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1.  Introduction 
Wood apple (Limonia acidissima) is the only species of 

its genus, in the family Rutaceae. The fruits of L. acidissima 
are well documented for its use in Indian traditional med-
icine and are commonly known as wood apple, elephant-
apple, monkey fruit, vilampazham, kathbel and kaitha1–3.

Limonia acidissima belongs to Rutacea family is 
a fruit yielding tree native to India and distributed 
in dry warm regions of Burma and Sri Lanka and it 
is frequently grown throughout Southeast Asia and 
Northern Malaya4. Its leaves, bark and fruits have 
medicinal values and used as traditional medicines for cen-
turies due to their antimicrobial5, antifungal6 and insulin  

secretogouge7 activities. Wood apple seed is a rich source 
of protein and oil has not been widely studied for its func-
tional and nutritional quality. The literature on utilization 
of wood apple seed is very limited. Hence the present 
investigation was focused on the agronomical features of 
wood apple fruit, physical and anatomical characterisa-
tion of wood apple seed. 

2.  Materials and Methods

2.1  Wood Apple
The wood apple (Limonia acidissima) is a globose 

with a woody brownish pericarp, filled with a dark brown  
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sub-acid pulp when ripe. The surface of fruit is very 
rough and covered with white bloom. Seeds are numer-
ous, oblong, embedded in the edible pulp. Botanically, 
the fruit is hard-shelled, many seeded berry8. Ripe wood 
apple with hard shell, fairly large and globular shaped 
with soft, fleshy, brownish edible pulp was selected for 
the study; purchased from the daily market of Salem as a 
bulk as they are highly seasonal and available during the 
months of September and March. 

2.2  Agronomical Features 
The agronomical features of wood apple fruit such 

as its popular name, origin of the variety, fruit matura-
tion, plant height, production and cultivation statistics 
were collected from the Department of Medicinal and 
Aromatic Crops, Directorate of Horticulture and Planta-
tion Crops at Salem. The fruit was authenticated by the 
Botanist in the Institute of Herbal Science, Plant Anatomy 
Research Centre, Chennai, Tamil Nadu.

2.3  Wood Apple Fruit Components
The wood apple fruit components related param-

eters such as weight of whole fruit, shell, pulp, seed, fiber 
and seed to pulp ratio were determined in ten randomly 
selected fruits and averaged. 

2.4  Wood Apple Seed
The seeds were collected from the pulp in two differ-

ent methods. The pulp was scooped after breaking the 
hard shell and seeds were washed with water manually for 
separation. The seeds were manually separated by wash-
ing under tap water in the first method. The seeds were 
collected separately using the centrifugal juicer (Prestige 
PCJ 6.0) in the second method. The collected seeds were 
then sun dried and packed in an airtight polythene bags 
for further analysis.

2.5 � Physical Characteristics of Wood Apple 
Seed

The wood apple seed colour, mass, size and shape 
were determined as physical characteristics.

2.5.1  Seed Colour
The colour of the wood apple seeds was deter-

mined9. The colour was effectively observed by placing 20 
wood apple seed samples on a sheet of white paper. The  

difference in colour of the pericarp (outer coat of the 
seed) was recorded.

2.5.2  Thousand Unit Mass of Seeds
One hundred units of wood apple seeds were weighed 

and recorded. 1000-unit mass was calculated by multiply-
ing the mass (g) of 100-unit of the seed by 10 to have 1000 
seeds weight10,11 and averaged from ten determinations.

2.5.3  Dimensions of the Seed
The seeds were randomly picked and dimensions were 

measured using an vernier calliper having least count of 
0.01mm12. The parameters such as Geometric Mean Diam-      

2.5.4  Volume (V) of the Seed
The volume of wood apple seeds was calculated based 

on the method of Jain and Bal18 through the following 
equation. 

Where B = (W/T) 0.5

2.6  Anatomical Characteristics 
The anatomical structure of wood apple seed was 

studied by Microscope.

2.6.1  Preparation of Specimens
The healthy seed specimens of Limonia acidissima 

were cast into paraffin blocks19.

2.6.2  Sectioning
Sectioning and staining were done using standard 

procedures20,21. 

2.6.3  Photomicrographs
Photographs of different magnifications were taken 

using Nikon lab photo 2 microscopic unit. Descriptive 
terms of the anatomical features are as given in standard 
Anatomy books22.
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3.  Results and Discussion

3.1  Agronomical Features
The botanical description of wood apple (Figure 1) 

was from the family Rutaceae, genus Limonia L. of species 
L. acidissima under synonyms F. elephantum correa. 

