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ABSTRACT

Hemp (Cannabis sativa L.) seeds : morpho-histological and histochemical 
characterisation
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Cannabis sativa is an herbaceous plant, used for many different scopes from nutrition to fiber production. While the anatomical 
structure of the seed is already known, there is little information about its cytology and the distribution of metabolites. Moreover, 
differences between varieties used for animal feeding or human consumption have not been investigated yet. Our research aims 
to disentangle these aspects through a cyto-histochemical approach in two cultivars: one used for human consumption and one 
for animals feeding. We have observed no differences in fresh weight or in the percentage of dry matter between the cultivars. In 
both analysed samples, the PAS (Periodic Acid–Schiff) reaction outlined the presence of many protein storage vacuoles (PSVs) 
in the endosperm and in the cotyledons. In the embryo axis, epidermal cells did not show PSVs, and in the parenchymatic tissues, 
there were fewer vacuoles than in the endosperm and cotyledons. In all seed structures, no starch grains were observed, while we 
detected few vesicles stained with osmium, as they were probably rich in lipids or phenols. These data are useful from a botanical 
point of view and can be used for economical purposes.  
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Hemp (Cannabis sativa L.) is an herbaceous species and for the growing diffusion of synthetic fibres. In the last 
belonging to Cannabaceae family, with its origin and center of years, a renewed increasing interest toward hemp cultivation 
diversity in central Asia. It was introduced into Europe in 1500 has occurred: hemp fibre can be indeed used in the production 
B.C., mainly by the migration of nomadics such as Scynthians of carbon nanosheets, plastics, oil absorbent material and 
(Amaducci et al. 2015). Cannabis sativa is principally construction concrete (Schluttenhofer and Yuan 2017); they 
dioecious (male and female flowers in separate plants) but a also show antibacterial properties and are used for the 
small percentage of monoecious plants can occur, mostly in manufacture of antibacterial finishing agents (Bao et al. 2014) 
short day conditions (Dempsey 1975). Staminate plants are and surgical devices (Gu 2006). 
usually slender and taller than the pistillate ones (Amaducci et For centuries, moreover, hemp seeds have been used for 
al. 2015). The male flower, borne on panicles, consists of five human consumption, and in the last several years, the interest 
petals and five stamens, while female inflorescences are for this food has greatly increased for its metabolic value. 
raceme. The fruit is a small achene containing a single seed Indeed, these seeds hold all essential amino acids, and the 
surrounded by a thin pericarp. The “seed”, from a commercial lipidic fraction is represented by essential polyunsaturated 
standpoint, is indeed the fruit, which is commonly sold fatty acids such as linoleic (b, g and w-6) and linolenic (w-3) 
enclosed within its hooded floral bract. acid. They are also rich in fiber and vitamins and contain 

Hemp is considered an example of a multipurpose plant, nonmedicinal levels (<0.3%) of d-9-tetrahydrocannabinol 
rich in cannabinoids and fibre. The stem of this species is (THC) (Aluko 2017), which is more abundant in the seeds of 
green and hollow and is 0.2–6 m tall; leaves are palmate and Cannabis indica L. (known as marijuana), a different species 
3–9 lobed, but the first ones are sometimes unlobed (Chandra of the genus Cannabis (Schuttenhofer and Yuan, 2017). 
et al. 2017). The central cylinder is lignified, while, in the Currently, hemp seed is also processed to extract valuable oil, 
cortex, long cellulose-rich fibres, known as bast fibres, are while the residue is used to produce various protein-rich food 
localized. Hemp shows two kinds of trichomes, non-glandular products. The structure and morphology of hemp seed was 
and glandular, the latter of which is capable of secreting already known in the first few decades of the last few 
different kinds of metabolites, such as terpene and centuries. Hayward (1938) described the pericarp as being 
cannabinoids (including cannabidiolic acid, CBDA, and composed of five distinct zones : 1) the epicarp, a layer of 
cannabichromenic acid, CBCA), and is principally localized sclerenchymatous sinuous cells with radial walls, sometimes 
in the bracts of many flowers (Andre et al. 2016). so thick that it strongly reduced the lumen; 2) the spongy 

