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Abstract 
 Nutritional composition of six minor fruits of Bangladesh namely, Annona reticulata L., Manilkara 
zapota (L.) P.Royen, Aegle marmelos (L.) Corrêa, Diospyros malabarica (Desr.) Kostel., Averrhoa 
carambola L. and Garcinia pedunculata Roxb. ex Buch-Ham. were studied. Dry matter, ash, crude fat, crude 
protein, crude fibre and crude carbohydrate contents largely varied among the studied fruits. All fruits 
exhibited the presence of alkaloids, flavonoids, terpenoids, tannins, phenols, and saponins. At premature 
stage, total phenolics and tannin contents varied from 14.59 to 1.32 and from 9.76 to 0.29 (mg GAE g–1 DW), 
respectively while at mature stage, these ranged from 9.82 to 0.87 and from 5.98 to 0.23. At premature and 
ripening stages, the maximum chlorophyll content was detected in A. reticulata and M. zapota, respectively. 
Based on the calorific value, Garcinia pedunculata performed better followed by M. zapota, and A. 
carambola the least among the studied fruits; although, A. reticulata possesses the largest amount of crude 
protein and crude fibre.  
 

Introduction 
 Minor fruits grow mostly in a scattered and unattended way on roadsides, homestead lands, 
wastelands, village forests, etc. These are rich in phytochemicals and micronutrients such as 
antioxidants, polyphenols, flavonoids, minerals, and vitamins, which are essential for good health 
and nutrition, advancing physical and intellectual development (Ghosh 2017). These species act as 
life-support species in extreme environmental conditions and threatened habitats and have the 
tolerance to survive under harsh climatic conditions. Bangladesh has recently achieved self-
sufficiency in rice production; however, hidden hunger, micronutrient deficiency, or malnutrition 
comes in front as a barrier/challenge to achieving the second SDGs (Harding et al. 2017). The 
minor fruits might be an option to fulfil the requirement deficits due to its localized availability 
and lower price. 
 Bangladesh, as a part of Vavilov’s “Indo-Burma (Myanmar) Centre of Diversity”, is rich in 
plant genetic resources including minor fruits, and a total of 255 underutilized, minor edible fruit-
yielding species, belonging to 149 genera under 61 families, have been reported from this territory 
(Pasha and Uddin 2019). The minor indigenous fruits are rich in both macro- and microminerals; 
those help to prevent deficiency symptoms from many nutritional deficiency diseases, particularly 
in marginal, and communities around urban suburbs of developing countries (Hossain et al. 2021). 
The collection and conservation of minor fruit genetic resources are on the priority list of the 
Botanical Garden, Department of Crop Botany, Bangladesh Agricultural University (BAUBG); on 
contrary, the fruit morphology and nutritional facts of these species were lesser studied (Hasan et 
al. 2014, 2016; Fakir et al. 2018). In the present study, the nutritional and phytochemical 
composition of six minor fruits of Bangladesh were analysed. 
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Materials and Methods 
 Samples of six minor fruits viz. Annona reticulata L., Manilkara zapota (L.) P.Royen, Aegle 
marmelos (L.) Corrêa, Diospyros malabarica (Desr.) Kostel., Averrhoa carambola L. and 
Garcinia pedunculata Roxb. ex Buch-Ham., were collected, at two different stages of maturity, 
from the Botanical Garden, Department of Crop Botany, Bangladesh Agricultural University 
(24°26΄ to 24°54΄ N and 90°15΄ to 90°30΄ E) (Table 1). The growth (maturity) stage of different 
fruits was identified by visual colour change (Fakir et al. 2018). Morphological descriptors viz. 
length, diameter and weight of fruit, weight (fresh and dry), and percentage of edible portion, were 
measured for at least 10 samples for each harvest. 
 
Table 1. Botanical description of minor fruits used in the present study. 
 

