemp seed greatly hastens rancidity). Hempseed sprouts could be marketed frozen (or 

otherwise preserved), or in a processed state, although sprouts are almost universally mar- keted fresh. 

At present, the prospects of developing a hempseed sprout industry seem dismal (at least in North 

America, which, unlike much of the world, controls commerce in viable seeds). However, there may well 

be a biotechnological way of generating sprouts that satisfy regulations. As with most consumer products 

produced from C. sativa, many would find “hemp sprouts” worth buying, while others would find reasons 

to condemn “marijuana sprouts.” This issue requires education, as hemp- seed sprouts do not contain 

significant amounts of cannabinoids, and hemp is not marijuana. 



RECIPE SOURCES 

Hempseed recipes date back many years, as evidenced by the following from a fifteenth century Italian 

cookery book (after Van Winter 1981): “To make a hemp dish for twelve guests, boil one pound of shelled 

hemp seeds until they burst. When they are ready, add a pound of white well ground almonds, grind 

the mixture in a mortar with bread crumbs, then bind it with a clear meat  or poultry broth and rub it 

through a horse-hair sieve into a saucepan. Place in on a stove, well away from the flame, and stir it 

frequently. When it is almost ready, add half a pound of sugar, half an ounce of ginger, a little saffron 

and rose water. When it is cooked and has been put into bowls, sprinkle it with sweet spices.” 

With the growing popularity of hempseed, recipe books for hemp have become common. 

Unfortunately, it is sometimes difficult to distinguish from the title whether these books are dedi- cated 

to hempseed or to the preparation of edible marijuana foods. Examples of recipe books dedi- cated to 

hempseed include Benhaim (2000), Cicero (2001), Dalotto (1999), Hiener and Mack (1999), Krieger and 

Krieger (2000), Leson et al. (1999), Rose et al. (2004), Suzanne (2009), and Woodland Publishing (2005). 

 

ANIMAL FEED 

Beneficial Aspects 

Hemp seeds have traditionally been employed as bird and poultry rations, but feeding the entire seeds 

to livestock has been considered to be a poor investment because of the current high cost involved 

(subsidization in Europe has allowed such usage, especially in France, although most of the hempseed 

in Europe is imported from China, as birdfeed). Higher yield and better harvesting practices may make 

whole hempseed an economical livestock feed in the future as the cultivation area continues to 

increase. 

There have been many studies of how much hempseed or hempseed by-products can be used as 

livestock feed. Gibb et al. (2005) found that including 14% hempseed in the finishing period of steers had 

no detrimental effect on their growth or feed efficiency and resulted in brisket tissues that were lower 

in saturated fat and higher in unsaturated fat (and presumably healthier for human consump- tion). The 

seed cake (press-cake, seed meal) left after expressing the oil has proven to be excellent for cows, sheep, 

and lambs (Mustafa et al. 1999), and Hessle et al. (2008) also found that hempseed cake is excellent 

feed for cattle. Karlsson et al. (2010) observed beneficial effects from hempseed cake on milk quality of 

dairy cows (but beyond an ideal proportion of the diet, increasing hemp- seed cake decreased quality 

of milk). Reminiscent of the study of Gibb et al. (2005), Silversides and LeFrançois (2005) found that 

feeding hempseed cake to hens resulted in no significant differences for egg production, feed 

consumption, feed efficiency body weight change, or egg qualities (except that the eggs had lower 

saturated fats and higher unsaturated fats and were therefore healthier for human consumption). Khan 

et al. (2010) fed powdered whole seeds up to 20% of the diet of broil- ers and concluded that the feed 

was beneficial and that the eggs had sufficient amounts of alpha- linolenic acid to be marketed as 

omega-3 eggs. Eriksson and Wall (2012) found that inclusion of hempseed cake did not affect the 

productivity of organically produced broilers. Hempseed oil has been used up to 12% in laying hen diets, 

and hempseed up to 20%, without exerting adverse effects on growth performance (Gakhar et al. 2012). 

Goldberg et al. (2012) reported similar results for  hempseed oil. Hullar et al. (1999) found that hempseed 

cake was beneficial for pigeons. Konca and Beyzi (2012) found that hempseed cake may constitute up 

to 10% of the diet of Japanese quail. Webster et al. (2000) observed that hempseed cake was a good 

feed for sunshine bass (Morone chrysops × M. saxatilis), and it is used to feed carp in France. Pedrosa 

(2008) and Rema et al. (2010) found that hempcake and hempseed oil were useful feeds for juvenile 

turbot (Scophthalmus maxi- mus). Lee et al. (2010) found that hempseed speeded up the growth and 



resulted in larger size of Drosophila melanogaster flies (not to suggest that these insects are suitable as 

human food). 

The European Food Safety Authority (EFSA) Panel on Additives and Products or Substances Used in 

Animal Feed (2011), a comprehensive committee-based review of hempseed as animal feed, came to 

the following evaluation: Three classes of feed materials may be derived from hemp- seed: whole seed 

(26% to 37.5% lipids, 25% crude protein, and 28% fiber), hemp seed meal/cake (about 11% lipids, 33% 

crude protein, and 43% fiber), and hemp seed oil (about 56% linoleic and 22% alpha-linolenic acid). Hemp 

protein isolate from the seeds could also be used as feed, if eco- nomics allowed. Hempseed and 

hempseed cake can be used as feed materials for most animal  species. Felines, however, do not 

metabolize the EFAs very effectively and should not be fed a diet that is rich in vegetable fatty acids. 

Suggested maximum incorporation rates of hempseed in the complete feed could be 3% in poultry for 

fattening, 5%–7% in laying poultry and 2%–5% in pigs for both hempseed and hempseed cake, 5% in 

ruminants for hemp seed cake, and 5% in fish for hemp seed. With fish, however, the limiting factor is 

the amount of vegetable fiber, which increases intestinal motility while decreasing nutritional 

absorption and increasing pollution levels of farmed fish. These suggested amounts should be 

considered conservative (i.e., experience may show that higher amounts are acceptable). 

Callaway and Pate (2009) noted that the tough shell of whole hempseed can limit digestibility if it is part 

of a meal or if whole seeds are fed to animals. However, hempseed hull contains phytos- terols and 

other nutritional components, so it is not without value. Availability of sandy gravel to poultry and other 

birds (so they can utilize it in their crops for grinding) can facilitate avian con- sumption of whole 

hempseed. 

Utilization of hemp stalk, leaves, and other portions of the plant (which may contain some seeds) as 

silage for livestock is discussed in Chapter 10. 

 

HARMFUL ASPECTS  

Hemp seeds improperly prepared without removal of the resin-rich perigonal bracts can make birds 

giddy (Matsunaga et al. 1998). Yousofi et al. (2011) found that female rats fed only a 100% hemp- seed 

diet from premating to lactation produced fewer pups and less milk (and they recommended against 

such a severe diet for pregnant humans!). Stadtmauer et al. (2003) recorded a case of human anaphylaxis 

related to ingestion of hempseed in a restaurant setting, yet no other reports have been published to 

support this observation. 

Russo and Reggiani (2013) examined oilseed cake from Italian and French cultivars for the pres- ence of 

several antinutritive properties (phytic acid, condensed tannins, trypsin inhibitors, cyano- genic 

glycosides, and saponins). They expressed concern about the levels of phytic acid, which they cautioned 

could lead to mineral deficiencies if fed to excess. So far, there are no reports to suggest that this 

actually happens, and there is no evidence to suggest that this may occur to a greater extent than can 

be expected from other vegetable food that contain similar amounts of phytic acid. 

The negative effects of feeding marijuana and other nonseed drug preparations to livestock and 

companion animals are discussed in Chapters 12 and 13. 

 

 

 



NUTRACEUTICAL EXTRACTS (DIETARY SUPPLEMENTS), 
FUNCTIONAL FOODS, AND FORTIFIED FOODS 

As explained previously, both hempseed and hempseed oil have nutritional and therapeutic proper- ties. 

The hempseed industry is now producing a range of extracts to maintain or increase health (e.g., Figure 

8.16) and is promoting the nutritional advantages of incorporating hempseed and hempseed oil in 

foods. Nutritive therapeutic seed products from C. sativa are based mostly on the seed oil and 

particularly on the exceptional fatty acid profile. Quite unlike the highly regulated and legislated 

prescription environment in which cannabis is employed as a drug, the medicinal-nutritional use of seed 

products is part of the free marketplace, particularly in the health food industry. 

 

 

 

 

FIGURE 8.16 Hemp oil in capsule form sold as a dietary supplement. 

 

With the expanding market for herbal components in health foods, marketing terms have devel- oped, 

such as “medical foods,” “pharma foods,” and “phytofoods.” Two terms, “nutraceuticals”  and 

“functional foods,” have become widespread, but their meanings have varied somewhat (Small and 

Catling 1999), particularly in North America. The term “nutraceutical” (sometimes spelled 

“nutriceutical” in the past) was coined by Dr. Stephen DeFelice of the Foundation for Innovative 

Medicine, a New Jersey–based industry group. His definition was “a food derived from naturally 

occurring substances which can and should be consumed as part of the daily diet, and which serves to 

regulate or otherwise affect a particular body process when ingested.” However, the term “nutra- 

ceutical” is now commonly applied to an extremely wide variety of preparations with perceived 

medicinal value, but not necessarily with apparent food value. The phrase “functional food” is  also not 

without controversy, especially in North America. Some have contended that fruits and vegetables 

should be included in “functional foods” because they are so nutrient packed, while oth- ers reserve this 

term for foods that have a measurable effect on a medical condition. For example, in a randomized 

controlled double-blind clinical trial, Callaway et al. (2005) showed that dietary hempseed oil relieved 

symptoms of atopic dermatitis (eczema). The same research group also dem- onstrated that dietary 

hempseed oil reduced the ratio of LDL cholesterol to high-density lipoprotein cholesterol in normal 

volunteers (Schwab et al. 2006). Both of the clinical trials demonstrated vari- ous aspects of hempseed 

oil as a functional food in humans, while the comparative oils did not. In contrast, examples of fortified 



food would be niacin (vitamin B6) added to cereal grains, sodium chloride (table salt) fortified with 

iodine in the 1920s to prevent the development of goiter, and cow’s milk fortified with vitamin D in the 

early 1930s to aid in absorption of calcium and phosphorus, thus preventing rickets. The most useful 

distinction between nutraceuticals and functional foods is simply whether the health-promoting 

constituents are consumed separately as supplements (nutra- ceuticals) or as food (functional foods). 

Given the nutritional qualities of hempseed’s constituents, products incorporating hempseed can also 

legitimately be termed functional foods, although in a broad sense they have also been “fortified.” 

Whether consumed directly or added to food, either naturally derived or produced as a cheaper 

synthetic version of the active natural ingredient, the phrase “nutritional supplements” highlights a very 

important trend that has developed for many plants considered to be medicinal. Unlike 

pharmaceuticals, which are usually potentially toxic medications that should only be prescribed by a 

medical professional, nutritional supplements for the most part can be purchased from a health food 

store, herbal practitioner, or independent dis- tributor or they can simply be consumed in commercial 

fortified foods. Because they are much less expensive than drugs, herbal preparations or extracts, as 

additions to diet, have been advanced as a new, cost-effective health care system. 

 

COSMECEUTICAL PRODUCTS (NUTRITIONAL COSMETICS) 

Since the 1990s, hempseed oil has become very significant as a “cosmeceutical” (cosmetic– 

nutraceutical), i.e.,  a body care preparation that promotes the health of skin and allied parts of   the 

body because of the topical absorption of biochemicals. These products include bubble baths, creams, 

lip balms, lotions, moisturizers, perfumes, shampoos, and soaps (Figure 8.17). One of the most 

significant developments for the hempseed industry was investment in hemp products by Anita and 

Gordon Rodderick, founders of The Body Shop, a well-known international chain of hair and body care 

retailers. This was a rather courageous and principled move that required overcoming legal obstacles 

related to trace amounts of THC in these products. The Body Shop marketed an impressive array of 

hemp nutraceutical cosmetics in the 1990s (Figure 8.17, top), and this gave the emerging hemp industry 

considerable credibility. 