3.2  Wood Apple Fruit Components
The weight of fruit, shell, pulp, seed and fiber were 

analysed as components of fruit and the results are shown 
in Table 1. In wood apple fruit, the shell comprises more 
weight than pulp and seed. The highest weight of the 
seed and seed to pulp ratio was found in juicer extraction 
method.

The seed content of different varieties of mangoes 
ranges from 9% to 23% of the fruit weight23 and the ker-
nel content of the seed ranges from 45.7% to 72.8%24. The 
pulp and seed accounting for 4% to 12% of the total mass 
of the fruit was obtained from the processing of guava 
fruit pulp25. According to the juicer method of extraction, 
the wood apple pulp also revealed similar percentage of 
seed compared to mango fruit and higher percentage of 
seed compared to guava fruit.

The guava fruit consists of 20% pulp and 50% seed 
core26. The highest pulp:seed ratio was recorded in RCG-
11 genotype guava (94.25) and lowest in RCG-1 genotype 
guava (27.27) among eleven hybrid varieties of guava27. 
The pulp to seed distribution of wood apple fruit was 
comparable to guava.

3.3 � Physical Characteristics of Wood Apple 
Seed

The colour of wood apple seeds was brown, similar to 
Achishiru (Nigerian cowpea variety). The physical prop-
erties of wood apple seeds determined in this study are 
shown in Table 2 and Figure 2. The longitudinal dimen-
sion (length) of the seed was higher than the width and 
thickness. The dimensions of wood apple seeds were 
higher than sesame seed28, coriander seeds29, Tef seed 
(Eragrostis tef (Zucc.) Trotter)30, chia seeds31 and mustard 
seeds (Sinapis alba L.)32 but lower than pumpkin seeds33, 
African yam beans34, sunflower seeds (Helianthus annuus 
L.)35,36, rice seed (Oriza sativa)37 and chickpea seeds38. 
Dimensions of the seed are of paramount importance in 
determining the aperture size of the machine to process 
the seed. Apart from that, the dimensions could be use-
ful in determining the shape of the seed. Since the three 
semi-axes of the seed are unequal, the shape of wood 
apple seed was considered as oblong ellipsoid. 

Figure 1.  Wood apple fruit.

Table 1.  Components of wood apple fruit – 
comparison of extraction method
Parameters Under Tap Water Juicer

Weight of fruit (g) 92.6±2.41 (100) 187±18.64 (100)
Weight of shell (g) 46.9±3.92 (50.6) 91.6±14.19 (48.9)
Weight of pulp (g) 36.7±5.94 (39.6) 18.2±3.93 (9.7)
Weight of seed (g) 6.25±1.71 (6.7) 28.2±7.33 (15.0)
Weight of fibre (g) 12.9±2.7 (13.9) 35.4±10.9 (18.9)
Seed/Pulp ratio 0.16±0.03 1.59±0.45
Values are the average of ten determinants. Figure in parentheses 
indicates percentage.

Table 2.  Physical properties of Wood 
Apple Seed (WAS)
Physical Properties WAS

Length (mm) 05.81±0.55
Width (mm) 03.61±0.30
Thickness (mm) 01.80±0.16
Dg (mm) 03.35±0.20
Da (mm) 03.74±0.67

De (mm) 06.53±0.50
Sphericity (%) 57.80±1.34
Aspect ratio (%) 62.13±0.15
1000 seed mass (g) 22.60±0.01
Projected area (mm2) 16.47±0.23

Surface area (mm2) 35.46±0.60
Volume (mm3) 12.66±0.45
Dg - Geometric Mean Diameter, Da - Arithmetic Mean 
diameter, De - Equivalent Diameter. Values are the 
average of ten determinants.
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The correlation of wood apple seed dimensions 
in terms of L/T, L/W, L/Dg, W/T, W/Dg and T/Dg were 
determined and depicted in Table 3. The geometric mean 
diameter (3.35 mm) was lower than the length (5.81 mm) 
and width (3.61 mm) and higher than thickness (1.8 
mm). The L/T ratio exhibited the highest value, while the 
L/Dg and L/W ratio were found similar. The coefficients 
of correlation showed that L/Dg and T/Dg were found to 
be highly significant. This fact indicates that the length 
and thickness of the seed was positively related to its geo-
metric mean diameter. The length of the seed is positively 
related to its width, thickness and geometric mean diam-
eter29,31. The following general expression can be used to 
describe the relationship among length, width and thick-
ness of wood apple seed.