Local name English name Botanical name Family  Status 
Nona-ata Custard apple Annona reticulata L. Annonaceae Native 
Sofeda Sapota Manilkara zapota (L.) P.Royen  Sapotaceae Exotic 
Beal Beal Aegle marmelos (L.) Corrêa Rutaceae Native 
Desi-gab Malabar ebony Diospyros malabarica (Desr.) Kostel. Ebenaceae Native 
Kamranga Star Fruit Averrhoa carambola L.  Oxalidaceae Exotic 
Thoikar Thoikar Garcinia pedunculata Roxb. ex Buch-Ham. Clusiaceae Native 

 

 The fresh fruits were washed thoroughly 2-3 times with running tap water and fruit was left 
for air drying. The samples were dried under sunshade for several days, then samples were made 
ready for grinding. After complete shade drying the plant material was ground in an electric mixer, 
and the powder was kept in small plastic bags with proper labelling and stored in sterile bottles at 
5°C for further use. The 50 g powdered plant samples were extracted successively with 250 ml 
methanol and the extracts were stored at 4°C for further use. Fresh plant samples were used for 
pigment analysis. 
 The proximate composition of minor fruits was determined at the Laboratory of the 
Department of Animal Science, Bangladesh Agricultural University following standard protocols 
described in Kabir et al. (2018).  
 The crude carbohydrate was calculated following Mundaragi et al. (2017). 
 Crude Carbohydrate (%) = 100 – [moisture (%) + protein (%) + fibre (%) + fat (%) + ash (%)] 
 Calorific value or the total energy value of fruits in kcal/100g was calculated (FAO 2003) 
with the help of the following equation.  
 Calorific value (kcal 100–1 g) = 4 × Protein (%) + 9 × Fat (%) + 4 × Carbohydrate (%) 
 The qualitative and quantitative analyses of different phytochemical constituents were 
conducted following different standard protocols viz. alkaloids (Kannamba et al. 2017), tannins & 
flavonoids (Kumar et al. 2007), saponins (Dhandapani and Sabna 2008), terpenoids (Edeoga et al. 
2005), phenolics (Priyankar and Kumar 2013), total phenolic content (Singleton and Rossi 1965), 
and tannins content (Siddhuraju and Manian 2007).  
 All data were subjected to analysis of variance (ANOVA) using Statistix 10 for evaluating the 
variation among six minor fruit species at different maturity stages. Differences among means 
were determined using LSD at the 5% level of significance. 
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Results and Discussion 
 With a few exceptions, the growth of fruit size e.g., length, diameter and fresh weight, 
continued until ripening, although the growth rate declined after maturity (Table 2). The largest 
fruit was produced by A. marmelos (460 g fruit–1) and the smallest (60.03 g fruit–1) by M. zapota. 
The fresh and dry weight of the edible portion followed a similar trend. Manilkara zapota 
produces the smallest fruits with the highest percentage of an edible portion (96.34%) and D. 
malabarica produced the lowest (26.22%) (Table 2). The moisture content of the fruits was 64.6 - 
92.3%. These variations are due to genetic differences among the fruits and characters of the 
species (Hasan et al. 2014, 2016). 
 The proximate analysis includes dry matter (% moisture), ash, crude fat (EE), crude protein 
(CP), crude fibre (CF) and total carbohydrate (TC). The proximate composition and calorific value 
of the fruits are presented in Table 3. The dry matter content varied from 89.24 to 96.15 g and ash 
2.65 to 8.6 g; the amount of crude fat (EE), crude protein (CP), crude fibre (CF) and crude 
carbohydrate (CC) contents measured were 0.4-16.4, 1.75-7.8, 4.15-19.05 and 58.0-79.32 g 100-1 
g of air-dried sample, respectively. The calorific value of G. pedunculata was the highest (433.2 
and 403.81 kcal 100-1 g in premature and ripening stages, respectively) and the lowest in A. 
carambola, moreover, the fruit (edible) weight had little influence on the calorific value of fruits 
(Table 3). The moisture content might depend on the habitat and harvest time of the species. The 
ash content, which contains salts of metals and trace minerals, in the fruits is generally low (Islary 
et al. 2016). However, the ash content is relatively higher in minor fruits in the present research 
(Table 3). The per cent CP and CF of unripe fruit samples were very similar, however, a wide 
variation was observed in the proximate composition of ripe star fruit samples between Nigeria 
and Bangladesh (Edem et al. 2008). Although the amount of CP (%) and CF (%) were relatively 
smaller, the calorific value of A. marmelos was higher compared to Indian samples (Table 3; 
Singh et al. 2012). According to proximate composition, the minor fruits are better in all aspects 
compared to those of the common and major fruits of Bangladesh e.g., mango, banana, jackfruit, 
papaya, pineapple, etc. (Islam et al. 2010). 
 Phytochemical constituents of minor fruits were identified, measured, and presented in Table 
4 and Figs 1-3. The existence of various bioactive compounds like alkaloids, flavonoids, 
terpenoids, tannins, phenols, and saponins was identified in all the minor fruits (Table 4). These 
secondary metabolites are the main sources of pharma- and nutraceuticals, food additives, 
fragrances, and biopesticides (Thoppil and Bishayee 2011; Kurek 2019; Janabi et al. 2020). 
Interestingly, the presence of terpenoids was observed only in the ripening staged fruit of A. 
reticulata and G. pedunculata. The total phenolic contents (mg GAE g–1 DW) in the methanol 
extract of the fruit varied from 14.59 to 1.32 in the premature stage and 9.82 to 0.87 in the mature 
stage (Fig. 1). The tannin contents (mg GAE g–1 DW) in the methanol extract of the fruit varied 
from 9.76 to 0.29 in the premature stage and 5.98 to 0.23 in the mature stage (Fig. 2). An overall 
trend of decrease in total phenolics and tannin content of fruits was observed from premature to 
mature stages except in A. carambola (Figs 1 and 2). 
 Chlorophyll a and b, and the total Chlorophyll contents were higher in the premature stage 
compared to the ripening stage. Chlorophyll a content in minor fruits varied widely and ranged 
from 0.43 to 0.27 mg g–1 FW at premature stage and 0.33 to 0.19 mg g–1 FW at ripening stage 
(Fig. 3); however, the trends were different. In the case of premature stage, the highest amount of 
Chlorophyll a was detected in A. reticulata >M. zapota > A. marmelos > A. carambola > D. 
malabarica > G. pedunculata; at the ripening stage, the trend was M. zapota > D. malabarica > A. 
carambola > G. pedunculata > A. reticulata > A. marmelos. Chlorophyll b content in minor fruits 
varied widely and ranged from 0.73 to 0.42 mg g–1 FW at the premature stage and 0.41 to 0.27 mg 
g–1 FW at ripening stage. The total Chlorophyll content in minor fruits also widely varied ranging  
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Fig. 1. Total soluble phenolics content in six minor fruits at pre-mature and ripening stages. Each data point 