Skin readily absorbs essential fatty acids (EFAs), so that lotions rich in these substances can replenish 

cells damaged by sun and dry air (Wirtshafter 1995). However, EFAs are present in the oil as 

triglycerides, which are poorly absorbed through the skin. On the other hand, it is important to keep 

the dead top layers of skin moist, as this protects the lower layers of dermal tissue from 

 

 



 

 

FIGURE 8.17 Body care products made with hempseed oil. 

 

the environment. Also, if skin is compromised, and blood vessels are exposed or near the surface, then 

these triglycerides will enter the circulation at these sites, where they are also metabolized locally to 

promote healing. Linoleic acid, alpha-linolenic acid, gamma-linolenic acid, and steari- donic acid 

specifically have several functions related to skin care, once absorbed: they influence cell membrane 

functions, including fluidity, transport of electrolytes, and activity of hormones, and they also stimulate 

cell immunology. These fatty acids applied topically are considered to have potential for treating atopic 

dermatitis (neurodermatosis) and psoriasis (Vogl et al. 2004). Dietary hempseed oil, consumed as a 

functional food, has been shown to improve clinical symptoms in patients with atopic dermatitis 

(Callaway et al. 2005). 

 

INDUSTRIAL (NONEDIBLE) PRODUCTS 

The vegetable oils have been classified by “iodine value” as drying (120–200), semidrying (100–120), 

and nondrying (80–100) oils, determined by the degree of saturation of the fatty acids present (Raie et 

al. 1995). The suitability of coating materials prepared from vegetable oil depends on the nature and 

number of double bonds present in the oil’s  fatty acids. Linseed oil, a very   good drying oil, has a very 

high percentage of linolenic acid. Hempseed oil has been classified    as a semidrying oil, like soybean 

oil, and may be more suited for edible rather than industrial oil purposes. Nevertheless, hempseed oil 

has found applications in the past in oil paints, varnishes, sealants (wood preservatives), lubricants for 

machinery, and printing inks (Roulac 1997), although petrochemical extracts have made these uses 

obsolescent and resurrection of such industrial end uses is challenging because hempseed oil is 

currently expensive (De Guzman 2001). Occasionally, such products are still found in consumer goods. 

Larger production volumes and lower prices may be possible, in which case hempseed oil may again 

find industrial uses similar to those of linseed (flax), soybean, and sunflower oils, which are presently 

used in paints, inks, solvents, binders, and polymer plastics. Hempseed shows a remarkable range of 

variation in oil constituents, and selec- tion for oilseed cultivars with high content of PUFAs and other 

valued industrial constituents is in progress. 



In Germany, a laundry detergent manufactured entirely from hempseed oil has been marketed. Soap 

made with hempseed oil is shown in Figure 8.18. Callaway and Pate (2009) noted, “The idea of using 

hempseed oil in a soap or shampoo does have appeal, but without adequate precautions taken in the 

formulation and packaging, these highly unsaturated hydrocarbons will oxidize faster than vegetable 

soaps made from palm or olive oils. Such an oxidized product, containing oil poly- mers, may leave a 

residual greasy feeling on the skin, which can be difficult to completely rinse away.” 

 

 

 

 

FIGURE 8.18 Soap made with hemp oil. 

 

 

 

 

FIGURE 8.19 An automobile modified to run on vegetable oil and biodiesel. This “hemp car” was a popular attraction at hemp fairs in 

Canada for many years. 

 

BIODIESEL 

Biodiesel, defined as a fuel at least partly made of vegetable oil (Pinto et al. 2005), has been touted as 

an environmentally friendly alternative to fossil fuels. Hempseed oil can be chemically converted to 

function as a biodiesel by transesterification with methanol (Li et al. 2010; Ahmad et al. 2011; Ragit et 

al. 2012; Rehman et al. 2013; Su et al. 2013). Because hempseed oil is highly unsaturated, its freezing 

point is lower than that of saturated oils, for example,  palm oil,  and this is a valuable advantage for 

biodiesel engines operating in very cold environments (Callaway and Pate 2009). In modern times, 

hempseed oil has been used experimentally as diesel fuel (Figure 8.19), but far cheaper vegetable oils 

are available, and the cost would have to be reduced considerably to make hempseed biodiesel 



economically competitive as a fuel. Moreover, using the world’s diminishing croplands to grow fuels 

instead of vital food resources is a contentious ethical issue. 

For information on the use of nonseed hemp carbohydrates as a feedstock to produce biofuels, see 

Chapter 15. 

 

THC CONTAMINATION OF OILSEED PRODUCTS 

Hemp seeds contain virtually no THC (Mölleken and Husmann 1997), the chief intoxicant chemi- cal of 

marijuana. However, THC contamination can result from contact of the seeds with the resin secreted by 

the epidermal glands on the leaves and floral parts, and also by the failure to sift away all of the perigonal 

bracts (which have the highest concentration of THC of any parts of the plant) that cover the seeds (Ross 

et al. 2000). Seed oil prepared from seeds coated with resin may have low levels of THC, and the same 

is true for foods made with the seeds. A study of THC levels on hempseed produced in recent years in 

Europe found that the maximum contamination level was  12 mg THC/kg or 12 ppm (EFSA Panel on 

Additives and Products or Substances Used in Animal Feed 2011), but levels rarely exceeded 5 mg 

THC/kg in either seed or oil. The presence of can- nabinoids is disadvantageous from a regulatory point 

of view, despite the lack of any scientifically demonstrated THC toxicity at even higher levels. The 

presence of even trace amounts of THC (and indeed other cannabinoids) in extracted oilseed products 

intended for human food has been of considerable concern to some and indeed has been a roadblock 

to much wider development of foods based on cannabis oilseed. 

Although much of the Western hemp-growing world uses 0.3% THC in the plant as a maximum con- 

centration for authorized cultivation (0.2% in Europe since 2000), regulations in various countries toler- 

ate only a much lower level of THC in human food products manufactured from the seeds. Permitted 

levels in hempseed products in different countries range from 10 ppm down to 0.005 ppm. Limits have 

been set in part because of concerns about possible toxicity, where THC “toxicity” is assumed from THC’s 

transient psychoactivity at sufficient dosage (<10 mg). An extensive analysis of literature deal- ing with the 

assumed toxicity of hemp is in Orr and Starodub (1999) (see Geiwitz 2001 for a critique). 

The EFSA Panel on Additives and Products or Substances Used in Animal Feed (2011) examined the 

occurrence of THC accumulation in meat, milk, and eggs resulting from livestock consuming hemp 

(oilseed or oilseed derivatives or the plants used as fodder). At the time of their review, 95% of hempseed 

was used to feed livestock (quite unlike North America, where hempseed is extensively used in edible 

products and cosmetics). Regardless of whether hempseed is consumed directly by humans (in 

processed products) or indirectly as meat, milk, or eggs from livestock fed on hemp- seed, the critical 

consideration is how much THC is absorbed by humans. The Federal Institute for Risk Assessment in 

Germany estimated a provisional tolerable adult THC intake of 1–2 μg/kg/day as a food contaminant, 

and from this estimation, a precautionary guidance value for THC in hemp- seed oil of 5000 μg/kg (5 

ppm) was set in 2000, but only in Germany (Matthäus and Brühl 2008). 

There has also been some concern about potential interference with drug tests after consum-  ing 

hempseed foods (Grotenhermen et al. 1998, 2003). Cannabinoids are very lipid soluble and accumulate 

in fatty tissue throughout the body. They are released very slowly and can remain in the body for up to 

a month after the consumption of marijuana.  

 

Over a period of a week or so, can- nabinoid metabolites from hempseed oil can show up in urine 

(Callaway et al. 1997; Lehmann et al. 1997). The Drug Enforcement Agency and the Office of National 

Drug Control Policy of the United States raised concerns over tests conducted from 1995 to 1997 that 

showed that consumption of hempseed products available during that period led to interference with 

drug-testing programs for marijuana use. However, at that time, most of the hempseed used for North 



American food products was imported from China, where the typical THC value of field hemp is at least 

1%. Federal U.S. programs utilize a THC metabolite level of about 50 parts per billion in urine. Leson 

(2001) and Leson et al. (2001) reported that this urinary level was not exceeded by consuming modern 

hemp- seed products, provided that THC levels are maintained below  5 ppm in hempseed oil and below  

2 ppm in hulled seeds. The availability of hempseed oil in the 1990s was due to the use of hemp varieties 

with high levels of THC and to collection techniques that allowed THC to accumulate on the seeds (Leson 

et al. 2001). Bosy and Cole (2000) found that by 2000, THC levels in hempseed products in North America 

had been reduced considerably by the industry. Lachenmeier and Walch (2005) similarly found that by 

the early years of the twenty-first century, THC levels in hempseed food products in Europe had been 

strongly lowered, by using varieties with low THC in field tests (<0.3%) and by employing more efficient 

seed cleaning technologies. However, Petrović et al. (2015) found THC levels varying from 3 to 70 ppm in 

hempseed oils in Croatia and implied that, in some cases, the oil possibly originated from marijuana 

strains. Clearly, the use of authorized cultivars is required to avoid excessive THC in hempseed products. 

 

AGRONOMY 

See Chapter 7 dealing with fiber hemp for information that is pertinent to aspects of the cultiva- tion of 

oilseed hemp. The following presentation provides details only when the agronomy of oil- seed hemp 

is significantly different.  

 

SOIL AND FERTILIZATION  

Vera et al. (2004) observed gradual increases in seed yield of the cultivars Fasamo and FINOLA  as total 

nitrogen increased from 40 kg nitrogen (N) ha−1 to 160 kg ha−1. Vera et al. (2010) observed a strong 

increase in seed yield of the oilseed cultivar FINOLA and the dual-purpose cultivar Crag, in response to 

nitrogen fertilization. The test soils employed were not deficient in phosphorus (P), but the plants 

benefitted slightly from P application to the seeds. The test soils employed were defi- cient in sulfur (S), 

relative to most grain crop standards, but the plants did not benefit from added 

S. Iványi and Izsáki (2010) examined oil content and protein content of seeds of a dual-purpose variety 

and found maximum seed yield developed at 80 kg N/ha, while additional nitrogen did not increase 

these parameters. It appears that, like fiber hemp, oilseed hemp benefits dramatically by supplemental 

nitrogen, especially in the early development of vegetative growth, and much less dra- matic effects were 

observed from the addition of other elements. However, unlike fiber hemp, oil- seed hemp requires 

mineral nutrition specifically for flowering and seed production. Berger (1969) stated, “During flowering 

and fruit formation, the demand for potassium and in particular for phos- phorus is very high.” 

 

TEMPRATURES 

Hemp seed production for a given variety requires a warmer climate and a longer season (5 to 6 weeks) 

than the corresponding fiber crop, to allow time for seed maturation (Bócsa and Karus 1998). 

 



 

PLANTING 

Chapter 13, dealing in part with the cultivation of medical marijuana, points out that a choice can be 

made to maximize floral production (hence high-grade marijuana) on a given plant by giving it lots of 

growing room so that it will be very large, or maximizing production per unit area by grow- ing many 

small plants close together. The same considerations apply for seed production. A very large plant can 

produce more than 1 kg of seeds, but growing many small plants closely together can produce more seed 

on a given area. 

For seed (grain) production, sowing rates are often 15 to 25 kg/ha, but vary widely, from 1 to 45 kg/ ha, 

depending on the cultivar and conditions of cultivation. (In the absence of contradictory informa- tion, 

the seed supplier’s recommendations regarding planting conditions should be followed.) For a cultivar 

with a 1000-seed-weight of 16 g, planted at 23 kg/ha, the resulting density will be 100–150 plants/m2 if 

the germination is high (>80%) (typically about half of the sown seed is lost during emer- gence and 

subsequent thinning). Townshend et al. (2012) found that the dual-purpose cultivar Fasamo produced the 

highest oilseed quantities at 150–225 plants/m2 but that oil quality did not appear to vary with different 

plant densities. Based on the cultivars Fasamo and FINOLA (a dedicated oilseed vari- ety), Vera et al. 

