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Abstract The mass, axial dimensions, shape indices, and some frictional related properties of alligator pepper
(Aframomum meleguta) were investigated at moisture contents of 4.26 and 3.31% for the pods and seeds,
respectively, following standard procedures. The average length, major and minor diameter of the alligator pepper
pods were 53.83, 22.68, and 19.32 mm, respectively, while the corresponding values for the seeds were 3.61, 3.12,
and 2.55 mm, respectively. The average seeds/pod weight was 4.11/5.63 g. The arithmetic mean diameter,
equivalent diameter, sphericity, aspect ratio, and surface area were 31.80, 28.65, 0.54, 43.20 mm, and 2591.93 mm?,
for the pods; and 3.09, 3.06, 0.85, 0.01 mm, and 29.39mm?, for the seeds, respectively. The coefficient of friction of
the seeds ranged from 0.50 to 0.67 with respect to the surfaces that were considered. The angle of repose of the seeds
was 20.09°. This study provides baseline information on alligator pepper seeds, these can be useful for in the
development or adaptation of technologies for processing it into value-added products thereby boosting obtainable
income thereof.
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1. Introduction

Alligator pepper (Aframomum meleguta) otherwise
known as grains of paradise is a perennial deciduous herb
of the Zingiberaceae family of plants native to the
swampy areas on the West African coasts. Others in that
family include A. danielli, A. citratum and A. exscapum.
Widely known for its hot, spicy, and aromatic seeds, it is
also called as mbongo spice, Afrika kakulesi, or Guinea
pepper in some parts of Africa. In Nigeria, it is locally
known as uda in Igbo, atare in Yoruba, and chilla or citta
in Hausa [1,2]. The fruit (pod) is oval in shape and reddish
in colour, when fresh. It turns brownish, when dry,
containing several miniature brownish or semi-black seeds.

Alligator pepper seeds have been known for ages
among spices and ingredients for different African trado-
medicinal and socio-cultural applications in many parts of
Africa and some parts of Asia [2]. It is widely documented
as an antidote for some ailments in human health [3]. In
addition, Ethanol extracts from the seeds indicated
antibacterial and antiseptic properties found useful for
wound-care and antidote for certain infections [4]. The
active compounds found in alligator pepper are in the
class of naturally occurring food preservatives. In some
traditional African meetings and events like naming

ceremonies, marriages and funeral, it is snacked upon with
bitter kola and kola nuts in customary rites. Apart from its
medicinal applications, Sunil et al. [5] documented that
alligator pepper seeds contain few calories of energy and
substantial amount of iron, magnesium, and calcium [6,7].
Okunade et al. [8] reported that it contains 7.5, 4.78, 2.84,
and 13.01 g/100 g dry matter of fat, crude fibre, ash, and
protein, respectively. It is therefore no surprise that alligator
pepper also has culinary applications as ingredient in assorted
dishes such as pepper soup and barbecues. Its essential oil
has been documented as having pharmaceutical and
industrial applications in flavors and perfumery [9].

The engineering properties of some African spices such
as dill [1], thyme [10], cilantro [11], and many others have
been reported; however, such information about alligator
pepper is rarely found in literature. This study provides
baseline information which has implications on processing
and value-addition to alligator pepper.

2. Materials and Method

2.1. Source of Materials

About 6 kg of dry alligator pepper pods were purchased
from Oja tuntun, Saabo, lle-Ife, Nigeria. From one half
portion of the dry pods, seeds were extracted by hand and
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cleaned of all extraneous materials. From the lot, a
handful of seeds was taken after mixing several times.

2.2. Determination of Moisture Content

Moisture content (MC) determination was carried out
following the AOAC methods for spices and condiments
[13]. Seeds sample was ground to pass through sieve of 1
mm aperture. About 10 g of the ground samples was taken
and the MC determined by distillation in toluene. Th e
distillate was collected in a graduated tube and the volume
of water was read to the nearest 0.1 ml. The average
moisture content was calculated per weight of sample.

Figure 1. (a) Alligator pepper plant in its fruiting vegetative state,
(b) Dried alligator pepper pods/fruits, and (c) Dried alligator pepper
seeds

2.3. Determination of Axial Dimensions and
Shape Indices

The axial dimensions of 100 randomly picked pods and
seeds were determined using Venier calipers (Aerospace,
Digital meter, 150 x 0.01mm, Made in India) and an
electronic weighing machine (Model series KOOKYOQOU,
0.01-1000gram, Made in China). The values obtained

were used to estimate shape indices which include: the
sphericity (¢ %), aspect ratio (R, %), equivalent diameter
(D,), arithmetic mean diameter (D,) and surface area
[14,15] using the following equations.
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2.4. Determination of Coefficient of Friction

The static coefficient of friction alligator pepper seeds
was determined on four surfaces; plywood, glass, mild
steel, and aluminum using a hollow box, 200 x 200 x 60
mm in dimension. The box, placed on a tilting table, was
filled with seeds sample and raised slightly about 2 mm
from the surface of the table [16]. The table was gently
tilted until the material glided down the slope by gravity.
The angle of inclination at which this occurred was read
from the graduated scale attached to the tilting table. The
coefficient of static friction was determined [12].

