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Abstract. The wall modifications in the secretory cells of the exocarp oil glands of Citrus deliciosa were studied as 
being associated with the process of essential oil secretion. Cell walls undergo an irregular thickening and many 
pockets are formed within the wall matrix. Simultaneously, the porosity of the wall matrix increases with the lytic 
action of many parietal multilamellar bodies. These events facilitate the movement of the secreted essential oil 
through the apoplast (network of wall channels) to the central accumulative cavity of the gland. 
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Introduction 
 
The microscopical study of oil glands in the fruit peel of 
Citrus species had begun in the late 19th century 
(Martinet 1871, Sieck 1895) and went on with 
unimpaired interest until early two thousand (Knight et 
al. 2001, Liang et al. 2006). Oil glands in Rutaceae 
members have been investigated from the viewpoints of 
anatomy, fine structure, ontogeny, ultrastructural 
process of essential oil secretion and biochemistry of 
essential oil biosynthesis (Fohn 1935, Heinrich 1966, 
1969, Thomson et al. 1976, Bosabalidis & Tsekos 1982a, 
b, Gleizes et al. 1983, Pérez et al. 1990, Knight et al. 2001, 
Bennici & Tani 2004). Particular emphasis has been 
given to the developmental stage of essential oil 
secretion. A crucial issue during this stage is the manner 
of essential oil elimination from the cell protoplasm, i.e. 
the course followed by the essential oil from the place of 
its biosynthesis (plastids) to the central accumulative 
cavity of the gland. In this course, the cell wall of the 
secretory cells plays a decisive role by undergoing 
structural modifications facilitating the movement of the 
oil to the central cavity. To these modifications, the 
present work is referred, since no reports on this specific 
function of the cell wall exist.  
 
 
Materials and methods 
 
Small segments of floral ovaries of Citrus deliciosa Ten. were 
initially fixed with a mixture of 2.5% glutaraldehyde and 2% 
paraformaldehyde in 0.05 M cacodylate buffer, pH 7.2 
(Karnovsky 1965). After washing in buffer, the specimens were 
postfixed with 1% osmium tetroxide similarly buffered. 
Dehydration was carried out in an ethanol series and was 

followed by infiltration and embedment in Spurr’s epoxy resin. 
Semithin sections of plastic-embedded material were obtained 
in a Reichert Om U2 ultramicrotome, stained with toluidine 
blue O, and photographed in a Zeiss Axiostar Plus light 
microscope. Ultrathin sections were cut in a Reichert-Jung 
Ultracut E ultramicrotome, stained with uranyl acetate and 
lead citrate and observed in a JEM 2000 FXII electron 
microscope. For the histochemical test, free-hand sections of 
fresh ovary material were treated with aqueous 1% osmium 
tetroxide. 
 
 
Results 
 
Exocarp oil glands of Citrus deliciosa initiate in the 
carpels of the floral ovary through successive divisions 
(to various levels) of meristematic cells (Fig. 1). These 
cells have a dark content (are plasma rich) differing thus 
from the surrounding parenchymatic cells which appear 
brighter because of the presence of large vacuoles. The 
walls of all meristematic cells are densely stained with 
toluidine blue. After cell divisions have been concluded 
and the gland is fully-formed, it enters the stage of 
secretion. During this stage, the body of the gland 
differentiates into two regions, a peripheral and an 
inner one (Fig. 2). The peripheral region is thin (2-3 cell 
layers) and consists of flattened, non-secretory cells, the 
walls of which remain stained in LM preparations. The 
inner region is nearly globular and it occupies the major 
portion of the gland body. The inner cells are polygonal 
and their walls appear unstained under the LM. These 
are the actual secretory cells producing the essential oil, 
which later accumulates in a cavity formed in the centre 
of the gland body. Unstained walls of the inner cells are 
the first light microscopical  indication that these cells  
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Figure 1.  Median semithin section of an oil gland at the stage of integration of cell divisions. The protoplasm of the cells is 
dense and the cell walls heavily stained. X 350. 

Figure 2.  An oil gland at the stage of early secretion. The gland body is distinguished into a peripheral region (pc) with 
flattened cells (stained walls) and an inner region (ic) with polygonal cells (unstained walls). X 350. 

Figure 3.  Histochemical treatment of an oil gland (free-hand section of fresh ovary material) with aqueous osmium 
tetroxide. The essential oil within the central cavity (arrow) and within the small wall pockets (arrowheads) is heavily 
stained. X 250. 

Figure 4.  Ultrastructural appearance of the cell wall (cw) in the secretory cells of an oil gland at the stage of integration of 
cell divisions. The wall matrix is fine-granular and electron opaque. Arrowhead points to the plasmalemma. X 22000. 

Figure 5.  Ultrastructural appearance of the cell wall (cw) in the secretory cells of an oil gland at the stage of early secretion. 
In the vicinity or in contact with the cell wall, numerous globular multilamellar bodies (arrows) occur. The wall matrix 
is electron translucent. Arrowheads point to the plasmalemma. X 25000. 

Figure 6.  Presence of variously-sized pockets (asterisks) within the wall matrix of secreting gland cells. The cell wall (cw) 
has undergone an irregular thickening. X 21000. 