(2006) found that increasing seeding rate (using rates of 20, 40, 60, and 80 kg/ha, cor- responding 

approximately to 49, 78, 105, and 133 plants/m2, respectively) decreased both the density and size of 

weeds (as much as one-third) but increased seed yield (also as much as one-third). 

Like fiber hemp, seeds may be planted in rows 15–18 cm apart, but such close planting limits interrow 

removal (by harrowing) of weeds that develop. Nevertheless, Vera et al. (2006) found that a row spacing 

of 36 cm did not change weed problems more than a row spacing of 18 cm. In Europe, dual-purpose crops 

of hemp, grown for both fiber and oilseed, are planted at row spacings from 20 to 40 cm, 20 seeds/m 

within the row, considered sufficient to suppress weeds. 

 

PESTS 

Birds, as discussed in Chapter 3, are the most serious pest problem for production of seeds. Hemp grain 

growers should be aware that flocks of voracious migratory birds are a considerable source of damage 

to mature hempseed, particularly in small plantations (Figure 8.20). Callaway and Pate (2009) noted 

that “it is not uncommon to observe geese trampling hemp crops at high northern lati- tudes, to gain 

access to the nutrient-rich seed.” Not only do birds consume the seed, but they also spread diseases, 

such as dry mold, as they hop from one seed head to another. Stored grain must be protected from 

birds, as they will spend considerable time pecking at seed bags to obtain hempseed, in preference to 

other stored seed.

 

 

 

 



 

 

FIGURE  8.20  Birds and hempseed. Left: American goldfinch (September plumage) in a hemp plantation  near Toronto, Canada. Right: 
Flocking migratory birds over a FINOLA hempseed field in Finland (photo courtesy of J. Callaway, Finola Inc.). 

 

For weed control with oilseed hemp, which is less densely grown than fiber hemp, mechanical removal 

may be necessary. There are no available herbicides that are effective for weeds in hemp that do not 

also eliminate hemp. Except for possible preplanting applications of herbicides to clear fields several 

weeks before planting, use of any pesticide is strongly discouraged and considered unnecessary by the 

oilseed industry, which is currently concerned with organic production for food and pharmaceutical use. 

Hemp borers (Grapholita dilineana and G. tristrigana) can eat much of hemp plants, including the seeds, 

but in practice this has not been observed to be a significant problem. 

 

HARVEST 

A given seed of C. sativa is ripe three to eight weeks following pollination. However, as discussed in 

Chapter 5, photoperiod usually determines flowering time and hence is a natural limitation of when and 

how many seeds are produced at a given latitude. The cultivar FINOLA is autoflowering (indifferent to 

local photoperiod). While long days (daily light longer than 15 hours) inhibit flower initiation in most 

kinds of Cannabis, FINOLA flowers happily in Finland about latitude 60°N, where most cultivars will not 

set seed. Most cultivars of C. sativa, grown in suitable climates, con- tinue to develop and mature seed 

over an extend period of time, and plants have both immature and ripe seeds when grain harvest occurs. 

All grain plants have undergone strong selection for simulta- neous ripening and retention of seeds, to 

maximize harvest. Oilseed hemp, especially the dual-use varieties (employed for both stem fiber as well 

as seed production), requires breeding to improve these features. Retention of seeds on plants is 

promoted by selection against the basal abscission zone of the achenes (so they can’t fall away), and by 

selection for congestion of the branch-bearing achenes (the concentrated bracts and smallest leaves in 

the infructescences tend to block the seeds from falling away). 

 

Industrial hempseed is best harvested when most of the seed is mature. Harvesting is commonly done 

when 70% of the seed is ripe and the seed has a moisture content of about 20% (sometimes as much 

as 30%). Shattering (seed falling off the plants) and bird predation increase if the seed is left in the field 

for a longer period. Swathing (as done for field retting of fiber hemp; Figure 7.17a) is not recommended 

for seed production because drying increases the toughness of the stems, mak- ing combining more 

difficult; the seeds do not dry well in the swath; and if rained upon, the seeds may start to sprout. Some 

exceptions are found in very dry cultivation areas, such as Alberta, where hemp is grown for seed under 

irrigation.  



Swathing also poses a significant risk of contaminating the seed with bacteria in the soil, and this is 

especially true for organic cultivation. Straight combining is preferable, and in western Canada, this is 

normally carried out when the grain has 12%–20% moisture, depending on cultivar. Waiting for mature 

fruiting heads to dry down more increases  the risks of fibers wrapping around moving combine parts, 

increasing the risk of fire. Additionally, drier seeds are susceptible to cracking, resulting in oxidation and 

rancidity. However, after harvest, Callaway and Pate (2009) recommend that for storage, hempseed be 

air-dried at low temperatures (less than 45°C), to a moisture content of about 9%, employing a moisture 

meter calibrated for hempseed. A variety of harvesting equipment has been employed for hempseed, 

often using com- bines modified for the purpose for tall cultivars (Figure 8.21). FINOLA, as a grain crop, 

does not require any combine modifications. 

Hemp has often been grown as a dual-purpose crop, i.e., for both fiber and oilseed. In France, the 

principal grower of dual-purpose varieties, the grain is taken off the field first, leaving most of the stalks 

for later harvest. Growing short varieties dedicated to grain production eliminates the harvesting 

problems associated with tall hemp varieties (see Chapter 7). 

 

 

 

FIGURE  8.21    Harvesting hempseed. (a)  Use of an adapted combine in France. Photo by Aleks (CC  BY    SA 3.0). (b and c) Harvesting the 

FINOLA variety in Finland (photos courtesy of J. Callaway, Finola Inc.). 
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YIELDS 

Ideally, hemp seed yield should be based on air-dry weight, with no more than 10% moisture. Hemp yield 

reports are sometimes difficult to interpret and could be exaggerated by as much as 50% when moist 

weights are reported. Most reports of seed yield have not been based on varieties selected for oilseed 

production. Conventional yields in Europe (where hemp has generally not been grown just for seed) are 

as low as 400 kg/ha, and a yield of 1 tonne/ha is considered good for the standard fiber varieties. In 

Canada, good yields are of the order of 1 tonne/ha. Yields for FINOLA in Alberta are typically over 2000 

kg/ha, with a reported record yield of just over 2000 kg/ha. Maximal yields in China are reportedly as 

high as 1800 kg/ha (Fortenbery and Bennett 2004). 

 

STORAGE 

Grains can be stored temporarily at 12% but should be maintained at 8%–10% for long-term stor- age. 

Callaway and Pate (2009) recommend that seeds be dried to just below 10% moisture for stor- age and 

pressing, taking care that mold growth does not develop. 

 

BREEDING 

Almost no modern breeding of Cannabis for oilseed characteristics had taken place by 1995 (Theimer 

and Mölleken 1995). One of the earliest efforts to increase oil content was by Bócsa et al. (2005) in 

Hungary. There has been increasing interest in selection for oilseed characteristics since then. The first 

and foremost breeding goal is to decrease the price of hempseed by creating more productive cultivars. 

While the breeding of hemp fiber cultivars has proceeded to the point that only slight improvements can 

be expected in productivity in the future, the genetic potential of hemp as an oilseed crop has scarcely 

been addressed. 

Canadian experience with growing hemp commercially for seed has convinced many growers that it is 

better to use a single-purpose cultivar than a dual-purpose cultivar. The recent focus of Canadian hemp 

breeders has been to develop cultivars that are similar to FINOLA, with high seed yields, low stature (to 

avoid diverting the plants’ energy into stalk, as is the case in fiber cultivars), early maturation (for the 

short growing seasons of Canada), and a desirable fatty acid spectrum (especially higher levels of SDA 

and GLA). 

Because hempseed food products are considered to have great economic potential, there is con- 

siderable pressure on the hemp industry in North America to keep THC levels below 0.3%. 

 

CULTIVARS 

To date, Canada has been much more concerned with the oilseed hemp industry than anywhere else in 

the world. However, after industrial hemp was first licensed in 1998, the focus was on fiber hemp 

varieties (almost the only kind available), which proved uneconomical. Today, the indus- trial hemp 

industry in Canada is almost completely concerned with oilseed production, using cul- tivars dedicated 

for the purpose or dual-purpose varieties. Commonly grown cultivars in Canada are Alyssa, Anka, CRS-

1, CFX-1, CFX-2, Delores, and (especially) FINOLA.  

 

 



Currently, there are relatively few cultivars dedicated to oilseed production, although with increasing 

world interest in developing oilseed hemp, analyses of oil characteristics of cultivars grown for fiber or 

for both fiber and oilseed have been conducted, and these studies provide information on germplasm 

suitable for development of additional dedicated oilseed cultivars. Vogl et al. (2004) surveyed oilseed 

qualities of some European cultivars (mostly grown for fiber). Small and Marcus (2000) examined oilseed 

 

characteristics of 62 accessions. Chen et al. (2010) surveyed the qualitative and quantitative oilseed 

aspects of eight hemp cultivars grown in various regions of China. Anwar et al. (2006) surveyed oil 

characteristics of indigenous hemp found in various regions of Pakistan. Table 17.3 provides infor- 

mation on hemp cultivars, including those used primarily for producing oilseed. 

 

 

THE POTENTIAL USE OF OILSEED CULTIVARS TO PRODUCE CBD 
AND “HIGHLESS MARIJUANA” 

As documented in Chapters 11 and 13, the resin of C. sativa is usually dominated by CBD, THC, or both. 

While most contemporary medicinal and recreational strains are predominantly dedicated to THC, CBD 

has considerable medicinal potential, indeed exceeding the likely value of THC. Since the resin of hemp 

cultivars is dominated by CBD relative to THC, it is obvious that these varieties are a potential source of 

this invaluable cannabinoid. Because oilseed cultivars produce more flow- ers than fiber cultivars, and 

the principal source of resin is from the flowering tops of C. sativa, oil- seed cultivars are a much more 

promising source of CBD. Just as oilseed cultivars that are short and compact represent the most efficient 

architectural strategy for maximizing seed production, this is also precisely the way to maximize floral 

production and resin on a given acreage. However, indus- trial cultivars of C. sativa have not been 

selected for high resin production. Indica type marijuana, discussed in Chapter 12, which has been 

selected for high resin production in individual plants and on a given acreage, usually produces 

considerable amounts of CBD but also produces considerable THC, which is still a barrier at present to 

most authorized industrial hemp production. 

To produce CBD as an extract, entire plants can be employed, including the foliage. For medicinal 

purposes, there is currently somewhat of a demand for so-called “highless marijuana”—a nonpsy- 

chotropic product that is high in CBD but low in THC, which can be smoked. (See the discussion of CBD in 

Chapter 13 for additional information on highless marijuana.) As discussed in Chapter 13, for biomedical 

safety reasons, it is far more preferable to imbibe vaporized cannabis (supplied as solvent extracts) than 

to smoke marijuana (as an herbal) and still more preferable to ingest prepara- tions orally. Nevertheless, 

to meet a demand for highless marijuana in the form of “buds” (congested flowering heads without 

seeds; see Chapter 12), plants of the architecture of some modern oilseed cultivars are ideal. 

The use of industrial hemp for the production of CBD has not received much consideration yet, although 

there is commercial interest in using field-grown plants for this purpose. Since the hemp industry is 

already growing plants outdoors under license, with relatively small security require- ments, why 

shouldn’t it also be permitted to harvest the CBD or even produce “highless marijuana”? The industry is 

not allowed to do so at the moment in most countries, and no doubt, the very concept of highless 

marijuana will be so enigmatic to many that authorizing such production is likely to meet opposition, or 

at least slow acceptance. 