2.5. Determination of Angle of Repose

The angle of repose of the seeds was determined using
an open-ended cylinder (diameter of 80 mm and height of
200 mm). The cylinder was placed at the center of a
circular plate (diameter of 250 mm) and filled with the
prepared samples of alligator pepper seed. The cylinder
was lifted slowly until the sample formed a cone on the
circular plate. The diameter and height of the cone formed
were measured and recorded. The procedure was
replicated five times and the angle of repose was
determined [12].

3. Results and Discussion

The average moisture content of the dry pod and seeds
4.23 and 3.31% (wet basis), respectively. Table 1 shows
the axial dimensions and shape indices of alligator pepper
pods and seeds. The average pod per seed weight for
alligator pepper was 5.63/4.11 g, while the average
number of seeds per pod was found to be 290. It was
observed that the average length, width, and thickness of
the alligator pepper pods were 53.83, 22.68, and 19.32
mm, respectively, while the average length, the major and
minor diameter of the seeds were 3.61, 3.12, and 2.55 mm,
respectively. Furthermore, the average arithmetic mean
diameter, equivalent diameter, sphericity, aspect ratio, and
surface area of the pods were 31.80, 28.65, 0.54,
4320 mm, and 2591.93 mm? respectively, and the
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corresponding values of the seeds were 3.09, 3.06, 0.85,
0.01 mm, and 29.39 mm? respectively. As expected, the
axial dimension indicated a high variation between the
principal dimensions of both the pod and seed materials.
Appropriate considerations must be given to this during
the development of machine for its postharvest handling
and processing. The dimensions of the seeds were in the
range reported for millet [17] and sesame seeds [18]. The
frequency distribution of the seed dimension and pod

mass shows a trend towards normal distribution (Figure 2).

There was a wide dispersion in the correlation of the seed
geometry with the pod mass. However, there was a little
dispersion in the correlation between the seed width and
thickness. The values of the properties obtained suggested
that the seeds rank among the small seeds category in the
order of sesame seed and millet.

Table 1. Mass-volume-area related properties of alligator pepper
pod and seeds

forces of solid friction at the seed/material interface were
least on the glass surface, while it was highest on the mild
steel surface.

The coefficient of friction and angle of repose on
various surfaces were generally lower than the 0.50 — 0.70
and 23.8° reported for the sponge gourd seeds [19],
0.40 — 0.84 and 30° reported for sesame seeds, [20], and
higher than the 0.30 — 0.40 and 17° reported the oil bean
seeds [21]. These findings have implications in the design
of processing and storage equipment for processing
alligator pepper.

Table 2. Frictional properties of alligator pepper seeds

Property Alligator pepper pod  Alligator seed
Length (mm) 53.83+8.87 3.61+0.23
Width (mm) 22.68x1.77 3.12+0.19
Thickness (mm) 19.32+2.47 2.55+0.21
Mass (g) 5.63+1.05 0.02+0.03
Avrithmetic mean diameter (mm)  31.80+4.27 3.094£0.19
Equivalent diameter (mm) 28.65+2.06 3.0610.19
Sphericity (mm) 0.54+0.06 0.85+0.02
Aspect ratio (mm) 43.20+7.62 0.01+0.04
Surface area (mm?) 2591.93+375.39 29.39+3.71

Property Seed
Coefficient of friction

Glass 0.479+2.267
Wood 0.499+0.707
Stainless steel 0.564+2.417
Mild steel 0.667+1.887
Angle of repose (°) 20.094+0.044
Density (g/mm3)

Bulk 0.001+4.422E-06
True 0.806+0.104
Porosity (%) 99.914

Mean * standard deviations of the hundred replicates of the measured
parameters.
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Figure 2. Frequency distribution chart of alligator pepper seeds

3.2. Coefficient of Friction and Angle of
Repose

Table 2 shows the coefficient of friction and angle of
repose of the seeds on various structural surfaces, namely;
glass, wood, stainless steel, and mild steel. The
corresponding value obtained on the surfaces were 0.497,
0.499, 0.564, and 0.667, respectively. The frictional
properties of biomaterials generally depend on the
roughness of the surfaces. For alligator pepper seeds, the

Mean + standard deviations.

4. Conclusions

Some physical and mechanical properties of alligator
pepper pods and seeds have been documented. Given the
importance of alligator pepper in herbal medicine, its
socio-cultural applications in Nigeria and other
neighboring African countries, this data bears relevance in
the development or adaptation of technologies for its
processing into value-added products thereby boosting
obtainable income thereof.
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