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Identification of tobacco by transmitted light microscopy method

1. Scope

This method is suitable for tobacco leaves (processed or unprocessed) and any products made or
derived from tobacco leaves, in particular, products intended for human use and products that are
used in a manner similar to smoking or smokeless products. The purpose of this method is verification
of fulfilment of the legislative requirements applicable for the Common Customs Tariff classification,
the Tobacco Products Directive 2014/40/EU, and for EU legislation on excise duties on tobacco.

2. Principle

Qualitative test method for identification of tobacco based on the microscopic determination of the
distinctive botanical features of tobacco plant.

3. Reagents and materials

Reagents

3.1. Distilled water

3.2. Potassium hydroxide (aqueous, 5 % w/v) (CAS number: 1310-58-3)

3.3. (or) Chloral hydrate (aqueous, 60-80 % w/v) (CAS number: 302-17-0)

All reagents should be handled and stored according to their safety instructions.

Materials
3.4. Standard microscope slides
3.5. Standard glass coverslips

3.6. Watch glasses

3.7. Petri dishes

3.8. Scissors

3.9. Forceps and tweezers

3.10. Razor blade or scalpel

3.11. Pasteur pipettes

3.12. Paper towel

3.13. Chemically resistant laboratory gloves

4, Apparatus

4.1.  Transmitted light microscope with ocular magnification 10x and objectives with a
magnification of 4x, 10x, and 40x, equipped with a digital camera (if documentation is
necessary) and a polarizer (for better observations of crystal structures; non-obligatory).

5. Procedure

5.1. Sampling
Samples for the test shall be taken in accordance with the sampling manual for customs and
taxation authorities - SAMANCTA (SAM-119 Tobacco Sampling), which contains information
and instructions on how to take and handle samples for laboratory testing.

5.2. Analytical sample preparation

5.2.1. Select a representative sample of the material by visual inspection e.g. whole, shredded
or cut leaves. Select a few fragments of the above mentioned that should include a midrib
(= the main vein, stem). No precise weights of sample need to be used in this step.

5.2.2. In case of herbal material in dried and fresh form it should be placed in a moist atmosphere
or soak in distilled water in a watch glass (~ 2 minutes).

5.2.3. In case of products like water pipe tobacco, homogenized or powdered tobacco, it should be
soak in distilled water or potassium hydroxide solution in a watch glass (~ 5 minutes).
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Making microscopic preparations

General rules of microscopic slide preparations and examination of plant material are
included in the literature on the subject, for example in the handbooks of pharmacognosy (e.g.
6 - Annex B)

Prepare glass coverslips and slides which should be thoroughly cleaned, degreased and dry.
Use razor blade or scalpel and small forceps or tweezers to strip off small pieces of leaf
epidermis from the marginal of the upper or lower surfaces of the leaf (Fig. 1 - Annex A).
Make several transversal slices of leaves through the stem or vein, to produce material
that is as thin as possible; choose the most transparent, thinnest and intact slices of the
plant material.

In case of products mentioned in section 5.2.3. use a small, representative portion of sample.
Place a drop of distilled water (alternatively the solutions of potassium hydroxide or chloral
hydrate)* in the center of the slide (*potassium hydroxide or chloral hydrate preparation are
used in the case of thick and dark plant material to clear material in order to improve
visualization of elements incl. calcium oxalate crystals, trichomes and tissues; chloral hydrate
does not dissolve calcium oxalate, so it can be used effectively for detecting these crystals),
Place a small portion of sample on liquid, using tweezers (*leave to sit at room temperature
for ca. 3 minutes to allow for digestion of intracellular components).

At an angle, place one side of the coverslip against the slide making contact with outer edge
of the liquid drop (Fig. 1 - Annex A); lower the coverslip slowly, avoiding air bubbles; remove
excess liquid with the paper towel.

Sample is analyzed in duplicate (= two separate subsamples taken from the same source and
analyzed independently by the same method and laboratory).

Microscopic observation

Place slide on the microscope stage and start with a low-power magnification (4x objective)
examination to determine the presence of plant structures.

Use the 10x and 40x objectives to investigate further for the distinctive features of tobacco.
When no plant material can be found under 4x magnification then the analysis can be ended.
Microscopic observation

The examination involves the analysis of the leaf anatomical characteristics which are of
special importance in taxonomic consideration and are well documented in botanical
literature (22,23,26,30,31 - Annex B). This taxonomically significant structures of tobacco are
trichomes, stomata, vascular bundles and crystal structures which provide the primary
diagnostic characters important to the identification of plant material.