 



ECONOMIC STATUS 

Hempseed development has been retarded because of its image problem as a relative of marijuana, 

coupled with trace amounts of THC in the oil, but these concerns have now been mostly overcome. The 

dietary advantages and attractive taste of hempseed and hempseed oil have led to their wide- spread 

use in processed food products, although hempseed is not yet competitive as a commodity with the 

major edible vegetable oils. There has also been minor success in developing the use of hempseed oil in 

nutritional cosmetics and hempseed extracts as dietary supplements. Hempseed oil is unsuitable as a 

frying oil but has good potential for penetrating the salad oil market. Hempseed also has potential as 

animal feed (especially for both livestock and companion animals). The tra- ditional use of hempseed 

oil to manufacture industrial products such as paints and lubricants is obsolete but could be resurrected 

if economic factors allow and breeding produces cultivars that produce high levels of desired oilseed 

components. 

 

The European Union has historically concentrated on developing Cannabis as a fiber crop, much more 

than as an oilseed crop, but many in Europe are realizing that the success of fiber develop- ment has 

been due primarily to subsidization. Hempseed development in the EU has lagged behind the progress 

in Canada, which has not provided subsidies to hemp. Canada has concentrated on the development of 

the hempseed industry, with little attention to hemp fiber. This is consistent with Canada’s 

specialization on production and processing of the major temperate region oilseeds, such as Canola 

(rapeseed), soybean, sunflower, mustard, safflower, and flaxseed, while Canada lacks a fiber crop 

industry. Because of the extensive development of oilseeds in Canada, there is extensive capacity to 

produce high-quality cold-pressed hemp oil. Canada has made great advances in the growing, 

harvesting, and processing of hempseed during the last decade and has become the world leader in 

providing raw materials and products for the natural foods, nutraceuticals, and cosmetics industries. 

Whereas China used to supply most of the hempseed used for food in North America, Canadian-grown 

seeds have taken over most of this market. The United States will likely follow Canada’s dedication to 

oilseed hemp as industrial hemp becomes legalized there. 

China, the world leader in production of hempseed, can produce it cheaply, but imported seed must be 

sterilized, thus creating delays, adding costs, and lowering grain quality. Seed that has been sterilized 

tends to go rancid quickly, and so it is imperative that fresh seed be available, at least for human foods. 

Accordingly, domestic production is a great advantage. Another extremely significant advantage that 

domestic producers have over foreign sources is certified organic production, which is in demand. 

 

MARKET DEVELOPMENT AND FUTURE NEEDS 

The economic prospects for continued development of C. sativa as an oilseed crop are much better than 

for its continued development as a fiber crop, at least in industrialized countries. As noted in Chapter 

14, there are considerable prospects for greatly expanded production of medicinal mari- juana, and very 

likely, this will be a stimulus to the industrial hemp industry, as the stigma of mari- juana continues to 

decrease with education and changing demographics. 

Creation and marketing of new hempseed products have been increasing for the last two decades. The 

key need is the development of high-yielding cultivars to increase the competiveness of hemp- seed in 

relation to other oilseeds. 

The cultivation of dual-purpose crops (fiber and oilseed) is problematical for oilseed production. The 

profitability of hemp straw is limited at present, while that of the seeds is much higher, so it seems 

preferable to concentrate on oilseed production.  



Because fiber hemp and oilseed are best produced as dedicated crops, there is a measure of 

competition between them. China’s supremacy in the production of high-quality hemp textiles at low 

prices will be very difficult to match in the Western world, although as noted in Chapter 7, Europe has 

pioneered in the development of hemp applications that do not require the traditional production of 

very high-quality fiber and has created new technologies and machinery for this purpose. Nevertheless, 

the future of hemp fiber remains challenging. Europe has shown only limited interest until very recently 

in developing oilseed hemp, but with the growing realization that fiber hemp has limited growth 

potential, this is changing. A tradition of concentrating on profitable oilseed products is already well 

established in Canada, in part because domestic production of oilseeds can be carried out using oilseed 

production and pro- cessing technology that is already available. 

The present productivity of oilseed hemp—about 1 tonne/ha under good conditions, occasion- ally 1.5 

to 2 tonnes/ha, is not yet sufficient for the crop to become competitive with major oilseeds. An average 

productivity of at least 2 tonnes/ha will be necessary to transform hempseed into a major oilseed, a 

breeding goal that is achievable. At present, losses of 30% of the seed yields are not uncommon, so that 

improvements in harvesting technology should also contribute to higher yields. Hemp food products 

cannot escape their niche market status until the price of hempseed rivals that of other oilseeds, 

particularly rapeseed, flax, and sunflower (Marcus and Small 2002). 

After increasing yield per hectare, a second breeding goal is for larger seeds, as these are more easily 

shelled (hulled). A third goal could be breeding for both large seeds and thin, easily removed shells, so 

that the fresh seeds could be consumed directly as a snack food. Fourth is breeding for specific seed 

components. Notable objectives are increasing the health-promoting GLA, improving the amino acid 

spectrum of the protein, and increasing the antioxidant level, which would not only have health benefits 

but could increase the shelf life of hemp oil and foods. 

It may be noted that while breeding for large seeds could be beneficial for market and processing goals, 

it would add to the cost of planting seeds, since a heavier weight of seeds would be required to achieve 

a given plant density (although larger seeds are beneficial in tending to survive better and to grow faster 

initially). While larger seeds may be beneficial for oilseed cultivars, smaller seeds may save money at 

planting time for fiber hemp farmers. 

Watson and Clarke (1997) suggested that breeding for cultivars with very small seeds could result in 

such seeds being useful for baking. This would seem analogous with the very small seeds of opium 

poppy (Papaver somniferum L.), widely employed in cuisine. However, the industry can simply shred 

large hemp seeds to produce small particles the size of poppy seeds. 

The stringent security regulations for cultivating hemp in most Western countries significantly increases 

the cost of production and puts the crop at a unique disadvantage. In particular, the federal government 

of the United States, which still bans commercial production of hemp, is in the curious position of 

allowing importation of large amounts of hempseed products while prohibiting its own farmers from 

growing the crop. Given the enormous ingenuity and capacities of the American agri- cultural sector, 

one can predict that oilseed hemp would experience a considerable leap in popular- ity should the 

United States join the fraternity of nations now producing the crop. 



 

FIGURE 8.22 Robert Stroud, the “Birdman of Alcatraz,” who extolled the virtues of hempseed as a bird-  feed. (U.S. government, public domain photo.) 

 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

 The paintings of Rembrandt (1606–1669), Vincent Van Gogh (1853–1890), and Thomas Gainsborough 

(1727–1788) were prepared primarily on hemp canvas, often with paints based on hempseed oil. 

 Reminiscent of the practice of throwing rice at the wedding couple (symbolic of encourag- ing fertility), 

the wedding rituals of south Slavic regions included showering the bride with hempseed when she 

entered her new home. 

 In the Middle Ages of Europe, until the twentieth century, women in England tried to visualize their 

future husbands by scattering hemp seeds in a garden or churchyard on Midsummer’s Eve, while 

chanting: 

Hempseed I set, Hempseed I sow 

     The man that is my true love Come after me now. 

 Benet (1975) provided the following account of how girls in Ukraine wishing to advance the date of 

their marriage carried hemp seeds in their belts, mounted a heap of seeds, and recited: 

 Andrei Andrei, I plant the hemp seed on you.  

Will God let me know 

 With whom I will sleep? 

 The girls subsequently removed their shirts and spit water on the seeds to protect them from being 

eaten by birds.  

Finally, they ran around the house naked three times. 

 In Ireland, young ladies sowed hemp seed during Halloween in the belief that if they looked behind 

them while sowing, they would see an image of their future husbands. 

 In Poland and Lithuania, a soup made from hemp seeds called semieniatka was eaten ritually on 

Christmas Eve. It was believed that hemp soup offerings should be left for the departed, as dead 

relatives would visit every Christmas Eve. A similar meal was eaten in Latvia and Ukraine in the 

celebration of Three Kings’ Day (Benet 1975). 

 In Latvia, hemp seed is traditionally included in festival foods eaten during St. John’s Day, June 21. 

 According to an old European belief, if chickens are fed hemp seeds on Christmas Eve, they will lay all 

year round. 

 The first diesel engine was designed to run on vegetable oils, one of which was hemp oil. 

 In 1941, Henry Ford (1863–1947) built a car body from a mixture of resins and plants including hemp and 

demonstrated that it could run on fuel made from plants, including hemp biodiesel. 

 Hemp seed is legally available to most consumers in North America only after it has been steam-

sterilized, to prevent the seeds being used to grow plants. Unfortunately, this dena- tures the 

protective antioxidants and results in the oil in the seeds quickly going rancid. Robert F. Stroud, the 



“Birdman of Alcatraz” (played by Burt Lancaster in the film of the same name), became an expert on 

birds during the long years he avoided execution on California’s death row. (Stroud, shown in Figure 

8.22, a notoriously dangerous psychopath who had murdered two men, died in prison after spending 

54 years in solitary confine- ment.) His authoritative 1939 book Diseases of Birds expressed his 

frustration with the fact that the seeds he had to use had been sterilized: 

 “I want to make it perfectly clear right now that anything said in these pages about the virtues of 

hemp seed applies to fresh, unsterilized hempseed—most assuredly not to the rancid trash now on 

the market… Because the seed is rich in the reproductive vitamin, an unlimited supply of it should be 

kept before the hens making eggs to insure a high percentage of hatchability… The oil of hemp seed 

becomes rancid very quickly and what was once a valuable food becomes deadly poison. For this 

reason, hemp seed must always be used with care.” 

 There are trace amounts of THC, the intoxicating component of marijuana, in hempseed oil and 

sometimes in the meal obtained from hemp seeds, and these may appear in food products made from 

them. Some American lawyers have argued, on behalf of clients who had positive drug test results for 

marijuana, that this was due to having consumed hemp- seed products. Accordingly, U.S. military 

forces have been forbidden from eating suchproducts.  

In fact, modern methods of preparing hempseed products now ensures that only insignificant levels of 

THC are present, which are too small to produce a positive test with contemporary drug tests. 

 Movie actor Woody Harrelson, a supporter of all things related to cannabis, prepared a documentary 

titled Go Further, which chronicled his adventures along the West Coast aboard a bus fuelled by 

hempseed oil. 

 Anka, Carmen, and Deni were the first registered varieties of hemp bred in North America. They were 

created by the late Canadian breeder Peter Dragla. Anka was named in honor of his wife, Carmen for 

his daughter, and Deni after the daughter of Woody Harrelson, who supported Dragla’s research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Essential Oil 
INTRODUCTION TO ESSENTIAL OIL 

Essential oil should not be confused with vegetable oil. “Essential oils” (also known as volatile oils and 

ethereal oils) are said to be “nonfixed” (meaning that they can evaporate quickly), while veg- etable oils 

are “fixed” (meaning that they are relatively stable). The edible vegetable oil of Cannabis sativa, i.e., 

“hempseed oil” from the seeds, was discussed in Chapter 8. The essential oil of C. sativa should also not 

be confused with “hashish oil,” i.e., solvent extracts rich in cannabinoids, employed as a highly 

concentrated form of marijuana, discussed in Chapter 12. The phrase “hemp oil” should be avoided 

because it could refer either to vegetable oil or essential oil. The phrase “cannabis oil” could refer to 

either of these or to hash oil and so is particularly ambiguous. 

Essential oil is an indistinct category of compounds synthesized primarily as secondary metab- olites in 

plants. Essential oil is responsible for scent in numerous plants (Baser and Buchbauer 2010; Figure 9.1). 

Approximately 3000 essential oils have been described, of which about 10% have commercial 

importance in cosmetics, food, and pharmaceuticals (FAO  1995).  The composition  of essential oils can 

vary considerably within a given species, and as noted in this chapter, this is particularly true for C. 

sativa. 

