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Pandanus amaryllifolius Roxb. is the only species belong-
ing to the family Pandanaceae that has fragrant leaves. In
the higher plants, aroma compounds in leaves are
stored in vacuoles and epidermal outgrowths like papil-
lae, glandular hairs and trichomes. The lower epider-
mis of P. amaryllifolius has papillae as protrusions of
lower epidermal cells. The papillae run parallel along
the leaf length and are absent over the veins and midrib.
The number of papillae varied from one to seven per
cell. Papillae were also found surrounding the stomata
forming a necklace-like structure. Quantitative analysis
yielded 3.10 mg of 2-acetyl-1-pyrroline per kg of fresh
leaves. Cell size, area and number of papillae were more
in the clone of ‘Sawantwadi’ than in ‘Pune’.

Keywords: 2-Acetyl-1-pyrroline, basmati aroma, lower
epidermal papillae, Pandanus amaryllifolius Roxb.

THE genus Pandanus, family Pandanaceae comprises ap-
proximately 600 species that are widely distributed in
tropical and subtropical regions'. Thirty-six species of
Pandanus have been recorded in India, among which P.
odoratissimus Linn. and P. amaryllifolius Roxb. are being
exploited commercially by the flavour industry. In P.
odoratissimus the flowers are scented, while in P. ama-
ryllifolius the leaves are scented™. P. amaryllifolius Roxb.
is a native of the Philippines and Thailand”. It was intro-
duced’ into India from Indonesia through the Botanical
Garden at Kolkata in 1798. The principal aroma compound,
2-acetyl-1-pyrroline (2AP) is ten times higher in this
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plant than in basmati rice®. Throughout Southeast Asia it
is used in cooking to impart flavour and colour to rice,
sweets, jellies, and in many other food products. It is widely
used to flavour ordinary rice as a substitute for the expen-
sive aromatic rice varieties”®. In non-tropical countries, it
is difficult to get fresh P. amaryllifolius leaves. Hence the
essence or paste of P. amaryllifolius is used as a substitute.
In addition to aroma, P. amaryllifolius is also potentially
valuable as a candidate for new medicinal principles®'’.

Plants synthesize diverse forms of secondary products
and store them in specialized organs such as vacuoles,
glandular trichomes, non-glandular trichomes, hairs and
papillae'’. Papillac are protrusions of epidermal cells,
which give a velvety appearance to the plant’s surface.
Typical examples are the papillae of pansy flower (Viola
tricolor) and the leaf surfaces of many species from rain-
forests'?. P. amaryllifolius has epidermal papillae on the
abaxial surface'’. 2AP was reported as the principle
aroma compound in P. amaryllifolius®. It was identified for
the first time as the principle aroma compound in cooked
rice by Buttery e al.'*. Other than scented rices, 2AP has
a wide range of occurrence, viz. in the leaves and flowers
of Vallaris glabra”, the crust of wheat and rye bread'®,
urine of tiger'’, pearl millet'®, popcorn'®, Bacillus cereus
strains isolated from cocoa fermentation boxes®’, Bassia
latifolia®"**, cooked meat™, honey™, etc. In an carlier study
we have histochemically localized papillae as the site of
storage for 2AP in P. amaryllifolius®. In the present at-
tempt, a detailed study of these papillae and quantitation
of 2AP in P. amaryllifolius has been made. In addition,
interpopulation anatomical variation among the clones
grown at two different environmental conditions has also
been studied.

Clones of P. amaryllifolius Roxb. were obtained from
local nurseries at Pune and Sawantwadi, Maharashtra, India.
Identity of the species was confirmed with the help of the
literature, experts from botanical gardens and herbaria.
The seedlings of this species were grown in pots in the
botanical garden of the Department of Botany, University
of Pune, Pune.

Leaf epidermal peels (adaxial and abaxial) of P. ama-
ryllifolius were taken by scraping out the epidermis and
observed under a compound microscope. The abaxial surface
showed the presence of papillac. Measurements pertain-
ing to cell size, number of papillae per cell and diameter of
papillae were recorded using micrometre scale in the
clones of Pune and Sawantwadi. The average values for
these parameters were calculated by taking measurements
of five random field views under compound microscope
(42,500 sq. um area of each field) and statistically analysed
for standard error, standard error of mean and the test of
significance using MSTAT-C software (version 1.42). The
lower epidermal peels were taken and photographed under
compound microscope (Olympus BX 40, Japan) at various
magnifications using photographic attachments. In addition,
transverse hand-cut sections of leaf were also taken and
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photographed. The lower epidermal papillae observed in
P. amaryllifolius were taken further for scanning electron
microscopic studies. For this, clean leaf pieces of 1 sq. cm
size were made and fixed in 2.5% glutaraldehyde fixative
prepared in phosphate base saline (PBS). The leaf material
was dehydrated by passing through grades of ethanol from
10 to 100% by leaving the material in each grade for
60 min. The material was further dried and mounted on
stubs and coated with platinum in an auto fine coater
(JEOL JFC-1600, Japan). The thickness of the coat was
30 um. The leaf surface was scanned using analytical
scanning electron microscope (JEOL JISM-6360A, Japan)
at different magnifications ranging from 400 to 10,000x.