Trichomes

Trichomes are uni- or multicellular structures that originate from epidermal cells of above-
ground plant tissues (Fig. 1 - Annex C). In general, they protect plant from excess transpiration,
high temperature, radiation, ultraviolet (UV) light, and herbivore attack (29 - Annex B).
Trichomes can be classified morphologically as either non-glandular or glandular. Glandular
trichomes are specialized hairs found on the surface of about 20-30% of all vascular plants,
they are represented by over 300 different morphological forms and are responsible for a
significant portion of a plant's secondary chemistry (7,8,28 - Annex B). Glandular trichomes on
tobacco leaves secret high amounts of sucrose esters, fatty acids, microelements,
phylloplanins and diterpenoids which are related to plant defense, since they have antifungal
and insecticidal activity (10,13,32 - Annex B). The size, form, density, and location of hairs on
tobacco are very variable within the genus Nicotiana. The trichome density is affected by
environmental conditions such as illumination, temperature, fertilization, and irrigation (10 -
Annex B).
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Based on scientific literature (1,2,3,10,11,14,27 - Annex B) trichomes of tobacco can be

described as follows:

I non-glandular trichome type is characterized by an acute or rounded terminal tip
that is never spherical or swollen,

(a) simple (unbranched) trichome which is slender, uniseriate (= single-row), unicellular
or multicellular (Fig. 2.1; 2.3 - Annex C),
(b) branched, multicellular trichome,

Il. glandular trichome type is characterized by having terminal cell that is modified to
secrete or store various substances,

(a) unbranched trichome with slender, uniseriate, multicellular (generally consisting of
2-6 cells) long stalk terminating in multiseriate (= multi-row) and multicellular gland
that form an ellipsoid head; this is the most distinctive trichome type of tobacco (Fig.
1; Fig. 2.5; 2.8; 2.9 - Annex C),

(b) unbranched trichome with uniseriate, multicellular stalk terminating in simple,
unicellular gland cell (Fig. 2.2; 2.4 - Annex C),
(c) hydathode - small trichome with a one- or two-celled stalk and a peltate disk of cells

(consisting of 4-8 cells) at the tip; occasionally, there are two or three layers of cells
in the peltate head (Fig. 2.6; 2.7 - Annex C),

(d) unbranched trichome with stalk which consist one or two very large, swollen,
spherical or hemispherical basal cells and a few slender cells at the tip, terminating in
a small, unicellular glandular head (Fig. 2.10; 2.11 - Annex C),

(e) unbranched trichome with uniseriate, multicellular stalk composed of a number of
specific dark cells and unicellular gland cell at the tip (Fig. 2.12; 2.13 - Annex C),

(f) branched, multicellular trichome with small, unicellular glandular heads (Fig. 2.14;
2.15 - Annex C).

Stomata

The stomata are apertures in the epidermis, bounded by guard cells, which regulate the
opening and closing of the stomatal pore (5 - Annex B). The epidermal cells directly adjacent
to stomata constitute the subsidiary cells, which provide support for the functioning of guard
cells. The guard cells contain chloroplasts, while subsidiary cells and other epidermal cells do
not. The stomata play a critical role in photosynthesis and transpiration by regulating gas and
water exchange in plants (9 - Annex B). The stomata are most common on green aerial parts
of plants, particularly the leaves and less commonly on stems. Stomata vary in size, density,
and distribution among different species. The shape of the epidermal cells around stomata in
tobacco varies from polygonal to irregular (Fig. 3A,B,D - Annex C). According to stomata
distribution on leaf surface, tobacco leaves represent the amphistomatous type where

stomata occur equally on both adaxial (upper) and abaxial (lower) surfaces of leaves (e.g.

1,11,24 - Annex B). Tobacco provides, basically, two types of stomata: anomocytic and

anisocytic (1,20,24 - Annex B).

Description of the stomata types in tobacco:

(a) anomocytic type; stomata are surrounded by a variable number of subsidiary cells
which do not differ from other epidermal cells so far as size and shape are
concerned (Fig. 3C, Fig. 4B - Annex C),

(b) anisocytic type; stomata are surrounded by three unequally sized subsidiary cells
of which one is distinctly smaller than the other two (Fig. 3A,B,D; Fig. 4A - Annex C).

Vascular bundle

The characteristic feature of vascular plants is the presence of the vascular tissue system

composed of conducting tissues, xylem and phloem. According to Reddy and Chary (2003)

xylem tissue is used mostly for transporting water from roots to stems and leaves but also

transports other dissolved compounds. Phloem is responsible for transporting food produced
from photosynthesis from leaves to non-photosynthesizing parts of a plant such as roots and
stems. The xylem and phloem are arranged in distinct, various structural units called vascular
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bundles. Tobacco belongs to the family Solanaceae which is characterized by having the

bicollateral type of vascular bundles (11,20,24 - Annex B). Schematic micrographs showing

structure of the bicollateral vascular bundle specific to tobacco, characterized by “U” shape,

presents figures 5 and 6 in Annex C.

Crystal structures

Calcium oxalate crystal formation play a central role in a variety of important functions,

including tissue calcium regulation, protection from herbivory, and metal detoxification (18 -

Annex B). According to Mhinana et al. (2010) calcium oxalate crystals are composed of calcium

(32.46%), oxygen (58.97%), sulphur (7.78%), potassium (0.99%) and chlorine (0.84%). They

generally form within cells although extracellular crystals have been reported. Calcium oxalate

crystals vary widely in size and appearance, upon which they can be grouped into classes (17 -

Annex B). The presence or absence of the different crystal types represent useful taxonomic

characters. In tobacco, calcium oxalate is frequently found in the form of solitary crystals,

clusters and crystal-sand (mass of tiny individual crystals), and occur in the mesophyll tissue,

in the leaf epidermis, and sometimes in the gland cells of trichomes (11,15,16,19,24 - Annex

B); Fig. 7 - Annex C). Calcium oxalate crystals are best visible after applying a chloral hydrate

solution followed by simple polarized light microscopy observations.