Essential oils are complex mixtures of organic (hydrocarbon) chemicals and particularly include 

terpenes and oxygenated compounds such as alcohols, esters, ethers, aldehydes, ketones, lactones, 

phenols, and phenol ethers (Guenther 1972). Terpenes typically dominate essential oils. Over 30,000 

have been chemically characterized from the plant world, a larger number than for any other class of 

natural plant products (Dewick 2002). Terpenes are made up of units of isoprene: CH2=C(–CH3)–

CH=CH2. Monoterpenes consist of two isoprene units, sesquiterpenes consist of three. “Terpenoids” 

are related compounds, although the term is often used as a synonym of ter- penes. Many terpenes 

are extremely odoriferous, detectable by smell at very low concentrations. According to Casano et al. 

(2011), “terpenes are strongly inherited and little influenced by envi- ronmental factors.” 

 

 

THE NATURE OF CANNABIS ESSENTIAL OIL 

The characteristic odors of Cannabis plants are due to their essential oil. Cannabis essential oil  is a 

mixture of volatile compounds, including monoterpenes, sesquiterpenes, and other terpenoid- like 

compounds. About 140 terpenoids are known in C. sativa (Giese et al. 2015), although none is unique 

to just this species. The two most common terpenes in the plant world are alpha-pinene and limonene, 

respectively (Gardner 2011), and both are present in the essential oil of C. sativa. Other common 

terpenes of Cannabis include myrcene, linalool, beta-caryophyllene, caryophyl- lene oxide, nerolidol, 

and phytol. Some terpenes in Cannabis are quite pleasant in odor: limo- nene is fruity (lemons are rich 

in this chemical), linalool has a rather sweet smell. Mediavilla   and Steinemann (1997) found that 

Cannabis essential oils with high sesquiterpene concentra- tions smelled bad, while oils with high 

monoterpene percentages (but a low alpha-humulene or caryophyllene oxide concentration) had 

pleasant smells. Depending on biotype, monoterpenes represent 48%–92% of the volatile terpenes 

and sesquiterpenes represent 5%–49% (Mediavilla and Steinemann 1997). Monoterpenoids usually 

make up most of the essential oil of Cannabis (Hendriks et al. 1975; Lemberkovics et al. 1981). The 

aroma of C. sativa is particularly due to the monoterpenes pinene and limonene, which frequently 

comprise over 75% of the volatiles (Hood et al.  1973)  and often dominate “headspace” odor near the 

plant.   



 

However, the monoterpenes evaporate relatively faster than other components, so the composition 

of essential oil actually in the harvested plant (and capable of being extracted) may differ from the 

volatiles released around the fresh plant. Consequently, the odor of the living plant is not necessarily 

indicative of the rela- tive composition of the plant’s essential oil (Ross and ElSohly 1996) or of the 

odor of the dried plant. 

 

 

 

 

FIGURE 9.1 Essential oils from flowering plants such as these are responsible for an incredible range of pleasant odors. This public domain 
painting, entitled “Smell,” was prepared about 1617 by Jan Brueghel the Elder and is housed in the Museo del Prado. Photo credit: The 
Yorck Project. 

 

 

 

The composition of essential oils has been found to vary considerably among strains and culti- vars of 

C. sativa (Fournier and Paris 1978; Osman et al. 1985; Mediavilla and Steinemann 1997; Novak and Franz 

2003; Hillig 2004a; Bertoli et al. 2010; Fischedick et al. 2010; Casano et al. 2011). Elzinga et al. (2015) were 

unable to detect clear differences in terpene composition between sativa type and indica type 

marijuana strains. However, as noted later, marijuana strains tend to have pleasanter odors than hemp 

cultivars. 

The terpenes of Cannabis are manufactured in the same epidermal glands (secretory glan-  dular 

trichomes) in which the cannabinoids of Cannabis (discussed in Chapter 11) are produced (Malingré et 

al. 1975; Fournier and Paris 1978; Meier and Mediavilla 1998). The cannabinoids and terpenoids make 

up the resinous secretion of the glands. Indeed, the cannabinoids and terpenoids have a parental 

biosynthetic precursor in common (pyrophosphate). Unlike the terpenes, the can- nabinoids are 

odorless (Clarke and Watson 2002). Terpenes may account for about 1% of marijuana but can comprise 

as much as 10% of the secretory glands (Gardner 2011). 

Rothschild et al. (2005) identified volatile terpenes from Cannabis pollen. Pollen does not have secretory 

glands. It is possible that the cells of pollen grains can synthesize terpenes, but the report could be 

based on contamination from the anther glands. (Similarly, Paris et al. 1975 identified can- nabinoids in 

pollen, which could also have resulted from contamination.) 



 

As discussed in Chapter 11, there is controversial evidence for trace amounts of cannabinoid production 

outside of the epidermal glands (in laticifers and tissue cultures), and whether the same is true for 

terpenes remains to be clarified. 

 

POSSIBLE PLANT-PROTECTIVE FUNCTIONS OF THE ESSENTIAL OIL 
OF CANNABIS 

A considerable variety of chemical constituents of Cannabis, including the cannabinoids, are known to be 

toxic to many organisms (e.g., Radwan et al. 2008, 2009). The essential oil also appears to contain 

compounds toxic to a wide variety of microbial and animal species that attack plants. What adaptive 

significance the essential oil has for wild plants of C. sativa is unclear, although terpenes such as those 

in Cannabis are repellent to some insects (Thomas et al. 2000), are antimicrobial (Fournier et al. 1978; 

Novak et al. 2001; Nissen et al. 2009), and are antifungal, antiviral, and anti- parasitic (Paduch et al. 

2007). The terpenes of C. sativa might also contribute to its capacity to repel competing plants (see 

discussion of allelopathy in Chapter 3). 

It has been suggested that the more fragrant terpenes like limonene and pinene function par- ticularly 

well against insects preying on the floral parts, while the relatively bitter sesquiterpenes  in the foliage 

act against grazing animals (Langenheim 1994). Beta-caryophyllene is usually the predominant 

sesquiterpenoid of C. sativa (Mediavilla and Steinemann 1997), and in addition to repelling insects, it 

attracts predatory green lacewings, reinforcing protection against insect herbi- vores (Russo 2011a). As 

pointed out by Potter (2009), “The very different balance of monoterpenes in the sessile trichomes on 

the foliage and the predominantly capitate stalked trichomes on floral tissues is supporting evidence 

that these trichomes have different functions. Both types contain bit- ter sesquiterpenes which can act 

as anti-feedant repellents. The increased monoterpene content of capitate stalked trichomes would be 

expected to lower the viscosity of the contents, thereby making it more able for them to ensnare 

insects… The monoterpenes are more volatile, and being hydropho- bic they are highly persistent in the 

atmosphere. Insect olfactory systems are devoid of the mucous membranes found in mammals, and 

they are especially sensitive to such lypophylic chemicals. Monoterpenes are thereby detected by 

insects at considerable distances from the plant. In many cases these monoterpenes are repellent to 

insects (e.g., α-pinene and ants) those insects apparently misidentifying the monoterpene as an alarm 

pheromone.” 

 

VALUE OF CANNABIS TERPENOIDS AS COMMERCIAL REPELLENTS 

Nerio et al. (2010) reviewed the repellent value of essential oils in general to control insects and other 

invertebrates harmful as pathogens affecting human and livestock health, and damaging materials of 

value to humans, especially stored food. They noted that synthetic chemicals currently dominate the 

repellent market, but natural plant extracts have potential to provide repellents that are safer for 

humans and the environment. For additional observations, see the discussion of natural pesticides in 

Chapter 10. 

 

 



 

MEDICAL SIGNIFICANCE OF TERPENES IN CANNABIS 

The common terpenes in Cannabis are present in many other plants. These terpenes are known   to 

have a variety of medicinal effects (Table 9.1): several are anti-inflammatory or psychologi- cally 

soothing, and some have specific therapeutic applications for human illnesses and disorders (Buchbauer 

2010). 

As discussed in Chapter 12, the sedative terpene myrcene may be responsible for “couchlock,” a state 

of extreme lethargy reputedly associated with indica type marijuana strains. Beta-myrcene is the 

predominant monoterpene in C. sativa (in both marijuana strains and industrial cultivars). Piomelli and 

Russo (2016) stated: “The sedation of the so-called indica strains is falsely attributed to CBD content 

when, in fact, CBD is stimulating in low  and moderate doses! Rather, sedation   in most common 

Cannabis strains is attributable to their myrcene content, a monoterpene with a strongly sedative 

couch-lock effect that resembles a narcotic. In contrast, a high limonene content (common to citrus 

peels) will be uplifting on mood, while the presence of the relatively rare terpene in Cannabis, alpha-

pinene, can effectively reduce or eliminate the short-term memory impairment classically induced by 

THC.”

 

 

 

TABLE 9.1 

Medicinal Properties of Common Terpenes of Cannabis sativa 

Terpene Pharmacological Activities 

Alpha-pinene Anti-inflammatory, antibacterial, bronchodilatory 

Beta-caryophyllene Anti-inflammatory, protects lining of digestive tract, antimalarial Beta-myrcene

 Analgesic, anti-inflammatory, sedative, muscle relaxant  

Caryopyhllene oxide Anti-fungal, deceases platelet aggregation, treats nail infections  

Limonene Antidepressant, immunostimulant, antibacterial 

Linalool Antianxiety, sedative, local anesthetic, anticonvulsant 

Nerolidol Anti-malarial, sedative 

Phytol Sedative, prevents certain congenital malformations 

 

Source: After Russo, E.B., Br. J. Pharmacol., 163, 1344–1364, 2011. 

 

 

Ross and ElSohly (1996) found that when plant material was stored in closed paper bags for three 

months, about half of the beta-myrcene evaporated away, indicating that the psychological properties 

of marijuana as influenced by terpenes may change with storage conditions and time. 

Of particular interest is evidence of interaction of the natural terpenoids and cannabinoids in marijuana, 

which may be therapeutic (McPartland and Russo 2001; Russo 2011a). Races of C. sativa have been 

selected which are high in particular terpenes (Gardner 2011), and these might be of value should 

particular cannabinoid-terpene combinations prove to be of significant medical application. Whether 

simply combining cannabinoid and terpenoid extracts would be more efficient than breed- ing biotypes 

that naturally combine certain cannabinoids and terpenes will need to be considered, since far cheaper 

sources of terpenes are available than C. sativa. 

 

 



 

WHY ELIMINATING TERPENES BY IRRADIATING MEDICAL 
MARIJUANA MAY BE HARMFUL 

Until recently, there has been only one official national supplier of medical marijuana in Canada, and as 

of the writing of this book, the federal government of the United States and the government of the 

Netherlands also have just one national supplier. The herbal marijuana supplied has been subjected to 

gamma radiation before being released to patients. The objective is to ensure micro- biological safety 

by sterilizing any potentially toxic microorganisms that are present, which are of concern because many 

patients are immune-compromised and especially susceptible to infection (Chapter 13). However, an 

unintended result is the reduction of terpenes, especially monoterpenes, which are especially sensitive 

to irradiation (Fan and Gates 2001). Just as irradiated food sometimes has a flat or cooked aroma that 

consumers find objectionable, so patients who are familiar with marijuana sometimes find the 

dearomatized nature of irradiated medical marijuana so objectionable that they turn to the black 

market. Moreover, as pointed out previously, there is reason to believe that the terpenes normally in 

marijuana contribute to its medical efficacy, so that irradiated marijuana may in fact be less healthy. See 

Chapter 14 for additional information on the wisdom of irradiating medical marijuana. 