In Europe, the use of this plant as a fibre source increased parenchyma, characterized by colourless cells, many 
until the first decades of the 19th century; in the last decades of intercellular spaces and many vascular bundles also visible 
19th century and during the 20th century, a progressive through the epicarp; 3) the zone constituted by brown cells 
decline was observed, principally for the high processing costs 



with thick walls; 4) the layer of small, colourless and porous For staining with PAS, the protocol of Feder and O’Brien 
(1968) was followed with minor modifications. Periodic acid cells with sinuous radial walls; and 5) a large palisade layer. 
(0.5%) was added onto the sections, and slides were kept at Inside the pericarp, a green seed coat was observed, which 
35–40 °C for 30 min. The slides were then rinsed with tap consists of two layers: the inner layer of spongy 
water and after with demi-water. The Schiff reagent was added parenchymatous cells and the outermost layer constituted by 
to the slides and kept for 20 min at room temperature in the tube cells (Hayward 1938). The embryo is U-shaped and 
dark; then, the sections were washed once with tap water, constituted by two cotyledons, a well-developed epicotyl, a 
twice with SO -water and twice with demi-water. To highlight subcylindrical hypocotyl and the primary root. Hayward 2

proteins, slides were then treated with 1% amido black in 7% (1938) and Kubitzki (1993) highlighted the presence of the 
acetic acid for 10 min at 35–40 °C, rinsed before in 7% acetic endosperm and perisperm, which adhere to each other; the 
acid and after with demi-water (three times), air-dried and endosperm was described as a “membrane several layers in 
mounted in Eukit medium (Sigma Aldrich, St Louis, MO, thickness”. While the anatomical structure of the seed is 
USA). In the stained sections, protein appeared blue and known, there is little information about the cytology of the 
carbohydrate appeared purple.seed and about the distribution of metabolites within it. 

In the toluidine blue staining, a solution of 0.5% (w/v) Moreover, it is not known how the nutritionally valuable 
toluidine blue in 0.2% NaHCO  buffer was added to sections 3compounds are distributed in the different tissues of the seed. 
and slides were kept at 35–40 °C for 30 min; slides were then Nor is it known whether differences can be observed between 
washed respectively with demi-water, 50° alcohol and 95° varieties used for animal feeding or human consumption. Our 
alcohol, for 10 min each. Finally, slides were air-dried and research tries to answer these questions by enriching our 
mounted in Eukit medium (Sigma Aldrich, St Louis, MO, comprehension of seed structure and composition. In animal 
USA); toluidine blue (TB) is a polychromatic dye which can and human nutrition, whole and hulled hemp seeds can be 
absorb different colours depending on tissue components. used; the hulls can also be utilized in dietary fibre and animal 

Statistical analysis-The statistical analysis was feed (Crawford 2012). Therefore, cyto-histological studies 
performed by the Analysis Tool Pak, an Excel add-in program. and localization of the metabolic components in different 
Values were compared by T-test analysis and P < 0.01 was 

portions of hemp seeds can be useful not only from a botanical 
considered significant. Data are reported as average ± 

point of view but also for an economical purpose.  
standard error.

MATERIALS AND METHODS
RESULTS AND DISCUSSION

Plant material—Two kinds of hemp fruits, 
Hemp fruit of two considered samples appeared highly 

commercialized as “seeds”, were collected: one was used as 
variable in size and colour, and the epicarp showed a variable 

animal feed (belonging to an unknown variety), named sample 
number of spots (Figs. 1A, B). The fresh weight was lower in 

A, and the other was used for human consumption (belonging 
sample A (seeds used for the animal feed) than in sample B 

to “Futura” variety), named sample B. For each sample, 30 
(human consumption) but the differences were not 

fruit were put in a fixative solution for resin embedding, while 
statistically significant (Fig. 2). No differences were observed 

20 were used for germination.
in the percentage of dry matter (Fig. 3). 

Morphological observations—The collected fruit were 
observed with a stereomicroscope; the fresh weight and the 
percentage of dry matter were determined. To determine the 
percentage of dry matter, 10 fruit for each sample were 
weighed before and after being oven dried at low heat (95 °C).
Cyto-histological observations—For the cyto-histological 
observations, hemp fruit were fixed in 3% (w/v) glutaraldehyde 
in 0.075 M sodium cacodylate buffer, pH 7.2, for 48 h. The 
samples were then washed three times for 7 min each in 0.075 
M sodium cacodylate buffer, pH 7.2, post-fixed in 1% (w/v) 
OsO  in the same buffer, dehydrated in increasing 4

concentrations of ethanol, and finally embedded in resin (Epon, 
2-dodecenylsuccinic anhydride, methylnadic anhydride 
mixture) (Reale et al. 2016). Semi-thin sections (thickness of 
1–2 µm) of fruit were cut with an ultramicrotome equipped 
with a glass blade (OmU2; Reichert, Heidelberg), stained with 
Periodic Acid–Schiff (PAS) and toluidine blue and observed Fig. 1 (A, B) Hemp fruit from sample A, used for animal feed (A), and sample 
under light microscopy (BX53; Olympus, Tokyo, Japan). B used for human consumption (“Futura” variety, B). Scale bars, 4 mm.