2AP from the Pune clone was extracted under reduced
pressure using steam distillation unit. Five millilitres of
30 ppm collidine (2,4,6-trimethylpyridine, Fluka Chemi-
cals; 98% pure) was used as an internal standard. The dis-
tillate was made alkaline (pH 8) by adding sodium
bicarbonate (15 g) and the volatiles were taken in diethyl
ether. Total volume of ether was dried over 40 g sodium
sulphate and condensed using Rota vapour (Equitron
roteva, India) by keeping 80 rotations per minute. Next,
1 ul of the concentrate was injected to a Gas Chromatog-
raphy and Mass Spectrophotometer (GC-MS, QP 5050A,
Shimadzu, Japan) in split mode having DB-5 column (length
30 m, diameter 0.25 pm) and QP detector. Oven tempera-
ture was kept at 50°C for 2 min and then increased from
50 to 170°C at 7°C per min and was held at 170°C for
5 min. The peak of 2AP was identified by matching its mass
spectrum with that of standard 2AP from the published
literature. Quantitation of 2AP was done using the fol-
lowing formula based on the ratio of peak areas of 2AP
and collidine***°.

2AP amount (ug/kg) = (A/B)(111/121)C)/D,

where A and B represent the peak areas for 2AP and col-
lidine respectively, 111 and 121 represent the molecular
weights of 2AP and collidine respectively, C represents the
amount of internal standard (in pug), and D is the sample
weight (in kg). Since the standard 2AP was not available,
the relative responses for 2AP and collidine were assumed
to be equivalent to their molecular weight ratios.

P. amaryllifolius showed epidermal papillac on the
lower epidermis (Figure 1 b—f). The presence of papillae
makes the lower epidermal surface velvety in contrast to
the upper epidermal surface. The papillae were found dis-
tributed parallel to the leaf length and were found missing
over the veins and midrib. The number of papillae varied
from one to seven per cell. SEM studies clearly revealed
that the papillae were protrusions of the lower epidermis
(Figure 1d-f). Interestingly, papillae were also found
surrounding guard cells of stomata in the lower epider-
mis, giving a necklace-like appearance (Figure 1 g). On
an average four to eight papillae were found surrounding
the guard cells and two longer papillae protruded over the
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Figure 1.

Epidermal papillae in Pandanus amaryllifolius Roxb. on the lower leaf epidermis. a, Seedlings of P.

amaryllifolius. b, Lower epidermal peel showing papillae under compound microscope (330x). ¢, Papillae in
transverse section (500x). d, SEM of lower epidermal papillae (400x). e, Magnified SEM view; single cell marked by
arrows showing three papillae (2000x). £, g, SEM of individual papilla (10,000x) ( f) and papillae around stoma

(3000x) forming necklace-like structure (g).

stomatal pore. We observed that the development of these
epidermal papillae in P. amaryllifolius begins at very early
stages of leaf development; when leaves are tightly closed
in the leaf apex and are shaded-off at the senescent stage.

GC-MS analysis of extracted volatiles by steam distil-
lation recovered 3.10 mg/kg of 2AP (Figure 2).

A comparative study of papillae in the Pune and Sawant-
wadi clones of P. amaryllifolius revealed significant dif-

240

ferences in length, breadth and area of lower epidermal
cells (Table 1). The cell length was found to be inversely
proportional to cell breadth, while the number of papillae
per cell was also inversely proportional to the diameter of
the papillae. The number of papillae per cell was one to five
in the Pune clone, as against one to six in the Sawantwadi
clone. Overall number of papillae per cell was more in the
Sawantwadi clone than in the Pune clone.