 

EVOLUTION OF ESSENTIAL OIL IN DOMESTICATED CANNABIS 

Some wild populations of C. sativa produce very nauseous smells (especially noticeable in closed 

spaces), raising the possibility that humans have selected plants with relatively pleasant odor due to 

particular essential oil components. The odor of fiber strains is quite divorced from the quality and 

quantity of fiber in the stem (the fiber has no particular smell), but the odor of harvested marijuana is 

unavoidable and so has been more susceptible to selection. It is plausible that in the past, marijuana 

land races with pleasant odors were selected more often than was the case for fiber strains. Marijuana 

strains tend to be more attractive in odor than fiber strains, and many of the popularly marketed 

marijuana strains have relatively pleasing odors. Humans appreciate fragrance for aesthetic rea- sons, 

and indeed, in former times, fragrant resins were often employed in religious sacraments. An attractive 

fragrance would have reinforced the spiritual value of intoxicating forms of cannabis and so likely would 

have been selected. Clarke and Merlin (2013) observed that “Pioneering marijuana breeders continued 

selecting primarily for strong potency (high Δ9-THC content), followed by more aesthetic considerations 

of flavor, aroma, and color. Modifying adjectives such as ‘minty,’ ‘floral,’ ‘spicy,’ ‘fruity,’ ‘sweet,’ ‘purple,’ 

‘golden,’ or ‘red’ were often associated with selected varieties.” Upton et al. (2013) noted in regard to 

marijuana that “the aromas as described in modern advertising include: peculiar, narcotic, strong, sweet 

to sour, fruity to pungent, agreeable, aromatic, fresh and sweet, euphoric, spicy, citrusy, musty, skunky, 

acrid, juniper, floral, sour, diesel, vanilla, complex, blueberry, pineapple, perfumed, piney, sandalwood, 

mango, skunky-cheese, and more.” General adjectives such as complex, fresh, perfumed, and pungent 

that are applied to modern strains of marijuana can be difficult to interpret, in contrast to more specific 

comparative terms such as blue- berry, cheesy, citrus, juniper, mango, pineapple, piney, sandalwood, 

and vanilla. 

An unpleasant odor often does not disqualify material from being consumed by humans. The odor of 

some common marijuana strains is quite objectionable (note the popular strain Skunk). Moreover, it is 

apparent that some strains with a foul smell are appreciated by many. Some currently popular strains 

are described by terms such as acrid, diesel, musty, peculiar, and sour. Bouquet (1950) noted, “Ganja 

[marijuana] has a pronounced fetid smell, much appreciated by addicts.” It should be noted that 

judgment of the relative attractiveness of odor depends appreciably on one’s upbringing.  



 

The smells of ethnic foods that have become familiar in childhood may seem to be very attractive to 

those habituated to them, but quite unattractive to others. 

The possibility that the terpenes present in the essential oil modify the physiological effects of the 

cannabinoids is discussed in Chapter 13. If so, it is possible that unconscious selection for medically 

effective terpene profiles has been significant in the biochemical evolution of Cannabis marijuana 

strains. 

 

ODOR AND OTHER ORGANOLEPTIC QUALITIES OF 
MARIJUANA 

Industries that offer products that are consumed by mouth, like marijuana, are very concerned about 

organoleptic preferences (taste, odor, and texture) of their offerings since these are critical criteria by 

which consumers judge acceptability. For marijuana, probably odor (which is interconnected with taste) 

is the only organoleptic factor of interest, although the abrasiveness of the foliage, caused by the 

presence of cystolith hairs, may also be significant since there has been some consumption by mouth. 

Odor or “aroma” (a combination of smell and taste) is quite subjective, and characterizing 

C. sativa in these respects is problematical. The odor of C. sativa has been described by a variety of 

divergent terms in the literature, such as agreeable, disagreeable, strong, aromatic, heavy, and odd. 

Intoxicating plants have been alleged to have smells that are “narcotic” and “euphoric,” although clearly 

this requires imagination. 

The taste of marijuana is unpleasant—typically bitter, acrid, and resinous—and the mouth feel is also 

unpleasant—crunchy and sticky. In southern Asia, “bhang” is a low-intoxicant preparation of Cannabis 

leaves, typically combined with milk products (THC is soluble in fat) and sometimes eaten by lower 

classes, but the taste (as in all marijuana edibles) is masked by more pleasant ingre- dients. In the illicit 

drug counterculture/underground trade, hundreds of strains of C. sativa are offered, and many of these 

have names suggesting either or both odor and taste (e.g., Lemon-Lime Kush, California Orange Bud, 

and Fruity Juice). However, these differ primarily in olfactory, not taste qualities, likely mostly because 

of different profiles of the terpenes that are present. Although the terpenes are volatile, some remain 

in the resin glands unless they are crushed. 

 

ODOR HAS BECOME A KEY SELLING CRITERION FOR MARIJUANA 

Plants are capable of producing an enormous range of odors due to variation of essential oil content. The 

“scented-leaved” or “fragrant-leaved” geraniums (species of Pelargonium) are a mixed group of 

odoriferous species, including several dozen used for culinary purposes. The species smell like fruits 

(apricot, apple, peach, and strawberry), citrus (lemon, lime, and orange), “nuts” (coconut and filbert), 

spices (allspice, cinnamon, ginger, and nutmeg), mint, pine, camphor, and especially roses (Small 2006). 

It should be noted that the perception of smell is at least somewhat unique to individu- als (as noted 

previously, early experiences often determine lifelong preferences), and one person’s apricot-scented 

plant may be another’s sour milk. 

 

 

 



 

Cannabis also presents a wide range of odors. The hundreds of marijuana strains currently mar- keted 

differ in THC content, the chief determinant of psychological effect, so this is the main basis on which 

the product is purchased. However, many consumers have acquired the conviction that strong smell is 

an indicator of potency, and it is now common practice among marijuana users to judge the quality of 

dried cannabis or hashish at least partly by intensity of smell. Accordingly,  the terpene content of 

marijuana has become a critical quality concern for both illicit dealers and authorized sellers. 

As noted previously, strains of Cannabis may have been selected with particular terpene profiles in 

combination with particular cannabinoids, for medical value, but the possibility exists of simply 

combining cannabinoids with given terpenes from commercial (non-Cannabis) sources. Indeed, in 

theory, a variety of chemicals with desired odors or medicinal properties could simply be added   to 

marijuana. Regulations in particular jurisdictions may prevent adding materials to medicinal marijuana, 

but in the long-term, it would seem that if genuine medical benefit is gained from adding given terpenes 

to marijuana, there should not be an objection. If it also is established that no harm results from adding 

terpenes to marijuana simply for attractive aroma (in the same manner that lemon and pine aromas 

are widely added to detergents), then one can anticipate that “flavored” or “aromatized” marijuana will 

become popular. Such a practice is reminiscent of the tobacco indus- try’s offerings of scented and 

flavored products. 

 

THE IMPORTANCE OF TERPENE ODOR FOR OILSEED CANNABIS 

“Fresh, cold-pressed hempseed oil from good quality seed typically offers a delicious combination of 

citrus, mint and pepper flavors from the oil” (Callaway and Pate 2009). Volatile terpenes are primarily 

responsible for the delicate flavors of the oil (Mediavilla and Steinemann 1997), and it is necessary to 

control temperature and drying regime carefully to preserve the aroma (Callaway and Pate 2009). 

 

ODOR DETECTION AND LAW ENFORCEMENT 

Facetiously, it may be pointed out that the odor of marijuana has affected human evolution, since the 

distinct smell has widely attracted law enforcement officers, resulting in the incarceration of millions, 

reducing their Darwinian fitness (potential for leaving progeny). Police have become quite expert in 

recognizing the odor of marijuana and have even used devices to aid in their evaluation of the strength 

of the odor and to identify faint odors (note the “smelloscope” or “smellometer” shown in Figure 9.2, 

right). Caryophyllene oxide, a minor odoriferous component of marijuana, has been used to train police 

“sniffer dogs” (Figures 9.2, left, and 9.3) to detect marijuana (Martin et al. 1961; Nigam et al. 1965). 

Caryophyllene oxide is present in the volatile oil of other plants, such as In many jurisdictions, detection 

of the smell of marijuana is sufficient justification to permit police to inspect a person, vehicle, or 

premise. In the United States, the Fourth Amendment of the U.S. Constitution protects citizens from 

unreasonable search and seizure, so the accuracy of judg- ment of odor as a guide to the presence of 

marijuana has been extensively examined in courts, but less so by scientists.

 

 



 

 

 

FIGURE 9.2 Marijuana odor detection aids employed by the police. Left: German police dog. Dogs can be trained to identify the 

presence of marijuana by the presence of volatile components. Photo by Brian Snelson/ exfordy (CC BY 3.0). Right: “Nasal Ranger” 

field olfactometer, which has been used to quantify the strength of odors from marijuana grow-houses. Photo courtesy of St. Croix 

Sensory, Stillwater, Minnesota. 

 
 

 

FIGURE 9.3 Sniffer dogs easily detect contraband marijuana by the odor of terpenes. Prepared by Brookes. mugwort (Artemisia 
vulgaris L.) and clove (Syzygium aromaticum (L.) Merr. & L.M. Perry), but almost always the dogs alert to marijuana 
and not to flavoring herbs and spices. 

 

 

 

 

 

 

 

 

 

 

 

 



 

A rather preliminary review by Doty et al. (2004) suggested that many common plants and some 

animals have scents identical to marijuana, so that claims by officers of smelling marijuana are 

uncertain. The fact is, however, that in Western countries, relatively few people trans- porting highly 

odoriferous material are likely to be carrying anything but marijuana. In a study of Alaskan marijuana 

police cases involving possible marijuana in buildings, Myrstol and Brandeis (2012) concluded, 

“Detection of marijuana odors was not found to be a good predictor of whether or not a search 

would result in the discovery of less than one ounce of marijuana… Detection of marijuana odors 

was found to be significantly associated with the discovery of relatively ‘large’ amounts of 

marijuana—that is, quantities of four ounces or more, as well as 25 or more plants.” As one would 

expect given the olfactory skills of dogs, canine detection is more accurate than human detection 

but is not infallible. “Limited work has been published on canine and human detection  of marijuana 

odor, yielding mixed results and high variability” (Rice and Koziel 2015). It has been shown that 

handler belief that marijuana is present increases the likelihood that dogs will detect it (Lit et al. 

2011). 

 

AGRONOMIC PRODUCTION 

Commercial preparations of the essential oil, often called “Cannabis flower essential oil” and “hemp 

essential oil,” have been prepared from the female or monoecious inflorescences and/or the younger 

foliage. Mediavilla and Steinemann (1997) observed very considerable variation of pleasantness of 

both fiber cultivars and marijuana strains. However, marijuana strains tend to be more attractive in 

odor than fiber hemp, although the essential oil of most hemp cultivars tends to have considerable 

myrcene, which is pleasant in odor and is often used in the perfume industry. Marijuana strains 

produce much higher numbers of flowers than fiber strains, and because the (female) floral parts 

provide most of the essential oil, marijuana strains are naturally adapted to essential oil production. 

Switzerland has permitted strains with higher THC content to be grown than is allowed in most other 

countries, giving the nation an advantage with respect to the essential oil market. Accordingly, 

Switzerland has been a center for the production of essential oil of C. sativa for the commercial 

market. Nevertheless, essential oil in the marketplace has been produced from low-THC Cannabis, 

for example, in France and Canada. 

Parameters affecting the production of essential oil have not been carefully examined. Extraction of 

the essential oil by steam distillation of fresh plants has a yield of only 0.05%–0.29%, depending on 

growth, harvest, and drying conditions (Upton et al. 2013). Essential oil is maximized under the same 

conditions that THC is maximized, since both are produced primarily by glandular hairs. However, 

growing exclusively female plants to prevent seed formation has apparently not been practiced for 

essential oil production, although pollination prevention in greenhouse experiments showed signifi- 

cantly higher essential oil yield (Mediavilla 1998). Mediavilla (1998) reported that “Highest yield of 

essential oils was gained when about 50% of the seeds had reached maturity. The ideal harvest time 

for best quality (scent scores) was… between female flowering and seed maturity. Unfortunately the 

yield and the quality never [are both] highest at the same time. Therefore the optimal harvest time 

depends on whether the farmer or his customer is more interested in yield or quality. The time 

interval when both yield and quality are high is rather small.” Because essential oil is water soluble, 

rain and high humidity can deteriorate production (Mediavilla 1998). This is a common problem for 

numerous essential oil crops but is avoided by growing in dry environments. Growing C. sativa in a 

greenhouse can greatly increase yield; Potter (2009) found a yield of 7.6 mL/m2, equivalent to 77 

L/ha2. However, the costs involved in producing essential oil indoors would be prohibitive. 