Figure 7.  At the common point where three secretory cells fit together, the wall (cw) becomes wider and accumulates large 
amounts of osmiophilic essential oil (eo). X 22500. 
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undergo structural modifications of their walls when 
they begin secretion. 

Electron microscopical observations on the C. 
deliciosa oil gland at the stage of complement of cell 
divisions, i.e. prior to the essential oil secretion (cf. Fig. 
1), showed that the walls of the inner cells are electron 
opaque with a fine-granular appearance (Fig. 4). They 
are crossed by a number of plasmodesmata and the 
plasmalemma is closely appressed to them (Fig. 4, 
arrowhead). At the stage of early secretion (cf. Fig. 2), 
the walls of the inner cells of the gland have neither a 
fine-granular appearance nor an electron opaqueness 
(they appear electron translucent) (Fig. 5). Of interest is 
the presence in the vicinity or in contact with the walls 
of numerous dark multilamellar bodies (Fig. 5, arrows). 

In more advanced development of the oil gland 
when essential oil secretion proceeds, the structural 
modifications of the cell walls of the inner cells become 
more pronounced. Thus, the walls exhibit in cross-
section an irregular outline and an uneven thickening 
with many local projections (Fig. 6). Most impressive, 
however, is the presence within the wall matrix of 
numerous pockets which run along (Fig. 6, asterisks). At 
the common point where three secretory cells fit 
together, the wall is significantly wider. At this point, 
some wall pockets seem to fuse with each other creating 
a large space which becomes filled with the osmiophilic 
essential oil during the process of secretion (Fig. 7). 
Though the structure of the wall is significantly 
modified during the stages of Figs 6 and 7, the 
plasmalemma lining these walls does not appear to 
undergo any visual alterations (Figs 6 and 7, 
arrowheads). Histochemical treatment of free-hand 
sections (fresh material) with 1% aqueous osmium 
tetroxide for lipid identification resulted in heavy 
staining of the central essential oil-accumulating cavity 
of the gland (Fig. 3, arrow). Stained became also the 
essential oil-containing pockets within the walls which 
appear as tiny aligned dots (Fig. 3, arrowheads). 

 
 

Discussion 
 
The Citrus fruit originates from a syncarpous gynoe-
cium with axile placentation. The exocarp (flavedo) of 
the fruit bears cells with chromoplasts and also nume-
rous glands producing an essential oil (Tomi et al. 2008, 
Bonaccorsi et al. 2009). Oil glands initiate very early 
when the fruit is at the ovary stage.  

Ultrastructural studies conducted so far on secreting 
Citrus oil glands have revealed that the essential oil 
initiates in the leucoplasts of the secretory cells 
(Heinrich et al. 1980, Bosabalidis & Tsekos 1982a). A 
crucial point of gland secretion is how the oil moves 

from the leucoplasts to the central accumulative cavity 
of the gland. On this question, Amelunxen & Arbeiter 
(1967), Heinrich (1970) and Ameele (1980) consider that 
the oil remains within the leucoplasts where it is 
produced, and reaches the cavity when the secretory 
cells surrounding the central cavity become lysed and 
their contents are eliminated into the cavity. This 
interpretation, though being operative for the secretory 
cells facing the cavity, it does not explain how the 
secretory cells located away from the central cavity 
(cells which also produce simultaneously essential oil in 
their leucoplasts) are able to release their oil into the 
central cavity. In this case, more realistic seems the 
interpretation expressed by some authors (Bosabalidis & 
Tsekos 1982b, Monteiro et al. 1999) that the oil is taken 
up from the leucoplasts by ER-elements which 
subsequently move towards the cell walls, fuse with the 
plasmalemma and release their contents into the wall 
interior. The apoplast then operates as a network of 
canals transferring the oil to the central cavity. The latter 
interpretation is consistent with the presence of 
osmiophilic essential oil within the wall matrix of all 
secretory cells. The above directional movement of the 
oil towards the central cavity of the gland is apparently 
controlled by the protoplasm of the secretory cells. 

The cell walls in order to be able to transfer such 
large amounts of essential oil undergo remarkable 
modifications. Thus, they become wider, form many 
internal aligned pockets (filled with essential oil) and 
the volume of capillaries within their matrix increases. 
The increase of porosity in the wall matrix is 
presumably achieved by the activity of the multi-
lamellar parietal bodies (appear only during secretion 
and then disappear) which may carry enzymes 
digesting the material (pectins, hemicelluloses) between 
the cellulose microfibrils (Fahn & Benayoun 1976, Liang 
et al. 2009). Pockets within the wall matrix have also 
been reported to occur in the secretory cells of other 
Rutaceae species (Citrus sinensis, Citrus limon, Poncirus 
trifoliata, Ruta graveolens), but no mention has been made 
as to their association with essential oil secretion 
(Heinrich 1969, Thomson et al. 1976, Knight et al. 2001, 
Bennici & Tani 2004). It is apparent that the above wall 
modifications play a decisive role in the process of 
essential oil secretion facilitating the transportation of 
the oil from all secretory cells to the central cavity of the 
gland body. 
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