L = 1.61W = 3.21T

3.3.1  Anatomical Characteristics
The wood apple (Limonia acidissima) seed were 5 or 6 

× 2.55 mm in size. The seeds are slimy and brown or dark 
brown in colour and the seeds are exalbuminous.

3.3.1.1  Seed Structure 
The wood apple seed structure was viewed under 

polarized light microscope for its cross sectional and 
longitudinal view to study its anatomical features. The 
seeds were oblong elliptical. There were two cotyledons 
which were plano convex. The flat sides of the cotyle-
dons were juxtaposed and occur in close proximity 
within the seed coat (Figure 3(a)). In median longi-
tudinal section, the full embryo with cotyledons and 
radicle were seen (Figure 3(b)). The cotyledons were 20 

mm long and 8 mm thick, while the radicle was thick 
and conical with 15 mm height and 10 mm thickness 
(Figure 5(b)). Procambial strand was seen in the radicle 
and plumule was minute and occurs in between cotyle-
dons (Figure 3(b)). The cells of the cotyledons are thin 
walled, polyhedral and are darkly strained. The cells 
contain many cell inclusions, the starch grains being the 
majorcontent.

	  (a)		     (b)		   (c)

Figure 2.  Characteristic dimensions of Wood Apple Seeds: 
L, length; W, width; T, thickness. (a) Front view. (b) Side 
view. (c) Three-dimensional geometry.

Table 3.  Correlation of Wood Apple Seed 
dimensions
Particulars Ratio Correlation 

Coefficient (r)
p-Value

L/W 1.60 0.073 0.840NS

L/T 3.20 0.595 0.070NS

L/Dg 1.72 0.839 0.002*

W/T 1.99 -0.216 0.548NS

W/Dg 1.07 0.340 0.337NS

T/Dg 0.53 0.771 0.009*

* Correlation significant at the p<0.01, NS- Not Significant

(a)

(b)

Figure 3.  (a) Vertical section of the seed, at right angles 
to the surface. (b) Cotyledons and radicle in LS of the seed 
(Cot-Cotyledons; Pe-Procambium; Pl-Plumule; Ra-Radicle; 
SC-Seed coat). 
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4.  Conclusion 
The result of the investigation provide useful data 

that can be used to develop necessary equipment and 
machines for planting, shelling, conveying, drying, aera-
tion, storing and oil extraction from WAS. In brief, physi-
cal properties and anatomical characterisation of Wood 
Apple Seeds, enlarge the knowledge about the species and 
providing useful data for its industrial processing.
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3.3.1.2  Seed Coat
The wood apple seed coat (Testa) consists of three 

zones. The outer zone had one or two layers brachysceler-
ids with lignified walls (Figure 4(a)). From the scelerotic 
layer several conical bundles of hairs arose which were 
tightly held and conical in shape. The surfaces of the tufts 
of hairs were irregularly bulged (Figure 4(b)). The tri-
chome bundles were up to 20 mm long. The middle part 
of the seed coat was thin and includes three or four layers 
of tangentially elongated parenchyma cells and discontin-
uous small clusters of lignified scelerids. The inner zone 
of the seed coat was parenchymatous (sarcotesta) (Figure 
5(a)). It includes six or seven layers of circular thin walled 
compact cells with dense cells inclusions. The innermost 
layer of the parenchymatous seed coat forms a thin layer 
of epidermis. The total thickness of seed coat was 200-300 
µm. Along the boundary of the middle seed coat occurs a 
layer of calcium oxalate crystals (Figure 5(c)). The crystals 
were prismatic type. The crystalliferous layer consists of 
two or three rows of crystals and the layer was continuous 
all along the seed coat.

(a)

(b)

Figure 4.  (a) Outer sclerotic seed coat with vertical bundles 
of epidermal trichomes. (b) Two trichome bundles enlarged 
(EPT-Epidermal trichome; MZ-Middle zone; SCT-Sclerotic 
tissue; Pa Sc- Parenchyma seed coat).

(a) (b)

(c)

Figure 5.  (a) Parenchymatous seed coat. (b) Cotyledonary 
cells. (c) Crystals in the seed Coat (Cr-Crystals; Pa-
Parenchyma; SC-Seed coat; Cot-Cotytedous; Cr-Crystals; 
EP-Epidermis; IMS-Inner seed coat).
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