 



 

As noted in Chapter 12, production of high-THC marijuana “buds” leaves “waste” (stems and foliage), 

which can serve as material from which intoxicating THC can be extracted as a secondary or salvage 

product. Similarly, as noted in Chapter 8, production of oilseed also leaves residue (floral bracts, 

foliage), which can serve as material from which nonintoxicating, medicinal CBD can be extracted as 

a secondary or salvage product. In principle, waste material from oilseed production could also be 

used as a source of terpenes. 

 

COMMERCIAL PRODUCTS 

The essential oil of C. sativa has some limited commercial value (examples of products are shown 

in Figure 9.4). Yields are very small—about 10 L/ha (Mediavilla and Steinemann 1997), so the 

essential oil is expensive (Weightman and Kindred 2005 cited a retail price of £1000/L [=ca 

$1700/L]). Essential oil of different strains varies considerably in odor, and this may have economic 

importance in imparting a scent to cosmetics, shampoos, soaps, creams, oils, perfumes, and candles 

and a flavor to foodstuffs (particularly candy and beverages) or medicines. Alcoholic beverages 

made with hemp utilize hemp essential oil as a flavorant. Aromatherapy—the therapeutic use of 

volatile oils—has become popular, and it is possible that cannabis volatile oils could achieve 

considerable market penetration. There is no evidence at present that cannabis essential oil is as 

effective as presently utilized aromatherapy oils. Nevertheless, there is a large market for cannabis 

products of whatever nature merely because C. sativa is notorious, and it would not be surprising if 

cannabis essential oils marketed for aromatherapy achieved market success.

 

 

 

 

FIGURE 9.4 Products made with C. sativa essential oil. Left: Two bottles of hemp essential oil. Right: Pastilles flavored with hemp essential 
oil. The essential oil is largely a volatile product distilled substantially from the floral bracts. 

 

 

 

 

 

 



 

REGULATORY RESTRICTIONS 

Terpenes are natural flavor ingredients of numerous plants, and as long as they are in plant tissues, they 

are usually not of concern for safety considerations. Crude and purified terpene extracts are 

concentrated chemicals that often do have potential toxicity, and their use is frequently subject to 

safety regulations. The common terpenes from Cannabis are available from sources other than 

Cannabis. The principal terpenoid extract of Cannabis has simply been the volatile oil, and the chief 

regulatory concern associated with it is THC contamination. Cannabis essential oil is not an authorized 

product in many jurisdictions because of concern about THC content. THC has rela- tively low volatility 

and water solubility (Malingré et al. 1975) and so is not expected to be present in appreciable 

concentrations in extracts prepared by steam distillation. It is possible to produce Cannabis essential oil 

capable of satisfying the regulatory needs for very low THC levels in food and other commercial goods. 

 

ECONOMIC PROSPECTS 

Market Potential for Cannabis essential oil 

Today, extracted cannabis essential oil is simply a novelty. The world market for hemp essential oil for 

flavoring or adding aroma to products is very limited at present and probably has limited growth 

possibilities, although as noted previously, the aromatherapy market may have some potential. 

 

Breeding Cultivars for essential oil Harvest 

As with oilseed cultivars, tall cultivars are disadvantageous in directing much of their energy into the 

production of stem tissue rather than reproductive tissue. Short plants with condensed flower- ing axes 

are rich in flowers; hence, resin-synthesizing trichomes are a much better investment from the point of 

view of essential oil production on an area basis (exactly as for oilseed cultivars). As with marijuana 

strains and oilseed cultivars, male plants are of little or no use, and male expression could be reduced 

considerably. There are no cultivars selected mainly for essential oil, and given the limited market 

potential, breeding new varities just for terpenes seems unlikely at present. In Britain, the short-

statured oilseed cultivar FINOLA has been employed for essential oil production (Weightman and 

Kindred 2005). 

 

Breeding Marijuana strains for attractiv terpene profile 

As discussed in this chapter, the terpenes of Cannabis may have medicinal value as natural com- 

ponents of medical marijuana, and certainly, the aroma associated with the terpenes has become a key 

criterion judged by consumers. At present, medicinal marijuana is substantially sold as a natural 

(“organic”) herbal, without additives, and if this situation persists, strains with attractive terpene 

profiles have potentially immense value. However, there seems no necessary reason why terpenes 

cheaply extracted from other plants can’t simply be added to marijuana lacking these attractive ter- 

penes, so that breeding plants for terpene profile seems like a debatable investment. 

 

 

 

 



 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN BEHAVIOR 

• Although terpenes are effective repellents against many insects, some insects synthesize terpenes (often from 

precursors obtained by consuming plants) and use them as a defense against predators (Eisner 1970). Insects using 

terpenes as defensive chemicals include cat- erpillars of swallowtail butterflies, some ants, and some termites. Some 

Silphidae beetles secrete foul-smelling terpene alcohols from a rectal gland. Like a skunk, one of these spe- cies, 

Necrodes surinamensis, ejects this secretion and can rotate the end of its abdomen to spray in all directions (Roach 

et al. 1990). 

• In 1981, U.S. President Ronald Reagan stated, “Trees cause more pollution than automo- biles do.” The specious 

rationale for this controversial statement was that “photochemical smog” (also known as ground level ozone 

pollution), which is created when automobile emissions are broken down into ozone and other chemicals by strong 

sunlight, is ampli- fied by the presence of various volatile organic compounds, particularly terpenes, which are 

released to the atmosphere in large amounts by coniferous trees in hot weather. While Reagan’s claim was ill-

considered, the possibility that terpenes released by trees may have had a significant role in historical climate change 

(for example, reactive terpenes could have weakened the ozone layer protecting the planet) has been taken seriously 

in some scientific publications (e.g., Hari and Kulmala 2008). 

• Humans can distinguish several million different colors and almost half a million different sounds, but our sense of 

smell is remarkably more acute, capable of discriminating more than one trillion smells (Bushdid et al. 2014). 

• Cannabis essential oil is one of the world’s most expensive essential oils, sometimes sell- ing for about $30.00/mL, 

although market prices fluctuate. Agarwood (from an endan- gered Asian tropical tree, Aquilaria malaccensis), at 

about $40.00/mL, is often said to   be the world’s most expensive essential oil. “Absolutes” are similar to essential oils 

but  are extracted from plants by solvents or fats, whereas essential oils are typically obtained by steam distillation. 

Expensive absolutes include champaca (from a southern Asian tree, Michelia champaca) at $80.00/mL, frangipani 

(from a tropical American tree or shrub, Plumeria rubra) at $50.00/mL, and tuberose (from the Mexican perennial 

Polianthes tuberosa) at $50.00/mL. 

• Humans are not only fascinated by the odors of plants but also by the smell of other humans. One of the more curious 

studies reported that underarms of men smell of cheese while those of women smell of onions (Troccaz et al. 2009). 

The onion odor of women’s armpits was found to be due to high amounts of an odorless sulphur-containing compound, 

which underarm bacteria transformed into the onion-smelling chemical thiol. The cheesy odor of men’s armpits was 

caused by an odorless fatty acid which became smelly when acted on by underarm bacteria. 

 

 

 

 

 

 

 

 

 

 

 



 

Minor Uses of Cannabis S. 
Cannabis sativa is an exceptionally versatile crop. Fiber (Chapter 7), oilseed (Chapter 8), and 

cannabinoid drugs (Chapter 13) are the main economic products. Essential oil, of minor signifi- cance, 

is discussed in Chapter 9. Other actual or potential uses are examined in this chapter.  The following 

sequence of subchapters is arranged in decreasing order of probable potential usefulness. 

 

BIOMASS 

Merits of Cannabis sativa as a source of BioMass 

Biomass refers to material from living or recently living organisms, especially from plants, which is 

usually employed as an energy source, either burned to produce heat or converted to biofuel. 

Numerous plants are capable of generating considerable biomass, and C. sativa is one of them (Poiša 

et al. 2010; Figure 10.1). Concern over rising prices and ecological damage associated with the use of 

petrochemicals has led to attempts to reduce fossil fuel use by substituting biomass plants to produce 

energy. Most biomass is currently derived from wood, but as discussed in Chapter 16, dealing with 

sustainability, trees are a diminishing resource, and crops are being considered as new sources of 

biomass. Hempseed-based biodiesel is discussed in Chapter 8. Biodiesel is usually produced from edible 

oilseed crops (such as rapeseed) and bioethanol is usually manufactured from edible carbohydrate 

crops (such as maize and sugar cane). This is controversial, since using cropland to produce biomass 

instead of food can reduce the availability and increase the cost of food, especially in low-income 

nations. It has been argued that using crops that produce only inedible “lignocellulosic biomass” (such 

as fiber hemp) avoids the ethical problem, but it does not, since the land could be used for food 

production (including oilseed hemp). Rehman et al. (2013) explored the possibility of using harvested 

wild-growing hemp in Pakistan as a source of biomass, which certainly would be an ethical strategy. As 

discussed in Chapter 16, C. sativa is an especially sustainable, environmentally friendly plant, and so 

when grown as a crop for whatever purpose, possibly including biomass production, it is relatively 

benign to the planet and to people. Compared to other crops grown for energy, hemp is considered to 

be a reasonably efficient source (Finnan and Styles 2013). 

It has been contended that hemp is notably superior to most crops in terms of biomass pro-  duction, 

but Van der Werf (1994b) observed that the annual dry matter yield of hemp (rarely approaching 20 

tonnes/ha) is not exceptional compared to corn, beet, or potato. Meijer et al. (1995) also noted that 

there are constraints to the biomass production of hemp. However, most hemp varieties have been 

selected for production of fiber, not for biomass. Hemp has been rated on a variety of criteria as one 

of the best crops available to produce energy in Europe (Biewinga and van der Bijl 1996). Hemp, 

especially the hurds, can be burned as is or processed into char- coal, methanol, methane, or gasoline 

through pyrolysis (destructive distillation). Hemp could be used to create cellulosic-based ethanol 

(Sipos et al. 2010; Kuglarz et al. 2016). González-García  et al. (2012) showed that ethanol derived from 

hemp hurds under some scenarios could be practi- cal. However, conversion of hemp biomass into fuel 

or alcohol is impractical in areas where there are abundant supplies of wood, and energy can be 

produced relatively cheaply from a variety     of sources. Prade et al. (2012) concluded, “The main 

competitors for hemp are maize and sugar beets for biogas production and the perennial crops willow, 

reed canary grass and miscanthus for solid biofuel production. Hemp is an above-average energy crop 

with a large potential for yield improvements.” 

 

 



 

 

 

 

FIGURE 10.1 Scenes illustrating considerable biomass production by hemp (from a Canadian medicinal marijuana plantation in Ottawa in 

1971, described in Small et al. 1975). 

 

 

Biogas 

“Biogas” (especially methane) is produced in some countries from various feedstocks, particularly 

animal waste, crop residues, household organic waste, and sewage sludge. In Germany, maize has been 

used as a source of biogas (Rehman et al. 2013), and other crops have been considered for  the purpose. 

Mallik et al. (1990) studied the possibility of using hemp for methane production and decided that it 

was unsuitable for this purpose. Pinfold Consulting (1998) concluded that while there may be some 

potential for hemp biomass fuel near areas where hemp is cultivated, “a fuel ethanol industry is not 

expected to develop based on hemp.” Kreuger et al. (2011a,b) were more optimistic, considering hemp 

to be a potential source of biomass for biogas generators, based in part on their observation that steam 

pretreatment notably increased the conversion of hemp straw into methane. 

 

 

 



 

Hemp solid fuel 

Hemp can be burned directly for energy (Rice 2008), but there has been limited interest in this. However, 

because of its high biomass productivity, hemp is a potential feedstock for the production of solid 

biofuels such as briquettes and pellets (Prade et al. 2011; Aluru et al. 2013). Pelleted combus- tible 

material that can be used as fuel for pellet stoves and boilers represents a niche market. Today, fuel 

pellets are made almost exclusively from wood, although other biomass energy crops (such as cereal 

straw, miscanthus, switchgrass, and hemp) are being explored for the purpose (Kolarikova et al. 2013). 