Quality control

Laboratory should have a policy for quality-control testing establishing the number and type

of quality-control materials needed and the frequency of testing them.

The positive quality-control sample can be:

(a) a sample prepared from a reference tobacco specimen

(b) a sample prepared from tobacco-containing material, which had been tested by
inter-laboratory proficiency test participants

The negative quality-control sample can be:

(a) a sample prepared from a reference non-tobacco specimen

(b) a sample prepared from tobacco-free material, which had been tested by
inter-laboratory proficiency test participants

6. Calculation

6.1.

6.2.

6.3.
6.4.
6.5.
6.6.

The presence of tobacco in the sample determines the identification of four anatomical
features.

Test outcomes are classified as "positive" when tobacco has been identified in the test
sample or “negative” when no tobacco has been identified.

Sample is analyzed in duplicate.

Two “positive” results are required to correctly conclude that there is tobacco in the sample.
In the case of inconclusive, uncertain or negative results, the sample shall be re-tested.

The results of the sub-tests of the real sample as well as the quality-control samples shall be
recorded on the dedicated forms

7. Expression of results

7.1. The final result concerning tobacco presence is expressed as “identified/not identified”,

“present/absent” or “detected/not detected”

8. Precision

The method is qualitative, precision data are not relevant.
If need be, the identification can be confirmed by DNA analysis.



Annex A

Fig. 1. Microscopic slide preparation. (1) schematic diagram showing: A - stripping off leaf epidermis; B - making
a transversal slice; a - razor blade; (2) placing a drop of fluid in the center of the slide; b - pipette c — slide; (3)
positioning a sample on liquid using tweezers (d ); (4) placing, at an angle, one side of the coverslip (e) against
the slide by making contact with outer edge of the liquid drop; (5) removing excess liquid with the paper towel
(f); source: https://www.wikihow.com/, amended.
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Annex C

Fig. 1. Glandular trichome, type ll(a). (1) schematic diagram showing structure of the trichome: a —
multicellular gland head; b — multicellular stalk; ¢ — basal cells; (2) microphotography; digital microscope Hirox
RH-2000; source: own study.

Fig. 2. Scanning electron micrographs and light micrographs of tobacco trichomes types acc. to Marks et al.,
2011 (amended). Description of the trichomes types is included in point 7.1; scale bars: 200 um (1,12,13), 100
um (2,4,5,7,8,9,10,14,15), 50 um (3,6,11).



Fig. 2. Continued.

Fig. 3. Tobacco leaf epidermis showing stomata: (A) anisocytic stomata and epidermal cells in the adaxial
surface of leaf; (B) anisocytic stomata and epidermal cells in the abaxial surface of leaf; (C) diagram showing
structure of anomocytic stomata: 1-4 — subsidiary cells, 5,6 — guard cells, 7 — thickened inner wall of guard
cell, 8 — stomatal pore; (D) microphotography, microscope Nikon Eclipse E400, 10x objective; source: (A, B)
acc. to Adedeji et al., 2007, amended; (C) acc. to Reddy and Chary, 2003, amended; (D) own study.
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Fig. 4. Stomata in tobacco: (A) anisocytic stomata; (B) anomocytic stomata; source: acc. to Adedeji et al.,
2007, amended.

Fig. 5. Diagram showing the structure of the bicollateral vascular bundle of tobacco - transverse section of
leaf through the minor vein; t — trichome; epd — epidermal cells of adaxial leaf surface; c — collenchyma; s —
stomata; pm — palisade mesophyll; sm — spongy mesophyll; fd — adaxial phloem; xi — xylem; cm — cambium;
fb — abaxial phloem; co — calcium oxalate crystal; epb — epidermal cells of abaxial leaf surface; scale bars: 100
um (3), 50 um (4,5); source: (1) http://www.pharmacy180.com/, amended; (2) microphotography, own
study; (3) acc. to Jacquin-Dubreuil et al., 1989; (4,5) acc. to Pedroso and Alves, 2008, amended.



Fig. 6. Transverse section of the midrib (= the main vein, stem) of tobacco leaf; fd — adaxial phloem; xi —xylem;
fb — abaxial phloem; source: own study (microphotography; digital microscope Hirox RH-2000).



Fig. 7. Calcium oxalate crystals in tobacco (arrows; Cry): (1,2,4,5) in the form of crystal-sand; (3) in the form
of small solitary crystals in the gland cells of trichome; (6) cluster of crystals in the epidermal cell; P —
parenchyma; source: (1) own study, microscope Nikon Eclipse E400; 10x objective; (2) acc. to Tokumoto et
al.,, 2016, amended; (3) acc. to Nielsen et al., 1991, amended; (4,5,6) acc. to Mhinana et al., 2010, amended.