CURRENT SCIENCE, VOL. 93, NO. 2, 25 JULY 2007
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Table 1. Lower epidermal analysis of two P. amaryllifolius clones
No. of Diameter Area of each Area occupied by
papilla(e) Cell length** Cell breadth* Cell area* of each papilla™ the papilla(e)
Locality per cell (Wm) (Wm) (sq. um) papilla™ (Lm) (sq. um) per cell™ (sq. Lm)
Pune 1 14332 £ 1.65 12.166 + 0.50 174.166 £31.21 7.732£0.18 47.138 £2.29 47.138 £5.43
2 23252+ 1.65 12.462 £ 0.50 289.922 £31.21 7.126 £0.18 38.562 +2.29 81.130 £5.43
3 34.835+1.65 11.674 £ 0.50 406.354 £31.21 7.044 £0.18 40.088 £2.29 120.274 £5.43
4 42.664 £ 1.65 12.002 £ 0.50 502.410£31.21 6.804 £0.18 37.400 £ 2.29 149.612 £5.43
5 58.224 £ 1.65 10.854 £ 0.50 632.740 £31.21 6.860 £0.18 37.144 £ 229 186.340 £5.43
Average 34.665 +3.18 11.832£0.23 401.118 £35.03 7.113 £0.09 40.066 £ 1.19 116.899 £10.26
Sawantwadi 1 19.000 + 3.64 15.000 £ 0.59 285.000 £38.29 7.400 £0.52 45410£6.29 45.410£13.97
2 31.976 £ 3.64 14230 £ 0.59 450.680 £38.29 7.492+0.52 45336 £6.29 90.923 +13.97
3 42324 £3.64 13.472 £ 0.59 558.922 £38.29 7.086 £0.52 40.108 £6.29 120.362 £ 13.97
4 56.050 £ 3.64 13.120 £ 0.59 724916 £38.29 6.940 £ 0.52 38.598 £6.29 154.400 £ 13.97
5 71.872 £ 3.64 11910 £ 0.59 832.606 £38.29 6.650 £ 0.52 35391 £6.29 176.876 £13.97
Average 44244 £4.04 13.546 £ 0.32 570425 £42.61 7.114£0.22 40.969 £ 2.69 117.594 £11.07

Data are shown as mean * standard error; *P < 0.01%; **P < 0.05%; "Non-significant.
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Figure 2. Gas chromatography and mass spectrophotometry analysis
of volatiles in P. amaryllifolius. a, Gas chromatograph of extracted
volatiles by steam distillation showing peaks of 2AP and TMP (2,4,6-
trimethylpyridine; collidine). b, Mass spectrum of 2AP.

Papillaec are small thickenings of the cuticle, which
may be hollow or solid. They occur on normal epidermal
cells as well as on cells encircling the stomatal complex.
In such cases the papillae may partly cover the stomatal
pores. In other cases they are restricted to the latter””. On the
basis of SEM studies of lower epidermal papillae in P.
amaryllifolius, Stone®® confirmed that ‘large’ and ‘small’
forms of this species grown in Malaysia and other countries
are one and same. Our observations of epidermal papillae
are in conformity with those of Stone. Kam'” has studied
comparative systematic foliar anatomy of Malayan Pan-
danus species. Interestingly, he has reported the presence
of abaxial papillae in several species of Pandanus. How-
ever, none of them has aroma in leaves. The presence of
pleasant aroma in the leaf was confirmed in our labora-
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tory through histochemical test™. In this study, the histo-
chemical test clearly revealed the presence of principle
basmati aroma compound 2AP in the papillae. Pichersky
et al.” reported that in vegetative organs, plant volatiles
might be synthesized in surface glandular trichomes and
then secreted by the cells and stored in a sac created by
the extension of the cuticle. Thus the papillae of P. ama-
ryllifolius are taken as the sites of storage for the aroma
compounds. However, in basmati rice, no such extracellu-
lar structures are developed but are stored internally. The
volatile aroma compounds serve multiple functions in
both floral and vegetative organs, and these roles are not
always related to their volatility’®. Some monoterpenes
have been implicated as allelopathic agents, and they often
directly or indirectly protect plants from herbivores and
pathogens®' ™. Brahmachary” reported the utility of 2AP
as marking fluid (pheromone) of the tiger and also sug-
gested its probable role in antifungal activity. However,
Buttery et al.'* who have reported this compound for first
time, correlate the presence of aroma in rice with pest in-
sect attack. The presence of papillae can also be taken as
a key character in distinguishing P. amaryllifolius from
other Pandanus species.

Buttery et al.® reported higher quantities of 2AP in P.
amaryllifolius, of the order of 1 ppm; more than ten times
that found in milled rice and 100 times that found in
common rice. Our analysis yielded 3.10 mg/kg (3.10 ppm)
2AP, and thus is in agreement with this and other reports'.

Interpopulation studies clearly revealed that cell size and
area and number of papillae vary among the clones of P.
amaryllifolius. Pérez-Estrada et al.”® observed that leaf
trichomes of Wigandia urens show environmentally in-
duced variation in terms of type and frequency. The clone
collected from Sawantwadi is near the coastal region
(Arabian Sea) with humid climate, whereas the clone from
Pune is away from the coastal region with dry climate.
P. amaryllifolius is a natural inhabitant of moist tropical
islands®. In India also, it is commonly found along coastal
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regions’. Therefore, under similar conditions like Sawant-
wadi, it shows favourable growth in terms of the above-
mentioned parameters. The quantity and quality of aroma
compounds in general and 2AP in particular, may also
vary among the populations as reported®’ in scented rice
variety Khao Dawk Mali 105. This aspect is under study.
Thus, the site of storage for 2AP and other aroma com-
pounds is in the lower epidermal papillac. However, its site
of synthesis is unknown. It may be either the epidermal
cell or the papilla itself.
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