Hemp produces relatively little ash when burned (often under 2%) and is comparable in corrosive effect 

to wood pellets (pellets from straw, miscanthus, and switchgrass can be relatively corrosive), and these 

are advantages for most pellet stoves currently marketed. However, Kolarikova et al. (2015) found that 

utilization of hemp for briquettes was not economically feasible. 

 

NONSEED USE OF HEMP AS LIVESTOCK FEED 

As noted in Chapter 8, hemp seed and its derivatives make excellent feed for animals. However, feed- ing 

entire plants is another matter because the leaves are covered with resin-producing glands. The 

herbaceous material (not the seeds) appears to have toxic potential if eaten in very large amounts. 

While deer, groundhogs, rabbits, and other mammals will nibble on hemp plants, mammals gener- ally 

do not choose to eat hemp. Jain and Aroroa (1988) fed marijuana refuse to cattle and found that the 

animals “suffered variable degrees of depression and revealed incoordination in movement.” Driemeier 

(1997) reported that four of five cattle died after consuming bales of dried marijuana leaves. Companion 

animals, especially dogs, occasionally are intoxicated as a result of consuming relatively small amounts 

of herbal marijuana but rarely are seriously harmed (foods such as brown- ies prepared with marijuana 

extracts can result in large amounts being consumed and consequent greater risk; see Chapter 12). 

The EFSA Panel on Additives and Products or Substances Used in Animal Feed (2011), a compre- hensive 

committee-based evaluation of hempseed as animal feed, came to the following evaluation (pertaining 

to low-THC hemp): The whole hemp plant (including stalk and leaves), due to its high fiber content, would 

make a suitable feed material for ruminants (and horses), and daily amounts oto 1.5 kg whole hemp 

plant dry matter could likely be incorporated in the daily ration of dairy cows. However, due to 

observations that cows so fed secreted milk with THC and concern that other products (meat, eggs) 

could be similarly affected, the panel recommended that “whole hemp plant, hemp hurds, hemp flour 

(ground dried hemp leaves) should be placed on the list of materials whose placing on the market or 

use for animal nutritional purposes is restricted or prohibited.” 

Letniak et al. (2000) conducted an experimental trial of hemp as silage. No significant differ- ences were 

found between yield of the hemp and of barley/oat silage fed to heifers, suggesting that fermenting 

hemp plants reduces possible harmful constituents. 

 

 

 

 

 



 

ORNAMENTAL USE 

Hemp has, at times in the past, been grown simply for its ornamental value. The short, strongly 

branched cultivar Panorama (Figure 10.2),  bred by Iván Bósca, was commercialized in Hungary  in the 

1980s (Journal of the IHA 1994) and has been said to be the only ornamental hemp cultivar available. It 

has had limited success, of course, because there are very few circumstances that per- mit private 

gardeners to grow Cannabis as an ornamental today.  

 

By contrast, beautiful ornamental cultivars of opium poppy are widely grown in home gardens across 

North America, a very curi- ous situation widely tolerated by the police and governments despite their 

illegality according to   a strict interpretation of certain legislation. Tall fiber C. sativa has been employed 

in France as an ornamental maze (Figure 10.3). Doubtless, should it became legally permissible, many 

would grow hemp as an ornamental. 

 

 

 

 

FIGURE 10.2 Panorama—the world’s only ornamental hemp cultivar, with the breeder, Iván Bócsa. Photo courtesy of the late Professor 

Bócsa. According to De Meijer (1998, based on information provided by Bócsa), this arose as a back-cross hybrid between a globe-shaped 

dwarf mutant of a Lebanese drug strain and the monoecious cultivar Fibrimon. 

 

 

 

 



 

 

 

FIGURE 10.3 Ornamental hemp maze in France. Photo by Barbetorte (CC BY 3.0). 

 

 

 

 

HEMP AS A PROTECTIVE COMPANION PLANT 

“Companion plants” are pairs of species, at least one of which benefits by being grown near the other. 

Sometimes, plant species are toxic to mobile insects, and their mere presence seems to safe- guard 

nearby plants to some degree. Sometimes, plant species are allelopathic: toxic chemicals diffuse from 

them, particularly from the roots, and suppress nearby species, such as harmful soil organisms. As 

reviewed by McPartland (1997a), hemp near cotton and vegetable crops has been shown to protect 

them to some degree against certain of their pests, particularly nematodes, the reduction of these 

making the soil less threatening for subsequent different crops. 

Crop rotation is a form of companion planting in which one species is deliberately planted in the same 

place as its benefactor grew the previous season. For most crops, rotation tends to reduce pests and 

diseases, in part because the unwanted organisms that build up on a given crop tend to have less 

success on the next season’s different crop. As noted in Chapter 7, hemp is best alternated with several 

different crops in sequence over a period of years. Hemp benefits particularly from being planted where 

legume crops with nitrogen-fixing bacterial associates, such as alfalfa and clovers, have grown. In turn, 

hemp can benefit other crops in the rotation. 

 

NATURAL PESTICIDES 

McPartland (1997a) reviewed research on the pesticide and repellent applications of Cannabis. 

Powdered material and extracts of C. sativa have been used as antifeedants, repellents, and insec- 

ticides (Bouquet 1950; McPartland 1997b). Mukhtar et al. (2013) found that C. sativa is effective against 

nematodes.  



 

Gorski et al. (2009) found that hemp oil repelled aphids. There are numer-   ous studies of the effects 

of crude preparations of cannabis on various classes of noxious organ- isms, but there is often 

insufficient evidence to attribute the effects to particular chemicals present. Nevertheless, dried plant 

parts and extracts of Cannabis have received rather extensive usage as homemade repellents in the 

past, raising the possibility that research could produce formulations of commercial value. Natural plant 

pesticides tend to be relatively benign to the environment and biodiversity compared to synthetics, so 

they are often welcomed in the marketplace. However, the commercial value of cannabis extracts is 

uncertain at present. 

 

HEMP JEWELRY 

Hemp jewelry combines colored hemp twine and (usually) colorful beads in the form of anklets, 

bracelets, necklaces, purses, and various other (usually female) accessories (see Figure 10.4). Wearing 

hemp jewelry has been popular among youth, frequently as an expression of “eco-chic.” As expressed by 

Dvorak (2004), “Around college campuses and at concerts and village greens, hemp twine jewelry worn 

by the younger generation has become ubiquitous. Many people wearing it con- sider this to be a 

statement that they are for the environment and against cannabis hemp prohibition. Others simply wear 

it because it’s cool.” Complex knitting and knotting are often employed. Kits for preparing hemp jewelry 

are widely available and so are preparation instructions on the Internet and in books (e.g., Baskett 1999; 

Lunger 1999). The recent interest in using hemp fiber for arts and crafts preparations mainly for 

women’s attire is ironic, given that since ancient times, the Chinese have employed hemp to prepare 

astonishingly artistic items of the same nature (Figure 10.5). 

 

 

 

 

FIGURE 10.4 Examples of hemp jewelry. Headbands by Totally Hemp (CC BY 2.0). 

 

 

 



 

 

 

FIGURE 10.5 Gorgeous handbags made with hemp, exhibited in the Yunnan Nationalities Museum,  Kunming, Yunnan, China. Photo by 

Daderot (released into the public domain). 

 

 

 

HEMPSEED AS FISH BAIT 

In some European countries, hempseed is considered to be an outstanding fish lure and is often sold in 

bait shops as dry, sterilized seeds. The seeds are usually prepared by boiling to the point that a hook 

will pass easily through them. Many anglers simply toss the intact hulled or ground-up seeds into the 

water to attract fish, using hooks baited with other materials to actually catch the fish. Instructional 

videos on the use of hempseeds for fishing are available online. In the United Kingdom, where 

hempseed is a popular fish bait, some fishermen with hempseeds intended for  fishing have been 

arrested and charged with possession of a narcotic—an obvious misapplication of the law. 

 

HEMPSEED AS A GROWTH MEDIUM FOR FUNGI AND OTHER 
MICROORGANISMS 

Mycologists frequently employ boiled hempseed in sterile water to culture aquatic fungi, and indeed, 

this is the medium of choice for numerous water molds. Since hempseed is very attractive to many fungi 

and some other microorganisms that grow in water, hempseed is also often placed in natural aquatic 

(and even terrestrial) habitats for a period as “bait,” and after the seeds have been colonized by these 

organisms, the material can be examined to determine exactly which species are present in the location. 

 

HEMP AS AN AGRICULTURAL POLLEN BARRIER 

One of the most curious uses of hemp, occasionally observed in Europe, is as a tall fence to physi- cally 

prevent pollen transfer in commercial production of seeds. Isolation distances for ensuring that seeds 

produced are pure are considerable for many plants and are sometimes too large to be practical. At one 

point in the 1980s, the only permitted use of hemp in Germany was as a fence   or hedge to prevent 

plots of beets being used for seed production from becoming contaminated by pollen from ruderal 

beets.  



 

The high and rather impenetrable hedge that hemp can produce was con- sidered unsurpassed by any 

other species for the purpose. As well, the sticky leaves of hemp were thought to trap pollen. However, 

Saeglitz et al. (2000) demonstrated that the spread of beet pollen is only partly prevented by hemp 

hedges. Tall fiber varieties of hemp were also once used in Europe as wind-breaks, protecting vulnerable 

crops against wind damage. Although hemp plants can lodge (bend over permanently), on the whole, 

very tall hemp is remarkably resistant against wind. 

 

EDIBLE SHOOTS (STEMS AND FOLIAGE) 

The extensive edible uses of the seeds and their fixed seed oil and the possible use of seedlings as 

sprouts are discussed in Chapter 8. The flavoring use of the essential oil is discussed in Chapter 9. As 

noted in Chapter 4, honey bees collect pollen from C. sativa, and so some of this may end up in honey, 

although almost certainly in insignificant amounts. Recreational marijuana is widely incor- porated into 

edible preparations (Chapter 12). However, eating the foliage, stems, or floral material is unpleasant and 

at least slightly toxic, and edible material for humans generally has been prepared by extracting THC 

(usually in fats such as butter when used in brownies and the like or in alcohol in liquid preparations), 

so that the marijuana itself is not eaten. Despite the lack of palatability and potential toxicity, there are 

statements from various authors (not well documented) that leaves, twigs, or flowers are occasionally 

eaten (Cheatham et al. 2009, pp. 38–39). As noted in Chapter 12, bhang is a traditional Asian beverage 

made with chopped cannabis foliage. 

 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN 
BEHAVIOR 

• The use of plant biomass to generate fuels is widely regarded as an important environmen- tally beneficial way to 

reduce the consumption of fossil fuels and the consequent genera- tion of greenhouse gases contributing to 

greenhouse gases and climate change. Until 2012, the European Union (EU) heavily subsidized crops such as hemp 

and flax that are regarded as good for the environment. In the 1990s, the EU provided a subsidy of more than $1000 

per hectare (approximately $400/acre) for farmers who grew flax and hemp. In a classic example of how good-

intentioned legislation can be abused, in 1998, thousands of hectares of flax were grown in Spain and Ireland, the 

subsidies were collected, and all of the crops were simply unharvested or burned in the fields, worsening 

environmental pollution. 

• Supercapacitors are energy storage devices using activated carbon electrodes to provide quick bursts of power. They 

are used currently in braking systems for buses and fast- charging flashlights. Heating and chemically treating hemp 

phloem fibers have been found to produce a material with potential to store much more energy in supercapacitors 

than the activated carbon electrodes currently used (Wang et al. 2013). 

• According to Popular Mechanics (1938), “Thousands of tons of hemp hurds are used every year by one large powder 

company for the manufacture of dynamite and TNT.” Hemp hurds (the woody interior of hemp stems) are highly 

absorbent and so would have been use- ful to soak up the explosive chemicals in cylinders or sticks. However, the use 

of organic materials such as hemp hurds and sawdust to hold the explosives has generally been dis- continued in 

favor of more stable absorbents. 

 