A

B
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colour is related to the polysaccharide nature of the cell wall. 
The cotyledons were characterized by a single layer epidermis, 
in which small PSVs were observed (Fig. 5C); in both samples, 
the epidermis enclosed a parenchymatic tissue richer in PSVs 
than the endosperm (Figs. 5D, E). In the cotyledons and 
embryo axis, provascular tissues at the initial stage of vascular 
differentiation were observed (Fig. 5F); in addition, a few 
PSVs were detected here. In the embryo axis, epidermal cells 
did not show PSVs, and in the parenchymatic tissues there 
were fewer of these vacuoles than in the endosperm and 
cotyledons (Fig. 5G). 

Fig. 2 Fresh weight of hemp seeds (samples A and B). The same 
symbols (*) indicate the absence of significant differences between the 
means (P• 0.01)

Fig. 4 (A, B) Stereomicroscope image (A) and semi-thin section Fig. 3 Percentage of dry matter of hemp seeds (samples A and B). The 
(stained with PAS reaction, B) of hemp seed in which the pericarp (p), same symbols (*) indicate the absence of significant differences 
the green seed coat (sc), the cotyledons (c), the root (r), the endosperm between the means (P• 0.01)
(e) and the embryo apex (a) are evident; (C, D) higher magnifications of 

The morphology of fruit, in both samples, was very hemp seed semi-thin section, a single layer endosperm envelops the 
similar to the structure described by Hayward (1938) and embryo (C) and forms a multi-layered structure in the portion between 

the axis/root of the embryo (ea)  and cotyledons (C).Prakash et al. (1979); fruit showed a hard pericarp and a green 
seed coat, which enveloped the embryo (Fig. 4A). The embryo In both cotyledons and embryo axis, no starch grains were 
is U-shaped and constituted by two cotyledons, a well- detected, while brown grains were observed in all seed 
developed epicotyl, a subcylindrical hypocotyl and the sections (endosperm, cotyledons and embryo axis); the 
primary root (Figs. 4A, B). The one cell layer endosperm presence of these grains was remarkable in the embryo axis 
envelops the embryo (Figs. 4B, C) and forms a multilayered (Fig. 5G). These brown grains were observed also after only 
structure in the area between the cotyledons and the embryo osmium staining (Fig. 5H). Osmium combines with 
root (Fig. 4B, D). In many angiosperms, the endosperm was unsaturated tissue lipids and phospholipids cross-linking two 
completely reabsorbed and reserves transferred to cotyledons, separate fatty acid chains, by mono- or di-ester formation 
but in some dicot species, the endosperm persists although it (Collin and Griffith 1974). Moreover, it combines with phenol 
was ephemeral and not a major component of the mature containing a dihydroxide group in the ortho position. 
seeds (Bewley et al. 2006). Ephemeral endosperms appear to Consequently, we supposed that small vesicles stained with 
support embryogenesis, and seeds with defective endosperms osmium could be rich in lipids or phenols. A grey colour, 
cannot complete development (Tiwari et al. 2006). To analyse related to affinity with osmium, was also observed in the 
the structure of hemp fruit and at the same time to localize the cytoplasm around PSVs and brown grains, and it was perhaps 
storage substances in seed tissues, different staining protocols due to very small spherosomes (Fig. 5H). The PSVs did not 
were carried in out in semi-thin sections of this fruit. In the show any colour after osmium staining, confirming its proteic 
endosperm, the PAS reaction, which stains the polysaccharides nature. In seeds of higher plants, PSVs serve as intermediate 
purple and the protein blue, outlined the presence of many storage compartments; during mobilization of reserves, PSVs 
protein storage vacuoles (PSVs) in both analyzed samples acquire hydrolytic enzymes and undertake physiological and 
(Figs. 5A, B); starch grains were not identified, and the purple structural changes (Zheng and Staehelin 2011). 
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Data reported by Callaway (2004) showed that whole proteins were localized in all portions of the seed (cotyledons, 
hemp seeds contain 20–25% of protein, which are rich in embryo axis and endosperm), demonstrating in this case the 
amino acids essential to human health, such as methionine and storage role of both cotyledons and endosperm. The staining 
lysine. Based on our cyto-histological observations, these protocols (osmium and PAS) showed that the lipid fraction 
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Fig. 5 (A–G) Semi-thin sections of hemp fruit belonging to sample A (A, C, E, G) and B (B, D, F, H) stained with PAS reaction (A–G) and osmium (H): 
(A, B) endosperm cells in which many protein storage vacuoles (PSVs, white arrows), blue stained, are evident; C) apical portion of embryo with 
cotyledons (c), plumular leaves (a) and endosperm (e); (D–F) cotyledons characterized by a parenchymatic tissue richer in PSVs than the 
endosperm (D, E) in which provascular tissues (pv) at the initial stage of vascular differentiation were observed (F); (G) embryo axis with brown 
grains (yellow arrow) as numerous as the PSVs; (H) osmium staining of cotyledons: a grey colour was observed in the majority of each cell, perhaps 
due to the spherosome of phenol compounds.
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