is the average of three replicates (± SEM). 
 

0

2

4

6

8

10

12

Annona
reticulata

Manilkara
zapota

Aegle
marmelos

Diospyros
malabarica

Averrhoa
carambola

Garcinia
pedunculata

Ta
nn

in
 (m

g 
G

A
E 

g−
1

D
W

)

Premature Ripening

 
Fig. 2. The total soluble tannin content in six minor fruits at pre-mature and ripening stages. Each data point 

is the average of three replicates (± SEM). 
 

 
 

Fig. 3. Chlorophyll a, Chlorophyll b and total Chlorophyll content in six minor fruits at premature and 
riprening stages. Each data point is the average of three replicates (± SEM) 
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Table 4. Qualitative analysis of phytochemical constituents in six minor fruits at premature and 
ripening stages. 

 

Fruits Stage Alkaloids Flavonoids Terpinoids Tanins Phenols Saponins 
Annona reticulata  Premature  + + - + + + 

Ripening       + + + + + + 
Manilkara zapota  Premature  + + + + + + 

Ripening       + + + + + + 
Aegle marmelos  Premature  + + + + + + 

Ripening       + + + + + + 
Diospyros malabarica   Premature  + + + + + + 

Ripening       + + + + + + 
Averrhoa carambola    Premature  + + + + + + 

Ripening       + + + + + + 
Garcinia pedunculata    Premature  + + - + + + 

Ripening       + + + + + + 

 
from 1.15 to 0.75 mg g–1 FW at premature stage and 0.74 to 0.46 mg g–1 FW at ripening stage 
(Fig. 3). At the premature stage, the total Chlorophyll content trend was A. reticulata > M. zapota 
> A. marmelos > D. malabarica > A. carambola > G. pedunculata. On the other hand at the 
ripening, the highest amount of Chlorophyll (a+b) was detected in M. zapota > A. carambola > G. 
pedunculata > D. malabarica > A. reticulata > A. marmelos. 
 Based on the calorific value, G. pedunculata was the best performer followed by M. zapota 
and A. carambola was the least among the studied minor fruits; although, Annona reticulata 
possesses the biggest amount of crude protein and crude fibre. These fruits could be used in 
different product development for the enlargement of a healthy food assortment. The nutritional 
and phytochemical profiles of these fruits, even better compared to those of the major fruits, 
should be highlighted to encourage and popularize their consumption rather than that of both 
major and exotic fruits. 
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